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Thesis Abstract
Globally, it is estimated that 50 million people are currently living with dementia,
which is expected to reach 75 million by the end of this decade. Recently, there
has been increasing interest in the use of lifestyle interventions to delay both the
onset and progression of dementia following a growing list of failed
pharmaceutical trials. Habitual physical activity is one such target for lifestyle
intervention due to promising longitudinal evidence linking higher levels of
physical activity with greater cognition, slower cognitive decline and decreased
risk of developing Alzheimer’s disease and all-cause dementia. Physical activity
itself is associated with various clinical characteristics that are amenable to
exercise intervention in older adults, including but not limited to, physical
function, strength, muscle mass, cognition, psychological health, and functional
independence. Robust anabolic exercise such as progressive resistance training
(PRT) is a promising intervention which can augment cognition in healthy older
as well many of the associated clinical characteristics that are significantly
influenced by the catabolic processes observed within dementia, such as
sarcopenia, frailty and malnutrition.

However, the relationship between

cognition and physical activity, and extent to which these clinical characteristics
are modifiable following robust anabolic exercise, remain largely unanswered.
Thus, the aims of this thesis are to (1) characterise levels of physical activity and
sedentary time in populations with varying degrees of cognitive impairment, (2)
evaluate the relationship between physical activity and sedentary behaviour with
cognition across the cognitive spectrum, and subsequently (3) evaluate the
effects of robust anabolic exercise on change in cognition and changes in physical
activity and sedentary behaviour, and whether these changes are related to each
II

other. To investigate these aims, we have evaluated two very different cohorts
along the cognitive impairment spectrum: mild cognitive impairment (MCI) and
Lewy body dementia (LBD). Specifically, MCI represents a stage of cognitive
impairment where there is minimal functional impairment in daily activities, and
where there is not necessarily an underlying pathological process causing
impairment. Conversely, LBD represents a severe, rapidly progressing form of
dementia with significant pathological underpinning that results in extensive
cognitive, psychiatric, movement and autonomic symptoms. The relationship
between physical activity and cognition, and subsequent response to intervention
may differ with increasing disease severity, frailty, and functional limitations.
Therefore, this thesis was able to rigorously evaluate these associations across
the spectrum of cognitive impairment.
There was a range of relevant of scientific methodologies and study designs
included throughout this thesis in order to address these aims.

The seven

chapters of this thesis include a systematic review, cross-sectional observational
studies, a randomised controlled trial, a protocol with rationale, a novel pilot
study, and a thorough case report. Collectively, these chapters have provided a
comprehensive picture of both the levels of physical activity and cognition in
older adults with cognitive impairment, as well as their association with a diverse
range of modifiable clinical characteristics.

These findings provide robust

rationale for the use of anabolic exercise in these cohorts to address modifiable
aspects of their chronic diseases and geriatric syndromes, most notably frailty
and disability. Lastly, the novelty of our findings provide a foundation for future
investigations to further explore these associations within other types of
cognitive impairment and refine effective interventions to attenuate cognitive
decline and the risk of dementia.
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Introduction
Inskip, M.

1.1 The Epidemic of Dementia
The prevention of cognitive decline and onset of dementia has been identified an
international health priority by the World Health Organization (1).

Current

estimates put the number of people living with dementia worldwide at more than 50
million, and with 10 million new cases being diagnosed each year. This equates to
one person diagnosed every three seconds, a figure that is expected to double and
triple by the year 2030 and 2050, respectively (1). In 2015, the estimated global
expenditure on health and care costs relating to dementia exceeded US $818 billion,
and without a significant reduction in global burden this is expected to increase to
US $2 trillion in less than a decade (2). Over 400,000 Australians currently live with
a dementia diagnosis, with an estimated societal cost of AUD $14 billion annually (3).
Similar to global trends, the prevalence of dementia is set to triple by 2050 without
significant intervention (4). However, achieving even a 5% reduction in the number
of people living with dementia could reduce societal cost by more than 12% (5).
Therefore, at both a global and national level, research into interventions that might
reduce the rate of cognitive decline and prevalence of dementia are of increasing
interest.
There are currently no known cures for dementia, with recent estimates suggesting
that 99.7% of all pharmaceuticals trialled for dementia have failed to slow cognitive
decline (6).

Furthermore, the limited number of medications that have

demonstrated efficacy and been approved for use within dementia such as donepezil
and memantine are only symptomatic treatments, and provide short-term cognitive
benefits for certain subsets of dementia such as Alzheimer’s disease (7), or produce
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elevated risk of adverse events in other dementias (8, 9). Additionally, these
medications are normally only approved for use following dementia diagnosis,
which may explain the reduced efficacy, as the progression of underlying disease
pathology may be too advanced to benefit from these medications (10). This narrow
treatment focus on reducing specific pathologies such as amyloid beta or tau tangles
is increasingly viewed as a sub-optimal approach to dementia, given that it targets
only a small part of what is understood as a complex disease influenced by a myriad
of lifestyle factors accumulated over a lifetime. For example, a large meta-analysis
performed by Ashby-Mitchell et al. in 2017 using a composite data set of numerous
Australian national health surveys estimated that almost one-half (48.4%) of all
dementia cases were attributable to modifiable lifestyle factors such as physical
inactivity, smoking, obesity, diabetes, hypertension, depression, and low education
(11). Thus, the significant contribution of potentially modifiable lifestyle factors to
the rate of cognitive decline and diagnosis of dementia has led to increased research
into effective lifestyle intervention with broad applicability.

1.2. Associations between Physical Activity and Sedentary Behaviour in
Cognition
Physical activity and sedentary behaviour are promising and modifiable lifestyle
behaviours that have the potential to slow cognitive decline and prevent dementia in
older adults (12). The term physical activity is often used interchangeably with
exercise, however in epidemiological and interventional contexts physical activity
encapsulates both exercise, which is structured physical activity, and incidental
activities performed throughout the day as part of the normal routine. Sedentary
behaviour is defined as activities that require minimal energy expenditure and
typically involve prolonged sitting and lying postures (13). While lower levels of
physical activity are strongly associated with higher time spent in sedentary
12

behaviour, the two are not simply the inverse of each other, with emerging evidence
to suggest that both can influence healthy ageing independently (14).
Observational data from large longitudinal cohorts studies in recent decades have
revealed that higher levels of habitual physical activity are associated with a reduced
risk of cognitive decline and incident dementia, while higher sedentary times are
associated with elevated risk. For example, high levels of physical activity in midlife
observed in a cohort of 800 middle-aged women selected as part of population study
in Sweden were associated with a 57% reduction in the risk of having developed
dementia after 44 years (15). Similarly, the Nurses’ Health Study of 18,766 women
aged 70-81 years reported a 20% reduction in risk for cognitive impairment in those
who were in the top quintile for physically activity compared to those in the lowest
quintile, over a follow-up period of two years (16). Furthermore, the Rush Memory
and Aging Project reported a 52% reduction in the risk of developing Alzheimer’s
disease in 716 older adults without dementia at baseline, over a follow-up period of
four years using accelerometer-based physical activity measurement (17). Lastly,
while the literature isn’t as clear as it is for physical activity, sedentary behaviour
was reported to be inversely related to measures of cognition both cross-sectionally
and longitudinally in a large sample of middle-to-older age adults in the UK biobank
study (14).

Despite promising evidence that augmenting physical activity and

minimising sedentary behaviour both reduce the risk of incident cognitive
impairment, less is understood about the relationships of these lifestyle behaviours
in specific populations living with cognitive impairment, as summarised below.
In cross-sectional analyses, physical activity decreases and sedentary time increases
with each progressive stage of dementia (18). For example, Falck et al (2017)
observed a 4% higher level of daily physical activity in cognitively intact older adults
compared to those with mild cognitive impairment (MCI) in cross-sectional analyses
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(19).

In another cross-sectional study, the proportion of the day spent doing

physical activity was found to be significantly lower with increasing severity of
dementia, with approximately 41% of the day active in milder stages (18), and as
low as 13% in moderate-to-severe dementia in residential care (20, 21). Conversely,
sedentary time is higher across these stages in proportion to the lower levels of
physical activity (18, 21). However, there is controversy as to whether the reduced
level of physical activity and greater time spent in sedentary behaviour precipitate
cognitive impairment; are an early manifestation of alterations in brain function
preceding overt cognitive changes (22, 23); or if this decline in cognition causes
physical activity to decline due to concomitant frailty, comorbidity and reduced
motivation.

The largest exploration of these relationships has recently been

reported in a prospective cohort study using structural equation modelling in over
105, 206 older adults from the European SHARE study over a period of 11 years (24).
Consistent with cross-sectional and longitudinal literature, the investigators also
reported that declines in cognition and self-reported moderate physical activity
levels were associated. Structural equation models provided evidence that this
relationship was bi-directional, however the effect was strongest in the direction of a
decline in cognition preceding a subsequent decline in physical activity.
However, in cohorts of advanced age and frailty, alterations in caregiving
arrangements and institutional regulations or extra support for daily activities by
family caregivers commonly arise, and these relationships are more likely to be bidirectional, in fact. For example, older adults livings in residential aged care spend
much less time active and more time sedentary than their community-dwelling
peers (18), which is sometimes attributed to environmental restrictions within the
facility (25). However, prevalence of sarcopenia and frailty, both common with
ageing but also related to the disuse atrophy precipitated by physical inactivity, are
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considerably higher in aged care facilities, especially within dementia units (26, 27).
Sarcopenia and frailty have strong cross-sectional associations with cognition and
predict future cognitive decline in older adults (28, 29). Notably, high levels of
physical activity and low levels of sedentary time are protective against these
geriatric syndromes (30-32).

Thus, increasing levels of physical activity and

reducing sedentary behaviour may attenuate the risk of cognitive impairment by
targeting risk factors that contribute to this deleterious decline.
The potential protective role of optimal activity levels for cognition is further
supported by the reduction of a combination of genetic, pathological, morphological
and chronic disease risk factors. In terms of genetic risk, higher levels of physical
activity may exert a protective effect on cognition independent of genetic risk of
dementia, while the risk of dementia is increased in those with genetic risk who are
sedentary. For example, a study by Roveo et al 2005 (32) followed 1,449 older
adults for 21 years, and classified them based on their genetic risk for Alzheimer’s
disease (APOE4 gene). Participants with high levels of physical activity and low
genetic risk (APOE4 negative) had a 52% reduction in the incidence of dementia
compared to those with low physical activity levels and the same genetic risk.
Interestingly, those with a higher genetic risk (APOE4 positive) and higher levels of
physical activity experienced an even greater reduction of 62% for dementia and
73% for Alzheimer’s disease compared to those with lower physical activity and
high genetic risk after controlling for age, sex, and other lifestyle risk factors such as
smoking, alcohol consumption and vascular diseases (32). In the same study, the
risk of developing dementia compared to active APEO4 non-carriers (OR 1.0) higher
in APOE4 non-carriers were sedentary (OR 1.77), APOE4 carriers who active (OR
2.70) and finally APOE4 carriers who were sedentary (OR =5.53). In combination,
these data suggest those with a genetic predisposition can significantly reduce the
15

risk of dementia through being physical active and minimising sedentary behaviour.
Similarly, the longitudinal German Study on Ageing, Cognitive and Dementia in
Primary Care (AgeCoDe) of over 2,810 older adults reported that those with a
combination of high genetic risk (APOE4 gene) and lowest levels of physical activity
experience a greater decline in cognition over a period of 4-5 years than the
presence of either risk factor alone, further supporting the additive benefit of
physical activity to genetic protection from cognitive decline (33). Lastly, findings
from the RUSH Memory and Aging Project suggest that the inverse association
observed between levels of physical activity and incidence of dementia and overall
rate of cognitive decline in older adults is evident even after controlling for genetic
risk (APOE4 gene) (17). Thus, augmentation of both physical activity and sedentary
behaviour may in part attenuate the genetic contribution to cognitive decline.
Despite the mounting data outlined above, it is currently unclear to what extent the
amelioration of genetic risk by physical activity acts through epigenetic pathways, or
via reduction of the pathological risk factors associated with the APOE4 phenotype.
Not only is APOE4 associated with higher pathological burden of amyloid beta, it is
also associated with cardiometabolic abnormalities, and all of these manifestations
of this genetic risk profile are accentuated by low physical activity levels. For
example, a cross-sectional analysis from the Australian Imaging, Biomarker and
Lifestyle Flagship Study of Ageing (AIBL) in 546 older adults reported significant
associations between higher levels of physical activity and better high density
lipoprotein (HDL) and blood insulin levels (34). Additionally, for APOE4 carriers,
amyloid burden in the brain was significantly lower in those with the highest level of
physical activity when compared to the lowest tertile. This is further supported by
findings from a cross-sectional subset of 85 adults from the Wisconsin Registry for
Alzheimer’s Prevention in whom sedentary behaviour increased the risk of
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abnormal levels of dementia pathology (35). Furthermore, higher levels of physical
activity have been associated with fewer markers of pathological damage observed
with cognitive decline in both cross-sectional and longitudinal studies, including
white matter pathologies and hyperintensities (36, 37), macro-infarcts, and nigral
neuronal loss (36). However, longitudinal protective effects of physical activity must
be interpreted with caution as many studies only measure physical activity at
baseline and not at each follow-up point, which makes it hard to establish causation.
There does, however, appear to be at least a consistent cross-sectional association
between higher levels of physical activity and less pathological damage, which may
in part explain the attenuating role of physical activity on genetic risk of cognitive
decline.
In addition to association with less APOE4-related pathology noted above, high
levels of physical activity and low sedentary behaviour may also preserve key
structures in brain morphology associated with cognitive decline, which may further
attenuate genetic risk. For example, findings from the longitudinal Harvard Ageing
Brain study suggest that those who were most physically active at baseline had
slower rates of cognitive decline and grey matter volume loss compared to those
who were less active, irrespective of their vascular risk of dementia over a period of
6 years follow-up (38). Similarly, these findings are supported by cross-sectional
and longitudinal findings from other large cohorts such as the RUSH Memory and
Aging Project and the Cardiovascular Health Study that also report higher levels of
grey matter and hippocampal volume, respectively, in those with higher physical
activity levels (39, 40). Additionally, an Icelandic longitudinal study over 5 years of
352 older adults found at both baseline and follow-up that higher physical activity
levels predicted higher levels of grey and white matter, and as did lower sedentary
time at follow-up (23). Such preservation of brain volume is particularly important
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in those with high genetic risk, as in addition to increased pathological burden, many
studies report that overall volume in key cortical structures such as the amygdala
and hippocampus is reduced in APOE4 carriers even prior to cognitive impairment
(41). Thus, high levels of physical activity and reduced sedentary behaviour may
reduce cognitive decline through attenuation or delay of the changes in brain
morphology observed with ageing and dementia.
Lastly, augmentation of physical activity and sedentary behaviour plays a role in the
secondary prevention of cognitive impairment through reduction of known chronic
disease risk factors.

For example, the risk of developing vascular cognitive

impairment and dementia, which is closely linked to metabolic and cardiovascular
diseases, is lower with higher levels of physical activity in both middle (42) and
older-aged adults (43).

The incidence of type 2 diabetes mellitus, which is

associated with neuronal insulin resistance, vascular and amyloid pathology, is
significantly lower in those with higher levels of physical activity (44-46).
Conversely, the prevalence of diabetes is significantly higher both cross-sectionally
and longitudinally in older adults with prolonged, uninterrupted sedentary time (47,
48). Hypertension is also associated with an increased risk of cognitive impairment
and dementia (49). Increased sedentary time is independently associated with
higher blood pressure longitudinally (50), while a review by Haui et al 2013 (51)
reported that moderate-to-high levels of habitual physical activity are associated
with a 11-20% reduction in risk of hypertension.
Physical activity also reduces the prevalence of mental health and neurological
disorders associated with increased risk of cognitive impairment. Depression in late
life increases the risk of dementia in older adults 2-fold (52), while Parkinson’s
disease (PD) is a neurodegenerative disorder that carries a 2.8-fold increased risk
(53). A longitudinal study of 1,942 community-dwelling older adults reported that
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higher level of baseline physical activity was protective against both prevalent and
incident depression over a five-year period (54). Furthermore, a cross-sectional
Swedish cohort of 3633 older adults found that higher levels of sedentary behaviour
increased the risk of depression even after adjusting for physical activity (55).
Lastly, higher levels of physical activity in midlife are associated with an average
18% reduction in the incidence of PD (56). One large, prospective cohort study of
43,368 Swedish older adults found a 34% reduction in the risk of incident PD during
a 12-year follow-up in those with the highest vs. lowest physical activity levels (57).
However, literature evaluating the role that increased sedentary time plays in the
risk of developing PD remains unclear (58). Thus, higher levels of physical activity
and lower levels of sedentary behaviour reduce the chronic disease burden that in
turn increases the risk of cognitive impairment and dementia in a large body of
observational research.
In summary, there is strong epidemiological evidence supporting the reduction in
risk of cognitive impairment and dementia with engagement in high levels of
physical activity and accumulation of low levels of sedentary time. Furthermore, this
reduction in risk appears to occur through a combination of pathways involving
genetic, pathological and morphological factors as well as a reduction in chronic
disease burden in healthy and mostly cognitively intact older adults. However, there
is currently no consensus on optimal thresholds for overall physical activity and
sedentary behaviour in older adults for the maintenance or improvement of
cognitive health. Current exercise guidelines stipulating that older adults should aim
to achieve at least 150 minutes of moderate-vigorous structured aerobic exercise
and 2 days of muscle strengthening exercise a week (59) are not specific to cognition
and rarely take into consideration physical activity and sedentary behaviour accrued
outside of structured exercise. Thus, considering that older adults spend anywhere
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between 1.5 to 9.0 hours of the waking day active (in mostly incidental activity) and
up to 12 hours sedentary (60, 61), modifying these lifestyle behaviours may offer a
promising treatment strategy for delaying cognitive decline and the onset of
dementia.

However, such efforts to change behaviour require not only

understanding the specific prescription that is most likely to preserve cognition, but
also defining the factors that predict optimal uptake and maintenance of such
behaviours. These factors are considered briefly in the section that follows.

1.3 Barriers to Achieving Optimal Physical Activity and Sedentary
Behaviour and Underlying Physiological Contributions

Older adults report various logistical, psychosocial and physiological barriers to
achieving optimal physical activity and sedentary behaviour such as limited access
to community resources, social support, low self-efficacy, impaired mobility and
poor health(62). However, these barriers often reflect perceived limitations to
participating voluntarily in structured exercise (63) and do not take into
consideration the underlying physiological influences which reduce the capacity of
older adults to be more physically active and less sedentary in both structured and
incidental physical activity.
For example, frailty and sarcopenia are conditions that place excessive stress on the
physiological reserves of older adults and are characterised by muscle atrophy and
reduced strength, energy expenditure, caloric intake and exercise tolerance along
with increased systemic inflammation, fatigue and metabolic dysfunction (64, 65).
The conditions become much more prevalent with age due to senescent declines in
strength, lean muscle mass and cardiovascular capacity as well as an increase in
chronic disease burden (64, 65). As a result, physical activity is lower in individuals
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who are frail, while sedentary time is higher when compared to non-frail older
adults (66, 67). Furthermore, the aetiology of frailty and sarcopenia is complex and
often described as a cyclical pathway whereby reductions in physical activity and
increasingly prolonged sedentary time further accelerate the catabolism of these
disorders, which then further reduces physiological capacity (68). In dementia, the
prevalence of frailty and sarcopenia are accelerated by the deleterious effects of
cognitive impairment, which leads to prolonged sedentary time, less motivation for
engaging in physical activity, and reduced dietary intake and appetite (69). However,
recent findings from older cohorts suggest that underlying pathologies for dementia
only explain a small amount of the variance in observable frailty (70), while the
presence of frailty itself can increase the likelihood that underlying pathologies will
manifest as dementia (71). This is consistent with the current consensus that frailty
is a separate entity to chronic disease which is influenced by negative lifestyle
factors, but that is also largely amenable to lifestyle interventions, particularly those
involving structured exercise (64). Thus, the use of an evidence-based exercise
prescription to interrupt the cycle of frailty in older adults may be a viable strategy
to improve physical activity and reduce sedentary behaviour, and thus ameliorate
their physiological contributions to cognitive decline.

1.4 The Exercise Prescription Most Suited to Improvement of Physical
Activity and Sedentary Behaviour
Exercise is the most effective and accessible treatment for both preventing and
treating frailty and sarcopenia in older adults (72, 73). In particular, the anabolic
stimulus provided by progressive resistance training (PRT) is most effective for
treating the catabolic effects these conditions have on the key components of
strength and skeletal muscle mass. For example, PRT can improve muscle mass and
strength in community-dwelling older adults by 6-9% (74) and 80% (75),
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respectively, in as little as 12 weeks of intervention. Additionally, the effects are
more pronounced in very frail, older adults with increases of 9% in mid-thigh
muscle cross-sectional area and 174% increase in strength possible in programs as
brief as 8 weeks (76). Accordingly, PRT forms an integral part of current treatment
guidelines for both frailty and sarcopenia.
In addition to these direct benefits for sarcopenia, there is evidence that the use of
PRT to target sarcopenia can improve overall physical activity in older adults. For
example, a one-year randomised controlled trial of 36 cognitively intact, postmenopausal women reported that self-reported habitual physical activity was
increased by ~30% in those who underwent high intensity PRT in conjunction with
improvements in strength ranging from 70-83% for upper and lower limb
musculature(77). Furthermore, A 10-week high intensity PRT study of 100 older
adults in a nursing home (mean age 87 years), of whom one-half were cognitively
impaired, reported 40% improvements in habitual physical activity measured by
accelerometry in conjunction with a 113% increase in strength, 12% increase in gait
speed, 28% increase in stair climb power and ~3% increase in thigh muscle area
compared to non-exercising controls (78). In both of these studies the intervention
exercise sessions were excluded from the definition of habitual activity. These
increases in physical activity outside of the intervention suggest that prescribing
robust anabolic exercise in both healthy and frail older adults does not substitute for
habitual activities, but actually leads to more activity than before the intervention.
Conversely, in other studies of older adults undertaking aerobic exercise (79, 80),
participants have become less active in everyday living in response to the increase in
volume of structured exercise, and thus habitual activity declined, and overall
physical activity remained unchanged. Since the goal is to promote overall increases
in physical activity, both structured and incidental, as a means to optimise cognitive
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ageing, the small literature to date suggests that anabolic exercise may have
advantages over aerobic exercise in this regard.
Conversely, there is limited evidence to support the efficacy of exercise in general for
reducing sedentary behaviour in older adults (81, 82). However, PRT is known to
significantly improve mobility (83), and impaired mobility is associated with
sedentary behaviour in older adults (84).

Furthermore, there is evidence

predominantly from middle-aged cohorts that PRT may ameliorate the deleterious
effects of extended periods of prolonged sedentary time in bedrest studies on muscle
mass, insulin sensitivity and strength (85). Thus, anabolic exercise may be an
appropriate modality of exercise to reduce the risk for sedentary behaviour, as well
as the adverse physiological consequences of prolonged sedentary behaviour.
However, to date there are no empirical data to our knowledge that adoption of PRT
will result in a reduction in sedentary behaviour itself.

1.5 Anabolic Exercise May Augment Cognition through a Variety of
Pathways

In addition to augmenting physical activity and sedentary behaviour in older adults
with cognitive impairment, PRT has been reported to have direct effects on cognition
in those living with and without cognitive impairment, as well as on the key cortical
structures affected in the disease process of dementia (86, 87). While there is not
currently empirical evidence to suggest that these improvements in cognition are
the direct result of augmented physical activity or reduced sedentary behaviour, the
mechanisms that have been evaluated thus far involve anabolic adaptations to PRT
(87). In the prodromal stage of cognitive impairment there is evidence of decreased
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physical function, strength (22), and grey matter in key cortical regions such as the
hippocampus (88) that indicates there is already an underlying catabolic process
that only accelerates with disease progression (26, 89, 90). Thus, exercise of an
anabolic nature such as PRT may improve cognition and attenuate cognitive decline
through a variety of mechanisms that target the catabolic elements of the disease
course on both central nervous system and peripheral structures.
For example, several robust clinical trials of resistance training in MCI have reported
significant improvements in cognition that are associated with anabolic adaptations
to strength and brain morphology. For example, the Study of Mental and Resistance
Training (SMART) of 100 older adults with MCI (of which relevant portions are
presented in Chapters 1 and 2) reported that improvements in the primary outcome
cognition were mediated by improvements in strength after six months of high
intensity PRT (91, 92). Additionally, improvements in cognition were associated
with increased grey matter volume in the posterior cingulate region of the brain
immediately following intervention (93), and with preservation of hippocampal
volume one year later (94). Both of these regions are known to atrophy with the
progression of dementia and play a key role in normal cognitive functioning (93).
Similarly, a Canadian study of 86 older women reported similar improvements in
cognition in those undertaking PRT, which was associated with improvements in
functional changes in region of the brain associated with memory (95).

The

literature surrounding the effect of PRT on cognition in dementia itself is limited and
generally of lower quality, however it also suggests that PRT has a positive effect (96,
97). Overall, there appear to be potent anabolic pathways underlying improvements
in cognition in older adults with cognitive impairment both in the short term and
well beyond the duration of PRT intervention.
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In summary, physical activity and sedentary behaviour are influenced by the decline
in physiological reserves caused by processes of frailty and sarcopenia. The most
suitable intervention to target these conditions to date is PRT, which results in
anabolic adaptations that attenuate this decline, as well as beneficially influencing
physical activity levels themselves.

Preliminary evidence suggests that these

anabolic adaptations may not only be beneficial for improving physical activity and
sedentary behaviour, but also benefit cognition and underlying brain morphology.
Importantly, there is evidence that the benefits of PRT for both physical activity and
cognition appear to extend beyond the duration of the intervention itself, which is
ideal for treating a disease like dementia with long clinical trajectories. There is a
great need for empirical studies in cohorts across the cognitive impairment
spectrum, to confirm and extend these observations.

1.6 Rationale, Aims and Plan for this Investigation
Currently, no trials have evaluated objectively the effect of exercise on levels of
physical activity and sedentary behaviour in cohorts specifically selected for
cognitive impairment. Furthermore, the associations between physical activity,
sedentary behaviour and cognition and effects of anabolic exercise on these
relationships have yet to be explored. Thus, the main aims of this thesis presented
herein are to:
1. Evaluate levels of physical activity and sedentary time in populations with
varying degrees of cognitive impairment
2. Evaluate the relationship between physical activity and sedentary behaviour
with cognition across the cognitive spectrum
3. Evaluate the effects of robust anabolic exercise on change in cognition and
changes in physical activity and sedentary behaviour, and whether these
changes are related to each other.
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In order to evaluate these aims, this thesis will include seven chapters that will
discuss research conducted in two distinct cohorts along the cognitive spectrum;
mild cognitive impairment (MCI) and Lewy Body Dementia (LBD).

The first

represents a prodromal stage in the cognitive impairment spectrum characterised
by mild cognitive concerns discernible by both objective neuropsychological testing
and self-reported concerns that do not result in significant daily dysfunction (98).
Furthermore, older adults with this diagnosis may revert back to normal cognition,
and the underlying pathology is varied (99).

Conversely, LBD represents an

aggressive type of dementia driven by underlying Lewy body pathology notable for
motor symptoms of parkinsonism, prominent executive and visual dysfunction,
neuropsychiatric disturbances such as hallucinations and delusions, and autonomic
impairment such as incontinence and orthostatic hypotension (100). Lewy Body
Dementia comprises of two potential diagnoses: Dementia with Lewy Bodies (DLB)
or Parkinson’s disease dementia (PDD). The first requires the presence of dementia
and two or more core features including Rapid Eye Movement (REM) sleep
behaviour disorder (RBD), spontaneous parkinsonism, fully formed visual
hallucinations and/or fluctuations in attention and arousal (100), while the latter
requires the presence of dementia one or more years after the onset of Parkinson’s
disease (PD) (101). Additionally, the prevalence of frailty in older adults with MCI
tends to be similar to those who are cognitively intact at ~10%(102-104), while in
LBD, the prevalence is estimated to be much higher at 37% (105). Thus, the
relationships among physical activity, sedentary behaviour and cognition, and the
effects of robust anabolic intervention on these outcomes is likely to vary between
these two conditions within the cognitive impairment spectrum.
In Chapter 1 we will document the levels of physical activity and sedentary
behaviour in a cohort with MCI. Subsequently, we will explore baseline associations
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between physical activity and sedentary behaviour with cognition and a diverse
array of clinical characteristics to identify potential clinical targets for intervention.
In Chapter 2 we will explore the effects of six months of robust anabolic exercise on
physical activity, sedentary behaviour and cognition in this same cohort with MCI
and investigate relationships between these changes.
In Chapter 3 and beyond we will focus on the novel area of exercise and LBD. In this
chapter, we will systematically review the available evidence for the effects of
exercise and physical activity on cognition in this those with this diagnosis.
In Chapter 4 we will propose a targeted, high intensity exercise intervention in LBD
aimed at improving physical activity and functional independence, drawing upon the
best available evidence for exercise in LBD, similar conditions, and in older adults in
general.
In Chapter 5 we will first describe the levels of physical activity, frailty and a diverse
array of clinical characteristics in a cohort with LBD. Subsequently, we will explore
baseline cross-sectional associations among these areas of interest to identify viable
targets for future intervention.
In Chapter 6 we will report the effects of a 20-week pilot trial of robust exercise in
those living with LBD on physical activity, cognition and other relevant clinical
outcomes.
In Chapter 7 we will present a case that highlights the critical role that robust
anabolic exercise plays as part of a comprehensive treatment strategy to interrupt
the trajectory of frailty in older adults with LBD.
These findings will contribute novel and important knowledge to a growing field of
research in the prevention and treatment of dementia through non-pharmacological,
27

lifestyle interventions and further inform the design, execution and targets of larger
clinical trials in cognitive impairment.
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CHAPTER 1 – Study of Mental and
Resistance Training (SMART): Crosssectional Analysis of Physical Activity
and Sedentary Behaviour
Inskip, M., Mavros, Y., Gates, N., Wilson, G.C, Jain, N., Meiklejohn, J., Brodaty, H.,
Wen, W., Singh, N., Baune, B.T., Suo, C., Baker, M.K., Foroughi, N., Wang, Y.,
Sachdev, P.S, Valenzuela, M., & Fiatarone Singh, M.A.

Abstract
Background: Mild Cognitive Impairment (MCI) is a prodromal stage of cognitive
impairment that has a prevalence estimated to increase with age from 6.7% up
to 25% in older adults in their sixties and eighties, respectively. There is a 6-fold
greater chance of progressing to dementia over several years, with an annual
conversion rate of 5 – 15%. However, up to 26% of older adults with MCI are
known to revert back to normal cognition annually, and only one-quarter of
those with MCI in their fifties actually have evidence of Alzheimer’s disease (AD)
pathology. Thus, the trajectory of cognitive decline may be amenable to early
intervention by identifying and addressing modifiable clinical targets. Physical
activity is a viable target due to its strong associations with higher cognition,
slower rate of cognitive decline, and reduced incidence of dementia in older
adults. Thus, in this chapter we will explore relationships among physical
activity, sedentary behaviour, cognition and a diverse array of potentially
modifiable clinical characteristics in a cohort with MCI with the aim of informing
future intervention.

Methods: Habitual physical activity and sedentary behaviour of older adults
with MCI was assessed with an accelerometre worn for a week at baseline in the
Study of Mental and Resistance Training (SMART) as part of an analysis of
secondary outcomes.

Associations between physical activity, sedentary

behaviour, cognition and a diverse array of clinical characteristics including
strength, physical function, exercise capacity, aerobic fitness, body composition,
health status and psychosocial function were evaluated.
Results: One hundred participants with MCI were assessed at baseline [70.1 ±
6.7 years, 32% male, 13.4 ± 3.6 years of education, and 7.9 ± 3.5 Alzheimer’s
Disease Assessment Scale – Cognitive Subscale (ADAS-Cog)]. A subset of 75
participants with valid accelerometry were subsequently analysed in this
chapter, and did not differ significantly from the whole cohort in age, sex,
education or ADAS-Cog score (p < 0.05). Participants spent on average 5.9 hours
(95% CI 5.6 - 6.2 hours) or 39.6% of the day physically active and 9 hours (95%
CI 8.7 - 9.3 hours) or 61.4% of the day sedentary. As anticipated, higher physical
activity was associated with younger age, and higher strength, physical function,
aerobic fitness, exercise capacity and lower homocysteine (p < 0.05), and
unexpectedly had no association with sex, body composition, psychosocial
function, or cognition. Additionally, higher sedentary behaviour was associated
with higher homocysteine, systolic blood pressure, and Homeostatic model
assessment of Insulin resistance (HOMA-IR), as anticipated, as well unexpected
associations with executive and global domain cognition (p<0.05). In models
including age and sex, Over 52.3% of the variance in physical activity was
explained by leg press strength, maximal gait speed, and six-minute walk
distance, while conversely, only 15.3% of sedentary time was explained by stair
climb power and homocysteine, and 17.0% of sedentary bouts by homocysteine,
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six-minute walk, and systolic blood pressure. Cognition was also significantly
related to a range of clinical characteristics, which predicted 27.7% (ADAS-Cog),
45.9% (Global domain), 36.6% (Executive domain), 30.7% (Memory domain),
and 30.4% (Attention domain) of variance in models included age, sex and
education.
Conclusions: Physical activity was found to be strongly associated with many
remediable clinical characteristics also implicated in the aetiology of frailty such
as strength, aerobic fitness, physical function, exercise capacity and components
of metabolic dysfunction.

Likewise, cognition was observed to be most

consistently associated with physical function, exercise capacity, quality of life
and depressive symptoms. The absence of associations among physical activity,
strength, aerobic fitness and muscle mass with cognition was unexpected,
however, these should not be discounted as viable intervention targets given the
strong mediating and protective effects on cognition observed in longitudinal
and interventional studies
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1. Introduction
This chapter will explore the levels of physical activity and sedentary behaviour
in older adults with mild cognitive impairment (MCI) and their relationship with
cognition and other clinical characteristics. Mild Cognitive Impairment is a
prodromal stage of dementia that is diagnosed based on the presence of
subjective memory concerns and objective cognitive impairments compared to
prior level of function, but which do not cause noticeable impairments in daily
function (1). The prevalence of MCI increases with age, estimated to be 6.7% for
those in their early sixties, and up to 25% for those over the age of eighty (2).
There has been increasing interest in the development of therapeutic
interventions in this subset of cognitive impairment in recent decades. This is
because MCI represents an early stage of cognitive decline in which symptoms
are minimal, but treatments can be more specifically targeted to individuals who
are at a higher risk of developing dementia than those who are cognitively intact.
It is estimated that older adults with MCI have up to a 6-fold increase in the risk
of progressing to a dementia diagnosis over a period of several years compared
to cognitively-intact peers (3), equating to an annual conversion rate to dementia
of 5 to 15% (4)
What is of particular interest in this prodromal phase of cognitive impairment is
the natural prevalence of those who revert back to what is considered normal
cognition when tested at follow-up. A recent meta-analysis from Canevelli et al
(2017) reported reversion rates as high as 26% in those previously diagnosed
with MCI (5). Naturally, some of this reversion may be attributable to issues
relating to the specificity of assessment methods, however the reversion rates
are actually highest in high quality studies, where more precise testing is
available (5). Furthermore, the prevalence of Alzheimer’s disease pathology in
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those with MCI is estimated to be as low as 27% in 50-year olds, and increases
with age up to 71% in those over the age of ninety (6). Thus, cognition and the
disease course of dementia may be amenable to intervention and even reversible
in some individuals with a diagnosis of MCI.

This spontaneous reversion

independent of medical intervention indicates that there may be lifestyle or
environmental factors that could be manipulated to modulate the trajectory of
cognitive decline in MCI.
For example, physical activity is strongly associated with cognition, cognitive
decline and incidence of dementia in older adults (7, 8). While the limited
evidence describing physical activity and sedentary behaviour in MCI is mixed, it
is clear that there is a significant decrease in physical activity and accompanying
increase in sedentary behaviour observed in the transition from MCI to dementia
(9, 10). Findings from the RUSH study indicate not only that high levels of
physical activity protect older adults from developing cognitive impairment, but
also that the rate of cognitive decline is slowed irrespective of level of
impairment and genetic risk (8). Conversely, higher levels of sedentary time
often occur concurrently with the development of frailty and sarcopenia, all
increasing the risk of incident dementia and rate of cognitive decline (11, 12).
Furthermore, physical activity and sedentary behaviour have widespread
associations with a range of modifiable clinical characteristics such as strength,
physical function, skeletal muscle mass, aerobic fitness, and metabolic health
(13-16) which may also impact cognition.
To date, the epidemiological data available in MCI exploring these associations
among physical activity and sedentary behaviour and cognition have been
limited to questionnaire self-reports and sociodemographic data extracted from
hospital records and questionnaires (9, 10). To effectively evaluate whether
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physical activity might be a viable intervention target in MCI we must first
objectively characterise levels of physical activity and sedentary behaviour and
then comprehensively evaluate the relationship between physical activity,
sedentary behaviour, cognition and a diverse array of clinical characteristics
obtained through robust assessment protocols.
Thus, the aims of this chapter were to:
1. Characterise physical activity and sedentary behaviour in a cohort of
older adults with MCI;
2. Evaluate associations among clinical characteristics, physical activity and
sedentary behaviour;
3. Evaluate associations among physical activity, sedentary behaviour and
clinical characteristics with cognition.
Our hypotheses for this chapter were:
Higher physical activity and lower sedentary behaviour will both be associated
with better cognition.

2. Methods
The full protocol for the Study of Mental and Resistance training (SMART) trial
has

been

registered

at

the

ANZCTR

trial

registry

(https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?ID=83075

)

and details of the protocol have been previously published (17). The analyses
presented in this chapter are focused on the baseline, cross-sectional data of
participants collected during the trial. Ethics approval was gained from the
Sydney Southwest Area Health Service (HREC Ref No.

08/RPAH/106),

University of Sydney Human Research Ethics (HREC Ref No. 06-2008/11094),
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and the University of New South Wales (HREC Ref No. 08152). A brief summary
of the trial design, participants, data collection and assessment, and statistical
analysis is provided below

2.1 Study Population and Recruitment
Eligible participants were recruited from the Sydney metropolitan area from
October 2008 to December 2011 through a variety of media including
newspapers, mailing and radio advertising. The full inclusion and exclusion
criteria and screening procedures are explained in greater detail in the published
protocol paper (17). Briefly, inclusion criteria for the study included being aged
55 years and over, reporting a e memory complaint via the Subjective Memory
Complaint (SMC) scale scoring a Clinical Dementia Rating (CDR) algorithm score
of ≤1.0, a Mini-mental State Exam (MMSE) score of 23 – 29 (out of 30), and being
prepared to undertake multiple cognitive, physical and imaging assessments
over the course of 18 months. Exclusion criteria included pre-existing dementia,
the presence of an unstable medical condition, rapidly progressive terminal
illness, neurodegenerative condition, recent traumatic brain injury, depression,
current alcohol or drug abuse, proliferative retinopathy, and participation in any
cognitive training or more than 150 mins/week of moderate or greater intensity
planned exercise or any resistance training. Before assessment and enrolment in
the study, participants were made aware of the factorial design of the SMART
study consisting of random allocation into a combination of 2 treatment
interventions for PRT and cognitive training that would follow baseline crosssectional assessment.

They were not aware which of the treatments were

hypothesised to be active vs. “sham” versions of exercise and cognitive training,
respectively, and all baseline assessments described below were completed
before the randomisation and concealed allocation took place.
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2.2 Study Design
The SMART trial was a longitudinal, double-blind, sham training-controlled,
randomised

clinical

trial

adhering

(https://www.consort-statement.org).

precisely

to

CONSORT

guidelines

The study training and majority of

assessments were conducted at the University of Sydney Cumberland campus at
Lidcombe, NSW, Australia.

Medical resonance imaging (MRI) scans were

performed at the Clinical Research Imaging Centre in Randwick, NSW, Australia.
Baseline assessment first involved a screening interview and cognitive screening
performed over the phone. Next, separated by a minimum of one week, three
separate assessment sessions were conducted: two at the Cumberland campus
(physical and cognitive assessment), and the third was the MRI visit at Randwick.
Following these assessments, participants returned to the Cumberland campus
for a second maximum strength testing before beginning intervention the
following week.

2.3 Data Collection
A study research assistant conducted the telephone and initial cognitive screen
with participants.

The stratified, random allocation of participants to the

intervention arms of the trial was completed by a different researcher and
concealed until the time of allocation at the completion of all baseline testing.
Blinded assessors had experience with older adults, conducted the baseline
assessment visits but had no involvement with the subsequent training of
participants. Data were collected on instrumented, pre-designed forms, stored
securely in locked filing cabinets, and entered in stages into the statistical
analysis program SPSS (IBM Corp. Released 2017. IBM SPSS Statistics for
Windows, Version 26.0.

Armonk, NY: IBM Corp.)

Data collected

for

accelerometry, ambulatory blood pressure assessment, gait analysis, maximal
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aerobic capacity (VO2) and electrocardiography (ECG) assessment were all
downloaded and stored in digital formats on secure servers, before being
exported to SPSS. The assessor monitored all adverse events throughout the
baseline assessment period. These events included any exacerbation of an
underlying disease, or new onset musculoskeletal, cardiovascular, or metabolic
abnormality and were subsequently adjudicated by the study physician as
attributable or not to the assessment procedures.

2.4 Assessments
The full list and explanation of outcome measures assessed is described in the
protocol paper (17). A brief description is provided below.
Cognition was assessed with the Alzheimer’s Disease Assessment Scale –
Cognitive (ADAS-Cog), Mini-mental State Exam (MMSE), GP-cog, Clinical
Dementia Rating (CDR), Subjective Memory Complaint (SMC), Life Experience
Questionnaire (LEQ), Sub-sections of the Wechsler Adult intelligence Scale
(WAIS) including Matrices and Similarities, Trail-making Test A & B, Logical
Memory Recall, Benton Visual Retention Test (BVRT), Symbol Digit Modalities
Test (SDMT), Category Fluency, Controlled and Oral Word Association Test
(COWAT), and Memory Awareness Rating Scale – Memory Functioning (MARSMF).
Psychosocial function was assessed with the Geriatric Depression Scale – 15
item (GDS-15), Depression, Anxiety and Stress Scale (DASS-21), Scale of
Psychological Wellbeing (SPWB), Duke Social Support (DSS)].
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Quality of life was assessed with the Life Satisfaction Scale (LSS), Physical (PCS)
and Mental (MCS) Component Scores for the Medical Outcomes Study Short
Form Survey (SF-36), and Quality of Life Scale (QOLS).
Body composition was assessed with anthropometrics (stretch stature, body
mass, waist circumference, and bioelectrical impedance analysis (BIA) with
estimations of percent body fat, lean body mass and skeletal muscle mass and
skeletal muscle index as well as sarcopenic status).
Cardiovascular profile was captured with pulse wave analysis, ankle-brachial
index, and ambulatory and orthostatic blood pressure.
Exercise capacity was measured via maximal muscle strength and endurance,
six-minute walk distance (6MWD), and aerobic capacity (VO 2 peak).
Physical performance was assessed with habitual and maximal gait speed, gait
analysis (force sensor insoles), isometric hand grip strength, multiple chair stand,
static balance, tandem walk and stair climb.
Inflammatory/anabolic profile was assessed with serum samples for
nutritional, biochemical and hormonal factors, saliva cortisol as well as antiinflammatory cytokines.
Health status was assessed with, medical history, lifestyle behaviours, and
habitual physical activity level, which are explained in greater detail below.
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2.5 Accelerometry Assessment
2.5.1 Set Up and Measurement of Free-Living Activity
Habitual activity, sedentary behaviour and sleep quality were captured over a
period of 7 days using a waist and wrist monitor to measure movement
(Actigraph GT1M and GT3x, Actigraph LLC Inc., Pensacola, FL, USA).

Two

versions of the monitors were used at baseline (the GT1M model, which in 2009
was succeeded by the GT3x) for accelerometry capture as the cohort was
recruited from 2008 to 2011.

Both monitors have been validated to have

comparable outputs so can be analysed concurrently (18, 19). Briefly, these
monitors are widely used in accelerometry research to capture physical activity
and sedentary behaviour through recording counts/minute of accelerations in
either the vertical access only (GT1M) or along with the medio-lateral and
antero-posterior axes (GT3X)(20, 21). The main differences between the two
models are that the G1TM is set at a 30Hz sampling rate and can measure up to ±
5g of acceleration, while the G3TX can sample up to 100Hz and measure up to ±
6g (18). The processing of the outputs, which is described below, in order to
remain consistent only used the counts/minute of the vertical access to enable
merging of the data collected from either monitor.
The set-up of monitors and subsequent importing of collected data following the
wear period was done using the ActilifeGTIM (version 2.2.3) software. The wrist
monitor was set to group data in 60-second epochs to capture sleep quality, the
waist monitor was set to 10-second epochs to capture physical activity, and both
were set at a sampling rate of 100Hz (or 30Hz for the GT1M1). Monitors were
set to begin recording data the day after the first clinical assessment and
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continue recording for 7 full days and cease recording on the morning of the next
clinical assessment.
Participants were given two monitors along with an accompanying log-sheet and
information pack by the assessor, which explained the requirements for the wear
period. During the week of assessment, participants wore the wrist monitor on
their non-dominant side with a Velcro strap, and also wore the waist monitor on
the non-dominant hip using an elastic strap and buckle. Participants were asked
to leave the wrist monitor on all the time, and only remove the waist belt upon
retiring to bed for the night, and then replacing it after waking. The only time
both monitors were removed was to avoid water immersion (i.e., showering or
swimming). The log sheet provided was filled out daily by participants including
in bed/out of bedtimes, removal times for showers and other miscellaneous
activities, and answering questions relating to intake of caffeine, alcohol or
alertness-altering medications.

Importantly, participants were instructed to

maintain normal activity patterns during the week of monitoring and not alter
their schedule beyond the requirements detailed above.

2.5.2 Processing of Raw Data
Participants removed the wrist and waist monitors on morning of the second
clinical assessment day and returned them to the assessor along with the
completed log sheet. The data from the Actigraph devices were downloaded
through the ActilifeGTIM program, inspected for any abnormal recording, and
then stored securely in a server as data files (.dat). At the point of data cleaning
the software program was used to convert the data files to Agilegraph file format
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(.agd) for inspection in the program. The waist file was then further converted to
an Excel data table format (.csv) to allow data cleaning.
The cleaning process was carried out on all available and valid participant waist
recordings and primarily was used to remove all periods of recording during
which the participant was not wearing the monitor (i.e., during sleep, and during
other removal times). This was to ensure that the Excel macro (described below
in the next section) only read and computed valid data from wear times, and not
the zero values recorded during periods of non-wear. The process had several
steps:
1. The recording was truncated to 3:00:10 AM on the morning following first
putting the device on. This was to avoid intermittent and abnormal wear
time on the first night of wear.
2. The remaining days of data were then scanned for removal periods and
the removal of the device each night upon retiring to bed. The log sheet
was used to guide this process. Data recorded during these periods were
deleted, however the timestamps were not, to preserve consistent time
intervals. The exact time of data removal was recorded in a separate log
sheet to track the wear times and removed data. Additionally, erroneous
data, which were defined as activity counts (>0) held at the same value for
more than 10 minutes, were removed in a similar process.
3. The last morning of recording was then truncated back to a time of
3:00:00 AM to avoid intermittent and inconsistent wear during the
removal of the device.
For data cleaning purposes, ‘bedtime’ was defined as the first 10-second epoch
with a zero count (‘0’) before a continuous unbroken series of zero counts until
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the next morning, indicating waist monitor removal. ‘Wake time’ was defined as
the first epoch in the morning recording a non-zero count (> 0) after the
continuous zero count period.. The log sheet filled out by participants was used
as a guide to interpret the removal times both for bed and wake time, as well as
removals for showers or other activities. Additionally, data from the wrist
monitor were visually inspected in the program software (ActilifeGTIM, version
2.2.3) simultaneously to adjudicate any discrepancies in reported removal times
and actual removal times. A day was considered valid and included in analysis if
the monitor was worn for at least 10 hours or wear time exceeded 60% of the
time between the determined wake and bedtimes (22). In the case where
participants did not remove the waist monitor for bedtime, data from the wrist
monitor were visually inspected to determine the bedtime. For cases where the
participants did not place the waist monitor on until later in the morning, the
waist file data were still analysed if they met the above criteria for a valid day.
The final cleaned file maintained its original length with the exception of the
truncated data at either end and provided a more accurate representation of the
physical activity of the participant by removing periods of non-wear. This
process yielded up to 6 valid days for subsequent data analysis. The data
analysis was only performed if participants accrued four or more valid days of
data after the cleaning process. The final cleaned file (.csv) was then directly
imported into a macro Excel file described below.
2.5.3 Analysis of Physical Activity Level and Sedentary Time
The macro file was designed to calculate activity level and energy expenditure
using a well-validated method of estimating energy expenditure adapted from
the work of Crouter et al 2006 (23). The model (Actigraph New 2-regession
model) was validated with the concurrent use of Actigraph monitors (model
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7164) and indirect calorimetry (Cosmed K4b2) to estimate the metabolic
equivalent units (METS), or the intensity of various activities through the
measured activity counts. The model has a high level of accuracy in predicting
energy expenditure from activity counts (R 2 = 0.744). Furthermore, the model
uses several thresholds of counts/minute and the co-efficient of variation (CV)
between each 10-second epoch to calculate period of rest, walking, running and
other activities.
Briefly, ≤50 counts/min were classified as 1 Metabolic equivalent (MET) of
energy expenditure and therefore representative of sedentary behaviour (23). It
is important to note that there is still no evidence-based consensus about how to
accurately classify sedentary time using accelerometry in older adults in
particular (24, 25). An energy expenditure of 1 MET from metabolic studies is
typically only achieved during a lying, resting state, while quiet activities such as
sitting may exceed this 1 MET value, and these low activity counts during quiet
sitting are still considered sedentary from an epidemiological perspective (25).
The threshold of ≤50 counts/minute used for this analysis is lower than the
thresholds of many accelerometry studies that use <100 counts/minute (23, 24).
However, as we expected the cohort to accrue the majority of their physical
activity at workloads comparable to a very light-to light-intensity (<3 METs), we
chose this conservative threshold so as to minimise the risk of not capturing
these typically light activities of older adults with MCI and chronic disease in
their overall physical activity. Thus, our conservative threshold would have the
potential to under-estimate sedentary time and over-estimate light physical
activity.
Physical activity was therefore defined as >50 counts/min. In the original
analysis algorithm, physical activity was classified into light (1 - <3 METS),
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moderate (3 - <6 METs), and vigorous (≥6 METs) using a quadratic formula to
interpret counts/min averaged from each 10-second epoch (23). Furthermore,
the type of physical activity in Crouter’s original validation study (23), was then
further distinguished by assessing the CV of counts per 10-second epoch.
Specifically, the CV in respect to any given epoch is calculated from analysing the
backward, middle, and forward six 10-second epochs surrounding that epoch
(23). Low variability (<10 % CV) represented walking or running activities,
while counts with higher variability (>10 % CV) represented other physical
activities (23). However, since these equations were validated in younger adult
cohorts, we made two important modifications to our interpretation of our data.
The first modification to our analysis was collapsing all walking, running and
other activities into one domain describing physical activity. The use of the
original algorithm method, which has only been validated in children and
younger adults, was considered to be potentially inaccurate in distinguishing
these activities in older adults due to their more irregular gait pattern which
would increase the step-to-step variability (CV) of walking epochs so that they
would be falsely classified as “other physical activity” (26). Thus, to avoid
misrepresenting time spent in each of these categories, we analysed all types of
activity as one domain with varying levels of intensity.
The second modification to our analysis was the use of accumulated minutes
across spent at all workloads during the day to define physical activity, as
opposed to assigning intensity classifications.

Specifically, the counts

accumulated in each minute were assigned an average MET value for that minute,
using the Crouter algorithm validated against indirect calorimetry (23) Next,
total MET-minutes were calculated for our analyses by summing the MET
workload for each minute (combining six 10-second epochs) in which there were
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>50 count/min across the day. For example, 5 minutes spent at a 6 MET
workload would equate to 30 MET-minutes. This measure was chosen as an allencompassing variable for gauging physical activity in this cohort rather than
distinguishing time spent at light, moderate and vigorous intensity. There were
several reasons for this decision.
First, there is much debate surrounding the optimal accelerometer thresholds for
the different intensity categories, and thus providing an estimate of time spent at
a given intensity may be misleading (21, 24). Second, the thresholds for light,
moderate, and vigorous intensity that are tied to the counts/min are sourced
from compendiums of physical activity that derive intensity through calculating
the absolute workloads of an physical activity in relation to resting metabolic
rate (25, 27). These thresholds may not be relevant in older adults who have a
reduced peak MET capacity and lower resting metabolic rate and thus may find
the relative intensity of each of these workloads much higher due to their lower
maximal exercise capacity, and potentially even supra-maximal (25).

For

example, a workload of 4 METs would be considered as light-moderate intensity
activity in traditional terms, however for an older adult with a peak MET
capacity of 5 METs this workload would be 80% of the peak capacity and thus
considered as vigorous intensity. Furthermore, the MET capacity of older adults
can vary widely, so attributing set thresholds for intensity is not evidence-based
or accurate in this cohort and may misrepresent actual intensity of exercise (25).
Third, the volume of physical activity derived from accelerometry is highly
discordant with current exercise volume recommendations from public health
guidelines as it captures all movement of 3 degrees or more, both incidental and
structured, not just purposeful exercise, on which guidelines are based (28).
Lastly, from a statistical point of view, categorising a continuous variable leads to
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the loss of sensitivity and statistical power for detecting relationships with other
variables of interest (29). In a sub-clinical cohort with minimal impairment, it is
expected that these relationships might be harder to detect than in cohorts with
dementia and thus we wanted to maximise the statistical power to detect these
relationships.
Thus, in our final an analysis we used MET-minutes as an overall measure of
physical activity rather than specific absolute thresholds for different intensities.
Additionally, we have chosen two metrics, both time and number of bouts in a
sedentary state, to represent sedentary behaviour.

The overall time spent

sedentary, as well as the frequency of long bouts, are frequently investigated
measures of sedentary behaviour (30, 31). The dependent variables for this
analysis for each participant represent the cumulative daily total of each
respective measure, which is then averaged across all eligible days of
accelerometry across the week to generate a mean daily value. Data at a cohort
level are summarised as the mean of the mean daily values for each participant.
The three dependent variables selected are listed below.

1. Total physical activity: metabolic equivalent-minutes (MET-minutes)
– A measure of total time spent at all workloads of physical activity
defined as >50 counts per minute. For each participant, this value was the
sum of the MET-minutes accumulated throughout the day, averaged
across all eligible days of analysis.

For example, 2 minutes spent

performing activity at a workload of 7 METs would be equivalent to 14
MET-minutes. In the subsequent 3 minutes if the workload was 4 METs
then the participant would accrue a further 12 MET-minutes, which for
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the total 5 minute period would equal 26 MET-minutes.

Thus, the

cumulative total of MET minutes gives more weight to time spent
engaging in higher workloads, not just total time spent doing activity.

2. Total sedentary time (minutes) – Reflects time spent at an intensity of
<50 counts/min, which is equivalent to resting metabolic rate or
sedentary behaviour. Sedentary time is calculated by summating the
minutes spent at <50 counts throughout each day and then calculating the
mean daily value using the eligible days across the week. For regression
analysis, values are represented in minutes while in description of the
cohort values are also represented in hours to enable comparison with
similar cohort data.

3. Number of bouts of sedentary time (n) – reflects the number of
sedentary bouts (defined as a period of >10 min duration at <50
counts/min) captured throughout the day and averaged for the week.

2.6 Statistical Analysis

Statistical analysis was performed using the software statistical SPPS version 26
(IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Armonk, NY).
Significance was defined in all statistical tests as α <0.05. All data were first
inspected for normality visually through histograms, box, stem and leaf plots and
statistically using the Shapiro-Wilk test. Data were transformed before use in
parametric statistics where possible or analysed via non-parametric statistical
tests if necessary. Descriptive data were analysed and presented as means and
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standard deviations, or median and range, and frequency and proportions as
appropriate. Finally, 95% confidence intervals (95% CI) were calculated for
descriptive cohort data when comparing to population prevalence to assess the
likelihood of differences being due to sampling bias.

Each descriptive

characteristic of interest was coded as a binary variable (yes = 1, no = 0) and the
95% CI calculated using the mean and standard error derived from z-score
distribution for the cohort sample size.
The

cohort

was

described

across

several

key

domains

including

sociodemographics, health status, body composition, muscular strength, physical
function and fitness, and physical activity and sedentary behaviour. Variables
were organised into domains for analysis including physical activity, strength,
physical function, aerobic fitness, exercise capacity, body composition, health
status, psychosocial and socioeconomic in preparation for regression.

Any

variables with significant missing data were analysed at a cohort level
(comparing total cohort characteristics with the sub-set without missing data)
using independent t-test (for continuous variables) or chi-square analysis
(categorical variables) to ascertain whether data were missing at random before
use in regression analysis.
2.6.1 Associations with Physical Activity and Sedentary Behaviour
The first section of statistical analysis focused on associations among the
dependent variables total physical activity, sedentary time, and number of
sedentary bouts.
Simple linear regressions and independent t-tests were conducted using
covariates of age and sex respectively, to evaluate independent contributions to
these dependent variables.
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Subsequently, multivariable regression analysis controlled for age and sex were
conducted to evaluate the associations of physical activity and sedentary
behaviour with clinical characteristics from each domain (health status, body
composition, muscular strength, physical function and fitness).

Significant

factors associated with each measure of physical activity and sedentary
behaviour within each domain were then selected and ranked based on their
magnitude of the adjusted beta coefficient.
Hierarchical regression analysis was then utilised to generate sequentially more
inclusive models to explain the variance in physical activity and sedentary
behaviour, as follows. Hierarchical regression models were generated for total
physical activity, sedentary time and number of sedentary bouts, resulting in
three final models. The base model of each regression consisted of the covariates
of age and sex (Model 1). The one strongest associated variable from each
domain (health status, psychosocial status, body composition, muscular strength,
physical function, exercise capacity, and aerobic fitness) was then added to the
base model (one variable per step) in descending strength of association
(determined via the adjusted beta coefficient). The variance inflation factor
(VIF) was analysed for each variable added to avoid collinearity of variables.
While there is much debate about the acceptable VIF value for determining
collinearity we chose the conservative r of <5 for VIF (32, 33). Variables above
this VIF threshold were not retained in the Model.

The last sequential

hierarchical regression model with a significant F-change and with a VIF <5 was
then selected as the final model for each cognitive dependent variable. This
ensured that all retained variables contributed significantly to the variance in the
dependent variable without excess collinearity.
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2.6.2 Associations with Cognition
The second section of statistical analysis focused on associations among the
dependent variables ADAS-Cog, Global, Executive, Memory and Attention
domains. The ADAS-Cog variable represents the raw score out of a maximum 70,
with higher score indicating worse cognitive function. The remaining variables
represent z-scores consisting each consisting of a composite of cognitive tests
related to the respective domain and described previously in the main outcomes
paper (34), with higher scores representing better cognitive function.
Simple linear regressions and independent t-tests were conducted using
covariates of age, sex and education to evaluate independent contributions to
these dependent variables.
Subsequently, multivariable regression analysis controlled for age, sex and
education were conducted to evaluate the associations with total physical
activity, sedentary time and number of sedentary bouts. This process was then
repeated to evaluate the clinical characteristics from each of the other domains
(health status, psychosocial status, body composition, muscular strength,
physical function, exercise capacity, and aerobic fitness). Significant factors
associated with each measure of cognition within each domain were then
selected and ranked based on their magnitude of the adjusted beta coefficient.
Hierarchical regression analysis was then utilised to generate sequentially more
inclusive models to explain the variance in cognition as follows. Hierarchical
regression models were generated for ADAS-Cog, Global, Executive, Memory and
Attention domains, resulting in five final models.

The base model of each

regression consisted of the covariates of age, sex and education (Model 1). The
one strongest associated variable from each domain (health status, psychosocial
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status, body composition, muscular strength, physical function, exercise capacity,
and aerobic fitness) was then added to the base model (one variable per step) in
descending strength of association (determined via the adjusted beta coefficient).
The variance inflation factor (VIF) was analysed for each variable added to avoid
collinearity of variables using the conservative r for VIF of <5, as discussed above.
The last sequential hierarchical regression model with a significant F-change and
VIF <5 was then selected as the final model for each cognitive dependent
variable.

3. Results

3.1 Recruitment and Baseline Characteristics
The CONSORT flow diagram is shown in Figure 1 and was previously published
(17). Briefly, participants were recruited from October 2008 through December
2011. In total, 2094 participants were contacted to be involved in the study, 195
participants were assessed for eligibility and 100 participants were ultimately
enrolled in the study and undertook baseline assessment.
The baseline cohort description is reported in Tables 1 - 4. The average MMSE
score of 27.4 and ADAS-Cog score of 7.9 within the cohort were consistent with
commonly cited threshold scores for MCI of 27/30 (35) and >5/70 respectively
(36). Additionally, the level of functional impairment within the cohort was
minimal and did not exceed dementia thresholds of ≥1 and >2.58 for the CDR
(37) and the Bayer IADL scale, respectively (38). The average cohort age of 70.1
years (95% CI 68.8 to 71.4 years) and predominantly female cohort [68% (95%
CI 23% to 41%)] was consistent with the typical composition of cohorts reported
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in existing exercise literature within MCI (39, 40). Compared to population
normative data from Australia, study participants had a similar proportion who
had completed tertiary education (52.0% vs. 52.2%). All participants were
living in the community and were more likely to be living alone [38.8% (95% CI
29.0% to 48.6%) vs. 26.8%] compared to age-matched peers (41). Participants
also reported an average quality of life on the QOLS (42), and on the Physical
Component Summary score and Mental Component Summary score, respectively,
when compared to population standardised mean scores of 50 (43). They
reported adequate social support as measured by the DSSI (44).
Participants were more likely to be living with osteoarthritis [73% (95%CI
64.2% to 81.9%) vs. 32.7%] than the general population, however there was a
similar prevalence of hypertension [42% (95% CI 32.2% to 51.8%) vs. 37%],
osteoporosis/osteopenia [21%, (95%CI 12.9% to 29.1%) vs.

15.6%], and

diabetes [11% (95% CI 4.8% to 17.2%) vs. 15.2%], (41). Conversely, the cohort
was less likely to smoke [2% (95% CI 0.8% to 4.8%) vs. 8-10%] and more likely
to not consume any alcohol on a weekly basis [36.7% (95% CI 27.0% to 46.5%)
vs. 26.6%] (41). The latter was likely influenced by study exclusion criteria for
excessive alcohol intake with only 2 participants consuming alcohol at harmful
levels (males > 35, females > 10 standard alcoholic drinks/week)(45).
Additionally, as expected due to study exclusion criteria for depression and
major cerebrovascular or cardiovascular disease, the prevalence of other risk
factors

for

dementia,

including

depression

(0%

vs.

11.6%),

and

cardiovascular/cerebrovascular disease [8% (95% CI 2.6% to 13.4%) vs. 19.8%]
was lower than expected in the general population. Genetically, the proportion
of participants with a positive APOE4 carrier status [27%, (95% CI 18% to 38%]
was similar to healthy older adults (10-23%)(46) and those with mild cognitive
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impairment (24%) (47), but lower than the majority of prevalence estimates
within Alzheimer’s disease cohorts (37-64%)(48). The cohort on average had
high-normal homocysteine levels [10.3 μmol (95% CI 9.8 to 10.9)], with only
four participants exceeding the threshold for clinically high levels of serum
homocysteine (15umol/L).

While the cohort was in general not frail,

participants were more likely to be in a normal BMI range [35.4% (95% CI 25.8
to 44.9%) vs. 23.5%] than obese [26.3% (95%CI 17.4% to 35.1%) vs. 37.4%]
(41), and were equally likely to be sarcopenic (13% (95% CI 6.3% to 19.7%) vs.
14.6%] (49), compared to population data.

The average aerobic fitness of

participants was also considerably lower than age-matched cognitively-intact
peers. For example, compared with cognitively-intact older adults over the age
of 70 years who performed a VO2 peak treadmill test (50), the SMART cohort had
lower aerobic fitness for both males [23.7 ml/kg/min (95% CI 21.5 to 25.9) vs.
34.2 (95% CI 32.5 to 35.9)] and females [20.4 ml/kg/min (95% CI 19.1 to 21.7)
vs. 26.8 (95% CI 25.5 to 28.1)].
3.1.1 Physical Activity and Sedentary Behaviour
Valid weekly accelerometry measurements were available for 75 participants
(Table 4).

Reasons for invalid measurements mainly involved equipment

malfunction at the time of collection. There were no significant differences
between the characteristics of participants with missing/invalid accelerometry
and the total sample when compared for age [mean 71.2 vs. 69.8 years, p=0.366],
sex [32% vs. 32% female], education [mean 13.7 vs. 13.2, p=0.596], ADAS-Cog
[mean 8.0 vs. 7.9/70, p=0.976], or gait speed [mean 1.25 vs. 1.20 m/s, p=0.689].
Data were therefore deemed to be missing at random for the purposes of
regression analysis. Average wear time for the waist monitor was 894.3 minutes
(14.9 hours) per day, which varied from 724.4 – 1047.2 minutes (12.1 – 17.5
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hours). Participants had a minimum of 5 valid days, up to 7 valid days for data
analysis at baseline.
Across the week, average time spent active (5.9 hrs (95% CI 5.6 to 6.2)] and
sedentary [9 hrs (95% CI 8.7 to 9.3)] equated to 39.6% and 61.4% of the waking
hours, respectively. A breakdown of the physical activity and sedentary time is
illustrated in Figure 2. The average workload for physical activity was 3.03
METS (95% CI 2.97 to 3.09), which suggests that participants were
predominantly participating in activities considered light to borderline moderate
intensity if compared with traditional METS thresholds (27). It is difficult to
compare the SMART cohort with similar cohorts due to considerable
heterogeneity in the literature concerning different thresholds for both
sedentary behaviour and physical activity and devices for measurement (24).
However, there are a few cohorts that used the same threshold for sedentary
behaviour (<50 counts/min) and utilised Actigraph devices. For example, the
SMART cohort engaged in similar amounts of physical activity and sedentary
behaviour as a cohort of 38 cognitively intact, older adults (52% female, average
age 69.7 years) who spent between 40 – 50% (5.9 – 7.5 hours) of the day
physically active and conversely, 50-60% (7.4 – 8.9 hours) of the waking day
sedentary (51). Conversely, the SMART cohort was slightly more active than
study of 148 healthy, cognitively-intact older adults (79.7% female, average age
64.3 years) who were found to spend between 4.1 to 4.9 hours/day engaged in
physical activity (52). Lastly, when compared to a cohort of 50 communitydwelling, older Greek women (mean age 71-81 years) comparing physical
activity levels among those with low, intermediate and high levels of frailty as
defined by the frailty index (FI), The SMART cohort was slightly more active (5.9
vs. 5.0 hours) than those who were considered the least frail (53). In summary,
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the SMART cohort appeared to have levels of physical activity and sedentary
time comparable to cognitively intact, non-frail cohorts of older adults.

3.2 Associations with Physical Activity and Sedentary Behaviour
Relationships with the dependent variables of total physical activity, sedentary
time, and number of sedentary bouts were evaluated. First, the independent
associations between age and sex are presented followed by the results of
regression analysis for clinical characteristics grouped by domain and adjusted
for age and sex (Tables 5a, 5b and 5c). Lastly, the results from hierarchical
models constructed using the strongest predictors from each domain are
presented (Tables 6a, 6b and 6c).
3.2.1 Total Physical Activity
Higher total physical activity was associated with younger age (r=-0.39, p=0.001),
but was not associated with sex (average MET-minutes, males= 1060.4, females=
1075.4, p=0.852, mean difference 14.9, 95% CI -143.4 to 173.2). Multivariable
regressions controlled for age and sex (Table 5a) revealed that higher levels of
physical activity were associated with better lower body strength z-score
(r=0.41, p=0.005), total body strength (r=0.37, p=0.018), leg press strength
(r=0.69, p<0.001), habitual gait speed (r=0.29, p=0.007), maximal gait speed
(r=0.47, p<0.001),stair climb power (r=0.38, p=0.006), relative (r=0.41, p=0.001)
and absolute VO2 peak (r=0.39, p=0.012), six-minute walk distance (r=0.49,
p<0.001), multiple sit-to-stand times (r=-0.38, p<0.001) and lower homocysteine
levels (r=-0.29, p=0.017), all as anticipated.
The strongest associations found in the multivariable regressions for each
domain were then entered into hierarchical regression analysis along with age
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and sex. The final model (Model 4) indicated that leg press strength, maximal
gait speed, and six-minute walk distance explained 52.3% of the variance in total
physical activity (Table 6a). Furthermore, variables which were not found to be
collinear (based on our criteria of a VIF <5): relative VO2 peak and homocysteine
level, were nonetheless excluded from the final model, as they did not
significantly contribute any further to explanation of the variance.

3.2.2 Total Sedentary Time
Total sedentary time was not significantly associated with either age (r=0.19,
p=0.103) or sex [average minutes, males= 540.7, females= 538.9, p=0.931, mean
difference -1.8 (95% CI -43.3 to 39.7). Multivariable regressions controlled for
age and sex (Table 5b) revealed that higher levels of sedentary time were
associated with lower stair climb power (r=-0.40, p=0.008), six-minute walk
distance (r=-0.39, p=0.003), higher homocysteine (r=0.32, p=0.014) and higher
HOMA-Insulin resistance values (r=0.24, p=0.045), all as anticipated.
The strongest associations found in the multivariable regressions for each
domain were then entered into hierarchical regression analysis along with age
and sex.

The final model (Model 3) indicated that stair climb power and

homocysteine levels explained 15.3% of the variance in total sedentary time
(Table 6b). Furthermore, the variables not found to be collinear based on our
criteria of a VIF <5: HOMA-insulin resistance and six-minute walk distance, were
nonetheless excluded from the final model, as they did not significantly
contribute any further to explanation of the variance.
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3.2.3 Number of Sedentary Bouts
Similar to total sedentary time, the number of sedentary bouts was not
significantly associated with age (r=0.07, p=0.143) or sex [average bouts males=
13.8, females= 14.2, p=0.638, mean difference 0.4 (95% CI -1.2 to 1.9)].
Multivariable regressions controlled for age and sex (Table 5c) revealed that
higher levels of sedentary time were associated with lower six-minute walk
distance (r=-0.33, p=0.015) and average daily systolic blood pressure (r=-0.24,
p=0.045), as well as higher homocysteine level (r=0.33, p=0.012), all as
anticipated.
The strongest associations found in the multivariable regressions for each
domain were then entered into hierarchical regression analysis along with age
and sex. The final model (Model 4) indicated that homocysteine levels, sixminute walk distance and average systolic blood pressure explained 17.0% of
the variance in number of sedentary bouts (Table 6c). There were no variables
excluded from the final model due to collinearity or non-significant contribution
to the variance.

3.2.4 Additional Exploratory Analysis of Variables of Interest
The significant associations observed between homocysteine and total physical
activity, total sedentary time, and number of sedentary bouts were concordant
with other literature linking homocysteine to worse health status, including age,
lifestyle conditions such as smoking, and chronic conditions such as vitamin B12
or folate deficiency, cardiovascular disease, stroke, sarcopenia, and dementia
(54-57), all of which may be related to physical activity and sedentary behaviour
themselves.

It is notable that we observed these relationships with
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homocysteine in the context of clinically normal blood serum levels observed in
the majority of participants, suggesting that risk elevation may occur below
commonly accepted thresholds for abnormality. An exploratory analysis was
therefore conducted within our cohort to identify any associations between
homocysteine and other clinical characteristics that were reported in the
literature and association with physical activity in our analysis.
Older adults (r=0.24, p=0.023) and males [mean μmol, males= 11.7, females= 9.7,
mean difference -2.0 (95% CI -3.1 to -0.9)] had higher homocysteine levels
compared to younger adults and females, respectively. Multivariable regression
adjusted for age and sex found that higher homocysteine level, as expected, was
associated with having hypertension (r=0.22, p=0.031), as well as less lower
body strength (r=-0.32, p=0.025). These relationships are consistent with some
of our findings noted above that leg press strength and hypertension contributed
to the variance in physical activity and sedentary bouts, respectively. No other
variables associated with physical activity were associated with homocysteine
level.

3.3 Associations PA and Sedentary Behaviour, and Clinical Characteristics
with Cognition
Subsequently, relationships with the cognitive dependent variables of ADAS-Cog,
as well as Global, Executive, Memory and Attention domain scores were
evaluated. First, the independent associations with age, sex and education are
presented, followed by the results of regression analysis for each cognitive
dependent with total physical activity, sedentary time and number of sedentary
bouts (Table 7) as well as relevant clinical characteristics, all adjusted for age,
71

sex and education. (Table 8a - 8e). Lastly, the results from hierarchical models
constructed using the strongest predictors from physical activity and sedentary
behaviour and each domain of clinical characteristics are presented (Tables 9a –
9e).

3.3.1 ADAS-Cog
Lower (better) ADAS-Cog score was associated with younger age (r=0.35,
p<0.001), as anticipated, and being female (average score out of 70, males= 9.3,
females= 7.3, p=0.007, mean difference -2.01, 95% CI -3.46 to -0.58).
Unexpectedly, ADAS-Cog score was not significantly associated with education
(r=-0.11, p=0.276).
Multivariable regressions controlled for age, sex and education (Table 7)
revealed that ADAS-Cog score was unexpectedly not significantly associated with
total physical activity (r=-0.131, p=0.267), sedentary time (r=0.018, p=0.874) or
number of sedentary bouts (r=-0.069, p=0.530).
Further multivariable regressions controlled for age, sex and education (Table
8a) revealed that better (lower) ADAS-Cog scores were associated, as anticipated,
with better maximal gait speed (r=-0.20, p=0.037), stair climb power (r=-0.30,
p=0.015), six-minute walk distance (r=-0.23, p=0.035), greater nocturnal blood
pressure dip (r=-0.18, p=0.49), better Quality of Life Scale total score (r=-0.21,
p=0.025), SF-36 Mental Component Score (r=-0.25, p=0.008), and Duke Social
Support Index (r=-0.23, p=0.011), multiple sit-to-stand time (r=0.32, p<0.001)
and GDS-15 score (r=0.25, p=0.008).
The strongest associations found in the multivariable regressions for each
domain were then entered into hierarchical regression analysis along with age,
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sex and education. The final model (Model 3) indicated that multiple sit-to-stand
time, and SF-36 Mental Component Score explained 27.7% of the variance in
ADAS-Cog score (Table 9a). Nocturnal blood pressure dip and six-minute walk
distance were excluded from the final model, as they did not significantly
contribute any further to explanation of the variance.

3.3.2 Global Domain
Better Global function was associated with younger age (r=-0.43, p<0.001) and
higher levels of education (r=0.39, p<0.001) as anticipated, while sex was not
significantly related (average z score, males= -0.15, females= 0.07, p=0.059,
mean difference 0.22, 95% CI -0.01 to 0.45).
Multivariable regressions controlled for age, sex and education (Table 7)
revealed that Global domain was not significantly associated with total physical
activity (r=-0.051, p=0.636) or number of sedentary bouts (r=0.156, p=0.118)
but was unexpectedly related higher sedentary time (r=0.202, p=0.044).
Further multivariable regressions controlled for age, sex and education (Table
8b) revealed that as expected, better Global domain score was associated with
better non-dominant handgrip strength (r=0.30, p=0.017), total static balance
time (r=0.19, p=0.029), stair climb power (r=0.36, p=0.001), six-minute walk
distance (r=0.22, p=0.025), multiple sit-to-stand time (r=-0.31, p<0.001),
nocturnal blood pressure dip (r=0.17, p=0.049), SF-36 Mental (r=0.31, p=0.032)
and Physical Component Scores (r=0.23, p=0.012), Duke Social Support Index
(r=0.19, p=0.026), and GDS-15 score (r=-0.21, p=0.017). However, better Global
domain score was unexpectedly associated with a greater number of alcoholic
drinks per week (r=0.20, p=0.020). It should be noted that median alcohol
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intake was 3 (range 0 to 31.5) alcoholic drinks (see Table 1) with only 15%
participants exceeding the recently recommended limit of 10 drinks / week by
the National Health and Medical Research Council (NHMRC)(58, 59), and only
two participants consuming at potentially harmful levels at baseline (45).
Therefore, this finding does not suggest that excessive/unsafe levels of intake is
protective for Global cognition.
The strongest associations found in the multivariable regressions for each
domain were then entered into hierarchical regression analysis along with age,
sex and education. The final model (Model 4) indicated that stair climb power,
alcoholic drinks per week, and total sedentary time explained 45.9% of the
variance in Global domain score (Table 9b). Non-dominant handgrip strength,
SF-36 Physical Component Score, and six-minute walk distance were excluded
from the final model, as they did not significantly contribute any further to
explanation of the variance.

3.3.3 Executive Domain
Younger (r=-0.29, p=0.004) and better educated (r=0.50, p<0.001) participants
had better Executive domain function, as anticipated. However, sex was not
significantly related to Executive domain (average z score, males= -0.13,
females= 0.06, p=0.199, mean difference 0.20, 95% CI -0.10 to 0.49).
Multivariable regressions controlled for age, sex and education (Table 7)
revealed that Executive domain was not significantly associated with total
physical activity (r=-0.149, p=0.165) or number of sedentary bouts (r=0.159,
p=0.538). Unexpectedly, better Executive domain score was directly related to
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higher sedentary time (r=0.228, p=0.022), however, as noted for Global domain
above.
Further multivariable regressions controlled for age, sex and education (Table
8c) revealed that better Executive domain score was associated with better nondominant handgrip strength (r=0.31, p=0.015), stair climb power (r=0.23,
p=0.037), multiple sit-to-stand time (r=-0.31, p<0.001), nocturnal blood pressure
dip (r=0.17, p=0.043), and SF-36 Physical Component Score (r=0.18, p=0.047), as
anticipated. However, better Executive domain score was also unexpectedly
associated with greater number of alcoholic drinks per week (r=0.18, p=0.042),
as noted above for the Global domain score.
The strongest associations found in the multivariable regressions for each
domain were then entered into hierarchical regression analysis along with age,
sex and education. The final model (Model 3) indicated that non-dominant
handgrip strength, and total sedentary time explained 36.6% of the variance in
Executive domain score (Table 9c).

Alcoholic drinks per week and SF-36

Physical Component Score were excluded from the final model, as they did not
significantly contribute any further to explanation of the variance.

3.3.4 Memory Domain
Being younger (r=-0.36, p<0.001), and better educated (r=0.23, p<0.023) was
associated with better Memory domain scores, as anticipated. Additionally,
female sex was associated with memory (average z score, males= -0.23, females=
0.11, p=0.028, mean difference 0.34, 95% CI 0.04 to 0.64)
Multivariable regressions controlled for age, sex and education (Table 7)
revealed that Memory domain was unexpectedly not significantly associated
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with total physical activity (r=0.037, p=0.755), sedentary time (r=0.144,
p=0.188), or number of sedentary bouts (r=0.079, p=0.465).
Further multivariable regressions controlled for age, sex and education (Table
8d) revealed that better Memory domain score was associated with better
habitual gait speed (r=0.19, p=0.048), total static balance time (r=0.27, p=0.004)
stair climb power (r=0.26, p=0.029), six-minute walk distance (r=0.26, p=0.013),
multiple sit-to-stand time (r=-0.28, p=0.003), SF-36 Mental (r=0.19, p=0.049)
and Physical Component Scores (r=0.20, p=0.045), skeletal muscle index (r=0.31,
p=0.023) and GDS-15 score (r=-0.24, p=0.011). Additionally, individuals who
had osteoarthritis (OA) had worse Memory than those without OA (r=-0.19,
p=0.047).
The strongest associations found in the multivariable regressions for each
domain were then entered into hierarchical regression analysis along with age,
sex and education. The final model (Model 4) indicated that total static balance
time, multiple sit-to-stand time, and GDS-15 score explained 30.7% of the
variance in Memory domain score (Table 9d). Six-minute walk distance and OA
diagnosis were excluded from the final model, as they did not significantly
contribute any further to explanation of the variance.

3.3.5 Attention Domain
Better attention was associated with younger age (r=-0.45, p<0.001) as expected,
but not education (r=0.16, p=0.108) or sex [average z score, males= -0.06,
females= 0.03, p=0.608; mean difference 0.10 (95% CI -0.27 to 0.47)].
Multivariable regressions controlled for age, sex and education (Table 7)
revealed that Attention domain was unexpectedly not significantly associated
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with total physical activity (r=0.097, p=0.403), sedentary time (r=0.079,
p=0.469) or number of sedentary bouts (r=0.082, p=0.443).
Further multivariable regressions controlled for age, sex and education (Table
8e) revealed that, as expected, better Attention domain score was associated
with better maximal gait speed (r=0.20, p=0.031), stair climb power (r=0.42,
p<0.001), six-minute walk distance (r=0.30, p=0.004), multiple sit-to-stand time
(r=-0.33, p<0.001), Quality of Life Scale score (r=0.21, p=0.022), SF-36 Mental
(r=0.20, p=0.033) and Physical Component Scores (r=0.23, p=0.019) and GDS-15
score (r=-0.19, p=0.044).
The strongest associations found in the multivariable regressions for each
domain were then entered into hierarchical regression analysis along with age,
sex and education. The final model (Model 3) indicated that GDS score and stair
climb power explained 30.4% of the variance in Attention domain score (Table
9e).

Six-minute walk distance and SF-36 Physical Component Score were

excluded from the final model, as they did not significantly contribute any
further to explanation of the variance.

4. Discussion

4.1 Baseline Characteristics, Physical Activity and Sedentary Behaviour

The first aim of our study was to comprehensively evaluate the baseline profile
of older adults with MCI. The SMART cohort was representative of general older
Australian cohorts for most sociodemographic and lifestyle factors. For example,
the cohort was predominantly female, had similar levels of education, was
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residing in their own home, and had a quality of life that was typical of the older
Australian. Due to study inclusion and exclusion criteria, the cohort had lower
prevalence of depression, cardiovascular disease and alcohol use. The cohort
had similar genetic risk of dementia, characterised by the presence of a positive
APOE4 allele, as cognitively intact and other MCI cohorts, but a lower prevalence
than most estimates in populations with dementia. Additionally, the cohort had
similar levels of sarcopenia to the general population and were generally leaner
by BMI estimates.
The SMART cohort had similar or slightly higher levels of physical activity
compared to cohorts of similar age without cognitive impairment, and similar
sedentary time (51-53). Our estimate of sedentary time, when compared with
other cohorts of older adults that used higher thresholds (<100 counts/min) for
sedentary time, resulted in similar estimates (8.5-9 hours) (9, 60, 61). This
suggests that it is unlikely we under-estimated sedentary time in this cohort by
using our lower threshold of ≤ 50 counts/min. Furthermore, selection bias was
likely to have contributed to the characteristics of this cohort being similar to the
general older population. For example, the long-term commitment required to
travel to and from a centre to exercise 2 – 3 days/week without support for
transportation could have resulted in the recruitment of older adults with MCI
who were physically and psychologically more likely to be habitually active.
Furthermore, while older adults who were already undertaking excessive
structured exercise or PRT were screened out of the study, we did not screen out
those who had high levels of habitual physical activity or low sedentary
behaviour, which may also explain the pattern observed in this cohort. Thus, the
SMART cohort appeared representative of older adults in the general population
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and reflects the minimal impairment and disease burden observed in the
prodromal stage of dementia.

4.2 Associations with Physical Activity and Sedentary Behaviour
Our second aim was to evaluate the relationship between various clinical
measures collected within the cohort with physical activity and sedentary
behaviour.
Increasing age was a strong negative predictor of physical activity within this
cohort, which is consistent with the broad epidemiological literature (62).
Increasing age is also commonly associated with decreases in physiological
indices such as strength, aerobic fitness, physical function and mobility, muscle
mass and health (62-64). However, the associations with physiological and
clinical characteristics we found within the SMART cohort were independent of
age, indicating that there are underlying mechanisms driving these associations
that might provide insight into the design of an intervention to augment physical
activity in older adults with MCI. Our modelling indicates that measures of
muscle strength, physical function and exercise capacity remarkably explain over
one-half (52.3%) of the variation observed in physical activity when controlled
for age and sex. In particular, lower limb strength, and measures of ambulatory
function and mobility such as walking speed, six-minute walk distance, stair
climb power and chair stand times were strongly correlated with physical
activity. Other studies have also reported that greater lower limb strength and
power are associated with higher physical activity in older adults (65, 66).
Furthermore, muscle power is thought to decline earlier and more rapidly than
strength in older adults, and is often associated to a greater degree with mobility
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and functional status than strength (67-70). Additionally, mobility and walking
capacity are also positively associated with levels of physical activity (66, 71).
The finding that over one-half of the variance in physical activity is explained by
clinical characteristics that are widely known to be readily amenable to exercise,
especially anabolic exercise, provides insight into potential clinical targets and
how to address them (72).
In addition to the relationships delineated above, there were also some
surprising findings that may further refine our understanding of potential
influences on physical activity and sedentary behaviour in the early stages of
cognitive impairment. For example, unexpectedly, muscle mass was not related
to physical activity or sedentary time in our cohort. The literature is relatively
sparse and mixed concerning the relationship of muscle mass to physical activity
and functional decline in healthy older adults (73) (16). A large cross-sectional
study of 636 community dwelling older adults by Foong et al (16) found
significant associations among muscle mass and strength with physical activity.
However, the associations for light and moderate physical activity were small,
and the association for muscle mass was only seen in male participants.
Furthermore, the mean appendicular muscle mass determined by dual-energy Xray absorptiometry (DXA) in the cohort for male (28.8 ± 3.2 kg) and female (20.2
± 2.8 kg) participants was far above the thresholds for sarcopenia defined in
current guidelines of < 20 kg and < 15 kg, respectively (74). Conversely, in a
cohort of 1,539 older men and women from the PREDIMED-Plus study,
sarcopenia was associated with lower overall physical activity, especially of
moderate and vigorous intensity (75). Furthermore, only muscle strength and
not muscle mass was found to be associated with physical activity. Similarly, a
meta-analysis by Schaap et al. (73) reported that in older adults only low muscle
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strength and not muscle mass, significantly predicted subsequent functional
decline. Lastly, a cross-sectional study by Ogawa et al. 2018 reported that in
older adults with cognitive impairment, the higher prevalence of sarcopenia in
the mild compared to early stage of Alzheimer’s disease (AD) was mainly
attributable to comparably lower muscle strength rather than lower muscle
mass, while in moderate AD both declined significantly (76). Thus, strength may
play a more significant role in maintenance of physical activity and function than
muscle mass in the early phase of cognitive impairment. However, further
investigation is warranted.
Interestingly, this may also provide insight into the minimal associations found
for sedentary behaviour.

Sedentary behaviour was not influenced by age,

strength or muscle mass in our cohort. The best model we could fit indicated
that only 15.3% to 17.0% of the variance in sedentary behaviour could be
explained by our comprehensive array of characteristics. Measures of physical
function relating to muscle power and mobility such as stair climb power and
six-minute walk distance only had small associations with sedentary behaviour.
Notably, however, among these small, but significant associations were factors
relating to metabolic health such as homocysteine, insulin resistance, and
systolic blood pressure. These findings are supported by a meta-analysis by de
Rezende et al 2014 reporting that despite high heterogeneity between the
studies evaluated, metabolic markers emerged as the most consistent factors
associated with sedentary behaviour (77). The effects of prolonged sedentary
behaviour on metabolic, musculoskeletal, and cardiovascular health are well
known (78-81). However, there is also evidence to suggest that this process is
bi-directional with systemic inflammation and impaired metabolic function
known to cause muscle atrophy and sarcopenia (82, 83), fatigue (84-86) and
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depression (87), all of which are factors associated with increased sedentary
behaviour and less physical activity (81, 88, 89). These associations observed in
a MCI cohort with minimal chronic disease such as ours may indicate an early
accumulation of health deficits that can precipitate the increase in disease
burden, sarcopenia and frailty observed in the later stages of the disease (76).
Furthermore, our finding that higher strength were significantly associated with
lower serum homocysteine levels provides further insight into the potential
utility of robust anabolic exercise in the prevention of cognitive decline through
maintaining and even improving metabolic health, strength, lean muscle and
preventing decline in mobility (72, 90, 91). While aerobic exercise can clearly
improve metabolic health (92, 93), only anabolic exercise can address the
deficits contributed by sarcopenia (74). However, we acknowledge the crosssectional nature of our findings herein, and the need for prospective
investigation.

4.3 Associations with Cognition

Our third aim was to evaluate the relationships among physical activity,
sedentary behaviour, relevant clinical characteristics and cognition.

4.3.1 Associations Among Physical Activity, Sedentary Behaviour and Cognition

We found at baseline that cognition was not related to physical activity at all,
while sedentary behaviour was related to Executive and Global domains, in
contrast to our hypotheses. Specifically, higher sedentary time was unexpectedly
82

associated with better cognitive functioning in Global and Executive domains.
This is contrary to a large body of epidemiological literature that reports crosssectional associations between both higher physical activity and lower sedentary
time with better cognition in older adults (8, 11, 71, 94). Additionally, levels of
physical activity are observed to be lower and sedentary behaviour higher with
every stage of progression in cognitive impairment (94, 95). There are several
methodological factors that may explain our observations.
First, in regards to the associations observed between sedentary behaviour and
cognition there is evidence to suggest that the cognitively-enriching nature of
some sedentary activities such as computer use may influence cognition
positively (96, 97), and thus may need to be factored into future evaluations of
sedentary behaviour in older adults with MCI. Additionally, it is unclear what
effect the use of a conservative threshold for sedentary behaviour of ≤ 50
counts/minute as opposed to the commonly used threshold of ≤ 100
counts/minute may have had on the associations observations within this cohort.
Our classification of activities between 50 and 100 counts/minute as very light
physical activity is likely to have constrained the types of activities that were
considered sedentary in our analysis and thus affected the relationships
observed. For example, desk activities, which may have included computer use,
and TV viewing have been reported to be recorded at below 50 counts/min, and
would have been classified as sedentary. On the other hand, driving, which is
thought to be between 50 and 100 counts/min (98) may have been excluded
from sedentary time in our analyses. This imprecision in the diagnosis of true
sedentary behaviour and resultant misclassification bias would have the effect of
either missing true relationships, or perhaps, as we observed, producing
unexpected directions of association. On the other hand, our analysis included
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all minutes where activity was below the threshold during daytime hours and
used a wrist monitor and log sheet to determine periods of non-wear and
bed/wake times, along with consecutive zeros, compared with epidemiological
studies which normally rely solely on set start/finish times or consecutive zero
values only to determine these periods. Thus, our analysis may have been more
sensitive to the total amount of sedentary behaviour accrued throughout the day
and less likely to penalise individuals with abnormal sleep/wake cycles by
misclassifying sleep/lying in bed at night as sedentary behaviour. Future studies
will be needed to improve both classification and sensitivity of accelerometrybased estimates of sedentary behaviour in order to refine the risk of various
volumes and types of this behaviour for cognition and other health outcomes.
Next, the lack of association observed between all measures of cognition and
physical activity may be due to the classification of physical activity within our
cohort.

As described previously, we decided not to use the traditional

classifications of light (1 to < 3 METS), moderate (3 to < 6 METs) and vigorous
intensity (≥ 6 METs) to describe physical activity within our cohort. for several
reasons. First, we did not want to underreport physical activity within an older
cohort and felt it was inappropriate to define an absolute intensity in older
adults who may have reduced peak capacity.

Second, there was a lack of

consensus on optimal accelerometry thresholds for the description of each
category. Third, we would lose sensitivity and statistical power by categorising
physical activity rather than conceptualise it more appropriately as the
continuous variable it is (29). Finally, the accelerometry volumes were highly
discordant with current exercise guidelines which only count structured physical
activity, or exercise. However, the majority of epidemiological literature does
use these thresholds and often reports only their associations using total
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minutes of physical activity that fall within the moderate to vigorous categories.
In contrast, we reported MET-minutes of all physical activity inclusive of the very
light physical activity that would normally be classified as sedentary in these
studies using the threshold of ≤ 100 counts/minute.

We also found that

participants spent the majority of their physical activity at light to light-moderate
workloads (~3 METs). Thus, the lack of associations we observed between
cognition and physical activity might be due to our inclusion of light and
incidental activities/movements, which likely diluted the associations that could
have been observed in activities of only a moderate to higher intensity.

4.3.2 Further Associations with Cognition

Measures of physical function pertaining to lower extremity power and exercise
capacity were most consistently associated with all cognitive domains. These
measures are reported to be strongly associated with cognition in large cohort
studies, and predict the subsequent decline into further cognitive impairment
and dementia (99). Interestingly, it appears to be functional activities requiring
power, not muscle strength that were associated most frequently in the SMART
cohort at baseline.

For example, maximal muscle strength measured on

machines was not associated with cognition in this cohort at baseline, whereby
muscle power measured in field tests such as stair climb power and chair stand
was related. This may reflect the disproportional rate of atrophy in type IIa fast
twitch muscle fibres with ageing which significantly effects muscle power (64).
However, clinically low muscle mass was detected in over one-third of our
cohort, yet there was no significant association observed between muscle mass
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and all but one measure of cognition. It is likely that more detailed assessment of
muscle such as histological analysis of muscle fibre type and area would be
necessary to delineate relationships between early deficits in cognition and
muscle morphology.
Alternatively, the requirement for speed and power in these movements may
indicate that the neuromuscular process of psychomotor slowing, known to
precede significant cognitive and physical impairment by many years, may be of
greater significance in this association (100). A prospective study that followed
1096 older adults living in the community at baseline without dementia for over
10 years reported a faster rate of cognitive decline in measures of Executive
function in those with the slowest gait and lowest grip strength (101).
Additionally, in our cohort, measures of gait speed/walking endurance in the
form of habitual, maximal or six-minute walk distance were strongly associated
with almost all domains of cognition despite there being only 17 participants
with clinically significant slow gait (<1.0 m/s). A prospective longitudinal study
of 175 cognitively intact older adults found that decreases in gait speed could
occur up to 12 years prior to diagnosis of cognitive impairment-related changes
in the neural substrate of the hippocampus (102). This is further supported by a
meta-analysis of over 39 studies and 57,456 participants concluding slower gait
speed predicted future cognitive impairment, and reinforces the link to
pathological damage in shared cognitive and motor regions of the brain (100).
Thus, in the prodromal phase of cognitive impairment, measures of muscular
power and mobility appear sensitive to subtle changes in cognition.
Furthermore, while muscle mass was not associated with cognition at baseline in
this cohort, augmenting muscle mass may prevent future deterioration in
cognition through preservation of key cortical structures. For example, a cross86

sectional, case-control study involving 140 older adults who were either
cognitively intact or living with MCI found that lean muscle mass was not only
significantly reduced in the cognitively impaired group, but that greater whole
brain and cortical white matter volume and Global cognitive performance was
associated with higher lean muscle mass in these individuals (103).
Furthermore, a recent meta-analysis by Herald et al. (104) reported that the
anabolic effects of resistance training improved cognition by augmenting cortical
functions in the frontal lobe and key structures involved in normal cognitive
functioning, as well as attenuating white matter atrophy and lesions.
Next, psychosocial measures of depression and health-related quality of life had
small but significant associations with cognition. These associations are not
novel, with cross-sectional and longitudinal studies reporting inverse
associations between depression and quality of life and cognition in older adults
(105).

However, these findings within the SMART cohort at baseline are

interesting due to the nature of the cohort. Participants were only enrolled in
the study if they were not clinically depressed, and the cohort for the most part
had a similar or in some cases lower prevalence of diseases and risk factors
compared to the general population that increase the risk of cognitive
impairment.

However, even depressive symptoms in those who are not

depressed have been reported to increase the risk of cognitive impairment.
Longitudinal studies report a significant increase in the risk of impairment on
cognitive tests, incident cognitive impairment and dementia in cognitively intact
and independent older adults even with small, one point increases on the
Geriatric Depression Scale (106). This strong link has been postulated to involve
common pathophysiological underpinnings that may result in vulnerable cortical
structures, increased cerebrovascular pathology and inflammation (107).
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Additionally, while the SMART cohort had minimal disability and reported a
quality of life similar to the general population, the concurrent presence of
depressive symptoms, even at sub-clinical levels alongside cognitive impairment,
may increase the risk of functional decline. For example, a two- year longitudinal
study of almost 5,700 older adults found that the risk of functional decline in
those with this combination at baseline was 2.4-fold greater than those without
either condition (108).

This may be consistent with the associations we

observed with the Physical Component Score of the SF-36, which could be
identifying self-reported limitation affecting quality of life prior to a more
noticeable physical decline observed with dementia. Other studies report that
self-reported physical and mental functioning in older adults without observable
disability at baseline can also predict subsequent decline in function over a
follow-up period as short as two years (109, 110). Finally, neither depressive
symptoms nor health-related quality of life were associated with physical
activity or sedentary behaviour at baseline in our cohort. This could suggest that
the associations observed in MCI between quality of life, depressive symptoms
and cognition may precede the noticeable functional decline, decrease in
physical activity and rise in sedentary time observed during the transition to
mild dementia and beyond.

4.3 Limitations
There are several limitations to the interpretation of data from the SMART
cohort.

First, as discussed previously it is likely that strict entry criteria

produced a selection bias that may have prevented certain associations being
observed at baseline. The cohort was required to live independently and be able
to travel to the clinic a minimum of twice/weekly, which would have precluded
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participants with significant disability and mobility impairments from the study.
Likewise, there was likely a recruitment bias among the cohort that was enrolled
in the study, as participants were aware of the requirement to participate in six
months of intervention following the baseline assessment. Individuals who enrol
in clinical trials tend to be younger, have a higher education, better health on
enrolment, and a higher socioeconomic standing (111). However, participants in
our cohort were representative of the broader population for socioeconomic
factors with similar proportion of female participants, education attainment and
quality of life, despite having lower levels of chronic disease risk factors for
dementia. Additionally, while accelerometry is considered a valid method for
evaluating physical activity in older adults, there are some methodological
considerations that may affect the interpretation of results. First, the rationale
surrounding the use of one cumulative measure of physical activity (METminutes) instead of intensity categories, described both in the methodology and
discussed above, likely limited the inferences we could make relating to the
potentially unique and specific relationships moderate-to-vigorous physical
activity may have independent of total physical activity. Similarly, the low
threshold demarcating sedentary time and physical activity likely led to an under
and over-estimate, respectively, of true values. However, the use of a universal
physical activity variable allowed for consistent evaluation of the relationship
within the cohort regardless of each participant’s maximal exercise capacity.

4.4 Conclusion
The SMART study provides a novel insight into the associations between
physical activity, cognition and a comprehensive array of clinical characteristics
in a cohort with MCI. Physical activity was found to be strongly associated with
many remediable clinical characteristics also implicated in the aetiology of frailty
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such as strength, aerobic fitness, physical function, exercise capacity and
components of metabolic dysfunction. Likewise, cognition was observed to be
most consistently associated with physical function, exercise capacity, quality of
life and depressive symptoms. The absence of associations among physical
activity, strength, aerobic fitness and muscle mass with cognition was
unexpected, however, these should not be discounted as viable intervention
targets given the strong mediating and protective effects on cognition observed
in longitudinal and interventional studies (99, 112-114).

Furthermore, the

strong and consistent associations observed particularly between measures of
muscular power and walking capacity in MCI across physical activity, sedentary
behaviour and cognition suggests that the phenotype of MCI may be
characterised by subtle changes to psychomotor function that precede the
clinical impairment observable later in the disease course. Given the catabolic
trajectory of the disease, the use of exercise interventions, particularly those that
are anabolic in nature, may be an effective strategy to delay the functional
decline observed in the transition to dementia. The associations observed within
this cohort highlight potential therapeutic targets that should guide the future
design and evaluation of an exercise intervention to improve physical activity
and cognition in older adults with MCI.
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Tables
Table 1 - Baseline Characteristics of Cohort
Sociodemographic
Age, years
Sex, male
Education, years
Year 11 or less, n
Year 12, n
Tertiary (13-16 years) A, n
Tertiary (17 or more years) B, n
Residence type
House, n
Unit/apartment, n
Retirement village, n
Number of Persons living in residence
Lives alone, n
Two persons, n
Three or more persons, n
Health status
Clinical dementia rating (CDR) algorithm score, /3
Clinical dementia rating (CDR) total sum score, /18
Bayer - Informant activities of daily living questionnaire total mean score, /10
Impairment attributable to cognitive concerns, /10
Chronic conditions, n
Participants with
Diabetes mellitus type 2, n
Hypertension, n
Stroke, n
Heart disease, n
Osteoarthritis, n
Osteoporosis/Osteopenia, n
Sarcopenia C, n
Prescribed medications, n
Mean daily systolic blood pressure D, mmHg
Nocturnal systolic blood pressure dip E, %
Smoking status
Current, n
Former, n
Never, n
Smoking dose, pack-years F
Alcohol consumption status G
None, n
Moderate, n
Heavy, n
Hazardous, n
Binge, n
Drinks per week, n
Biomarkers and genetic status
APOE4 carrier H, %
Homocysteine level (umol/L)
HOMA-Insulin resistance I

n = 100
Mean (SD) or frequency, n
70.1 (6.7)
32
13.4 (3.6)
35
13
30
22
74
22
4
40
39
21
0.15 (0.23)
0.28 (0.4)
1.65 (0.94)
0.10 (0.09)
2.9 (1.7)
11
42
4
6
73
21
13
4.8 (3.6)
134.9 (14.6)
12.9 (13.0)
2
40
58
0 (0 - 100)*
36
55
5
2
2
2 (0 – 31.5)*
27.9
10.3 (2.7)
0.92 (0.57)

*Presented as median (range) A, B Equivalent to tertiary education up to undergraduate level A and postgraduate level B. C diagnosis based on
2019 EGWSOP2 criteria (74) D Average systolic blood pressure recorded during ambulatory blood pressure monitoring, E Maximum
percentage of decrease in systolic blood pressure while sleeping recorded during ambulatory monitoring, F Estimated dose from packs per
day multiplied by years of smoking, G Categories as per DSM-IV criteria, briefly – Hazardous is drinking 5 or more (male ) or 3 or more
(female) standard drinks on most days of the week, Binge is 7or more (male) or 5 or more (female) drinks 1 day/week, heavy is 5 or more
(male) or 3 or more (female) drinks per week, and moderate is less than those amounts. H Proportion of participants carrying the APO4 gene,
a copy of the APOE gene known to increase the risk of Alzheimer’s disease, I Homeostatic model assessment of Insulin Resistance is calculated
by multiplying insulin by glucose blood levels and dividing by 405. CDR total score is the sum of boxes (0-3) of the domains; Memory,
orientation, problem solving, community affairs, hobbies. Maximum score of 18 with higher score indicating worse function. CDR algorithm
score can be scores of 0, 0.5, 1, 2, and 3, with higher indicating worse dementia. Higher score is worse function, with scores of 1 or more
indicating dementia. Bayer total score calculated by summing all scores ≥3/10 and dividing by all answered questions. Bayer cognitive
score calculated by summing all cognitive scores ≥3/10 and dividing by all answered questions excluding those attributed to physical or both
cognitive/physical impairments. Higher score /10 indicates worse function.

Table 2 - Baseline Cognition and Psychosocial Measures
Cognition

Mean (SD)
A

Mini-mental State exam (MMSE) , /30
Alzheimer's Disease Assessment Scale - Cognitive sub score (ADAS-Cog) B, /70
List recall Memory score sum of three trials C, /30
Trail-making A time D, seconds
Errors, n
Trail-making B time, seconds
Errors, n

27.4 (1.4)
7.9 (3.5)
19.9 (4.1)
41.0 (15.6)
0.1 (0.35)
89.5 (33.3)
0.48 (1.1)

Trail-making B - A time, seconds
Controlled and Oral Word association (COWAT) total score E, n

49.3 (31.5
38.1 (12.9)

Animal Naming total score F, n

18.9 (4.9)

Psychosocial
Quality of Life Scale total score – QOLS G, (/112)
Geriatric depression scale – GDS H, (/15)

87.2 (11.7)
1.6 (1.5)

SF-36 Mental Component Score I
SF-36 Physical Component Score

52.6 (6.6)
48.7 (8.8)

Duke Social Support Index total score J (/45)

27.9 (2.8)

Footnotes: A Higher score indicates better cognition, with scores <24 consistent with cognitive impairment in dementia, B Lower scores indicates
lower cognitive impairment, with an scores greater than 5/70 indicating cognitive impairment, C word recall list from ADAS-Cog used to calculate
list recall score. Final score is the sum of 3 trials attempting to recall 10 words, where higher recall scores indicate better Memory, D Faster times
in Trail-making tests A and B indicate better speed/reaction time and Executive function respectively. Time for trails B minus time for trails A is a
common way to represent Executive function by taking out the motor and speed element of completing the trails. A smaller time difference
indicates better Executive function, E Total sum of words generated in three trials of ‘F’, ‘A’, and ‘S’ words respectively in 60 seconds each trial .
Higher sum of words indicates better cognitive function, F Total sum of unique animals names generated in 60 seconds, with higher sum of words
indicating better function, G Higher scores indicates greater quality of life H higher scores indicative more depressive symptoms, with >5/15
indicating clinical depressive symptoms I Mental and Physical Component Scores incorporate four sub-domains each (eight in total) to summarise
mental and physical health. Scores are standardised to population norms, where a score of 50 indicates the mean population score, and scores
greater than 50 indicate better function, J Total score measure, with higher scores indicating greater social support and satisfaction.
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Table 3 - Baseline Body Composition and Physical Health
Body composition

Mean (SD)

Stretch stature height, m
Fasting body mass, kg
Body mass Index, kg.m-2
Waist circumference, cm

1.65 (0.1)
72.6 (14.0)
26.9 (4.9)
93.0 (15.1)

Bioelectrical Impedance derived measures A
Skeletal muscle mass, kg
-2

Skeletal muscle Index, kg.m
Proportion below sarcopenia threshold (<9.5kgm-2 males, <7.0kgm-2 female),
n

22.24 (6.52)
8.15 (1.88)

Skeletal muscle ratio, %

36
30.74 (6.6)

Fat mass, kg
Body fat percentage, %

24.6 (9.6)
33.4 (9.4)

Maximal Strength
Isometric
Non-dominant hand grip, kg
Dominant hand grip, kg
Proportion below sarcopenia threshold (<27kg male, <16kg female), n
Isotonic
Bilateral Leg press, N
Combined Knee extension, N·M
Combined Hip Abduction, N·M
Bilateral Chest press, N
Bilateral Seated row, N

27.1 (9.0)
28.9 (9.5)
10
1734.7 (558.6)
115.4 (51.5)
184.2 (85.8)
269.1 (115.3)
230.4 (88.2)

Aerobic and exercise capacity
Relative VO2 peak, ml.kg.min-1
-1

Absolute VO2 peak, ml.min
Six-minute walk distance, metres

21.5 (5.8)
1542.0 (442.3)
542.8 (115.0)

Physical function
Habitual gait speed, ms-1

1.21 (0.23)

Proportion below sarcopenia threshold (< 1.0 ms-1), n
Maximal gait speed, ms-1

17
1.95 (0.89)

Static balance total time, seconds
Multiple sit-to-stand time, seconds

73.1 (10.3)
12.6 (4.3)

Proportion above sarcopenia threshold (> 15 seconds), n
Stair climb power B, Watts

21
286 (100.8)

Footnotes: A BIA body composition measures derived by following equations: Skeletal muscle mass 0.401(height in cm2/resistance in
ohms)+3.825 (sex: male = 1; female = 0)+age in years (-0.071) + 5.102, Skeletal muscle index = skeletal muscle mass / [height (in metres)
2], Fat mass = Body mass (kg) – [-4.03 + 0.734 (height in cm2/resistance in ohms) +0.116(body mass in kg) + 0.096 (reactance in ohms)
+0.984 (sex: male = 1; female = 0)] Body fat = Fat mass/body mass x 100. B Power calculated using equation (M × D) × 9.8/t Where: M =
Body mass (kg), D = Vertical distance (m), t = Time (s) and, D = vertical height of the staircase = height of 1 step in meters × number of
steps (if they are all the same height).
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Table 4 - Baseline Physical Activity and Sedentary Behaviour
Habitual physical activity and sedentary behaviour
Physical activity
Mean daily total physical activity, minutes
Proportion of wear time, %
Average intensity of physical activity B, METs

354.9 (84.2)
39.6 (8.6)
3.03 (0.3)

Mean daily Total physical activity A, MET-minutes

1070.8 (315.2)

Sedentary behaviour
Total daily sedentary time C, minutes

539.4 (82.6)

Proportion of wear time, %
Bouts of sedentary exceeding 10 minutes D, n

60.4 (8.6)
14.1 (3.1)

Footnotes: All values normally distributed and presented as mean (SD) unless otherwise indicated. A Daily mean sum of all METs spent in
physical activity (>1MET), B Daily mean sum of METs divided by total time spent in physical activity, C Total mean daily sum of time spent at
1MET D Mean daily number of bouts at 1MET exceeding 10 minutes uninterrupted. # Vigorous as defined by activity counts >2740
counts/min, which was equivalent to 6 METs, or the lower threshold for vigorous intensity.
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Table 5a - Multiple Regressions for Dependant Variable Total Daily MET-Minutes
Variable
r
Beta coefficient (95% CI)
Simple linear regressions
Sex^
Age (years)
Multivariable regressions#
Maximal strength
Lower body strength (Z-score)
Upper body strength (Z-score)
Total body strength (Z-score)
Leg press strength (N)
Non-dominant hand grip strength (kg)
Dominant hand grip strength (kg)
Physical function
Habitual gait speed (ms-1)
Maximal gait speed (ms-1)
Total static balance time (s)
Multiple sit-to-stand time (s)
Stair climb power (Watts)
Aerobic fitness
Relative VO2 peak (ml.kg min-1)
Absolute VO2 peak (L.min)
Exercise capacity
Six-minute walk distance (m)
Body composition
Body mass Index - BMI (kg.m2)
Fasting, naked body mass (kg)
Skeletal muscle mass (kg)
Skeletal muscle index (kg.m2)
Skeletal muscle mass ratio (%)
Fat mass (kg)
Body fat (%)
Waist circumference (cm)
Health status
Number of medications (n)
Number of chronic disease (n)
Hypertension^
Osteoarthritis^
Osteoporosis^
Alcoholic drinks per week (n)
Smoking doseA
Bayer IADL cognition-related impairment
APOE4 Carrier^
Homocysteine level (umol/L)
HOMA-Insulin resistance
Average daily systolic blood pressure (mmHg)
Blood pressure dip during sleep (%)
Psychosocial
Quality of Life Scale total score - QOLS (/112)
Geriatric depression scale - GDS (/15)
SF-36 Mental Component Score
SF-36 Physical Component Score
Duke Social Support Index total score (/45)

Sig.

-0.02
-0.39

-14.91 (-173.23 - 143.42)
-18.47 (-28.81 - -8.13)

0.852
0.001

0.41
0.13
0.37
0.69
0.1
0.12

145.22 (46.41 - 244.04)
41.89 (-83.02 - 166.81)
133.03 (23.47 - 242.58)
0.39 (0.24 - 0.54)
3.45 (-7.96 - 14.86)
3.97 (-6.87 - 14.8)

0.005
0.506
0.018
<0.001
0.548
0.468

0.29
0.47
-0.04
-0.38
0.38

389.9 (109.66 - 670.14)
165.62 (96.29 - 234.96)
-1.17 (-8.08 - 5.74)
-27.95 (-43.27 - -12.63)
1.2 (0.35 - 2.05)

0.007
<0.001
0.736
<0.001
0.006

0.41
0.39

22.13 (9.08 - 35.18)
0.28 (0.06 - 0.49)

0.001
0.012

0.49

1.34 (0.72 - 1.95)

<0.001

-0.10
-0.16
-0.04
0.001
0.16
-0.14
-0.13
-0.06

-6.42 (-20.45 - 7.61)
-3.71 (-9.11 - 1.69)
-2.15 (-22.84 - 18.53)
0.18 (-54.69 - 55.06)
7.68 (-7.44 - 22.8)
-4.76 (-12.09 - 2.58)
-4.48 (-13.05 - 4.08)
-1.38 (-6.75 - 3.98)

0.365
0.175
0.836
0.995
0.315
0.200
0.300
0.609

0.06
-0.03
-0.10
0
0.16
-0.16
-0.15
-0.01
0.05
-0.29
-0.22
-0.02
0.01

5.53 (-13.82 - 24.88)
-6.65 (-52.32 - 39.01)
-64.35 (-207.97 - 79.28)
0.64 (-156.6 - 157.88)
125.44 (-43.53 - 294.4)
-7.39 (-17.67 - 2.89)
-2.96 (-7.17 - 1.25)
-18.39 (-794.43 - 757.64)
32.72 (-135.14 - 200.57)
-34.4 (-62.47 - -6.33)
-121.44 (-243.74 - 0.87)
-0.37 (-5.11 - 4.38)
0.21 (-5.11 - 5.54)

0.571
0.772
0.375
0.994
0.143
0.156
0.165
0.962
0.698
0.017
0.052
0.878
0.937

0.15
-0.02
-0.03
0.17
0.12

3.92 (-1.96 - 9.8)
-4.28 (-51.09 - 42.53)
-1.64 (-12.28 - 9)
5.97 (-2.34 - 14.28)
13.19 (-11.21 - 37.59)

0.188
0.856
0.759
0.156
0.285

Significant values Bolded. # All regression values presented next to each predictor are adjusted for covariates age and sex,
^dichotomous categorical variables analysed with ANCOVA, however also coded as 0 (no/not present) an 1 (yes/present) for
use within regression analysis in order to determine adjusted beta coefficient for subsequent hierarchical regression analysi s.
For calculation and/or interpretation of measures please refer to footnotes in table 1 -3.

Table 5b - Multiple Regressions for Dependant Variable Total Sedentary Time (Minutes)
Variable
r
Beta coefficient (95% CI) Sig.
Simple linear regressions
Sex^
0.10
1.82 (-39.71 - 43.34)
0.931
Age (years)
0.19
2.39 (-0.493 - 5.27)
0.103
Multivariable regressions#
Maximal strength
Lower body strength (Z-score)
-0.25 -23 (-51.67 - 5.68)
0.114
Upper body strength (Z-score)
-0.08 -6.93 (-41.86 - 27.99)
0.693
Total body strength (Z-score)
-0.22 -20.97 (-52.38 - 10.44)
0.187
Leg press strength (N)
-0.28 -0.04 (-0.09 - 0.01)
0.098
Non-dominant hand grip strength (kg)
-0.08 -0.74 (-3.93 - 2.45)
0.645
Dominant hand grip strength (kg)
-0.09 -0.82 (-3.85 - 2.2)
0.589
Physical function
Habitual gait speed (ms-1)
-0.11 -36.78 (-118.63 - 45.08)
0.373
Maximal gait speed (ms-1)
-0.19 -17.97 (-39.78 - 3.84)
0.105
Total static balance time (s)
0.07 0.59 (-1.34 - 2.51)
0.545
Multiple sit-to-stand time (s)
0.16 3.03 (-1.57 - 7.63)
0.194
Stair climb power (Watts)
-0.40 -0.33 (-0.56 - -0.09)
0.008
Aerobic fitness
Relative VO2 peak (ml.kg min-1)
-0.25 -3.59 (-7.42 - 0.25)
0.066
Absolute VO2 peak (L.min)
-0.13 -0.02 (-0.09 - 0.04)
0.446
Exercise capacity
Six-minute walk distance (m)
-0.39 -0.28 (-0.46 - -0.1)
0.003
Body composition
Body mass Index - BMI (kg.m2)
0.12 1.95 (-1.96 - 5.86)
0.323
Fasting, naked body mass (kg)
0.21 1.23 (-0.27 - 2.73)
0.106
Skeletal muscle mass (kg)
0.11 1.41 (-4.35 - 7.18)
0.626
Skeletal muscle index (kg.m2)
0.02 0.77 (-14.54 - 16.08)
0.921
Skeletal muscle mass ratio (%)
-0.16 -1.94 (-6.16 - 2.29)
0.364
Fat mass (kg)
0.17 1.45 (-0.59 - 3.5)
0.160
Body fat (%)
0.14 1.24 (-1.15 - 3.63)
0.305
Waist circumference (cm)
0.15 0.9 (-0.59 - 2.38)
0.232
Health status
Number of medications (n)
-0.02 -0.35 (-5.76 - 5.06)
0.899
Number of chronic disease (n)
0.15 7.76 (-4.86 - 20.38)
0.224
Hypertension^
-0.01 -1.27 (-41.56 - 39.03)
0.950
Osteoarthritis^
0.02 2.8 (-41.06 - 46.67)
0.899
Osteoporosis^
-0.15 -31.14 (-78.43 - 16.15)
0.193
Alcoholic drinks per week (n)
0.17 2.07 (-0.8 - 4.94)
0.154
A
Smoking dose
0.07 0.36 (-0.82 - 1.55)
0.544
Bayer IADL cognition-related impairment
0.00 1.41 (-215.1 - 217.92)
0.990
APOE4 Carrier^
-0.02 -3.2 (-50.08 - 43.68)
0.892
Homocysteine level (umol/L)
0.32 9.92 (2.12 - 17.73)
0.014
HOMA-Insulin resistance
0.24 34.93 (0.86 - 68.99)
0.045
Average daily systolic blood pressure (mmHg) -0.15 -0.85 (-2.16 - 0.45)
0.197
Blood pressure dip during sleep (%)
0.07 0.43 (-1.06 - 1.91)
0.569
Psychosocial
Quality of Life Scale total score - QOLS (/112)
-0.09 -0.63 (-2.28 - 1.03)
0.454
Geriatric depression scale - GDS (/15)
-0.15 -8.51 (-21.42 - 4.39)
0.193
SF-36 Mental Component Score
0.08 0.96 (-2 - 3.92)
0.520
SF-36 Physical Component Score
-0.14 -1.31 (-3.64 - 1.02)
0.267
Duke Social Support Index total score (/45)
0.06 1.74 (-5.12 - 8.59)
0.615
Significant values Bolded. # All regression values presented next to each predictor are adjusted for covariates age and
sex, ^dichotomous categorical variables analysed with ANCOVA, however also coded as 0 (no/not present) an 1
(yes/present) for use within regression analysis in order to determine adjusted beta coefficient for subsequent
hierarchical regression analysis. For calculation and/or interpretation of measures please refer to footnotes in table 1 -3.

Table 5c - Multiple Regressions for Dependant Variable Number of Sedentary Bouts
Variable
r
Beta coefficient (95% CI)
Sig.
Simple linear regressions
Sex^
-0.06 -0.366 (-1.91 - 1.178)
0.638
Age (years)
0.07
0.034 (-0.076 - 0.143)
0.143
Multivariable regressions#
Maximal strength
Lower body strength (Z-score)
-0.12 -0.4 (-1.49 - 0.7)
0.475
Upper body strength (Z-score)
0.01 0.03 (-1.29 - 1.35)
0.963
Total body strength (Z-score)
-0.10 -0.34 (-1.54 - 0.86)
0.572
Leg press strength (N)
-0.14 0 (0 - 0)
0.410
Non-dominant hand grip strength (kg)
-0.13 -0.05 (-0.17 - 0.07)
0.456
Dominant hand grip strength (kg)
-0.10 -0.03 (-0.15 - 0.08)
0.565
Physical function
Habitual gait speed (ms-1)
-0.10 -1.31 (-4.4 - 1.79)
0.403
-1
Maximal gait speed (ms )
-0.12 -0.42 (-1.26 - 0.41)
0.314
Total static balance time (s)
0.16 0.05 (-0.02 - 0.12)
0.187
Multiple sit-to-stand time (s)
0.11 0.08 (-0.09 - 0.25)
0.365
Stair climb power (Watts)
-0.26 -0.01 (-0.02 - 0)
0.087
Aerobic fitness
Relative VO2 peak (ml.kg min-1)
-0.13 -0.07 (-0.22 - 0.08)
0.340
Absolute VO2 peak (L.min)
0.11 0 (0 - 0)
0.536
Exercise capacity
Six-minute walk distance (m)
-0.33 -0.01 (-0.02 - 0)
0.015
Body composition
Body mass Index - BMI (kg.m2)
0.21 0.13 (-0.01 - 0.28)
0.072
Fasting, naked body mass (kg)
0.25 0.06 (0 - 0.11)
0.051
Skeletal muscle mass (kg)
0.18 0.09 (-0.13 - 0.3)
0.433
Skeletal muscle index (kg.m2)
0.08 0.14 (-0.44 - 0.72)
0.633
Skeletal muscle mass ratio (%)
-0.21 -0.1 (-0.26 - 0.06)
0.213
Fat mass (kg)
0.23 0.07 (0 - 0.15)
0.061
Body fat (%)
0.22 0.07 (-0.02 - 0.16)
0.118
Waist circumference (cm)
0.17 0.04 (-0.02 - 0.09)
0.173
Health status
Number of medications (n)
0.03 0.02 (-0.18 - 0.23)
0.821
Number of chronic disease (n)
0.10 0.18 (-0.3 - 0.66)
0.455
Hypertension^
-0.07 -0.43 (-1.94 - 1.09)
0.577
Osteoarthritis^
0.00 0.01 (-1.65 - 1.66)
0.994
Osteoporosis^
-0.14 -1.02 (-2.81 - 0.78)
0.262
Alcoholic drinks per week (n)
0.14 0.06 (-0.05 - 0.17)
0.260
Smoking doseA
0.14 0.03 (-0.02 - 0.07)
0.236
Bayer IADL cognition-related impairment
-0.05 -1.61 (-9.78 - 6.55)
0.695
APOE4 Carrier^
-0.05 -0.31 (-2.08 - 1.45)
0.724
Homocysteine level (umol/L)
0.33 0.38 (0.09 - 0.68)
0.012
HOMA-Insulin resistance
0.19 1.02 (-0.28 - 2.32)
0.121
Average daily systolic blood pressure (mmHg)
-0.24 -0.05 (-0.1 - 0)
0.046
C
Blood pressure dip during sleep (%)
0.04 0.01 (-0.05 - 0.07)
0.712
Psychosocial
Quality of Life Scale total score - QOLS (/112)
-0.13 -0.03 (-0.1 - 0.03)
0.290
Geriatric depression scale - GDS (/15)
-0.15 -0.32 (-0.81 - 0.17)
0.198
SF-36 Mental Component Score
-0.03 -0.01 (-0.12 - 0.1)
0.820
SF-36 Physical Component Score
-0.08 -0.03 (-0.12 - 0.06)
0.513
Duke Social Support Index total score (/45)
0.05 0.06 (-0.2 - 0.32)
0.649
Significant values Bolded. # All regression values presented next to each predictor are adjusted for covariates age and
sex, ^dichotomous categorical variables analysed with ANCOVA, however also coded as 0 (no/not present) an 1
(yes/present) for use within regression analysis in order to determine adjusted beta coefficient for subsequent
hierarchical regression analysis. For calculation and/or interpretation of measures please refer to footnotes in table 1 -3.

Table 6a - Hierarchical Regressions for Physical Activity
Model 1
Predictor variables

r

Model 2
Beta (SE)

r

Model 3
Beta (SE)

r

Model 4
Beta (SE)

r

Model 5
Beta (SE)

r

Model 6
Beta (SE)

r

Beta (SE)

Total daily MET-minutes
Constant

2343.49 (373.57)***

1166.78 (401.61)**

987.26 (366.46)**

217.37 (432.80)

382.02 (433.19)

253.02 (447.51)

Age (years)

0.338**

-0.204

-0.19

-0.063

-0.041

-0.017

Sex

0.025

Leg press strength

-18.22
(5.34)
16.63
(76.34)

-0.461**
0.689***

Maximal gait speed

-9.58
(4.93)
-309.7
(93.6)
0.39
(0.08)

-0.443**
0.561***
0.367**

Six-minute walk distance

-8.91
(4.47)
-298.03
(84.80)
0.32
(0.07)
130.53
(33.14)

0.441***
0.515***
0.287**
0.303**

Homocysteine level

-2.944
(4.67)
-296.22
(80.13)
0.29
(0.07)
102.16
(32.75)
0.831
(0.28)

-0.362**
0.49***
0.27**
0.298**
-0.171

Relative VO2 peak

-1.91
(4.62)
-243.47
(83.38)
0.28
(0.07)
95.98
(32.28)
0.82
(0.28)
-20.29
(10.73)

-0.389**
0.482***
0.262**
0.242*
-0.165
0.124

Adjusted R2

0.123

0.348

0.465

0.523

0.541

0.543

R2 change

0.149

0.227

0.12

0.061

0.024

0.008

F-change

5.846**

24.06***

15.51***

8.794**

3.574

1.247

Significance indicated by *α<0.05, ** α<0.01, *** α<0.001, Bolded values indicate final significant hierarchical model. Subsequent models that did not have significant F- change are not shown in this table in normal style text.

-0.799
(4.71)
-261.71
(84.80)
0.27
(0.07)
93.04
(32.32)
0.66
(0.31)
-19.49
(10.73)
6.78
(6.07)

Table 6b - Hierarchical Regressions for Total Sedentary Time
Model 1
Predictor variables

r

Model 2
Beta (SE)

r

Model 3
Beta (SE)

r

Model 4
Beta (SE)

r

Beta (SE)

Total sedentary time
Constant

374.83 (104.23)**

598.51 (130.80)***

543.91 (128.12)***

650.59 (143.15)***

Age (years)

0.191

0.026

-0.021

-0.07

Sex

-0.013

Stair climb power

2.36
(1.49)
-2.26
(21.30)

0.201
-0.397*

Homocysteine level

0.32
(1.62)
35.50
(24.89)
-0.325
(0.123)

0.09
-0.369*
0.297*

Six-minute walk distance

-0.26
(1.58)
15.84
(25.33)
-0.303
(0.12)
9.19
(3.77)

0.029
-0.179
0.287*
-0.263

Adjusted R2

0.007

0.089

0.153

0.172

R2

0.036

0.093

0.073

0.031

1.258

7.01*

5.95*

2.55

change

F-change

-0.86
(1.61)
5.19
(25.90)
-0.15
(0.15)
8.92
(3.73)
-0.19
(0.12)

Significance indicated by *α<0.05, ** α<0.01, *** α<0.001, Bolded values indicate final significant hierarchical model. Subsequent models that did not have significant F- change are not shown in this table in normal style text.
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Table 6c - Hierarchical Regressions for Number of Sedentary Bouts
Model 1
Predictor variables

r

Model 2
Beta (SE)

r

Model 3
Beta (SE)

r

Model 4
Beta (SE)

r

Beta (SE)

Number of sedentary bouts
Constant

12.92 (3.92)**

10.92 (3.87)**

19.68 (5.15)***

27.93 (6.05)***

Age (years)

0.037

0.02 (0.06)

-0.013

-0.0144

-0.125

Sex

0.003

0.02 (0.81)

-0.104

Homocysteine level

0.315*

Six-minute walk distance

-0.01
(0.06)
-0.67
(0.83)
0.37
(0.15)

-0.075
0.313*
-0.308*

-0.07
(0.06)
-0.49
(0.80)
0.37
(0.15)
-0.01
(0.01)

-0.067
0.274*
-0.356**

Average daily systolic blood
pressure
Adjusted R2

-0.268*

0.028

0.043

0.111

0.170

R2 change

0.001

0.083

0.078

0.068

F-change

0.049

6.00*

6.08*

5.62*

-0.06
(0.06)
-0.43
(0.78)
0.32
(0.14)
-0.01
(0.003)
-0.06
(0.02)

Significance indicated by *α<0.05, ** α<0.01, *** α<0.001, Bolded values indicate final significant hierarchical model. Subsequent models that did not have significant F- change are not shown in this table in normal style text.
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Table 7 - Multiple Regressions for Physical Activity and Sedentary Behaviour with Cognition
Variable
ADAS-Cog
Total daily MET-minutes
Total sedentary time
Number of sedentary bouts
Global Domain z score
Total daily MET-minutes
Total sedentary time
Number of sedentary bouts
Executive domain z score
Total daily MET-minutes
Total sedentary time
Number of sedentary bouts
Memory domain z score
Total daily MET-minutes
Total sedentary time
Number of sedentary bouts
Attention domain z score
Total daily MET-minutes
Total sedentary time
Number of sedentary bouts

r

Beta coefficient (95% CI)

sig.

-0.131
0.018
-0.069

0.001 (-0.0041 – 0.0011)
0.001 (-0.0086 - 0.0101)
-0.078 (-0.3253 - 0.1689)

0.267
0.874
0.530

-0.051
0.202*
0.156

-8.9 E-05 (-0.0004 – 0.0003)
0.001 (3.7 E-05 – 0.003)
0.028 (-0.007 – 0.063)

0.636
0.044
0.118

-0.149
0.228*
0.159

3.3 E-4 (0.0008 – 0.0001)
0.002 (0.0003 – 0.0036)
0.036 (-0.0085 - 0.0811)

0.165
0.022
0.110

0.037
0.144
0.079

8.37 E-05 (-0.0005 – 0.0006)
0.001 (-0.0006 – 0.0031)
0.019 (-0.0318 - 0.0689)

0.755
0.188
0.465

0.097
0.079
0.082

2.0 E-04 (-0.0004 – 0.0009)
0.001 (-0.0143 – 0.0031)
0.023 (-0.0366 - 0.0829)

0.403
0.469
0.443

Significant values Bolded. All cognitive scores represented as z-scores of sample mean for combined scores of each cognitive measure in each domain. All regression values presented next to each predictor are adjusted
for covariates age, sex and education, For calculation and/or interpretation of measures please refer to footnotes in table 1 -3.

Table 8a - Multiple Regressions for Dependant Variable ADAS-Cog Total Score
Variable
r
Beta coefficient (95% CI)
Simple linear regressions
Sex^
0.27
2.01 (0.57 - 3.45)
Age (years)
0.35
0.18 (0.08 - 0.28)
Education (years)
-0.11
-0.11 (-0.3 - 0.09)
Multivariable regressions#
Maximal strength
Lower body strength (Z-score)
-0.22
-0.87 (-1.88 - 0.13)
Upper body strength (Z-score)
0.07
0 (0 - 0)
Total body strength (Z-score)
-0.21
-0.84 (-1.95 - 0.27)
Leg press strength (N)
0.08
0 (0 - 0)
Non-dominant hand grip strength (kg)
-0.20
-0.08 (-0.18 - 0.03)
Dominant hand grip strength (kg)
-0.19
-0.07 (-0.17 - 0.03)
Physical function
Habitual gait speed (ms-1)
-0.16
-2.36 (-5.1 - 0.38)
Maximal gait speed (ms-1)
-0.20
-0.78 (-1.52 - -0.05)
Total static balance time (s)
-0.08
-0.03 (-0.09 - 0.04)
Multiple sit-to-stand time (s)
0.32
0.26 (0.11 - 0.41)
Stair climb power (Watts)
-0.30
-0.01 (-0.02 - 0)
Aerobic fitness
Relative VO2 peak (ml.kg min-1)
-0.10
-0.06 (-0.2 - 0.07)
Absolute VO2 peak (L.min)
-0.19
0 (0 - 0)
Exercise capacity
Six-minute walk distance (m)
-0.23
-0.01 (-0.01 - 0)
Body composition
Body mass Index - BMI (kg.m2)
0.07
0.05 (-0.09 - 0.19)
Fasting, naked body mass (kg)
0.02
0.01 (-0.05 - 0.06)
Skeletal muscle mass (kg)
0.04
0.02 (-0.17 - 0.22)
2
Skeletal muscle index (kg.m )
0.12
0.23 (-0.29 - 0.74)
Skeletal muscle mass ratio (%)
0.07
0.04 (-0.12 - 0.19)
Fat mass (kg)
0.01
0 (-0.07 - 0.08)
Body fat (%)
-0.03
-0.01 (-0.1 - 0.08)
Waist circumference (cm)
-0.13
-0.03 (-0.08 - 0.02)
Health status
Number of medications (n)
-0.10
-0.1 (-0.28 - 0.08)
Number of chronic disease (n)
0.14
0.3 (-0.13 - 0.73)
Hypertension^
-0.09
-0.61 (-1.97 - 0.76)
Osteoarthritis^
0.11
0.86 (-0.61 - 2.32)
Osteoporosis^
0.05
0.39 (-1.22 - 2)
Alcoholic drinks per week (n)
-0.12
-0.06 (-0.16 - 0.04)
Smoking doseA
0.01
0 (-0.04 - 0.04)
Bayer IADL cognition-related impairment
0.13
5.06 (-2.26 - 12.39)
APOE4 Carrier^
-0.09
-0.71 (-2.27 - 0.85)
Homocysteine level (umol/L)
-0.01
-0.01 (-0.29 - 0.27)
HOMA-Insulin resistance
-0.06
-0.39 (-1.62 - 0.84)
Average daily systolic blood pressure (mmHg)
0.05
0.01 (-0.03 - 0.06)
Blood pressure dip during sleep (%)C
-0.18
-0.05 (-0.1 - 0)
Psychosocial
Quality of Life Scale total score - QOLS (/112)
-0.21
-0.06 (-0.12 - -0.01)
Geriatric depression scale - GDS (/15)
0.25
0.58 (0.15 - 1.01)
SF-36 Mental Component Score
-0.25
-0.13 (-0.23 - -0.04)
SF-36 Physical Component Score
-0.15
-0.06 (-0.14 - 0.02)
Duke Social Support Index total score (/45)
-0.23
-0.29 (-0.52 - -0.07)

sig.
0.007
<0.001
0.276

0.087
0.473
0.136
0.571
0.157
0.173
0.090
0.037
0.412
<0.001
0.015
0.355
0.158
0.035
0.452
0.836
0.827
0.390
0.630
0.916
0.824
0.205
0.293
0.164
0.379
0.249
0.628
0.219
0.911
0.173
0.369
0.945
0.531
0.608
0.049
0.025
0.008
0.008
0.134
0.011

Significant values Bolded. # All regression values presented next to each predictor are adjusted for covariates age and sex, ^dichotomous categorical
variables analysed with ANCOVA, however also coded as 0 (no/not present) an 1 (yes/present) for use within regression analysis in order to determine
adjusted beta coefficient for subsequent hierarchical regression analysis. For calculation and/or interpretation of measures please refer to footnotes in
table 1 -3.

Table 8b - Multiple Regressions for Dependant Variable Global Domain (Z-Score)
Variable
r
Beta coefficient (95% CI)
Simple linear regressions
Sex^
-0.19
-0.22 (-0.45 - 0.01)
Age (years)
-0.43
-0.03 (-0.05 - -0.02)
Education (years)
0.39
0.06 (0.03 - 0.09)
Multivariable regressions#
Maximal strength
Lower body strength (Z-score)
0.21
0.13 (-0.02 - 0.27)
Upper body strength (Z-score)
-0.11
0 (0 - 0)
Total body strength (Z-score)
0.19
0.12 (-0.04 - 0.28)
Leg press strength (N)
-0.03
0 (0 - 0)
Non-dominant hand grip strength (kg)
0.30
0.02 (0 - 0.03)
Dominant hand grip strength (kg)
0.22
0.01 (0 - 0.03)
Physical function
Habitual gait speed (ms-1)
0.15
0.35 (-0.04 - 0.74)
Maximal gait speed (ms-1)
0.12
0.08 (-0.03 - 0.18)
Total static balance time (s)
0.19
0.01 (0 - 0.02)
Multiple sit-to-stand time (s)
-0.31
-0.04 (-0.06 - -0.02)
Stair climb power (Watts)
0.36
0 (0 - 0)
Aerobic fitness
Relative VO2 peak (ml.kg min-1)
0.08
0.01 (-0.01 - 0.03)
Absolute VO2 peak (L.min)
0.15
0 (0 - 0)
Exercise capacity
Six-minute walk distance (m)
0.22
0 (0 - 0)
Body composition
Body mass Index - BMI (kg.m2)
-0.10
-0.01 (-0.03 - 0.01)
Fasting, naked body mass (kg)
-0.01
0 (-0.01 - 0.01)
Skeletal muscle mass (kg)
-0.02
0 (-0.03 - 0.03)
2
Skeletal muscle index (kg.m )
-0.10
-0.03 (-0.1 - 0.04)
Skeletal muscle mass ratio (%)
-0.01
0 (-0.02 - 0.02)
Fat mass (kg)
-0.04
0 (-0.01 - 0.01)
Body fat (%)
-0.02
0 (-0.01 - 0.01)
Waist circumference (cm)
0.05
0 (-0.01 - 0.01)
Health status
Number of medications (n)
-0.01
0 (-0.03 - 0.02)
Number of chronic disease (n)
-0.07
-0.02 (-0.09 - 0.04)
Hypertension^
0.02
0.03 (-0.17 - 0.22)
Osteoarthritis^
-0.13
-0.17 (-0.38 - 0.04)
Osteoporosis^
-0.07
-0.09 (-0.33 - 0.14)
Alcoholic drinks per week (n)
0.20
0.02 (0 - 0.03)
Smoking doseA
0.00
0 (-0.01 - 0.01)
Bayer IADL cognition-related impairment
-0.17
-1.04 (-2.08 - 0.01)
APOE4 Carrier^
0.14
0.17 (-0.06 - 0.39)
Homocysteine level (umol/L)
0.01
0 (-0.04 - 0.04)
HOMA-Insulin resistance
-0.01
-0.01 (-0.19 - 0.17)
Average daily systolic blood pressure (mmHg)
-0.10
0 (-0.01 - 0)
Blood pressure dip during sleep (%)C
0.17
0.01 (0 - 0.01)
Psychosocial
Quality of Life Scale total score - QOLS (/112)
0.10
0 (0 - 0.01)
Geriatric depression scale - GDS (/15)
-0.21
-0.08 (-0.14 - -0.01)
SF-36 Mental Component Score
0.19
0.02 (0 - 0.03)
SF-36 Physical Component Score
0.23
0.01 (0 - 0.03)
Duke Social Support Index total score (/45)
0.19
0.04 (0 - 0.07)

sig.
0.059
<0.001
<0.001

0.082
0.208
0.147
0.798
0.017
0.079
0.081
0.166
0.029
<0.001
0.001
0.442
0.235
0.025
0.269
0.886
0.909
0.424
0.964
0.659
0.865
0.613
0.918
0.432
0.786
0.121
0.417
0.020
0.956
0.051
0.141
0.929
0.913
0.220
0.049
0.240
0.017
0.032
0.012
0.026

Significant values Bolded. # All regression values presented next to each predictor are adjusted for covariates age and sex, ^dichotomous categorical
variables analysed with ANCOVA, however also coded as 0 (no/not present) an 1 (yes/present) for use within regression analysis in order to determine
adjusted beta coefficient for subsequent hierarchical regression analysis. For calculation and/or interpretation of measures please refer to footnotes in
table 1 -3.

Table 8c - Multiple Regressions for Dependant Variable Executive Domain (Z-Score)
Variable
r
Beta coefficient (95% CI)
Simple linear regressions
Sex^
-0.13
-0.19 (-0.49 - 0.1)
Age (years)
-0.29
-0.03 (-0.05 - -0.01)
Education (years)
0.50
0.1 (0.07 - 0.13)
Multivariable regressions#
Maximal strength
Lower body strength (Z-score)
0.17
0.13 (-0.05 - 0.32)
Upper body strength (Z-score)
-0.13
0 (0 - 0)
Total body strength (Z-score)
0.17
0.14 (-0.07 - 0.34)
Leg press strength (N)
0.04
0 (0 - 0)
Non-dominant hand grip strength (kg)
0.31
0.02 (0 - 0.04)
Dominant hand grip strength (kg)
0.23
0.02 (0 - 0.04)
Physical function
Habitual gait speed (ms-1)
0.07
0.22 (-0.29 - 0.73)
Maximal gait speed (ms-1)
0.03
0.02 (-0.12 - 0.16)
Total static balance time (s)
0.06
0 (-0.01 - 0.02)
Multiple sit-to-stand time (s)
-0.17
-0.03 (-0.06 - 0)
Stair climb power (Watts)
0.23
0 (0 - 0)
Aerobic fitness
Relative VO2 peak (ml.kg min-1)
0.04
0 (-0.02 - 0.03)
Absolute VO2 peak (L.min)
0.11
0 (0 - 0)
Exercise capacity
Six-minute walk distance (m)
0.05
0 (0 - 0)
Body composition
Body mass Index - BMI (kg.m2)
-0.05
-0.01 (-0.03 - 0.02)
Fasting, naked body mass (kg)
0.02
0 (-0.01 - 0.01)
Skeletal muscle mass (kg)
0.13
0.01 (-0.02 - 0.05)
2
Skeletal muscle index (kg.m )
0.02
0.01 (-0.09 - 0.1)
Skeletal muscle mass ratio (%)
0.06
0.01 (-0.02 - 0.03)
Fat mass (kg)
-0.05
0 (-0.02 - 0.01)
Body fat (%)
-0.06
0 (-0.02 - 0.01)
Waist circumference (cm)
0.04
0 (-0.01 - 0.01)
Health status
Number of medications (n)
-0.05
-0.01 (-0.04 - 0.02)
Number of chronic disease (n)
-0.12
-0.05 (-0.13 - 0.03)
Hypertension^
-0.02
-0.03 (-0.28 - 0.23)
Osteoarthritis^
-0.09
-0.15 (-0.42 - 0.12)
Osteoporosis^
-0.11
-0.19 (-0.49 - 0.1)
Alcoholic drinks per week (n)
0.18
0.02 (0 - 0.04)
Smoking dose A
-0.04
0 (-0.01 - 0.01)
Bayer IADL cognition-related impairment
-0.08
-0.65 (-2.01 - 0.7)
APOE4 Carrier^
0.08
0.12 (-0.17 - 0.41)
Homocysteine level (umol/L)
-0.01
0 (-0.05 - 0.05)
B
HOMA-Insulin resistance
0.04
0.05 (-0.18 - 0.27)
Average daily systolic blood pressure (mmHg)
-0.11
-0.01 (-0.01 - 0)
Blood pressure dip during sleep (%)C
0.17
0.01 (0 - 0.02)
Psychosocial
Quality of Life Scale total score - QOLS (/112)
0.03
0 (-0.01 - 0.01)
Geriatric depression scale - GDS (/15)
-0.06
-0.03 (-0.11 - 0.05)
SF-36 Mental Component Score
0.08
0.01 (-0.01 - 0.03)
SF-36 Physical Component Score
0.18
0.01 (0 - 0.03)
Duke Social Support Index total score (/45)
0.11
0.03 (-0.02 - 0.07)

sig.
0.194
0.004
<0.001

0.161
0.124
0.188
0.761
0.015
0.067
0.402
0.775
0.528
0.049
0.037
0.708
0.372
0.639
0.577
0.836
0.447
0.879
0.640
0.601
0.593
0.650
0.536
0.184
0.837
0.286
0.194
0.042
0.623
0.341
0.414
0.927
0.694
0.186
0.043
0.744
0.470
0.381
0.047
0.212

Significant values Bolded. # All regression values presented next to each predictor are adjusted for covariates age and sex, ^dichotomous categorical
variables analysed with ANCOVA, however also coded as 0 (no/not present) an 1 (yes/present) for use within regression analysis in order to determine
adjusted beta coefficient for subsequent hierarchical regression analysis. For calculation and/or interpretation of measures please refer to footnotes in
table 1 -3.
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Table 8d - Multiple Regressions for Dependant Variable Memory Domain (Z-Score)
Variable
r
Beta coefficient (95% CI)
Simple linear regressions
Sex^
-0.22
-0.34 (-0.64 - -0.04)
Age (years)
-0.36
-0.04 (-0.06 - -0.02)
Education (years)
0.23
0.05 (0.01 - 0.09)
Multivariable regressions#
Maximal strength
Lower body strength (Z-score)
0.18
0.14 (-0.06 - 0.35)
Upper body strength (Z-score)
-0.05
0 (0 - 0)
Total body strength (Z-score)
0.13
0.1 (-0.12 - 0.33)
Leg press strength (N)
-0.11
0 (0 - 0)
Non-dominant hand grip strength (kg)
0.12
0.01 (-0.01 - 0.03)
Dominant hand grip strength (kg)
0.11
0.01 (-0.01 - 0.03)
Physical function
Habitual gait speed (ms-1)
0.19
0.56 (0.01 - 1.12)
Maximal gait speed (ms-1)
0.14
0.11 (-0.04 - 0.26)
Total static balance time (s)
0.27
0.02 (0.01 - 0.03)
Multiple sit-to-stand time (s)
-0.28
-0.05 (-0.08 - -0.02)
Stair climb power (Watts)
0.26
0 (0 - 0)
Aerobic fitness
Relative VO2 peak (ml.kg min-1)
0.09
0.01 (-0.02 - 0.04)
Absolute VO2 peak (L.min)
0.03
0 (0 - 0)
Exercise capacity
Six-minute walk distance (m)
0.26
0 (0 - 0)
Body composition
Body mass Index - BMI (kg.m2)
-0.18
-0.03 (-0.06 - 0)
Fasting, naked body mass (kg)
-0.10
-0.01 (-0.02 - 0.01)
Skeletal muscle mass (kg)
-0.30
-0.03 (-0.07 - 0.01)
2
Skeletal muscle index (kg.m )
-0.31
-0.12 (-0.22 - -0.02)
Skeletal muscle mass ratio (%)
-0.06
-0.01 (-0.04 - 0.02)
Fat mass (kg)
-0.05
0 (-0.02 - 0.01)
Body fat (%)
0.01
0 (-0.02 - 0.02)
Waist circumference (cm)
0.00
0 (-0.01 - 0.01)
Health status
Number of medications (n)
0.01
0 (-0.04 - 0.04)
Number of chronic disease (n)
0.02
0.01 (-0.08 - 0.1)
Hypertension^
0.02
0.03 (-0.24 - 0.31)
Osteoarthritis^
-0.19
-0.3 (-0.59 - 0)
Osteoporosis^
-0.06
-0.11 (-0.43 - 0.22)
Alcoholic drinks per week (n)
0.17
0.02 (0 - 0.04)
Smoking doseA
-0.05
0 (-0.01 - 0.01)
Bayer IADL cognition-related impairment
-0.18
-1.45 (-2.93 - 0.03)
APOE4 Carrier^
0.12
0.19 (-0.13 - 0.5)
Homocysteine level (umol/L)
0.04
0.01 (-0.05 - 0.07)
HOMA-Insulin resistance
-0.06
-0.08 (-0.33 - 0.18)
Average daily systolic blood pressure (mmHg)
-0.06
0 (-0.01 - 0.01)
Blood pressure dip during sleep (%)C
0.11
0.01 (0 - 0.02)
Psychosocial
Quality of Life Scale total score - QOLS (/112)
0.06
0 (-0.01 - 0.01)
Geriatric depression scale - GDS (/15)
-0.24
-0.11 (-0.2 - -0.03)
SF-36 Mental Component Score
0.19
0.02 (0 - 0.04)
SF-36 Physical Component Score
0.20
0.02 (0 - 0.03)
Duke Social Support Index total score (/45)
0.16
0.04 (0 - 0.09)

sig.
0.028
<0.001
0.023

0.176
0.603
0.367
0.422
0.401
0.430
0.048
0.152
0.004
0.003
0.029
0.440
0.814
0.013
0.059
0.344
0.104
0.023
0.660
0.593
0.918
0.988
0.939
0.858
0.809
0.047
0.518
0.064
0.580
0.054
0.249
0.702
0.552
0.554
0.258
0.556
0.011
0.049
0.045
0.076

Significant values Bolded. # All regression values presented next to each predictor are adjusted for covariates age and sex, ^dichotomous categorical
variables analysed with ANCOVA, however also coded as 0 (no/not present) an 1 (yes/present) for use within regression analysis in order to determine
adjusted beta coefficient for subsequent hierarchical regression analysis. For calculation and/or interpretation of measures please refer to footnotes in
table 1 -3.

Table 8e - Multiple Regressions for Dependant Variable Attention Domain (Z-Score)
Variable
r
Beta coefficient (95% CI)
Simple linear regressions
Sex^
-0.05
-0.1 (-0.46 - 0.27)
Age (years)
-0.45
-0.06 (-0.08 - -0.03)
Education (years)
0.16
0.04 (-0.01 - 0.09)
Multivariable regressions#
Maximal strength
Lower body strength (Z-score)
0.23
0.22 (-0.02 - 0.46)
Upper body strength (Z-score)
-0.09
0 (0 - 0)
Total body strength (Z-score)
0.21
0.21 (-0.06 - 0.48)
Leg press strength (N)
0.08
0 (0 - 0)
Non-dominant hand grip strength (kg)
0.38
0.04 (0.01 - 0.06)
Dominant hand grip strength (kg)
0.25
0.02 (0 - 0.05)
Physical function
Habitual gait speed (ms-1)
0.13
0.46 (-0.21 - 1.12)
Maximal gait speed (ms-1)
0.20
0.2 (0.02 - 0.37)
Total static balance time (s)
0.18
0.02 (0 - 0.03)
Multiple sit-to-stand time (s)
-0.33
-0.07 (-0.1 - -0.03)
Stair climb power (Watts)
0.42
0 (0 - 0.01)
Aerobic fitness
Relative VO2 peak (ml.kg min-1)
0.08
0.01 (-0.02 - 0.04)
Absolute VO2 peak (L.min)
0.23
0 (0 - 0)
Exercise capacity
Six-minute walk distance (m)
0.30
0 (0 - 0)
Body composition
Body mass Index - BMI (kg.m2)
-0.01
0 (-0.04 - 0.03)
Fasting, naked body mass (kg)
0.05
0 (-0.01 - 0.02)
Skeletal muscle mass (kg)
0.14
0.02 (-0.03 - 0.07)
2
Skeletal muscle index (kg.m )
0.06
0.03 (-0.1 - 0.15)
Skeletal muscle mass ratio (%)
-0.01
0 (-0.04 - 0.04)
Fat mass (kg)
0.00
0 (-0.02 - 0.02)
Body fat (%)
0.00
0 (-0.02 - 0.02)
Waist circumference (cm)
0.08
0 (-0.01 - 0.02)
Health status
Number of medications (n)
0.04
0.01 (-0.03 - 0.05)
Number of chronic disease (n)
-0.01
-0.01 (-0.11 - 0.1)
Hypertension^
0.08
0.15 (-0.18 - 0.48)
Osteoarthritis^
-0.05
-0.1 (-0.45 - 0.26)
Osteoporosis^
0.08
0.17 (-0.22 - 0.56)
Alcoholic drinks per week (n)
0.08
0.01 (-0.01 - 0.03)
Smoking doseA
0.13
0.01 (0 - 0.02)
Bayer IADL cognition-related impairment
-0.12
-1.18 (-2.96 - 0.59)
APOE4 Carrier^
0.17
0.33 (-0.04 - 0.7)
Homocysteine level (umol/L)
-0.04
-0.01 (-0.08 - 0.05)
B
HOMA-Insulin resistance
-0.01
-0.01 (-0.31 - 0.29)
Average daily systolic blood pressure (mmHg)
-0.09
-0.01 (-0.02 - 0.01)
Blood pressure dip during sleep (%)C
0.05
0 (-0.01 - 0.02)
Psychosocial
Quality of Life Scale total score - QOLS (/112)
0.21
0.02 (0 - 0.03)
Geriatric depression scale - GDS (/15)
-0.19
-0.11 (-0.21 - 0)
D
SF-36 Mental Component Score
0.20
0.03 (0 - 0.05)
SF-36 Physical Component ScoreD
0.23
0.02 (0 - 0.04)
Duke Social Support Index total score (/45)
0.14
0.04 (-0.01 - 0.1)

sig.
0.608
<0.001
0.108

0.071
0.341
0.130
0.535
0.004
0.073
0.176
0.031
0.053
<0.001
<0.001
0.463
0.088
0.004
0.898
0.671
0.435
0.687
0.943
0.993
0.980
0.407
0.675
0.911
0.378
0.593
0.379
0.372
0.172
0.189
0.082
0.715
0.953
0.350
0.605
0.022
0.044
0.033
0.019
0.119

Significant values Bolded. # All regression values presented next to each predictor are adjusted for covariates age and sex, ^dichotomous categorical
variables analysed with ANCOVA, however also coded as 0 (no/not present) an 1 (yes/present) for use within regression analysis in order to determine
adjusted beta coefficient for subsequent hierarchical regression analysis. For calculation and/or interpretation of measures please refer to footnotes in
table 1 -3.

Table 9a - Hierarchical Regressions for ADAS-Cog
Model 1
Predictor variables
ADAS-Cog

r

Constant

-3.325 (3.802)

Sex

0.229*

Age (years)

0.314**

Education (years)

-0.058

Multiple sit-to-stand time (s)

Model 2
Beta (SE)

r

Model 3
Beta (SE)

-3.658 (3.601)
1.709
(0.700)
0.164
(0.049)
-0.057
(0.092)

0.262**
0.228*
-0.049
0.318***

SF-36 Mental Component ScoreD

r

Model 4
Beta (SE)

0.29 (3.87)
1.953
(0.666)
0.119
(0.048)
-0.048
(0.087)
0.259
(0.075)

0.243**
0.287**
-0.033
0.291**
-0.216*

Blood pressure dip during sleepC

r

Model 5
Beta (SE)

0.5 (3.837)
1.816
(0.652)
0.15
(0.049)
-0.033
(0.085)
0.237
(0.073)
-0.114
(0.047)

0.26**
0.291**
-0.031
0.277**
-0.209*
-0.142

Six-minute walk distance

r

0.268**
0.266*
-0.021
0.236*
-0.213*
-0.148
-0.079

0.151

0.239

0.277

0.290

0.286

R2

0.177

0.093

0.043

0.020

0.003

6.829***

11.991**

5.882*

2.718

0.418

change

r

Beta (SE)

r

Beta (SE)

3.128 (5.597)
1.94
(0.651)
0.152
(0.048)
-0.03
(0.085)
0.226
(0.073)
-0.11
(0.047)
-0.038
(0.023)

Adjusted R2
F-change

Beta (SE)

2.003
(0.66)
0.139
(0.053)
-0.02
(0.086)
0.192
(0.09)
-0.112
(0.047)
-0.04
(0.023)
-0.002
(0.004)

*<0.05, **<0.01, ***<0.001, Bolded values indicate final significant hierarchical model. Subsequent models that did not have significant F- change are shown in this table in normal style, the predictor list in the first column reflects all
variables that were added into the models.

Table 9b - Hierarchical Regressions for Global Domain
Model 1
Predictor variables
Global domain

r

Constant

1.471 (0.637)

Sex

-0.126

Age (years)

-0.368***

Education (years)

0.335**

Stair climb power

Model 2
Beta (SE)

r

Model 3
Beta (SE)

0.053 (0.78)
-0.148
(0.117)
-0.03
(0.008)
0.052
(0.015)

-0.318**
-0.216
0.364***
0.357**

Alcoholic drinks per week

r

Model 4
Beta (SE)

-0.057 (0.756)
-0.372
(0.136)
-0.018
(0.009)
0.056
(0.015)
0.002
(0.001)

-0.374**
-0.214*
0.358***
0.382**
0.226*

Total sedentary time

r

Model 5
Beta (SE)

-1.145 (0.795)
-0.438
(0.134)
-0.018
(0.009)
0.055
(0.014)
0.002
(0.001)
0.018
(0.008)

-0.421***
-0.224*
0.348***
0.49***
0.185*
0.287**

Non-dominant hand grip strength

r

Model 6
Beta (SE)

-1.237 (0.805)
-0.494
(0.128)
-0.018
(0.008)
0.054
(0.013)
0.003
(0.001)
0.015
(0.007)
0.002
(0.001)

-0.487***
-0.221*
0.353***
0.436**
0.193*
0.277**
0.125

SF-36 Physical Component ScoreD

r

Model 7
Beta (SE)

-1.608 (0.866)
-0.57
(0.157)
-0.018
(0.008)
0.054
(0.014)
0.002
(0.001)
0.016
(0.007)
0.002
(0.001)
0.008
(0.009)

-0.447**
-0.202
0.346***
0.409**
0.179
0.286**
0.071
0.119

Six-minute walk distance

r

Beta (SE)

-1.772 (0.907)
-0.524
(0.162)
-0.017
(0.008)
0.053
(0.014)
0.002
(0.001)
0.015
(0.007)
0.002
(0.001)
0.004
(0.009)
0.007
(0.007)

-0.433**
-0.191
0.328***
0.351*
0.187*
0.299**
0.076
0.093
0.096

Adjusted R2

0.281

0.349

0.391

0.459

0.457

0.459

0.454

R2 change

0.310

0.074

0.049

0.070

0.005

0.010

0.003

F-change

10.497***

8.306**

5.840*

9.475**

0.713

1.300

0.412

-0.507
(0.165)
-0.016
(0.008)
0.05
(0.014)
0.002
(0.001)
0.015
(0.007)
0.002
(0.001)
0.005
(0.01)
0.006
(0.007)
0 (0.001)

*<0.05, **<0.01, ***<0.001, Bolded values indicate final significant hierarchical model. Subsequent models that did not have significant F- change are shown in this table in normal style, the predictor list in the first column reflects all
variables that were added into the models.
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Table 9c - Hierarchical Regressions for Executive Domain
Model 1
r

Model 2
Beta (SE)

r

Model 3
Beta (SE)

r

Model 4
Beta (SE)

r

Model 5
Beta (SE)

r

Beta (SE)

Executive domain
Constant

0.415 (0.81)

Sex

-0.077

Age (years)

-0.221*

Education (years)

0.473***

Non-dominant hand grip strength

-0.616 (0.927)
-0.115
(0.149)
-0.023
(0.010)
0.093
(0.02)

-0.305*
-0.163
0.495***
0.308*

Total sedentary time

-0.458
(0.217)
-0.017
(0.011)
0.098
(0.019)
0.024
(0.011)

-1.376 (0.942)

-1.395 (0.928)

-0.315*

-0.366*

-0.207*
0.479***
0.325*
0.239*

Alcoholic drinks per week

-0.473
(0.209)
-0.022
(0.01)
0.095
(0.019)
0.025
(0.011)
0.002
(0.001)

-0.203*
0.477***
0.351*
0.212*
0.167

SF-36 Physical Component ScoreD

-2.002 (1.07)
-0.551
(0.211)
-0.021
(0.01)
0.094
(0.018)
0.028
(0.011)
0.002
(0.001)
0.018
(0.01)

-0.33*
-0.175
0.471***
0.281
0.227*
0.153
0.123

Adjusted R2

0.283

0.317

0.366

0.385

0.387

R2 change

0.312

0.042

0.054

0.026

0.011

F-change

10.752***

4.552*

6.360*

3.108

1.287

-0.496
(0.216)
-0.018
(0.011)
0.093
(0.018)
0.022
(0.012)
0.002
(0.001)
0.016
(0.01)
0.01
(0.009)

*<0.05, **<0.01, ***<0.001, Bolded values indicate final significant hierarchical model. Subsequent models that did not have significant F- change are shown in this table in normal style, the predictor list in the first column reflects all
variables that were added into the models.
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Table 9d - Hierarchical Regressions for Memory Domain
Model 1
r

Model 2
Beta (SE)

r

Model 3
Beta (SE)

r

Model 4
Beta (SE)

r

Model 5
Beta (SE)

r

Model 6
Beta (SE)

r

Beta (SE)

Memory domain
Constant

1.999 (0.792)

Sex

-0.171

Age (years)

-0.318**

Education (years)

0.178

Total static balance time

0.3 (0.958)
-0.263
(0.146)
-0.034
(0.01)
0.036
(0.019)

-0.164
-0.271**
0.17
0.269**

Multiple sit-to-stand time (s)

0.526 (0.929)
-0.251
(0.140)
-0.029
(0.010)
0.034
(0.0180)
0.019
(0.006)

-0.19*
-0.209*
0.164
0.242**
-0.25**

Geriatric depression scale

1.055 (0.948)
-0.292
(0.136)
-0.022
(0.01)
0.033
(0.018)
0.017
(0.006)
-0.042
(0.015)

-0.174
-0.25**
0.144
0.225*
-0.227*
-0.183*

Six-minute walk distance

0.25 (1.242)
-0.267
(0.134)
-0.027
(0.01)
0.029
(0.018)
0.016
(0.006)
-0.038
(0.015)
-0.089
(0.043)

-0.186*
-0.208*
0.129
0.224*
-0.165
-0.183*
0.122

Osteoarthritis^

0.361 (1.238)
-0.286
(0.136)
-0.022
(0.011)
0.026
(0.018)
0.016
(0.006)
-0.028
(0.018)
-0.088
(0.043)
0.001
(0.001)

-0.192*
-0.2
0.138
0.226*
-0.153
-0.18*
0.096
-0.123

Adjusted R2

0.166

0.230

0.281

0.307

0.307

0.314

R2 change

0.193

0.070

0.057

0.031

0.007

0.014

F-change

7.246***

8.528**

7.426**

4.256*

1.008

1.867

-0.295
(0.135)
-0.021
(0.011)
0.028
(0.018)
0.016
(0.006)
-0.026
(0.018)
-0.087
(0.043)
0.001
(0.001)
-0.199
(0.146)

*<0.05, **<0.01, ***<0.001, Bolded values indicate final significant hierarchical model. Subsequent models that did not have significant F- change are shown in this table in normal style, the predictor list in the first column reflects all
variables that were added into the models.
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Table 9e - Hierarchical Regressions for Attention Domain
Model 1
r

Model 2
Beta (SE)

r

Model 3
Beta (SE)

r

Model 4
Beta (SE)

r

Model 5
Beta (SE

r

Model 6
Beta (SE

r

Beta (SE)

Attention domain
Constant

3.559 (0.921)

Sex

0.006

Age (years)

-0.433***

Education (years)

0.108

Geriatric depression scale

4.085 (0.942)
0.011
(0.17)
-0.056
(0.012)
0.026
(0.022)

0.021
-0.465***
0.086
-0.187*

Stair climb power

0.039
(0.167)
-0.06
(0.012)
0.021
(0.022)
-0.108
(0.053)

1.483 (1.133)

1.156 (1.143)

-0.199

-0.317*

-0.288**
0.121
-0.166
0.407***

Non-dominant hand grip strength

-0.367
(0.192)
-0.037
(0.013)
0.029
(0.021)
-0.096
(0.05)
0.003
(0.001)

-0.286**
0.129
-0.176*
0.315*
0.227

0.942 (1.222)
-0.584
(0.234)
-0.037
(0.013)
0.031
(0.021)
-0.102
(0.05)
0.003
(0.001)
0.022
(0.014)

Six-minute walk distance

-0.299*
-0.275**
0.116
-0.174*
0.266
0.223
0.067

SF-36 Physical Component ScoreD

0.776 (1.289)
-0.551
(0.244)
-0.036
(0.013)
0.028
(0.022)
-0.101
(0.05)
0.002
(0.001)
0.021
(0.014)
0.001
(0.001)

-0.291*
-0.27*
0.118
-0.168
0.27
0.204
0.046
0.046

Adjusted R2

0.185

0.211

0.304

0.315

0.310

0.303

R2 change

0.210

0.033

0.096

0.018

0.002

0.001

F-change

8.417***

4.145*

13.505***

2.550

0.257

0.180

-0.536
(0.248)
-0.035
(0.013)
0.029
(0.022)
-0.098
(0.051)
0.002
(0.001)
0.02
(0.014)
0 (0.001)
0.005
(0.011)

*<0.05, **<0.01, ***<0.001, Bolded values indicate final significant hierarchical model. Subsequent models that did not have significant F- change are
shown in this table in normal style, the predictor list in the first column reflects all variables that were added into the models.
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Figures

Figure 1 - CONSORT flow chart for recruitment into the SMART study included
with permission from Fiatarone Singh et al. 2014 (34). The full recruitment flow is
detailed in Chapter 2.

Figure 2 - Mean proportion of sedentary time and physical activity over a 24-hour
period derived from accelerometry measurements over 5-7 days in 75 participants
in the SMART cohort at baseline.
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CHAPTER 2 – Study of Mental and
Resistance Training (SMART): Analysis of
Secondary Outcomes of Physical Activity
and Sedentary Behaviour
Inskip, M., Mavros, Y., Gates, N., Wilson, G.C, Jain, N., Meiklejohn, J., Brodaty, H., Wen, W.,
Singh, N., Baune, B.T., Suo, C., Baker, M.K., Foroughi, N., Wang, Y., Sachdev, P.S, Valenzuela,
M., & Fiatarone Singh, M.A.

Abstract
Background: Cohorts with mild cognitive impairment (MCI)_ have been reported to be
physically active approximately 40% of the day at a predominantly light intensity, and
sedentary for 60% of the day. Higher levels of physical activity are associated with better
strength, physical function, aerobic fitness, exercise capacity and markers of metabolic
health, as is reflected in the broader epidemiological literature. Furthermore, over one-half
(52.3%) of the variance in levels of physical activity is explained by measures of strength
and mobility. Additionally, while sedentary behaviour is associated with fewer clinical
outcomes, higher levels are known to be associated with worse metabolic health, exercise
capacity and physical function. Lastly, many of these clinical characteristics are also known
to be associated with cognition in MCI, and are highly modifiable with exercise intervention.
Thus, the aim of this chapter is to evaluate whether modifying these clinical characteristics
in a cohort with MCI will improve physical activity and cognition, and subsequently
whether these changes will be related to each other.
Methods: An analysis of secondary outcomes in the Study of Mental and Resistance
Training (SMART) was undertaken in older adults with MCI. The SMART study was
originally designed as a fully factorial, sham-controlled, randomised trial that aimed to

investigate the efficacy of progressive resistance training (PRT) and/or cognitive training
for improving cognition in older adults with MCI. In this analysis, the efficacy of six months
of progressive resistance training (PRT) and/or cognitive training for improving physical
activity and sedentary behaviour in this cohort was evaluated along with any associations
between change in these outcomes and improvements in cognition. Habitual physical
activity and sedentary behaviour of participants was assessed with an accelerometer worn
for approximately one week at baseline and/or six-month reassessment.
Results: One hundred participants with MCI were assessed at baseline [70.1 ± 6.7 years,
32% male, 13.4 ± 3.6 years of education, and 7.9 ± 3.5 Alzheimer’s Disease Assessment
Scale – Cognitive Subscale (ADAS-Cog)]. A subset of 94 and 54 participants had at least one,
or two eligible accelerometry values, respectively, available for analysis. Neither subset
differed significantly from the whole sample age, sex, education, or ADAS-Cog (p > 0.05).
Older age was associated with lower physical activity (p<0.001) and higher sedentary time
(p=0.006), but not number of sedentary bouts (p=0.106). Furthermore, there was no
clinically meaningful or statistically significant change in physical activity after either PRT
(p=0.401) or cognitive training (p=0.506), for sedentary time after either resistance
(p=0.618) or cognitive training (p=0.375), or for sedentary bouts after either resistance
(p=0.559) or cognitive training (p=0.352). In our analysis of change scores, there was no
significant relationship between change in cognition and change in either physical activity
or sedentary bouts (p>0.05). Unexpectedly, increased sedentary time (r=0.346, p=0.015)
was associated with improved Attention domain, irrespective of group assignment.
Conclusions: Unexpectedly, PRT did not lead to increased physical activity or decreased
sedentary behaviour in older adults with MCI. As expected however, cognitive training did
not lead to change in these outcomes either. Furthermore, the improvements observed in
cognition within the cohort following PRT were not related to changes in physical activity
and sedentary behaviour. However, the fact that physical activity did not decrease nor
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sedentary behaviour increase is clinically relevant, as the addition of 2 – 3 sessions of high
intensity PRT per week did not cause older adults to become more sedentary or reduce
habitual activity levels, as previously reported to occur with aerobic exercise. Thus, while
PRT did not augment physical activity or sedentary behaviour in this cohort, it was well
tolerated in older adults with MCI and led to significant improvements in cognition.
Further studies should evaluate this relationship within cohorts with MCI for longer
periods of follow-up.
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1. Introduction
In Chapter 1 we first described the level of physical activity and sedentary behaviour in
the SMART cohort at baseline. The cohort were active for on average ~40% of the day at a
predominantly light intensity, and sedentary for ~60% of the day. They were more
independent than anticipated given their age and chronic conditions, with a low prevalence
of sarcopenia and disability, potentially attributed to recruitment bias. Next, we found that
physical activity and sedentary behaviour were associated with a diverse, yet
predominantly anticipated, array of clinical characteristics. For example, higher levels of
physical activity were associated with better strength, physical function, aerobic fitness,
exercise capacity and markers of metabolic health, as is reflected in the broader
epidemiological literature. Furthermore, over one-half (52.3%) of the variance in levels of
physical activity was explained by measures of strength and mobility. Sedentary behaviour
was unexpectedly related to fewer clinical characteristics, but higher levels were
associated with worse metabolic health, exercise capacity and physical function.
Additionally, we found that some of these measures, specifically physical function and
exercise capacity, were also related with cognition at baseline. Intervention trials in MCI
have previously reported many of these clinical characteristics to be modifiable following
robust anabolic intervention, which is consistent with the literature for older adults in
general (1, 2). Lastly, contrary to our hypothesis, we did not find any baseline association
between cognition and physical activity, and unexpectedly, negligible but significant direct
associations were found between sedentary behaviour and Global/Executive cognition,
which were not readily explained. These relationships among physical activity, sedentary
behaviour and cognition may become more apparent following an intervention designed to
alter both the factors related to physical activity/sedentary behaviour (e.g., muscle function,
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mobility, quality of life, depressive symptoms, metabolic profile) as well as to improve
cognition itself.
The SMART study was originally designed as a fully factorial, sham-controlled, randomised
trial that aimed to investigate the efficacy of progressive resistance training (PRT) and/or
cognitive training (CT) for improving cognition in older adults with MCI. Previously, the
SMART study reported that PRT led to significant improvements in cognition (1) that were
in large part mediated by improvements in strength (3). The baseline associations we
identified in the previous chapter supported our pre-planned intent to analyse the
secondary outcomes of physical activity and sedentary behaviour after the six-month
training period in SMART, given the potential of the PRT intervention to also address many
of these clinical correlates. Furthermore, PRT has been previously reported to improve
physical activity in older, cognitively intact adults (4) as well as those who are frail (5) in
conjunction with improvements in these same clinical correlates. Conversely, there is no
evidence to support a hypothesis that cognitive training aimed solely at improving
cognitive function would be beneficial for physical activity, sedentary behaviour, or the
clinical correlates previously identified in older adults and this cohort. However, the effect
of neither intervention on physical activity and sedentary behaviour has been specifically
evaluated in older adults with MCI. Therefore, this chapter will explore the effects of
robust anabolic intervention and/or cognitive training on physical activity and sedentary
behaviour and their associations with improvements in cognition in a cohort with MCI.

Accordingly, the aims of this chapter were to:
1. Evaluate whether robust anabolic exercise improves physical activity and sedentary
behaviour in older adults with MCI;
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2. Evaluate whether the changes in physical activity and sedentary behaviour are
associated with changes in cognition.
Our primary hypotheses were:
1. Robust anabolic exercise will increase physical activity level and decrease sedentary
behaviour compared to cognitive training or sham exercise;
2. There will be no changes to physical activity level or sedentary behaviour following
cognitive training compared to sham exercise;
3. Changes in physical activity will be directly related to changes in cognition in the
whole cohort.

2. Methods
2.1 Study Design and Setting
The full study design has been previously published (6). Additionally, aspects of study
design, population and eligibility criteria, and screening procedure have been discussed in
the previous chapter relating to the baseline cross-sectional analysis (Chapter 1). Briefly,
the SMART study was an 18-month longitudinal, double-blind, sham training-controlled,
randomised trial evaluating the effect of 6 months of progressive resistance training (PRT)
and/or cognitive training (CT) on cognition immediately following the intervention and at
18-month follow-up. The study adhered to CONSORT criteria for conduct and reporting of
clinical trials, and received the appropriate ethics approvals as outlined in the previous
chapter. Participants were recruited from the greater Sydney metropolitan area and to be
eligible were required to be aged 55 years and over, have a diagnosis of MCI (self-reported
memory complaint, Clinical Dementia Rating (CDR) <1, Mini-mental state exam (MMSE)
score 23-29), be willing to complete the required intervention and assessment battery over
the prescribed period of time, and not meet any of the exclusion criteria (6). Herein, the
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methodology section of this chapter will focus on aspects relating to the design and
administration of the interventions.

2.2 Sample Size Estimates
The sample size estimates were derived for the original primary outcome of the study, the
ADAS-Cog measure of cognition, and are discussed in full in the published protocol paper
(6). Briefly, a previous meta-analysis (7) and review of literature (8) revealed effect sizes
ranging from 0.53 – 0.60 for cognitive, exercise and combined cognitive and exercise
interventions on cognition compared to an effect size of 0.15 for control groups.
Accounting for an expected effect size of annual decline (0.15) in a cohort with MCI, and an
expected dropout rate of 10-15% (6), it was estimated that 34 participants per group, or
132 participants overall in a 4-cell factorial design were required for adequate study power.

2.3 Stratification, Randomisation, and Blinding
Participant randomisation was stratified for sex and age group (55-74, 75+ years old) due
to expected higher proportion of female participants and potential effects of age and sex on
adaptations to training.
computer-generated

A statistician external to the study developed concealed,

sequences

of

permuted

blocks

(block

size=8)

using

the

aforementioned stratification (www.randomization.com, created by Dr. Gerald E. Dallal,
Tufts University). At the completion of all baseline assessments described in Chapter 1,
participants were randomised to one of four intervention groups, and the concealed
allocation was delivered to the participant via an opaque envelope. Participants were
blinded to the investigators’ hypothesis concerning the preferred intervention arms, and
assessors were blinded from the participant intervention allocation. Assessment sessions
took place on different days to the intervention, and the Sham, PRT and cognitive training
intervention components took place in different buildings to minimise the chance of
unblinding occurring for either participants or assessors.
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2.4 Adverse Events
Monitoring of adverse events was done via weekly questionnaires/interviews with
participants during the intervention and follow-up period. Proxy reports were used where
required to minimise loss of data.

Adverse events involved any exacerbation of an

underlying condition or illness attributed directly to study protocols as deemed by the
study geriatrician. Adverse events were reported to the relevant ethics committees within
the required period of time.

2.5 Interventions
The factorial design of the study allowed for four possible combinations of interventions
which are described in greater detail in the published protocol paper (6), and briefly
below:
2.5.1 Cognitive Training (+ Sham Physical Exercise)
The cognitive training intervention consisted of 14 computer-based multimodal and multidomain cognitive exercises from the COGPACK software used in previous clinical trial in
MCI (9). Cognitive tasks were administered via a simple touch screen computer interface
and challenged visual and verbal memory, executive function, and attention domains of
participants.

Each session lasted 45 minutes, was performed initially 3 and then 2

times/week (after the first 30 participants) in a group session and involved a random
selection of 4 of the possible 14 tasks to practice during a given session. The reduced
frequency of sessions for the final 70 participants was enacted to reduce participant
burden. The sham physical exercise is discussed below in the sham intervention group section.

2.5.2 Progressive Resistance Training (+ Sham Cognitive)
Participants completed PRT in the medically-supervised clinical facility under the
supervision of experienced exercise physiologists for two-three sessions per week. The
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exercises were performed using pneumatic resistance machines (Digital K400 Keiser
pneumatic resistance machines, Keiser Sports health equipment, Inc.

Fresno, CA) and

involved working for 3 sets of 8 repetitions on each upper and lower body exercise (5 in
total) at a minimum of 80% of the participant’s maximum weight lifted in the most recent
of fortnightly one-repetition maximum tests (1RM), or an intensity rating of 15-18/20 on
the Borg scale assessed daily on every exercise to allow continuous progression of loading
and maintenance of relative intensity throughout the 6 months (10). Machine exercises
performed included seated chest press, seated leg press, seated row, seated knee extension
and standing hip abduction. Additional exercises were introduced every four weeks (or 812 sessions) to add novelty to the stimulus, and included dumbbell lateral raise, and
machine-based hip flexion, calf raise and hip extension performed at the same intensity as
the routine exercises. Additional elements of the prescription deployed to enhance the
stimulus included encouraging visualisation of the muscle contraction for each exercise via
posters on each machine and palpation of each muscle group, counting out number and
duration of repetitions, and isometric contractions of the targeted muscle group during rest
intervals.
2.5.3 Combined Resistance and Cognitive Training
This group received a combination of the two interventions described above, performed
sequentially during the same in 90-minute combined sessions, two-three times weekly. In
order to take advantage of the enhanced attention and learning exhibited after an acute
bout of exercise in both animal and human studies, but not enhance adaptation to sham
cognitive training, PRT proceeded CT, but followed sham cognitive training on training
days (11, 12).
2.5.4 Sham Cognitive and Sham Physical Exercise Control Group
The Sham cognitive training involved exposure to a variety of general interest
documentaries on topics such as travel, culture and history, followed by simple questions
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regarding content following the video, which has been used in previous trials (13) with
minimal effect on cognition.

The sham physical exercise included non-progressive

stretching and seated calisthenics, which were designed to not provide any aerobic,
anabolic or balance stimulus to participants. The intervention replicated what is currently
provided to older adults in some aged care settings, and does not confer any benefits to
brain morphology or cognition (14).

2.6 Outcome Measures
The primary and secondary outcome measures for the SMART study were grouped into the
domains of cognition, psychosocial function, health status, exercise capacity, physical
performance, strength, accelerometry-derived physical activity and sedentary behaviour.
For the duration of the study period, participants were asked to avoid engaging in new
forms of structured exercise or cognitive training during the six-month intervention period
of the study in order to avoid contaminating the potential effects of each intervention on
primary and secondary outcomes of the SMART study. The dependent measures selected
for this analysis and in the previous chapter include the accelerometry-derived measures
of total average daily physical activity (MET-minutes), total average daily sedentary time,
and total average daily number of sedentary bouts. The derivation of these measures was
described in Chapter 1.
Briefly, participants wore a wrist and waist Actigraph monitor for 7 days and kept a log
sheet of removal and bedtimes. Following return of the Actigraphs, data were downloaded
and cleaned by removing periods of non-wear time from the final analysis from the waist
Actigraph recording and then imputed into a previously validated macro (15) that derived
estimations of physical activity and sedentary behaviour for the week of wear. This
procedure was performed for both the baseline and six-month assessment period. At the
six–month assessment, the Actigraph was worn during the last week of the intervention to
capture the true effects of intervention without a detraining period. As a result, training
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days (days where the participants came in for any intervention, cognitive or exercise) were
removed from the Actigraph file so as not to artificially augment the habitual daily average
physical activity and sedentary behaviour metrics we were trying to capture by either
training sessions or travel to and from them.
Additionally, a subset of key covariates identified within the baseline cross-sectional
analysis in Chapter 1 was identified for use within this analysis to further explore the
relationships between robust anabolic exercise and physical activity and sedentary
behaviour. The covariates were selected a priori based upon baseline cross-sectional
associations and a review of the literature. Variables were selected if observed to have
significant associations with the dependent variables of interest at baseline, were known to
be amenable to intervention, or have potential confounding or mediating effects on
physical activity and sedentary behaviour. Activity slips that were filled out for the
duration of the intervention that logged the frequency of discrete activities (i.e., social,
religious, entertainment, work, physical activity, hobbies, other) performed weekly were
used for exploratory analysis of these covariates for significant interactions.

2.7 Statistical Analysis
Data were inspected visually and statistically for normality through scatterplot analysis
and Shapiro-Wilk test respectively before commencing statistical analysis. Descriptive
variables by domain were generated for each factorial grouping as mean (standard
deviation) or frequency as appropriate. Independent t-tests and chi-square tests were
conducted to ensure there was not a statistical difference between the stratification
variables of age and sex, respectively, between the factorial groupings that may have
occurred with a reduction in available participant data for accelerometry variables. For the
dependent variables of total average daily physical activity (MET-minutes), total average
daily sedentary time, and total average daily number of sedentary bouts accelerometry
140

values that were deemed to be biologically implausible were removed prior to analysis.
Statistical significance for all analyses was defined as α<0.05. Linear Mixed Modelling
(LMM) and linear regression analysis (LRA) methods were subsequently used to evaluate
the three hypotheses of this chapter.
2.7.1 Effect of Resistance Training and Cognitive Training on Physical Activity and Sedentary
Behaviour
Linear mixed model analysis was utilised to evaluate the effect of resistance training on
physical activity and sedentary behaviour.

This method was selected to allow for

simultaneous evaluation of changes in physical activity and sedentary variables by factorial
grouping, while also accounting for the variability of training response within each
participant.

Additionally, the LMM method maximises available data for analysis by

accounting for missing values at either time point. Participants were therefore included if
they had either a baseline or six-month accelerometry assessment, or both. Analysis was
performed using statistical software (SPSS, IBM Corp, released 2017, IBM SPSS Statistics for
Windows, Version 26.0. Armonk, NY: IBM Corp.).
The base models included fixed and random effects with the repeated measure time, and
were run separately for each of the three dependent variables: total physical activity, total
sedentary time, and number of sedentary bouts. The model consisted of a combination of
factor and covariate terms, and their interactions. Compound symmetry was selected as the
covariance structure for time due to interventional nature of the study and same
dependent variables being measured for all participants irrespective of grouping.
Participant variability of response and starting point was accounted for in the random
effects by entering participant ID using the covariance structure variance components.
Base model terms
Sex
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Age
Resistance Training
Cognitive Training
Time
Resistance Training * Cognitive Training
Resistance Training * Time
Cognitive Training * Time
Resistance Training * Cognitive Training * Time

First, the fixed effects for the three-way interactions were inspected to ensure that there
were no significant interactions that would preclude factorial analysis of resistance
training and cognitive training and instead warrant parallel group analysis of the 4
treatment groups. Next, mean differences were calculated within factorial groupings using
the marginal mean estimates from the mixed model for the interactions Resistance training
* time and Cognitive training * time. The mean differences were then interpreted for
clinical significance where appropriate using current literature, and for statistical
significance with an α<0.05 accepted as statistically significant.

For marginal mean

differences that were close to significant, Hodge’s g effect size was calculated within each
factorial grouping followed by post-hoc power and estimates of required sample sizes
where appropriate.

Following the primary analysis of each base model, secondary analyses were performed
involving the addition of covariates selected from the baseline cross-sectional analysis to
each base model one at a time to evaluate any potential mediating or confounding effects.
In the case of an interaction term (i.e., Resistance training x time) becoming more
significant after the addition of a covariate, the base model was re-run with adjustment for
any drop in participant numbers caused by adding the covariate, and inspected to ascertain
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whether the effect was mainly due to reduced sample size or a true effect. Covariates that
were deemed to have a true effect (i.e., not due to a reduction in sample size) were then
further evaluated by examining the 2-way interaction for time, and 3-way interaction for
group and time. Covariates that were deemed to only exert influence over the interaction
terms due to a drop in participant numbers were not included in tabulation.

2.7.2 Relationship Between Change in Physical Activity and Sedentary Behaviour with Change
in Cognition
Linear regression models were subsequently constructed to evaluate the associations
between changes in physical activity and sedentary behaviour with change in cognition.
Changes scores were calculated for the five cognitive dependent variables from baseline
analysis in Chapter 1; ADAS-Cog score, and the z-scores of Global domain, Executive
domain, Attention domain, and Memory domain. Global, Executive and Attention domain zscores were calculated without the contribution of Trail-making A & B test z-scores as this
particular cognitive test was used during the cognitive training intervention, which was
likely to lead to a learning effect on testing at the six-month assessment. Change scores for
the physical activity and sedentary variables total average daily physical activity (METminutes), total average daily sedentary time and total average daily number of sedentary
bouts were calculated in participants who had both baseline and 6-month values in METminutes, minutes, and bouts, respectively.

Next, interaction terms were created for

resistance training and cognitive training with change in physical activity and sedentary
behaviour variables. This was done to determine whether group assignment influenced
the relationships between changes in these behaviours and cognitive outcomes. Coding (1,
-1) were used to designate those who were assigned and not assigned respectively, to
resistance or cognitive training, and then multiplied by the change scores of total average
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daily physical activity (MET-minutes), total average daily sedentary time or total average
daily number of sedentary bouts to create the interaction terms.

Four sequential models were constructed to evaluate each physical activity and sedentary
behaviour covariate for each of the five cognitive dependents. Each model allowed for the
evaluation of the association of covariates and change scores with change in cognition, the
effect of group allocation, and any interaction between group allocation, change in physical
activity or sedentary behaviour and the resultant change in cognition respectively. The
sequential model structures are shown below:

Model 1

Age, sex, education, change score^

Model 2

Age, sex, education, change score, resistance training, cognitive
training

Model 3

Age, sex, education, change score, resistance training, cognitive
training, interaction term (Resistance training * change score)

Model 4

Age, sex, education, change score, resistance training, cognitive
training, interaction term (Cognitive training * change score)

^ Change score = the change score for total average daily physical activity (MET-minutes), total average daily
sedentary time or total average daily number of sedentary bouts.
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3. Results
3.1 Recruitment and Study Flow

Figure 1 details the participant flow through the study in a CONSORT flow diagram. A total
of 2094 participants were identified in the recruitment pool, which resulted in 101
participants completing baseline assessment (Chapter 1). One participant was deemed
ineligible for medical reasons, with the remaining 100 participants randomised to one of
four possible intervention groups.

During the six-month intervention, 6 participants

discontinued training but completed follow-up assessment, while 8 additional participants
were dropouts and did not complete the follow-up assessment, leaving 92 eligible
participants for assessment at the six-month reassessment.

3.2 Adverse Events
There were six adverse events reported in total in the 18-month study period that have
been described previously in the primary outcomes article (1), and of which five occurred
during the six-month intervention period. There were 2 falls during assessments, and 3
exacerbations of pre-existing arthritis, with one being an unresolved exacerbation of an
underlying rotator cuff tear.

3.3 Baseline Characteristics
The baseline characteristics of the entire cohort are described in Chapter 1.

The

descriptive data of all valid participants who had accelerometry available at one or both
time points during the six-month intervention are presented in Table 1 organised by
factorial grouping.
There were 94 participants in total with valid accelerometry data available for at least one
time point, and 53 with valid accelerometry for both time points. The six participants not
included in the LMM out of the original cohort of n=100 were deemed to be missing at
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random (age p=0.33, education p=0.824, ADAS-Cog p=0.998, habitual gait speed p=0.138).
Likewise, there was no statistically significant difference between the reduced sample of
n=53 who had accelerometry values available at both time points (used for regression
analysis) and the entire cohort (age p=0.317, sex p=0.680, education p=0.327, ADAS-Cog
p=0.446, habitual gait speed p=0.989).

3.4 Effect of Intervention Group on Physical Activity and Sedentary Behaviour
Linear mixed model analysis revealed that older age was associated with lower physical
activity (main effect, B = -15.96, p<0.001) and higher sedentary time (main effect, B = 3.60,
p=0.006), but not number of sedentary bouts (p=0.106).
3.4.1 Total Average Daily Physical Activity
There was no clinically meaningful or statistically significant change in physical activity for
either PRT (p=0.401) or cognitive training (p=0.506) groups (Table 2a). When key
covariates were added (Table 2a), the Resistance*time interaction became significant with
the addition of maximal leg press strength (p=0.041). Thus, the relationship between leg
press strength and physical activity was explored with the following: 1) a 2-way interaction
(leg press strength*time) was added to determine if the change in leg press strength over
time was related to changes in physical activity; 2) a 3-way interaction (Resistance*leg
press strength*time) was added (with all lower order interaction included) to determine if
there was a group dependent association (PRT yes vs. no) between change in leg press
strength over time and physical activity. Neither the 2-way interaction (p=0.074) nor the
3-way interaction (p=0.873) was significant.
3.4.2 Total Average Daily Sedentary Time
There was no statistically significant or clinically meaningful change in sedentary time after
either PRT (p=0.618) or cognitive training (p=0.375) (Table 2b). The literature suggests
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that changes of more than one hour each day are clinically relevant in older adults (16, 17),
and the changes did not meet this threshold. The addition of covariates did not alter these
findings.
3.4.3 Total Average Daily Number of Sedentary Bouts
There was no statistically significant or clinically meaningful change in the number of
sedentary bouts after either resistance (p=0.559) or cognitive training (p=0.352) (Table
2c). The changes observed represent one extra bout (>10mins) of sedentary time every 2
days for the resistance training group and one less bout every 10 days for the cognitive
training group. There is no literature to support any clinical meaningfulness to such
minute changes in bout number, especially in the context of both groups experiencing a
slight reduction in sedentary time. Addition of covariates did not alter these findings
(Table 2c).

3.5 Association Between Change in Physical Activity and Sedentary Behaviour and
Change in Cognition
The results of regression analyses are reported in Table 3a – 3e. Unexpectedly, increased
sedentary time (r=0.346, p=0.015) was associated with improved Attention domain,
irrespective of group assignment (Table 3e).
To explore whether this relationship could be potentially due to engagement in cognitively
enhancing but sedentary activities outside of the intervention sessions, we analysed selfreport engagement in discrete sedentary activities. We found that two self-report activities
had a significant decrease in the average weekly frequency compared to baseline
[entertainment (baseline minus average, mean diff. = 0.66, 95% CI 0.17 to 1.17, p=0.01),
education (baseline minus average, mean diff. = 0.45, 95% CI 0.05 to 0.86, p=0.03)], but the
direction of this change did not explain the increase in attention we observed.
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4. Discussion
We have reported in this chapter the effects of anabolic exercise and cognitive training on
physical activity and sedentary behaviour and their relationship with cognition in a
secondary analysis of the SMART study; the first fully factorial trial of resistance training
and cognitive training in older adults with MCI. The cohort as described in Chapter 1, was
predominantly female, highly active and had minimal disability and sarcopenia.

As

previously reported in the main outcomes of the SMART study (1), cognition improved
significantly following PRT and was found to be mediated by improvements in strength (3).
Contrary to our hypothesis, robust anabolic exercise did not lead to clinically or statistically
significant improvements in physical activity or sedentary behaviour, nor were any
changes in these metrics related to changes in cognition within the cohort.

As

hypothesised, cognitive training did not alter these behaviours either.

4.1 Efficacy of Robust Anabolic Exercise in Improving Physical Activity
Following six months of resistance training and/or cognitive training, older adults with
MCI did not improve physical activity, sedentary time or number of sedentary bouts,
contrary to our first hypothesis and in line with our second. However, there was also no
clinically or significant deterioration of these variables noted.

First, we hypothesised that PRT would improve physical activity in our cohort for several
reasons. We anticipated the cohort to be less physically active than their cognitively intact
peers. In fact, our findings from Chapter 1 suggested that this cohort had a similar level of
physical activity as that reported in cognitively intact cohorts, and in some cases higher
(18-20). Second, we thought the cohort would have a higher prevalence of sarcopenia,
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mobility impairments and pre-frailty than our findings suggested. The prevalence of
sarcopenia was similar to the levels reported in older community-dwelling adults (21), and
only 17% of participants had a gait speed below the clinically relevant cut off for disability
of < 1.0 ms-1, suggesting that on the whole the cohort did not have significant mobility
limitations. Third, as a result of our reasoning above, we thought that anabolic exercise
would improve their strength and mobility and thus allow for increased engagement in
habitual physical activity and reduced sedentary behaviour. Although we did significantly
improve the strength, physical function and aerobic fitness of the participants in the PRT
group (1, 3), they were likely already above the minimal thresholds needed to maintain
optimal mobility and function and therefore, physical activity. For example, the Women’s
Health and Ageing study reported in 1,002 older women (age ≥ 65 years) with significant
mobility limitations that strength only had a significant influence on measures of mobility
and physical function below a certain threshold (22). Above these thresholds, strength was
not associated with performance in these tasks. These same curvilinear relationships have
been noted in other studies of older adults with mobility limitations for muscular power
(23).

Thus, since our cohort had low levels of mobility limitations, sarcopenia and

disability and were already physical active, it was unlikely that an anabolic exercise
intervention designed to address these specific factors would lead to further improvements
in their level of physical activity.
Furthermore, there were some key study design factors that may have precluded change in
physical activity. First, participants were asked as part of the study procedure to avoid
where possible engaging in new forms of structured exercise during the six-month
intervention period of the study in order to avoid contaminating the effects of each
intervention on primary and secondary outcomes. This would significantly reduce any
opportunity to increase habitual physical activity, as this would have had to be through
incidental activities such as walking and household chores, rather than structured exercise.
In light of our discussion above, even if the improvements in strength, physical function
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and aerobic capacity reported in the SMART study following PRT could have led to
increased engagement in structured exercise outside of the intervention, the study design
precluded this.
Additionally, we chose to exclude the exercise undertaken during the study from the
overall analysis of physical activity in order to observe changes to habitual activity alone. It
is important to note that following six-months of high-intensity PRT performed 2 – 3
days/week that physical activity outside of the intervention did not decrease. This is in
contrast to findings from aerobic interventions whereby increasing the volume of
structured exercise results in a refractory decline in moderate-vigorous physical activity
and a rise in sedentary time. For example, Goncin et al. 2020 reported a refractory decline
in moderate-to-vigorous physical activity (MVPA) and increased sedentary time following
participation in high intensity aerobic exercise for a period of up to three days following a
training session (24). Similarly, a trial of aerobic exercise using doubly-labelled water to
measure energy expenditure reported refractory decreases in habitual activity following
increased aerobic exercise, with an overall decrease in habitual activity noted (25). In our
study, each one-hour high intensity PRT session was estimated to be require 240-360 METminutes of effort, which when considered in the context of mean daily MET-minutes for the
PRT group in our study at baseline (marginal mean 1127 Met-minutes, Table 2a) would
add up to one-third more expenditure to the daily physical activity total. Thus, the addition
of high intensity PRT in older adults with MCI led to improvements in cognition without a
significant refractory decline in physical activity.

4.2 Efficacy of Robust Anabolic Exercise in Improving Sedentary Behaviour
First, we did not find the expected reduction in sedentary behaviour after PRT that we had
hypothesised. There are several possible reasons for this result as noted below. First, as
reported in Chapter 1, participants had similar sedentary time at baseline to the times
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observed in cognitively intact adults. Time spent in sedentary activities was 8.8 hours,
which is comparable to the 8.5-9 hours of sedentary time reported in broader
epidemiological cohorts (26, 27). Therefore, there may have been less room to reduce this
behaviour than we presumed, as the cohort was less sedentary than we expected them to
be. Second, as noted above, we presumed that sarcopenia and mobility impairment would
be part of the reason that people were sedentary in this cohort, and therefore anabolic
exercise would mitigate this risk. Again, this presumption was not borne out. Muscle mass
and muscle strength were unrelated to sedentary behaviour at baseline, so an anabolic
intervention targeting these factors would not be likely to change this behaviour.

Second, we did not see an increase in sedentary behaviour acutely after PRT, in contrast to
some aerobic exercise interventions. These findings are important as previous reports
indicate that older adults become more sedentary, at least acutely, following high intensity
aerobic exercise, as discussed above (24, 25).

In the SMART study, participants

undertaking high intensity PRT two to three days per week on average did not became
more sedentary than at baseline or when compared to the group who did not receive PRT.
It should be noted that we did not measure sedentary behaviour in the hours directly after
the exercise sessions, as we excluded exercise days from our analyses. Thus, it is possible
that had these days been included, we could have seen increases in sedentary behaviour on
these days. We decided that it would not be possible to interpret such days as “habitual”
due to the need to travel to the university clinic and back, even if the exercise sessions
themselves were excluded.

Additional long-term studies in individuals with more

physiological or psychological barriers to activity are needed to elucidate these
relationships and how to best improve sedentary behaviour.
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4.3 Relationship Among Change in Physical Activity, Sedentary Behaviour, and
Cognition
Contrary to our third hypothesis, there was virtually no relationship observed between
change in measures of physical activity and sedentary behaviour with cognition following
intervention at a group or cohort level. The one exception to this finding was that change
in sedentary time had a weak, direct association with change in Attention domain as a
covariate that persisted across multiple models. We found no plausible explanation for this
relationship after conducting further exploratory analysis and a review of the literature,
and thus these results must be interpreted with caution given the number of models
constructed. The findings of this chapter are mostly consistent with the relationships
observed from Chapter 1, which indicated that at baseline there were no associations
between cognition and physical activity, and small associations between Global and
Executive domain with sedentary time. Thus, in a cohort with MCI, the improvements
observed in cognition in this study were not related to changes in habitual physical activity
and sedentary behaviour outside of the intervention. There are several reasons why this
relationship may not have been observed within this cohort.
First it is important to note that in essence physical activity was related to improvements
in cognition in this trial. The inclusion of structured high intensity physical activity of a
specific type, in that of robust anabolic exercise, in the weekly routine of older adults with
MCI produced significant improvements in cognition over a six-month period. The key
difference in our analysis is that this activity was not considered ‘habitual’ physical activity
that would have occurred without prompt or supervision in the daily routine of older
adults. Findings from Chapter 1 revealed that the older adults in our cohort accrued the
majority of their daily MET-minutes through activities that were at a light workload, and
did not change significantly throughout the intervention. Furthermore, there is evidence to
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suggest that it may not be simply a matter of volume when it comes to the protective effect
on cognition observed with high physical activity levels.

For instance, several large

longitudinal cohort studies have reported that physical activity that is specifically of
moderate-to-vigorous intensity is key to slowing cognitive decline (28). Furthermore, in
older adults with MCI there are indications that cognition is related to both aerobic fitness
(29) and strength (30) independent of overall physical activity level. Six months of robust
anabolic exercise in the SMART cohort improved both peak aerobic capacity and strength
in this cohort (1), which as we can deduce from the findings of this chapter, is also
independent of habitual physical activity. Thus, it appears that there may be certain
characteristics pertaining to the physical activity such as intensity or the anabolic or
aerobic stimulus, that facilitate the maintenance and improvement in cognition in those
with MCI.
Furthermore, the nature of the relationship between physical activity, sedentary time and
cognition is likely to change with progression in severity of cognition impairment. The
functional decline that occurs in the transition from MCI to dementia is likely to play a part
in the accumulation of factors that further influence cognition and physical activity. The
transition from MCI to dementia is accompanied by a marked decrease in physical activity
and increase in sedentary time (31). This leads to an increased prevalence of sarcopenia
and frailty (32-34), which in turn creates a deleterious cycle, which further reduces
functional abilities. The way that sarcopenia appears to progress with increasing cognitive
impairment may in part explain the complex relationship between cognition, sedentary
time and physical activity. The most recent criteria identify sarcopenia first and foremost
by a decrease in strength, which is confirmed with low sex- and age-predicted appendicular
muscle mass (35). The presence of poor physical function further classifies the sarcopenia
as severe. In the baseline associations reported in Chapter 1, field measures of leg power
such as the chair stand and stair climb were strongly associated with physical activity,
sedentary behaviour and cognition in a cohort with minimal sarcopenia. Conversely,
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habitual gait speed and balance were associated minimally, while muscle mass had no
association with physical activity, sedentary behaviour and cognition. This is consistent
with literature that reports clear associations between strength and cognition in MCI (36),
but less clear relationships for muscle mass (37, 38). Thus, it appears that in the early
stages of cognitive impairment, muscle strength and power have an association with
cognition that precedes the clinical loss of muscle mass observed with the higher
prevalence of sarcopenia after dementia diagnosis.
Attention then might turn to the rapid rise in the clinical loss of muscle mass that occurs in
the transition following MCI. However, several longitudinal and cross-sectional analyses
have also failed to find a direct relationship between cognition and muscle mass in MCI or
dementia (39, 40). A recent cross-sectional analysis by Ogawa et al. (2018) of 285 older
adults with dementia and 67 cognitively-intact matched controls aimed to characterise the
prevalence and features of sarcopenia by stage of dementia (34). As expected, they found
an inverse association between MMSE score and sarcopenia. However the most interesting
finding was that muscle mass was somewhat preserved in both early and mild dementia,
while strength continued to decline at each stage of dementia (34). Thus, it appears the
while muscle mass is lost with increasing dementia severity, it is in fact the loss of strength
that has the strongest associations with cognitive decline. However, that is not to discount
the vital role that muscle mass may have in the disease. For example, a cross-sectional,
case-control study involving 140 older adults who were either cognitively intact or living
with MCI found that lean muscle mass was not only significantly reduced in the cognitivelyimpaired group, but that greater whole brain and cortical white matter volume and Global
cognitive performance was associated with higher lean muscle mass in these individuals
(41). Furthermore, in Chapter 1, we unexpectedly found small, but significant associations
between markers of metabolic health including HOMA-IR, systolic blood pressure and
homocysteine with sedentary behaviour. All three of these markers are both associated
with risk of cognitive impairment (42-44) and sub-optimal muscle mass (45-47). Thus,
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anabolic exercise, which is the best treatment for sarcopenia (35), may have a role in
preserving key cortical structures and metabolic function to reduce future risk of cognitive
impairment.

4.4 Limitations
There were several methodological factors that may have influenced the results observed.
First, the sample size of the cohort used for mixed model analysis in testing the first part of
this paper was reduced from the original cohort due to availability of valid accelerometry
at either time point. However, use of the mixed model procedure allowed us to maximise
our statistical power by including any available time point in our analysis. For the linear
regression models using the changes scores for testing our second hypothesis however, the
sample size was effectively halved, as only participants with valid accelerometry at both
time points were used for analysis.

This may have reduced the power to detect a

significant relationship within the sample. However, analysis of group characteristics
between both accelerometry samples and the entire cohort revealed that there were no
significant differences in key characteristics and thus participant data were deemed
missing at random.

Furthermore, the trial entry criteria could have resulted in a

recruitment bias characterised by the enrolment of only higher functioning older adults
with MCI. Entry criteria required that participants lived independently, could travel to and
from the clinic for a period of six months and did not have major mobility limitations,
disability or unstable or terminal conditions. The cohort was representative of the older
Australia population for sociodemographic factors (described in Chapter 1) and many
chronic disease risk factors, however due to entry criteria had a lower prevalence of
cerebrovascular disease, depression, and excessive alcohol consumption. Therefore, the
physical activity and sedentary behaviour of the cohort may not have been impacted to the
anticipated degree by chronic disease and disability risk factors which may have precluded
expected associations and changes. Finally, the study design which mandated that no new
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extra-study structured exercise be taken up during the 6 months of intervention would
have minimised any possible benefit of PRT on habitual activity levels.

4.5 Conclusions
In this chapter we performed a secondary analysis of the SMART study, the first fully
factorial trial of resistance training and cognitive training in older adults with MCI.
Unexpectedly, PRT did not increase physical activity or decrease sedentary behaviour in
older adults with MCI. Conversely, our second hypothesis that following cognitive training
there would be no change to either behaviour was confirmed. Furthermore, our third
hypothesis that beneficial changes in physical activity and sedentary behaviour would be
associated with improvements in cognition was also not supported. However, the findings
in relation to PRT are clinically relevant as they demonstrate that the addition of 2-3 high
intensity PRT training sessions per week into the routine of older adults with MCI does not
result in a decrease in habitual activity and increase in sedentary behaviour, as has been
reported previously with aerobic exercise (24, 25). Findings from Chapter 1, previously
published outcomes from the SMART study, and the broader literature all indicate that
adding robust anabolic exercise to habitual physical activity confers both acute and
preventive benefits in relation to the trajectory of cognitive decline. Further studies should
evaluate this relationship within cohorts with MCI for longer periods of follow-up as well
as in cohorts with dementia to contrast and evaluate the ability to boost and sustain
healthful physical activity patterns in more impaired individuals.
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Tables
Table 1 - Baseline Cohort Description by Factorial Assignment
Resistance training
No Resistance training
Cognitive training
No Cognitive training
Factor
n= 46
n= 48
n=48
n=46
Demographic
Age, years
70.5 (6.0)
69.9 (7.5)
70.0 (7.3)
70.4 (6.3)
Sex, n female / male
32 / 14
33 / 15
34 / 14
31 / 15
Education#, years
13.0 (3.9)
13.6 (3.2)
13.6 (3.7)
13.0 (3.5)
ADAS-Cog, /70
7.9 (3.6)
8.0 (3.4)
8.0 (4.0)
8.0 (2.9)
Health status
Homocysteine, υmol L-1
10.3 (2.7)
10.3 (2.7)
10.1 (2.2)
10.5 (3.1)
APOE4 carrier status^, n negative / positive
30 / 8
30 / 14
28 / 11
31 / 10
Systolic Blood pressure, mmHg
135.5 (13.9)
133.5(15.3)
132.5 (14.4)
136.5 (14.7)
Strength
Maximum Leg press strength, Newton
1810.9 (542.3)
1620.5 (520.3)
1708.9 (569.4)
1718.7 (507.1)
Aerobic Capacity
Relative VO2 peak, ml.kg.min-1
21.4 (4.9)
21.3 (6.5)
21.9 (5.9)
20.8 (5.7)
Exercise capacity
Six-minute walk distance, metres
566.0 (111.4)
518.6 (115.1)
543.2 (125.6)
540.3 (104.6)
Physical function
Maximal gait speed, m.s-1
2.0 (0.3)
1.8 (0.4)
1.9 (0.4)
1.8 (0.3)
Stair climb power, watts
296.5 (82.9)
265.7 (111.5)
282.1 (110.4)
279.6 (86.6)
Five times Chair stand time, seconds
11.8 (3.4)
13.4 (5.1)
12.2 (4.3)
13.1 (4.5)
Total static balance time, seconds
72.6 (12.2)
73.5 (8.6)
73.2 (11.7)
73.0 (9.2)
Body composition
Skeletal muscle index, kg.m-2
7.9 (1.6)
8.4 (2.1)
8.0 (1.7)
8.3 (2.1)
Waist circumference, cm
94.1 (11.9)
90.3 (16.9)
92.5 (13.3)
91.9 (16.0)
Psychosocial
Geriatric Depression Scale, /15
1.4 (1.3)
1.8 (1.7)
1.8 (1.5)
1.4 (1.5)
Duke social support index, /80
27.8 (2.8)
28.0 (2.8)
27.8 (2.9)
28.0 (2.7)
Quality of Life Scale, /112
88.3 (10.7)
85.6 (12.7)
87.1 (11.8)
86.8 (11.8)
SF-36 PCS*
50.4 (7.6)
47.3 (9.6)
48.1 (8.8)
49.6 (8.8)
SF-36 MCS*
52.4 (5.9)
52.4 (7.4)
51.1 (7.5)
53.5 (5.4)
Footnote: Values are presented a mean (Standard deviation) or as a frequency where appropriate. # An education of more than 12 years is considered
tertiary education. ^ Data not available in 14 participants, * scores standardised to population mean score of 50 with scores higher than 50 indicating
higher than average quality of life. ADAS-Cog = Alzheimer’s Disease Assessment Scale – Cognitive sub-score. Not used in mixed modelling analysis but
provided in table for descriptive purposes APOE4 = Apolipoprotein E gene variant 4, positive carrier status is linked to higher genetic risk of Alzheimer’s
disease, VO2 peak = maximal oxygen update during exercise SF-36 MCS & PCS = 36-item Short Form survey – mental and Physical Component scores.
Higher scores/values are indicative of better functioning/health in all domain measures with the exception of ADAS-Cog score, homocysteine, systolic
blood pressure, five times chair stand time, waist circumference, and Geriatric Depression Scale where a lower score/value is better.

Table 2a - Marginal Mean Difference Adjusted for Age and Sex for Total Daily Physical Activity
Group
Participants in model

Resistance training
n = 46

No resistance training
n = 48

Cognitive training
n = 48

No Cognitive training
n = 46

Total physical activity^, MET-minutes
Pre mean* (SD)
Post mean* (SD)
Mean Difference (CI)
Effect size^ (CI)
Resistance / Cognitive training * time interaction#
Base model
After Covariate adjustment
Education
Absolute compliance - Cognitive
Relative compliance -Cognitive
Absolute compliance - Resistance
Relative compliance - Resistance
APOE4 status
Baseline Homocysteine
Maximum leg press
Maximum gait speed
Six-minute walk distance
Peak oxygen consumption (V02 peak)
Stair climb power
5 times sit to stand
Static balance
Skeletal Muscle Index (SMI)
Waist circumference
Geriatric Depression Scale
Duke Social Support Scale
Quality of Life Scale
SF-36- Physical Component
SF-36 – Mental Component

1127.1 (329.6)
1027.9 (340.2)
1092.2 (354.0)
1055.0 (333.90
-62.0 (-199.3 – 75.3)
-0.18 (-0.59 – 0.22)
P-value
0.409
0.408
0.384
0.425
0.379
0.457
0.753
0.186
0.041
0.726
0.542
0.215
0.163
0.302
0.251
0.272
0.447
0.783
0.449
0.421
0.428
0.468

1074.4 (331.2)
1080.6 (337.1)
1082.6 (342.3)
1064.6 (346.6)
24.2 (-112.7 – 161.1)
0.07 (-0.33 – 0.48)
P - value
0.747
0.751
0.644
0.747
0.595
0.714
0.685
0.980
0.607
0.733
0.790
0.603
0.982
0.709
0.625
0.543
0.925
0.832
0.785
0.715
0.795
0.802

Footnotes: ^ Values presented in table are average daily values calculated from a week of accelerometry. * All means reported in the table are marginal means derived from the
base mixed model described in the methods section, which is adjusted for age and sex. Mean difference is the difference between the change score for both groups pre/post. **
Hedge’s g (bias corrected) effect size. Mixed modelling includes participants in the model if there is at least one valid time point for the dependent variable available and adjusts for
missing data points. # Significance (p-value) was set at p <0.05 and is reported for Resistance training * Time or Cognitive Training * Time interaction in mixed model for base model,
and then for the ##base model adjusted for each of the listed covariates. Significant interactions are bolded. SD = Standard Deviation, CI = 95% Confidence interval, Sig. =
Significance. Higher daily MET-minutes, and lower sedentary time and number of sedentary bouts are associated with better health outcomes in the broader population. The
addition of maximal leg press to the model made the interaction for resistance training * time significant.
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Table 2b - Marginal Mean Difference Adjusted for Age and Sex for Total Sedentary Time
Group
Participants in model
Total physical activity^, MET-minutes
Pre mean (SD)*
Post mean (SD)*
Mean Difference (CI)
Effect size (CI)**
Resistance / Cognitive training * time interaction#
Base model
After Covariate adjustment##
Education
Absolute compliance - Cognitive
Relative compliance - Cognitive
Absolute compliance - Resistance
Relative compliance - Resistance
Baseline Homocysteine
Maximum leg press
Maximum gait speed
Six-minute walk distance
Peak oxygen consumption (V02 peak)
5 times sit to stand
Static balance
Skeletal Muscle Index (SMI)
Waist circumference
Duke Social Support Scale
Quality of Life Scale
SF-36- Physical Component
SF-36 – Mental Component

Resistance training
n = 46

No resistance training
n = 48

527.4 (97.0)
551.6 (99.1)
515.1 (104.0)
549.5 (101.1)
-10.2 (-50.4 – 30.0)
-0.10 (-0.51 – 0.30)
P- value
0.618
0.618
0.619
0.680
0.625
0.632
0.902
0.771
0.341
0.827
0.825
0.665
0.760
0.791
0.746
0.672
0.616
0.559
0.550

Cognitive training
n = 48

No Cognitive training
n = 46

551.1 (97.0)
542.2 (100.5)

527.9 (98.3)
522.5 (101.1)
-3.5 (-43.5 – 36.5)
-0.04 (-0.44 – 0.37)
P - value
0.860
0.886
0.855
0.854
0.830
0.868
0.965
0.992
0.737
0.782
0.701
0.836
0.571
0.673
0.817
0.822
0.854
0.939
0.930

Footnotes: ^ Values presented in table are average daily values calculated from a week of accelerometry. * All means reported in the table are marginal means derived from the
base mixed model described in the methods section, which is adjusted for age and sex. Mean difference is the difference between the change score for both groups pre/post. **
Hedge’s g (bias corrected) effect size. Mixed modelling includes participants in the model if there is at least one valid time point for the dependent variable available and adjusts for
missing data points. # Significance (p-value) was set at p <0.05 and is reported for Resistance training * Time or Cognitive Training * Time interaction in mixed model for base model,
and then for the ##base model adjusted for each of the listed covariates. SD = Standard Deviation, CI = 95% Confidence interval, Sig. = Significance. Higher daily MET-minutes, and
lower sedentary time and number of sedentary bouts are associated with better health outcomes in the broader population. The following covariates were not displayed in the table
as secondary analysis revealed that the significance of their addition to the model was due to reduced sample size and not a true relationship within the cohort: APOE4 status, Stair
climb power, and Geriatric Depression Scale.
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Table 2c - Marginal Mean Difference Adjusted for Age and Sex for Number of Sedentary Bouts
Group
Resistance training
No resistance training
Participants in model
n = 46
n = 48
Total physical activity^, MET-minutes
Pre mean (SD)
13.5 (3.7)
14.5 (3.8)
Post mean (SD)
13.4 (3.9)
13.9 (3.7)
Mean Difference (CI)
0.5 (-1.03 – 2.03)
Effect size (CI)
0.13 (-0.27 – 0.54)
#
Resistance / Cognitive training * time interaction
P- value
Base model
0.559
After Covariate adjustment
Education
0.559
Absolute compliance - Cognitive
0.553
Relative compliance -Cognitive
0.488
Absolute compliance - Resistance
0.552
Relative compliance - Resistance
0.529
APOE4 status
0.949
Baseline Homocysteine
0.390
Maximum leg press
0.578
Maximum gait speed
0.724
Six-minute walk distance
0.538
Peak oxygen consumption (V02 peak)
0.563
5 times sit to stand
0.507
Static balance
0.497
Skeletal Muscle Index (SMI)
0.487
Waist circumference
0.389
Duke Social Support Scale
0.524
Quality of Life Scale
0.577
SF-36- Physical Component
0.591
SF-36 – Mental Component
0.657

Cognitive training
n = 48

No Cognitive training
n = 46

14.4 (3.7)
13.6 (3.7)
14.0 (3.8)
13.3 (3.9)
-0.10 (-1.62 – 1.42)
-0.03 (-0.43 – 0.38)
P - value
0.769
0.774
0.745
0.763
0.733
0.790
0.541
0.953
0.927
0.722
0.675
0.789
0.740
0.553
0.684
0.653
0.741
0.729
0.823
0.839

Footnotes: ^ Values presented in table are average daily values calculated from a week of accelerometry. * All means reported in the table are marginal means derived from the
base mixed model described in the methods section, which is adjusted for age and sex. Mean difference is the difference between the change score for both groups pre/post. **
Hedge’s g (bias corrected) effect size. Mixed modelling includes participants in the model if there is at least one valid time point for the dependent variable available and adjusts
for missing data points. # Significance (p-value) was set at p <0.05 and is reported for Resistance training * Time or Cognitive Training * Time interaction in mixed model for base
model, and then for the ##base model adjusted for each of the listed covariates. SD = Standard Deviation, CI = 95% Confidence interval, Sig. = Significance. Higher daily METminutes, and lower sedentary time and number of sedentary bouts are associated with better health outcomes in the broader population. The following covariates were not
displayed in the table as secondary analysis revealed that the significance of their addition to the model was due to reduced sample size and not a true relationship within the
cohort: Stair climb power, and Geriatric Depression Scale
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Table 3a – Multiple Regression Models for Association Between Physical Activity and Sedentary Behaviour with ADAS-Cog
Predictor variables
Total daily MET-minutes

Model 1
r

Beta (SE)

Model 2
r

Beta (SE)

Model 3
r

Beta (SE)

Model 4
r

Beta (SE)

Constant
1.602 (3.766)
1.392 (3.878)
1.373 (3.919)
1.355 (3.937)
Age (years)
-0.093
-0.031 (0.048)
-0.089
-0.030 (0.049)
-0.089
-0.030 (0.050)
-0.087
-0.029 (0.050)
Sex
0.180
0.869 (0.687)
0.178
0.860 (0.701)
0.171
0.827 (0.723)
0.176
0.850 (0.715)
Education
-0.140
-0.093 (0.100)
-0.124
-0.083 (0.103)
-0.121
-0.080 (0.105)
-0.124
-0.082 (0.104)
Change in PA (MET-minutes)
0.180
0.001(0.001)
0.194
0.001 (0.001)
0.199
0.002 (0.001)
0.200
0.002 (0.001)
Resistance training
-0.021
-0.047 (0.320)
-0.021
-0.047 (0.324)
-0.020
-0.045 (0.324)
Cognitive training
-0.088
-0.196 (0.320)
-0.088
-0195 (0.324)
-0.089
-0.197 (0.324)
Resistance training * change score
0.033
0.000 (0.001)
Cognitive training * change score
0.016
0.000 (0.001)
Adjusted R2
0.030
-0.002
-0.023
-0.024
Total sedentary time
Model 1
Model 2
Model 3
Model 4
Constant
1.673 (3.823)
1.347 (3.954)
1.435 (3.992)
1.246 (3.972)
Age (years)
-0.082
-0.028 (0048)
-0.072
-0.024 (0.050)
-0.072
-0.024 (0.050)
-0.066
-0.022 (0.050)
Sex
0.220
1.062 (0.048)
0.217
1.049 (0.692)
0.226
1.092 (0.704)
0.207
0.997 (0.698)
Education
-0.186
-0.123 (0.096)
-0.175
-0.116 (0.98)
-0.183
-0.121 (0.100)
-0.181
-0.120 (0.099)
Change in Sedentary time (minutes)
-0.102
-0.003 (0.004)
-0.111
-0.003 (0.004)
-0.085
-0.002 (0.004)
-0.173
-0.005 (0.005)
Resistance training
-0.051
-0.112 (0.322)
-0.039
-0.087 (0.329)
-0.027
-0.060 (0.330)
Cognitive training
-0.064
-0.141 (0.319)
-0.078
-0.174 (0.329)
-0.080
-0.178 (0.324)
Resistance training * change score
0.073
0.002 (0.004)
Cognitive training * change score
-0.132
-0.004 (0.005)
Adjusted R2
0.012
-0.023
-0.040
-0.031
Number of sedentary bouts
Model 1
Model 2
Model 3
Model 4
Constant
1.841 (3.791)
1.626 (3.912)
2.387 (3.916)
1.250 (3.982)
Age (years)
-0.085
-0.029 (0.048)
-0.079
-0.027 (0.050)
-0.109
-0.037 (0.050)
-0.065
-0.022 (0.050)
Sex
0.226
1.089 (0.677)
0.225
1.086 (0.694)
0.262
1.266 (0.700)
0.216
1.043 (0.702)
Education
-0.197
-0.131 (0.094)
-0.188
-0.125 (0.097)
-0.204
-0.135 (0.096)
-0.183
-0.121 (0.097)
Change in Sedentary bouts (n)
-0.105
-0.071 (0.093)
-0.108
-0.073 (0.095)
-0.006
-0.004 (0.107)
-0.150
-0.101 (0.106)
Resistance training
-0.033
-0.073 (0.323)
-0.007
-0.016 (0.322)
-0.007
-0.016 (0.337)
Cognitive training
-0.066
-0.147 (0.320)
-0.114
-0.252 (0.326)
-0082
-0.181 (0.326)
Resistance training * change score
0.227
0.152 (0.122)
Cognitive training * change score
-0.103
-0.069 (0.109)
Adjusted R2
0.013
-0.023
-0.004
-0.037
Significance Bolded and indicated by *α<0.05, ** α<0.01, *** α<0.001. Change score = refers to change value for respective physical activity/sedentary behavior variable from
Baseline to six months.
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Table 3b – Multiple Regression Models for Association Between Physical Activity and Sedentary Behaviour with Global Domain
Predictor variables
Total daily MET-minutes

Model 1
r

Beta (SE)

Model 2
r

Beta (SE)

Model 3
r

Beta (SE)

Model 4
r

Beta (SE)

Constant
-0.252 (0.468)
-0.242 (0.483)
-0.256 (0.478)
-0.292 (0.484)
Age (years)
0.076
0.003 (0.006)
0.076
0.003 (0.006)
0.077
0.003 (0.006)
0.093
0.004 (0.006)
Sex
-0.113
-0.065 (0.085)
-0.113
-0.065 (0.087)
-0.156
-0.091 (0.088)
-0.136
-0.079 (0.088)
Education
0.158
0.013 (0.012)
0.145
0l012 (0.013)
0.170
0.014 (0.013)
0.148
0.012 (0.013)
Change in PA (MET-minutes)
-0.041
-3.820e-5 (0.00) -0.055
-5.065e-5 (0.00)
-0.019
-1.76e-5 0(.00)
0.017
1.603e-5 (0.00)
Resistance training
-0.002
-0.001 (0.040)
-0.002
-0.001 (0.039)
0.009
0.022 (0.040)
Cognitive training
0.075
0.02 (0.040)
0.078
0.021 (0.039)
0.067
0.018 (0.040)
Resistance training * change score
0.211
0.000 (0.000)
Cognitive training * change score
0.178
0.000 (0.000)
Adjusted R2
-0.039
-0.079
-0.054
-0.072
Total sedentary time
Model 1
Model 2
Model 3
Constant
-0.212 (0.469)
-0.194 (0.485)
-0.238 (0.472)
-0.214 (0.482)
Age (years)
0.065
0.003 (0.006)
0.062
0.003 (0.006)
0.065
0.003 (0.006)
0.072
0.003 (0.006)
Sex
-0.123
-0.071 (0.083)
-0.124
-0.072 (0.085)
-0.161
-0.093 (0.083)
-0.142
-0.082 (0.085)
Education
0.152
0.012 (0.012)
0.142
0.011 (0.012)
0.175
0.014 (0.012)
0.132
0.010 (0.012)
Change in Sedentary time (minutes)
0.110
0.000 (0.000)
0.117
0.000 (0.000)
0.008
2.661e-5 (0.001)
0.018
6.110e-5 (0.001)
Resistance training
0.012
0.003 (0.040)
-0.033
-0.009 (0.039)
0.050
0.013 (0.040)
Cognitive training
0.074
0.020 (0.039)
0.134
0.036 (0.039)
0.047
0.013 (0.039)
Resistance training * change score
-0.301
-0.001 (0.001)
Cognitive training * change score
-0.213
-0.001 (0.001)
Adjusted R2
-0.028
-0.067
-0.006
-0.053
Number of sedentary bouts
Model 1
Model 2
Model 3
Model 4
Constant
-0.228 (0.464)
-0.223 (0.478)
-0.283 (0.485)
-0.180 (0.487)
Age (years)
0.068
0.003 (0.006)
0.069
0.003 (0.006)
0.088
0.004 (0.006)
0.055
0.002 (0.006)
Sex
-0.130
-0.075 (0.083)
-0.134
-0.078 (0.085)
-0.159
-0.092 (0.087)
-0126
-0.073 (0.086)
Education
0.163
0.013 (0.012)
0.154
0.012 (0.012)
0.165
0.013 (0.012)
0.149
0.012 (0.012)
Change in Sedentary bouts (n)
0.133
0.011 (0.011)
0.140
0.011 (0.012)
0.072
0.006 (0.013)
0.180
0.015 (0.013)
Resistance training
-0.009
-0.002 (0.039)
-0.026
-0.007 (0.040)
-0.034
-0.009 (0.041)
Cognitive training
0.080
0.021 (0.039)
0.111
0.030 (0.040)
0.095
0.025 (0.040)
Resistance training * change score
-0.149
-0,12 (0.014)
Cognitive training * change score
0.098
0.008 (0.013)
Adjusted R2
-0.022
-0.060
-0.065
-0.075
Significance Bolded and indicated by *α<0.05, ** α<0.01, *** α<0.001. Change score = refers to change value for respective physical activity/sedentary behavior variable from Baseline
to six months.
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Table 3c – Multiple Regression Models For Association Between Physical Activity and Sedentary Behaviour with Executive Domain
Model 1
r

Predictor variables
Total daily MET-minutes
Constant

Beta (SE)

0.202 (0.618)
0.055
0.003 (0.008)
-0.035
-0.027 (0.113)
-0.151
-0.016 (0.016)
-0.209
0.000 (0.000)

Model 2
r

Beta (SE)

0.279 (0.630)
0.002 (0.008)
-0.018 (0.114)
-0.014 (0.017)
0.000 (0.000)
0.052 (0.052)
-0.042 (0.052)

Model 3
r

Beta (SE)

0.279 (0.637)
0.002 (0.008)
-0.019 (0.118)
-0.014 (0.017)
0.000 (0.000)
0.052 (0.053)
- 0.042 (0.053)
3.862e-6 (0.000)

Model 4
r

Beta (SE)
0.176 (0.617)
0.003 (0.008)
-0.046 (0.112)
-0.014 (0.016)
-7.601e-5 (0.000)
0.058 (0.051)
-0.046 (0.051)

Age (years)
0.028
0.028
0.054
Sex
-0.024
-0.024
-0.060
Education
-0.135
-0.134
-0.131
Change in PA (MET-minutes)
-0.175
-0.174
-0.062
Resistance training
0.148
0.148
0.165
Cognitive training
-0.118
-0.118
-0.130
Resistance training * change score
0.003
Cognitive training * change score
0.277
0.000 (0.000)
Adjusted R2
-0.026
-0.039
-0.062
0.011
Total sedentary time
Model 1
Model 2
Model 3
Constant
0.178 (0.630)
0.288 (0.641)
0.267 (0.645)
0.255 (0.630)
Age (years)
0.044
0.002 (0.008)
0.012
0.001 (0.008)
0.013
0.001 (0.008)
0.025
0.001 (0.008)
Sex
-0.081
-0.063 (0.008)
-0.059
-0.045 (0.112)
-0.072
-0.056 (0.114)
-0.081
-0.062 (0.111)
Education
-0.094
-0.010 (0.016)
-0.090
-0.010 (0.016)
-0.078
-0.008 (0.016)
-0.104
-0.011 (0.016)
Change in Sedentary time (minutes)
0.102
0.000 (0.001)
0.104
0.000 (0.001)
0.065
0.000 (0.001)
-0.021
-9.547e-5 (0.001)
Resistance training
0.175
0.062 (0.052)
0.158
0.056 (0.053)
0.223
0.079 (0.052)
Cognitive training
-0.140
-0.049 (0.052)
-0.118
-0.042 (0.053)
-0.174
-0.062 (0051)
Resistance training * change score
-0.109
0.000 (0.001)
Cognitive training * change score
-0.270
-0.001 (0.001)
Adjusted R2
-0.055
-0.055
-0.068
-0.019
Number of sedentary bouts
Model 1
Model 2
Model 3
Model 4
Constant
0.180 (0.618)
0.266 (0.629)
0.239 (0.642)
0.269 (0.643)
Age (years)
0.042
0.002 (0.008)
0.017
0.001 (0.008)
0.023
0.001 (0.008)
0.016
0.001 (0.008)
Sex
-0.092
-0.071 (0.110)
-0.071
-0.054 (0.112)
-0.079
-0.061 (0.115)
-0.070
-0.054 (0.113)
Education
-0.088
-0.009 (0.015)
-0.082
-0.009 (0.016)
-0.079
-0.008 (0.016)
-0.083
-0.009 (0.016)
Change in Sedentary bouts (n)
0.181
0.019 (0.015)
0.160
0.017 (0.015)
0.137
0.015 (0.018)
0.162
0.017 (0.017)
Resistance training
0.153
0.054 (0.052)
0.147
0.052 (0.053)
0.152
0.054 (0.054)
Cognitive training
-0.131
-0.047 (0.051)
-0.121
-0.043 (0.053)
-0.131
-0.046 (0.053)
Resistance training * change score
-0.050
-0.005 (0.018)
Cognitive training * change score
0.006
0.001 (0.018)
Adjusted R2
-0.031
-0.039
-0.060
-0.062
Significance Bolded and indicated by *α<0.05, ** α<0.01, *** α<0.001. Change score = refers to change value for respective physical activity/sedentary behavior variable from Baseline
to six months.

169

Table 3d – Multiple Regression Models for Association Between Physical Activity and Sedentary Behaviour with Memory Domain
Model 1
r

Predictor variables
Total daily MET-minutes
Constant

Beta (SE)

-0.937 (0.752)
0.102
0.007 (0.009)
-0.101
-0.095 (0.137)
0.265
0.034 (0.020)
0.157
0.000 (0.000)

Model 2
r

Beta (SE)

-1.036 (0.750)
0.135
0.009 (0.009)
-0.115
-0.108 (0.136)
0.232
0.030 (0.020)
0.100
0.000 (0.000)
-0.186
-0.080 (0.062)
0.225
0.097 (0.062)

Model 3
r

Beta (SE)

-1.066 (0.729)
0.009 (0.009)
-0.160 (0.134)
0.034 (0.019)
0.000 (0.000)
-0.081 (0.060)
0.099 (0.060)
0.000 (0.000)

Model 4
r

Beta (SE)
-1.049 (0.761)
0.009 (0.010)
-0.112 (0.138)
0.030 (0.020)
0.000 (0.000)
-0.080 (0.063)
0.097 (0.063)

Age (years)
0.136
0.138
Sex
-0.170
-0.119
Education
0.263
0.232
Change in PA (MET-minutes)
0.145
0.111
Resistance training
-0.186
-0.184
Cognitive training
0.228
0.223
Resistance training * change score
0.266
Cognitive training * change score
0.028
4.232e-5 (0.000)
2
Adjusted R
-0.012
0.018
0.074
-0.003
Total sedentary time
Model 1
Model 2
Model 3
Constant
-0.922 (0.762)
-1.062 (0.758)
-1.116 (0.748)
-1.095 (0.751)
Age (years)
0.111
0.007 (0.010)
0.147
0.010 (0.010)
0.149
0.010 (0.009)
0.157
0.010 (0.009)
Sex
-0.066
-0.062 (0.135)
-0.094
-0.089 (0.133)
-0.122
-0.115 (0.132)
-0.113
-0.106 (0.132)
Education
0.224
0.029 (0.019)
0.211
0.027 (0.019)
0.236
0.031 (0.019)
0.200
0.026 (0.019)
Change in Sedentary time (minutes)
-0.085
0.000 (0.001)
-0.082
0.000 (0.001)
-0.165
-0.001 (0.001)
-0.184
-0.001 (0.001)
Resistance training
-0.203
-0.088 (0.062)
-0.237
-0.103 (0.062)
-0.164
-0.071 (0.062)
Cognitive training
0.236
0.102 (0.061)
0.282
0.122 (0.062)
0.208
0.090 (0.061)
Resistance training * change score
-0.230
-0.001 (0.001)
Cognitive training * change score
-0.220
-0.001 (0.001)
Adjusted R2
-0.027
0.017
0.044
0.035
Number of sedentary bouts
Model 1
Model 2
Model 3
Model 4
Constant
-0.900 (0.755)
-1.017 (0.750)
-1.057 (0.765)
-1.033 (0.767)
Age (years)
0.109
0.007 (0.10)
0.141
0.009 (0.010)
0.149
0.010 (0.010)
0.144
0.009 (0.010)
Sex
-0.060
-0.057 (0.135)
-0.090
-0.085 (0.133)
-0.100
-0.094 (0.137)
-0.092
-0.087 (0.135)
Education
0.215
0.028 (0.019)
0.200
0.026 (0.019)
0.204
0.026 (0.019)
0.201
0.026 (0.019)
Change in Sedentary bouts (n)
-0.099
-0.013 (0.019)
-0.066
-0.009 (0.018)
-0.093
-0.012 (0.021)
-0.075
-0.010 (0.020)
Resistance training
-0.191
-0.083 (0.062)
-0.198
-0.086 (0.063)
-0.185
-0.080 (0.065)
Cognitive training
0.235
0.102 (0061)
0.248
0.107 (0.064)
0.232
0.100 (0.063)
Resistance training * change score
-0.061
-0.008 (0.022)
Cognitive training * change score
-0.023
-0.003 (0.021)
Adjusted R2
-0.024
0.014
-0.005
-0.007
Significance Bolded and indicated by *α<0.05, ** α<0.01, *** α<0.001. Change score = refers to change value for respective physical activity/sedentary behavior variable from Baseline
to six months.
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Table 3e – Multiple Regression Models For Association Between Physical Activity and Sedentary Behaviour with Attention Domain
Model 1
r

Predictor variables
Total daily MET-minutes
Constant

Beta (SE)

1.262 (0.922)
-0.013 (0.012)
-0.109 (0.168)
-0.013 (0.024)
0.000 (0.000)

Model 2
r

Beta (SE)

1.140 (0.947)
-0.011 (0.012)
-0.119 (0.171)
-0.012 (0.025)
0.000 (0.000)
-0.055 (0.078)
-0.021 (0.078)

Model 3
r

Beta (SE)

1.111 (0.935)
-0.011 (0.012)
-0.170 (0.172)
-0.008 (0.025)
0.000 (0.000)
-0.056 (0.077)
-0.020 (0.077)
0.000 (0.000)

Model 4
r

Beta (SE)
1.132 (0.961)
-0.011 (0.012)
-0.121 (0.175)
-0.012 (0.025)
0.000 (0.000)
-0.055 (0.079)
-0.021 (0.079)

Age (years)
-0.155
-0.137
-0.136
-0.136
Sex
-0.094
-0.102
-0.145
-0.104
Education
-0.082
-0.072
-0.048
-0.072
Change in PA (MET-minutes)
-0.209
-0.212
-0.176
-0.206
Resistance training
-0.103
-0.104
-0.103
Cognitive training
-0.039
-0.037
-0.040
Resistance training * change score
0.211
Cognitive training * change score
0.014
2.565e-5 (0.000)
2
Adjusted R
0.009
-0.019
0.008
-0.041
Total sedentary time
Model 1
Model 2
Model 3
Constant
1.479 (0.883)
1.397 (0.913)
1.398 (0.924)
1.448 (0.893)
Age (years)
-0.191
-0.016 (0.011)
-0.180
-0.015 (0.012)
-0.180
-0.015 (0.012)
-0.193
-0.016 (0.011)
Sex
-0.142
-0.166 (0.156)
-0.146
-0.171 (0.160)
-0.149
-0.175 (0.163)
-0.123
-0.144 (0.157)
Education
-0.073
-0.012 (0.022)
-0.063
-0.10 (0.023)
-0.060
-0.010 (0.023)
-0.049
-0.008 (0.022)
Change in Sedentary time (minutes)
0.355*
0.002 (0.001)
0.346*
0.002 (0.001)
0.336*
0.002 (0.001)
0.474**
0.003 (0.001)
Resistance training
-0.056
-0.030 (0.074)
-0.060
-0.032 (0.076)
-0.105
-0.056 (0.074)
Cognitive training
-0.051
-0.027 (0.074)
-0.045
-0.024 (0.076)
-0.016
-0.008 (0.073)
Resistance training * change score
-0.028
0.000 (0.001)
Cognitive training * change score
0.275
0.002 (0.001)
Adjusted R2
0.102
0.070
0.050
0.111
Number of sedentary bouts
Model 1
Model 2
Model 3
Model 4
Constant
1.297 (0.893)
1.170 (0.917)
1.124 (0.935)
1.424 (0.903)
Age (years)
-0.175
-0.014 (0.011)
-0.156
-0.013 (0.012)
-0.149
-0.012 (0.012)
-0.194
-0.016 (0.011)
Sex
-0.158
-0.184 (0.159)
-0.167
-0.195 (0.163)
-0.176
-0.206 (0.167)
-0.142
-0.166 (0.159)
Education
-0.029
-0.005 (0.022)
-0.018
-0.003 (0.023)
-0.140
-0.002 (0.023)
-0.033
-0.005 (0.022)
Change in Sedentary bouts (n)
0.299*
0.049 (0.022)
0.303*
0.049 (0.022)
0.278
0.045 (0.026)
0.420**
0.068 (0.024)
Resistance training
-0.108
-0.058 (0.076)
-0.114
-0.061 (0.077)
-0.179
-0.096 (0.076 )
Cognitive training
-0.045
-0.024 (0.075)
-0.033
-0.018 (0.078)
-0.003
-0.001 (0.074)
Resistance training * change score
-0.057
-0.009 (0.027)
Cognitive training * change score
0.286
0.046 (0.025)
Adjusted R2
0.066
0.042
0.023
0.092
Significance Bolded and indicated by *α<0.05, ** α<0.01, *** α<0.001. Change score = refers to change value for respective physical activity/sedentary behavior variable from Baseline
to six months.
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Figures
Figure 1 - CONSORT Flow Chart For Recruitment Into The SMART Study
Included with Permission From Fiatarone Singh (1).
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CHAPTER 3 - Exercise for Individuals
with Lewy Body Dementia: A
Systematic Review
Inskip, M, Mavros, Y, Sachdev, P, Fiatarone Singh, M.A

A shortened version of this chapter was accepted for publication in the journal
PLOS One on the 16th of May 2016 and published the 3rd of June 2016. The
published version of this manuscript can be viewed in Appendix A.

Abstract
Background: Individuals with Lewy body Dementia (LBD), which encompasses
both Parkinson disease dementia (PDD) and Dementia with Lewy Bodies (DLB)
experience functional decline through parkinsonism and sedentariness
exacerbated by motor, psychiatric and cognitive symptoms.

Exercise may

improve functional outcomes in Parkinson’s disease (PD), and Alzheimer’s
disease (AD). However, the multi-domain nature of the LBD cluster of symptoms
(physical, cognitive, psychiatric, autonomic) results in vulnerable individuals
often being excluded from exercise studies evaluating physical function in PD or
cognitive function in dementia to avoid confounding results.

This review

evaluated existing literature reporting the effects of exercise interventions or
physical activity (PA) exposure on cluster symptoms in LBD.
Methods: A high-sensitivity search was executed across 19 databases. Fulllength articles of any language and quality, published or unpublished, that
analysed effects of isolated exercise/ physical activity on indicative DLB or PDD
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cohorts were evaluated for outcomes inclusive of physical, cognitive, psychiatric,
physiological and quality of life measures. The protocol for this review (Reg. #:
CRD42015019002) is accessible at http://www.crd.york.ac.uk/PROSPERO/.
Results: A total of 111,485 articles were initially retrieved; 288 full articles were
reviewed and 89.6% subsequently deemed ineligible due to exclusion of
participants with co-existence of dementia and parkinsonism. Five studies (1
uncontrolled trial, 1 randomised controlled trial and 3 case reports) evaluating
16 participants were included. Interventions were diverse and outcomes were
heterogeneous. Habitual gait speed outcomes were measured in 13 participants
and increased (mean 0.18m/s, 95% CI -0.02, 0.38 m/s), exceeding moderate
important change (0.14 m/s) for PD cohorts. Other outcomes appeared to
improve modestly in most participants.
Conclusions: Scarce research investigating exercise in LBD exists. This review
confirms exercise studies in PD and dementia consistently exclude LBD
participants. Results reported in this cohort must be treated with caution until
robustly designed, larger studies are conducted to explore exercise efficacy,
feasibility and clinical relevance.
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1. Introduction
In the previous chapters, we have explored the both the relationship between
physical activity, sedentary behaviour and cognition and the effects of robust
anabolic exercise on older adults with mild cognitive impairment (MCI), a
prodromal phase of dementia. The MCI cohort was on average highly active,
minimally functionally impaired and independent, with a lower prevalence of
most chronic disease and lifestyle risk factors for dementia. Contrary to our
original hypotheses, cognition was not related to physical activity and minimally
associated with sedentary behaviour at baseline. Unexpectedly, neither physical
activity nor sedentary time changed significantly following robust anabolic
exercise and was not associated with changes in cognition. We concluded that in
this prodromal form of cognitive impairment, the benefits of improving or
maintaining physical activity and sedentary behaviour may lie in delaying the
significant decline that occurs in the transition to dementia diagnosis, limiting
the ability to discern these relationships over the short term. Therefore, we
sought to investigate the nature of these relationships further in a cohort with
greater impairments both physically and cognitively than observed in
individuals with MCI.
First, we postulated that the nature of this relationship might become more
apparent after the diagnosis of dementia, given that the prevalence of inactivity,
sarcopenia and frailty dramatically increase with increasing cognitive
impairment (1-3). Subsequently, we hypothesised that robust anabolic exercise,
which is a frontline treatment for both sarcopenia (4) and frailty (5), would play
an increasingly important role in addressing cognitive impairment and physical
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inactivity at this stage of the disease. Thus, in order to evaluate this potentially
augmented relationship and the benefits of robust anabolic exercise, we chose to
focus on the aggressive, fast progressing disease of Lewy body dementia (LBD)
for the remaining chapters of this thesis. We will outline and build upon the
rationale for the use of robust anabolic exercise in LBD that begins in this
chapter with a summary of the current literature surrounding exercise and
physical activity interventions.

1.1 Rationale for Investigations into Lewy Body Dementia
The prevalence of dementia worldwide is estimated at 44 million people, and is
expected to rise to 135 million by 2050 (6). While the majority of dementia
cases (50-70%) are attributable to Alzheimer’s disease (AD), there is a
significant proportion that are conservatively estimated to be attributable to
Lewy body Dementia (LBD).

The Lewy body dementias encompass both

Parkinson’s disease dementia (PDD, 3-4%)(7) as well as dementia with Lewy
bodies (DLB) (4-5%) (8, 9). The phenotypic expression of LBD includes dementia
typically characterized by impaired attention and executive function, as well as
two or more of the following features: spontaneous parkinsonism, a history of
REM sleep behaviour disorder (RBD), fully formed visual hallucinations, and
fluctuations in attention that may include transient losses of consciousness (10).
This unique cluster of symptoms means that compared to other more common
dementias and idiopathic PD, people with LBD often have a more rapid disease
progression, greater rate of hospital admission (11), double the levels of
depression (12) and functional decline (13), higher risk of falls (14), higher rates
of cognitive fluctuations and delirium (15, 16), more visual perception issues
(15), lesser quality of life (17), and shorter survival time post-diagnosis (18).
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Additionally, the institutional care of people with LBD has been estimated to be
60% more expensive than for people diagnosed with AD, due predominantly to
higher rates of hospitalisation (19).

However, most concerning is that the

prevalence of frailty in mild LBD is thought be as high as 37%, which is double
the prevalence observed in Alzheimer’s (AD, 19%), and higher than observed in
PD (33%) (20, 21). There is currently no literature to our knowledge reporting
the prevalence of frailty for latter stages of the disease or the prevalence of
sarcopenia in any stage of LBD.

However, given the rate of sarcopenia is

estimated to be as high as 56% in older adults with PD in outpatient care (22), it
is reasonable to assume based on the increased disease burden and steeper
disease trajectory in LBD that this figure is higher and increases throughout the
disease course.
The symptoms and disability observed in LBD are often exacerbated by the
current treatment strategy for older adults with LBD. Treatments for LBD are
predominantly pharmacological with a mixture of medications such as
cholinesterase inhibitors (cognitive management), antipsychotics (psychosis
management), and anti-parkinson medication employed with mixed success (23).
Consequentially, rates of polypharmacy, potentially inappropriate medications
and related adverse events are high in LBD (16, 24-26). Furthermore, nonpharmacological treatments are most often limited to occupational interventions
to minimise dysfunction in the home environment or physical therapy to
improve gait. However, various modalities of exercise have been shown to be
beneficial for cognitive and functional outcomes (e.g., gait speed, walking
endurance, multi-domain cognition) in dementia populations (27), while also
benefiting function (e.g., walking endurance, mobility, and disability) in PD
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populations (28). Exercise is often recommended in LBD as well (23), but
appears to be included not based on any specific research in this cohort, but
rather due to its benefits in these other cohorts. The current gap in evidence
stems from an exclusion of LBD populations from both dementia and PD exercise
trials, presumably due to their multi-domain cluster of symptoms (29).
Cognitive impairments are a common reason for exclusion from PD trials, while
physical impairments are a common reason for exclusion from dementia studies.
Therefore, the aim of this chapter was to review the literature and retrieve any
studies that explored the effect of exercise or physical activity on individuals
with LBD in relation to a variety of outcomes including physical, cognitive,
psychiatric, physiological and quality of life measures, in order to identify the
quantity and quality of the existing evidence base. These results will identify
gaps in the literature, which may direct the focus of future robust investigations
and clinical practice.

2. Methods
The protocol for this review is accessible with registration number
CRD42015019002 at http://www.crd.york.ac.uk/PROSPERO/.

2.1 Eligibility Criteria
2.1.1 Study Design
Full-length studies of any design and quality, published or unpublished, in any
language were considered.
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2.1.2 Population
Human participants of any age with DLB or PDD were eligible, including PD
participants with cognitive scores that were indicative of dementia (MMSE<24)
but had no reported diagnosis in the study. Animal studies were not included.
2.1.3 Intervention
Studies evaluating the isolated effect of exercise (structured, planned physical
activity with an intermediate objective for the improvement of fitness) or
physical activity (incidental activity defined as any bodily movements produced
by the skeletal muscles that result in energy expenditure)(30) on any outcome in
LBD were included.

An intervention could be acute (applied for only one

session) or chronic (multiple sessions) but must have been applied separately to
outcome testing (i.e., a test of walking endurance could not in itself be an
intervention). There were no other restrictions.
2.1.4 Comparator and Outcome restrictions
None were applied in order to minimise risk of excluding studies using atypical
terminology for outcomes and comparators.

2.2 Database Search and Strategy
The systematic search was conducted across a wide variety of databases by the
primary author (MI), including:
MEDLINE (1946-2015), Premedline, AMED (1985-February, 2015), PSYC info
(1806-2015), All EBM review databases [e.g., Cochrane database of systematic
reviews (2005-December 2014), ACP journal club (1991–January 2015),
Database of Abstracts of reviews of effects (1st-quarter 2015), Cochrane central
register of controlled trials (January 2015), Cochrane Methodology register (3rd180

Quarter 2012), Health technology assessment (1st-quarter 2015), and NHS
economic evaluation (1st-quarter 2015)], CINAHL (1981-2015), SportsDiscuss
(1800-2015), Ageline (1966–2015), EMBASE (1947-2015), Web of Science
(MEDLINE entries excluded,1900-2015), PEDro (1929–2015), ALOIS, Google
scholar (100 most relevant samples, 2013-June 2020)
The high-sensitivity search included only ‘Population’ and ‘Intervention’ terms
(Table 1 for strategy) and was simplified when necessary in restricted databases
(i.e., Google scholar, PEDro). Email alerts were set up on the major databases
after the initial search (28/01/2015) and updated weekly until the last search
(28/09/15). The reference lists of relevant review articles were searched for
potential articles. In addition to academic literature databases, alerts were set
up in a simple stand-alone search engine (Google scholar) to be received weekly,
which were reviewed for possible additions needed up until the 30th of June
2020..

2.3 Study Selection
The screening process (conducted by primary author M.I) was sequenced as
below:
1. Duplicates were removed through reference management (Endnote X7)
software
2. Exclusion by title
3. Exclusion by abstract
4. Full text articles that were deemed ineligible were excluded
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5. Full text articles classified as in-doubt or deemed eligible by primary
author were reviewed by author (YM) and author (MFS) with subsequent
eligible articles included for review.

2.4 Data Extraction
Data were extracted and analysed for each eligible study by primary author (MI)
using pilot tested data forms, adapted for all study designs. A second reviewer
(YM) verified the extracted data and subsequent analysis, and any discrepancies
in chosen data or analysis were reviewed and resolved prior to tabulation by
third reviewer (MFS). Data were extracted at the level of each study (aggregate)
and where relevant as individual subject data.
Categories of data were extracted as follows:
Study design: Studies were defined as experimental (randomised and
nonrandomised control trials (RCT and NRCT), uncontrolled trial (UCT), or casecontrol) or observational (cross-sectional, prospective or retrospective cohort,
case reports, case series) design. Information related to the quality assessment
of controlled trials was also collected to complete the Physiotherapy Evidence
Database (PEDro) scale criteria. Data collection of observational studies was
conducted to enable description as per the Strengthening the Reporting of
Observational studies in Epidemiology (STROBE) consensus statement (31) or
the Case report (CARE) checklist for case reports (32).
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Intervention or exposure: exercise modality, volume, frequency, intensity,
progression, and duration of program, or in the case of epidemiological data,
exposure to physical activity.
Cohort: age, sex, diagnosis, years since diagnosis, Mini-mental State Exam
(MMSE)/cognitive scores, Unified Parkinson’s Disease Rating Scale (UPDRS)/
mobility scores, co-morbid diseases, medications for PD or dementia,
weight/body mass index (BMI), community or non-community dwelling.
Outcome: measurement tool or test used, mean and standard deviation (SD) at
all time points, effect sizes (ESs), confidence intervals (CIs), mean differences
between groups, statistical tests over time and between groups, if available.
Where possible, ESs and CIs were calculated from extracted data for each
outcome within each study where not provided by authors.
Furthermore, data were collected on the number of PD trials and dementia trials
in the abstract and full text stage of the search that were found to be ineligible
because they specifically excluded individuals with LBD.

2.5 Quality Assessment
Quality and risk of bias in intervention trials were assessed with the PEDro scale
(33). Supervision of training interventions was added to the scale to further
evaluate quality of the controlled trials, but did not form part of the overall
PEDro score. The STROBE checklist for observational studies was selected to
assess epidemiological studies (31). The CARE checklist (32) was selected to
assess case reports/case series. Study assessment tools were chosen to be
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specific to the types of studies retrieved in order to evaluate the quality of each
article within the context of each type of study design. Authors MI and YM
conducted the quality assessment of included literature, with a plan for any
discrepancies in scoring to be resolved through discussion with author MFS in
order to reach a consensus. No such discrepancies occurred during this process.

2.6 Synthesis of Results
A quantitative pooling of data (meta-analysis) was intended at the time of the
search if appropriate, but was ultimately not possible due to low numbers of
participants and insufficient clinical trial data.

A qualitative analysis was

therefore undertaken for this review. The groupings of data based on the testing
domains were analysed for general trends and direction of effect size to be able
to comment on the efficacy of exercise reported in the limited number of
participants in the context of the bias and quality assessment of the scarce
literature found.

The authors also considered data presented from similar

cohorts (such as PD or other dementias) in evaluating the effects of exercise in
this cohort.

3. Results
3.1 Search Results
Figure 1 illustrates the review process in the PRISMA format. The initial search
retrieved 111,485 articles that were subjected to the eligibility criteria in the
exclusion process. In total, 288 articles were reviewed in full and 283 excluded,
with 89.6% of all full texts subsequently deemed ineligible due to exclusion of
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participants for comorbidities of either dementia or parkinsonism. Five articles
were found eligible including an RCT (34), an UCT (35), and three case reports
(36-38), of which two were published. The data analysed in the RCT were a
subset (n=4 participants with PDD) among the 170 participants with dementia in
the cohort, accessed with publically-available data (34) and assistance from the
corresponding author (E.W.T). The last case report (37) was identified in the
search process as a poster and after consultation with the corresponding author
(C.D) the full, unpublished thesis was attained for analysis (37). There have been
no further relevant articles published since the final search for the original review
(28/09/2015) and the thesis submission (30/06/2020).

3.2 Quality of Included Literature
The articles were evaluated with either the PEDro criteria (33) (trials) or the
CARE criteria (32) (case reports). The RCT by Telenius and colleagues (34) was
given a moderate score (5/10) and the UCT by Rochester and colleagues (35)
was awarded a poor score (3/10) using the PEDro tool (Table 2). Biases that
were common between both of the trials included a lack of blinding of the
participant and the therapist. The nature of exercise trials makes it difficult for
blinding of therapists due to safety and ethical concerns surrounding
professional training regarding interventions, difficulty blinding a visible
treatment of a prolonged duration, and duty of care to the participant. This does
present the possibility that therapists invested more effort in the active arm and
less in the control arm possibly leading to detection bias. The RCT by Telenius
and colleagues (34) did not report any attempt to ascertain whether participants
185

knew which intervention was the hypothesised active arm and which was the
control, meaning that in a population where motivation and mood fluctuates
frequently participant adherence to the intervention could have been affected.
An additional measure added to the quality assessment but not included in
overall score PEDro score (out of 10), was supervision of exercise sessions.
Health professionals supervised both trials during intervention session
The case reports by Dawley (37), Ciro and colleagues (36), and Tabak and
colleagues (38) were evaluated with the CARE checklist (Table 3) and all
included the majority of essential information outlined in the checklist. Elements
often not reported were perspectives from the participants and diagnostic
challenges. The only item that all three case reports did not satisfy was the
provision of the patient’s history organised as a timeline.

This was not

considered by the authors to be a crucial component as history was evaluated in
multiple other area of each report. The quality of the case reports in comparison
to CARE criteria was quite high, although the inherent nature of a case report
structure means it is highly susceptible to a multitude of biases. These include
selection, detection and reporting biases that all arise from the clinical nature of
case reports. Achieving set criteria for rehabilitation of a participant within a
specific healthcare system rather than a research setting has the potential to
highlight favourable treatment outcomes. This can skew the perceived benefit of
a therapy.

3.3 Demographic Variables
A total of 16 participants (n=2 controls) were included for analysis (Table 4),
consisting of 2/16 with DLB, 10/16 with PDD, and 4/16 with PD with Mild
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Cognitive Impairment (MCI) that could not be isolated from the dementia cohort
in Rochester and colleagues (35). Mean age was 62 years (57-98 yrs.) and the
majority (12/16) of the participants were male. Cognitive screening scores were
reported as both MMSE scores (n=14, range 6-26/30) and a Montreal Cognitive
Assessment (MoCA) score (n=1, 17/30).

All participants were community-

dwelling except the participants in Telenius and colleagues (34) (n=4) who
resided in a nursing home. Time since diagnosis of dementia was only reported
in the three case reports (36-38) and ranged from at the time of screening (0
yrs.) up to 2 yrs. Rochester and colleagues (35) reported a mean time since
diagnosis of PD only (not dementia diagnosis) as 6 yrs. Most trials reported
participant use of neuropsychological medications except the UCT by Rochester
and colleagues (35).

There was limited presentation of participant

characteristics such as co-morbidities and psychological health, and nutritional
status, metabolic health markers, body composition and habitual physical
activity levels were searched for explicitly but not reported in any study.

3.4 Baseline Physical Function Characteristics
Baseline physical function is presented in Table 5. Habitual gait speed reported
for 15/16 participants ranged from 0.36-0.96 m/s (mean = 0.66 m/s). Maximal
gait speed was only reported in 4/16 participants and ranged from 0.49 – 1.1
m/s. Dual task gait speed (holding a tray) was measured in 9/16 participants
with a mean walking speed of 0.65 m/s. Walking distance was seldom recorded,
with only one case report recording a six-minute walk distance of 430.86 m.
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3.5 Intervention Characteristics
Exercise interventions were varied and included verbal cueing with movement,
motor training, stationary cycling, large amplitude bodyweight exercise, and high
intensity functional exercises. The duration of sessions ranged from 1 to 180
mins, frequency ranged from once only to 5 times/week, and total program
intervention ranged from 1 session to 12 wks. The intensity was not reported in
three studies, while the cycling intervention was conducted at 50-75% of
estimated maximum heart rate and Telenius and colleagues (34) set a target of
performing a maximum of 12 repetitions of given weighted or body weight
exercises. Progression method ranged from increasing the complexity of the task
to increasing the intensity through velocity or load. Table 6 details the range of
exercise interventions employed.

3.7 Outcome Measures
The data for the outcome measures discussed below are presented in Table 5.
The most commonly reported outcomes were related to physical function
measures. These measures were grouped into gait speed, walking endurance,
sit-to-stand function, balance and functional status measures.

Cognitive,

psychiatric, quality of life and physiological measures were rarely reported, and
as such grouped into one category.
3.7.1 Gait Speed
Habitual gait speed changes were reported in 15 participants across four studies
(n=2 participants in a control group).

Habitual walking speed of exercise

participants (n=13) increased by 0.18 m/s on average (95% CI -0.02, 0.38m/s),
with three studies reporting participants improved in gait speed beyond the
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reported minimally clinically significant change in PD cohorts of 0.06 m/s, and
even beyond the moderate clinically significant change of 0.14 m/s (39).
Maximal walking speed was reported by Telenius and colleagues (34) in four
participants (n=2 in a control group). Maximal walking speed increase in two
participants in the intervention group (0.01, 0.44 m/s) and one in the control
group (0.18 m/s), while the remaining participant decreased by 0.14 m/s.
Rochester and colleagues (35) reported a 0.09 m/s improvement in dual task
(holding a tray) walking speed in 9 PD participants with a mixture of PDD and
MCI.

3.7.2 Walking Endurance
Tests of walking endurance were reported in two case reports involving a total
of two participants. Dawley (37) reported a post-intervention change in walking
distance of 82 m in the 6-minute walk test in the sole participant who exceeded
the minimal and moderate clinically significant changes in geriatric populations
of 20-50m (40). Tabak and colleagues (38) reported improvements in twominute walking test (2MWT) distance in one participant under single (28.9 m)
and dual task conditions (42 m).

3.7.3 Sit-to-stand Function
Chair stand performance was reported for 6/16 participants across the two case
reports (36, 37) and the RCT by Telenius and Colleagues (n=4 participants) (34).
Single chair stand function in Ciro and colleagues (36) improved in one
189

participant using a customised rating scale of performance and satisfaction that
was individualised for the participant. Five participants were tested for multiple
(30-second) chair stand ability (n=2 in control group). Those in the exercise
groups (n=3) performed a mean of 3 (range 2-4) more chair stands in 30seconds than those in the control group (range 0-1 stands) after training.

3.7.4 Balance Function
Balance was measured through a range of scale and time measures in 6/16
participants across two case reports and the RCT subset of Telenius and
colleagues (34). The Timed Up & Go (TUGT) and MiniBESTest were reported in
one participant in the case report by Dawley [26]. The participant improved
TUGT by 6.4 seconds which and improved by 4 points on the MiniBESTest. While
there is not specific data relating to the Minimally Clinically Important Difference
(MCID) for improvement on the TUGT in PD or dementia, this change far exceed
the MCID of 1.2 seconds for older adults with mobility impairments (Hip
osteoarthritis)(41). Furthermore, the final score of the participant is comparable
with mean times taken to complete the test in community-dwelling, cognitively
intact older adults of a similar age (mean 8 ± 2 seconds)(42).
The single participant in Tabak and colleagues (38) improved 10/30 points in
the Functional Gait Assessment. One of 2 PDD participants allocated to the
exercise intervention in Telenius and colleagues (34) improved on the Berg
Balance Scale by 4 points which is slightly less than the MCID of 5 points for
older adults with similar baseline values (43). The other exercise participant
and two control participants changed minimally (<1point).
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3.7.5 Functional Status
Basic Activities of Daily Living (ADLs) and Instrumental Activities of Daily Living
(IADLs) were reported in 6 participants across two case reports and the RCT by
Telenius and colleagues (n=2 control participants) (34). Change in the Barthel
Index in Telenius and colleagues (34) was inconclusive due to incomplete data.
Improvement was reported in the G-code mobility measure employed by Dawley
(37), as well as the Parkinson’s Disease Questionnaire (PDQ-39) and the Unified
Parkinson’s Disease Rating Scale part II (UPDRS-II) employed in the case report
by Tabak and Colleagues (38). The UPDRS-II score of the sole participant
improved by 9 points, which exceed the large MCID of 4.3-4.6 points (44).

3.7.6 Cognitive, Psychiatric, Quality of Life and Physiological Outcomes
Outcome data were only collected for neuropsychiatric outcomes in 2/5 studies
(5 participants in total, n=2 control). There was no homogeneity of outcomes
allowing cross-study comparisons.

Tabak and colleagues (38) reported

improvement in the Colour Trail Test condition times by 57.5% (condition 1),
and 56.7% (condition 2) post-intervention for the sole participant. Furthermore,
the participant improved in the Parkinson’s Disease Cognitive Rating Scale (PDCRS) by 15 points,. which exceeded the MCID of 10 points (45). The participant
also improved in the UPDRS part I scores for mood and cognition improved by
15 points, which exceeded the MCID for improvements in the total UPDRS, let
alone in one part (46).
191

The RCT subset by Telenius and colleagues (34) reported MMSE scores, Cornell
Scale for Depression in Dementia, Quality of Life in Late Stage Dementia
(QAULID)

and

Neuropsychiatric

Inventory

(NPI)

outcomes

following

intervention. Data for MMSE were incomplete therefore not analysed, while data
for the NPI, Cornell Scale for Depression in Dementia, and QUALID were mixed
between groups with incomplete, or non-significant changes.

4. Discussion
The aim of this review was to search all available literature reporting the effects
of exercise or physical activity on individuals with LBD. Despite an exhaustive
search, a total of only 16 participants across five non-robust studies informed the
conclusions of this review. Notably, 288 full articles were reviewed and 89.6%
subsequently deemed ineligible due to exclusion of participants with coexistence of dementia and parkinsonism. The dearth of literature increased the
difficulty of analysis for the effect of exercise due to small, uncontrolled samples,
as well as highlighting the need for higher quality, larger scale research in the
LBD population.
The functional capacity of LBD participants within the studies was reported to be
relatively low in comparison with other cohorts with dementia and PD. Average
habitual gait speed was 0.66 m/s, which was significantly lower than those
reported in another LBD cohort of 0.9 m/s (47) and PD cohorts of 1.18 m/s (48).
Furthermore, average dual tasking walking speed was reported in the results to
be 0.65 m/s, which was significantly lower than speeds reported in PD
populations of 0.97 m/s (49). The cut off for increased mortality, mobility,
disability with activities of daily living, hospitalisation and increased dementia
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risk in geriatric populations is reported as 1.0 m/s (50). The slower average gait
speeds reported in this review fall below this threshold and should be of concern
to clinicians as they indicate a risk for

frailty and associated medical

complications in this cohort of individuals with LBD.
Despite the low levels of functional capacity, a promising sign in this small and
highly varied cohort is the improvement reported in predominantly functional
outcomes after exercise is introduced. Not all outcomes had comparable data in
the literature for expected improvements based on a similar cohort (such as PD),
especially in the cognitive, psychiatric, quality of life and physiological outcomes.
While the results must be treated with caution due to the low number of
participants and the highly biased study design formats, the review found
examples of many clinically relevant changes in function after exercise.
No previous reviews of exercise in LBD exist to our knowledge. Other literature
supports the preliminary findings in LBD above, and has established the
effectiveness of exercise in populations that have similar symptoms to LBD, such
as PD and non-motor dementias. For example, exercise has an ES ranging from
0.5 to 2 (27) for outcomes including cognition, function, fitness and strength in
cohorts with cognitive impairment or dementia, while PD studies report a mean
ES of 0.47 for functional outcomes (28). Logically, it is reasonable to theorise
that exercise may have similar effects on LBD populations who report both
dementia and parkinsonian symptoms, but the existing literature is insufficient
to establish ESs with confidence. Conversely, it is possible that the complexity of
co-existing cognitive and motor impairments would make exercise too difficult
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to implement or minimise its efficacy in LBD. Until robust RCTs are conducted in
sufficiently powered trials, no firm conclusions can be drawn in this regard.

4.1 Strengths of this Review
This is the first review of exercise in LBD. It was rigorously executed across 19
databases and was continually updated over a period of 5 years through RSS and
email search updates. All types of full-length articles in any language were
reviewed regardless of publication status. The sensitivity of the search strategy
utilised was indicated by the large number of titles retrieved, and the fact that
only 1 additional article was found via hand searching, which was published
after the initial search but ultimately included as noted in Figure 1. Authors of
included and excluded papers were contacted for additional data or information
if warranted, which ensured all available information on LBD cohorts could be
included in the review. The review protocol was registered prospectively with
PROSPERO (CRD42015019002) and conformed to PRISMA guidelines (Figure 2)
in all applicable areas (51).

4.2 Limitations of this Review
A limitation of the methodology in this review was the use of only the primary
author to conduct the searches up to the final stage of full article review and
analysis. Additionally, the scope of this review was limited by an inability to
source unpublished data or non-English language databases.
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4.3 Conclusion
The effect of exercise and physical activity in individuals with LBD was evaluated
in this review. The limited data available in case reports and primarily small,
uncontrolled studies suggest further research in larger cohorts needs to be
conducted to evaluate any benefits reported in this small group of individuals
with LBD before any judgments about the efficacy of exercise can be made. The
effect of exercise on other outcomes searched for in this review including
cognition, psychological status, quality of life and physiological outcomes remain
unclear. A crucial finding of this review is that the overwhelming majority
research studies in related populations excludes individuals with LBD due to
their multi-domain symptoms considered to be potentially confounders to
research outcomes or difficult to address.
Exercise is an intervention that requires not only sustained physical exertion but
also cognitive engagement. The implementation of exercise in a LBD cohort is
thus a task that is complicated by cognitive impairment coupled with physical
symptoms of parkinsonism and autonomic concerns such as orthostatic
hypotension as well as side effects of multiple psychoactive medications. An
intervention in this cohort thus needs to be carefully planned regarding the
delivery of exercise, as the benefits demonstrated with various exercise
interventions in PD cohorts may not be transferable to LBD cohorts if cognition
is limiting the drive, engagement or comprehension of participants. Similarly,
benefits of various exercise interventions in other dementias such as AD may not
be feasible in a LBD cohort with parkinsonism limiting speed, amplitude, length
and complexity of movement. Therefore, an exercise intervention similar to
those used in PD cohorts used to target the physical impairments of LBD, but
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delivered in a format suitable to the co-existing cognitive impairment and
affective abnormalities common in LBD is likely to be the most viable approach
to investigate in future research.
This review highlights the importance and need for conducting randomised
controlled trials in larger samples of individuals with LBD to reliably evaluate
the efficacy, feasibility and relevance of exercise in this vulnerable population.
Furthermore, it will be important to identify the potential associations between
modifiable clinical characteristics and cognition in order to best inform such
exercise interventions. Thus, the logical next step is the design of a clinical trial
that will allow for both the evaluation of these relationships and the effect
exercise may have upon them.
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Tables
Table 1. Search strategy for systematic review. Search terms where simplified where necessary for
certain search engines.
Intervention
Exercise OR ‘leisure activity’ OR ‘leisure activities’ OR ‘recreational activities’ OR
‘recreational activity’ OR ‘occupational activity’ OR ‘occupational activities’ OR bicycle
OR ‘balance training’ OR ‘strength training’ OR ‘aqua aerobics’ OR ‘water aerobics’ OR
boxing OR gym OR dance OR dancing OR ‘weight training’ OR weightlifting OR swim*
OR ‘weight lifting’ OR ‘cardiovascular training’ OR physiotherapy OR circuit training
OR flexibility OR stretching OR ‘power training’ OR physical therapy OR hydrotherapy
OR heartmoves OR ‘heart moves’ OR cycling OR ‘physical activity’ OR ‘group exercise’
OR ‘exercise group’ OR aerobic* OR ‘resistance training’ OR training OR walk* OR
‘Incidental activity’ OR ‘incidental activities’ OR ‘resistance activities’ OR ‘resistance
activity’ OR rowing OR skipping OR prt OR ‘Progressive resistance training’ OR ‘leisure
time activities’ OR ‘leisure time activity’ OR ‘exercise class’ OR ‘lawn bowls’ OR
running OR jogging OR sport OR ‘cardiovascular exercise’ OR ‘endurance training’ OR
‘endurance exercise’ OR ‘isometric training’ OR ‘isometric exercise’ OR pilates OR yoga
OR ‘Qi gong’ OR ‘chi gong’ OR ‘tai chi’ OR ‘martial arts’ OR calisthenics OR
calisthenics OR activit*

Population
‘Lewy Body’
OR
‘Lewy
Bodies’
OR
‘Lewy disease’
OR
Parkinson*

# Coding of strategy was changed according to each database
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Table 2. PEDro score: Experimental studies
Criteria
1. Eligibility criteria were specified
2. Subjects were randomly allocated to groups (in a crossover study, subjects were randomly allocated an order in which treatments
were received)
3. Allocation was concealed
4. The groups were similar at baseline regarding the most important prognostic indicators
5. There was blinding of all subjects
6. There was blinding of all therapists who administered the therapy
7. There was blinding of all assessors who measured at least one key outcome
8. Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups
9. All subjects for whom outcome measures were available received the treatment or control condition as allocated or, where this was
not the case, data for at least one key outcome was analysed by “intention to treat”
10. The results of between-group statistical comparisons are reported for at least one key outcome
11. The study provides both point measures and measures of variability for at least one key outcome
TOTAL PEDRO SCORE
12. Exercise intervention was supervised

Study
Telenius et
Rochester
al 2015
et al. 2009
YES
YES
YES

NO

YES
NO
NO
NO
YES
YES

NO
NO
NO
NO
NO
YES

YES

YES

NO
NO
5/10
Yes

NO
NO
3/10
Yes
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Table 3. CARE Criteria: Case report studies

Ciro et al.
2013

Study
Tabak et al
2013

Dawley
2014

1. The words ‘’case report’ should appear in the title along with the area of focus
2. 2 to 5 key words that identify areas covered in this case report
3a. Introduction – what is unique about this case? What does it add to the literature
3b. The main symptoms of the patient and important clinical findings
3c. The main diagnosis, therapeutic interventions and outcomes
3d. Conclusion – what are the main ‘take-away’ lessons from this case
4. One or two paragraphs summarizing why this case is unique with references
5a. De-identified demographic information and other patient specific information
5b. Main concerns and symptoms of the patients
5c. Medical, family and psychosocial history including relevant genetic information
5d. Relevant past interventions and their outcomes
6. Describe the relevant physical examination and other significant clinical findings
7. Important information from the patient’s history organized as a timeline
8a. Diagnostic methods (such as PE, Laboratory testing, imaging, surveyed
8b. Diagnostic challenges (such as access, financial, or cultural)
8c. Diagnostic reasoning including other diagnosis considered
8d.Prognostic characteristics (such as staging in oncology) where applicable
9a. Types of intervention (such as pharmacologic, surgical, preventive, self-care)
9b. Administration of intervention (such as dosage, strength, duration)
9c. Changes in intervention (with rationale)
10a. Clinician and patient assessed outcomes (when appropriate)
10b.Important follow up diagnostic and other results
10c.Intervention adherence and tolerability (how was this assessed)

N
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
Y
N
Y
N
N
N
Y
Y
Y
Y
Y
Y

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
Y
N
N
N
Y
Y
Y
Y
Y
Y

Y
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
N
Y
Y
Y
Y
Y
Y

10d. Adverse and unanticipated events

Y

N

11a. Discussion of the strengths and limitations in your approach to this case
11b. Discussion of the relevant medical literature
11c.The rationale for conclusions (including assessment of possible causes)
11d. The primary ‘take-away’ lessons of this case report
12. When appropriate the patients share their perspective on the treatments they received
13. Did the patient give informed consent? Please provide if requested
TOTAL CARE CHECKLIST SCORE (/30)

Y
Y
Y
Y
N
Y
23

Y
Y
Y
Y
N
Y
24

Y
Y
Y
Y
Y
N
Y
26

Criteria

Title
Key words
Abstract
Introduction
Patient information
Clinical findings
Timeline
Diagnostic
Assessment

Therapeutic
intervention
Follow-up and
outcome

Discussion
Patient perspectives
Informed consent
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Table 4. Cohort Characteristics

Citation

Rochester
et al.
2009

Ciro et al.
2013

Tabak et al
2013

Number of
participants

9A

1

1

Average
Age in
years

75 (6)

73

61

Sex

M

F

M

Diagnosis

PDD/PDMCI

DLB

PDD

Time since
diagnosis in
years

MMSE
/
Cog
scores

6 (6)B

22(3)

2

0C

12

17
[MoCA
D
]

UPDRS

Part-III
44(35.547.0)

NR

Part-I
11/16,
Part-II
15/52

Hoehn
and Yahr
stage
3 (2.53.0)

4

NR

Co-morbid
diseases/
conditions

Neuropsychological
medications

NR

NR

Low back
pain, hip
arthritis,
osteoporosis,
heart
palpitations
Deep brain
stimulation,
total knee
replacement

Rivastigmine,
Citalopram

Weight
/BMI

Residential
Status

NR

Community

NR

Community

NR

Community

Rasagiline

CardidopaLevodopa

Cardidopa
/Levodopa, antiDawley,
depressant and
1
57
M
DLB
1
NR
NR
NR
None
NR
Community
2014
antihallucinogenic
medication
Average daily
Telenius et
3F,
Average = 2
Nursing
4
84 (10)
PDD
NR
16 (7.1) NR
NR
medications =
NR
al 2015
1M
co-morbid
home
6.5
Data reported in brackets as mean standard deviation (SD) or as individual values where appropriate. NR – Not reported, PDD – Parkinson’s disease dementia, DLB –
dementia with Lewy bodies, MMSE – Mini-mental State Exam score; ranges from 0-30 with higher scores indicative of better cognitive function (52), UPDRS – unified
Parkinson’s disease rating scale (part I – mentation, II – Activities of daily living, III – motor) (53). A 5 participants indicative of dementia, remaining 4 have MCI, B Time
since diagnosis for Parkinson’s disease only, C participant reported memory concerns 2 years prior, but seemed to have been diagnosed with dementia in the study, D MoCA=
The Montreal Cognitive Assessment was used; score ranges from 0 – 30 with higher scores indicative of better cognition (54).
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Table 5. Performance-based tests of function
Study

Measure
Baseline

EXERCISE
Outcome

CONTROL
Baseline
Outcome

%
Change

ES
(SD)

Sit-to-stand Function
Single Chair stand
COPM performance (/10)
COPM satisfaction (/10)
GAS (-2 to +2)

1
1

5
6
0

400
500

Multiple Chair stand
Dawley 2014 (n=1)

30s sit-to-stand (n. stands)
30s sit-to-stand (n. stands)

8
(#1) 8
(#2) 8

100

Telenius et al. 2015 (n=4) A

4
(#1) 6
(#2) 5

Gait speed
Habitual gait speed
Rochester et al 2009 (n=9)
Tabak et al 2013 (n=1)
Dawley 2014 (n=1)

8m walk (m/s) B
10m walk test (m/s)
7.6m walk (m/s) C

Telenius et al. 2015 (n=4) A

6m walk test (m/s)

0.72 D (0.15)
0.96
0.8
(#1) 0.35
(#2) 0.41

0.88 D (0.17)
0.92
1.43
(#1) 0.3
(#2) 0.71

(#3) 0.59
(#4) 0.36

(#3) 0.49
(#4) 0.34

N/A

N/A

6m walk test (m/s)

(#1) 0.49
(#2) 1.1

(#1) 0.5
(#2) 1.54

(#3) 0.93
(#4) 0.71

(#3) 1.11
(#4) 0.57

N/A

N/A

8m walk w. tray (m/s)*

0.65 D (0.17)

0.74 D (0.21)

13.8

2-minute walk (m)
6-minute walk (m)

100.6
480.36

129.5
562.05

28.7
17.0

2-minute walk w. subtraction task (m)

60.7

102.7

69.2

Functional gait assessment (/30)
MiniBESTest (/28)

13
21

23
25

Ciro et al. 2013 (n=1)

(#3) 7
(#4) 4

(#3) 8
(#4) 4

N/A

N/A

22.2
-4.2
78.8

Maximal gait speed
Telenius et al. 2015 (n=4) A
Dual-talk gait speed
Rochester et al 2009 (n=9)
Walking Endurance
Single task Walk distance
Tabak et al 2013 (n=1)
Dawley 2014 (n=1)
Dual task walk distance
Tabak et al 2013 (n=1)
Balance Function
Scale measures
Tabak et al 2013 (n=1)
Dawley 2014 (n=1)

210

Telenius et al. 2015 (n=4) A
Timed Measures
Dawley 2014 (n=1)
Functional Status
Activities of daily living (ADL’s)
Dawley 2014 (n=1)
Instrumented ADL
Tabak et al. 2013 (n=1)

Berg balance scale (/56)

(#1) 23

(#1) 27

Timed up & go (s)

15.45

9.05

G-Code: mobility AR (% Impaired)

67

40

(#3) 42
(#4) 29

(#3) 41
(#4) 30

N/A

N/A

-41.4

PDQ-39 SR (/156)
UPDRS-II AR (/52)
Barthel index AR

83
70
-15.7
15
6
- 60.0
Telenius et al. 2015 (n=4) A
(#1) 11
(#1) NR
(#3) 11
(#3) 14
N/A
N/A
(#2) 13
(#2) 12
(#4) 12
(#4) 13
N/A = not applicable, NR = not reported, A Participant data presented individually (Participant #1-4), B Unit changed from cm/s to m/s, C Unit changed from mph to
m/s and distance from feet to meters, D Results rounded to nearest 2 decimal places, AR –Assessor rated, SR-Subject completed.
COPM – Canadian occupational performance measure. 10-point scale where a higher value indicates better performance/satisfaction (55), GAS – Goal Attainment
scale is scored from -2, -1 (sub-optimal result), 0 (achieved goal), 1, 2 (achieved more than goal)(56), MiniBESTest – Mini Balance evaluation systems test is scored
out of 28, with higher scores indicating better function (57), UPDRS-II – Unified Parkinson’s disease rating scale subscale II (ADL) – is rated out of 52 with lower
scores indicating less impairment (53), PDQ-39 – Parkinson’s disease Questionnaire -39 is rated out of 156 where a lower score indicates less impairment (58),
Barthel Index – a rating scale out of 20, where a higher score indicates more functionality in Instrumented ADL (59), G – Code – a scale for reporting disability
where a higher level of disability is reflected in a higher % range (60), Functional Gait Assessment – A scale out of 30, where a lower score indicates less function
(61), Berg Balance scale – A scale out of 56 where a higher score indicates more function (62).
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Table 6. Intervention Characteristics

Citation

Rochester et
al. 2009

Exercise Modality
Acute verbal cueing + walking
intervals

Session/
stimulus
duration
(minutes)

Frequency
(Sessions/w
k.)

Program
Duration
(wk.)

Volume
(frequency x
duration)
minutes/wk.

Intensity
Target

Progression

1 session
only

1B

1 session

~1

NR

No progression

Ciro et al.
2013

STOMP (skill building through task
orientated motor practice)

5

120-180

2

600-900

NR

Increasing complexity of task
as appropriate

Tabak et al
2013

Stationary cycling

3

40

8

120

50%-75%
Heart rate
max

5% increase (% heart rate
max) in intensity/week

Dawley,
2014

LVST BIG (Lee Silverman voice
treatment – Big) Intervention

0.66 A

55

12

36.6 A

NR

Increase in velocity and
movement complexity as
appropriate

- High intensity functional exercises
Increase to maintain 12RM
(exercise group)
2
50-60
12
100-120
12RM load
intensity
- Light activity (control group)
NR – Not reported, A Average of 8 sessions over 3 months, B Accumulated estimate of stimulus duration for trials, 12RM =12 repetition maximum; the maximum
amount of weight that can be lifted 12 times only

Telenius et al
2015
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Fig. 1 – PRISMA flow chart of search
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Figures
Figure 2 PRISMA Checklist

214

215

216

CHAPTER 4 - Methodology for the
PRIDE Trial: Promoting Independence
in Lewy Body Dementia through
Exercise
Inskip, M, Mavros, Y, Sachdev, P, Fiatarone Singh, M.A
A shortened version of this chapter was accepted for publication in the journal of
Contemporary Clinical Trials Communications on the 10th of October 2019 and
published the 12th of October 2019. The published version of this manuscript
can be viewed in Appendix A.

Abstract
Background: Lewy Body dementia (LBD) is the second most prevalent
neurodegenerative dementia. This form of dementia is notable for an aggressive
disease course consisting of a combination of cognitive, parkinsonian, affective,
and physiological symptoms that significantly increase morbidity and mortality,
and decrease life expectancy in this population compared to more common
dementias. Additionally, those diagnosed with LBD are often excluded from
trials evaluating exercise in similar diseases such as Alzheimer’s disease (AD) or
Parkinson’s disease (PD) due to the complexity and concurrency of motor and
cognitive symptoms. Consequently, there is scarce research evaluating the effect
of exercise on individuals with LBD.
Methods: The PRomoting Independence in Lewy Body Dementia through
Exercise (PRIDE) trial was a novel non-randomised, crossover pilot study
consisting of an 8-week wait-list usual care period, followed by an 8-week
exercise intervention targeting progressive resistance and balance training. The
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trial aim was to evaluate the effect of exercise on the primary outcome of
functional independence and secondary outcomes including physical activity,
cognition, and a diverse array of physical, psychosocial and quality of life
measures in people living with LBD and their caregivers. The intervention
involved 3 supervised 1-h sessions per week (24 sessions in total) administered
by an Accredited Exercise Physiologist in a clinical facility at the University of
Sydney in Lidcombe, Australia.
Discussion: The PRIDE study was the first controlled trial to evaluate a robust
exercise intervention within a LBD cohort and provided crucial information
required to inform robust future clinical trials. Trial registration: Australia and
New Zealand Trial Register (ANZCTR): ACTRN12616000466448; Key words:
Lewy body; dementia; exercise; anabolic; functional independence.
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1. Introduction
In the previous chapter, we identified that there was a dearth of literature
surrounding exercise or physical activity interventions in older adults with Lewy
body dementia (LBD). The limited and low quality evidence available within this
cohort showed promise that exercise may be beneficial in LBD, however these
results must be interpreted with caution.

Furthermore, there was limited

evidence surrounding the potential relationships among cognition, physical
activity and sedentary behaviour, and various modifiable clinical characteristics
that may be targeted with lifestyle interventions. Therefore, in this chapter we
describe the design and rationale for a pilot trial of exercise in LBD designed to
further explore these relationships in older adults with LBD as well as the effects
of a targeted exercise intervention.

1.1 Disease Characteristics and Trajectory
As briefly discussed in Chapter 3, Lewy body dementia (LBD) is the second most
prevalent neurodegenerative dementia, with variable prevalence estimates up to
24% of all dementia diagnoses (1). The diagnosis is an umbrella term for the
diseases of dementia with Lewy bodies (DLB), and Parkinson’s disease dementia
(PDD) due to the significant overlap of symptoms and pathology. The disease
has a complex, broad symptomatology, including parkinsonism, psychosis and
autonomic disturbances in addition to the typical cognitive and affective
impairments that are often noted in Alzheimer’s disease dementia (AD) (2).
Despite sharing common pathology with idiopathic Parkinson’s disease (PD),
and in many cases with AD, the prognosis in LBD is distinct. Specifically, the
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disease often progresses more rapidly, residential aged care admission occurs
earlier, and survival time after diagnosis is shorter (2). The prevalence of frailty
in the earlier stages of the disease is also significantly higher in LBD at 37%,
compared to 19% in AD and 22% in PD (3, 4). Frailty is strongly associated with
neuropsychiatric disturbances, poorer prognosis and lower quality of life in
individuals with LBD (2).
This rapid development of frailty in LBD may not be wholly attributable to the
disease pathophysiology, but also aggravated by various potentially treatable
intrinsic and extrinsic factors. Recent post-mortem findings suggest that the
overall pathological burden of Lewy bodies within the brain has only a minimal
association with the severity of frailty developed during the disease course (5).
Furthermore, potentially treatable factors which contribute to frailty such as
inactivity, malnutrition, sarcopenia, delirium, infection, polypharmacy, injurious
falls and behavioural disturbances all have a high prevalence in LBD (6-11).
Guidelines for the management of frailty in older adults recommend that robust
anabolic exercise such as progressive resistance training (PRT) should be
utilised to target the weakness, mobility impairment and sarcopenia at the core
of the frailty phenotype (12), in addition to comprehensive geriatric assessment
involving deprescribing of hazardous medications and nutritional support where
needed.

1.2 Current Treatment Strategy
However, current treatment of LBD primarily centres on symptom reduction via
pharmacological treatments that do not address the disease process itself, and
may inadvertently increase the risk of frailty (13, 14). Medications trialled
successfully in individuals with PD and AD such as antidepressants, neuroleptics
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and dopaminergic medications are often minimally effective and/or poorly
tolerated in LBD (15, 16).

For example, potent antipsychotics such as

haloperidol and risperidone continue to be prescribed despite mandated labels
on packaging warning of increased risk of extrapyramidal symptoms, neuroleptic
malignant syndrome and death in this cohort (13, 14). Additionally, the high
anticholinergic and sedative load of these medications may worsen cognitive
impairment, malnutrition, injurious falls risk, social isolation, sedentary
behaviour, and ultimately frailty (14, 17, 18). Importantly, there is currently no
medication that can reduce frailty and functional decline, with the only effective
pharmacological strategy being deprescription of hazardous and inappropriately
prescribed medications (19). However, this can difficult to implement, since
behavioural symptoms may subsequently re-emerge, followed by distress and
frustration of caregivers, leading to resumption of the offending medication(s).
Thus, producing empirical evidence evaluating the potential therapeutic benefit
of low risk, non-pharmacological treatments for frailty such as the anabolic
exercise recommended by current clinical guidelines (12) is a priority in LBD.
However, despite this strong rationale for utilising such interventions, the
literature pertaining to exercise and LBD is scarce, and consists of only a few
case reports and fragments of trial data evaluating non-anabolic, motor
interventions such as low intensity recumbent cycling, skill exercises, and gait
training (20). Unfortunately, individuals with LBD are often excluded from trials
of exercise in PD and other dementias due to their combination of motor and
cognitive symptoms, which have been perceived as potentially compromising the
homogeneity of cohort characteristics and adaptations (20). Therefore, the
efficacy of exercise in LBD at this stage is unknown, and can only be inferred
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from the substantial body of literature on exercise that does exist in diseases
which share some features of LBD: PD (for motor symptoms) and AD (for
cognitive symptoms).

1.3 Rationale for Exercise Intervention
Ultimately, one of the most important goals of exercise intervention in LBD is to
maintain and/or improve functional independence, which is the ability of to
carry out daily activities autonomously with minimal assistance or difficulty (21).
Functional independence is strongly related to quality of life, and declines with
disease progression, with individuals becoming more reliant on the support of
caregivers (22). Additionally, this decline in functional independence is often
accompanied by a decrease in physical activity and increase in sedentary
behaviour (23-25), which in turn further exacerbates this loss of independence
through increased frailty and impaired mobility (12, 26). Recently, McArdle et al
(2019) reported that levels of physical activity in mild LBD were significantly
lower than cognitively intact peers as well as those with mild AD (27).
Furthermore, they reported that lower physical activity was associated with
reduced functional independence and worse disease severity, even in the early
stages of LBD. Thus, targeting both the decline in physical activity and its clinical
correlates may be beneficial in preventing or slowing the decline in functional
independence in LBD.
Exercise is currently the best treatment for the underlying physiological
contributions of frailty that are associated with decreased functional
independence and physical activity across PD and dementia cohorts (28, 29).
222

Frailty is readily amenable to exercise intervention, especially exercise of an
anabolic nature such as PRT (12, 26). In both PD and dementia, strength,
physical function, lean body mass, disease status, depression, cognition, quality
of life and frailty itself are all improved following interventions involving PRT in
these cohorts (28, 29). Additionally, these improvements can occur quite rapidly,
with an intervention as short as 3 months producing a 29% increase in muscle
power, 6% increase in muscle volume, and simultaneously increase aerobic
endurance by 17% in those living with PD (30). Likewise, a PRT intervention of
10 weeks in older adults living in a nursing home (mean age 87 years), of whom
one-half were cognitively impaired, reported a 113% increase in strength, 12%
increase in gait speed, 28% increase in stair climb power and ~3% increase in
thigh muscle area compared to controls engaged in seated recreational therapy
sessions (31). Additionally, PRT may offset the annual deterioration in motor
function (32, 33) and cognitive decline in those living with PD (34, 35)., and
restore functional capacity in frail older adults living with dementia who have
endured long-term physical restraints (36). Lastly, in PD there is a growing body
of evidence to suggest that performing PRT with a focus on power, both eccentric
and concentric, is an effective tool for addressing the decreased power output
caused by cardinal features of PD such as bradykinesia (37, 38). Muscle power
explains over half of the variance in walking velocity in PD, and is associated
with a 6-fold higher risk in those with PD who comparatively have the lowest
lower limb muscle power (39).

Thus, targeting an intervention towards

improving muscle power, not just strength may reduce the risk of falls and
decrease in mobility associated with reduced physical activity (40), and
ultimately address the contributions of frailty, disease status and cognition to
functional independence.
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Additionally, the effects of PRT may be further augmented by the inclusion of
challenging balance training.

The hallmark degeneration of dopaminergic

neurons in PD and LBD in regions of the brain that control movement and
balance results in disturbances to postural control and slow movement initiation,
or bradykinesia (41). These impairments in turn lead to impaired balance,
increased falls risk and fear of falling, and ultimately result in decreased physical
activity and functional independence (27, 42, 43). The addition of balance
training performed concurrently with PRT has been reported to further enhance
the benefits of PRT when performed concurrently for physical function, strength,
balance, and falls reduction (44). Highly challenging balance training performed
in isolation has also been reported lead to improvements in balance and gait in
mild PD when the balance training is intensive and involves cognitive dual-task
activities (45-47). However, there is no evidence to support that this form of
training performed as sole intervention addresses the low muscle mass or
strength deficits that has an increasing contribution to falls risk in cohorts with
higher prevalence sarcopenia and frailty.

Accordingly, a meta-analysis by

Sherrington et al. (2017) found that balance training has limited effect on falls
risk reduction in frailer cohorts such as those in residential care (48). In contrast,
a recent clinical trial has reported significant falls reduction with the use of
combined PRT and balance training in such frail populations (49). Thus, the use
of a multi-modal exercise intervention consisting of PRT and cognitively
challenging balance may be a viable strategy for treating the complex disease
characteristics of LBD that contribute to a reduction in physical activity and
functional independence.
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Given the strong rationale outlined above, and the almost complete lack of
empirical data on exercise benefits in LBD (20), we designed a pilot study called
PRIDE: PRomoting Independence in Lewy body Dementia through Exercise. The
PRIDE study is the first trial of robust anabolic exercise and challenging balance
exercise in individuals with LBD. It will provide preliminary insight into the
feasibility of this novel intervention in a population with an aggressive
neurodegenerative disease. Clinically meaningful outcomes including functional
independence, physical activity, physical function, strength, cognition, quality of
life and nutritional status will be targeted. The need for such a trial evaluating
robust anabolic/challenging balance exercise is further supported by calls from
the most recent international consensus report on the management of LBD, to
develop and evaluate non-pharmacological therapies to support treatment
strategies in LBD (16).

1.1 Objectives and hypothesis
The primary aims of the PRIDE study were to:

1. Define level of the primary outcome, functional independence in LBD, and
identify associations with physical activity and cognition at baseline
2. Explore

the

relationship

between

a

diverse

array

of

clinical

characteristics with physical activity and cognition at baseline
3. Evaluate the effect of a robust multi-modal exercise intervention on
outcomes mentioned in aims 1 and 2.
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The primary hypotheses of the PRIDE study were:
1. Low functional independence will be associated with low physical
activity and poor cognition in LBD at baseline.
2. Better strength, nutritional status, physical function, exercise capacity,
quality of life, disease status, and higher muscle mass will be associated
with higher physical activity and better cognition.
3. Higher physical activity will be associated with better cognition
4. A robust, progressive exercise intervention targeting strength and
balance will improve functional independence, physical activity and
cognition in LBD

2. Methods
2.1 Study Design
The PRIDE study involved participants from both community and aged care
residential settings, and was a non-randomised, non-blinded, crossover trial. A
crossover design was chosen due to the anticipated small number of patients
with LBD in the local area available for recruitment. Randomisation to order of
control vs. intervention period was not possible in this exercise intervention as it
was anticipated to result in physiological adaptations with no predictable
persistence or continuation of effect after exposure.

Blinding of the

interventionist and the participant was not possible due to the nature of the
intervention compared to usual care. The assessor was not blinded due to
limited study resources.
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The study design consisted of a baseline assessment, followed by an 8-week
wait-list usual care period, then a crossover to an 8-week intervention of
anabolic exercise (Figure 1). All assessment time points involved two separate
assessment visits separated by one week and performed within the participant’s
residence (baseline) or the clinical facility at Cumberland campus, University of
Sydney in Lidcombe, Australia (Figure 1). All outcomes were measured at
baseline, before and after the intervention. Intervention length was chosen
based on literature in PD and AD cohorts to be sufficient to demonstrate
improvement in outcome measures (50, 51).

The trial was prospectively

registered prior to commencement of recruitment on 08/04/2016 (ANZCTR Reg.
ACTRN12616000466448)(52).

2.2 Ethics
Ethical approval was obtained from the University of Sydney Human Research
Ethics (HREC 2: 2016/209).

Written informed consent was obtained from

caregivers for all participants, and written and/or verbal consent was gained
from all participants where possible. The pride study adhered to the CONSORT
guidelines for pilot trials (53) in the relevant sections.

2.3 Participant Recruitment
Recruitment began in April 2016. Individuals with a diagnosis with LBD (either
dementia with Lewy bodies or Parkinson’s disease dementia) were recruited via
geriatricians, neurologists, GPs, dementia and PD support groups and networks
in the Sydney metropolitan area.
Inclusionary criteria included:
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Diagnosis of LBD by a medical specialist which is confirmed by general
practitioner



Age over 55



Ambulatory with/without assistance



Ability to follow rudimentary instructions



Ability to tolerate functional testing



Ability to travel to gym facility (with caregiver) and complete 3
sessions/week for 8 weeks of exercise.

Exclusionary criteria included:


Inability to communicate in English



Major musculoskeletal, cardiovascular or other neurological conditions
precluding exercise as determined by study geriatrician



Inability to follow simple commands or mimic movements by the
assessor/interventionist.

2.4 Screening Procedures
Participants and/or their caregivers were screened over the telephone via a 1hour screening questionnaire to determine eligibility for the PRIDE trial and
were read the Participant Information Statement.

Questions relating to

demographics (inclusive of caregiver), study eligibility, physical activity, current
health status, prior and current injury and illness, prescribed medications, and
medical professionals associated with care of the participant were asked of the
caregiver/participant dyad. Medical information was sought from participants’
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GPs or specialists after obtaining consent to further clarify eligibility as required.
Additionally, comprehensive assessment of each participant was performed by
the study geriatrician prior to commencing baseline one-repetition maximum
(1RM) strength testing and exercise intervention.

2.5 Estimated Sample Size
Based upon similar cross-sectional studies in PD, to be able to show moderate
correlations (r=0.5) with β=0.20 and α=0.05 for the baseline cross-sectional
analysis, we calculated a minimum of 30 participants would be needed, taking
into consideration a 20% expected attrition rate. The power calculation for the
fixed period crossover trial required a minimum of 24 participants to
demonstrate significance for an effect size of 0.61 (with β=0.20 and α=0.05) for
our primary functional independence outcome measure (MDS-UPDRS). These
calculations were based upon results described in Rose and colleagues (50), who
trained a cohort of individuals with moderate to severe PD for 8 weeks with the
same outcome we proposed for PRIDE, but using an aerobic intervention.

2.6 Assessment Procedures
The study coordinator, an accredited exercise physiologist (AEP), performed all
assessment and intervention procedures with participants with the exception of
the physician screen performed by the study geriatrician. The assessor (MJI)
was experienced in neuropsychiatric assessment, exercise training and
assessment, and had completed required accreditation for administration of the
MDS-UPDRS and FIM measures. There were two 4-hour assessment sessions at
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baseline, before intervention and after intervention (Fig. 1) with an additional 3hour assessment session at baseline at the clinic, which included the physician
screen prior to 6-minute walk test and 1RM strength testing.

2.7 Intervention
2.7.1 Wait-listed Usual Care Period
The wait-list usual care period involved the participant and caregiver continuing
normal daily activities and routines. The study coordinator called the caregiver
weekly to monitor the status of the participant, and record any adverse events or
changes in medications prescribed by the participant’s health care providers.
2.7.2 Exercise Intervention
Exercise training was conducted in the medically supervised clinic at the
University of Sydney Cumberland campus (Lidcombe, Australia).

Training

sessions were conducted 3 day/week and had a maximum duration of 60
minutes each session. An AEP supervised the sessions that were conducted oneon-one with the participant and with the aid of the caregiver when required. The
training sessions were divided into four training sections: static balance, dynamic
balance, functional practice, and progressive resistive exercise (detailed in Figure
2). Balance tasks and functional practice were performed prior to resistance
exercise in order to avoid fatigue in the participant.

The participant and

caregiver were provided with a small snack following the sessions that contained
approximately 13 g of protein and 1100 Ki of energy. The study coordinator
called the caregiver weekly to monitor the status of the participant and response
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to exercise, as well as record any adverse events or changes in medications.
Details of each intervention component are described below, and in Fig. 2.
Static Balance
Static balance was performed for a maximum of 10 minutes of the total session
duration inside a custom-built apparatus (Figure 3). The participant stood in a
position that challenged their postural stability, which was determined by
choosing the most challenging balance position (e.g., narrow stance, tandem,
etc.) that the participant had been able to hold for 15 seconds during the
assessment before intervention. The participant interacted with the apparatus, a
network of magnetic whiteboards positioned on a semi-immersive frame, by
moving coloured button magnets in various tasks requiring manual dexterity,
visuospatial and executive function, and reaching outside of the centre of gravity.
The tasks progressed with increasing cognitive and physical difficulty until
performance plateaued, after which the stance position was progressed to a
more unstable/difficult stance. The apparatus was purposely constructed to
provide a safe area for the participant to stand with the assessor providing
support if needed and direction from behind the participant. The dual-task
activities were designed to promote natural, random movements outside of the
centre of gravity and balance recovery manoeuvres performed under challenging
cognitive conditions, which have been shown to improve balance and reduce
falls risk in older adults (54, 55).
Dynamic Balance
Dynamic balance exercise was performed by instructing the participant to walk
in tandem, or as close to that as possible, for 5 m along a red tape line. The
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participant walked in tandem along the length, around a cone and returned the
length in tandem while performing a physical dual-task (plate holding), with the
addition of a cognitive task as the difficulty progressed. The assessor closely
followed the participant for safety, and provided performance prompts and
imagery such as walking with ‘light feet on squeaky floorboards’ to encourage
fast moving feet and smooth movements.

Prompting the participant to

concurrently walk in tandem as fast as possible with minimal errors, and
simultaneously perform the cognitive task to their best ability created the
challenging conditions necessary to improve performance in complex daily
conditions in PD cohorts (54, 55).
Functional Training
Specific functional deficits identified during baseline assessment were practised
during the session for a total of 5 minutes. Safe technique for daily tasks such as
chair stands or descents and walking were practised under the supervision of the
AEP. Specific items practiced included correctly shifting gravity forward to rise
from a chair with minimal assistance, locating the armrest of the chair before
descending, and practising smooth walking in a controlled environment with no
walking aids, under contact guard.
Progressive Resistance Training
The machine-based exercises (Figure 2) were performed using K400 Keiser
pneumatic machines (Keiser Sports Health Equipment, Ltd, Fresno, CA, USA) and
were prescribed to participants to appropriately target muscle groups associated
with maintaining independence, reducing falls risk, and aiding in posture in
older adults (56, 57). The volume for each exercise consisted of 2 sets of 6
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repetitions at the target load for the session, and was chosen to provide sufficient
dose (58) in the limited, 40-minute duration allocated to PRT.

The initial

intensity was set at 70% of the testing 1RM and progressed to 80% 1RM by the
2nd week as previously described in PRT in older adults (59). The intensity was
progressed for a given exercise when the participant or assessor rating of
perceived exertion (RPE) on the OMNI-Res scale (60) fells below 8/10, indicating
that training adaptation had occurred for a given load. The concentric phase of
each exercise was executed fast to target muscle power, with power training at
higher loads appropriate for older adults and those with parkinsonism due to a
greater contribution of load rather than speed to peak power (61, 62). The
eccentric phase was executed slowly to enhance metabolic benefit and
hypertrophy (30). The target tempo was 1 second concentric, no pause, and 3
seconds eccentric (1-0-3).

Auditory (lobby bell, verbal count-down and

encouragement) and somatosensory (tapping target muscle) cueing were
engaged to promote fast movement initiation and sustain high intensity (61, 63).

2.8 Adverse Events
Monitoring of adverse events and all changes in health status and medical
care/interventions was carried out via weekly telephone questionnaires with the
caregiver and interview within sessions. Additional information was gathered
from medical and nurse care teams if appropriate for participants residing
within aged care facilities. Adverse events were defined a priori and included
any exacerbation of underlying disease, or new onset musculoskeletal,
cardiovascular or metabolic abnormalities. The study geriatrician and ethics
committee evaluated all adverse events to adjudicate all events as
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potentially/definitely related to the study exercise or assessment protocols or
not, or any need to change the study protocol.

2.9 Following Trial Completion
Following completion of the trial, participants were invited to continue
exercising within the medically supervised clinic at no additional cost under the
supervision of the clinic staff and students. There was no obligation to continue
exercise beyond the study nor was there a limit on the total duration of
participation beyond the trial.

2.10 Measures
The assessment battery (Table 1) was selected to evaluate the potential
contributions of a wide range of factors related to functional independence and
quality of life in individuals with LBD.

2.10.1 Primary Outcomes
Functional Independence
Functional independence was measured via the total and sub-scores of the
Movement Disorder Society Unified Parkinson’s Disease Rating Scale (MDSUPDRS)(64), which is an effective tool for evaluating disease severity, disability
and independence in parkinsonian disorders including LBD (65). The MDSUPDRS also has strong associations with habitual physical activity and sedentary
behaviour (23-25), cognition (66), sarcopenia and frailty (8, 67) which provides
an all-encompassing metric of the disease severity in PD. Additionally, the
original and current version of scale has been used to track changes in disease
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status in PD cohorts after exercise interventions (68, 69), and is correlated with
quality of life and independence (70, 71).

2.10.2 Secondary Outcomes
A range of secondary outcomes including cognition, psychosocial function, quality
of life, cardiovascular status, body composition, health status, physical performance,
exercise capacity and additional functional independence measures were assessed.
Additionally, caregiver burden and psychosocial outcomes were assessed. Table
1 details the total list of assessments performed. In addition to a description of
the primary and secondary outcome measures, a detailed description of the
derived variables is provided below.

This includes accelerometry-derived

variables relating to physical activity, which was the focus of our analysis in this
thesis, and gait quantity and quality. Interpretations of the variable values and
meanings are provided in Table 2.

2.11 Derived Measures
Various reported outcomes were derived from extracted raw data in order to
explore the clinical status of participants further. Existing recent medical reports
(with the permission of participant and caregiver) and the physician screen
conducted as part of the study were used to extract data including chronic
conditions,

quantity

and

class

of

prescribed

medications,

potentially

inappropriate medications (PIMs) as defined by STOPP criteria (72), equivalent
levodopa dose (calculated with process described in (73)), and anticholinergic
cognitive burden scale (ACB) (74), Self and proxy reports of weight loss, fatigue
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and physical activity, as well as physical function scores, strength, and
bioelectrical impedance analysis (BIA) was used to estimate muscle mass and
derive the sarcopenia and frailty status of participants (using equation described
in (75)).
The raw data collected during accelerometry with a small, accelerometer taped
at approximately the level of the L5 vertebral body (Axivity AX3, York, UK;
dimensions 23.0 x 32.5 x 7.6 mm; weight: 11g; accuracy 20 parts per million)
was initially processed by a co-investigators specialising in biomechanics and
accelerometry to derive a range of gait quantity, quality and physical activity
variables (Hausdorff, J, Hillel, I., Movement Disorders Unit, Tel-Aviv Sourasky
Medical Center; Department of Physical Therapy, Sackler Faculty of Medicine, TelAviv University, Tel-Aviv, Israel). These variables are described below and the
interpretation of these variables is presented in Table 2.
2.11.1 Description of Accelerometry and Derived Variables
A small, rectangular tri-axial accelerometer (Axivity Ax3) was used for
accelerometry measurement within this cohort.
programmed

from

specialist

The monitors were
software

(https://github.com/digitalinteraction/openmovement/wiki/AX3-GUI,

OMGUI
Open

Lab, Newcastle University, UK) with a sampling rate for triaxial accelerometry
data of 100Hz and dynamic range of ±8g. Start time for collection was set to the
day following the first assessment at 3am, and the monitor was step to stop
collecting data 8 days after starting at 3am. After the monitor was programmed,
it was placed inside of a small latex sleeve for additional waterproofing and
mounted in an upright orientation centrally on the lumbar region (5 th Lumbar
segment, spinous process).

The monitor was fixed to the participant with
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hypoallergenic,

waterproof

dressing

(Opsite

transparent

adhesive,

Smith+Nephew, Watford, Hertfordshire, UK) and caregivers were instructed to
check the dressing daily to ensure the fixing was intact and monitor was still in
place. Caregivers were also given additional Opsite dressing in case the fixing
loosened. Participants and caregivers were given a log sheet to fill out for bed,
wake and daytime nap times, however these data were not used in the
subsequent analysis beyond problem solving any issues relating to suspected
non-wear or corrupt data. Additionally, the assessor instructed participants and
caregivers to continue with normal weekly activity with the exception of
avoiding full water immersion activities such as swimming or bathing. Upon
return of the monitor, data were cleaned and data were downloaded to the
Omgui software program in the form of a continuous wave accelerometer data
file (.cwa) file. Upon completion of all participant data points the data files and
accompanying scanned log sheets were sent to co-investigator team (Movement
Disorders Unit, Tel-Aviv Sourasky Medical Center, Israel) for processing. Further
rationale for the technical details described below can be found in the
supplementary material of Galperin et al 2019 (76).
The data extracted from the device were analysed to generate two families of
metrics: gait quantity and physical activity, and gait quality. The data were first
visually inspected for any erroneous data, non-wear time (monitor removed), or
inversion of the monitor (replaced upside down). Two algorithms based on
monitor position and activity thresholds respectively (76) were applied to the
data to automatically differentiate bouts of walking, lying, and standing/sitting.
Briefly, the first algorithm transforms the accelerometer data from all three axes
into horizontal and vertical coordinates, which allows for discrimination of
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horizontal (lying) and vertical (sitting, standing, walking) activities as well as
setting day end (night time bed time) and day start times (morning out of bed
times)(77).

Next, bouts of locomotion were defined by passing the signal

through a threshold detector algorithm of 0.5 – 3.0 Hz (76). Frequencies in this
range enabled classification of periods of locomotion, while those falling below
this threshold were classified as passive activities (i.e., standing, sitting).
Table 2 describes the metrics derived from accelerometry that are defined
below; along with the unit of measurement and interpretation of values with
reference literature provided as available.
Gait Quality Measurements
For gait quality measurements walking bouts longer than 30 seconds were used
to derive variables relating to the five subdomains of pace, rhythm, symmetry,
variability, and complexity. The acceleration data output was analysed in either
time or frequency domains to calculate the variables below, which were
averaged for all the walking bouts within a given day, and presented as the
median daily average for the week.
Pace measures included step length and its derivative gait speed. Step length
was calculated using the dominant frequency of the peak amplitude within the
vertical axis along with participant height to calculate length via the inverted
pendulum model (77), while Gait speed was calculated using step length / step
time (described below).
Rhythm measures captured the frequency and timing of gait and included mean
step time, step time variability, mean stride time, stride time variability, cadence,
and dominant frequency of the power spectrum. The dominant frequency of the
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power spectrum is calculated in the vertical axis, and represents the dominant
frequency of peak amplitudes (i.e., maxima and minima) during gait cycle in the
0.5 – 3.0 Hz locomotion band.

Cadence (steps/min) was then derived by

multiplying the peak frequency (i.e., step peak) by 60 to derive steps/min. The
cadence value was then inverted to calculate step time (as 60 seconds divided by
the step rate yields the time spent in each step) and doubled to calculate stride
times (as a stride consists of two steps in a cycle). The coefficient of variation
(CV) was then calculated by dividing the mean step and stride time for each bout
into the standard deviation to derive step and stride time variability.
Symmetry measures captured step-to-step differences between left and right
steps within a stride and included step symmetry, step regularity and harmonic
ratio, which were calculated separately and reported for all three axes (anteriorposterior, medio-lateral and vertical). Step symmetry is a comparative measure
of acceleration in the time domain between left and right steps, calculated at an
autocorrelation coefficient for each neighbouring contralateral step and
averaged across each eligible gait bout. Step regularity is also a comparative
measure of acceleration in the time domain, but between consecutive steps (i.e.,
left and left) and represented as an autocorrelation coefficient between each step
and the consecutive ipsilateral step averaged across each gait bout. (78). The
harmonic ratio is a measure of overall gait smoothness that is calculated in the
frequency domain for each axis. The acceleration profile for each stride is a
combination of various regular and irregular acceleration frequencies
(harmonics). The dominant frequencies within each stride were identified by
decomposition of the signal using Fourier analysis, which breaks down the
complex signal into its component frequencies.

Regular (or in-phase)
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acceleration frequencies for the anterior-posterior and vertical axes occur twice
or at an even multiple within any given stride cycle (known as even harmonics)
due to the biphasic nature of these movements.

Irregular (out-of-phase)

acceleration frequencies in these axes were therefore identified as frequencies
that were not repeated at an even interval within a stride (odd harmonic), and
represent for example an extra acceleration signal in one limb but not the other.
In the medio-lateral axis, the inverse is true due to the monophasic nature of
accelerations within the stride cycle (i.e., accelerations only occur once or at an
odd interval multiple). This is due to the alteration between opposite sides in
this axis while walking. Therefore, regular (in-phase) frequencies for the ML axis
were odd harmonics and irregular (out-of-phase) frequencies were even
harmonics.

The harmonic ratio is as the name suggests, a ratio measure

calculated between the sum of regular frequencies compared to the sum of
irregular frequencies for at least 20 strides in each axis separately. The higher
the sum of regular acceleration frequencies and comparatively lower sum of
irregular acceleration frequencies therefore denotes increased smoothness of
gait (79).
Variability measures capture the stride-to-stride differences over a given gait
bout and include stride regularity, width of the dominant frequency in the power
spectrum, amplitude of the dominant frequency, and slope of the dominant
frequency. Stride regularity is a comparative measure of the acceleration in
consecutive strides calculated in the time domain with autocorrelation. The
width of the dominant frequency in the power spectrum is calculated in the
frequency domain, and represents the dispersion (width) of the dominant power
signal frequency observed within a bout of walking between strides.

The
240

amplitude of the dominant frequency represents the strength of the dominant
signal within a walking bout (i.e., how often the power is generated at a given
frequency between strides).

The slope of the dominant frequency is a

combination of the two former measures, whereby the slope of the frequency
graph indicates dispersion and periodicity of the power signal during a bout of
walking (with a lower slope consisting multiple dominant frequencies having
less signal amplitudes indicating greater variability of walking).
Complexity measurements capture how variable and regular the gait metrics
were with increasing time and include entropy and sample entropy, and spectral
arc length (SPARC). Entropy quantifies the regularity of gait metrics over time,
with more predictable and less complex series having lower entropy values.
Likewise, sample entropy is a negative logarithmic that quantifies the likelihood
that the regularity between two sample gait cycles in the series will be similar to
the regularity of another two gait cycles in the series selected by moving along a
set distance. In free-living situations, smaller entropy values indicate less change
in gait metrics over time and theoretically less responsiveness to environmental
stimuli, and are known to be lower in ageing and disease (80). SPARC provides a
measure of movement smoothness over a series in time. The calculation of
SPARC can be viewed in more detail in (80). Briefly, SPARC is derived from
calculating the spectral arc for normalised accelerations in each walking bout
and averaging this value across all walking bouts, essentially representing the
average variation in acceleration frequencies across the day.
Gait Quantity and Physical Activity Measurements
For gait quantity measurements, all gait bouts lasting ≥3 seconds were used to
quantity frequency of gait bout durations (provided for 5-10, 10-20, 20-30, 30-60,
241

60-120, >120 second bout lengths), daily step count and total daily walking time
(and proportion of day walking). These measures were calculated and summed
using the frequency domain in the vertical axis to identify acceleration peaks (as
described above in the pace and rhythm section).
For physical activity measurements, the signal vector magnitude (SVM) was
used as the primary descriptor of physical activity and represents the measured
acceleration signal of all three axes calculated for each 15-second (s) epoch.
Specifically, the SVM was derived from the square root of the AP, ML and V axis
acceleration squared. The signal was then filtered between 0.5 – 20 Hz using a
fourth-order Butterworth band-pass filter and the signal was split into 15-s
epochs, whereby the physical activity during the day was the sum of all 15-s
epochs throughout the daytime wear hours.

Therefore, this measure is a

summary measure of total daily physical activity of all epochs throughout the
day, and would be higher in more physically active participants. The proportion
of the day active is calculated by summing the time spent in SVM above a set
threshold for activity. This threshold was set as the mean value between the
SVM for lying epochs and the SVM for walking epochs. Naturally, the proportion
of the day active would include all time walking, as well as other unclassified
activities, which exceeded the mean threshold unique to each participant.
Additionally, time spent lying and in sitting/standing positions were also
calculated from positional and threshold data and was used primarily to provide
an estimate of in-bed and out-of-bed cut points to determine physical activity
throughout the day. For this analysis, we defined this metric as ‘time spent
inactive’ and it was defined as the total time spent in ‘lying time’,
‘sitting/standing time’ or ‘other activities’. Lying time was defined time spent in
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a position where the mean value of the SVM of the vertical axis was close to zero;
sitting/standing time was defined as all time spent still that is not classified as
lying; and other activities was defined as activities that involved minimal
movement (the SVM was below the median value between lying and walking)
but could not be classified as walking, lying or sitting. We chose to describe this
metric as inactivity and not sedentary time for several methodological reasons.
First, our ability to extract data on activities that were considered sedentary was
limited due to the placement of the monitor. The lumbar positioning of the
monitor meant there were several positional analogues that were not able to be
reliably distinguished. For example, the upright position of the monitor on the
lumbar region of the back during quiet sitting (a sedentary activity) was unable
to be distinguished from the upright position during quiet standing (not a
sedentary activity). Similarly, quiet lying time during the day (a sedentary
activity) was unable to be distinguished from daytime napping (not considered
sedentary due to reported health benefits of napping in some cohorts). Our
rationale for including these times in the inactivity category was that
participants were more likely to be spending majority of time classified in these
periods in ‘sedentary’ behaviours (i.e., more likely to be sitting quietly than
standing quietly; more likely to be quietly lying then sleeping), and ultimately all
of these activities would likely be metabolically/physiological similar. Second,
the algorithm used to detect walking used both positional data and SVM data.
Activities that were below the median SVM value between walking and lying
were considered undefined physical inactivity, as these activities were very light
in nature and infrequent. Conversely, activities that were above the median SVM
value between walking and lying were considered part of physically active time.
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The median daily physically inactive value was calculated from all valid days and
presented as the median time spent inactive for the cohort.

2.12 Statistical Analysis
All data were evaluated visually and statistically for normality of distribution,
and transformed prior to use in parametric statistics as required. Descriptive
measures were generated from the baseline cross-sectional data, including
means (standard deviations), medians (ranges) or frequencies, as appropriate.
Associations between variables of interest were evaluated through simple linear
regression for normally distributed data; otherwise Spearman’s correlation was
used. Primary intention-to-treat (ITT) analysis for all primary and secondary
outcomes was conducted using repeated-measures mixed models across all
three time points: Baseline (T1), prior to exercise (T2), and after exercise (T3). A
secondary all-available data (AAD) analysis was conducted using repeated
measures analysis of variance (ANOVA). Statistical significance was defined as α
<0.05. When the main effect of TIME was significant in mixed models or ANOVAs,
all pairwise comparisons were analysed via Bonferroni post-hoc t tests to
investigate differences across the wait-list, intervention, and total trial periods.
Additionally, Cohen’s d effect sizes (ESs) were calculated for primary and
secondary outcomes during the exercise intervention period using the formula:
T3 – T2 / SDT2.
Interpretation of these ESs conformed to standard definitions of small (0.2-<0.5),
medium (0.5-0.8), and large (>0.8). Feasibility was assessed via adoption &
adherence rates; reported as percentage completion and compared with
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reported adherence from similar cohorts. Safety was monitored via tabulation of
adverse events ascertained from a variety of sources as described in Section
2.3.3. Statistical analysis was performed using SPSS software (Version 26, SPSS,
Inc., Chicago).

4. Discussion
The primary aim of this study was to evaluate the determinants of functional
independence in LBD and the effect of a targeted exercise intervention. As LBD
is a disease with complex, rapid progressing and fluctuating symptoms, this
warrants the assessment of a comprehensive range of clinically meaningful
outcomes including physical function, strength, cognition, quality of life,
psychiatric, and nutritional outcomes. Unfortunately, individuals with LBD are
often excluded from trials of exercise in PD and other dementias due to this
complex combination of motor and cognitive symptoms, which are perceived as
potentially compromising to the homogeneity of cohort characteristics and
adaptations(20). Additionally, the fluctuating nature of the disease course and
difficulty with recruitment is a major barrier to conducting exercise research in
this cohort, just as it is for the conduct of pharmaceutical trials in LBD(2). As a
result, the literature pertaining to exercise and LBD is scarce, and consists of only
a few case reports and fragments of trial data evaluating non-anabolic, motor
interventions such as low intensity recumbent cycling, skill, and gait training
The PRIDE study was the first empirical trial evaluating the feasibility of an
exercise intervention specifically in LBD, and will provide much needed data to
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contribute to the under-researched field of non-pharmacological therapies in
LBD. As such, the trial responded to recommendations from the international
Forth Consensus Report of the DLB Consortium to develop and evaluate nonpharmacological therapies in this disease(16). The data collected from this pilot
study provided valuable information on ESs for the major outcomes, which may
be used to refine estimates of samples sizes requirements for adequately
powered future trials.

In addition, the feasibility of assessment tools and

training techniques in this population was evaluated. Importantly, the PRIDE
Study provided an opportunity for those individuals typically excluded from
clinical trials to participate in an intervention specifically designed for their
needs while advancing knowledge in this field.
.
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Tables
Table 1 – Primary and Secondary Outcome Measures
Domain
Measure

Description
Primary outcome measures

Functional Independence
Movement Disorder Society Unified Parkinson’s Disease Rating
Scale (MDS-UPDRS) – sub scores and total score

Functional independence
Bayer-instrumental Activities of Daily Living (B-ADL)

Functional Independence Measure (FIM)

Cognitive
Mini-mental State Exam (MMSE)
Parkinson’s Disease Cognitive Rating Scale (PD-CRS)
Trail-making (TMT) A & B
Benton Visual Retention Test (BVRT)

Psychiatric
Geriatric Depression Score – 15 item (GDS-15)

A clinical rating scale validated in Parkinsonian cohorts involving four parts: Non-motor experiences of
daily living, motor experiences of daily living, motor examination, motor complications. Total score
(/272) and sub-scores used to capture change in disease-related function and independence, with higher
scores indicating greater disease related disability and symptom burden (64).
Secondary outcome measures
The B-ADL is a 25-item informant or questionnaire sensitive to changes over time developed for
pharmaceutical trials in dementia, and a valid indicator of functional impairments attributed to cognitive
deficits. An average score between 1.00 and 10.00 is generated, whereby lower scores indicate less
impairment in daily tasks (81).
A scale used to track changes in patient disability comprising of 18 items grouped into motor and
cognition parts. Scale applied in outpatient setting using caregiver reports and objective testing to
summate functional independence. Scored between 18-128 with a higher score indicating greater levels
of independence (82).
Well-validated, brief screening measure of cognitive function with sensitivity to changes over time.
Scores range from 0-30, with higher scores indicating better function. Scores < 24 suggestive of
moderate or greater cognitive impairment (83).
A comprehensive 9-part cognitive assessment specific to deficits typically observed in Parkinsonian
disorders (executive function, visuospatial dysfunction) and very sensitive and specific to LBD. A higher
score indicates better cognitive function, up until a maximum score of 134 (84).
Trials A & B evaluate speed of attention, sequencing, visual search and include a motor component.
Trails B also assesses executive function (85). This domain is known to be impaired in LBD (86). Higher
scores (time) taken to complete each tasks indicates greater impairment.
A visual memory and reconstruction test that evaluates visuospatial memory from simple designs and
motor function. Sensitive to impairments specific to LBD (86). Scored using an ‘all-or-nothing’ system
whereby each of the 10 attempts were given ‘0’ for incorrect image or ‘1’ for correct image for a
maximum of 10 points, where Higher scores indicate better function (87).
A screening test used to assess level of depression in older adults with simple yes/no responses validated
against structured clinical interview with good sensitivity and specificity. Designed to focus on nonsomatic symptoms of depression to avoid overlap with physical illnesses in older adults. Higher scores
indicate increasing depressive symptoms. A score of >5/15 is suggestive of depression, with higher
scores indicating more depressive symptoms (88).
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Neuropsychiatric Inventory (NPI)

Quality of Life
Dementia Quality of Life Scale & Proxy version
(DEMQoL, DEMQoL - Proxy)

Satisfaction with Life Scale (SWLS)

University of Alabama Study of Ageing –
Life Space Assessment (LSA)
Physiological Capacity
Muscle strength

Isometric handgrip strength
6-minute walk distance (6MWD)
Static balance
Tandem walk
Physical Performance
Gait speed – Habitual and maximal

A comprehensive clinician-administered tool designed for proxy-reporting, involving 10 scored domains
of behavioural disturbance occurring in dementia, and two additional domains involving sleep
disturbances and eating behaviour which do not form part of the final score. Presence of symptom,
frequency, severity and caregiver distress rated for each relevant item. A symptom score (/12) and
caregiver distress score (/5) is generated for each domain with higher scores indicating greater symptom
impact and distress respectively. (89)
DEMQoL is a 28-part questionnaire administered to person with dementia asking questions relating to
quality of life items potentially affected by symptoms of dementia. DEMQoL-PROXY is a 31-items
questionnaire administered to the caregiver of the person with dementia asking about the perceived
quality of life of the care recipient. Higher scores for both measures indicate better quality of life for the
participants, with a Likert scale from ‘1’ – all the time, to ‘4’ not at all, being used to rate the frequency of
each concern (90).
A global 5-item scale rating overall life satisfaction. Rated on a 7-point scale from strongly disagree to
strongly agree. Scored between 5-35, with higher scores indicating greater relative satisfaction with life,
and 20/35 considered a neutral point between dissatisfaction and satisfaction with life (91).
The LSA provides insight into the mobility and travel patterns of the person within home and community
ranging from in bedroom to unrestricted travel zones outside of community. The LSA is associated with
quality of life and disability. Scored from 0-120 with a higher score indicating a greater life-space (92).
Maximal dynamic lower and upper extremity strength obtained using the digital K400 Keiser pneumatic
machines (Keiser Corp, Fresno, CA, USA). Isometric strength assessed using the Chatillon CSD200 force
dynamometer (Ametek Inc., Largo, FL USA) at all time points. Muscle groups assessed included hip and
knee extensors; hop abductors, and triceps extension.
Isometric strength of dominant and non-dominant hand assessed using JAMAR handgrip dynamometer
(Sammons Preston, Bolingbrook, IL). Highest result of 3 trials in each hand used for analysis. A grip
strength of <27 kg is a cut off point for sarcopenia (93).
Widely used test of walking endurance, which is a proxy for overall cardiovascular endurance in elderly
adults with comprehensive normative data (94). Total distance walked within 6 minutes recorded along
with stoppages
Assessed for 15 seconds in six different conditions (wide, narrow, semi-tandem and tandem stance, and
on one leg without and with eyes closed). 2nd, 3rd and 4th position used in SPPB score calculation with 10s
cut off.
A heel-to-toe walk over 3 metres performed at maximal pace with as minimal errors as possible. Two
trials performed and fastest time used for analysis.
Habitual measured over a 3-m course with a stopwatch as specified in SPPB protocol (95), then
measured along with maximal gait speed over 2-m distance from a dynamic start with an Ultra-timer
(Raymar, Oxfordshire, UK). Average of times ultra-timer times used for analysis. A habitual walking
speed of 0.8 m/s or less is a cut off for sarcopenia (93).
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Chair stand
Short Physical Performance Battery (SPPB)

Cardiovascular
Orthostatic blood pressure (BP) and heart rate (HR)

Body Composition
Anthropometry
Bioelectrical Impendence Analysis (BIA)
Mini Nutritional Assessment –Short Form (MNA-SF)
Health Status
Medical history
Habitual physical activity, gait quality and quantity
Clinical Dementia Rating (CDR)

Adverse events
Caregiver Psychiatric and Quality of Life
Geriatric Depression Scale (GDS-15)
Satisfaction With Life Scale (SWLS)
Positive and Negative Affect Scale (PANAS)

A proxy for lower extremity power, or the ability to generate high forces rapidly. Primarily, participants
used hip and knee extensors muscles. Time taken to complete 5 stands recorded and used in the SPPB
score calculation. A time of more than 15 s for the 5 stands is a cut off for sarcopenia (93).
Performance-based testing of functional mobility generating a score up to 4 points for three domains
(gait speed, static balance, chair stand) for a total of 12 points. Higher score is indicative of better
function and strongly predictive of mortality and nursing home placement (95). A score of 8 or less is a
cut-off for sarcopenia (93).
Measurement of orthostatic hypotension and HR in fasting state with rest (>5 minutes) in supine
position, and then in standing position at 1 and 3 minutes. A drop in systolic of 20 mmHg and/or
diastolic of 10 mmHg is indicative or orthostatic hypotension. HR response can also be suggestive of
cause (96).
Stretch stature height (BL only), weight (kg), and waist circumference (cm) were obtained in triplicate
after overnight fast. BMI calculated (weight kg/ height m2).
Whole body skeletal muscle mass (kg), fat free mass (kg) and skeletal muscle index calculated** using
average resistance and reactance values measured in supine, fasted state with BIA analyser (RLJ Prizum,
S/N B10875E, Mode BIA-101s)
A short clinician rated form to assess risk of malnutrition in elderly patients based on risk factors for
reduced dietary intake. Score out of 14, with a score less than 8 considered malnourished (97).
Comprehensive physician screen performed by study Geriatrician involving past medical history, review
of systems examination
Habitual physical activity, sedentary time, gait quality and quantity, and sleep patterns will be recorded
using activity monitors (AX3, Axivity, Newcastle upon Tyne, UK) worn on lumbar spine. See table ## for
information on interpretation of relevant measures
Commonly used dementia assessment tool for the assessment of dementia severity. Completed by
clinician in conjunction with cognitive testing, and informant reports. Domain ratings range from 0 (no
impairment) to 3 (sever impairment) and an algorithm using the total sum of domain scores (/18) is
used to produce a summary score from 0-3 (98).
Any adverse events that occur during the study period will be detailed and adjudication from study
geriatrician and ethics committee will inform whether related or unrelated to intervention.
See secondary outcomes – psychiatric section in table for description.
See secondary outcomes – quality of life section in table for description.
A scale consisting of 10 positive items and 10 negative items to measure affect. Rated from not feeling a
particular emotion (1) to feeling the emotion extremely (5) over a period of a few hours. A score range
between 10-50 is generated separately for both positive affect items and negative affect items. In the
positive items a higher score indicates more positive affect, and lower scores on the negative items
indicate less negative affect (99).
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Quality of Life Scale (QOLS)
Zarit Burden Interview-22 item (ZBI)

A 5-domain scale consisting of 16 items evaluating quality of life in the caregiver. Total score summated.
scored between 16-112 with a higher score indicating greater overall quality of life (100).
A 22-item scale measuring levels of caregiver burden relating to the care of a person with dementia and
correlated with behavioural problems in care recipient and depression in caregiver. Rated from 0-88, a
higher score indicates increased caregiver burden (101).

** *Skeletal muscle mass (SMM) = 0.401(height in cm2/resistance in ohms)+3.825 (sex: male = 1; female = 0)+age in years(-0.071) + 5.102 (75). Fat-free mass (FFM) = -4.03 +
0.734 (height in cm2/resistance in ohms) +0.116(body weight in kg) + 0.096 (reactance in ohms) +0.984 (sex: male = 1; female = 0) (102).
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Table 2 – Interpretation of Accelerometry-derived Physical Activity, Gait Quantity and Gait Quality Variables
Domain/family
Variable
Physical Activity Measures*
Walking time & proportion

Axes

Unit

Interpretation

V

mins, %

Total daily physical activity
(Sum Vector magnitude)
Proportion of day active
Lying time

All

g / hr.

Higher duration/proportion is better. McArdle 2019 reports mean walking time in in healthy older adults of 196 ± 63
minutes, and 147 ± 72 and 106 ± 45 minutes in older adults with DLB and PDD. Proportion of the day spent walking was
13 ± 4 %, 10 ± 5 %, and 7 ± 3 % in this population, respectively.(103)
Higher sum is better, indicating more accumulated physical activity through the day.

All
All

%
mins

Proportion of day
sitting/standing
Gait Quantity**
Step count

All

%

V

n

Bouts of walking (5-10, 10-20,
20-30, 30-60, 60-120, >120
seconds) & sum of bouts
Gait Quality***
Pace
Step length

V

n

V

m

Gait speed

V

m/s

Rhythm
Mean step time & mean stride
time, and

V

s

Step time & stride time
variability (CV)
Cadence

V

%

V

Steps/min

Dominant frequency of the
power spectrum.
Symmetry
Step symmetry

V

Hz

All

nu

Higher proportion is better, however interpretation of the intensity during this ‘activity’s is not possible.
Lying while sleeping during the day is considered beneficial to health, however lying while awake is considered sedentary
activity and is better if reduced during daytime.
Generally, lower is considered better as it is more likely that stationary, upright positional activity in this cohort would
unlikely be standing, but more so sitting, which is sedentary.
Higher step count is better. McArdle 2019 reports mean step count of 14204 ± 4817, 10196 ± 5229, and 7305 ± 3018 in
healthy older adults, mild DLB, and mild PDD participants respectively (103)
More walking bouts were better, especially of longer duration. McArdle 2019 reported mean total walking bouts of 630 ±
166, 565 ± 213, and 459 ± 159 in healthy older adults, mild DLB, and mild PDD participants respectively.(103)

Longer step length is generally better for a given cadence. McArdle 2019, reports a step length of 0.7 ± 0.09 in healthy
older adults and 0.55 ± 0.12 metres in older adults with LBD. (103)
Faster gait speed is better. In addition to the sarcopenia cut off of 0.8 m/s, McArdle 2019 reports a mean gait speed of 1.26
m/s in healthy, older adults and 0.95 ± 0.24 m/s in older adults with LBD. (103)
Dependant on context. If cadence is the normal physiological range, then step length must also be factored into the
interpretation. In PD cohorts, people classified as ‘fallers’ compared to ‘non-fallers’ have been reported to have both
increased stride times 1.19 vs. 1.12 seconds (104) and reduced stride times (0.92 vs. 1.04 seconds. (105)
Decreased variability is better. Stride time variability was reported to be 5.0 ± 1.9% in ‘fallers’ in a PD cohort vs. 3.3 ±
1.6% for non-fallers. (105)
Normal physiological cadence is 100 – 115 steps/minute (106). Older adults and individuals with PD may have to take
more, shorter steps to maintain walking speed.
The dominant frequency in the 0.5 – 3.0 Hz locomotion band represents the cadence (steps/min). A dominant frequency
approximately in the 1.66 – 1.92 Hz would match the normal physiological cadence.
Higher step symmetry (i.e. closer to a value of 1.0) represents more symmetrical, normal steps within the stride. In the
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Step regularity

All

nu

Harmonic ratio

All

nu

Variability
Stride regularity

All

nu

Width of the dominant
frequency in the power
spectrum,

All

Hz

Amplitude of the dominant
frequency

All

g2/Hz

Slope of the dominant frequency

All

g2/Hz2

Complexity
Entropy & Sample entropy

All

nu

SPARC

All

nu

most commonly extracted V and ML axis, step symmetry was 0.98 and -0.65 for normal gait, and 0.31 and -0.55 for
abnormal gait respectively. (77)
Higher step regularity (i.e. closer to a value of 1.0) represents more regular, normal steps within the stride. In the most
commonly extracted V and ML axis, step regularity was 0.89 and -0.85 for normal gait, and 0.26 and -0.55 for abnormal
gait respectively. (77)
A higher harmonic ratio indicates a greater proportion of regular to irregular gait acceleration frequencies within the
strides cycles, there higher is better. Harmonic ratio in healthy controls vs. a PD cohort was: Vertical – 3.10 ± 0.9 vs. 2.75
± 0.82, Anterior-Posterior – 2.08 ±0.48 vs. 2.04 ± 0.74, Medio-Lateral – 0.6 ± 0.11 vs. 0.56 ± 0.09 (80)
Higher stride regularity (i.e. closer to a value of 1.0) represents more regular, normal strides within the gait. In the most
commonly extracted V and ML axis, stride regularity was 0.91 and -0.85 for normal gait, and 0.86 and -0.84 for abnormal
gait respectively. (77)
A narrower width is better, as it indicates less variation in acceleration produced with each stride – i.e. consistent
acceleration signals for each stride within a bout of walking. In a PD cohort classified as ‘fallers’, the frequency width for V,
AP and ML axis were 0.7 ± 0.04, 0.7 ± 0.04, and 0.87 ± 0.1 Hz respectively, which was not significantly different from nonfallers (104)
Higher amplitudes were indicative or a stronger signal at the dominant frequency of acceleration i.e. – the person spends
more time at the dominant frequency during a bout of walking and varies less. Amplitudes in PD participants of 0.58 ± 0.22
(V), 0.68 ± 0.16 (AP) and 0.34 ± 0.25 (ML) in ‘fallers’, and 0.71 ± 0.18, 0.68 ± 0.11, and 0.21 ± 0..13 in ‘non-fallers’ (104)
A steeper slope/gradient indicates less variability in gait, which is better. A shallow gradient is indicated of smaller
amplitudes spread over a wider spectrum of dominant frequencies indicating more variability. The slope in PD
participants was reported as 0.20 ± 0.08 (V), 0.22 ± 0.06 (AP) and 0.11 ± 0.09 (ML) in ‘fallers’, and 0.24 ± 0.06, 0.23 ± 0.04,
and 0.06 ± 0.04 in ‘non-fallers’ (104)
Higher levels of entropy in walking bouts were considered better. Ageing and impaired systems exhibit lower entropy
than healthy systems (107)
A higher SPARC value indicates an increased smoothness of movement and less variability of acceleration frequencies.
(80).

Mins = minutes, Hrs. = Hours, g = force of gravity (9.8m2), n = number, m = metres, m/s = metres per second, Hz = hertz, nu = no unit/unit less
*Physical activity variables were calculated per 15 second epochs, and averaged across all epochs for the day period, **Gait quantity variables were calculated for each bouts of
walking and summed across the day, ***Gait quality variables were calculated for each eligible walking bout (>30 seconds) and then average across all walking bouts for a given
day. All variables were reported as the median daily value for the week.
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Figures

Figure 1 – Study Design Flow Chart
6MWT = Six-minute walk test
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Figure 2 – Exercise Prescription - The four exercise components were combined sequentially
in a 60-minute session. The order of completion for each of the exercise components followed
the order in the table, and was adjusted as tolerated by the participants
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Figure 3 – Static Balance Dual-task Apparatus - The custom-made apparatus, affectionately
named ‘Humphre’ - consists of coloured button magnets, and magnetic whiteboards laterally, in
front, and above the participant to allow completion of physical and cognitive dual-task. A grab
bar in front of the participant provided additional support during the movement.
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CHAPTER 5 – Promoting Independence in
Lewy Body Dementia through Exercise
(PRIDE): Analysis of Baseline
Characteristics
Inskip, M., Mavros, Y., Sachdev,, P.A., Hausdorff, J.M., Hillel, I., & Fiatarone Singh, M.A.,

Abstract
Background: Lewy body dementia (LBD) is the second most prevalent neurodegenerative
dementia, with prevalence estimated to be up to 24% of all dementia diagnoses. The
disease has a complex, broad symptomatology, including parkinsonism, psychosis and
autonomic disturbances in addition to the typical cognitive and affective impairments that
are often noted in Alzheimer’s disease (AD) dementia. Furthermore, the prevalence of
frailty in the earlier stages of the disease is also significantly higher in LBD at 37%,
compared to 19% in AD and 22% in Parkinson’s disease (PD). Recent evidence suggests
that levels of physical activity are also already significantly lower in the mild stage of LBD
compared to AD and healthy older adults, and that lower functional independence is
associated with lower levels of physical activity.

However, given the complex

presentation of LBD it is likely that a diverse array of clinical characteristics as well as
frailty contribute to not only reduced physical activity, but also a faster progression of the
disease. In order to effectively treat the high levels of frailty and functional decline in LBD,
a comprehensive profile of related characteristics needs to be evaluated. Thus, this
investigation will comprehensively evaluate the relationships between functional
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independence, physical activity, cognition and a comprehensive array of clinical
characteristics in a sample of older adults with LBD.
Methods: This investigation is a cross-sectional analysis of older adults with LBD that
were enrolled in a pilot trial, the Promoting Independence in Lewy Body Dementia
through Exercise (PRIDE) trial. Participants were comprehensively evaluated for levels of,
and associations among, functional independence, cognition, physical activity and related
clinical characteristics.
Results: A total of nine participants were enrolled at baseline with a median age of 74
years (66 – 84 years), seven male, and all but two participants having more than 12 years
education. Furthermore, six participants were classified as frail, and two others pre-frail.
First, greater functional independence as measured by the Functional Independence
Measure (FIM) was associated with higher physical activity level (p=0.021) and greater
total walking time (p=0.026), as anticipated.

Unexpectedly, the Movement Disorder

Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS )total score was not
significantly associated with either measure of physical activity.

Second, greater

functional independence as measured by both the FIM and the MDS-UPDRS total score
were both significantly associated with better cognition (p<0.05). Lastly, higher total
physical activity was associated with both better scores on the Mini-mental State Exam
(MMSE; p=0.042) and the Parkinson’s Disease Cognitive Rating Scale (PD-CRS, p=0.030),
as anticipated, while greater total walking time was only associated with the PD-CRS score
(p=0.025). Higher physical activity was subsequently found to be significantly associated
with higher non-dominant handgrip strength, maximal leg press, muscle mass, physical
function, six-minute walk distance, quality of life, and lower dementia severity, as
anticipated (p<0.05), but unexpectedly not nutritional status, gait quality, or PD motor
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symptoms. Lastly, better cognition was associated with higher muscle mass, physical
function, total balance time, habitual gait speed, and quality of life, as well as better
nutritional status and less disease severity (p < 0.05).
Conclusions: Individuals with LBD were found to have a complex medical presentation
characterised by significant sarcopenia, frailty, chronic disease, polypharmacy, low
physical activity level and high levels of physical inactivity. Functional independence was
associated with both physical activity and cognition, which in turn were associated with a
diverse array of potentially modifiable clinical characteristics. These findings inform the
design of future trials, which are needed to more comprehensively evaluate these
relationships and their response to targeted interventions.
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1. Introduction
In the previous chapters, we discussed the dearth of literature reporting the effects of
exercise or physical interventions in LBD (Chapter 3). Subsequently, we outlined the
rationale for a study protocol (PRIDE) we designed to explore baseline associations
among clinical characteristics within this cohort and identify potential modifiable targets
that could be treated with robust exercise intervention (Chapter 4). Our rationale for the
use of progressive resistance training and challenging cognitive, dual-task balance was
developed from the success of these interventions in similar cohorts of Parkinson’s
disease (PD) and dementia at targeting modifiable aspects of frailty and falls risk, as well
as the direct effects of these intervention on cognition (1-4). Furthermore, robust exercise
of this nature has been found to improve physical activity within these cohorts (2, 5),
which may help to attenuate declines in cognition and functional independence (6, 7). For
example, the RUSH Memory and Aging Cohort reported a protective effect for high levels
of physical activity on incident dementia diagnosis and cognitive decline even after
controlling for underlying Alzheimer’s disease (AD) pathology (8).

Similarly, in

Parkinson’s disease, preliminary evidence suggests that higher levels of physical activity
are associated with decreased cognitive impairment, even after controlling for motor
disease severity (9, 10). Furthermore, higher levels of physical activity are known to
attenuate declines in both functional independence and frailty in older cohorts (11-13).
However, some of these relationships have only recently been explored in Lewy body
dementia (LBD) itself.
Recent findings from McArdle and colleagues (14) have for the first time evaluated the
link between habitual physical activity, cognition and functional independence in a crosssectional analysis of healthy older adults, and those with mild AD or mild LBD. Physical
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activity, defined by daily walking duration and step count, significantly lower in the
participants with LBD compared to the other groups, even of similar cognitive ability. Part
of the lower physical activity level observed in LBD was explained by impairments in both
motor function and activities of daily living, however much remained unaccounted for.
Considering that frailty is both significantly more prevalent in mild LBD compared with
older adults, PD and other dementias, (15, 16) and that it is known to lead to significant
reductions in physical activity (17), it is possible that clinical characteristics related to
frailty that were not explored within this study, may explain this relationship further.
Additionally, recent pathological findings indicate that underlying disease pathology
related to LBD have only minimal associations with observed levels of frailty (18),
suggesting that frailty for the most part may be amenable to interventions that address
characteristics associated with its phenotype such as strength, physical function and lean
muscle mass (19). Thus, within this chapter our aim was to further explore associations
among a diverse range of clinical characteristics in LBD with physical activity and
cognition at baseline and identify potential targets for intervention.

Specifically, the aims of this chapter were to:
4. Evaluate the relationships among functional independence, physical activity and
cognition in LBD;
5. Further evaluate the associations between physical activity and cognition and
various modifiable clinical characteristics.
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Our hypotheses for this this chapter study were:
5. Low functional independence would be associated with low physical activity and
poor cognition in LBD at baseline;
6. Higher physical activity would be associated with better cognition;
7. Higher strength, muscle mass, physical function, exercise capacity, quality of life,
and better disease status and nutritional status would be associated with higher
physical activity and better cognition.

2. Methods
The full protocol for the baseline assessment is described in Chapter 4, and prospectively
registered with the ANZCTR trial registry(20). The baseline cross-sectional assessment
formed part one of a two-part study, whereby participants were assessed for eligibility to
take part in a non-randomised baseline crossover controlled trial upon completion of the
cross-sectional portion of the study. The University of Sydney ethics committee (HREC 2)
approved the study protocol on 20 th April 2016 (Project No. 2016/209). Below is a
summary of the population, study design, assessments, and analysis performed for the
cross-sectional component.

2.1 Study Population
Participants with a diagnosis of either dementia with Lewy bodies (DLB) or Parkinson’s
disease dementia (PDD) by a medical specialist were recruited from April 2016.
Participants were over the age of 55, able to ambulate with/without assistance,
communicate in English, and were able to follow rudimentary instructions. A more
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detailed description of screening procedures and full inclusion and exclusion criteria are
described in Chapter 4.

2.2 Study Design
The assessment schedule consisted of two visits by a clinician to the residence of the
participant and one additional visit by participant and caregiver to the exercise clinic at
the Cumberland campus, Faculty of Health Sciences – University of Sydney in Lidcombe,
NSW. Each assessment session was separated by one week, and lasted approximately 3 –
4 hours in duration. The first home visit involved disease status, cognitive and affect
assessment; the second involved mainly fasting anthropometrical and physical function
assessments; and the clinical visit involved the physician history and physical exam,
strength assessment and walking endurance. The tri-axial accelerometer (Axivity AX3,
York, UK; dimensions 23.0 x 32.5 x 7.6 mm; weight: 11g; accuracy 20 parts per million)
used to derive accelerometry measures was fixed to the lower back of the participant after
the first home visit and removed one week later at the second home visit. All three visits
were normally completed within a two-week period of assessment. A schematic of the
assessment design is provided in Chapter 4 - Fig 1.

2.3 Data Collection
An accredited exercise physiologist (AEP) performed all assessments within the schedule
with the exception of the physician screen, which was performed by the study geriatrician.
All measures were first collected in hardcopy format, then scanned in a digital format and
stored in a secure server. The data were then manually entered into a secure, database
management software program called REDCap (Research Electronic Data Capture) in
preparation for analysis (21, 22).
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2.4 Assessments
Table 1 in Chapter 4 describes in detail each assessment performed and the
interpretation of each outcome.

Briefly, participants underwent a comprehensive

assessment battery to provide a detailed picture of their clinical status. Associations
among the primary variables of interest were evaluated, along with associations with
other clinical characteristics grouped into health domains.
2.4.1 Primary Variables of Interest
Functional independence was assessed via the Movement Disorder Society Unified
Parkinson’s Disease Rating scale (MDS-UPDRS) total score and the Functional
Independence Measure (FIM). Physical activity was assessed via the accelerometryderived variables total daily activity and total daily walking time (described in greater
detail below in section 2.4.3). Cognition was assessed via the screening tool, the Minimental State Exam (MMSE), and the disease-specific measure, the Parkinson’s Disease
Cognitive Rating Scale (PD-CRS).

2.4.2 Clinical Characteristics
Clinical characteristics were grouped into health domains for descriptive and analytic
purposes. The domains were as described below:
Health Status
The MDS-UPDRS was also used to measure PD disease severity, while the Clinical
Dementia Rating (CDR) was used to measure dementia severity. Nutritional status was
assessed via the Mini-Nutritional Assessment Short Form (MNA-SF). Additionally, several
health-related descriptive variables were generated from the physician exam including
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chronic conditions; quantity and class of prescribed medications; potentially
inappropriate medications (PIMs) as defined by STOPP criteria (23); equivalent levodopa
dose calculated using the process of Thomlinson et al. 2010 (24); and anticholinergic
burden using the Anticholinergic Cognitive Burden scale (ACB) (25).

Sarcopenia

(EWGCOP2 criteria (26)) and frailty status (Fried’s phenotype (27) were determined via
self- and proxy reports of weight loss, fatigue and physical activity, as well as physical
function, strength, and muscle mass (each described below).
Psychosocial and Quality of Life
Affect was assessed via the Geriatric Depression Scale Short Form (GDS-15), and the
proxy-reported Neuropsychiatric inventory (NPI). Quality of life was assessed via selfreport and proxy versions of the Dementia Quality of Life Questionnaire (DEMQoL), as
well as the Satisfaction with life Scale (SWLS) and University of Alabama Study of Ageing –
Life space assessment (LSA).
Strength
Muscle strength was assessed through one-repetition maximum (1RM) testing of leg press,
leg extension and triceps pushdown, and isometric handgrip strength.
Physical Function
Physical performance was assessed via habitual and maximal gait speed, multiple sit-tostand, dynamic balance (2-metre tandem walk) and total balance time (calculated by
adding the times held (up to 15 s) for each of six positions; wide, narrow, semi-tandem,
tandem, one leg up – eyes open, one leg up – eyes closed). These measures were also used
to calculate the instrumented measure, the Short Physical Performance Battery (SPPB).
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Exercise Capacity
The six-minute walk test (6MWT) was used to assess exercise capacity.
Body Composition and Cardiovascular
Anthropometry was assessed via stretch stature height, waist circumference, and body
mass.

Skeletal muscle mass (SMM) and index (SMI) was assessed via bioelectrical

impedance assessment (BIA) using the equation described in Jannsen et al. 2000 (28).
Cardiovascular function was assessed via orthostatic blood pressure.
Gait Quality
Accelerometry-derived measures of gait quality including pace, rhythm, symmetry,
variability, and complexity were derived (described in greater detail in 4.2.3).
Caregiver Outcomes
Caregiver affect and quality of life was also assessed via the GDS-15, Positive and Negative
Affect Scale (PANAS), SWLS, Quality of Life Scale (QOLS), and Zarit Burden Interview 22item (ZBI-22).
2.4.3 Description of Accelerometry Variables
The raw data collected during accelerometry with a small, lumbar-mounted accelerometer
(Axivity AX3, York, UK; dimensions 23.0 x 32.5 x 7.6 mm; weight: 11g; accuracy 20 parts
per million) was initially processed by a co-investigators specialising in biomechanics and
accelerometry to derive a range of gait quantity, quality and physical activity variables
(Hausdorff, J, Hillel, I., Movement Disorders Unit, Tel-Aviv Sourasky Medical Center;
Department of Physical Therapy, Sackler Faculty of Medicine, Tel-Aviv University, Tel-Aviv,
Israel). These variables are described briefly below and in full in Table 2, chapter 4.
Investigators at the University of Sydney then completed the subsequent statistical
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analysis of the processed accelerometry variables provided.
A full description of the accelerometry-derived variables and interpretation is provided
within Chapter 4. Briefly, a small, rectangular tri-axial accelerometer (Axivity Ax3), was
fixed to the lower back with a waterproof dressing (Opsite transparent adhesive,
Smith+Nephew, Watford, Hertfordshire, UK) and caregivers were instructed to check the
dressing daily to ensure the fixing was intact and monitor was still in place. Participants
and caregivers were given a log sheet to fill out for bed, wake and daytime nap times.
However these data were not used in the subsequent analysis beyond problem solving
any issues relating to suspected non-wear or corrupt data. Additionally, the assessor
instructed participants and caregivers to continue with normal weekly activity with the
exception of avoiding full water immersion activities such as swimming or bathing. No
participants were regular swimmers during the time of assessment and therefore this
instruction did not foreseeably alter weekly physical activity.
The data extracted from the device were analysed to generate two families of metrics; gait
quantity and physical activity, and gait quality.
Gait Quality Measurements
For gait quality measurements, all walking bouts longer than 30 seconds were used to
derive variables relating to the five subdomains of pace, rhythm, symmetry, variability,
and complexity. The acceleration data output was analysed in either time or frequency
domains to calculate the variables below, which were then averaged for all the walking
bouts within a given day, and presented as the median daily average for the week.
Pace measures included step length and its derivative, gait speed. Rhythm measures
captured the frequency and timing of gait and included mean step time, step time,
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variability, mean stride time, stride time variability, cadence, and dominant frequency of the
power spectrum. Symmetry measures captured step-to-step differences between left and
right steps within a stride and included step symmetry, step regularity and harmonic ratio,
which were calculated separately and reported for all three axes (Anterior-Posterior,
Medio-Lateral and Vertical).

Variability measures captured the stride-to-stride

differences over a given gait bout and include stride regularity, width of the dominant
frequency in the power spectrum, amplitude of the dominant frequency, and slope of the
dominant frequency. Complexity measurements captured how variable and regular the
gait metrics are with increasing time and include Entropy and sample entropy, and spectral
arc length (SPARC).
Gait Quantity and Physical Activity Measurements
For gait quantity measurements, all gait bouts lasting ≥3 seconds were used to quantity
frequency of gait bout durations (provided for 5-10, 10-20, 20-30, 30-60, 60-120, >120
second bout lengths), daily step count and total daily walking time (and proportion of day
walking). For physical activity measurements, The Signal vector magnitude (SVM) was
used as the primary descriptor of physical activity alongside total daily walking time, and
represents the measured acceleration signal of all three axes calculated for each 15second epoch. Daily physical activity was represented as accumulative measure of activity
counts in g (gravitational units) across the day, which was then normalised for hours of
non-bedtime (g / hour). Time spent active (%) was calculated using this measurement.
Additionally, time spent in lying and sitting/standing positions, as well as in very light
activity (defined as activities below the median SVM value threshold between lying and
walking) during the daytime hours were also calculated from positional and threshold
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data for calculation of the metric time spent inactive. This measure was described in more
detail in Chapter 4.

2.5 Statistical Analysis
Data analysis was performed using common data analysis software (IBM Corp. Released
2017. IBM SPSS Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp.) Descriptive
statistics were generated for all relevant baseline data. The data were not normally
distributed, as decided through visual inspection of boxplots and the Shapiro-Wilk test.
Therefore, data are presented as median (range) or frequencies as appropriate. Where a
mean and standard deviation value were provided in the reference cohort, each individual
was compared to the mean to generate a z score, which was then presented within the
cohort as the median (range) of z-scores compared to a reference population. For each
individual, all measures derived from accelerometry reflect median values of the daily
mean for the week when the monitor was worn; as the data were not normally distributed
at the individual level across the 7 days of wear. Additionally, due to the small sample size
of the PRIDE trial, group values presented within the results table also represent the
median cohort value. Thus, all accelerometry-derived values presented represent the
median participant value of median weekly values for wear. Where available, reference
values were provided from similar cohorts to guide interpretation of outcomes.
Spearman’s correlation was performed to first explore associations among functional
independence, physical activity and cognition.

Second, associations among physical

activity, cognition and selected clinical characteristics grouped by domains were
conducted. Statistical significance was defined as α < 0.05 for all correlations and the
strength of the association was interpreted via the commonly-accepted reference values
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of small ≤ ±0.2-<0.5, moderate =0.5- <0.8, and strong ≥ ±0.8. A line of best fit was not
appropriate, as correlation analysis was performed on ranks not the raw data.
The final domains (measures) analysed in the correlation analysis included functional
independence (MDS-UPDRS, FIM), physical activity (total physical activity, total walking
time), cognition (MMSE, PD-CRS), strength (dominant & non-dominant handgrip strength,
maximal leg press strength), physical function (habitual and maximal gait speed, SPPB,
total balance time), gait quality (harmonic ratio, entropy, stride time variability) exercise
capacity (6MWT), body composition (SMI), health status (CDR, MNA-SF), and psychosocial
and quality of life (DEMQoL). Measures were selected based on anticipated relationship
with functional independence, physical activity and/or cognition, as well as completeness
of the dataset.

3. Results
3.1 Recruitment
A total of 13 participant and caregiver dyads contacted the study during the recruitment
period between May 2016 and December 2017. Nine participants of the 13 screened were
eligible for the trial, with one additional participant excluded from analysis, due to
inability to complete the full complement of baseline testing because of severe cognitive
impairment and sedation due to medication.

3.2 Adverse Events
There were no reported adverse events during the baseline cross-sectional assessment
period.
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3.3 Participant Characteristics
The characteristics of all participants enrolled at baseline are presented as in Table 1.
The cohort was predominantly male, with all but two participants living with a dementia
diagnosis for at least 12 months. The five participants diagnosed with PDD had been
living with a PD diagnosis for 4 -17 years prior to a dementia diagnosis. Seven participants
were prescribed anti-parkinson agents with a calculated median levodopa equivalent dose
(LED) of 450.0mg (range 26.0 – 1297.5 mg). A neurologist was involved in the diagnosis
of all but two participants, with the remaining diagnoses involving a geriatrician and a
neuropsychiatrist. All participants except two had a tertiary level education attainment
(>12 years education) with two participants having attained post-graduate level
qualifications. Former occupations and sectors were varied and included a mixture of
unskilled, trade, and managerial positions within the agricultural, administrative, finance,
education and automotive sectors. At the time of baseline assessment five participants
resided in their own home or apartment, one in an independent unit in a retirement
village, and the remaining three participants resided in aged care facilities. A spouse was
the primary caregiver for six of the participants, with adult children providing care for the
remaining three participants.
Four participants had a comparable level of functional independence (as measured by
FIM) to older adults with advanced PD (Hoehn & Yahr stage IV, mean 45.5 ± 13.7, (29),
while 5 participants were more functionally independent. Participant motor scores (Part
III) scores of the MDS-UPDRS contributed the greatest to overall MDS-UPDRS total score
in all participants. The median Part I/II score (out of 104) was 36 (range, 16 – 75), and
motor complications (Part IV score, out of 24) were absent in five participants. The
severity of dementia in this cohort was mild or moderate in all but two participants
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according to the CDR algorithm score (Table 1), with a median CDR sum score (out of 18)
of 5 (range, 3 – 18).
Four participants had scores on the MMSE that were above the reported range for
dementia of ≤24 (out of 30)(30) , however all but one participant had cognitive
impairment consistent with dementia (a score ≤80 out of 134) in the disease-specific PDCRS (31).

Only six participants were administered the GDS-15 as the remaining

participants scored below a level of cognition validated for this depressive symptoms
measure (≤10 out of 30 in the MMSE)(31). None of the interviewed participants scored
positively for depressive symptoms on the GDS-15 (>5 out of 15), however three of the
interviewed participants and one non-interviewed participant were prescribed
antidepressant medications for a history of depression at the time of interview.
There were a total of 45 falls reported by caregivers in the 12 months prior to study
contact among the nine participants, of whom only three had not fallen. Only five of the
total falls resulted in injury warranting medical attention. Sedation due to medication
changes was a factor in two falls, and the main mechanism of falling was forward tripping
in four of the reported falls.

Five participants from the cohort were prescribed

medications with a notable sedative effect, while all but one participant were on
dopaminergic medications. A total of 19 potentially inappropriate medication (PIM)
violations were found within prescriptions for the cohort. The PIMs mainly involved
medications for blood pressure and orthostatic hypotension; neuroleptics/sedatives and
falls risk; neuroleptics and blood pressure medication; and prolonged use of
neuroleptics/sedatives in participants with history of dementia and/or delirium.
Participants in this cohort had a high number of comorbidities (Table 1), with the
majority being cardiovascular and musculoskeletal. All but one participant was being
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treated for cardiovascular conditions and/or diseases with hypertension and
hyperlipidaemia most common.

All participants had previous diagnosis or were

diagnosed upon assessment with osteoporosis, osteoarthritis or both conditions.
Additionally, four participants met the criteria for sarcopenia, and all but one participant
were either pre-frail or frail as outlined in Table 2. Median strength values for were 1375
N for bilateral leg press (n=7, range 355 – 3100 N), 240 N for bilateral leg extension (n=7,
range 35 – 550 N), and 450 N for triceps extension (n=7, range 150 – 850 N). Skeletal
muscle mass (SMM) ranged from 17.85 kg – 36.02 kg with a median value of 27.64 kg.
Total balance time median value was 60.84 seconds (range 0 – 75.91 seconds). All but one
participant in the cohort was walking at a speed below the commonly cited threshold of
1.0 ms-1, at which there is an increased risk of hospitalisation, adverse events and reduced
functional independence (32, 33). Median walking speed during the six-minute walk test
was 0.99 m/s (0.16 – 1.99 m/s) and median maximal walking speed measured in the clinic
was 1.41 m/s (0.75 – 2.03 m/s). Participants (through self- and/or proxy report) were
most frequently engaged in low intensity physical activity involving walking and seated
group exercise classes.
Table 3a and Table 3b describe accelerometry variables derived from the Axivity
monitor worn for 7 days. In contrast to clinically measured gait speed, only three
participants had a median free-living gait speed below the sarcopenia threshold in Table
2. Cadence varied considerably outside of the typical physiological value of 100-115
steps/min with one participant below this range, and four above this range. Stride time
variability was significantly higher (worse) than reported values in PD cohorts, with seven
participants having a median variability exceeding the mean value reported for
individuals with PD characterised as ‘fallers’ [5%, (34)]. Symmetry and regularity of
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participant gait between left and right steps (interpreted via the harmonic ratio) varied
considerably within the cohort. Nine and six participants from the cohort were more
asymmetrical (worse) in the vertical and anterior-posterior axis, respectively, compared
to idiopathic PD cohorts (35), while only four participants were more asymmetrical
(worse) in medio-lateral axis.
Physical activity and gait quantity measures are described together in Table 3b as a
summation of overall physical activity in this cohort. Daily physical activity varied greatly
and was highly correlated with other proxies for physical activity such as the gait quantity
metrics of time spent walking (rho 0.983, P<0.01), step count (rho 0.983, P<0.01), and
total bouts of walking (rho 0.983, P <0.01). Median step count of the cohort was 41% of
the minimum daily recommendation of 7,000 steps/day for health older adults (36), with
all but two participants not able to reach this target consistently.

Additionally,

participants were lying during the day for a median time of 41.4 minutes, (range, 15 414.6 minutes). Figure 1 represents that average breakdown of time spent in different
activities for the cohort. Participants on average spent 2 hours, 9 minutes (range 2 hrs. 0
min - 7 hrs. 44 min) of the day active while spending 11 hours, 23 minutes (range 9 hrs.
12 min – 13 hrs. 44 min) of the day physically inactive.

3.4 Correlation Analysis
Spearman’s rank correlation was performed first to examine the relationships among
functional independence, physical activity and cognition (Figures 2, 3 and 4, Table 4).
Subsequently, the associations among physical activity, cognition and select clinical
characteristics were evaluated (Table 4).
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3.4.1 Correlations among Functional independence, Physical Activity and Cognition

First, greater functional independence as measured by the FIM (higher score) was
associated with higher physical activity level (p=0.021) and greater total walking time
(p=0.026), as anticipated. Unexpectedly, MDS-UPDRS total score was not significantly
associated with either measure of physical activity. However, part I/II of the MDS-UPDRS,
which specifically is related to non-motor symptoms and daily living, was significantly
associated with total daily activity (p=0.013) and total walking time (p=0.018). Findings
are presented in Table 4 and Figure 2.
Second, greater functional independence as measured by both the FIM (higher score) and
MDS-UPDRS total score (lower score) were both significantly associated with better
cognition (MMSE; vs. FIM p=0.007, vs. MDS-UPDRS p=0.010, PD-CRS: vs. FIM p=0.009, vs.
MDS-UPDRS p=0.009), as anticipated. Findings are presented in Table 4 and Figure 3.
Lastly, higher total physical activity was associated with both better scores on the MMSE
(higher score, p=0.042) and PD-CRS (higher score, p=0.030), as anticipated, while greater
total walking time was only associated with PD-CRS score (p=0.025).

Findings are

presented in Figure 4.
3.4.2 Correlations among Physical Activity, Cognition and Clinical Characteristics
The results of the following correlations are presented in Table 4.
Relations with Total Physical Activity and Total Walking Time
Both higher total physical activity and total walking time were significantly associated
with higher non-dominant handgrip strength, maximal leg press, muscle mass (SMI),
physical function (SPPB, total balance time, habitual and maximal gait speed,) six-minute
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walk distance (6MWT), quality of life, and lower dementia severity (CDR sum), as
anticipated. Unexpectedly, total physical activity was not associated with nutritional
status (MNA-SF), accelerometry-derived measures of gait quality (free-living gait speed,
symmetry and variability), or PD motor symptoms (MDS-UPDRS part III). Table 4 lists all
associations for physical activity.
Relationships with Cognition
Better cognition as measured by the MMSE (higher score) and PD-CRS (higher score) was
associated with higher muscle mass (SMI), physical function (SPPB, total balance time,
habitual gait speed), and quality of life (DEMQoL), as well as better nutritional status
(MNA-SF), and PD and dementia disease severity (CDR sum, MDS-UPDRS), as anticipated.
Unexpectedly, cognition was not related to any measure of strength, maximal gait speed,
or accelerometry-derived measures of gait quality (free-living gait speed, symmetry and
variability). Table 4 lists all associations for cognition.

4. Discussion

Our aims for this chapter were to (1) evaluate the relationships among functional
independence, physical activity and cognition in a sample of older adults living with LBD,
and (2) further evaluate the associations among physical activity, cognition and a diverse
array of clinical characteristics potentially modifiable to intervention.
The characteristics of participants within this sample were varied, with our study
including both individuals who were mild-to-moderately impaired and living
independently in the community, as well as those who had severe dementia needing full
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time residential aged care. Resultantly, our cohort included participants with a greater
range of disease severity than the cohort described by McArdle et al. (14), Which
restricted eligibility to those only with mild dementia (CDR of 1.0). This also meant our
sample was relatively more impaired and had greater disease severity when compared to
this cohort and broader epidemiological cohorts. For example, the median participant
motor score (part III, MDS-UPDRS) of 46/132 in PRIDE was higher than the average
values reported in mild LBD (31/132) by McArdle (14), and as well as in cognitively-intact
individuals with PD (30/132) (37). Likewise, our sample also had more frail individuals
(6 out of 9 participants) than would be expected from the reported prevalence of 37% and
32% in LBD and AD respectively (15), and all participants in PRIDE cohort had ≥ 3
comorbidities compared to only 12.8% and 9.5% of LBD and AD participants, respectively,
reported in a large registry cohort (38). Taken together, these findings may explain some
of the associations we observed in the PRIDE cohort, however we acknowledge that due to
the small sample within PRIDE, than any results herein should be interpreted cautiously.
Our first hypothesis was that low functional independence would be associated with
lower levels of physical activity and poorer cognition in our sample, which was largely
confirmed by our findings. Lower FIM scores (worse function) were associated with
poorer cognition in the MMSE and PD-CRS, as well lower total daily activity, and total
walking time. These findings are consistent with the broader literature that indicates
functional independence and physical activity decline with increasing severity of
dementia and PD (39-42). Unexpectedly, the MDS-UPDRS, used as a novel measure of
functional independence in this study, was not significantly associated with physical
activity. We previously theorised that the FIM, having predominantly been evaluated in
inpatient cohorts in rehabilitation settings (29, 43, 44) may not be sensitive enough to
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identify future interventional changes specific to parkinsonian disorders, and thus
decided to include the MDS-UPDRS as a concurrent measure of functional independence.
However, further analysis revealed that only part I/II of the measure (activities of daily
living) was associated with physical activity, suggesting that the use of the total score may
not appropriate for characterising functional independence related to physical activity in
LBD.

This finding is consistent with the literature, which has previously reported

association with what? for part I/II in PD cohorts (45, 46), and within mild LBD (14).
Overall however, our finding that functional independence was associated with physical
activity and cognition in LBD at baseline was promising in the context of our subsequent
findings.
We found that higher physical activity was associated with better cognition, as anticipated
in our second hypothesis.

This finding was consistent with the broad associations

reported in large cohort studies of older adults (7), as well as the lower physical activity
levels observed not only in each progressive stage of dementia (39, 47), but also in mild
LBD when compared to mild AD and cognitively intact older adults (14). This finding was
also in contrast to the lack of association we reported in the SMART cohort (Chapter 1) in
individuals with MCI, which we suggested was due to a combination of minimal levels of
disability and functional impairment, as well as methodological factors relating to
selection bias in the cohort due to eligibility criteria. While there is broader evidence to
suggest that the relationship between cognition and physical activity is bi-directional in
dementia (7, 48), these findings are promising, as exercise has been previously reported
to augment both cognition and physical activity in populations with cognitive impairment
(2, 49).
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Our third key finding that a diverse range of modifiable clinical characteristics were
related to both physical activity and cognition, provides further preliminary evidence to
inform potential clinical targets for intervention. Specifically, higher levels of physical
activity and better cognition were both associated with higher physical function, exercise
capacity, muscle mass, quality of life, as well as lower disease severity, as anticipated.
Somewhat unexpectedly, strength was only associated with physical activity, and not
cognition, while measures of gait quality were not associated with either outcome. These
findings expand on those of McArdle et al. (14) by providing preliminary evidence the
highly modifiable clinical characteristics tied to frailty such as strength, physical function
and muscle mass may also influence levels of physical activity and/or cognition in LBD.
Frailty is significantly associated with decreases in physical activity, functional
independence, and cognition observed in older adults, (17, 50-53) and there is evidence to
suggest that its presence may accelerate the underlying effects of dementia pathology (54).
However, there is also evidence to suggest that frailty is only minimally related to the
underlying pathological burden of dementia, and that lifestyle factors have a greater
influence on its trajectory (18). Thus, there is rationale for the use of exercise, especially
of an anabolic nature (given the relationships with strength and muscle mass we have
demonstrated), to treat the components of frailty identified within this chapter, and
potentially attenuate the rapid decline in physical activity, cognition and functional
independence observed in LBD.

4.1 Limitations and Implications for Future Studies
The PRIDE cross-sectional study has several limitations that guide interpretation of the
results. First and most obvious, is that the sample size of our study was small, and
although participants were evenly spread from mild to severe disease severity, it is likely
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that the relationships were slightly accentuated by the use of Spearman’s rank correlation
due to the non-normal distribution of the data. Second, the interpretation of significant
associations was limited to rank correlation, as it was not appropriate to perform multiple
linear regressions with the small sample size. This limited our ability to control for
covariates such as age, sex and education, which have well-known influences on outcomes
such as cognition, strength, physical function, exercise capacity, and muscle mass (55, 56).
Third, LBD is a disease characterised by fluctuating cognition and function, more so than
observed in other dementias (57). In addition to the inherent limitations of all crosssectional study designs relating to point estimates of an outcome (58), the repeatability of
measurements we captured during our baseline assessment is likely to be reduced due to
this disease variability. Finally, causality cannot be presumed from this or any crosssectional study, and bi-directional relationships are highly likely for many of the factors
we investigated. Thus, future cross-sectional studies in LBD should involve larger sample
sizes, control for covariates known to significantly influence key outcomes, and consider
the repeatability of assessments. Longitudinal studies will be required to delineate the
direction of associations and potential for modification of clinical trajectories in this
cohort.

4.2 Conclusion
The baseline cross-sectional analysis of the PRIDE study presented in this chapter was the
first comprehensive cross-sectional assessment to be conducted in older adults living with
LBD.

Individuals with LBD were found to have a complex medical presentation

punctuated by significant sarcopenia, frailty, chronic disease, polypharmacy, low physical
activity level and high levels of physical inactivity.

Functional independence was

associated with both physical activity and cognition, which in turn were associated with a
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diverse array of potentially modifiable clinical characteristics that are known to influence
the progression of frailty in older adults. Furthermore, this finding adds to our existing
rationale for the use of exercise, especially of an anabolic nature, in order to address the
sarcopenia and other modifiable factors associated with this complex disease and further
inform future trial design to more comprehensively evaluate these relationships.
.
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Table 1 - Baseline Characteristics of Participants
n=9
Age (years)

74

Sex (male), n

7

Ethnicity (Caucasian), n

8

Body Mass Index (BMI), kgm-2

24.9

Diagnosis (PDD/DLB), n

5/4

(66 – 84)

(21.0 – 26.3)

Time since diagnosis1, months
Visits required for diagnosis2, n

12
3

(3 – 48)
(1 – 7)

MDS-UPDRS total score, /272
Part III motor - sub score, /132

86
46

(57 – 169)
(33 – 82)

Clinical dementia rating (CDR) algorithm score3, /3
Mild (1), n
Moderate (2), n
Severe (3), n

5
2
2

FIM total score, /126

102

(30 – 122)

MMSE total score, /30

22

(5 – 29)

PD-CRS total score, /134

44

(7 – 83)

GDS – 15 total score, /15

1

(0 – 3*)

Reported falls in prior year3, n
Injurious falls requiring hospitalisation 4, n
Recurrent fallers (≥2 falls in last year) 5, n

2
5
6

(0 – 20)

Diagnosed comorbidities 6, n

5

(4 – 8)

Prescribed medications n

5

(1 – 13)

Participants with
≥5 medications prescribed (polypharmacy), n
Anticholinergic Burden (ACB) score ≥3, n
Potentially inappropriate medications (PIMs), n

6
2
5

7,

Medication class (number of participants taking ≥1 medication in each class)
Dopaminergic, n
7
Anti-platelet, Anti-coagulant, n
Neuroleptic, n
2
Statins, n
Sedative/Tranquiliser, n
2
Blood pressure regulating, n
Antidepressant, n
4
PPI, n
AChEI, /NMDA receptor agonist, n
5
Supplements, n

3
3
4
2
4

All values a presented as median (range) or as n participants satisfying criteria. Higher scores in the MDSUPDRS, CDR, GDS-15 and ACB; and lower scores on the FIM, MMSE, and PD-CRS indicate worse performance
on that measure respectively. PDD = Parkinson’s disease dementia, DLB = Dementia with Lewy bodies,
MDS-UPDRS = Movement Disorder Society Unified Parkinson’s Disease Rating Scale. Total score includes
parts I-IV, Part III is the assessor rated motor score. FIM = Functional independence measure, MMSE = Minimental state exam, PD-CRS = Parkinson’s disease Cognitive rating scale, GDS-15 = Geriatric Depression Scale
– 15 item, AChEI/NMDA = Acetyl-cholinesterase Inhibitor/ N-methyl-D-aspartate, PPI = Proton Pump
Inhibitor. 1 denotes the months since the participants received a formal diagnosis of LBD. 2denotes the
number of healthcare visits required to reach a formal diagnosis of LBD. 3The CDR algorithm score (0-3) is
derived from a sum score (0-18) as reported in Morris et al (59). 3denotes the median number of reported
falls per participants. 4Accumulative total of falls resulting in injury and subsequent medical treatment
across the cohort. 5Number of participants who had two or more falls in previous 12 months. 6previously
diagnosed conditions and conditions identified within physician screen at baseline assessment. 7 Number of
medications including prescribed supplements. Polypharmacy is defined as ≥5 prescribed medications. ACB
is a scale assessing the combined Anticholinergic risk from various medications, whereby the score is the
added total of all medications with possible (1 point), or definite (2-3 points) anticholinergic side effects
(60).
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Table 2 - Baseline Characteristics of Frailty and Sarcopenia
Measure

Median (range)

EWGSOP2 Sarcopenia criteria1
threshold
Male <27 kg, Female <16 kg
4
Time >15s for five chair rises
5
Male <9.5 kgm-2, Female <7.0 kgm-2
4
SPPB total score ≤8
5
Gait speed < 0.8 ms-1
5
-

Fried frailty phenotype2
threshold
Male <29-32, female <17-21 depending on BMI
5
-

Highest grip strength – dominant hand, kg
Participants below threshold, n
Five times sit-to-stand time, seconds
Participants below threshold, n
BIA skeletal muscle Index (SMI), kgm-2
Participants below threshold, n
Short Physical Performance Battery, /12
Participants below threshold, n
Habitual gait speed, ms-1
Participants below threshold, n

26 (10 - 41)

Reported weight loss in prior year, %
Participants exceeding threshold, n
MDS-UPDRS part I/II, question 13* - fatigue
Participants with positive response, n

6 (0 – 10.5)
1 (0 – 4)

-

Self-report presence of fatigue ≥1/43
6

Participants reportedly accruing <150mins of
Moderate-Vigorous physical activity per week, n

-

-

Low reported weekly physical activity levels
6

Distance walked in six minutes, metres

358.1 (57 – 718)

-

-

MNA-SF score, /14

10 (8 – 13)

-

-

13.8 (8.13 – 33.72)
9.2 (7.01 – 11.16)
7 (1 – 12)
0.69 (0.11 – 1.01)

Malnourished (0-7), n

0

At-risk (8-11), n

6

Normal (12-14), n

3

Total participants with sarcopenia*, n
*Low muscle strength and quantity, with or without low physical function
Subset satisfying severe sarcopenia criteria*, n
*Low muscle strength, quantity + physical function

4

M ≤173, F ≤159cm, 0.65 ms-1, M >173, F >159cm, 0.76 ms-1
5
Threshold: 5% or 4.5 kg of weight loss in prior year
5

-

3

2
Participants classified as Pre-frail (1-2 frailty criteria), n
6
Participants classified as Frail (≥ 3 frailty criteria), n
All values a presented as median (range) or as n participants satisfying criteria .1EWGSOP2 = European Working Group on Sarcopenia in Older People 2 – most recent
guidelines on diagnosis and treatment of Sarcopenia, see (61). 2Fried frailty phenotype is a widely accepted criteria for frailty involving the domains of weight loss,
exhaustion, low physical activity, weakness, and slowness (27). BIA = Bioelectrical impedance assessment, MNA-SF = Mini-Nutritional Assessment – Short Form. MDS-UPDRS
= Movement Disorder Society Unified Parkinson’s Disease Rating Scale. Part I/II is participants & caregiver rated non-motor and motor experiences of daily living. 3Q13 “Over the past week, have you usually felt fatigued? This feeling is not part of being sleepy or sad”
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Table 3a – Accelerometry-derived Measures of Gait and Physical Activity

Gait Quality measures
Pace
Step length (cm)
Gait speed (m/s)
Rhythm
Cadence (steps/min)
Mean stride time (s)
Stride time variability (%)
Mean step time (s)
Step time variability (%)

Gait Quality measures
Symmetry
Step symmetry (nu)
Step regularity (nu)
Harmonic ratio (nu)
Variability
Stride regularity (nu)
Width of dominant frequency (Hz)
Amplitude of dominant frequency (g2/Hz)
Slope of dominant frequency (g2/Hz2)
Complexity
Entropy (nu)
Sample entropy (nu)
SPARC (nu)

Median of daily mean value
Median (range)

Median of daily Standard Deviation values
Median Mean (range)

46.93 (32.43- 68.64)
0.90 (0.62 – 1.29)

4.66 (3.45- 6.72)
0.11 (0.03- 0.16)

114.31 (87.42- 131.9)
1.09 (0.97- 1.41)
8.84 (3.55- 19.74)
0.54 (0.49- 0.7)
12.49 (5.65- 27.2)

5.36 (3.11- 27.98)
0.06 (0.04- 0.18)
3.04 (2.07- 3.75)
0.03 (0.02- 0.09)
3.75 (2.81- 4.66)

Anterior-Posterior axis
Median Mean (range), SD median (range)

Medio-Lateral axis
Median Mean (range), SD median
(range)

Vertical axis
Median mean (range), SD median (range)

0.17 (0.09- 0.36), 0.13 (0.06- 0.38)
0.48 (0.23- 0.67), 0.08 (0.07- 0.1)
1.62 (1.01- 2.72), 0.24 (0.11- 0.56)

0.35 (0.26- 0.51), 0.24 (0.16- 0.31)
0.32 (0.21- 0.47), 0.08 (0.07- 0.13)
0.61 (0.49- 0.72), 0.09 (0.07- 0.11)

0.13 (0.07- 0.37), 0.12 (0.06- 0.16)
0.45 (0.18- 0.73). 0.1 (0.08- 0.15)
1.70 (1.12- 2.67), 0.24 (0.17- 0.57)

0.47 (0.18- 0.60), 0.08 (0.01- 0.12)
0.73 (0.68- 1.21), 0.19 (0.02- 0.73)
0.59 (0.28- 0.72), 0.09 (0.06- 0.23)
1.11 (0.11- 1.46), 0.22 (0.05- 0.28)

0.22 (0.16- 0.37), 0.06 (0.05- 0.11)
0.76 (0.69- 0.97), 0.07 (0.02- 0.2)
0.31 (0.14- 0.77), 0.1 (0.06- 0.25)
0.51 (0.18- 1.30), 0.21 (0.1- 0.38)

0.44 (0.18- 0.68), 0.11 (0.06- 0.14)
0.75 (0.68- 0.83), 0.05 (0.02- 0.15)
0.61 (0.38- 0.92), 0.13 (0.08- 0.26)
1.12 (0.48- 1.91), 0.31 (0.2- 0.39)

10.08 (8.91- 10.58), 0.26 (0.21- 0.42)
0.19 (0.07- 0.25), 0.04 (0- 0.05)
-32.05 (-50.37- -21.78), 6.08 (1.81- 10.48)

10.62 (9.22- 10.84), 0.2 (0.15- 0.69)
0.26 (0.09- 0.34), 0.05 (0.01- 0.06)
-44.05 (-64.5- -25.28), 8.99 (5.61- 27.45)

10.75 (9.35- 11.03), 0.25 (0.03- 0.36)
0.23 (0.08- 0.3), 0.04 (0.01- 0.07)
-29.97 (-54.56- -17.67), 8.55 (5.54- 13.33)

All values a presented as median (range). Standard deviation (SD) values reported accompany the median day averages, and are reported as a median for the cohort.
Accelerometry data were derived from tri-axial accelerometer worn for 8 days (6 valid days). All gait quality measures generated from walking bouts of 30 seconds or longer.
Pace and Rhythm values are first averaged for all eligible walking bouts (>30s) for each day of the week, then the median daily average value is reported for each participant.
This Table then reports the median value and range for these values at a cohort level. All three axes are used to quantify movement metrics. Symmetry, Variability and
Complexity measures are calculated with a similar process, except for that the values are reported for each axis separately. SPARC = Spectral Arc Length. Hz = Hertz, Nu = no
unit for measurement, cm = centimetres, g2/Hz2 = gravitational units squared per Hertz squared, s = seconds.
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Table 3b – Accelerometry-derived Gait and Physical Activity Variables
Daily mean value
Gait Quantity and Physical activity
Median
Total daily activity level (g / hour)
120.1 (45.4 – 262.7)
Proportion of day active, %
10.81 (7.81- 20.29)
Total Walking time, minutes
46.8 (7.2 – 172.2)
Proportion of day walking, %
3.25 (0.49- 11.94)
Step count, n
4158 (567 – 12511)
Total bouts of waking, n
139 (35- 377)
Bout lengths
5 to 10s, n
66 (21- 180)
10 to 20s, n
47 (12- 106)
20 to 30s, n
17 (2- 27)
30 to 60s, n
13 (0- 39)
60 to 120s, n
3 (0- 14)
≥120s, n
1 (0- 11)
All values a presented as median (range). Proportion values are calculated a percentage of day spent
doing respective activity, whereby the median daily proportion for the week is reported. N measures are
accumulated daily frequency of respective value, represented as the median daily value for the week.
Total daily activity level is normalised for each participant to the calculated daytime and represented as
an accumulated activity (g, gravity units) per hour, whereby the median daily value over the week is
reported. S = seconds
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Table 4 – Spearman’s Correlations among Physical Activity, Cognition and Clinical Characteristics
Domain/Measure
Health status
FIM total
MDS-UPDRS total
Part I/II
Part III
CDR sum
MNA-SF
Psychosocial and quality of life
DEMQoL
Strength
Handgrip Strength
Dominant
Non-dominant
Maximal Leg press
Physical function
Gait speed
Habitual
Maximal
Free-living#
Total balance time
SPPB
Exercise capacity
6MWT
Body composition
SMI
Gait quality
Symmetry
Harmonic ratio
AP
ML
V
Variability
Entropy
AP
ML
V
Stride time variability

Measures of Physical Activity
Total walking time
Total physical activity
rho
p
rho
p

MMSE
rho

Measures of Cognition
PD-CRS
p
rho

p

0.73
-0.56
-0.76
-0.57
-0.80
0.44

0.026
0.116
0.018
0.112
0.010
0.242

0.74
-0.58
-0.78
-0.60
-0.85
0.36

0.021
0.104
0.013
0.088
0.004
0.346

0.82
-0.79
-0.84
-0.75
-0.88
0.49

0.007
0.010
0.005
0.002
0.020
0.183

0.80
-0.73
-0.84
-0.65
-0.81
0.72

0.008
0.026
0.005
0.058
0.08
0.028

0.73

0.026

0.73

0.026

0.66

0.053

0.76

0.017

0.60
0.82
0.86

0.088
0.006
0.014

0.50
0.80
0.79

0.170
0.010
0.036

0.12
0.41
0.50

0.765
0.271
0.253

0.20
0.47
0.57

0.606
0.201
0.180

0.92
0.95
0.53
0.84
0.94

0.001
<0.001
0.139
0.005
0.001

0.88
0.93
0.43
0.82
0.94

0.002
0.001
0.244
0.007
0.001

0.77
0.60
0.00
0.69
0.77

0.016
0.120
1.00
0.041
0.016

0.88
0.62
0.13
0.75
0.81

0.002
0.102
0.732
0.019
0.008

0.92

0.001

0.90

0.001

0.68

0.042

0.77

0.016

0.83

0.005

0.77

0.016

0.68

0.042

0.80

0.010

0.43
0.12
0.5

0.244
0.765
0.170

0.32
0.17
0.38

0.406
0.668
0.308

-0.05
0.03
-0.05

0.898
0.932
0.898

0.05
0.13
0.12

0.898
0.732
0.765

0.43
0.33
0.35
-0.23

0.244
0.381
0.356
0.546

0.33
0.22
0.23
-0.15

0.381
0.576
0.546
0.7

0.03
-0.03
-0.12
-0.17

0.932
0.932
0.765
0.668

0.10
0.22
0.17
-0.10

0.798
0.576
0.668
0.798

Footnotes: Bolded values indicate significant Spearman’s (rho) Correlation. Significance set at p < 0.05, FIM, Functional Independence Measures, MDS-UPDRS, Movement Disorder
Society Unified Parkinson’s Disease Rating Scale, CDR, Clinical Dementia Rating, MNA-SF, Mini Nutritional Assessment Short Form, DEMQoL, Dementia Quality of Life scale, SPPB,
Short Physical Performance Battery, 6MWT, Six-minute walk test, SMI, Skeletal muscle index, AP, Antero-posterior axis, ML, Medio-lateral axis, V, Vertical axis # free-living gait speed
represents median walking speed while wearing accelerometer in week of monitoring
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Figure 1 -Average 24 hour activity breakdown

Note: Physical activity was defined as time spent at activity levels above activity a threshold set as the mean
value between walking and lying activities. Therefore, activities below this threshold including
sitting/standing, lying and other undefined activities are defined as physically inactive. Sedentary time
could not be precisely defined as standing and daytime napping, which are not considered sedentary
behaviour, form part of these categories in red but could not be reliably separated.
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Figure 2 – Relationship between physical activity and functional independence
rho -0.58, P=.104

rho -0.56, P=.116

rho 0.74, P=.021

rho 0.73, P=.026
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Figure 3 – Relationship between cognition and functional independence
rho -0.79, P=.01

rho -0.73, P=.026

rho 0.82, P=.007

rho 0.8, P=.009
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Figure 4 – Relationship between Physical Activity and Cognition
rho 0.68, P=.042

rho 0.65, P=.058

rho 0.72, P=.03

rho 0.73, P=.025
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CHAPTER 6 – Promoting Independence in
Lewy Body Dementia through Exercise
(PRIDE): Analysis of Intervention Outcomes
Inskip, M., Mavros, Y., Sachdev, P.A., Hausdorff, J.M., Hillel, I., & Fiatarone Singh, M.A.,

Abstract
Background: Lewy body dementia (LBD) is a complex disease characterised by
parkinsonism, psychosis and autonomic disturbances in addition to the typical cognitive
and affective impairment, as well as high levels of frailty and low levels of physical activity.
Our investigations reveal that many modifiable clinical characteristics were associated
with both physical activity and cognition in LBD. and may be viable targets for intervention.
Many of these clinical characteristics such as strength, physical function and muscle mass
are readily modifiable with exercise intervention, especially those that are anabolic in
nature such as progressive resistance training (PRT). In particular, interventions that
specifically target an improvement in power are effective at addressing many of the motor
deficits in PD, and may translate to LBD. Furthermore, the use of challenging dual-task
balance exercise in similar cohorts with dementia and Parkinson’s disease (PD) is effective
in improving cognition, falls risk, and physical activity. However, there is a dearth of robust
exercise literature in LBD and the precise benefits of exercise intervention in this cohort
are still unknown, especially with the known fluctuations in condition. Thus, in this
investigation the short-term trajectory, and subsequent effect of robust exercise
intervention on functional independence, physical activity, cognition and a diverse range of
clinical characteristics are evaluated.
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Methods: This investigation is an analysis of a non-randomised baseline crossover trial in
older adults with LBD that were enrolled in a pilot trial, the Promoting Independence in
Lewy Body Dementia through Exercise (PRIDE) trial. Participants were comprehensively
evaluated for levels of, and associations among, functional independence, cognition,
physical activity and a relevant clinical characteristics at baseline, following a wait-list
period, and then following robust exercise intervention.
Results: A total of nine participants were enrolled into the 8-week wait-list period
following successful completion of the baseline cross-sectional assessment. Three adverse
events occurred during the wait-list period (falls, delirium) that were unrelated to the
study. Physical activity significantly decreased in our sample as measured by total daily
physical activity (p=0.015) and total daily walking time (p=0.008), as anticipated. The
majority of participants experienced clinically meaningful declines in functional
independence (Movement Disorder Society Unified Parkinson’s Disease Rating Scale, MDSUPDRS, p=0.051) and cognition (Mini-mental State Exam, MMSE, p=0.055), with these
declines borderline significant within this small sample. Nutritional status and physical
function significantly worsened during this period, along with a clinically meaningful loss
of body mass in five participants.

Subsequently, six participants completed the

intervention. Two adverse events occurred (delirium, hernia), with only the exacerbation
of the underling hernia being related to the study.
participants.

Adherence was ≥80% for all

Statistically significant improvements in the MDS-UPDRS, MMSE and

Parkinson’s Disease Cognitive Rating Scale (PD-CRS) were observed in all participants
following intervention, with clinically meaningful changes occurring in the majority of
participants. Likewise, physical function and strength significantly improved in the sample,
while unexpectedly, the FIM did not change.
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Conclusions: The short-term downwards trajectory of frailty observed within the
participants and its associations with a variety of remediable clinical characteristics
suggests that our evidence-based exercise program is a novel and promising treatment
strategy in LBD. The results of this investigation add important preliminary trial data to a
sparsely-populated field consisting mainly of case reports and epidemiological literature.
The next step is to evaluate the findings of this study in a larger, robust clinical trial of
longer duration.
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Introduction
As outlined in Chapter 3, we have identified a dearth of literature exploring the effect of
exercise on individuals with LBD. We then sought to address this research and clinical gap
by designing a study to identify both potentially modifiable targets to address the cognitive
and physical impairments and low levels of physical activity in LBD and explore the effects
of an exercise intervention derived from best available evidence in similar cohorts
(Chapter 4). In the previous chapter (Chapter 5), we analysed the baseline cross-sectional
component of this study and further refined our rationale for targeting improvements in
physical activity through robust exercise intervention as a pathway to enhance cognition
and other clinical characteristics.

In this chapter we report the results of the non-

randomised crossover trial described in Chapter 4, which consisted of both a usual care
and subsequent intervention period that formed the second part of the PRIDE trial.
Three key findings from Chapter 5 reinforce our original rationale for the use of robust
exercise involving high intensity progressive resistance training, power training, and
challenging, cognitive dual-task balance exercise as the core treatment in our sample. First,
functional independence was found to be associated with both physical activity and
cognition, as anticipated. This finding is consistent with literature in both PD and dementia
that reports significant decreases in physical activity and functional independence with
disease progression (1-4), and suggests that we may be able to augment functional
independence by targeting such factors. Second, physical activity itself was found to be
strongly associated with cognition.

This finding is also consistent with observations

reported in cognitively-intact older adults (5), Alzheimer’s dementia (6), and in Parkinson’s
disease (7). Additionally, the sample described in Chapter 5 had notably low levels of
habitual physical activity and higher levels of physical inactivity when compared to
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cognitively-intact older adults (8), PD (9), Alzheimer’s dementia (10), and even another
mild LBD cohort with mild impairment (11). Third, we found that physical activity was
related to various clinical characteristics such as strength, physical function, balance, and
muscle mass that are known to be amenable to exercise intervention. Thus, we concluded
that addressing these clinical characteristics through an evidence-based exercise
intervention might optimise levels of physical activity, mobility, and functional
independence in this sample.
In similar cohorts, these clinical characteristics of mobility have been reported to improve
following robust exercise intervention involving PRT, over relatively short periods of time,
suggesting that physical activity may similarly improve in this timeframe if it is in fact such
deficits in capacity that underlie the low engagement in habitual physical activity. For
example, muscle mass and quadriceps torque increased by 6.0% and 19-29% respectively,
and stair ascent and descent time decreased in a PD) cohort following a high intensity PRT
of only 12 weeks duration (12). Similarly, improvements in muscle mass (2.7%), strength
(113%), stair-climbing power (28%) and gait speed (12%) were observed following high
intensity PRT after only 10 weeks of intervention in very old, frail older adults with a high
prevalence of cognitive impairment (13). Importantly, in this latter study, physical activity
measured by accelerometry increased by 40% outside of the intervention, suggesting that
treating these modifiable clinical characteristics in frail older adults can attenuate their
effect on overall physical activity. Furthermore, in PD there is a growing body of evidence
to suggest that performing PRT with a focus on power, both eccentric and concentric, is an
effective tool for addressing the decreased power output caused by cardinal features of PD
such as bradykinesia (14, 15). Muscle power explains over half of the variance in walking
velocity in PD, and is associated with a 6-fold higher risk in those with PD who
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comparatively have the lowest lower limb muscle power (16).

Thus, targeting an

intervention towards improving muscle power, not just strength may reduce the risk of
falls and decrease in mobility associated with reduced physical activity (17). Additionally,
the inclusion of highly balance training may also reduce falls risk and help to maintain
physical activity. For example, a recent study by Nero (2019) in a cohort with PD reported
that participants had reduced falls risk and sustained improvements in physical activity up
to 6 months following intense balance intervention (18). Lastly, there is evidence to
suggest that the combined use of PRT and balance can further reduce risk factors for falls in
frail older adults (19), specifically in those with PD (20, 21) and dementia (22). Therefore,
treating the deficits observed in our sample of LBD, which was characterised by high levels
of sarcopenia, frailty and falls risk, may also lead to improvements in physical activity.
Additionally, while many of the identified clinical characteristics of LBD associated with
physical activity can be targeted with robust exercise intervention, the high level of
comorbidity, polypharmacy and high-risk medications, and risk of malnutrition as first
described in Chapter 5 may need to be addressed prior to, and during intervention to
support optimal outcomes. Thus, the importance of comprehensive geriatric assessment
involving deprescribing where necessary, and nutritional support in those with LBD are
important factors that may support optimal exercise intervention, and are supported by
current sarcopenia and frailty guidelines (23, 24). Lastly, the short-term trajectory of
individuals with LBD is not known, and presents a very real challenge in quantifying any
real changes after intervention. LBD is characterised by an increased frequency of delirium,
hallucinations, depression and a fluctuating level of cognition, as well as often rapid
deteriorations in health (25); all factors which can influence both physical activity and
cognition within our sample, as well as our understanding of a meaningful change in
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condition following exercise intervention. Thus, a trial design that allows for observation
of the short-term stability and changes within these outcomes is warranted.
Therefore, the overall aim of this chapter is to explore the trajectory of clinical
characteristics in a sample of older adults with LBD during (1) an 8-week usual care
monitoring period, and (2) subsequently the response to a robust exercise intervention
involving PRT with a focus on improving power along performed in conjunction with
challenging dual-task cognitive balance.
Specifically, our aims were to:
1.

Evaluate the trajectory of functional independence, physical activity, and cognition

and clinical characteristics across a 8-week usual care period;
2.

Evaluate the feasibility and preliminary efficacy of robust exercise intervention on

the outcomes listed above.
Our hypotheses for the study were:
1.

After the 8-week wait-list period participants will be less functionally independent,

have lower levels of physical activity, worse cognition and deteriorate in associated clinical
characteristics identified in Chapter 5.
2.

Subsequently, robust exercise intervention will improve functional independence,

physical activity and cognition, along with these associated clinical characteristics.

2. Methods
The full protocol for this crossover study is described in Chapter 4 - Study protocol and
published at the ANZCTR trial registry (26). The University of Sydney Human Research
Ethics Committee (HREC 2) approved the study protocol on 20 th April 2016 (Project No.
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2016/209). The baseline crossover trial formed the second part of a two-part study.
Participants who completed the baseline cross-sectional assessment (Chapter 5) were
assessed for eligibility to take part in the intervention.

Eligible participants first

underwent a two-month wait-list period of monitoring followed by an assessment battery
identical to that undertaken at baseline. The participants subsequently took part in an
intense 8-week exercise intervention for three sessions/week as described in greater detail
below, before undertaking a final assessment battery identical to previous time points.

2.1 Study Population
Participants with a diagnosis of either dementia with Lewy bodies (DLB) or Parkinson’s
disease dementia (PDD) by a medical specialist were recruited from April 2016.
Participants were over the age of 55, able to ambulate with/without assistance,
communicate in English, and were able to follow rudimentary instructions. Additionally,
participants had to have completed the baseline cross-sectional study to be eligible for the
intervention. A more detailed description of screening procedure and full inclusion and
exclusion criteria are described in Chapter 4.

2.2 Study Design
. Briefly, the study was a non-randomised crossover trial involving an 8-week wait-list
period followed by an 8-week exercise intervention that took place at the Cumberland
campus, Faculty of Health Sciences – University of Sydney in Lidcombe, NSW. A wait-list
control design was chosen to allow evaluation of the trajectory of clinical characteristics
prior to exercise intervention within a small sample size. Additionally, a randomised order
was not possible due to the anticipated persistence of physiological adaptations following
exercise/nutritional/deprescribing intervention with no predictable washout period. The
8-week intervention length was chosen as the minimum length considered appropriate to
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facilitate change in intervention scores without significant counteraction by the natural
progression of the disease.
There were three assessment time points (baseline, pre-intervention, post-intervention)
with identical assessment battery at each point. The assessor and interventionist was an
Accredited Exercise Physiologist (AEP) who was not blinded due to limited study resources.
The assessment schedule in follow-up visits consisted of one visit by the AEP to the
residence of the participant and one visit by participant and caregiver to the exercise clinic
at the Cumberland campus. The home visit included fasting assessment of anthropometry,
as well as disease status, and cognitive and affect assessment. The second visit included
mainly physical function, strength and walking endurance assessments with the
opportunity for a brief follow-up physician screen if needed. The tri-axial accelerometer
(Axivity AX3, York, UK; dimensions 23.0 x 32.5 x 7.6 mm; weight: 11g; accuracy 20 parts
per million) used to derive activity and gait measures was fixed to the lower back of the
participant after the first home visit and removed one week later at the clinical visit.
2.2.1 Wait-list Period
The wait-list usual care period involved the participant and caregiver continuing normal
daily activities and routines. The study coordinator called the caregiver weekly to monitor
the status of the participant, and record any adverse events or changes in medications
prescribed by the participant’s health care providers.
2.2.2 Intervention
Chapter 4 details the exercise intervention in greater detail. Briefly, exercise sessions
were conducted three days per week with a maximum duration of one hour. An AEP
supervised the sessions, conducted one-on-one with the participant with the aid of the
caregiver when required. The training sessions were divided into four training sections;
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static balance, dynamic balance, functional practice, and progressive resistance exercise
performed at ≥ 80% of their one-repetition maximum. The PRT had a focus on maximizing
concentric power through cueing, and performing slow, controlled eccentric contractions
to enhance any potential metabolic benefits (12). Balance tasks and functional practice
were performed prior to resistance exercise in order to avoid fatigue in the participant.
Dynamic balance tasks were performed with a cognitive-dual task activity such as category
naming, along with a physical dual-task such as holding a cup and saucer. To maximize
potential cognitive and balance gains (27). The participant and caregiver were provided
with a small snack following the sessions that contained approximately 13 g of protein and
1100 Ki of energy. This snack was not given proximal to levodopa medication consumption
to avoid potential interference with uptake (28).

2.3 Data Collection
An accredited exercise physiologist (AEP) performed all assessments within the schedule
with the exception of the physician screen, which was performed by the study geriatrician.
All measures were first collected in hardcopy format, then scanned in a digital format and
stored in a secure server. The data were then manually entered into a secure, database
management software program with encrypted data transmission called REDCap
(Research Electronic Data Capture) in preparation for analysis (29, 30).

2.4

Assessments

The full list and explanation of assessments are described in Chapters 4 & 5. Briefly, the
primary outcome was functional independence measured via the Movement Disorder
Society Unified Parkinson Disease Rating Scale (MDS-UPDRS and Functional Independence
Measure (FIM). A range of secondary outcomes were also analysed, including:
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Accelerometry-derived physical activity and inactivity (see 2.4.1),



Cognition [Mini-mental State Exam (MMSE), Parkinson’s disease Cognitive Rating

Scale (PD-CRS)],


Disease and health status [MDS-UPDRS, and Clinical Dementia Rating (CDR)],

adverse events, nutritional status [Mini Nutritional Assessment-Short Form (MNA-SF)],


Psychosocial

and

quality

of

life

[Geriatric

Depression

Scale

(GDS-15),

Neuropsychiatric Inventory (NPI), Dementia Quality of Life Scale (DEMQoL & DEMQoLproxy), Satisfaction With Life Scale (SWLS), Life Space Assessment (LSA),


Muscle strength [one-repetition maximum (1RM) leg press, leg extension and

triceps pushdown], handgrip strength,


Walking endurance (six-minute walk distance),



Physical function including static balance (wide, narrow, semi-tandem, tandem, one

leg with eyes open, one leg with eyes closed), dynamic balance (2-m tandem walk), habitual
and maximal gait speed, multiple chair stand, and the Short Physical Performance Battery
(SPPB; derived from component measures above)


Fasting body composition (stretch stature, waist circumference, body mass, and

bioelectrical impedance analysis-derived skeletal muscle mass (SMM) and index (SMI)
calculated using equation in Janssen et al. (31), and


Accelerometry-derived gait quality (pace, rhythm, symmetry, variability, entropy).

2.4.1 Accelorometry-derived Variables
The raw data collected during accelerometry with a small, lumbar-mounted accelerometer
(Axivity AX3, York, UK; dimensions 23.0 x 32.5 x 7.6 mm; weight: 11g; accuracy 20 parts
per million) was initially processed by a co-investigators specialising in biomechanics and
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accelerometry to derive physical activity and gait quality variables (Hausdorff, J, Hillel, I.,
Movement Disorders Unit, Tel-Aviv Sourasky Medical Center; Department of Physical Therapy,
Sackler Faculty of Medicine, Tel-Aviv University, Tel-Aviv, Israel). These variables and their
interpretation are described in great detail in Chapter 4. Investigators at the University of
Sydney then completed the analysis of the processed Axivity variables to first analyse
cross-sectional characteristics (Chapter 5) and then interventional changes in this chapter.

2.5 Statistical Analysis
Data analysis was performed using data analysis software (IBM Corp. Released 2017. IBM
SPSS Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp.)
Primarily due to the small sample size and the non-normal distribution of data determined
through visual inspection of the histograms and box plots and analysis of the Shapiro-Wilk
test across all three time points, non-parametric statistical methods were utilised.
Descriptive statistics were generated for baseline measures (Chapter 5) and subsequent
time points and represented as median (range) or frequencies as appropriate for
continuous or categorical data, respectively.

A non-parametric analysis of variance

(Friedman’s ANOVA) was not performed over all time points, as this method would have
excluded the wait-list data of participants who dropped out prior to crossing over to
exercise intervention. In addition, such a 3-time point analysis would not be consistent
with our design of a wait list period followed by the introduction of an intervention
conceptualised as able to alter the change over time compared to usual care. Instead, the
non-parametric equivalent of a matched pairs t-test, the Wilcoxon signed rank test, was
used to analyse changes in measures over two sequential time periods: 1) baseline to pre-
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intervention, and 2) pre-intervention to post-intervention, in order to utilise all available
participant data. Statistical significance was defined using the standard convention of α <
0.05, as hypotheses were specified a priori. The standardised test statistic (W) for the
Wilcoxon signed rank test (W) was calculated on change scores using the following
equation:

whereby the W statistic is calculated by summing of the difference in positive and negative
signs [sign (x2,I – x1,i)] multiplied by the ranks (Ri) of the absolute changes scores. When
the W statistic exceeded the critical value, the effect was considered significant (32).
Additionally, confidence interval (CI) estimations on changes scores were calculated using
the Hodge-Lehmann’s estimator to generate a median change and confidence interval set at
95% upper and lower bounds.
As described in Chapter 4, for each individual all measures derived from accelerometry
reflect median values of the daily mean for the week when the monitor was worn, as the
data were not normally distributed at the individual level.
In summary, the data represents the following:
1. The mean of each metric on any given day was calculated.
2. As the mean of each day distributed across the 7-day monitoring period was nonnormally distributed, the median mean daily was analysed.
3. At the cohort level, due to our small sample size and non-normal distribution of
participant data, we subsequently took each individual’s median value (reporting
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the daily mean) for the week and presented it in descriptive and changes scores as a
median value for the cohort.

Thus, all accelerometry-derived values presented represent the median cohort value of
each participant’s median weekly value for the daily mean of each variable.

Where

available, reference values were provided from similar cohorts to guide interpretation of
outcomes.

3. Results
The results below are described for two distinct periods; the wait-list period and PRIDE
intervention period. The sample size reduced from 9 to 6 from the wait-list period to the
intervention period, and as such the results of the ‘pre-intervention’ assessment time point
are calculated and reported separately.

3.1 Wait-list Period
3.1.1 Recruitment & Retention
A total of 9 participants were enrolled into the 8-week wait-list period following successful
completion of the baseline cross-sectional assessment (Figure 1). Wait-list observation
was undertaken during a period from 3 rd November 2016 to 14th February 2018. No
participants dropped out of the study during the wait-list component of the study.
3.1.2 Adverse Events
Three adverse events occurring in three separate participants were reported during the
wait-list control period and were deemed unrelated to the study by the study geriatrician
and Ethics Committee (HREC 2). One event was a fractured fibula secondary to a fall in the
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presence of delirium and occurred in week 8 of the wait-list period. The second event was
epistaxis from a fall and suspected head trauma, which also occurred in week 8 of the
intervention period. The third was an episode of delirium secondary to faecal impaction,
which occurred in week 5 of the wait-list period. None of the events reported occurred
during assessment procedures within the study.
3.1.3 Changes in Functional Independence, Physical Activity and Cognition
Changes in functional independence, physical activity and cognition during the wait-list
period are reported in Table 1.
Although of borderline statistical significance, functional independence as measured by the
MDS-UPDRS (p=0.051) tended to decline during this period (Figure 2). In the total score
of the MDS-UPDRS, 7 participants had a clinically meaningful worsening (higher score),
which exceeded annual increase in disease severity of 4.7 points for PD cohorts (range 9 to
59 points) (33). In contrast, the remaining 2 participants improved (lower score) by more
than this value (7 and 13 points). Changes on the FIM were not significant (p=0.374).
Physical activity significantly decreased in our sample as measured by total daily physical
activity (p=0.015) and total daily walking time (p=0.008), as anticipated (Figure 3). Step
count also significant decreased by a median of 998 steps/day (95% CI -2200 to -112.5,
p=0.021) which was predominantly through a reduction in walking bouts of 5-10 seconds
(p=0.044), 10 – 20 seconds (p=0.033), and 30 – 60 seconds (p=0.033) in duration. Walking
bouts of these durations accounted for most? of the walking done by the participants.
The cognitive changes were heterogeneous. Cognition as measured by the MMSE tended to
decline during the wait-list period, as hypothesised, although it was not quite significant
(p=0.055). (Figure 4). All but one participant declined in the MMSE (by 2 – 4 points),
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equalling, or exceeding the 2 – 4 points annual decline observed in LBD cohorts (34). Only
one participant improved (increased score) by 4 points, however, there was no significant
change as measured by the PD-CRS (p=0.673).
3.1.4 Changes in Other Clinical Characteristics
Changes in other relevant clinical characteristics during the wait-list period are reported in
Table 2. Unexpectedly, there were no significant changes in psychosocial measures,
quality of life or strength, which we expected to decline. Additionally, there were only two
significant changes to 2 gait quality metrics that reflected the standard deviation (SD)
around other metrics (Table 5).

Both values decreased during the wait-list period,

suggesting that there was less variability.

However, there is no literature to guide

interpretation of the clinical relevance or physiological meaning of this change. Nonsignificant changes in gait quality are presented in Table 6. In contrast, consistent with
our hypothesis, there was a significant worsening in measures of nutritional status, body
composition, and physical function within the 8 weeks, as detailed below.
Several measures of nutritional status worsened during the wait list period, as anticipated.
Overall, nutritional status, as measured by the MNA-SF significantly worsened (p=0.046)
during the wait-list period (Figure 5). Five participants decreased (range 2 to 7 points), 3
participants did not change in score, while the one remaining participant improved by 1
point. Among those who deteriorated in nutritional status, 4 transitioned from ‘at-risk’
into a ‘malnourished’ classification on the scale (35).

Additionally, fat-free mass

significantly decreased (p=0.011) across the sample (Figure 5). This change equated to a
median loss of fat-free mass of 1.49 kg (95% CI -2.97 to -0.26 kg). A total of 7 out of 9
participants decreased in body mass during the 8-week period (range 2.5 to 8.5 kg), with
the remaining 2 participants increasing by 0.5 and 6 kg, respectively. Among those who
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decreased in body mass, the decrease of 5/7 of those participants was greater than the 3month loss of mass (> 3 kg) used for determining risk of malnutrition in the MNA-SF (35),
as well as the 4.5 kg annual loss of mass that is a criterion for frailty (36). Furthermore,
classification of sarcopenia in our sample increased from 4 to 5 participants from baseline.
A composite measure of physical function, namely the SPPB significantly worsened (lower
score) during the wait-list period (p=0.016), as shown in Figure 6.

Eight of nine

participants decreased (1 to 4 points), with the exception of one participant who remained
unchanged on a top score of 12 out of 12. The decrease of the 8 participants matched or
exceed the MCID of 1 point for the SPPB (37).

3.2 Exercise intervention Period
3.2.1 Retention
A total of six participants completed the exercise intervention period out of the nine
participants who were enrolled in the waist-list period (Figure 1).

The exercise

intervention was undertaken during a period from 20th February 2017 to 8 th May 2018.
An additional participant completed the intervention period after a 9-month delay due to
multiple clinical events unrelated to the study. His results are reported separately in
Chapter 7 due to the very different time course of his intervention.
Two participants dropped out of the study due to ill health. The first participant dropped
out following pre-intervention assessment at the conclusion of the wait-list period due to a
rapid deterioration in health, which made travel to the exercise facility unfeasible. The
second participant undertook 6 weeks of the exercise intervention but had to drop out due
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to an adverse event unrelated to the study, described in the adverse events section below
(3.2.2).

These two participants compared to the overall sample had greater disease

severity and severe cognitive impairment, lower physical function, strength, muscle mass
and physical activity, and were at higher risk of malnutrition as observed in Figures 2 – 7
indicated by the white-filled circles.

3.2.2 Adverse Events
A total of two adverse events were recorded during the intervention period, of which only
one was potentially related to the study. One adverse event was delirium secondary to
faecal impaction and was unrelated to the study but led to the participant dropping out of
the intervention. The adverse event deemed potentially related to the study was a minor
exacerbation of a pre-existing, small inguinal hernia, which resolved during the study
period and only required minor, temporary modification of the intervention (reduction of
resistance training load and some lower body exercises). The participant had his hernia
assessed by a surgeon upon completing the study, and subsequently the hernia was
successfully repaired without incident.

3.2.3 Training Adherence
The six participants who completed the intervention completed a median of 23 sessions
(range 19 – 24) out of the maximum 24 sessions allocated, equating to a total of 136 hours
of intervention, or an average of 22.6 hours/participant. Participants all completed at least
80% (19/24) of the prescribed sessions. Out of the 6 participants who completed the
intervention, 2 independently drove their own car to sessions, 3 participants were

331

transported by their caregivers, and 1 was either driven by his caregiver or caught public
transport. Sessions were kept to a duration of one hour as was originally planned, and the
order of completing exercises, namely static balance, dynamic balance, PRT, then functional
tasks was able to be maintained. Participants did not have significant OFF periods during
training, which took place in the morning (AM) as most experienced these periods during
the evening, or just upon awakening in the morning.

3.2.4 Changes in Functional Independence, Physical Activity and Cognition
Changes in functional independence, physical activity and cognition during the wait-list
period are reported in Table 3.
There was a significant improvement (lower score) in functional independence as
measured by the MDS-UPDRS (p=0.027), while there was no significant change in the FIM
(p=0.752) (Figure 2). All participants improved in the MDS-UPDRS by decreasing their
score (range 2 to 23 points), with 4 participants decreasing their score beyond the annual
worsening (increase) of 4.7 points (33).
Physical activity, as measured by total daily physical activity (p=0.917) and total walking
time (p=0.249) did not change significantly following the 8-week intervention (Figure 3),
contrary to our expectations.
Cognition, as measured by the MMSE (p=0.027) and PD-CRS (p=0.027) both significantly
improved (higher scores) in all participants in the sample (Figure 4), as hypothesised. On
the PD-CRS, improvements (higher score) ranged from to 2 to 25 points with 2 participants
equalling or exceeding the MCID of 10 points (38). Likewise, all participants improved on
the MMSE by equal to or greater than the MCID of 1 point (range 1 – 8 points) (39), with 5
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improving equal to, or exceeding the 2 – 4 points of typical annual decline in LBD cohorts
(34).

3.1.5 Changes in Other Clinical Characteristics
Changes in other relevant clinical characteristics during the wait-list period are reported in
Table 4. Unexpectedly, there were no significant changes in psychosocial, quality of life,
nutritional status or body composition measures.
Additionally, there were a range of gait quality metrics that significantly changed following
intervention (Table 5). The majority of these metrics represent the SD of other metrics
and the interpretation of their effect and clinical significant is unclear, especially in freeliving environments (40) There was a significant increase in mean step time (0.11 seconds,
95% CI 0.03 – 0.23 seconds p=0.043), which, as neither stride length or cadence
significantly changed, may be indicative of a slight slowing of gait. However, in a larger
cohort of individuals with mild- moderate PD, the observed variability of mean step time in
free-living environments varied by more than 0.318 seconds (40), and the mean variability
of this step time was 0.18 seconds, thus the change observed in our cohort is likely to not
be clinically significant.

Similarly, there was a significant decrease in medio-lateral

symmetry during stepping (worse), which may indicate gait became slightly less regular.
However, there are no data reporting this asymmetry in free-living environments to be
able to assess the clinical significance of this change.

Non-significant changes are

presented in Table 7.
In contrast to the above, there were significant improvements in physical function and
strength, which were consistent with our hypothesis.

Several measures of physical
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function improved following intervention (Figure 6) including the multiple sit-to-stand
(faster time, p=0.043) and total balance time (longer time, p=0.043). One participant could
not perform the chair stand test due to immobility and severe medical condition, however
he also did not complete the test at any previous time point. There is no PD or dementiaspecific MCID data for the multiple sit-to-stand test, however in older adults with
vestibular impairment the MCID is an 2.3 seconds (41). Among the 5 participants who
improved in our sample, 2 participants exceed this value (4.73 s and 4.74 s).
Measures of strength, namely bilateral leg press strength (p=0.043, Figure 7) and leg
extension strength (p=0.43) also improved following the intervention. Triceps extension
strength was not calculated as it had <5 participant values, which was below the necessary
number to run the statistical test. However, the 4 participants who completed triceps
extension all improved following intervention (range 110 – 230 N) .

4. Discussion
Our study had two primary aims, (1) to evaluate the trajectory of functional independence,
physical activity, and cognition along with relevant clinical characteristics across an 8week usual care period, and (2) to subsequently evaluate the feasibility and preliminary
efficacy of a robust multi-component exercise intervention on these outcomes. In order to
evaluate these aims we conducted a non-randomised, baseline crossover design with an 8week wait-list period followed by an 8-week intervention period of robust exercise
involving high intensity PRT with a power focus performed with challenging, cognitive
dual-task balance exercise.
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4.1 Wait-list period
Our first hypothesis was that during the 8-week wait-list period participants would
become less functionally independent, have lower physical activity, worse cognition, and
deteriorate in associated clinical characteristics such as nutritional status. Our rationale
was based on the rapid disease course of LBD, and high levels of polypharmacy,
undernutrition, sarcopenia and frailty, and falls history observed within our sample at
baseline (Chapter 5), which was consistent with the broader literature (34, 42, 43). We
found that some but not all of these measures changed during this period of observation.
The pattern of deterioration we observed highlighted the potential role of frailty in the
clinical trajectory of LBD. First, while the decline in functional independence and cognition
did not reach statistical significance, there change in values for the majority of the
participants was highly clinically significant with most experiencing a worsening in both
the MDS-UPDRS and MMSE that far exceeded clinically significant thresholds of 4.7 points
and 1 point, respectively (33, 39). Additional, the MMSE of 8 participants declined within
the range of, or more than the expected decline of 2 – 4 points typically observed in LBD
annually (34). Second, levels of physical activity significantly decreased in our sample
during this period, despite the majority of participants already having abnormally low
levels at baseline. A higher level of physical activity is known to be protective against
frailty in older adults (23, 44), and decreases with age and disease progression (23, 45, 46).
Importantly, indices of undernutrition and frailty, namely body mass, fat-free mass and
physical function, also significantly decreased during this short period, with 5 out of 9
participants experiencing weight loss that was clinically significant for a year (> 4.5 kg), let
alone two months (36). Furthermore, those with sarcopenia in our sample increased from
4 to 5 participants from baseline. Thus, the sample became progressively frailer within this
short period of observation. This did not appear to lead to any significant deterioration of
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gait quality/stability and participants were already walking with a more asymmetric gait
compared with other PD cohorts at baseline (Chapter 5). However, there was a significant
reduction in the time spent walking as well as the number of short bouts of walking. Thus,
very short-term changes in frailty in LBD may preferentially impact overall physical
activity and quantity of walking, but not the quality of movement.
Furthermore, while LBD is characterised by high levels of frailty (42), this is the first time
to our knowledge it has been documented longitudinally, albeit over a short period of time
in a small sample of participants. While three participants experienced fall-related injuries
and/or delirium that may have exacerbated this decline, these events occurred late in the
observation period, and thus the aetiology of the decline in all of these participants remains
largely unexplained and spontaneous. Furthermore, this observed decline into further
frailty during this short period of observation may also provide insight into the traditional
fluctuating course observed in LBD. Individuals with LBD are known to progressively
worsen in cognition and physical function over a period of 3 – 8 years post-diagnosis, with
unpredictable fluctuations in these measures a common occurrence (34). While both LBD
pathology and AD pathology have been linked to cognitive decline (47), it is only the AD
pathology that has any association, albeit minimal, with levels of observed frailty (48).
Thus, the high levels of frailty observed in LBD may be more associated with lifestyle
factors, nutritional state, and iatrogenic influences such as polypharmacy that may be
modifiable with intervention, rather than the underlying disease burden itself. While this
needs further evaluation in larger cohorts, this provides preliminary evidence that further
reinforces our rationale for the use of robust exercise as theoretically-grounded treatment
in LBD.
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4.2 Exercise Intervention Period
Accordingly, we then evaluated the feasibility and preliminary efficacy of an 8-week
exercise program in our sample of participants with LBD. The high intensity exercise
intervention involving power training at ≥ 80% of maximum strength was tolerated well,
indicated by the high compliance rate (≥ 80% of sessions attended) and only one adverse
event (a temporary exacerbation of a pre-existing hernia) potentially attributable to the
training in this period. We evaluated our second hypothesis that following an 8-week
period of robust exercise intervention functional independence, physical activity and
cognition would improve along with associated clinical characteristics in this sample.
Some, but not all, measures improved significantly following this brief period of training,
however we had a reduction in sample size that reduced our power to detect significant
changes. One participant dropped out prior to intervention due to deterioration in health,
another participant dropped out 6 weeks into training due to a faecal impaction, and the
intervention results of the third participants were analysed separately (see Chapter 7)
due to several deviations from the protocol and time course in his treatment. Thus, we
must interpret the findings herein cautiously until evaluated more thoroughly in larger
cohorts.
Our first finding was that functional independence, as measured by the MDS-UPDRS,
improved significantly following intervention in all participants, as anticipated. Four of the
6 participants improved by an amount exceeding the annual deterioration of 4.7 points
observed in PD (33). As first discussed in Chapter 5, this measure was chosen as a novel
way to characterise functional independence in parkinsonian cohorts as the FIM had only
been evaluated in inpatient populations (49). While this finding is promising, it is unclear if
this reflects a true change in functional independence or, as the scale was originally
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designed for, a change in disease severity.. The FIM, which has general items specific
relating to independence in daily tasks, appeared to have both floor and ceiling effects in
our sample, whereby independent participants remained independent, and those who
required assistance in activities of daily living did not report any changes. This may also
reflect the influence of caregivers, who are known to influence the level of independence of
persons with dementia (50). This may also explain the mixed results for physical activity
in our sample, as movement patterns and opportunities could have easily been influenced
by institutional regulations and protocols or caregiver assistance and monitoring of
behaviour in the home. These external influences on behaviour, as well as potentially
intrinsic fear of falling (which we did not measure) have the ability to markedly restrict
movement and independent performance of ADLs. Interventions to decrease disablement
by caregivers and aged care environments have been proposed to address this barrier to
functional independence, and may be necessary to optimise functional outcomes in
addition to the improvement in intrinsic physiological resources we targeted in PRIDE
((51).
Second, physical activity did not change significantly after the intervention, contrary to our
hypothesis. One-half of the participants increased, while the other half decreased physical
activity level, and there was no apparent pattern discernable related to disease severity.
The program may have been too brief in duration to facilitate meaningful changes in
physical activity following what for many was a long period of deconditioning.

For

example, a similar study in older, frail adults with a high prevalence of cognitive
impairment reported significant improvements in physical activity following 10 weeks of
intervention with PRT (13). Likewise, that study, as well as other robust exercise programs
in PD of 12 weeks duration, reported significant improvements in muscle mass (12). In our
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sample these changes were varied and small, which suggests that some of the anabolic
adaptations to intervention may not have occurred by the end of the 8-week training
program.
Third, a promising finding was the significant improvement in cognition observed in all
participants within the sample following robust exercise intervention. Two participants
improved by equal to, or more than, the MCID for the PD-CRS of 10 points (38), and all
participants had an improvement in the MMSE equal to, or more than the MCID of 1 point
(39). Furthermore, on the MMSE, 5 participants improved by an amount equal to, or
exceeding the expected annual decline of 2 -4 points in LBD (34). While the effects of
fluctuating cognition cannot be discounted, the direction of change at each time point
suggests that exercise of this nature may produce clinically significant changes in cognition
that need to be evaluated in larger cohorts over longer periods of time.
Furthermore, similar to our findings in the SMART study cohort with MCI (Chapters 1 &
2), strength was not associated with cognition at baseline, but improved concurrently with
cognition following intervention. However, the role that augmenting strength has in
improving cognition, while evaluated in SMART (52), needs to be evaluated in a larger
sample of individuals with LBD. Additionally, we also found strong associations between
measures of physical function such as the five times sit-to-stand and cognition at baseline,
similar to those found in the SMART cohort. Following intervention we found significant
improvements in the five times sit-to-stand which may be attributable to the focus on
developing strength and maximal power within our exercise intervention. The fact that
this measure was both sensitive to the subtle cognitive impairments observed in MCI, as
well as distinguishable in a small sample of LBD, suggests muscle power may not only be a
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useful clinical characteristics to measure in future studies, but evaluated for its potential
associations with improvements in cognition.
Lastly, there were significant changes to a few gait metrics that also require further
evaluation. The significant increase in mean step time was found to be less than the normal
variation in this value observed in free living contexts in mild-moderate PD (40), and thus
this change was not considered clinically meaningful. Furthermore, indices such as stride
time variability, which did not significantly change within our sample, is more indicative of
falls risk in PD (53). There was also a significant decrease in medio-lateral step symmetry
that could be interpreted as a less regularly gait in this axis post-intervention. The clinical
meaningful of this measure in free-living environments is not clear, and given that there
were no significant changes to symmetry or regularity measures in any of the other axis,
this result must be interpreted with extreme caution. Lastly, it is likely that the further
reduction in sample size down to 5 participants (as one was very immobile and did not
have valid gait measurements) increased the variability of these outcomes in our final
analysis, and thus largely samples are required to confirm these findings.

4.3 Limitations
There were several limitations to the PRIDE study first discussed in Chapter 5. The small
and heterogeneous sample of participants with LBD limits the validity of conclusions made
within this chapter. The sample size dropped from nine to six participants from the waitlist to intervention period, and due to the fluctuating condition of participants, there were
various measures that could not be completed in every participant such as strength
assessment, walking endurance, and some self-report questionnaires. The assessor for this
pilot trial was not blinded due to limited study resources and also conducted the
340

intervention. As such, there is a possibility of observer bias and social desirability bias in
the assessments of participants. However, the primary outcomes of cognition and physical
activity were objectively measured via instrumented tests and accelerometry respectively,
which limits the potential bias. Another limitation was the trial design, whereby the
anticipated small sample of participants with a highly variable symptomology meant the
adoption of the gold standard randomised controlled trial design was not feasible.
Conversely, the baseline control crossover design for this short intervention appeared
advantageous as participants were compared to their own baseline scores, which provided
a somewhat controlled observation of changes over time without group differences. Lastly,
there were statistical limitations to our observations within this sample. Namely, the
investigation of a diverse range of clinical outcomes in a small sample with no correction
for multiple comparisons, along with the use of non-parametric statistics due to the nonnormal data distribution and small sample size, ultimately reduced our statistical power
and increased the probability of type II errors being made.

Thus, the relationships

observed in this study must be interpreted with appropriate caution, and primarily used to
guide future, more robust investigations in LBD.

4.4 Conclusion
The PRIDE study was the first pilot clinical trial to comprehensively investigate the
trajectory of clinical outcomes during both a wait-list control period and following robust
exercise intervention that was focused on high intensity, progressive anabolic exercise
(power and strength training) and complex balance and functional training. The shortterm trajectory of frailty observed within the sample and its associations with a variety of
remediable clinical characteristics suggests that our evidence-based exercise program is a
novel and promising treatment strategy in LBD. The results of this investigation add
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important preliminary trial data to a sparsely-populated field consisting mainly of case
reports and epidemiological literature. The next step is to evaluate the findings of this
study in a larger, robust clinical trial of longer duration.
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Tables
Table 1 - Wait-list Changes in Functional Independence, Physical Activity, and Cognition
n

Baseline
Median (range)

Pre - Intervention
Median (range)

Wilcoxon Signed
Rank
standardised
test statistic

Sig.

Median
change
score

8-week wait-list period

Hodges-Lehmann
Confidence
interval
95%
lower

95%
upper

Functional Independence
MDS-UPDRS Total
Part I/II sub-score
Part III sub-score
Part IV
FIM total score

106 (45 – 180)
38 (13 – 84)
55 (32 – 95)
2 (0 – 8)
100 (25 – 121)

1.995
1.897
1.186
0.841
-0.889

0.051
0.058
0.236
0.400
0.374

13
6
5.5
0.5
-3

-1
-0.5
-6.5
-1.5
-11

34.5
14
17.5
3
9

120.07 (45.42 – 262.72)
10.81 (7.81 – 20.29)

90.96 (34.72 -186.57)
9.56 (1.67 – 17.2)

-2.429
-2.31

0.015
0.021

-20.89
-2.564

-48.41
-4.895

-7.15
-0.556

46.8 (7.2 – 172.2)
3.25 (0.49 – 11.94)

34.8 (4.8 – 139.2)
2.43 (0.33 – 9.68)

-2.666
-2.666

0.008
0.008

-16.38
-1.139

-29.94
-2.078

-4.02
-0.28

Step count, n

4158 (567 – 12511)

2710 (400 – 9327)

-2.31

0.021

-998

-2200

-112.5

Total bouts of walking, n
Bout lengths
5 to 10s, n
10 to 20s, n
20 to 30s, n
30 to 60s, n
60 to 120s, n
≥120s, n

139 (35 – 377)

113 (21 – 317)

-2.433

0.015

-26

-57

-4

66 (21 – 180)
47 (12 – 106)
17 (2 – 27)
13 (0 – 39)
3 (0 – 14)
1 (0 – 11)

53 (13 – 173)
40 (6 – 79)
10 (2 – 28)
8 (0 – 23)
1 (0 – 11)
0 (0 – 6)

-2.106
-2.138
-1.606
-2.136
-1.807
-1.890

0.044
0.033
0.108
0.033
0.071
0.059

-9
-9
-2.5
-4.5
-1.5
-0.5

-18.25
-17.5
-5.5
-9.5
-2.5
-2.5

0
-0.5
0.5
0
0
0

Physical activity and gait quantity
Total daily activity level, g / hour
Proportion of day, %
Total daily walking time, mins
Proportion of the day, %

9 86 (57 – 169)
36 (16 – 75)
46 (33 – 82)
0 (0 – 12)
9 102 (30 – 122)

9

Cognition
PD-CRS total score
9 44 (7 – 83)
42 (10 -77)
-0.422
0.673
-1
-6
3
Posterior-cortical
26 (1 – 28)
26 (4 – 29)
0.647
0.518
0.5
-0.5
2
Fronto-cortical
18 (1 -55)
17 (6 – 48)
-0.831
0.406
-1.5
-5
2
MMSE total score
9 22 (5 – 29)
17 (3 – 26)
-1.916
0.055
-3
-4
0
Notes: Significance values where α < 0.05 are bolded. CDR = Clinical Dementia Rating, NPI = Neuropsychiatric Inventory, GDS-15 = Geriatric Depression Scale –
15 item, DEMQoL = Dementia Quality of Life Scale., SWLS = Satisfaction With Life Scale, MNA-SF = Mini Nutritional Assessment, SPPB = Short Physical
Performance Battery, kg = kilogram, kgm-1 = kilogram/metre, s = second, cm = centimetre, N = Newton, N·m = Newton metre.
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Table 2 - Wait-list Changes to Clinical Characteristics
Outcome measure

n

Baseline
Median (range)

Pre - Intervention
Median (range)

W statistic

Sig.

Median
change
score

8-week wait-list period
CDR sum
NPI symptom score
caregiver distress
Life Space Assessment
GDS – 15 score
DEMQoL – Proxy rating
SWLS - participant
MNA-SF total score

9
9

Fasting* weight, kg
Waist circumference, cm
Skeletal muscle mass (SMM), kg
Skeletal muscle index (SMI), kgm-2
Fat mass, kg
Fat-free mass, kg

Hodges-Lehmann
CI
95%
lower

95%
upper

9
6
9
6
9

8 (3 – 18)
14 (1 – 38)
8 (0 – 18)
16 (7 – 34)
1 (0 – 3)
93 (79 – 101)
26.5 (12 -33)
10 (8 – 13)

7 (3 – 18)
10 (5 – 49)
4 (2 -19)
15 (1 – 32)
2.5 (1 – 6)
90 (71 – 103)
25 (15 – 29)
10 (4 – 11)

1.022
0.169
-0.424
-1.778
1.633
-1.689
-0.524
-1.997

0.307
0.866
0.671
0.075
0.102
0.091
0.600
0.046

0.5
0.5
-0.75
-2
2
-2.5
-2.5
-2

-0.5
-8.5
-8
-5
-1
-11
-10
-4.5

2.25
15.5
7
0
4
1
9.5
0.0

9
9
9
9
9
9

75 (53 – 86.5)
90 (74.5 – 97.5)
27.64 (17.85 – 36.02)
9.25 (7.01 – 11.16)
18.19 (9.23 – 24.35)
54.65 (35.57 – 70.14)

72 (46 – 84)
89.8 (70.6 – 98.2)
27.48 (16.38 – 35.67)
9.22 (6.73 – 10.65)
16.49 (10.04 – 18.97)
53.53 (31.98 – 69.19)

-1.901
-1.244
-1.836
-1.955
-1.362
-2.547

0.057
0.241
0.066
0.051
0.173
0.011

-4
-2
-0.51
-2.7
-1.65
-1.49

-6.5
-4.82
-1.31
-0.62
-4.90
-2.97

0.5
1.03
0.30
0.06
2.54
-0.26

SPPB total score, /12
9
7 (1 – 12)
7 (0 – 12)
-2.414
0.016
-1.5
-2.5
-0.5
Balance sub-score, /4
4 (0 – 4)
2 (0 – 4)
-1.414
0.157
0
-1
0
Gait sub-score, /4
3 (1 -4)
2 (0 – 4)
-1.134
0.257
-0.5
-1
0.5
Sit-to-stand sub-score, /4
2 (0 – 4)
1 (0 – 4)
-1.633
0.102
-1
-2
0
Habitual walking speed, ms-1
7
0.69 (.11 – 1.01)
0.75 (0.42 – 1.09)
-0.169
0.866
-0.1
-0.19
0.13
Maximal walking speed, ms-1
7
1.41 (0.75 – 2.03)
1.21 (0.94 – 2.38)
-0.338
0.735
-0.03
-0.37
0.29
Five time sit-to-stand, s
7
13.79 (8.13 – 33.72)
11.47 (8.09 – 28.34)
-0.169
0.866
-0.19
-3.82
3.26
Total balance time, s
9
60.84 (0.0 – 75.91)
47.72 (0.0 – 83.43)
-1.183
0.237
-1.885 -22.5
8.66
Average grip strength, kg
8
25.5 (12.5 – 40.0)
23.75 (7 – 41.50)
-0.17
0.865
0
-3.75
2.75
Six-minute walk distance, m
8
358 (57 – 718)
353 (0 – 727)
-0.7
0.484
-14.35 -115.7 44.2
Bilateral Leg press 1RM, N
6
1375 (355 – 3100)
1200 (830 – 3000)
-1.682
0.093
-150
-372.5 40
Bilateral leg extension 1RM, N·m
6
240 (35 – 550)
180 (120 – 570)
-1.572
0.116
-65
-150
35
Bilateral Triceps extension 1RM, N
6
450 (150 – 850)
470 (100 – 800)
-0.946
0.344
-45
-200
40
Notes: *fasting weight performed in light clothes. Significance values where α < 0.05 are bolded. CDR = Clinical Dementia Rating, NPI = Neuropsychiatric
Inventory, GDS-15 = Geriatric Depression Scale – 15 item, DEMQoL = Dementia Quality of Life Scale., SWLS = Satisfaction With Life Scale, MNA-SF = Mini
Nutritional Assessment, SPPB = Short Physical Performance Battery, kg = kilogram, kgm-1 = kilogram/metre, s = second, cm = centimetre, N = Newton, N·m =
Newton metre.
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Table 3 - Intervention Changes in Functional Independence, Physical Activity and Cognition
n

Pre - Intervention
Median (range)

Post - Intervention
Median (range)

Wilcoxon Signed
Rank standardised
test statistic

Median
change
score

Sig.

8-week intervention period
Functional Independence
MDS-UPDRS Total
Part I/II sub-score
Part III sub-score
Part IV

Hodges-Lehmann
Confidence interval
95%
lower

95% upper

6

78.5 (45 – 180)
24.5 (13 – 84)
53 (32 – 88)
1 (0 – 8)

72.5 (33 – 157)
30.5 (10 – 69)
41 (23 – 79)
1 (0 – 9)

-2.207
-1.153
-1.153
1.0

0.027*
0.074
0.249
0.317

-8
-3.5
-7.5
0

-17.5
-10.5
-12
0

-2
6
1
0.5

6

107 (25 – 121)

109.5 (19 – 122)

0.315

0.752

1

-5

5.5

116.69 (34.7 – 186.6)
10.3 (4.75 – 17.2)

118.7 (37.4 – 197.4)
11.5 (4.01 – 16.9)

0.105
0.524

0.917
0.60

1.99
0.28

-12.72
-0.81

17.36
1.48

49.5 (6.6 – 139.2)
3.45 (0.45 – 9.68)

51 (1.8 – 160.2)
3.53 (0.11 – 11.11)

1.153
1.153

0.249
0.249

6.96
0.49

-10.32
-0.72

18.48
1.28

Step count, n

4617 (454.5 – 9327)

4883.5 (80 – 11772)

0.734

0.463

528

-1889

2632

Total bouts of walking, n
Bout lengths
5 to 10s, n
10 to 20s, n
20 to 30s, n
30 to 60s, n
60 to 120s, n
≥120s, n

163.5 (29.5 – 317)

190 (5 – 341)

1.153

0.249

23.0

-3.25

29.5

89 (19 – 173)
47.5 (7 – 79)
13.5 (2.5 – 28)
8 (1 – 23)
2 (0 – 11)
0.5 (0 – 6)

92 (3 – 164)
66.5 (2 – 98)
16.5 (0 – 26)
10 (0 – 33)
2.5 (0 – 12)
0 (0 – 10)

-0.105
1.782
0.105
1.393
0.680
0.272

0.917
0.075
0.916
0.173
0.496
0.785

-1.0
11.0
0.25
3.5
1.0
0.0

-12.5
-2.0
-2.25
-2.0
-1.5
-2.0

10.0
21.5
5.0
9.5
2.0
2.5

FIM total score
Physical activity and walking metrics
Total daily activity level, g / hour
Proportion of day, %
Total daily walking time, mins
Proportion of the day, %

6

Cognition
PD-CRS total score
6
62.5 (10 – 77)
68.5 (16 -102)
2.207
0.027
8
4
17.5
Posterior-cortical
26.5 (4 – 29)
29 (9 -30)
1.841
0.066
2
0
4
Fronto-cortical
36 (6 – 48)
40 (7 – 73)
1.892
0.058
6.5
0
17
MMSE total score
6
21.5 (3 – 26)
25 (11 – 29)
2.207
0.027
4.5
1.5
7.5
Notes: Significance values where α < 0.05 are bolded. CDR = Clinical Dementia Rating, NPI = Neuropsychiatric Inventory, GDS-15 = Geriatric Depression Scale – 15 item,
DEMQoL = Dementia Quality of Life Scale., SWLS = Satisfaction With Life Scale, MNA-SF = Mini Nutritional Assessment, SPPB = Short Physical Performance Battery, kg =
kilogram, kgm-1 = kilogram/metre, s = second, cm = centimetre, N = Newton, N·m = Newton metre.
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Table 4 - Intervention Period Changes to Clinical Characteristics
Outcome measure

n

Pre - Intervention
Median (range)

Post - Intervention
Median (range)

8-week Intervention period

Wilcoxon
Signed Rank
standardised
test statistic

Sig.

Median
change
score

Hodges-Lehmann
Confidence interval
95%
lower
-1.5

95%
upper
0.5

CDR sum
6
5 (3 – 18)
4.75 (1.5 – 18)
-0.921
0.357
-0.5
NPI symptom score
caregiver distress
Life Space Assessment
6
20 (10 – 32)
19.5 (7 – 34)
-0.921
0.357
-0.5
-2.5
1
GDS – 15 score
5
3 (1 – 6)
4 (1 – 7)
0.736
0.736
0.5
-2
3
DEMQoL – Proxy rating
6
92 (84 – 103)
96 (82 – 100)
0.405
0.686
0.5
-3.5
8.5
SWLS - participant
5
25 (15 -29)
17 (12 – 34)
-0.412
0.68
-2
-16
5
MNA-SF total score
6
10 (5 – 11)
11 (9 – 13)
1.826
0.068
1.5
0
3.5
Fasting* weight, kg
6
73.5 (62 – 84)
74.5 (70.2 – 87.0)
1.826
0.068
2
0
5.6
Waist circumference, cm
5
89.47 (83.3 – 98.2)
90.3 (79.9 – 97.3)
-1.214
0.225
-1
-3.4
0.4
Skeletal muscle mass (SMM), kg
5
29.06 (23.93 – 35.67)
30.38 (27.05 – 36.16)
1.214
0.225
0.49
-0.43
1.43
Skeletal muscle index (SMI), kgm-2
5
9.68 (7.39 – 10.65)
9.92 (9.21 – 11.26)
1.084
0.279
0.15
-0.15
1.22
Fat mass, kg
5
17.27 (11.30 – 24.35)
16.55 (10.04 – 18.97)
0.944
0.345
0.505 -0.77
1.78
Fat-free mass, kg
5
57.96 (45.39 – 69.19)
58.78 (53.60 – 70.41)
1.483
0.138
0.77
-0.47
2.52
SPPB total score, /12
6
8 (0 – 12)
12 (0 – 12)
1.857
0.063
2
0
4
Balance sub-score, /4
4 (0 – 4)
4 (0 - 4)
1
0.317
0
0
1
Gait sub-score, /4
3.5 (0 - 4)
4 (0 – 4)
1.414
0.157
0.5
0
1
Sit-to-stand sub-score, /4
1.5 (0 – 4)
4 (0 – 4)
1.841
0.068
1
0
3
Habitual walking speed, ms-1
5
0.83 (0.5 – 1.09)
1.01 (0.61 – 1.39)
1.826
0.068
0.15
0
0.3
Maximal walking speed, ms-1
5
1.5 (0.94 – 2.38)
1.83 (1.07 – 2.25)
1.625
0.104
0.185 -0.13
0.71
Five time sit-to-stand, s
5
11.47 (8.09 – 19.87)
9.58 (6.72 – 14.9)
-2.023
0.043*
-2.97
-4.97
-0.97
Total balance time, s
6
61.54 (0.0 – 83.43)
65.53 (0.0 – 84.25)
2.203
0.043*
2.99
.41
7.86
Average grip strength, kg
Six-minute walk distance, m
5
505 (217 – 727)
458 (255 – 789)
0.674
0.5
43.8
-63.1
62.4
Bilateral Leg press 1RM, N
5
1250 (1080 – 3000)
2000 (1800 – 3350)
2.023
0.043*
600
350
850
Bilateral leg extension 1RM, N
5
210 (140 – 570)
330 (280 – 720)
2.023
0.043*
137
120
160
Bilateral Triceps extension 1RM, N
Notes: *fasting weight performed in light clothes. Significance values where α < 0.05 are bolded. CDR = Clinical Dementia Rating, NPI = Neuropsychiatric Inventory,
GDS-15 = Geriatric Depression Scale – 15 item, DEMQoL = Dementia Quality of Life Scale, SWLS = Satisfaction With Life Scale, MNA-SF = Mini Nutritional
Assessment, SPPB = Short Physical Performance Battery, kg = kilogram, kgm-1 = kilogram/metre, s = second, cm = centimetre, N = Newton, N·m = Newton metre.
Missing values indicate <5 participant values available and statistical test could not be run.
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Table 5: Significant Changes in Accelerometry-derived Gait Quality for Wait-list and Intervention Period
Variable name

Variable code

Median (range)

Median (range)

Baseline

Pre – Intervention

Number
for analysis

W stat

Sig.

Hodge-Lehmann
median

95%
Lower

95%
Upper

Gait Quality metrics
Wait-list period (n=9)
SD od Spectral Arc length V

SparcV_STD

8.55 (5.54- 13.33)

6.2 (0- 9.87)

9

-2.073

0.038

-2.316

-7.422

-0.098

SD width of dom. freq. V

wdV_STD

0.05 (0.02- 0.15)

0.04 (0- 0.1)

9

-2.073

0.038

-0.035

-0.64

-0.001

Pre- Intervention

Post- Intervention

Intervention period (n=6)
Amplitude SD

ampAP_STD

0.08 (0- 0.1)

0.12 (0.09- 0.25)

5

2.023

0.043

0.093

0.003

0.144

Amplitude SD

ampML_STD

0.06 (0- 0.14)

0.11 (0.07- 0.13)

5

2.023

0.043

0.064

0.028

0.115

SD of Entropy in ML axis

EntropyML_STD

0.18 (0- 0.32)

0.26 (0.25- 0.33)

5

2.203

0.043

0.171

0.08

0.319

Average step time
SD of Slope of dom. Freq.
power spectrum AP
SD of Slope of dom. Freq.
power spectrum ML

MeanPeaks

0.55 (0.52- 0.59)

0.6 (0.57- 0.67)

5

2.023

0.043

0.056

0.015

0.135

slpAP_STD

0.2 (0- 0.26)

0.28 (0.22- 0.62)

5

2.023

0.043

0.196

0.014

0.365

slpML_STD

0.1 (0- 0.25)

0.25 (0.17- 0.25)

5

2.023

0.043

0.164

0.078

0.251

Step asymmetry ML

stepAsymML

0.41 (0.29- 0.56)

0.34 (0.26- 0.4)

5

-2.023

0.043

-0.074

-0.308

-0.042

Mean step time

stepTime

0.52 (0.35- 0.53)

0.58 (0.53- 0.69)

5

2.023

0.043

0.11

0.03

0.23

SD of mean step time

stepTime_STD

0.03 (0- 0.04)

0.03 (0.03- 0.23)

5

2.023

0.043

0.038

0.001

0.202

SD of Step regularity AP

stpRegAP_STD

0.05 (0- 0.09)

0.09 (0.07- 0.14)

5

2.023

0.043

0.049

0.008

0.09

SD of mean stride time

strideTime_STD

0.05 (0- 0.08)

0.06 (0.05- 0.48)

5

2.023

0.043

0.075

0.005

0.424

Footnote: All variables presented in this table are significant to α < 0.05. Analysis for wait-list period involving all 9 participants, where as analysis for the intervention period involved six participants. A
separate set of Wilcoxon-sign (W) test was performed at each time point to maximise participant data.
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Table 6: Wait-list Period Non-significant Changes in Accelerometry-derived Gait Quality
BL TO PRE (N=9)
Variable name
BL median (range)
PRE median (range)
Gait
Quality
metrics
AP amplitude
0.59 (0.28- 0.72)
0.59 (0.25- 0.7)
Amplitude SD
0.09 (0.06- 0.23)
0.08 (0- 0.1)
ML amplitude
0.31 (0.14- 0.77)
0.24 (0.12- 0.5)
Amplitude SD
0.1 (0.06- 0.25)
0.08 (0- 0.14)
V amplitude
0.61 (0.38- 0.92)
0.67 (0.2- 0.92)
Amplitude SD
0.13 (0.08- 0.26)
0.13 (0- 0.17)
Cadence (Frq)
114.31 (87.42- 131.9)
117.24 (110.38- 140.69)
Cadence SD
5.36 (3.11- 27.98)
5.02 (0- 8.86)
Cadence (time)
111.5 (87.73- 117.77)
112.09 (90.1- 117.15)
Cadence SD
5.74 (4.07- 14.24)
5.56 (0- 8.59)
Variance peak amplitude
0.36 (0.28- 0.42)
0.32 (0.27- 0.47)
Variance peak amplitude SD
0.07 (0.03- 0.09)
0.05 (0- 0.08)
Peaks variance
0.3 (0.09- 0.4)
0.26 (0.11- 0.44)
Peaks variance SD
0.14 (0.07- 0.24)
0.11 (0- 0.2)
Variance step length
15.77 (6.56- 23.67)
11.78 (7.9- 26.95)
Variance step length SD
5.25 (0.96- 7.39)
4.49 (0- 6.85)
Variance step time
12.49 (5.65- 27.2)
8.47 (5.55- 29.51)
Variance step time SD
3.75 (2.81- 4.66)
3.28 (0- 5.42)
Variance stride time
8.84 (3.55- 19.74)
6.03 (4.1- 22.2)
Variance stride time SD
3.04 (2.07- 3.75)
2.88 (0- 4.35)
Entropy in AP axis
10.08 (8.91- 10.58)
9.93 (8.25- 10.53)
SD of Entropy in AP axis
0.26 (0.21- 0.42)
0.23 (0- 0.44)
Entropy in ML axis
10.62 (9.22- 10.84)
10.6 (9.33- 10.91)
SD of Entropy in ML axis
0.2 (0.15- 0.69)
0.18 (0- 0.32)
Entropy of V axis
10.75 (9.35- 11.03)
10.6 (8.76- 11.01)
SD of Entropy in V axis
0.25 (0.03- 0.36)
0.23 (0- 0.38)
Dominant Frequency in AP axis
1.86 (1.4- 2.08)
1.89 (1.54- 2)
SD of dominant Frequency in AP axis 0.09 (0.06- 1.14)
0.09 (0- 0.23)
Dominant Frequency in ML axis
0.92 (0.7- 1.05)
0.92 (0.85- 1)
SD of dominant Frequency in ML axis 0.05 (0.04- 0.24)
0.05 (0- 0.09)
Dominant Frequency in V axis
1.91 (1.46- 2.2)
1.95 (1.84- 2.34)
SD of Dominant Frequency in v axis
0.09 (0.05- 0.47)
0.08 (0- 0.15)
Harmonic ratio AP
1.62 (1.01- 2.72)
1.83 (1.13- 2.37)
SD of Harmonic ratio AP
0.24 (0.11- 0.56)
0.24 (0- 0.56)
Harmonic ratio ML
0.61 (0.49- 0.72)
0.57 (0.51- 0.7)
SD of Harmonic ratio ML
0.09 (0.07- 0.11)
0.07 (0- 0.1)
Harmonic ratio V
1.7 (1.12- 2.67)
1.71 (1.08- 2.51)
SD of Harmonic ratio V
0.24 (0.17- 0.57)
0.33 (0- 0.52)
Average peaks in amplitude
0.35 (0.14- 0.59)
0.33 (0.1- 0.66)
SD of average peaks in amplitude
0.08 (0.02- 0.12)
0.08 (0- 0.11)
Average distance of step
22.84 (15.7- 32.85)
23.19 (12- 31.46)
SD of average distance of step
3.02 (1.37- 4.34)
3.1 (0- 4.86)
Average step time
0.56 (0.54- 0.72)
0.55 (0.52- 0.59)
SD of average step time
0.05 (0.04- 0.11)
0.05 (0- 0.07)
Average step length
46.93 (32.43- 68.64)
44.66 (25- 65.76)
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SD of average step length
Average step times
SD of average step times
Average stride times
SD of average stride times
Root mean square AP
SD of Root mean square AP
Root mean square ML
SD of Root mean square ML
Root mean square V
SD of Root mean square V
Range of forces AP
SD of range of forces AP
Range of forces ML
SD of range of forces ML
Range of forces V
SD of range of forces V
Sample Entropy AP
SD of Sample Entropy AP
Sample Entropy ML
SD of Sample Entropy ML
Sample Entropy V
SD of Sample Entropy V
Slope of dom. Freq. power spectrum
AP
SD of Slope of dom. Freq. power
spectrum AP
Slope of dom. Freq. power spectrum
ML
SD of Slope of dom. Freq. power
spectrum ML
Slope of dom. Freq. power spectrum
V
SD of Slope of dom. Freq. power
spectrum V
Spectral Arc length AP
SD od Spectral Arc length AP
Spectral Arc length ML
SD od Spectral Arc length ML
Spectral Arc length V
SD of peak amplitude
SD of SD in peak amplitude
SD of step time
SD of SD step time
Step asymmetry AP
SD of step asymmetry AP
Step asymmetry ML
SD of step asymmetry ML
Step asymmetry V
SD of step asymmetry V
Mean step time
SD of mean step time
Gait speed

4.66 (3.45- 6.72)
0.54 (0.49- 0.7)
0.03 (0.02- 0.09)
1.09 (0.97- 1.41)
0.06 (0.04- 0.18)
0.26 (0.12- 0.45)
0.04 (0.02- 0.09)
0.15 (0.13- 0.21)
0.02 (0.01- 0.03)
0.99 (0.89- 1.02)
0.01 (0- 0.02)
0.95 (0.47- 1.36)
0.19 (0- 0.31)
1.18 (0.59- 1.68)
0.25 (0.1- 0.51)
1.26 (0.57- 1.61)
0.34 (0.11- 0.69)
0.19 (0.07- 0.25)
0.04 (0- 0.05)
0.26 (0.09- 0.34)
0.05 (0.01- 0.06)
0.23 (0.08- 0.3)
0.04 (0.01- 0.07)

4.31 (0- 6.92)
0.53 (0.5- 0.55)
0.03 (0- 0.04)
1.07 (1- 1.11)
0.05 (0- 0.08)
0.32 (0.12- 0.6)
0.03 (0- 0.05)
0.17 (0.09- 0.19)
0.02 (0- 0.03)
0.98 (0.83- 1.02)
0.01 (0- 0.02)
0.91 (0.45- 1.35)
0.23 (0- 0.29)
1.24 (0.38- 1.68)
0.27 (0- 0.47)
1.09 (0.35- 1.74)
0.33 (0- 0.55)
0.17 (0.04- 0.25)
0.03 (0- 0.05)
0.28 (0.07- 0.36)
0.05 (0- 0.06)
0.24 (0.05- 0.31)
0.06 (0- 0.07)

1.11 (0.11- 1.46)

1.14 (0.34- 1.34)

0.22 (0.05- 0.28)

0.21 (0- 0.26)

0.51 (0.18- 1.3)

0.46 (0.08- 0.95)

0.21 (0.1- 0.38)

0.15 (0- 0.25)

1.12 (0.48- 1.91)

1.3 (0.22- 1.88)

0.31 (0.2- 0.39)
-32.05 (-50.37- -21.78)
6.08 (1.81- 10.48)
-44.05 (-64.5- -25.28)
8.99 (5.61- 27.45)
-29.97 (-54.56- -17.67)
0.14 (0.05- 0.17)
0.04 (0.01- 0.11)
0.18 (0.05- 0.25)
0.1 (0.06- 0.17)
0.17 (0.09- 0.36)
0.13 (0.06- 0.38)
0.35 (0.26- 0.51)
0.24 (0.16- 0.31)
0.13 (0.07- 0.37)
0.12 (0.06- 0.16)
0.53 (0.47- 0.71)
0.03 (0.02- 0.2)
89.8 (62.39- 128.48)

0.32 (0- 0.41)
-27.71 (-46.99- -25)
5.93 (0- 8.47)
-43.07 (-73.25- -30.2)
6.05 (0- 10.55)
-27.17 (-70.84- -18.87)
0.12 (0.03- 0.19)
0.04 (0- 0.08)
0.14 (0.06- 0.26)
0.08 (0- 0.14)
0.16 (0.11- 0.32)
0.1 (0- 0.15)
0.42 (0.29- 1.56)
0.19 (0- 0.32)
0.11 (0.01- 0.38)
0.1 (0- 0.22)
0.52 (0.35- 0.54)
0.03 (0- 0.04)
91.04 (48.31- 124.51)
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SD of gait speed
11.34 (3.1- 16.24)
11.66 (0- 17.85)
Step regularity AP
0.48 (0.23- 0.67)
0.54 (0.32- 0.65)
SD of Step regularity AP
0.08 (0.07- 0.1)
0.08 (0- 0.09)
Step regularity ML
0.32 (0.21- 0.47)
0.31 (0.2- 0.56)
SD of Step regularity ML
0.08 (0.07- 0.13)
0.07 (0- 0.09)
Step regularity V
0.45 (0.18- 0.73)
0.5 (0.12- 0.71)
SD of Step regularity V
0.1 (0.08- 0.15)
0.09 (0- 0.13)
Mean stride time
1.06 (0.95- 1.42)
1.05 (0.89- 1.12)
SD of mean stride time
0.05 (0.03- 0.28)
0.05 (0- 0.08)
Stride regularity AP
0.47 (0.18- 0.6)
0.5 (0.25- 0.6)
SD of Stride regularity AP
0.08 (0.01- 0.12)
0.09 (0- 0.11)
Stride regularity ML
0.22 (0.16- 0.37)
0.21 (0.08- 0.43)
SD of Stride regularity ML
0.06 (0.05- 0.11)
0.06 (0- 0.09)
Stride regularity V
0.44 (0.18- 0.68)
0.52 (0.14- 0.67)
SD of Stride regularity V
0.11 (0.06- 0.14)
0.12 (0- 0.14)
Width of dom. freq. AP
0.73 (0.68- 1.21)
0.72 (0.69- 1.49)
SD width of dom. freq. AP
0.19 (0.02- 0.73)
0.09 (0- 0.22)
Width of dom. freq. ML
0.76 (0.69- 0.97)
0.72 (0.7- 0.79)
SD width of dom. freq. ML
0.07 (0.02- 0.2)
0.04 (0- 0.09)
Width of dom. freq. V
0.75 (0.68- 0.83)
0.73 (0.69- 1.84)
Footnote: All variables presented in this table are not significant to p ≥ 0.05. Analysis for wait-list
period involving all 9 participants, where as analysis for the intervention period involved six
participants. A separate set of Wilcoxon-sign (W) test was performed at each time point to
maximise participant data.
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Table 7: Intervention Period Non-significant Changes in Accelerometry-derived Gait Quality
Variable name
PRE median (range)
POST median (range)
Gait quality
metrics
AP amplitude
ML amplitude
V amplitude
Amplitude SD
Cadence (Frq)
Cadence SD
Cadence (time)
Cadence SD
Variance peak amplitude
Variance peak amplitude SD
Peaks variance
Peaks variance SD
Variance step length
Variance step length SD
Variance step time
Variance step time SD
Variance stride time
Variance stride time SD
Entropy in AP axis
SD of Entropy in AP axis
Entropy in ML axis
Entropy of V axis
SD of Entropy in V axis
Dominant Frequency in AP axis
SD of dominant Frequency in AP
axis
Dominant Frequency in ML axis
SD of dominant Frequency in ML
axis
Dominant Frequency in V axis
SD of Dominant Frequency in v
axis
Harmonic ratio AP
SD of Harmonic ratio AP
Harmonic ratio ML
SD of Harmonic ratio ML
Harmonic ratio V
SD of Harmonic ratio V
Average peaks in amplitude
SD of average peaks in
amplitude
Average distance of step
SD of average distance of step
SD of average step time
Average step length
SD of average step length
Average step times
SD of average step times

0.59 (0.25- 0.7)
0.32 (0.12- 0.5)
0.55 (0.2- 0.81)
0.11 (0- 0.17)
117.98 (113.55- 140.69)
5.18 (0- 8.18)
111.07 (90.1- 113.11)
5.47 (0- 8.59)
0.33 (0.29- 0.47)
0.04 (0- 0.08)
0.26 (0.11- 0.44)
0.1 (0- 0.2)
13.45 (10.49- 26.95)
3.19 (0- 6.43)
9.4 (7- 29.51)
2.7 (0- 4.09)
6.82 (5.29- 22.2)
2.27 (0- 3.34)
9.88 (8.25- 10.43)
0.23 (0- 0.44)
10.14 (9.33- 10.85)
10.22 (8.76- 10.96)
0.2 (0- 0.38)
1.88 (1.54- 1.95)

0.74 (0.42- 1.03)
0.52 (0.25- 0.71)
0.33 (0.31- 0.41)
0.08 (0.06- 0.12)
108.19 (101.6- 120.18)
6.87 (4.49- 26.35)
103.89 (95.15- 107.87)
4.62 (3.68- 5.06)
0.35 (0.28- 0.4)
0.05 (0.04- 0.05)
0.24 (0.11- 0.43)
0.09 (0.08- 0.14)
12.13 (8.66- 24.43)
4.46 (2.89- 8.83)
8.78 (6.26- 19.85)
4.11 (2.36- 5.4)
7.12 (4.94- 14.58)
3.22 (1.62- 4.02)
9.72 (8.71- 9.96)
0.33 (0.23- 0.37)
9.73 (9.3- 10.14)
9.6 (9.52- 10.37)
0.28 (0.2- 0.34)
1.73 (0.88- 1.9)

0.09 (0- 0.13)
0.91 (0.85- 0.97)

0.1 (0.08- 0.16)
0.85 (0.72- 0.95)

0.05 (0- 0.08)
1.97 (1.89- 2.34)

0.06 (0.04- 0.08)
1.8 (1.69- 2)

0.09 (0- 0.14)
1.72 (1.13- 2.37)
0.19 (0- 0.56)
0.61 (0.56- 0.7)
0.07 (0- 0.09)
1.66 (1.08- 2.27)
0.24 (0- 0.42)
0.3 (0.1- 0.6)

0.11 (0.07- 0.44)
1.65 (1.27- 1.94)
0.26 (0.14- 0.36)
0.63 (0.47- 0.68)
0.08 (0.07- 0.08)
1.68 (1.19- 2.14)
0.29 (0.13- 0.4)
0.21 (0.17- 0.3)

0.05 (0- 0.1)
20.22 (12- 30.09)
2.37 (0- 4.18)
0.04 (0- 0.05)
42.24 (25- 63.18)
3.04 (0- 6.01)
0.53 (0.52- 0.54)
0.02 (0- 0.04)

0.03 (0.02- 0.06)
14.67 (13.8- 20.8)
1.65 (1.21- 1.98)
0.03 (0.02- 0.06)
42.57 (33.71- 56.16)
2.76 (2- 12.99)
0.59 (0.53- 0.93)
0.03 (0.02- 0.24)
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Average stride times
SD of average stride times
Root mean square AP
SD of Root mean square AP
Root mean square ML
SD of Root mean square ML
Root mean square V
SD of Root mean square V
Range of forces AP
SD of range of forces AP
Range of forces ML
SD of range of forces ML
Range of forces V
SD of range of forces V
Sample Entropy AP
SD of Sample Entropy AP
Sample Entropy ML
SD of Sample Entropy ML
Sample Entropy V
SD of Sample Entropy V
Slope of dom. Freq. power
spectrum AP
Slope of dom. Freq. power
spectrum ML
Slope of dom. Freq. power
spectrum V
SD of Slope of dom. Freq.
power spectrum V
Spectral Arc length AP
SD od Spectral Arc length AP
Spectral Arc length ML
SD od Spectral Arc length ML
Spectral Arc length V
SD od Spectral Arc length V
SD of peak amplitude
SD of SD in peak amplitude
SD of step time
SD of SD step time
Step asymmetry AP
SD of step asymmetry AP
SD of step asymmetry ML
Step asymmetry V
SD of step asymmetry V
Gait speed
SD of gait speed
Step regularity AP
Step regularity ML
SD of Step regularity ML
Step regularity V
SD of Step regularity V
Mean stride time
Stride regularity AP
SD of Stride regularity AP

1.07 (1.04- 1.09)
0.05 (0- 0.08)
0.41 (0.12- 0.6)
0.03 (0- 0.05)
0.17 (0.09- 0.18)
0.01 (0- 0.03)
0.95 (0.83- 1.02)
0.01 (0- 0.02)
0.76 (0.45- 1.33)
0.14 (0- 0.23)
0.96 (0.38- 1.68)
0.17 (0- 0.47)
0.87 (0.35- 1.67)
0.18 (0- 0.55)
0.15 (0.04- 0.24)
0.02 (0- 0.05)
0.16 (0.07- 0.36)
0.03 (0- 0.06)
0.15 (0.05- 0.31)
0.03 (0- 0.07)

1.18 (1.07- 1.85)
0.06 (0.05- 0.47)
0.36 (0.2- 0.5)
0.05 (0.04- 0.05)
0.13 (0.1- 0.2)
0.02 (0.01- 0.04)
0.92 (0.9- 0.97)
0.02 (0.01- 0.03)
0.75 (0.52- 0.87)
0.11 (0.06- 0.22)
0.59 (0.52- 0.67)
0.11 (0.07- 0.15)
0.69 (0.65- 0.79)
0.14 (0.09- 0.14)
0.11 (0.08- 0.16)
0.02 (0.01- 0.03)
0.11 (0.07- 0.16)
0.02 (0.01- 0.03)
0.1 (0.09- 0.15)
0.02 (0.01- 0.03)

1.15 (0.34- 1.34)

1.43 (0.61- 1.74)

0.56 (0.08- 0.95)

0.73 (0.48- 1.41)

0.88 (0.22- 1.64)

0.59 (0.38- 0.77)

0.25 (0- 0.4)
-29.09 (-46.99- -25)
5.34 (0- 7.09)
-47.19 (-73.25- -30.2)
5.32 (0- 9.44)
-32.67 (-70.84- -21.36)
5.53 (0- 9.87)
0.09 (0.03- 0.19)
0.03 (0- 0.08)
0.14 (0.06- 0.26)
0.06 (0- 0.14)
0.19 (0.11- 0.32)
0.07 (0- 0.13)
0.19 (0- 0.32)
0.13 (0.01- 0.38)
0.1 (0- 0.22)
78.97 (48.31- 117.74)
8.75 (0- 15.72)
0.53 (0.32- 0.63)
0.3 (0.2- 0.56)
0.07 (0- 0.08)
0.49 (0.12- 0.64)
0.08 (0- 0.11)
1.04 (0.89- 1.12)
0.51 (0.25- 0.6)
0.08 (0- 0.11)

0.2 (0.15- 0.23)
-25.68 (-40.57- -15.23)
5.27 (4.7- 10.7)
-36.65 (-41.15- -26.42)
6.34 (5.53- 7.11)
-44.79 (-57.46- -31.4)
7.51 (4.86- 8.56)
0.07 (0.07- 0.09)
0.02 (0.02- 0.03)
0.14 (0.07- 0.27)
0.07 (0.05- 0.09)
0.17 (0.12- 0.33)
0.1 (0.06- 0.22)
0.2 (0.1- 0.26)
0.2 (0.14- 0.36)
0.19 (0.14- 0.24)
61.03 (57.85- 81.72)
5.82 (3.81- 7.1)
0.58 (0.35- 0.62)
0.5 (0.32- 0.52)
0.08 (0.06- 0.1)
0.5 (0.23- 0.62)
0.07 (0.06- 0.11)
1.16 (1.04- 1.34)
0.46 (0.3- 0.64)
0.1 (0.07- 0.13)
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Stride regularity ML
0.21 (0.08- 0.43)
0.35 (0.23- 0.41)
SD of Stride regularity ML
0.05 (0- 0.09)
0.08 (0.06- 0.1)
Stride regularity V
0.48 (0.14- 0.6)
0.37 (0.17- 0.54)
SD of Stride regularity V
0.11 (0- 0.14)
0.1 (0.06- 0.12)
Width of dom. freq. AP
0.72 (0.69- 1.49)
0.76 (0.7- 1.12)
SD width of dom. freq. AP
0.07 (0- 0.2)
0.12 (0.02- 0.24)
Width of dom. freq. ML
0.73 (0.7- 0.79)
0.77 (0.69- 0.92)
SD width of dom. freq. ML
0.03 (0- 0.09)
0.07 (0.02- 0.09)
Width of dom. freq. V
0.74 (0.69- 1.84)
0.74 (0.71- 1.15)
SD width of dom. freq. V
0.04 (0- 0.05)
0.16 (0.03- 0.21)
Footnote: All variables presented in this table are not significant to p ≥ 0.05. Analysis for wait-list
period involving all 9 participants, where as analysis for the intervention period involved six
participants. A separate set of Wilcoxon-sign (W) test was performed at each time point to maximise
participant data.
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Figures
Figure 1 - Consort Flow Diagram
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Figure 2 - Individual Changes in Functional Independence across All Time Points
Movement Disorder Society Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS) total score

Functional independence Measure (FIM)

Footnotes: white-filled circle = last completed timepoint before droping out of study, grey-filled circle = participant intervention results documented in chapter 7
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Figure 3 – Individual Changes in Physical activity across All Time Points
Total Daily Physical Activity

Daily Walking Time

Footnotes: white-filled circle = last completed timepoint before droping out of study, grey-filled circle = participant intervention results documented in Chapter 7
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Figure 4 – Individual Changes in Cognition across All Time Points
Mini-mental State Exam (MMSE)

Parkinson’s Disease Cognitive Rating Scale (PD-CRS)

Footnotes: white-filled circle = last completed timepoint before droping out of study, grey-filled circle = participant intervention results documented in Chapter 7
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Figure 5 - Individual Changes in Fat-free Mass and Nutritional Status across All Time Points
Fat-free Mass (BIA derived)

Mini Nutritional Assessment Short Form (MNA-SF)

Footnotes: white-filled circle = last completed timepoint before droping out of study, grey-filled circle = participant intervention results documented in Chapter 7
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Figure 6 - Individual Changes in Physical function across All Time Points
Five Times Sit-to-stand

Total Balance Time

Short Physical Performance Battery (SPPB)

Footnotes: white-filled circle = last completed timepoint before droping out of study, grey-filled circle = participant intervention results documented in Chapter 7
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Figure 7 - Individual Changes in Leg Press Strength across All Time Points

Footnotes: white-filled circle = last completed timepoint before droping out of study, grey-filled circle = participant intervention results documented in Chapter 7
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CHAPTER 7 – Exercise is a Key Part of Best
Practice in the Management of Frailty in
Lewy Body Dementia: a Case Study
Inskip, M, Mavros, Y, Sachdev, P, Fiatarone Singh, M.A

A version of this chapter was accepted for publication in the journal of BMJ Case reports on the
25th March 2020 and published the 26th of April 2020. The published version of this
manuscript can be viewed in Appendix A.

1. Introduction
In Chapters 5 and 6, we characterised a small sample of older adults with Lewy body dementia
(LBD) who were overtly frail, sarcopenic and who experienced a large number of adverse
events and worsening of their condition over a short wait-list period. The introduction of
robust exercise involving challenging, cognitive dual-task balance and progressive resistance
training (PRT) improved many aspects of this frailty as well as the cognitive and functional
declines that were observed in this period preceding exercise. The fact that many of these
clinical characteristics were strongly associated with disease severity but also readily
modifiable with a robust exercise intervention of relatively short duration shows promise that
targeting frailty itself may be a viable long-term treatment strategy for attenuating the
downward trajectory of LBD. However, although we saw quite rapid changes in physical
activity, body and muscle mass, disease severity and cognition in a brief period of observation,
the long-term contribution of deleterious factors we identified at baseline (Chapter 5) to this
decline remains to be elucidated. For example, we found at baseline that in our sample of only
nine participants that there were 19 potentially inappropriate medications (PIMs) prescribed,
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many of which were powerful anticholinergic and sedative medications. While we identified
these undesirable medications amongst participants in our sample, the short duration of our
intervention limited our capacity to appropriately advocate for the deprescription of these
potentially hazardous medications via their primary care physicians, or to evaluate the
subsequent impact on clinical status. Furthermore, we found that individuals with LBD were
susceptible to adverse clinical outcomes including falls and delirium during this period of
observation, which, without the prompt intervention of robust exercise that followed in our
trial, would likely have precipitated a rapid decline in functional independence, as observed in
similar ageing cohorts (1-3) While robust exercise was sufficient to augment many targeted
clinical outcomes positively in our sample within the PRIDE trial, as presented in Chapter 6, it
is likely that in clinical practice the intervention described in the previous chapters would form
part of a multi-modal intervention strategy for the prevention of frailty that reflects current
frailty and sarcopenia guidelines (4, 5).

Specifically, deprescribing hazardous and/or

superfluous medications and targeted nutritional intervention, used in conjunction with robust
anabolic exercise may be a more potent combination for attenuating the rapid progression of
disease attributable to the high prevalence of frailty and adverse outcomes in LBD (6, 7).
In the last chapter of this thesis, we present the extraordinary case of an individual with LBD,
enrolled within the PRIDE trial. Through a series of unfortunate events this individual had a
prolonged deterioration in health and cognition over nine months due to factors such as those
discussed above, before undergoing a multi-modal intervention involving depresribing,
nutritional support and robust exercise that not only lead to clinically meaningful outcomes,
but ultimately the preservation of life and dignity. Due to the intensive multi-modal nature of
his intervention, this individual could not be included in the analysis of the PRIDE intervention
in Chapter 6. However, the important clinical lesions to be learned regarding the modifiable
aspects of frailty in severe cognitive impairment from his case provide a suitable capstone to
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support the key messages discussed throughout this thesis. Finally, this case report ultimately
captures the humanity and real-world significance of treating the person, not the condition,
when it comes to our perception of chronic diseases like dementia.

2. Summary
An 87-year-old man with Dementia with Lewy Bodies (DLB), living in residential aged care,
exhibited rapid functional decline and weight loss associated with injurious falls over 9 months.
Independent clinicians (geriatrician and exercise physiologist) assessed him during an
extended wait-list period prior to his commencement of a pilot robust exercise trial. The
highly significant role of treatable factors including polypharmacy, sarcopenia and
malnutrition as contributors to frailty and rapid functional decline in this participant are
described.

The results of a targeted intervention of deprescribing, robust exercise and

increased energy/protein intake on his physical and neuropsychological health status are
presented. This case highlights the need to aggressively identify and robustly treat reversible
contributors

to

frailty,

irrespective

of

advanced

age,

progressive

‘untreatable’

neurodegenerative disease, and rapidly deteriorating health in such individuals. Frailty is not a
contraindication to robust exercise; it is in fact one of the most important reasons to prescribe
it.(8)

3. Background
Frailty is a complex syndrome of increased dependency, vulnerability to stressors, and excess
mortality that is driven by diminished strength, endurance, neuropsychological and
physiological function.(9) The prevalence of frailty increases with age and chronic disease
burden. However, there are also significant reversible components to this syndrome that are
critical to diagnose and treat specifically. Morley et al 2002 describe the aetiology of frailty as
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the interaction among four central factors: sarcopenia, malnutrition, atherosclerosis, and
cognitive impairment.(10) Extrinsic factors such as decreased physical activity and
immobilisation, insufficient dietary energy and protein intake, texture-modified diets, and the
iatrogenic effects of medications may add to pathophysiologic stressors including cachexia
from chronic disease, cardiac and skeletal muscle dysfunction, sedation, apathy, depression,
loneliness, delirium, psychosis, anorexia of ageing, dysphagia, poor dentition, impairment of
vision, smell and taste. All exert pressure on these four key components of frailty, and are
modifiable to a varying degree.(1, 7, 10-16) Additionally, malnutrition, cognitive impairment
and atherosclerosis can all exacerbate sarcopenia by contributing to a negative energy balance,
reduced drive to exercise, and a significant reduction in physical capacity, respectively.(17)
In the residential aged care environment there is a confluence of these risk factors for frailty,
resulting in a 5-fold higher prevalence compared to community-dwelling older adults. (18, 19)
Guidelines for aged care facilities traditionally focus on safety/falls reduction,(20) which is the
leading cause of accidental death in these facilities.(21) Many recommendations for falls
reduction, such as deprescribing high-risk medications and offering challenging balance
exercise may improve frailty as well.(20) However, a safety focus can also lead to undesirable
practices such as use of restraints and immobilising chairs, which may reduce falls risk but
actively exacerbate underlying frailty; thereby leaving the individual even more vulnerable to
injurious falls and adverse outcomes.(22) Recently released guidelines on frailty clearly
recommend anabolic interventions such as progressive resistance exercise and increased
protein/energy intake as first line treatments to prevent and treat frailty.(4) Evidence for the
efficacy of this approach in frail populations has been available since the 1990s,(23) but has
not yet become routine practice within residential aged care. The potential for remediating
frailty is significant, especially for those living with dementia, who experience the highest
levels of frailty in this setting.(24) Notably, the aetiology of frailty in individuals with dementia
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is reported to have minimal correlation with the burden of disease pathology in the brain,(25)
suggesting that the higher incidence of frailty cannot be attributed to normal disease course
and may be related to factors more amenable to intervention.
The following case provides a rare, longitudinal insight into the aetiology and progression of
frailty in a participant of advanced age with an aggressive neurodegenerative disease:
Dementia with Lewy Bodies. We highlight the critical importance of differentiating disease
progression from remediable causes of frailty, and the positive outcomes of a comprehensive
intervention of deprescribing.

4. Case Presentation
An 87-year-old man diagnosed with mild DLB one year prior by a geriatrician, and living in a
residential aged care facility since diagnosis was screened for a pilot robust exercise trial, the
Promoting Independence in Lewy Body Dementia through Exercise (PRIDE) study. (26) He
satisfied both the 2005 and 2017 criteria for diagnosis of probable DLB as the onset of
dementia was prior to motor symptoms and he exhibited all four of the core features;
fluctuating cognition and alertness, well-formed visual hallucinations, spontaneous
parkinsonian features, and Rapid Eye Movement (REM) sleep behaviour disorder (RBD). (27,
28) He resided in a room by himself and his wife lived in the community, visiting daily. He had
a recent history of recurrent falls and had lost 7% of his body weight in the 12 months since
moving into the facility. Medical history included osteoporosis with hip fracture 5 years prior,
chronic obstructive pulmonary disease (COPD), gout, dyslipidaemia, hypertension, macular
degeneration, depression and a history of excessive alcohol consumption prior to admission.
Medications included mirtazapine, aspirin, perindopril, atorvastatin, tiotropium bromide,
paracetamol, and allopurinol. A texture-modified diet had been implemented due to concerns
surrounding dysphagia and potential aspiration. The participant was observed to rapidly
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deteriorate in health status, precipitated by two injurious falls over 9 months while enrolled in
a wait-list control period for the PRIDE study.

Evaluations were conducted to identify

potential aetiologic factors in his rapid functional decline.

5. Investigations
The study geriatrician and exercise physiologist undertook external investigations during an
extended, 9-month wait-list period due to the ill health of the participant prior to intervening.
Table 1 presents a timeline of relevant investigations and adverse events. A key limitation to
investigations involved the lack of dietary assessment and nutritional biochemistry, as the
study geriatrician was not the primary physician for the participant and therefore was not
authorised to order these in his residential aged care setting. A compete biochemistry panel
would have allowed for further evaluation of malnutrition, impaired cognition and strength
through indices such as serum albumin, electrolyte abnormalities, vitamin B12 deficiency, iron
disorders, thyroid hormone imbalances, and diabetes related micro-vascular changes. Physical
assessment revealed the predominant DLB features in the participant were non-threatening
hallucinations, orthostasis, drooling, mild rigidity in all limbs with full range of motion, ataxia
and postural instability. Notably absent were dystonia, dyskinesia, depression, and dysphagia.

6. Differential Diagnosis
The aged care management plan for the participant appeared palliative and symptomatic in
approach to falls, pain management and psychosis, and suggested that the decline in function
was viewed as an inevitable accompaniment to his DLB. However, the external research team
elucidated many core, modifiable factors potentially contributing to the frailty through their
investigations.
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6.1 Natural Disease Course of DLB
Dementia with Lewy Bodies is an aggressive form of dementia with a lifespan post diagnosis of
3-8 years.(29) The rate of cognitive decline in prospective studies is 2-4 points on the Minimental State Exam (MMSE) every year post-diagnosis.(29) The disease is characterised by
acute fluctuations and a progressive decline in function over time, and is not relapsingremitting in nature. The participant at baseline had mild cognitive impairment, was only
mildly rigid with full range of motion, was not distressed by his visual hallucinations, and did
not have depression, dystonia or dyskinesia.

Poorer prognostic outcomes are mainly

precipitated in DLB by neuropsychiatric symptoms and hospitalisations from falls and
bronchopneumonia,(30) similar to what is observed in the general older population. However,
this participant presented with a much more rapid cognitive deterioration of 8 points over 9
months.

Despite no change to his non-threatening hallucinations, the antipsychotic

risperidone was added to his medication, resulting in an acute worsening in extrapyramidal
symptoms such as tardive dyskinesia, trunk dystonia, and rigidity. The rapid onset of these
symptoms suggests iatrogenesis/delirium rather than the natural, degenerative disease
progression.

6.2 Sarcopenia
The participant was sarcopenic at baseline, worsening at follow-up time points. Both grip and
dynamometry strength were below age-matched thresholds at baseline,(31) and deteriorated
over the 9-month period in concert with declining physical activity levels. Body composition
analysis confirmed a skeletal muscle mass index (SMI) below the sarcopenia definition of <9.5
kgm-2,(32) deteriorating from 8.43 km-2 to 7.8 kgm-2 in the first 8 weeks of acute illness/sepsis,
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associated with a 6.5 kg overall weight loss. This equates to an average weekly loss of muscle
mass of 250 g/week during that period, which is significantly higher than estimated in young,
healthy adults during bedrest models of muscle atrophy of 100-200 g/week,(33) and
consistent with literature reports of 25% of unintentional body weight loss being skeletal
muscle mass (SMM).(17) This muscle loss likely continued (although not directly measured)
with the further 11 kg of weight loss in the subsequent 5 months concomitant with restraint
use, immobilisation and recurrent infections. Finally, a significant decrease in gait speed,
transfer and balance function accompanying muscle loss, progressing to non-ambulatory,
chair/bed-bound status, confirmed severe sarcopenia. Additionally, the use of atorvastatin and
diagnosed vitamin D deficiency were also potential contributors to muscle weakness
throughout the early stages of the decline.(34)

6.3 Malnutrition
The participant was at risk of malnutrition at baseline according to the Mini-nutritional
Assessment (MNA),(35) and developed severe malnutrition during the follow up. Anorexia of
ageing is a contributing factor to be considered, however the participant always reported
hunger, not loss of appetite. By contrast, there were multiple modifiable factors potentially
driving insufficient energy intake.(36) First, the prescription of anti-cholinergic and/or
sedating medications (oxycodone, buprenorphine, risperidone, sodium valproate, mirtazapine,
tiotropium) likely decreased the participant’s opportunity/ability to eat due to obvious periods
of somnolence after dosing, and contributed to the dysphagia known to be present in DLB,(37)
as well as reduced saliva production, thus impairing mastication and swallowing already
compromised by his absence of lower teeth. A pureed diet was prescribed due to fear of
aspiration. Texture-modified diets have been observed to significantly reduce the daily energy
and protein intake in older adults,(16) as does eating in isolation with minimal social
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engagement.(12) Additionally, there were potentially underlying cachexic processes from the
recurrent infections, COPD diagnosis, as well as statin and ACE-inhibitor prescriptions.(13)
Finally, the participant reported feeling hunger between meals and readily ate all food
provided, which suggests that the energy or protein content of food provided was not satiating
or sufficient.

Furthermore, no assessment of caloric intake or calculation of energy

requirements for maintenance (approx. 30 kcal/kg/d) or weight increase (35 kcal/kg/d) or
protein needs (1.2 g/kg/d) were conducted by the aged care facility despite his severe and
persistent weight loss.(38-40)

6.4 Cognitive Impairment & Atherosclerotic Processes
The participant was eulipidaemic and normotensive, with no history or current symptoms of
cerebrovascular or cardiovascular disease, and no alcohol or smoking in the 12 months since
moving into the facility (ex-smoker – discontinued 10 years prior), suggesting that
atherosclerosis was not a recent contributing factor to progressive frailty or cognitive
impairment. Apathy and depression are common predictors of malnutrition and cognitive
performance in DLB,(11, 14, 41) yet were absent in this participant at all assessment points.
The high sedative burden of his medication regimen (5 drugs with this side effect) was likely
contributing to his cognitive impairment,(1, 42) especially considering the extra-pyramidal
side effects observed (tardive dyskinesia, rigidity, trunk dystonia). His significantly reduced
level of alertness, and loss of postural control and communication ability witnessed just after
administration of risperidone and sodium valproate were consistent with a drug-related
delirium. The rapid 8-point decrease in his MMSE over a 9-month period, which is a similar
decline to that reported in post-operative literature,(15, 43) was likely precipitated by
recurrent and persistent delirium from multiple episodes of infection and malnutrition, in
addition to the CNS side effects of several medications noted above.
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6.5 Summary
The final diagnosis we provided to the facility staff was an exacerbation of underlying frailty
due to sarcopenia, malnutrition, polypharmacy, and isolation/immobility, with all factors
potentially treatable with targeted, robust interventions and changes in clinical care. All of
these factors were inseparably involved in the decline (Figure 1). For example, sedating drugs
reduced ability to eat, exacerbated sarcopenia, and impaired strength and functional mobility,
increasing fall risk further. Thus, without a comprehensive approach to all implicated factors,
recovery would be sub-optimal or impossible

7. Treatment
7.1 Deprescribing
Over the course of observation deprescribing with rationale was recommended to the facility
doctor at several time points (Figure 2) to reduce iatrogenic influences of polypharmacy based
on consensus criteria.(44) Primarily, most drugs were recommended for removal through lack
of indication or being prescribed beyond the duration of treatment, which are standalone
reasons to deprescribe. Additionally, specific contraindications included:


Duplicate drug classes,



ACE inhibitors with low/normal BP,



anticholinergics in patients with dementia/delirium,



long-acting with short-acting opioids for breakthrough pain,



overall increased anticholinergic burden, and
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inappropriate antipsychotics use for several categories including prescription for
parkinsonian disorders, behavioral symptoms in dementia, and in patients with falls
risk.

There was also one indication for starting a prescription, namely adding vitamin D for known
osteoporotic fractures of hip, spine and ribs, and low vitamin D level in an institutionalised
participant with minimal sun exposure.

7.2 Exercise & nutrition
The study exercise physiologist commenced intensive anabolic exercise and the facility was
recommended to increase his supplemental energy intake from 1,080 kKj to 5,040 Kj per day
via liquid supplements, in addition to implementing a high energy, high protein diet and reevaluating the need for a pureed diet, as there was no evidence of aspiration. This was done in
response to the severe and progressive undernutrition present, as evidenced by a weight loss
of 17.5 kg over 9 months, BMI of 23 kgm-2 decreasing to 17.7 kgm-2, marked muscle wasting on
physical exam, Mini-nutritional Assessment score decreasing from 10/14 to 0/14, and
complaints of hunger. Falls and infections are well-known co-morbidities associated with poor
nutritional status in nursing home residents, and were also present in this case. Protein and
caloric supplementation significantly reduces mortality and complications, as well as
promoting weight change in undernourished patients.(45)
Exercises were progressed in weeks 1-3 and administered in the facility to regain strength,
standing and walking function to enable transport to the clinical gym for weeks 4-8. High
intensity progressive resistance training was performed on key muscle groups including knee,
hip and triceps extensors, and hip abduction. All training throughout the 8-week period
occurred 3 days/week for 1-hour sessions and a general overview is presented in Figure 2.
The participant’s spouse assisted with the facilitation of exercises within the aged care facility,
while exercise physiology students assisted in the latter stages of the program with
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transferring exercises in the clinic. In all cases, the participant was trained in the morning
before the administration of the one remaining sedating medication (sodium valproate) to
maximise alertness and minimise iatrogenic influences on his ability to engage with the
treatment program. Several strategies were employed to facilitate purposeful exercise due to
his severe frailty and cognitive impairment. These strategies are listed below, specific to the
phase of intervention.
7.2.1 Early Rehabilitation Within Aged Care Facility (weeks 1 to 3)
The participant was severely deconditioned at the commencement of rehabilitation and was
bed-bound, which resulted in a loss of seated postural control and significant contractures in
the lower limbs. Early treatment aims were to promote increased time the participant spent in
an upright, seated position with weight-bearing through the heels, and to regain postural
control. Pillows were placed behind the participant’s lower back/pelvis to shift his bodyweight
forward and he was encouraged reach out with his arms to try and grab a wooden dowel held
by the assessor at a distance slightly greater than arms’ length to encourage the forward and
lateral shifting required for standing and transferring (Figure 3). While in this position,
exercises were performed to improve muscular strength of the upper and lower limbs to
prepare for standing. Exercises performed included:


Seated row with a dowel, resistance applied by assessor (Figure 4) – 5 sets, 10
repetitions



Bicep curls with dumbbell weights, 5-6 kg, 3 sets, 10 repetitions



Overhead shoulder press with no back support, 3-4 kg, 3 sets, 10 repetitions



Chair triceps dips, with participant raising body slightly off chair, 3 sets, 8 repetitions



Chair leg press, which was performed by pushing another chair away with his legs that
his wife was sitting upon for resistance. The chair would glide across the floor and be
reset by the assessor for each repetition.
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In addition to the exercises performed with the exercise physiologist described above, the
facility was instructed to use the standing hoist rather than the sling hoist in order to increase
time the participant spent in a supported, weight-bearing standing position.
After the participant developed sufficient postural control and lower and upper body strength,
exercises designed to facilitate standing were deployed. The procedure to promote standing
was as follows:
1. The participant’s legs were fixed on the ground in a position conducive for standing.
The assessor, who was standing directly opposite, placed pillows in between the legs
of the participants to prevent unwanted buckling movements during standing and
used his knees to prevent the knee of the participant from moving forward during
the standing motion.

2. Using seated row and triceps dip movements the participant either pulled himself
up into a semi-standing position off the chair by performing a seated row with the
dowel fixed by the assessor (therefore reversing the movement so that the
participant, not the dowel moved), or pushed his body off the chair using the
armrests. This movement was aided by the assessor standing opposite who used a
reinforced fabric belt (Handi Lift belt, Pelican Manufacturing, Osborne Park, WA,
Australia) placed in the small of the lower back to promote hip extension and safely
raise the participant to an upright standing position. While in this position the
participant was encouraged to remove his hands from chair supports and the
assessor, and also to shift between left and right leg to encourage further weightbearing through his heels. These positions were practiced until the participant
could hold himself in a standing position with the use of a walking frame for five
minutes.
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3. Subsequently, the participant performed marching on the spot to encourage the
weight transfers required for walking.

Walking was encouraged by gradually

pulling the frame forwards to encourage the participant to shift his weight forward
and take small steps.

4. Over the course of the three weeks, the distance walked without breaks with a
rollator frame was increased from only 3 to 50 metres, which allowed for the
participant to walk out to his spouse’s vehicle for transport to the clinic.
7.2.2 Progressive resistance training in the clinic (weeks 4 to 8)
Once the participant was able to ambulate and be transported to the clinical facility (Lidcombe,
NSW, Australia), progressive resistance exercise performed on pneumatic resistance machines
(Keiser Sports Health Equipment, Ltd, Fresno, CA, USA) was performed in addition to further
practice of unsupported walking under strict supervision. The participant engaged in 2 sets of
6 repetitions of leg press, leg extension and triceps extension movements as first described in
Chapter 4. Several novel strategies were used to facilitate optimal engagement in, and
benefits from, resistance exercise, as listed below.
1. Similar to the PRIDE protocol, cueing was used to prompt powerful concentric
movements. A lobby bell was used for auditory cueing and struck to signal the start of
the movement. Intense, frequent tapping of the muscle belly with fingers was used to
bring attention to the muscle in focus and increase engagement. Firm physical pressure
was applied both the arms of the machine and limbs of the participant to signal the
transition from concentric to eccentric movement phases (Figure 5 & 6).
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2. The concentric phase was often followed by a period of perseveration in the participant
that resulted in a delay in returning to the start position. To facilitate both the return to
starting position and optimise physiological benefits of the eccentric phase, the assessor
would gradually increase force applied to the arm of the machine to provide a forced
eccentric contraction (Figure 5 & 6) Valsalva maneuver was avoided during
movements by encouraging the participant to take a breath in prior to the movement
concentric phase, and then asking him to whistle prior to cueing muscle contraction.

3. Cueing was used to prompt the participant to stand unaided from the seats in the clinic
and walking with only minimal contact guard under the armpit to further train the
postural muscles involved in ambulation (Figure 7).
Following training, the participant was provided with a snack (~1100 Ki, 13g of protein) and
transported back to his residence at the aged care facility.

8. Outcome and Follow-up
The participant improved significantly following deprescribing and had no adverse
consequences. A total of 9 medications were assessed and recommended for immediate
removal from the prescription across all time points. The prescription at each time point is
detailed in (Figure 8). All medications recommended for cessation with the exception of
sodium valproate were ultimately removed, and high-energy supplements were prescribed
(5,040 Kj/day) in addition to his normal meal routine. The participant’s wife signed a waiver
to allow the addition of some solid foods to his daily diet. The exercise intervention (Figure 2)
was tolerated well by the participant, and all 24 sessions were completed with no adverse
events. Key intervention results of the participant prior to, and following intervention are
displayed in Figure 9. In Figure 10 we illustrate the rapid, clinically significant improvement
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in his overall function and health status, which included a remarkable transition from being
chair-bound to ambulatory with contact guarding.
In the 18 months after the study interventions ceased, no specific exercise was provided by the
facility (2019). He had initially continued to walk with his wife’s support until he became too
weak to stand with her assistance and was again wheelchair-bound. He was unable to stand
even with assistance and had flexion contractures of both knees. He had lost all the weight that
had been restored during the intervention period, and weighed only 56.5 kg (17.5 kgm -2,
malnourished), with severe wasting of all skeletal muscle. Superficial lacerations were present
on limbs. He was alert and conversational, and had no extrapyramidal or psychotic symptoms,
although his MMSE had declined to 12/30, which was a similar score to when he was last at
this body weight prior to intervention. His only regular medications were paracetamol,
vitamin D and a laxative solution.

8.1 Follow Up Care Plan
The participant was followed up 18 months following the end of the original intervention (29
months since enrolment). Deprescribing had been successfully implemented, and although the
presence of malnutrition was documented and dietary supplements prescribed by the facility,
the continued weight loss of 8 kg suggested that actual energy and protein intake was still far
below needs. Actual documentation of his nutrient intake via analysis of food/nutrients
provided, portion consumed, and intake relative to his energy and protein needs for weight
gain/anabolism using standard metabolic equations was not conducted by the facility.(38)
The severe sarcopenia (low strength, SMM, and functional mobility) he manifested at this time
point suggests that without robust anabolic exercise, this sarcopenia was insufficiently
addressed by the deprescribing and nutritional supplementation alone. It should be noted that
without anabolic exercise, nutritional supplements reduce habitual intake at meals, and thus
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do not actually augment total nutrient intake as anticipated (46). Thus, resistance training
appeared to be the critical missing component needed for treatment of both his sarcopenia and
malnutrition underpinning his functional and cognitive decline.

9. Discussion
This was the first documented case of intensive progressive resistance training administered
to an individual with DLB, complemented by deprescribing to address his polypharmacy and
iatrogenesis, and nutritional support. The literature surrounding the effects of exercise is
scarce and limited to several case reports,(47) which evaluate aerobic, neuro-motor or
functional training in clinically stable individuals. Additionally, this case provided a rare,
longitudinal insight into the factors contributing to the rapid development of frailty in a
participant with dementia in residential care and the key clinical assessments that guided
effective rehabilitation. However, the rapid decline reported in this scenario was likely to be a
common, but poorly documented occurrence in aged care facilities due to the high prevalence
of risk factors. For instance, dementia is present in approximately 60% of all residential care
patients.(48)

One-third

are

sarcopenic,(25)

one-half are

currently,

or

at-risk

of

malnutrition,(41) and over 60% are frail.(49) Additionally, almost one-half of all residents are
prescribed at least one potentially inappropriate medication, of which neuroleptics are the
most common.(50)
This case highlights the concerning disparity between recommended optimal care for frailty,
and the reality of care for some patients in residential aged care facilities. The highest cause of
accidental death in aged care facilities is falls, and as expected the industry has evolved to
prioritise safety and falls reduction. However, implementing immobilisation and restraints as a
strategy to reduce falls further exacerbates the process of frailty, which is independently the
most significant risk factor for falls.(51) Furthermore, the healthcare costs for frail patients far
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exceed the costs in non-frail patients, which places further strain on service delivery within
residential aged care facilities.(52).

Comprehensive geriatric assessment involving

deprescribing, anabolic resistance training exercise, and increased protein-energy intake are
effective methods of mitigating the cycle of frailty.(4, 53, 54) Importantly, withdrawal of
anabolic interventions will likely precipitate a return to the previous level of functional decline,
as was unfortunately documented in this case. Extreme frailty is not a contraindication to
comprehensive geriatric assessment and robust anabolic interventions, even in the setting of a
progressive neurodegenerative disease. Conversely, it is one of the most important reasons to
implement these treatment strategies.

10. Key Messages


This case highlights the concerning disparity between recommended optimal care for
frailty, and the reality of care for some patients in residential aged care facilities.



The aetiology of frailty in dementia has many significant modifiable components that must
be differentiated from the contributions of normal ageing and underlying disease.



Anabolic interventions consisting of robust progressive resistance training and increased
energy and protein intake are the most effective treatments for sarcopenia, malnutrition
and frailty.



Deprescribing in dementia when appropriate and observing the patient’s response offers
an effective way of gauging iatrogenic contributions of polypharmacy to frailty, cognitive
decline, sarcopenia and malnutrition.



Highly clinically meaningful outcomes can be gained using resistance training in patients
with advanced age, neurodegenerative disease and severe sarcopenia, including regaining
of ambulatory status in previously immobilised, chair-restrained patients.

However,

withdrawal of anabolic exercise reverses these gains.
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11. Perspective of Participant (Spouse)
The participant’s spouse was interviewed at the 29-month follow up period in relation to her
thoughts surrounding the \success of the original intervention. She gave her consent to the
publication of her comments (55). She described her experiences as below:

“When my husband began to get worse, I felt like I was losing him. He was confused and upset,
and his condition was bad. I would worry every time I would receive a call from the aged care
facility, as I feared my husband might have injured himself once again. During this time I felt like
his quality of life was very poor. I couldn’t talk normally with him, and could not take him out for
a coffee or a meal. I was very scared for his future, he had lost that much weight and was always
sleeping, and the staff at the facility had told me to prepare for the worst.

A few days after his medications were removed, he was more awake and his humour and
happiness came back. He began to know where he was, and it was beautiful to see him start
doing the exercises to get him stronger and build muscle. Soon he was walking and we could get
him into my car to drive him to the clinic so he could do even more intense exercise. I even started
training myself. My husband said that the exercise program and walking again was a ‘wonderful
experience’. I kept walking him every day after the intervention finished, even though the staff
was hesitant. We only stopped when he started to lose muscle again, which made it harder for me
to stand him on his own. It would be great to see him able to do the robust resistance exercises
again like he did in the study, as I think it is the only thing that can keep him strong enough to
walk. The biggest challenge is finding the right facility and professionals that know how to train
my husband like those in the study”
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Tables
Table 1 – Investigations and participant timeline
Time point / Event
Review of Systems

Nov. ’16, Initial assessment
Participant reports constant hunger,
feelings of isolation, and dizziness on
standing. Negative for pain, depression,
CVD symptoms or dyspnoea

Clinical course and
physical examination

Weight loss >5 kg in 12 months and
Reduced
muscle
bulk
diffusely.
Kyphotic posture c/w Hx of hip fracture
(2012). Ecchymosis widespread, acute
ankle sprain.
Cerebellar ataxia w.
standing and walking c/w Hx excessive
alcohol use.

Physical assessments
MMSE
SPPB
MNA - SF
Weight/BMI
Orthostatic BP & HR
Lying (0 min)
Standing (1 min)
Standing (3 min)
BIA SMI
Grip strength
(85yr + percentile.(31))
Pathology
Recommendations
facility doctor

Implemented
recommendations

to

21/30
5/12
10/14 (at-risk)
74.5 kg/23 kgm-2
Symptomatic - dizziness
120/50 mmHg, 50 bpm
110/50 mmHg, 62 bpm
108/48 mmHg, 70 bpm
8.43 kgm-2
L – 25 kg (45th percentile)
R – 26 kg (40th percentile)
TC: 4.7 mmol/L, LDL: 2.5 mmol/L, Vit.
D: 58 nmol/L
Review need for aspirin, perindopril,
atorvastatin, and mirtazapine.
Recommend Vitamin D -1000IU/day
Flagged as high falls risk, malnourished
and sarcopenic
Removal
of
perindopril
and
atorvastatin. Vitamin D was not added,
aspirin and mirtazapine not removed.

Dec
‘16
See
foot
note

Early Feb. 2017, Reassessment
Participant still reports constant
hunger, and feelings of isolation
increased. Negative for dizziness,
pain, depression, CVD symptoms or
dyspnoea
Sepsis and seizure following fall.
Further weight loss of 6.5 kg in 2
months, diffuse wasting. Ecchymosis
still present. Deceased alertness c/w
delirium,
gait
stability
and
strength/function.
17/30
4/12
4/14 (malnourished)
68 kg / 21 kgm-2
Not symptomatic
118/50 mmHg, 56 bpm
126/60 mmHg, 70 bpm
128/460 mmHg, 68 bpm
7.8 kgm-2
L – 20 kg (25th percentile)
R – 17 kg (10th percentile)
No pathology results available for
review by research team
Increase energy intake by an
addition of high protein supplement
and larger meals portions
Review need for aspirin

Feb.
‘17
See
foot
note

Aug 2017, Reassessment
Participant reports hunger, increased isolation.
Negative for pain, troubling hallucinations, depression,
CVD symptoms or dyspnoea.
Further weight loss of 11 kg in 5 months and severe,
diffuse wasting. Healed rib fracture secondary to fall,
immobilised with restraints. Decreased alertness.
Ecchymosis still present. Unable to stand. Tardive
dyskinesia, trunk dystonia to right side, increased limb
rigidity. Foetal posture in supine position with
hamstring contractures.
13/30
0/12
0/14 (malnourished)
57 kg / 17.7 kgm-2
Unable to perform due to immobility
N/A
L – 17 kg (15th percentile)
R – 17 kg (10th percentile
No pathology results available for review by research
team

Discussed in Intervention section

Food portions not increased, High
energy supplements prescribed
(1080kj/day)

Dec. ’16, Adverse event: Participant sustained minor elbow wound from injurious fall in facility. Infected wound led to sepsis, resulting in seizure and hospitalisation. Sodium valproate added to
prescription. Participant restrained and catheterised and subsequently developed urinary tract infection (UTI) and delirium.
Feb ’17, Adverse event: Participant experienced injurious fall within facility resulting in several fractured ribs and required hospitalisation. Physical restraints implemented in reclining chair.
Following medications added to prescription over 5-month period; risperidone, buprenorphine (patch), oxycodone, paracetamol. Supra-pubic catheter placed. Several UTI’s reported. Completely
immobile and highly sedated.
UTI = urinary tract infection, TC = total cholesterol, LDL = low density lipoprotein, SPPB = Short Physical Performance Battery, MNA = Mini-nutritional Assessment, BMI = Body mass Index, BP = blood
pressure, HR = heart rate, BIA SMI = Bioelectrical Impedance Skeletal Muscle Index , measured in kgm-2, <9.5kgm-2 is considered Sarcopenic(32).
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Figures

Figure 1 Contribution to frailty trajectory. Timeline illustrating the contributions of various
negative and positive factors to the development of frailty and rehabilitation within the
participant over the course of 29 months with inclusion of adverse events. The size of the
plus/minus images indicates the relative magnitude of the effect on participant health at each
stage. UIT = Urinary tract infection.

395

Figure 2 Intervention overview. Verbal and written participant, caregiver and assessor consent
gained for use of photos in published media.

396

(a)

(b)

Figure 3 Forward (a) and side (b) shifting to promote seated postural control and shifting weight
forward in preparation for standing. Verbal and written participant, caregiver and assessor
consent gained for use of photos in published media
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Figure 4 Seated row movement using resistance applied by assessor to train upper back
musculature and promote forward shifting of centre of mass. Performing this exercise with the
dowel fixed subsequently was used to aid the participant in pulling himself out of the chair to a
semi-standing position. Verbal and written participant, caregiver and assessor consent gained
for use of photos in published media
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(a)

(b)

Figure 5 Horizontal leg press (performed on pneumatic resistance training machines (Keiser
Sports Health Equipment, Ltd, Fresno, CA, USA). Note the use of manual force to both assist in
the concentric movement (a) as well as provide forced eccentric movement (b) while returning
to starting position. Verbal and written participant, caregiver and assessor consent gained for
use of photos in published media
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(a)

(b)

Figure 6 Triceps pushdown performed on pneumatic resistance training machines (Keiser
Sports Health Equipment, Ltd, Fresno, CA, USA). Note the use of manual force to both assist in
the concentric movement (a) as well as ensure slow controlled eccentric movement (b) while
returning to starting position. Verbal and written participant, caregiver and assessor consent
gained for use of photos in published media
400

(a)

(b)

Figure 7 The use of triceps extension to assist with transferring (a) and practising independent
ambulation under supervision of the exercise physiologist in the clinic with contact guard (b).
Verbal and written participant, caregiver and assessor consent gained for use of photos in
published media
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Figure 8 Participant medication prescription timeline
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Figure 9 Frailty measures and outcomes from intervention. Graphs: relationship between body
mass over time with (top) skeletal muscle index, (middle) cognition and (bottom) physical function.
Intervention occurred between 9 and 11 months and is indicated by the green zone. * Indicates no
data collection, extrapolated from 29-month value of similar body mass. MMSE = Mini-mental
state exam, SPPB = Short Physical Performance Battery.
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Figure 10 Rapid deconditioning and rehabilitation of the participant. (A) Participant able to stand
without hands at baseline assessment. (B) Weight loss of 8 kg and unable to stand without lifter
after sepsis and delirium. (C) Further loss of 17.5 kg, immobile after rib fracture, deconditioning,
polypharmacy, and sedation. (D) Weight gain of 5 kg, participant walking with contact guard after
intensive rehabilitation for 8 weeks. BL = Baseline.
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Discussion
In this thesis, we sought to investigate the relationship between physical activity
and cognition in older adults with varying levels of cognitive impairment, as well
as evaluate the adaptations to robust anabolic exercise in these cohorts. We
identified a gap in the literature surrounding these relationships in populations
specifically selected for cognitive impairment, and further identified a dearth of
intervention studies evaluating the effect of exercise on these outcomes. We
sought to rigorously explore these relationships across the spectrum of cognitive
impairment in two cognitively impaired cohorts with very different clinical
presentations and levels of disability. The first, mild cognitive impairment (MCI),
represented a prodromal stage in the cognitive impairment spectrum
characterised by mild cognitive disturbances discernible by both objective
neuropsychological testing and self-reported concerns that do not result in
significant daily dysfunction (1). In contrast, the second population consisted of
individuals with Lewy body dementia (LBD), an aggressive type of dementia
driven by underlying Lewy body pathology notable for motor symptoms of
parkinsonism, prominent executive and visual dysfunction, neuropsychological
disturbances such as hallucinations and delusions, and autonomic impairment
such as incontinence and orthostatic hypotension (2, 3). Specifically, in these
populations we sought to:
1. Evaluate levels of physical activity and sedentary time in populations with
varying degrees of cognitive impairment
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2. Evaluate the relationship between physical activity and sedentary
behaviour with cognition across the cognitive spectrum, and
3. Evaluate the effects of robust anabolic exercise on change in cognition and
changes in physical activity and sedentary behaviour, and whether these
changes are related to each other.

1. Summary of Thesis Findings
In Chapter 1 we sought to document the levels of physical activity and sedentary
behaviour in a cohort with MCI that were part of the Study of Mental and
Resistance Training (SMART) Study. Subsequently, we explored the baseline
associations between physical activity and sedentary behaviour with cognition
and a diverse array of clinical characteristics to identify potential clinical targets
for intervention. First, we found that the levels of physical activity and sedentary
behaviour in this cohort were comparable to cognitively-intact older adults, and
the prevalence of several risk factors for dementia such as hypertension and
diabetes were similar.

In contrast, the cohort had a higher prevalence of

osteoarthritis, and due to study entry criteria there was no diagnosed depression,
and a lower prevalence of cardiovascular diseases. Additionally, genetic risk as
identified by the APOE4 gene, was similarly expressed in our cohort compared
with healthy older adults.
Next, we found that physical activity was strongly associated with many
remediable clinical characteristics also implicated in the aetiology of frailty such
as strength, aerobic fitness, physical function, exercise capacity and components
of metabolic dysfunction.

Likewise, cognition was observed to be most
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consistently associated with physical function, quality of life and depressive
symptoms.

However, the absence of associations among physical activity,

strength, aerobic fitness, and muscle mass with cognition was unexpected.
Furthermore, the strong and consistent associations observed particularly
between measures of physical function and walking capacity in MCI across
physical activity, sedentary behaviour and cognition suggested that the
phenotype of MCI may be characterised by changes to psychomotor function that
precede the clinical impairment observable later in the disease course. Given
that physical function, strength and muscle mass are known to be lower with
each progressively worse stage of cognitive impairment, the use of exercise
interventions, particularly those that are anabolic in nature, to prevent this
deterioration may be an effective strategy to delay the functional decline
observed in the transition to dementia.

Furthermore, the associations we

observed within this cohort highlighted potential therapeutic targets that should
guide future design and evaluation of exercise intervention to improve physical
activity and cognition in older adults with MCI.
In Chapter 2 we then sought to explore the effects of six months of robust
anabolic exercise on physical activity, sedentary behaviour and cognition in this
same cohort with MCI and investigate potential relationships between these
changes. In our analysis of secondary outcomes from the SMART Study, we
found that neither PRT nor Cognitive training altered habitual physical activity
or sedentary behaviour. In addition, cognitive changes during the intervention
were unrelated to changes in physical activity or sedentary behaviour. We had
hypothesised that PRT would improve these behaviours and that they would
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partially mediate the beneficial cognitive adaptations to PRT, so these findings
were unexpected. However, what we did demonstrate was that the addition of
2-3 high intensity PRT training sessions per week into the routine of older adults
with MCI did not result in a refractory decrease in habitual activity and increase
in sedentary behaviour, as has been reported previously with aerobic exercise (8,
9). Thus, at the end of the trial, SMART participants who had received PRT had
higher total physical activity levels (study exercise plus habitual activity), which
is a very beneficial change in risk profile for many future events. Cognitive
training had no such beneficial effect on behaviour, in addition to its lack of
efficacy for cognitive function itself. Furthermore, our findings from Chapter 2,
previously published outcomes from the SMART study (4, 10, 11), and the
broader literature (12) all indicated that adding robust anabolic exercise to
habitual physical activity confers both short- and long-term benefits in relation
to the trajectory of cognitive decline. Subsequently, we concluded that further
studies are needed to evaluate the relationship between physical activity and
cognition within cohorts with MCI for longer periods of follow-up, as well to
evaluate whether these relationships exist further along the cognitive
impairment spectrum.
In Chapter 3, we changed our focus to LBD, an aggressive disease about which
there are few intervention studies, and began to build our rationale for a novel
exercise intervention in LBD. First, we systematically reviewed the literature to
evaluate the available evidence for the effects of exercise and physical activity on
cognition in those with LBD. Our first finding was that the literature at the time
consisted of only a few f case reports and small studies, which made it difficult to
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identify the most effective exercise modality in this cohort. In total, the literature
consisted of 16 participants spread across a four-person subset of a randomised
controlled trial (2 intervention, 2 control) (13), an uncontrolled clinical trial (14),
and three case reports (15-17). Furthermore, our second finding was that
individuals with LBD were often excluded clinical trials in related populations
(i.e., Parkinson’s disease (PD), dementia) due to their multi-domain symptoms
considered to be potential confounders to research outcomes and difficult to
address. In the review process, 89.6% of all full texts retrieved were ultimately
ineligible because they excluded individuals with LBD due to comorbidities of
either dementia or parkinsonism. Thus, we highlighted the importance and need
for conducting randomised controlled trials in larger samples of individuals with
LBD to reliably in order to evaluate the efficacy, feasibility and relevance of
exercise in this vulnerable population.
In Chapter 4, building upon the dearth of literature we found in our systematic
review, we then proposed a targeted, high intensity exercise intervention in LBD,
the Promoting Independence in Lewy Body Dementia through Exercise (PRIDE)
study, that aimed to improve physical activity and functional independence, and
was developed from the best available evidence for exercise in LBD, similar
conditions, and in older adults in general. We identified that frailty was highly
prevalent in LBD compared with AD and PD cohorts (18, 19), and a major
contributor to disability and decline in functional independence (3).
Subsequently, we outlined our rationale for a robust exercise intervention
involving progressive resistance training (PRT) with a focus on maximising
power, as well as challenging, dual-cognitive task balance training.

These
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modalities were chosen due to evidence they can modify frailty in PD and
dementia cohorts (20, 21), as well as a benefitting a diverse range of clinical
characteristics such as strength, physical function, lean body mass, disease status,
depression, cognition, and quality of life (22, 23). Additionally, we discussed the
importance of evaluating the short-term trajectory and stability of clinical
outcomes in LBD, as the condition is characterised by a progressively worsening,
but fluctuating course that presents a challenge to monitoring intervention
effects. Lastly, we identified that the PRIDE trial, being the first empirical trial to
have evaluated the feasibility of exercise in LBD, filled an important gap
identified by the international Forth Consensus Report of the DLB Consortium to
develop and evaluate non-pharmacological therapies in this disease (2).
In Chapter 5, we then sought to describe the levels of functional independence,
physical activity, frailty and a diverse array of clinical characteristics in a cohort
with LBD. Subsequently, we identified cross-sectional associations and potential
modifiable targets for exercise intervention. Our small sample was found to
range from mild to severe dementia, and had a complex medical presentation
including sarcopenia, malnutrition, frailty, chronic disease, polypharmacy, low
physical activity level and high levels of physical inactivity.

Functional

independence was directly associated with both physical activity and cognition,
which in turn were associated with a diverse array of potentially modifiable
clinical characteristics that are known to influence the progression of frailty in
older adults such as physical function, strength and lean muscle mass.
Furthermore, in contrast to our findings in the SMART study (Chapter 1),
physical activity was strongly associated with cognition at baseline. This finding
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strengthened our pre-existing rationale for the use of exercise, especially of an
anabolic nature, in order to address the sarcopenia and other modifiable factors
associated with this complex disease..
In Chapter 6, we subsequently explored the effects of a 20-week pilot trial of
robust exercise in those living with LBD on physical activity, cognition and other
relevant clinical outcomes. Specifically, we sought to evaluate the short-term
clinical stability and trajectory of clinical characteristics in this population
through an 8-week wait-list period, before then evaluating the effects of our
intervention on these outcomes.

Consistent with our first hypothesis that

participants would become more frail during the wait-list period, we observed a
significant worsening of physical activity, nutritional status and lean body mass,
and adverse events relating to falls and delirium that was consistent with the
broader literature describing a more rapid decline in LBD over longer periods
and frequent adverse events (3, 24).

Furthermore, many participants

experienced a clinically meaningful worsening of their condition that exceeded
clinical thresholds in functional independence, cognition, and loss of body mass
over this very short 8-week period of observation, without obvious cause. This
rapid decline highlighted the potential role of frailty in the short-term
fluctuations in cognition and function that characterise LBD (24). These findings
further reinforced our rationale described first described in Chapter 4 and
explored in Chapter 5, by providing preliminary evidence that the use robust
exercise in LBD would be a theoretically-grounded treatment.
Subsequently, we sought to evaluate the effects of robust exercise involving PRT
with a focus on power, and challenging, cognitive dual-task balance exercise on
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our sample of participants with LBD. We found that despite the high prevalence
of frailty, the high intensity exercise intervention involving power training at ≥
80% of maximum strength was tolerated well, had a high compliance rate (≥
80% of sessions attended), and only one adverse event (a temporary
exacerbation of a pre-existing hernia) potentially attributable to the training in
this period. We next evaluated our second hypothesis that following an 8-week
period of robust exercise intervention, functional independence, physical activity
and cognition would improve along with associated clinical characteristics in this
sample. Some, but not all, measures improved significantly following this brief
period of training. Notably, our primary outcome of functional independence, as
measured by the Movement Disorder Society Unified Parkinson’s Disease Rating
Scale (MDS-UPDRS), improved significantly with the majority of participants
experiencing improvements beyond minimal clinically important difference
(MCID) for PD cohorts. In contrast, the Functional independence measure (FIM)
which is not specific to parkinsonian disorders, did not change significantly
which we reasoned may be due to limitations imposed by the caregiver and
environment.
Furthermore, unexpectedly, and similar to our observations in the SMART cohort
(Chapter 2), physical activity did not change significantly following the PRIDE
intervention. We concluded that due to the high levels of frailty and preceding
periods of deconditioning, our 8-week intervention may have been too brief to
result in significant changes to physical activity.

In contrast, cognition

significantly improved following this period of training, with all participants
experiencing an improvement equal to, or exceeding the MCID for at least one
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cognitive measure. Strength also significantly improved during this period. This
led us to postulate that a similar association may exist in LBD between
improvements in strength and cognition as previously reported in the SMART
study (4), and which would need to be evaluated in larger cohorts. Lastly, while
there were significant decrements in a small proportion of gait quality metrics
obtained on a subset of 5 participants, ,we reasoned that the changes observed
were of unclear clinical significance and due to the further reduction to sample
size, were should be interpreted with caution. We concluded that the results of
this investigation added important preliminary trial data to the sparselypopulated field that at the time consisted mainly of case reports and
epidemiological literature. The next step would be to evaluate the findings of
this study in a larger, robust clinical trial of longer duration.
In Chapter 7, we presented an extraordinary case that highlighted the critical
role that robust exercise plays as part of a comprehensive treatment strategy to
interrupt the trajectory of frailty in older adults with LBD.. Briefly, we described
the case of an 87-year-old man with DLB living in residential aged care, who
exhibited a rapid functional decline and weight loss associated with injurious
falls over a 9-month period while too unwell to take part in the PRIDE trial.
While robust exercise was sufficient to augment many targeted clinical outcomes
positively in our sample within the PRIDE trial (Chapter 6), the man described
in this case required a more intensive multi-modal treatment strategy as
recommended by current frailty and sarcopenia guidelines (20, 21) that involved
deprescribing of hazardous medications and nutritional support, in addition to
robust exercise. We subsequently detailed the success of our intervention, which
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resulted in the transition from a terminal state of decline and permanent bedrest to restoration of mobility, cognitive functions and alertness and ultimately
improved quality of life. This was achieved through the targeted deprescription
of eight hazardous and/or superfluous medications, novel application of highintensity exercise in the nursing home and clinic environment despite severe
dementia, and the provision of nutritional support. This case was selected as the
capstone chapter to this thesis, as not only did it highlight the need to
aggressively identify and robustly treat reversible contributors to frailty,
irrespective of advanced age and disease severity, but ultimately captured the
humanity and real-world significance of treating the person, not the condition,
when it comes to our perception of chronic diseases like dementia.

2. Limitations to this Thesis
There are several methodological and conceptual limitations to this thesis that
need to be considered in conjunction with our findings that are discussed below.
First, we must consider factors relating to selection and recruitment bias in both
trials.

In the SMART trial for example, the cohort was required to live

independently and be able to travel to the clinic a minimum of twice/weekly,
which would have precluded participants with significant disability and mobility
impairments from the study. Furthermore, there was likely a recruitment bias
among the cohort that was enrolled in the study, as participants were aware of
the requirement to commit to six months of intervention, and accordingly this
may have excluded individuals with low motivation, or who could not commit to
an intervention of this duration due to work or other commitments. In general
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individuals who enrol in clinical trials tend to be younger, have a higher
education, better health on enrolment, and a higher socioeconomic standing (25).
Lastly, our study excluded individuals with clinical depression or major and/or
unstable cardiovascular disease to avoid contamination of the effects of
intervention on cognition.

Taken together, these factors may explain the

similarities between our cohort and healthy, cognitively intact older adults that
found in the low prevalence of chronic disease, frailty and physically activity.
Furthermore, the associations we thought we would observe between physical
activity and cognition, and change in physical activity behaviour we thought
would occur following intervention to address physiological deficits, may have
not been discernable due to higher levels of function than anticipated within the
cohort.
Similarly, in the PRIDE study there was also likely selection bias, but due to
different factors. For example, participants with LBD are often excluded from
other research trials in PD and dementia due to their complex multi-faceted
symptoms (26). The PRIDE trial was the first exercise study available for these
participants to taken part in, and as such participants who took part, and/or
their caregivers, were likely to be more motivated and have less affective
disturbances. Selection bias in the case of PRIDE may have resulted in increased
likelihood of recruiting either independent participants with very mild dementia
who could make their own way to the clinic, or conversely those participants
with severe dementia who had full-time carers seeking specialist support with
exercise delivery. However, in the PRIDE study severity of dementia was evenly
spread across mild, moderate and severe, which in itself may have inflated some
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of the associations observed in the our sample due to the non-parametric
measure chosen for analysis, spearman’s rho, measuring monotonicity rather
than the raw linear relationship between variables.
Second, sample size likely influenced our findings in both the SMART and PRIDE
trial. The sample size of the SMART cohort reduced from n = 100 in the original
trial analysis down to n = 92 for mixed model analysis, and finally an n = 53 for
evaluating change in physical activity in our cohort, due to invalid accelerometry
readings at both time points in multiple participants. However, our analysis
revealed there were no significant differences between age, sex, education,
cognition, or gait speed at any of the reduced sample sizes used for analysis
compared with the original cohort. While data were deemed to be missing at
random at each stage of analysis, this reduction in sample size likely reduced our
power to detect a real association or change in the cohort. In PRIDE however,
the small sample size likely had a large influence on the values observed. First,
the small sample of n=9 was non-normally distributed and thus more robust
statistical tests such as regression analysis and mixed modelling could not be
performed in this sample, controlling for known confounders such as age, sex
and education.

Analysis was restricted to rank-based correlation for both

spearman’s rho and the Wilcoxon-sign rank test, which would have reduced our
power to detect true relationships, and even more so with the reduction in
sample size of six following intervention. Lastly, for both the SMART and PRIDE
studies, correction for multiple comparisons was not performed as hypotheses
were specified a priori and the intention of these analyses were to identify
potential associations for future exploration in large, more robust trials. This
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does, however increase the chance of reporting a false positive result, so
significant results were interpreted with caution and always in conjunction with
clinical meaningfulness if that data was available.
Lastly, there are various conceptual considerations regarding the analysis of
physical activity using accelerometry.. Accelerometry is widely used in the
measurement of physical activity in older adults, and both the Actigraph
(Actigraph LLC Inc., Pensacola, FL, USA) and Axivity (AX3, York, UK) monitors
used for SMART and PRIDE, respectively, have been validated in older adults
with dementia and PD (27-29). However, there are several limitations inherent
to the nature of measurement that limited our inferences into the relationships,
or lack thereof, we observed. For example, the monitors capture activity counts,
acceleration and positional data which provide a crude estimate on the intensity
and duration of movement, as well as providing some basic information about
the type of activity (I.e., walking, sitting/standing still). In some cases, the
accelerometry data have been validated against activity of various intensity
levels with either indirect calorimetry (30) and/or controlled testing apparatus
(i.e., treadmill) where workload can be modulated incrementally. However, the
relevance of these validation studies to free-living settings with older adults who
have impaired mobility, and a wide range of physical capacity is questionable (27,
31). Ultimately, the monitors estimate intensity, but indirectly, and in absolute
terms and not relative to the participant’s capacity, which limits our
interpretation of the physiological benefits of habitual physical activity.
For example, in our analysis for SMART, we chose to include all intensity of
physical activity in one metric (Metabolic equivalent units (MET) minutes) and
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further chose a conservative threshold (> 50 counts/min) due to the prolonged
time anticipated to be spent in very light-to-light intensity activities. This was in
contrast to many accelerometry studies that only analyse time spent at a
moderate-to-vigorous intensity, defined by various threshold values, of which
there is little consensus on the most appropriate for older adults (27). Thus, the
relationships observed with the use of different thresholds for defining these
intensities in accelerometry are likely to differ from one another (27), thus
limiting comparisons across studies. The choice of one metric to represent
overall physical activity may also explain the lack of associations we observed
across both cohorts between physical activity and cognition at baseline, where
potentially only moderate to vigorous intensity physical activity may influence
cognition.

Furthermore, accelerometry is not able to provide insight into

physiological adaptations gained from various types of physical activity,
especially those that are low impact such as PRT, cycling, or swimming (27).
This may significantly under-estimate the beneficial physiological adaptations of
these modalities of training, and contaminates the interpretation of associations
between overall physical activity and clinical outcomes within this cohort. Lastly,
while there are guidelines for optimal levels of structured exercise for healthy
ageing (32), the clinical meaningfulness of changes in accelerometry-derived
physical activity are still unclear (27), thus making difficult to evaluate the
effectiveness of interventions to improve these outcomes.
Ultimately, it must be recognised that no type of accelerometer is able to
distinguish specific types of activities which may have very different
relationships with function and cognition (e.g., household tasks, intentional vs.
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incidental walking, structured exercise, lying supine vs. napping, etc.), as well as
very different psychological, physiological and environmental barriers to change.
Thus, the crude assessment of movement counts, acceleration, or magnitude
ideally needs to be paired with logged or observed behaviours to fully
understand what these patterns mean. Diaries, which could provide a more
detailed insight into how individuals are actually spending their day, are difficult
or impossible when significant cognitive impairment or dementia is present, as
well as burdensome over the long-term. In addition, logging behaviour is also a
well-known tool for changing that behaviour, (similar to Heisenberg’s
Uncertainty Principal in physics), which may confound the effects of any
intervention under study. Multi-dimensional wearable technologies (combining
accelerometry, heart rate, respiration, position, temperature, etc) used in
conjunction with instrumented environments (e.g., sensors on furniture, etc.) are
approaches currently in development, and future studies will benefit from such
advances in the measurement and modification of physical activity and
sedentary behaviour.

3. Conclusions and Implications
In this thesis, we methodically sought to investigate the relationship between
physical activity and cognition in older adults with varying levels of cognitive
impairment, as well as to evaluate the adaptations to robust anabolic exercise in
these cohorts. Physical activity was associated with a diverse array of modifiable
clinical characteristics in both MCI, a mild prodromal stage of cognitive
impairment, as well as in LBD, a dementia with significant pathological
influences on motor and cognitive function. In both the SMART and PRIDE
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cohorts, individuals who were weaker, and had worse physical function also had
lower levels of physical activity and cognition, which supported our rationale
that the use of robust exercise involving PRT to address the factors. Importantly,
these interventions resulted in significant and clinically meaningful changes in
cognition, especially in those who were the most frail and functionally impaired,
suggesting an increasingly important role for robust exercise with disease
progression. This is in stark contrast to the clinical impression of some that such
interventions are best reserved for healthier, less impaired individuals who are
presumed more likely to benefit. Furthermore, while physical activity did not
significantly change in either MCI or LBD following the anabolic exercise
intervention, it also was found not to decrease, which in itself is a clinically
significant finding.
Specifically, high intensity anabolic exercise was found to be well-tolerated in
older adults with varying levels of disease burden, frailty, and compromised
cognition, and did not lead to a refractory decline in habitual physical activity as
previously observed in studies of high intensity aerobic exercise (8, 9). Thus,
this thesis builds upon the growing body of evidence supporting the use of high
intensity exercise interventions specifically to remediate the modifiable aspects
of frailty and improve cognition in those who are compromised. Additionally,
with a high prevalence of frailty and associated adverse outcomes in PD (19),
dementia (18, 33), cardiovascular disease (34), and diabetes (35) (36), add
osteoporosis heart failure renal failure there is great potential for the use of
robust anabolic exercise to modify the disease prognosis in conditions beyond
those studied in this thesis. Furthermore, the investigations in this thesis are an
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example of the use of scientific rigour to identify gaps in the current literature,
and then to systematically investigate relevant associations, and then to design
and test the subsequent effects of theoretically-grounded interventions. This
method of investigating, planning, performing and then analysing provides a
strong framework for defining promising interventions and investigating their
efficacy in clinical practice. Finally, the clinical investigations contained in this
thesis not only contributed scientifically to the gap in literature in this field, but
in the process of doing so, contributed directly to lives of many individuals
through meaningful and dignified treatment of the person, not just the condition.
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Individuals with Lewy body Dementia (LBD), which encompasses both Parkinson disease
dementia (PDD) and Dementia with Lewy Bodies (DLB) experience functional decline
through Parkinsonism and sedentariness exacerbated by motor, psychiatric and cognitive
symptoms. Exercise may improve functional outcomes in Parkinson’s disease (PD), and
Alzheimer’s disease (AD). However, the multi-domain nature of the LBD cluster of symptoms (physical, cognitive, psychiatric, autonomic) results in vulnerable individuals often
being excluded from exercise studies evaluating physical function in PD or cognitive function in dementia to avoid confounding results. This review evaluated existing literature
reporting the effects of exercise interventions or physical activity (PA) exposure on cluster
symptoms in LBD.
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A high-sensitivity search was executed across 19 databases. Full-length articles of any language and quality, published or unpublished, that analysed effects of isolated exercise/
physical activity on indicative Dementia with Lewy Bodies or PD-dementia cohorts were
evaluated for outcomes inclusive of physical, cognitive, psychiatric, physiological and quality of life measures. The protocol for this review (Reg. #: CRD42015019002) is accessible
at http://www.crd.york.ac.uk/PROSPERO/.

Data Availability Statement: All relevant data are
within the paper and its Supporting Information files.
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111,485 articles were initially retrieved; 288 full articles were reviewed and 89.6% subsequently deemed ineligible due to exclusion of participants with co-existence of dementia and
Parkinsonism. Five studies (1 uncontrolled trial, 1 randomized controlled trial and 3 case
reports) evaluating 16 participants were included. Interventions were diverse and outcome
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homogeneity was low. Habitual gait speed outcomes were measured in 13 participants and
increased (0.18m/s, 95% CI -0.02, 0.38m/s), exceeding moderate important change (0.14m/
s) for PD cohorts. Other outcomes appeared to improve modestly in most participants.

Discussion
Scarce research investigating exercise in LBD exists. This review confirms exercise studies
in PD and dementia consistently exclude LBD participants. Results in this cohort must be
treated with caution until robustly designed, larger studies are commissioned to explore
exercise efficacy, feasibility and clinical relevance.

1. Introduction
The worldwide prevalence of dementia is estimated at 44 million people, and is expected to rise
to 135 million by 2050 [1]. The majority of dementia cases are attributable to Alzheimer’s disease
(AD) estimated at between 50–75% of all prevalence, followed by vascular dementia (20–30%)
[2]. However, a significant proportion of dementia cases are conservatively estimated to be attributable to Lewy body Dementia (LBD). The Lewy body dementias encompass both Parkinson’s
disease (PD) dementia (3–4%)[3] as well as dementia with Lewy bodies (DLB) (4–5%)[2,4].
The typical symptomology of LBD includes impaired memory, attention and executive
function, transient hallucinations and delusions, as well as distinct Parkinsonism, transient
losses of consciousness and Rapid eye movement Behaviour Sleep disorder (RBD) [5]. This
unique cluster of symptoms means that compared to other more common dementias and idiopathic PD, people with LBD often have a more rapid disease progression, greater rate of hospital admission [6], double the levels of depression [7], and functional decline [8], higher risk of
falls [9], higher rates of cognitive fluctuations [10], more visual perception issues [10], lesser
quality of life [11], and shorter survival time post-diagnosis [12]. The institutional care of people with LBD has been estimated to be 60% more expensive than for people diagnosed with
AD, due predominantly to higher rates of hospitalization [13].
Current treatments for LBD are predominantly pharmacological with a mixture of medications such as acetylcholine-esterase inhibitors (cognitive management), antipsychotics (psychosis management), and dopamine agonists (Parkinsonism management) employed with
mixed success [14]. Non-pharmacological treatments are most often occupational interventions to minimize dysfunction in the home environment or physical therapy to improve gait.
Various modalities of exercise have been shown to be beneficial for cognitive and functional
outcomes (e.g. gait speed, walking endurance, multi-domain cognition) in dementia populations [15], while also benefiting function (e.g. walking endurance, mobility, and disability) in
PD populations [16]. Exercise is often recommended in LBD as well [14], but appears to be
included not based on any specific research in this cohort, but rather due to its benefits in these
other cohorts. The current gap in evidence stems from an exclusion of LBD populations from
both dementia and PD exercise trials, presumably due to their multi-domain cluster of symptoms [17]. Cognitive impairments are a common reason for exclusion from PD trials, while
physical impairments are a common reason for exclusion from dementia studies.
Therefore, the aim of this review was to retrieve any studies that explored the effect of exercise or physical activity on individuals with LBD in relation to a variety of outcomes including
but not limited to physical, cognitive, psychiatric, physiological and quality of life measures, in
order to identify the quantity and quality of the existing evidence base. These results will
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identify gaps in the literature, which may direct the focus of future robust investigations and
clinical practice.

2. Methods
The protocol for this review is accessible with registration number (CRD42015019002) at
http://www.crd.york.ac.uk/PROSPERO/.

2.1 Eligibility criteria
Study design. Full-length studies of any design and quality, published or unpublished, and
of any language were considered.
Population. Human participants of any age with DLB or PDD were eligible, including PD
participants with cognitive scores that were indicative of dementia (MMSE<24) but had no
reported diagnosis in the study. Animal studies were not included.
Intervention. Studies evaluating the isolated effect of exercise (activity prescribed at an
effort above activities of daily living to improve wellbeing such as running) or physical activity
(low intensity, incidental activity with primary purpose other than improving wellbeing such
as cleaning) on any outcome in LBD were included. An intervention could be acute (applied
for only one session) or chronic (multiple sessions) but must have been applied separately to
outcome testing (i.e. a test of walking endurance could not in itself be an intervention). There
were no other restrictions.
Comparator and outcome restrictions. None applied in order to minimize risk of excluding studies using atypical terminology for outcomes and comparators.

2.2 Database search and strategy
The systematic search was conducted across a wide variety of databases by the primary author
(MI), including:
MEDLINE (1946-Current), Premedline, AMED (1985-February, 2015), PSYC info
(1806-Current), All EBM review databases [e.g. Cochrane database of systematic reviews
(2005-December 2014), ACP journal club (1991–January 2015), Database of Abstracts of
reviews of effects (1st-quarter 2015), Cochrane central register of controlled trials (January
2015), Cochrane Methodology register (3rd-Quarter 2012), Health technology assessment (1stquarter 2015), and NHS economic evaluation (1st-quarter 2015)], CINAHL (1981-present),
SportsDiscuss (1800-present), Ageline (1966–present), EMBASE (1947-present), Web of Science (MEDLINE entries excluded,1900-current), PEDro (1929–present), ALOIS, Google
scholar (100 most relevant samples, 2013-current)
The high-sensitivity search included only ‘Population’ and ‘Intervention’ terms (see S1
Table for strategy) and was simplified when necessary in restricted databases (i.e. Google
scholar, PEDro). Email alerts were set up on the major databases after the initial search (28/01/
2015) and updated weekly until the last search (28/09/15). The reference lists of relevant review
articles were searched for potential articles.
In addition to academic literature databases, a simple stand-alone search engine (Google)
and embedded website search engine (Lewy body dementia America (LBDA), Lewy body society UK) were searched weekly throughout the review process to search for lay articles referencing literature.

2.3 Study selection
The screening process (conducted by primary author M.I) was sequenced as below:
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1. Duplicates were removed through reference management (Endnote X7) software
2. Exclusion by title
3. Exclusion by abstract
4. Full text articles that were deemed ineligible were excluded
5. Full text articles classified as in-doubt or deemed eligible by primary author were reviewed
by author (YM) and author (MFS) with subsequent eligible articles included for review.

2.4 Data extraction
Data were extracted and analysed for each eligible study by primary author (MI) using pilot
tested data forms, adapted for all study designs. A second reviewer (YM) verified the extracted
data and subsequent analysis, and any discrepancies in chosen data or analysis were reviewed
and resolved prior to tabulation by third reviewer (MFS). Data were extracted at the level of
each study (aggregate) and where relevant as individual subject data.
Categories of data were extracted as follows:
1. Study design: Studies were defined as experimental (randomized and nonrandomized control trials (RCT and NRCT), uncontrolled trial (UCT), or case-control) or observational
(cross-sectional, prospective or retrospective cohort, case reports, case series) design. Information related to the quality assessment of controlled trials was also collected to complete
the Physiotherapy Evidence Database (PEDro) scale criteria. Data collection of observational studies was conducted to enable description as per the Strengthening the Reporting of
Observational studies in Epidemiology (STROBE) consensus statement [18] or the Case
report (CARE) checklist for case reports [19].
2. Intervention or exposure: exercise modality, volume, frequency, intensity, progression, and
duration of program, or in the case of epidemiological data, exposure to physical activity.
3. Cohort: age, sex, diagnosis, years since diagnosis, Mini-mental State Exam (MMSE)/cognitive scores, Unified Parkinson’s Disease Rating Scale (UPDRS)/ mobility scores, co-morbid
diseases, medications for PD or dementia, weight/body mass index (BMI), community or
non-community dwelling.
4. Outcome: measurement tool or test used, mean and standard deviation (SD) at all time
points, effect sizes (ESs), confidence intervals (CIs), mean differences between groups, statistical tests over time and between groups, if available. Where possible, ESs and CIs were calculated from extracted data for each outcome within each study where not provided by authors.
Furthermore, data were collected on the number of PD trials and dementia trials in the
abstract and full text stage of the search that were found to be ineligible because they specifically excluded individuals with LBD.

2.5 Quality assessment
Quality and risk of bias in intervention trials were assessed with the PEDro scale [20]. Supervision of training interventions was added to the scale to further evaluate quality of the controlled
trials, but did not form part of the overall PEDro score. The STROBE checklist for observational studies was selected to assess epidemiological studies [18]. The CARE checklist [19] was
selected to assess case reports/case series. Study assessment tools were chosen to be specific to
the types of studies retrieved in order to evaluate the quality of each article within the context
of each type of study design. Authors MI and YM conducted the quality assessment of included
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literature, with a plan for any discrepancies in scoring to be resolved through discussion with
author MFS in order to reach a consensus. No such discrepancies occurred during this process.

2.6 Synthesis of results
A quantitative pooling of data (meta-analysis) was intended at the time of the search if appropriate, but not possible due to a lack of homogenous data and low quality of literature. Sufficient homogenous data was defined as data being available for the minimum number of
participants needed to demonstrate similar effects in PD exercise studies with an alpha of 0.05
and a power of 0.8. A qualitative analysis was undertaken for this review. The groupings of
data based on the testing domains was analysed for general trends and direction of effect size to
be able to make comment on the efficacy of exercise reported in the limited number of participants in context of the bias and quality assessment of the scarce literature found. The authors
also considered data presented from similar cohorts (such as Parkinson’s disease, or other
dementias) in evaluating the effects of exercise in this cohort.

3. Results
3.1 Search results
Fig 1. illustrates the review process in the PRISMA format. The initial search retrieved 111,485
articles that were subjected to the eligibility criteria in the exclusion process. In total, 288 articles were reviewed in full and 283 excluded, with 89.6% of all full texts subsequently deemed
ineligible due to exclusion of participants for comorbidities of either dementia or Parkinsonism. Five articles were found eligible including an RCT [21], an UCT [22], and three case
reports [23–25], of which two were published. The data analysed in the RCT were a subset
(n = 4 participants with PD-dementia) among the 170 participants with dementia in the
cohort, accessed with freely available data [21] and assistance from the corresponding author
(E.W.T). The last case report [24] was identified in the search process as a poster and after consultation with the corresponding author (C.D) the full, unpublished thesis was attained for
analysis [26].

3.2 Quality of included literature
The articles were evaluated with either the PEDro criteria [20] (trials) or the CARE criteria
[19] (case reports). The RCT by Telenius and colleagues [21] earned a moderate score (5/10)
and the UCT by Rochester and colleagues [22] was awarded a poor score (3/10) using the
PEDro tool (Table 1). Biases that were common between both of trials included a lack of blinding of the participant and of the therapist. The nature of exercise trials makes it difficult for
blinding of therapists due to safety and ethical concerns surrounding professional training
regarding interventions, difficulty blinding a visible treatment of a prolonged duration, and
duty of care to the participant. This does present the possibility that therapists invested more
effort in the active arm and less in the control arm possibly leading to detection bias. The RCT
by Telenius and colleagues [21] did not report any attempt to ascertain whether participants
knew which intervention was the supposed active arm and which was the control, meaning
that in a population where motivation and mood fluctuates frequently participant adherence to
the intervention could have been affected. An additional measure added to the quality assessment but not included in overall score PEDro score (out of 10), was supervision of exercise sessions. Health professionals supervised both trials during intervention sessions.
The case reports by Dawley [26], Ciro and colleagues [23], and Tabak and colleagues [25]
were evaluated with the CARE checklist (Table 2) and all included the majority of essential
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Fig 1. PRISMA flow chart of search.
doi:10.1371/journal.pone.0156520.g001
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Table 1. PEDro score: Experimental studies.
Criteria

Study
Telenius et al
2015

Rochester et al.
2009

1. Eligibility criteria were speciﬁed

YES

YES

2. Subjects were randomly allocated to groups (in a crossover
study, subjects were randomly allocated an order in which
treatments were received)

YES

NO

3. Allocation was concealed

YES

NO

4. The groups were similar at baseline regarding the most important
prognostic indicators

NO

NO

5. There was blinding of all subjects

NO

NO

6. There was blinding of all therapists who administered the therapy

NO

NO

7. There was blinding of all assessors who measured at least one
key outcome

YES

NO

8. Measures of at least one key outcome were obtained from more
than 85% of the subjects initially allocated to groups

YES

YES

9. All subjects for whom outcome measures were available received
the treatment or control condition as allocated or, where this was not
the case, data for at least one key outcome was analysed by
“intention to treat”

YES

YES

10. The results of between-group statistical comparisons are
reported for at least one key outcome

NO

NO

11. The study provides both point measures and measures of
variability for at least one key outcome

NO

NO

TOTAL PEDRO SCORE

5/10

3/10

12. Exercise intervention was supervised

Yes

Yes

doi:10.1371/journal.pone.0156520.t001

information outlined in the checklist. Elements often not reported were perspectives from the
participants and diagnostic challenges. The only item that all three case reports did not satisfy
was the provision of the patient’s history organized as a timeline. This was not considered by
the authors to be a crucial component as history was evaluated in a multiple other areas of each
report. The quality of the case reports in comparison to CARE criteria was quite high, although
the inherent nature of a case report structure means it is highly susceptible to a multitude of
biases. These include selection, detection and reporting biases that all arise from the clinical
nature of case reports. Achieving set criteria for rehabilitation of a participant within a specific
healthcare system rather than a research setting has the potential to cause the therapists to
exaggerate treatment outcomes. This can skew the perceived benefit of a therapy when the outcomes of multiple case reports are evaluated together.

3.3 Demographic variables
A total of 16 participants (n = 2 controls) were included for analysis (Table 3), consisting of 2/
16 with DLB, 10/16 with PD-dementia, and 4/16 with PD with Mild Cognitive Impairment
(MCI) that could not be isolated from the dementia cohort in Rochester and colleagues [22].
Mean age was 62 years (57–98 yrs) and the majority (12/16) of the participants were male. Cognitive screening scores were reported as both MMSE [27] scores (n = 14, range 6-26/30) and a
Montreal Cognitive Assessment (MoCA) [28] score (n = 1, 17/30). All participants were community dwelling except the participants in Telenius and colleagues [21] (n = 4) who resided in
a nursing home. Time since diagnosis of dementia was only reported in the three case reports
[23,25,26] and ranged from at the time of screening (0 yrs) up to 2 yrs. Rochester and
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Table 2. CARE Criteria: Case report studies.
Criteria

Title

1. The words ‘‘case report’ should appear in the title along with the area of
focus

Study
Ciro et al.
2013

Tabak et al
2013

Dawley
2014

N

Y

Y

Key words

2. 2 to 5 key words that identify areas covered in this case report

Y

Y

N

Abstract

3a. Introduction—what is unique about this case? What does it add to the
literature

Y

Y

Y

3b. The main symptoms of the patient and important clinical ﬁndings

N

Y

Y

3c. The main diagnosis, therapeutic interventions and outcomes

Y

Y

Y

3d. Conclusion—what are the main ‘take-away’ lessons from this case

Y

Y

Y

Introduction

4. One or two paragraphs summarizing why this case is unique with
references

Y

Y

Y

Patient information

5a. De-identiﬁed demographic information and other patient speciﬁc
information

Y

Y

Y

5b. Main concerns and symptoms of the patients

Y

Y

Y

5c. Medical, family and psychosocial history including relevant genetic
information

Y

Y

Y

5d. Relevant past interventions and their outcomes

Y

Y

Y

6. Describe the relevant physical examination and other signiﬁcant clinical
ﬁndings

Y

Y

Y

Timeline

7. Important information from the patient’s history organized as a timeline

N

N

N

Diagnostic

8a. Diagnostic methods (such as PE, Laboratory testing, imaging, surveyed

Y

Y

Y

Assessment

8b. Diagnostic challenges (such as access, ﬁnancial, or cultural)

N

N

Y

Clinical ﬁndings

Therapeutic
intervention

Follow-up and
outcome

Discussion

Patient perspectives
Informed consent

8c. Diagnostic reasoning including other diagnosis considered

N

N

Y

8d. Prognostic characteristics (such as staging in oncology) where applicable

N

N

N

9a. Types of intervention (such as pharmacologic, surgical, preventive, selfcare)

Y

Y

Y

9b. Administration of intervention (such as dosage, strength, duration)

Y

Y

Y

9c. Changes in intervention (with rationale)

Y

Y

Y

10a. Clinician and patient assessed outcomes (when appropriate)

Y

Y

Y

10b. Important follow up diagnostic and other results

Y

Y

Y

10c. Intervention adherence and tolerability (how was this assessed)

Y

Y

Y

10d. Adverse and unanticipated events

Y

N

Y
Y

11a. Discussion of the strengths and limitations in your approach to this case

Y

Y

11b. Discussion of the relevant medical literature

Y

Y

Y

11c. The rationale for conclusions (including assessment of possible causes)

Y

Y

Y

11d. The primary ‘take-away’ lessons of this case report

Y

Y

Y

12. When appropriate the patients share their perspective on the treatments
they received

N

N

N

13. Did the patient give informed consent? Please provide if requested

Y

Y

Y

TOTAL CARE CHECKLIST SCORE (/30)

23

24

26

doi:10.1371/journal.pone.0156520.t002

colleagues [22] reported a mean time since diagnosis of PD only (not dementia diagnosis) as 6
yrs. Most trials reported participant use of neuropsychological medications except the UCT by
Rochester and colleagues [22]. There was limited presentation of participant characteristics
such as co-morbidities and psychological health, and nutritional status, metabolic health markers, body composition and habitual physical activity levels were searched for explicitly but not
reported in any study.
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75 (6)

9A

1

1

1

4

Rochester
et al. 2009

Ciro et al.
2013

Tabak et al
2013

Dawley,
2014

Telenius
et al 2015

PLOS ONE | DOI:10.1371/journal.pone.0156520 June 3, 2016
NR

NR

Average = 2 comorbid

None

Deep brain
stimulation, total
knee replacement

doi:10.1371/journal.pone.0156520.t003

B

MoCA = The Montreal Cognitive Assessment was used; score ranges from 0–30 with higher scores indicative of better cognition.

NR

NR

NR

Neuro-psychological
medications

Average daily
medications = 6.5

Cardidopa /Levodopa,
anti-depressant and
anti-hallucinogenic
medication

Cardidopa- Levodopa

Low back pain, hip Rivastigmine,
arthritis,
Citalopram, Rasagiline
osteoporosis, heart
palpitations

NR

Co-morbid
diseases/
conditions

participant reported memory concerns 2 years prior, but seemed to have been diagnosed with dementia in the study,

16 (7.1)

4

3 (2.5–
3.0)

Hahn’s
and Yohr
stage

Part-I 11/ NR
16, Part-II
15/52

NR

Part-III,
44(35.5–
47.0)

UPDRS

D

NR

NR

17
[MoCAD]

0C

1

12

22(3)

2

6 (6)B

MMSE
/Cog
scores

C

PDD

DLB

PDD

DLB

PDD/
PD-MCI

Time since
diagnosis in
years

5 participants indicative of dementia, remaining 4 have MCI,
Time since diagnosis for Parkinson’s disease only,

3F,
1M

M

M

F

M

Sex Diagnosis

A

84 (10)

57

61

73

Average
Age in
years

Number of
participants

Citation

NR

NR

NR

NR

NR

Weight/
BMI

Nursing
home

Community

Community

Community

Community

Residential
Status

Table 3. Cohort Characteristics. Data reported in brackets as mean standard deviation (SD) or as individual values where appropriate. NR—Not reported, PDD—Parkinson’s disease dementia, DLB—dementia with Lewy bodies, MMSE—Mini-mental State Exam score; ranges from 0—30 with higher scores indicative of better cognitive function, UPDRS—unified Parkinson’s disease rating scale (part I—mentation, II—Activities of daily living, III—motor).
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3.4 Baseline physical function characteristics
Baseline physical function is presented in Table 4. Habitual gait speed reported for 15/16 participants ranged from 0.36–0.96 m/s (mean = 0.66 m/s, SD = 019 m/s). Maximal gait speed was
only reported in 4/16 participants and ranged from 0.49–1.1 m/s. Dual task gait speed (holding
a tray) was measured in 9/16 participants with a mean walking speed of 0.65 m/s. Walking distance was seldom recorded, with only one case report recording a six-minute walk distance of
430.86 m.

3.5 Intervention characteristics
Exercise interventions were varied and included verbal cueing with movement, motor training,
stationary cycling, large amplitude bodyweight exercise, high intensity functional exercises and
light leisure activities (control group, n = 2). The duration of sessions ranged from 1 to 180
mins, frequency ranged from once only to 5 times/week, and total program intervention ranged from 1 session to 12 wks. The intensity was not reported in three studies, while the cycling
intervention reported 50–75% of heart rate maximum, and Telenius and colleagues [21] set a
target of performing a maximum of 12 repetitions of given weighted or body weight exercises.
Progression method ranged from increasing the complexity of the task to increasing the intensity through velocity or load. Table 5 details the range of exercise interventions employed, with
a noticeable absence of interventions related to increasing incidental physical activity in daily
life.

3.7 Outcome measures
The data for the outcome measures discussed below is presented in Table 4. The most commonly reported outcomes were related to physical function measures. These measures were
grouped into gait speed, walking endurance, sit-to-stand function, balance and functional status measures. Cognitive, psychiatric, quality of life and physiological measures were rarely
reported, and as such grouped into one category.
Gait speed. Habitual gait speed changes were reported in 15 participants across four studies (n = 2 participants in a control group). Habitual walking speed of exercise participants
(n = 13) increased by 0.18 m/s on average (95% CI -0.02, 0.38m/s).
Maximal walking speed was reported by Telenius and colleagues [21] in four participants
(n = 2 in a control group). Group size was insufficient for further statistical analysis.
Rochester and colleagues [22] reported change in dual task (holding a tray) walking speed
in 9 PD participants with a mixture of Parkinson’s disease dementia and MCI.
Walking endurance. Tests of walking endurance were reported in two case reports involving a total of two participants. Dawley [26] reported a significant post-intervention change in
walking distance of 82 m in the sole participant,.
Tabak and colleagues [25] reported considerable improvements in two-minute walking test
(2MWT) distance in one participant under single (28.9 m) and dual task conditions (42 m).
Sit-to-stand function. Standing function was reported for 6/16 participants across the two
case reports [23,26] and the RCT by Telenius and Colleagues (n = 4 participants) [21]. Single
chair stand function in Ciro and colleagues (23) improved in one participant using a customized rating scale of performance and satisfaction that was individualized for the participant.
Five participants were tested for multiple (30-second) chair stand ability (n = 2 in control
group). Those in the exercise groups (n = 3) performed a mean of 3 (range 2–4) more chair
stands in 30-seconds while those in the control group (range 0–1 stands) after training.
Balance function. Balance was measured through a range of scale and time measures in 6/
16 participants across two case reports and the RCT subset of Telenius and colleagues (21).
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A

Dawley 2014 (n = 1)

Activities of daily living (ADL's)

Functional Status

Dawley 2014 (n = 1)

Timed Measures

G-Code: mobility AR (% Impaired)

Timed up & go (s)

Berg balance scale (/56)

67

15.45

(#1) 23

21

MiniBESTest (/28)

Telenius et al. 2015 (n = 4)

13

Functional gait assessment (/30)

Dawley 2014 (n = 1)

60.7

Tabak et al 2013 (n = 1)

Scale measures

Balance Function

Tabak et al 2013 (n = 1)

2-minute walk w. subtraction task (m)

480.36

6-minute walk (m)

Dual task walk distance

100.6

2-minute walk (m)

40

9.05

(#1) -27

25

23

102.7

562.05

129.5

0.74 D (0.21)

(#2) 1.54

(#2) 1.1
0.65 D (0.17)

(#1) 0.5

(#1) 0.49

Dawley 2014 (n = 1)

8m walk w. tray (m/s)B

6m walk test (m/s)

(#2) 0.71

(#2) 0.41

Tabak et al 2013 (n = 1)

Single task Walk distance

Walking Endurance

Rochester et al 2009 (n = 9)

Dual-talk gait speed

Telenius et al. 2015 (n = 4) A

Maximal gait speed

(#1) 0.3

1.43

0.92

0.88 D(0.17)

(#1) 0.35

0.8

6m walk test (m/s)

7 .6m walk (m/s) C

Dawley 2014 (n = 1)

Telenius et al. 2015 (n = 4)

0.96

10m walk test (m/s)

Tabak et al 2013 (n = 1)

A

0.72 D (0.15)

(#2) 8

(#2) 5

8m walk (m/s) B

(#1) 8

(#1) 6

8

0

6

5

Outcome

EXERCISE

Rochester et al 2009 (n = 9)

Habitual gait speed

Gait speed

30s sit-to-stand (n. stands)

30s sit-to-stand (n. stands)

Telenius et al. 2015 (n = 4) A

4

1

GAS (-2 to +2)

1

COPM satisfaction (/10)

Baseline

COPM performance (/10)

Measure

Dawley 2014 (n = 1)

Mutiple Chair stand

Ciro et al. 2013 (n = 1)

Single Chair stand

Sit to Stand Function

Study

Table 4. Performance based tests of function. N/A = not applicable, NR = not reported.

(#3)—41
(#4)—30

(#3) 42

(#4) 0.57

(#3) 1.11

(#4) 0.34

(#3) 0.49

(#4) 4

(#3) 8

Outcome

(#4) 29

(#4) 0.71

(#3) 0.93

(#4) 0.36

(#3) 0.59

(#4) 4

(#3) 7

Baseline

CONTROL

-41.4

N/A

N/A

69.2

17.0

28.7

13.8

N/A

N/A

N/A

N/A

78.8

-4.2

22.2

N/A

N/A

100

500

400

% change

N/A

N/A

(Continued)

N/A

N/A

N/A

N/A

N/A

N/A

ES (SD)
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Unit changed from mph to m/s and distance from feet to meters,

Results rounded to nearest 2 decimal places,
-Assessor rated,

C

D

(#2) 12

(#2) 13

(#4) 12

(#3) 11

Baseline

(#4) 13

(#3) 14

Outcome

CONTROL

N/A

N/A

- 60.0

-15.7

% change

N/A

N/A

ES (SD)
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out of 30, where a lower score indicates less function, Berg Balance scale—A scale out of 56 where a higher score indicates more function.

disease Questionnaire -39 is rated out of 156 where a lower score indicates less impairment. Barthel Index—a rating scale out of 20, where a higher score indicates more
functionality in Instrumented ADL, G—Code—a scale for reporting disability where a higher level of disability is reﬂected in a higher % range, Functional Gait Assessment—A scale

better function, UPDRS-II—Uniﬁed Parkinson’s disease rating scale subscale II (ADL)—is rated out of 52 with lower scores indicating less impairment, PDQ-39 —Parkinson’s

COPM—Canadian occupational performance measure. 10-point scale where a higher value indicates better performance/satisfaction, GAS—Goal Attainment scale is scored from
-2, -1 (sub-optimal result), 0 (achieved goal), 1, 2 (achieved more than goal), MiniBESTest—Mini Balance evaluation systems test is scored out of 28, with higher scores indicating

SR

AR

-Subject completed.

Participant data presented individually (Participant #1–4),
Unit changed from cm/s to m/s,

B

(#1) NR

6

70

Outcome

EXERCISE

(#1) 11

15

Barthel index AR

83

(/156)

SR

Baseline

UPDRS-II AR (/52)

PDQ-39

Measure

A

Telenius et al. 2015 (n = 4) A

Tabak et al. 2013 (n = 1)

Instrumented ADL

Study

Table 4. (Continued)
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Table 5. Intervention Characteristics. NR—Not reported.
Citation

Exercise Modality

Frequency
(sessions/
wk.)

Session/
stimulus
duration
(minutes)

Program
Duration
(wk)

Volume
(frequency x
duration)
minutes/wk.

Intensity
target

Progression

Rochester
et al. 2009

Acute verbal cueing
+ walking intervals

1 session only

1B

1 session

~1

NR

No progression

Ciro et al.
2013

STOMP (skill building
through task orientated
motor practice)

5

120–180

2

600–900

NR

Increasing complexity
of task as appropriate

Tabak et al
2013

Stationary cycling

3

40

8

120

50%-75%
Heart rate
max

5% increase (% heart
rate max) in intensity/
week

Dawley,
2014

LVST BIG (Lee
Silverman voice
treatment—Big)
Intervention

0.66 A

55

12

36.6 A

NR

Increase in velocity
and movement
complexity as
appropriate

Telenius
et al 2015

High intensity functional
exercises (exercise
group), Light activity
(control group)

2

50–60

12

100–120

12RM load

Increase to maintain
12RM intensity

A
B

Average of 8 sessions over 3 months,
Accumulated estimate of stimulus duration for trials, 12RM = 12 repetition maximum; the maximum amount of weight that can be lifted 12 times only

doi:10.1371/journal.pone.0156520.t005

The timed up & go (TUGT) and MiniBESTest [29] were reported in one participant in the case
report by Dawley [26]. The participant improved TUGT by 6.4 seconds and improved 4 points
on the MiniBESTest.
The single participant in Tabak and colleagues [25] improved 10/30 points in the Functional
gait assessment [30]. 1 of 2 PDD participants allocated to the exercise intervention in Telenius
and colleagues [21] improved on the Berg Balance scale [31] by 4 points. The other exercise
participant and two control participants changed non-significantly (<1point).
Functional status. Basic Activities of Daily Living (ADLs) and Instrumental Activities of
Daily Living (IADLs) were reported in 6 participants across two case reports and the RCT by
Telenius and colleagues (n = 2 control participants) [21]. Change in the Barthel Index [32] in
Telenius and colleagues [21] was inconclusive due to incomplete data. Improvement was
reported in the G-code mobility measure [33] employed by Dawley [26], as well as the PDQ-39
[34] and UPDRS-II [35] employed in the case report by Tabak and Colleagues [25]. The
UPDRS-II score of the sole participant improved by 9 points.
Cognitive, psychiatric, quality of life and physiological outcomes. Outcome data were
only collected for neuropsychiatric outcomes in 2/5 studies (5 participants in total, n = 2 control). There was no homogeneity of outcomes for group analysis.
Tabak and colleagues [25] reported improvement in Color Trail Test condition times by
57.5% (condition 1), and 56.7% (condition 2) post intervention for the sole participant. The
Parkinson’s Disease Cognitive Rating Scale (PD-CRS) improved 15 points,. UPDRS-I subsection scores for mood and cognition improved considerably 15/16 points.
The RCT subset by Telenius and colleagues [21] reported MMSE scores, Cornell Scale for
Depression in Dementia, Quality of Life in Late Stage Dementia (QAULID) and Neuropsychiatric Inventory (NPI) outcomes following intervention. Data for MMSE was incomplete therefore not analyzed, while data for the NPI, Cornell Scale for Depression in Dementia, and
QUALID was mixed between groups with incomplete, or non-significant changes.
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4. Discussion
The aim of this review was to search all available literature reporting the effects of exercise or
physical activity on individuals with LBD. Despite an exhaustive search, a total of only 16 participants across five non-robust studies informed the conclusions of this review. Notably, 288
full articles were reviewed and 89.6% subsequently deemed ineligible due to exclusion of participants with co-existence of dementia and Parkinsonism. The dearth of literature increased the
difficulty of analysis for the effect of exercise due to small, uncontrolled samples, as well as
highlighting the need for higher quality, larger scale research in the LBD population.
The functional capacity of Lewy body dementia participants within the studies is reported
to be relatively low in comparison with other similar cohorts. Average habitual gait speed was
0.66 m/s, which was significantly lower than those reported in another LBD cohort of 0.9 m/s
[36] and PD cohorts of 1.18 m/s [37]. Furthermore, average dual tasking walking speed was
reported in the results to be 0.65 m/s, which was significantly lower than speeds reported in PD
populations of 0.97 m/s [38]. The cut off for increased mortality, mobility, disability with activities of daily living, hospitalization and increased dementia risk in geriatric populations is
reported as 1.0 m/s [39]. The slower average gait speeds reported in this review fall below this
cut off and should be of concern to clinicians as it indicates a trend towards frailty and
increased medical complications in this cohort of individuals with LBD.
Despite the low levels of functional capacity, a promising sign in this small and highly varied
cohort is the improvements reported in predominantly functional outcomes upon application
of an exercise intervention. While the results must be treated with caution due to the low number of participants able to be evaluated and the highly biased study design formats, the review
found examples evidence of significant changes in function after exercise. Not all outcomes
had comparable data in the literature for expected improvements based on a similar cohort
(such as Parkinson’s disease), especially in the cognitive, psychiatric, quality of life and physiological outcomes. There was however some notable improvements in function noted below by
this review.
Three studies reported participants improving in gait speed beyond the reported minimally
clinical significant change in PD cohorts of 0.06 m/s, and even beyond the moderate clinical
significant change of 0.14 m/s [40].
Single case reports demonstrated individually meaningful changes after intervention. The
sole participant in the case report of Dawley [26] improved 82m in the six-minute walk test
which exceeded minimal and moderate clinically significant changes in geriatric populations of
20-50m [41] and equaled the minimal change that can be reliably detected in PD cohorts [37].
Furthermore, the participant improved on the timed up and go test by 6.4 seconds which
exceeded the minimal change reliably detectable in PD cohorts (3.5–4.8 seconds [42,43]). The
participant in the case report by Tabak and colleagues [25] significantly exceeded the large
important clinical change for the daily activities subsection of the UPDRS (section-II) of 4.3–
4.6 points [44] by improving by 9 points following exercise.
No previous reviews of exercise in LBD exist to our knowledge. Other literature supports
the preliminary findings in LBD above, and has established the effectiveness of exercise in populations that have similar symptoms to LBD, such as PD and non-motor dementias. For example, exercise has an ES ranging from 0.5 to 2 [15] for outcomes including cognition, function,
fitness and strength in dementia cohorts, while PD studies report a mean ES of 0.47 for functional outcomes [16]. Logically, it is reasonable to theorize that exercise may have similar
effects on LBD populations who report both dementia and Parkinsonian symptoms, but the
existing literature is insufficient to establish ESs with confidence. Conversely, it is possible that
the complexity of co-existing cognitive and motor impairments would make exercise too
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difficult to implement or minimize its efficacy in LBD. Until robust RCTs are conducted in sufficiently powered trials, no firm conclusions can be drawn in this regard.

4.1 Strengths of this review
This is the first review of exercise in LBD. It was rigorously executed across 19 reputable databases and was continually updated over a period of eight months through RSS and email search
updates. All types of full-length articles in any language were reviewed regardless of publication
status. Authors of included and excluded papers were contacted for additional data or information if warranted, which ensured all available information on LBD cohorts could be included in
the review.
The review protocol was registered prospectively with PROSPERO (CRD42015019002) and
conformed to PRISMA guidelines in all applicable areas [45].

4.2 Limitations of this review
A limitation of the methodology in this review was the use of only the primary author to conduct the searches up to the final stage of full article review and analysis.
The scarce and low-quality literature available for analysis has been identified as a limiting
factor for any reported conclusions in this review despite the comprehensive search strategy
conducted by the authors.

4.3 Conclusion
The effect of exercise in individuals with LBD was evaluated in this review. The limited data
available in small, uncontrolled studies suggest further research in larger cohorts needs to be
conducted to evaluate any benefits reported in this small amalgamated group of individuals
with LBD before any judgments about the efficacy of exercise can be made. The effect of exercise on other outcomes measured in this review including cognition, psychiatric, quality of life
and physiological outcomes remain unclear. A crucial finding of this review is that the overwhelming majority of literature in related populations excludes LBD individuals from research
studies due to a cluster of symptoms that is multi-domain and seen to be confounding to
research data.
Exercise prescription is an intervention that requires not only sustained physical exertion
but also cognitive engagement. The implementation of exercise in a LBD cohort may be a task
that is complicated by a cognitive impairment coupled with physical symptoms of Parkinsonism and autonomic concerns such as orthostatic hypotension. An intervention in this cohort
needs to be tactful in the delivery of exercise, as the benefits demonstrated with various exercise
intervention in PD cohorts may not be transferable to LBD cohorts if cognition is limiting the
drive, engagement or comprehension of participants. Similarly, benefits of various exercise
interventions in other dementias such as AD may not be feasible in a LBD cohort with Parkinsonism limiting speed, amplitude, length and complexity of movement. An exercise intervention similar to those seen in PD cohorts used to target the physicality of LBD, but delivered in a
dementia friendly format is likely to be the most viable modality to investigate in future
research.
This review highlights the importance and need for conducting controlled trials that are
preferably randomized, in larger sample sizes of LBD cohorts to reliably evaluate the efficacy,
feasibility and relevance of exercise in this vulnerable population.
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Background: Lewy Body dementia (LBD) is the second most prevalent neurodegenerative dementia. This form of
dementia is notable for an aggressive disease course consisting of a combination of cognitive, Parkinsonian,
affective, and physiological symptoms that significantly increase morbidity and mortality, and decrease life
expectancy in this population compared to more common dementias. Additionally, those diagnosed with LBD are
often excluded from trials evaluating exercise in similar diseases such as Alzheimer’s disease or Parkinson’s
disease due to the complexity and concurrency of motor and cognitive symptoms. Consequently, there is scarce
research evaluating the effect of exercise on individuals with LBD.
Methods: The PRomoting Independence in Lewy Body Dementia through Exercise (PRIDE) trial is a novel nonrandomised, crossover pilot study consisting of an 8-week wait-list usual care period, followed by an 8-week
exercise intervention targeting progressive resistance and balance training. The trial aim is to evaluate the effect of exercise on the primary outcome of functional independence and secondary outcomes including cognitive,
physical, psychosocial and quality of life measures in people living with LBD and their caregivers. The intervention involves 3 supervised 1-h sessions per week (24 sessions in total) administered by an Accredited Exercise
Physiologist in a clinical facility at the University of Sydney in Lidcombe, Australia.
Discussion: The PRIDE study is the first controlled trial to evaluate a robust exercise intervention within a LBD
cohort and will provide crucial information required to inform robust future clinical trials.
Trial registration: Australia and New Zealand Trial Register (ANZCTR): ACTRN12616000466448; Key words:
Lewy body; dementia; exercise; anabolic; functional independence.

1. Introduction
Lewy body dementia (LBD) is an umbrella term for the diseases of
dementia with Lewy bodies (DLB), and Parkinson’s disease dementia
(PDD) which share common pathology, and have a variable estimated
prevalence of up to 24% of all dementia diagnosis [1]. LBD has complex,
fluctuating symptomatology, including parkinsonism, psychosis, autonomic and cognitive impairments; with afflicted individuals progressing
more rapidly to residential care and death following diagnosis [2]. The
prevalence of frailty in early LBD (37%) is double that of Alzheimer’s
disease (AD) or Parkinson’s disease (PD) [3,4], and strongly associated
with neuropsychiatric disturbances, poorer prognosis, lower quality of

life and ultimately a reduction in functional independence [2]. Importantly, the rapid development of frailty in LBD is only minimally
attributable to disease pathophysiology itself [5], with a greater
involvement stemming from potentially treatable and highly prevalent
risk factors in LBD including malnutrition, sarcopenia, delirium, infection, polypharmacy, injurious falls and behavioural disturbances
[6–11]. However, current treatments for LBD are predominantly pharmacological with significant risk of adverse outcomes, and do not
effectively address the development of these risk factors or frailty in this
cohort [12,13].
Conversely, non-pharmacological treatments such as exercise, which
may offer a low-risk treatment option for improving frailty in LBD are
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inadequately researched [14] and sub-optimally utilised. Guidelines for
managing frailty in older adults recommend robust anabolic exercise
such as progressive resistance training (PRT) to target the weakness,
mobility impairment and sarcopenia at the core of the frailty phenotype
[15]. However, the efficacy of any exercise, including PRT, is unknown
in LBD, therefore can only be inferred from the substantial body of
literature on exercise that exists in the two diseases sharing some features of LBD: PD (for motor symptoms) and AD (for cognitive symptoms). Currently, anabolic exercise is increasingly recognised as an
effective means to treat the cognitive and physical components of frailty
in these two cohorts [16,17].
In PD for example, PRT significantly improves strength, physical
function and balance, with higher training intensities and integration of
challenging balance exercise further augmenting these improvements
[18]. Cognition is also improved with resistance training over a two-year
period [19], in contrast to the typical decline in cognition of 3.9% per
year observed in this cohort [20]. Likewise, in frail dementia cohorts,
PRT significantly improves cognition along with physical function,
strength, and gait speed [21,22]. Furthermore, rapid improvement in
muscle power (~30%), muscle volume (3–6%), and physical function
(all of which contribute to frailty), are achievable in relatively short
training programs of less than 3 months in both PD and dementia cohorts [23,24]. Thus, there is a compelling rationale to suggest that an
anabolic exercise intervention may be effective in the treatment of
frailty in LBD, yet no published evidence of its utility or feasibility to our
knowledge. Therefore, we designed the first trial evaluating robust exercise in this cohort; The PRomoting Independence in Lewy body Dementia
through Exercise (PRIDE) Study. This trial will provide preliminary
insight into the feasibility of anabolic exercise as a novel treatment for
frailty and functional independence in LBD.

The assessor will not be blinded due to limited study resources.
The study design consists of a baseline assessment, followed by an 8week wait-list usual care period, then a crossover to an 8-week intervention of anabolic exercise (Fig. 1). All assessment timepoints involve
two separate assessment visits separated by one week and performed
within the participant’s residence (baseline) or the clinical facility at
Cumberland campus, University of Sydney in Lidcombe, Australia
(Fig. 1). All outcomes are measured at baseline, before and after the
intervention. Intervention length was chosen based on literature in PD
and AD cohorts to be sufficient to demonstrate improvement in outcome
measures [22,25]. The trial was prospectively registered prior to
commencement of recruitment on 08/04/2016 (ANZCTR Reg.
ACTRN12616000466448) [26].
2.2. Ethics
Ethical approval was obtained from the University of Sydney Human
Research Ethics (HREC 2: 2016/209). Consent is gained from caregivers
for all participants, and written and/or verbal consent is gained from all
participants where possible. The pride study adheres to the CONSORT
guidelines for pilot trials [27] in the relevant sections.
2.2.1. Participants recruitment
Recruitment began in April 2016. Individuals with a diagnosis with
LBD (either dementia with Lewy bodies or Parkinson’s disease dementia) are recruited via geriatricians, neurologists, GPs, dementia and PD
support groups and networks in the Sydney metropolitan area. Written
informed consent of both the individual and caregiver is obtained.
Inclusionary criteria include:
! Diagnosis of LBD by a medical specialist which is confirmed by
general practitioner
! Age over 55
! Ambulatory with/without assistance
! Ability to follow rudimentary instructions
! Ability to tolerate functional testing
! Ability to travel to gym facility (with caregiver) and complete 3
sessions/week for 8 weeks of exercise

1.1. Objectives and hypothesis
The primary aims of the PRIDE study are to:
1. Identify determinants of functional independence and quality of life
(QoL) in individuals living with LBD that may be amenable to a
targeted exercise intervention
2. Assess the feasibility, including adoption and adherence, adverse
events, and preliminary efficacy of this evidence-based exercise
program on important clinical outcomes in individuals with LBD, as
well as QoL and stress in their caregivers

Exclusionary criteria include:
! Inability to communicate in English
! Major musculoskeletal, cardiovascular or other neurological conditions precluding exercise as determined by study geriatrician
! Inability to follow simple commands or mimic movements by the
assessor/interventionist-

The primary hypotheses of the PRIDE study are:
1. Low muscle strength and balance will be associated with impaired
performance-based tests of function and functional dependency in
LBD at baseline.
2. A robust, progressive exercise intervention targeting strength and
balance will improve functional independence in LBD, mediated in
part by improvements in physiological capacity and performancebased tests of function.

2.2.2. Screening procedure
Participants and/or their caregivers are screened over the telephone
via a 1-h screening questionnaire to determine eligibility for the PRIDE
trial and are read the participant information statement. Questions
relating to demographics (inclusive of caregiver), study eligibility,
physical activity, current health status, prior and current injury and
illness, prescribed medications, and medical professionals associated
with care of the participant are asked. Medical information is sought
from participant’s GP or specialists after obtaining consent to further
clarify eligibility as required. Additionally, comprehensive assessment
of each participant is performed by the study geriatrician prior to
commencing baseline one-repetition maximum (1RM) strength testing
and exercise intervention.

2. Materials and methods
2.1. Study design
The PRIDE study involves participants from both community and
aged care residential settings, and is a non-randomised, unblinded,
crossover trial. A crossover design was chosen due to the anticipated
small number of patients with LBD in the local area available for
recruitment. Randomisation to order of control vs. intervention period is
not possible in this exercise intervention as it is anticipated to result in
physiological adaptations with no predictable persistence of effect after
exposure. Blinding of the interventionist and the participant is not
possible due to the nature of the intervention compared to usual care.

2.2.3. Estimated sample size
Based upon similar cross-sectional studies in PD, to be able to show
moderate correlations (r ¼ 0.5) with β ¼ 0.20 and α ¼ 0.05 for the
baseline cross-sectional analysis, we calculate a minimum of 30 participants would be needed, taking into consideration a 20% expected
2
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Fig. 1. Study design flow chart .

attrition rate. The power calculation for the fixed period crossover trial
requires a minimum of 24 participants to demonstrate significance for
an effect size of 0.61 (with β ¼ 0.20 and α ¼ 0.05). These calculations are
based upon results described in Rose and colleagues [25], who trained a
cohort of individuals with moderate to severe PD for 8 weeks with the
same primary functional independence outcome measure (MDS-UPDRS)
we propose for PRIDE, but using an aerobic intervention.

(Fig. 3). The participant stands in a position that challenges their
postural stability, which is determined by choosing the most challenging
balance position (e.g., narrow stance, tandem, etc.) that the participant
had been able to hold for 15 s during the assessment before intervention.
The participant interacts with the apparatus, a network of magnetic
whiteboards positioned on a semi-immersive frame, by moving coloured
button magnets in various tasks requiring manual dexterity, visuospatial
and executive function, and reaching outside of the centre of gravity.
The tasks progress with increasing cognitive and physical difficulty until
performance plateaus, after which the stance position is progressed to a
more unstable/difficult stance. The apparatus was purposely constructed to provide a safe area for the participant to stand with the
assessor providing support if needed and direction from behind the
participant. The dual-task activities are designed to promote natural,
random movements outside of the centre of gravity and balance recovery manoeuvres performed under challenging cognitive conditions,
which have been shown to improve balance and reduce falls risk in older
adults [28,29].

2.2.4. Assessment procedures
The study coordinator, an accredited exercise physiologist (AEP),
performs all assessment and intervention procedures with participants
with the exception of the physician screen performed by the study
geriatrician. The assessor is experienced in neuropsychiatric assessment,
exercise training and assessment, and has completed required accreditation for administration of the MDS-UPDRS and FIM measures. There
are two 4-h assessment sessions at baseline, before intervention and
after intervention (Fig. 1) with an additional 3-h assessment session at
baseline at the clinic, which includes the physician screen prior to 6-min
walk test, and 1RM strength testing.

2.3.2.2. Dynamic balance. Dynamic balance is performed by instructing
the participant to walk in tandem for 5 m along a red tape line. The
participant walks in tandem along the length, around a cone and returns
the length in tandem while performing a physical dual-task (plate
holding), with the addition of a cognitive task as the difficulty progresses. The assessor closely follows the participant for safety, and
provides performance prompts and imagery such as walking with ‘light
feet on squeaky floorboards’ to encourage fast moving feet and smooth
movements. Prompting the participant to concurrently walk in tandem
as fast as possible with minimal errors, and simultaneously perform the
cognitive task to their best ability creates the challenging conditions
necessary to improve performance in complex daily conditions in PD
cohorts [28,29].

2.3. Intervention
2.3.1. Wait-listed usual care period
The wait-list usual care period involves the participant and caregiver
continuing normal daily activities and routines. The study coordinator
calls the caregiver weekly to monitor the status of the participant, and
record any adverse events or changes in medications prescribed by the
participant’s health care providers.
2.3.2. Exercise intervention
Exercise training is conducted in the medically supervised clinic at
the University of Sydney Cumberland campus (Lidcombe, Australia).
Training sessions are conducted 3 day/week and have a maximum
duration of 60 min each session. An AEP supervises the sessions that are
conducted one-on-one with the participant and with the aid of the
caregiver when required. The training sessions are divided into four
training sections; static balance, dynamic balance, functional practice, and
progressive resistive exercise (detailed in Fig. 2). Balance tasks and functional practice are performed prior to resistance exercise in order to
avoid fatigue in the participant. The participant and caregiver are provided with a small snack following the sessions that contains approximately 13 g of protein and 1100 kj of energy. The study coordinator calls
the caregiver weekly to monitor the status of the participant and
response to exercise, as well as record any adverse events or changes in
medications. Details of each intervention component are described
below, and in Fig. 2.

2.3.2.3. Functional training. Specific functional deficits identified during baseline assessment are practised during the session for a total of
5 min. Safe technique for daily tasks such as chair stands or descents and
walking are practised under the supervision of the EP. Specific items
practiced include correctly shifting gravity forward to rise from a chair
with minimal assistance, locating the armrest of the chair before
descending, and practising smooth walking in a controlled environment
with no walking aids, under contact guard.
2.3.2.4. Progressive resistance exercise. The machine-based exercises
(Fig. 2) are performed using K400 Keiser pneumatic machines (Keiser
Sports Health Equipment, Ltd, Fresno, CA, USA) and are prescribed to
participants to appropriately target muscle groups associated with
maintaining independence, reducing falls risk, and aiding in posture in
older adults [30,31]. The volume for each exercise consists of 2 sets of 6
repetitions at the target load for the session, and is chosen to provide

2.3.2.1. Static balance. Static balance is performed for a maximum of
10 min of the total session duration inside a custom-built apparatus
3
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Fig. 2. Exercise prescription - The four exercise components are combined sequentially in a 60-min session. The order of completion for each of the exercise
components follows the order in the table, and is adjusted as tolerated by the participants.

sufficient dose [32] in the limited, 40-min duration allocated to PRT.
The initial intensity is set at 70% of the testing 1RM and progresses to
80% 1RM by the 2nd week as previously described in PRT in older adults
[33]. The intensity is progressed for a given exercise when the participant or assessor rating of perceived exertion (RPE) on the OMNI-Res
scale [34] falls below 8/10, indicating that training adaptation has
occurred for a given load. The concentric phase of each exercise is
executed fast to target muscle power, with power training at higher

loads appropriate for older adults and those with parkinsonism due to a
greater contribution of load rather than speed to peak power [35,36].
The eccentric phase is executed slowly to enhance metabolic benefit and
hypertrophy [24]. The target tempo is 1 s concentric, no pause, and 3 s
eccentric (1-0-3). Auditory (lobby bell, verbal encouragement) and somatosensory (tapping target muscle) cueing are engaged to promote fast
movement initiation and sustain high intensity [35,37].
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Table 1
Primary and secondary outcome measures.
Domain

Description

Measure
Primary outcome measures
Functional independence
Movement Disorder Society Unified
Parkinson’s Disease Rating Scale
(MDS-UPDRS) – sub scores and total
score

Secondary outcome measures
Functional independence
Bayer-instrumental Activities of Daily
Living (B-ADL)

Fig. 3. Static balance dual-task apparatus - The custom-made apparatus,
affectionately named ‘Humphre’ - consists of coloured button magnets, and
magnetic whiteboards laterally, in front, and above the participant to allow
completion of physical and cognitive dual-task. A grab bar in front of the
participant provides additional support during the movement.

Functional Independence Measure (FIM)

2.3.3. Adverse events
Monitoring of adverse events and all changes in health status and
medical care/interventions is carried out via weekly telephone questionnaires with the caregiver and interview within sessions. Additional
information is gathered from medical and nurse care teams if appropriate for participants residing within aged care facilities. Adverse
events are defined a priori and include any exacerbation of underlying
disease, or new onset musculoskeletal, cardiovascular or metabolic abnormalities. The study geriatrician and ethics committee evaluate all
adverse events to ascertain if there is any relation to the study exercise or
assessment protocols or need to change the study protocol.

Cognitive
Mini-mental State Exam (MMSE)

Parkinson’s Disease Cognitive Rating
Scale (PD-CRS)

2.3.4. Following trial completion
Following completion of the trial, participants are invited to
continue exercising within the medically supervised clinic at no additional cost under the supervision of the clinic staff and students. There is
no obligation to continue exercise beyond the study nor is there a limit
on the total duration of participation beyond the trial.

Trail-making (TMT) A & B

2.4. Measures
The assessment battery (Table 1) was selected to evaluate the potential contributions of a wide range of factors to functional independence and quality of life in individuals with LBD.

Benton Visual Retention Test (BVRT)

2.4.1. Primary outcomes
2.4.1.1. Functional independence. Functional independence is measured
via the total and sub-scores of the Movement Disorder Society Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS) [38], which is an
effective tool for evaluating disease severity, disability and independence in Parkinsonian disorders including LBD [39]. The original and
current version of scale has been used to track changes in disease status
previously in PD cohorts after exercise interventions [40,41], and is
correlated with quality of life and independence [42,43].

Psychiatric
Geriatric Depression Score – 15 item
(GDS-15)

A clinical rating scale validated in
Parkinsonian cohorts involving four
parts: Non-motor experiences of daily
living, motor experiences of daily living,
motor examination, motor
complications. Total score (/272) and
sub-scores used to capture change in
disease-related function and
independence, with higher scores
indicating greater disease related
disability and symptom burden [38].
The B-ADL is a 25-item informant or
questionnaire sensitive to changes over
time developed for pharmaceutical
trials in dementia, and a valid indicator
of functional impairments attributed to
cognitive deficits. An averaged score
between 1.00 and 10.00 is generated,
whereby lower scores indicate less
impairment in daily tasks [44].
A scale used to track changes in patient
disability comprising of 18 items
grouped into motor and cognition parts.
Scale applied in outpatient setting using
caregiver reports and objective testing
to summate functional independence.
Scored between 18 and 128 with a
higher score indicating greater levels of
independence [45].
Well-validated, brief screening measure
of cognitive function with sensitivity to
changes over time. Scores range from
0 to 30, with higher scores indicating
better function. Scores <24 suggestive
of moderate or greater cognitive
impairment [46].
A comprehensive 9-part cognitive
assessment specific to deficits typically
observed in Parkinsonian disorders
(executive function, visuospatial
dysfunction) and very sensitive and
specific to LBD. A higher score indicates
better cognitive function, up until a
maximum score of 134 [47].
Trials A & B evaluate speed of attention,
sequencing, visual search and include a
motor component. Trails B also assesses
executive function [48]. This domain is
known to be impaired in LBD [49].
Higher scores (time) taken to complete
each tasks indicates greater impairment.
A visual memory and reconstruction test
that evaluates visuospatial memory
from simple designs and motor function.
Sensitive to impairments specific to LBD
[49]. Scored using an ‘all-or-nothing’
system whereby each of the 10 attempts
are given ‘0’ for incorrect image or ‘1’
for correct image for a maximum of 10
points, where Higher scores indicate
better function [50].
A screening test used to assess level of
depression in older adults with simple
yes/no responses validated against
structured clinical interview with good
sensitivity and specificity. Designed to
focus on non-somatic symptoms of
(continued on next page)
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Table 1 (continued )
Domain

Table 1 (continued )
Description

Domain

Measure

Neuropsychiatric Inventory (NPI)

Quality of life
Dementia Quality of Life Scale & Proxy
version (DEMQoL, DEMQoL - Proxy)

Satisfaction with Life Scale (SWLS)

University of Alabama Study of Ageing –
Life Space Assessment (LSA)

Physiological capacity
Muscle strength

Isometric handgrip strength

Description

Measure
depression to avoid overlap with
physical illnesses in older adults. Higher
scores indicate increasing depressive
symptoms. A score of >5/15 is
suggestive of depression, with higher
scores indicating more depressive
symptoms [51].
A comprehensive clinician-administered
tool designed for proxy-reporting,
involving 10 scored domains of
behavioural disturbance occurring in
dementia, and two additional domains
involving sleep disturbances and eating
behavior which do not form part of the
final score. Presence of symptom,
frequency, severity and caregiver
distress rated for each relevant item. A
symptom score (/12) and caregiver
distress score (/5) is generated for each
domain with higher scores indicating
greater symptom impact and distress
respectively [52].

6-min walk distance (6MWD)

Static balance

Tandem walk

Physical performance
Gait speed – Habitual and maximal

DEMQoL is a 28-part questionnaire
administered to person with dementia
asking questions relating to quality of
life items potentially affected by
symptoms of dementia. DEMQoLPROXY is a 31-items questionnaire
administered to the caregiver of the
person with dementia asking about the
perceived quality of life of the care
recipient. Higher scores for both
measures indicate better quality of life
for the participants, with a Likert scale
from ‘1’ – all the time, to ‘4’ not at all,
being used to rate the frequency of each
concern [53].
A global 5-item scale rating overall life
satisfaction. Rated on a 7-point scale
from strongly disagree to strongly agree.
Scored between 5 and 35, with higher
scores indicating greater relative
satisfaction with life, and 20/35
considered a neutral point between
dissatisfaction and satisfaction with life
[54].
The LSA provides insight into the
mobility and travel patterns of the
person within home and community
ranging from in bedroom to unrestricted
travel zones outside of community. The
LSA is associated with quality of life and
disability. Scored from 0 to 120 with a
higher score indicating a greater lifespace [55].

Chair stand

Short Physical Performance Battery
(SPPB)

Cardiovascular
Orthostatic blood pressure (BP) and heart
rate (HR)

Body composition
Anthropometry

Maximal dynamic lower and upper
extremity strength obtained using the
digital K400 Keiser pneumatic machines
(Keiser Corp, Fresno, CA, USA).
Isometric strength assessed using the
Chatillon CSD200 force dynamometer
(Ametek Inc., Largo, FL USA) at all
timepoints. Muscle groups assessed
included hip and knee extensors, hop
abductors, and triceps extension.
Isometric strength of dominant and nondominant hand assessed using JAMAR
handgrip dynamometer (Sammons
Preston, Bolingbrook, IL). Highest result
of 3 trials in each hand used for analysis.
A grip strength of <27 kg is a cut off
point for sarcopenia [56].

Bioelectrical Impendence Analysis (BIA)

Mini Nutritional Assessment –Short Form
(MNA-SF)

Health status
Medical history

Widely used test of walking endurance,
which is a proxy for overall
cardiovascular endurance in elderly
adults with comprehensive normative
data [57]. Total distance walked within
6 min recorded along with stoppages
Assessed for 15 s in six different
conditions (wide, narrow, semi-tandem
and tandem stance, and on one leg
without and with eyes closed). 2nd, 3rd
and 4th position used in SPPB score
calculation with 10s cut off.
A heel-to-toe walk over 3 m performed
at maximal pace with as minimal errors
as possible. Two trials performed and
fastest time used for analysis.
Habitual measured over a 3-m course
with a stopwatch as specified in SPPB
protocol [58], then measured along with
maximal gait speed over 2-m distance
from a dynamic start with an Ultra-timer
(Raymar, Oxfordshire, UK). Average of
times ultra-timer times used for
analysis. A habitual walking speed of
0.8 m/s or less is a cut off for sarcopenia
[56].
A proxy for lower extremity power, or
the ability to generate high forces
rapidly. Primarily, participants used hip
and knee extensors muscles. Time taken
to complete 5 stands recorded and used
in the SPPB score calculation. A time of
more than 15 s for the 5 stands is a cut
off for sarcopenia [56].
Performance-based testing of functional
mobility generating a score up to 4
points for three domains (gait speed,
static balance, chair stand) for a total of
12 points. Higher score is indicative of
better function and strongly predictive
of mortality and nursing home
placement [58]. A score of 8 or less is a
cut-off for sarcopenia [56].
Measurement of orthostatic hypotension
and HR in fasting state with rest
(>5 min) in supine position, and then in
standing position at 1 and 3 min. A drop
in systolic of 20 mmHg and/or diastolic
of 10 mmHg is indicative or orthostatic
hypotension. HR response can also be
suggestive of cause [59].
Stretch stature height (BL only), weight
(kg), and waist circumference (cm) are
obtained in triplicate after overnight
fast. BMI calculated (weight kg/height
m2).
Whole body skeletal muscle mass (kg),
fat free mass (kg) and skeletal muscle
index calculated** using average
resistance and reactance values
measured in supine, fasted state with
BIA analyser (RLJ Prizum, S/N
B10875E, Mode BIA-101s)
A short clinician rated form to assess risk
of malnutrition in elderly patients based
on risk factors for reduced dietary
intake. Score out of 14, with a score less
than 8 considered malnourished [60].
Comprehensive physician screen
performed by study Geriatrician
(continued on next page)
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required. Descriptive measures will be generated from the baseline
cross-sectional data, including means (standard deviations), medians
(ranges) or frequencies, as appropriate. Associations between variables
of interest will be evaluated through simple linear regression for normally distributed data; otherwise Spearman’s correlation will be used.
Primary intention-to-treat (ITT) analysis for all primary and secondary
outcomes will be conducted using repeated-measures mixed models
across all three time points: Baseline (T1), prior to exercise (T2), and
after exercise (T3). A secondary all-available data (AAD) analysis will be
conducted using repeated measures analysis of variance (ANOVA).
Statistical significance will be defined as α < 0.05. When the main effect
of TIME is significant in mixed models or ANOVAs, all pairwise comparisons will be analysed via post-hoc Bonferroni post-hoc t tests to
investigate differences across the wait-list, intervention, and total trial
periods. Additionally, Cohen’s d effect sizes (ESs) will be calculated for
primary and secondary outcomes during the exercise intervention
period using the formula:

Table 1 (continued )
Domain

Description

Measure

Habitual physical activity

Clinical Dementia Rating (CDR)

Adverse events

involving past medical history, review
of systems examination
Habitual physical activity, sedentary
time and sleep patterns will be recorded
using activity monitors (AX3, Axivity,
Newcastle upon Tyne, UK) worn on
lumbar spine.
Commonly used dementia assessment
tool for the assessment of dementia
severity. Completed by clinician in
conjunction with cognitive testing, and
informant reports. Domain ratings range
from 0 (no impairment) to 3 (sever
impairment) and an algorithm using the
total sum of domain scores (/18) is used
to produce a summary score from 0 to 3
[61].
Any adverse events that occur during
the study period will be detailed and
adjudication from study geriatrician and
ethics committee will inform whether
related or unrelated to intervention.

T3 – T2 / SDT2.
Interpretation of these ESs will conform to standard definitions of
small (0.2-<0.5), medium (0.5–0.8), and large (>0.8). Feasibility will be
assessed via adoption & adherence rates; reported as percentage
completion and compared with reported adherence from similar cohorts. Safety will be monitored via tabulation of adverse events ascertained from a variety of sources as described in Section 2.3.3. Statistical
analysis will be performed using SPSS software (Version 26, SPSS, Inc,
Chicago).

Caregiver psychiatric and quality of life
Geriatric Depression Scale (GDS-15)
See secondary outcomes – psychiatric
Satisfaction With Life Scale (SWLS)
section in table for description.
See secondary outcomes – quality of life
section in table for description.
Positive and Negative Affect Scale
A scale consisting of 10 positive items
(PANAS)
and 10 negative items to measure affect.
Rated from not feeling a particular
emotion [1] to feeling the emotion
extremely [5] over a period of a few
hours. A score range between 10 and 50
is generated separately for both positive
affect items and negative affect items. In
the positive items a higher score
indicates more positive affect, and lower
scores on the negative items indicate
less negative affect [62].
Quality of Life Scale (QOLS)
A 5-domain scale consisting of 16 items
evaluating quality of life in the
caregiver. Total score summated. Scored
between 16 and 112 with a higher score
indicating greater overall quality of life
[63].
Zarit Burden interview-22 item
A 22-item scale measuring levels of
caregiver burden relating to the care of a
person with dementia and correlated
with behavioural problems in care
recipient and depression in caregiver.
Rated from 0 to 88, a higher score
indicates increased caregiver burden
[64].

3. Discussion
The primary aim of this study is to evaluate the determinants of
functional independence in LBD and the effect of a targeted exercise
intervention. LBD is a disease with complex, rapid progressing and
fluctuating symptoms, which warrants the assessment of a comprehensive range of clinically meaningful outcomes including physical function, strength, cognition, quality of life, psychiatric, and nutritional
outcomes. Unfortunately, individuals with LBD are often excluded from
trials of exercise in PD and other dementias due to this complex combination of motor and cognitive symptoms, which are perceived as
potentially compromising to the homogeneity of cohort characteristics
and adaptations(14). Additionally, the fluctuating nature of the disease
course and difficulty with recruitment is a major barrier to conducting
exercise research in this cohort, just as it is for the conduct of pharmaceutical trials in LBD(2). As a result, the literature pertaining to exercise
and LBD is scarce, and consists of only a few case reports and fragments
of trial data evaluating non-anabolic, motor interventions such as low
intensity recumbent cycling, skill, and gait training.
The PRIDE study is the first empirical trial evaluating the feasibility
of an exercise intervention in LBD, and will provide much needed data to
contribute to the under-researched field of non-pharmacological therapies in LBD. As such, the trial responds to recommendations from the
international Forth Consensus Report of the DLB Consortium to develop
and evaluate non-pharmacological therapies in this disease [67]. The
data collected from this pilot study will provide valuable information on
ESs for the major outcomes, and thus refine estimates of samples sizes
requirements for adequately powered future trials. In addition, the
feasibility of assessment tools and training techniques in this population
will be evaluated. Importantly, the PRIDE Study will provide an opportunity for those individuals typically excluded from clinical trials to
participate in an intervention specifically designed for their needs while
advancing knowledge in this field.

** *Skeletal muscle mass (SMM) ¼ 0.401(height in cm2/resistance in ohms)þ
3.825 (sex: male ¼ 1; female ¼ 0)þage in years(-0.071) þ 5.102 [65]. Fat-free
mass (FFM) ¼ $4.03 þ 0.734 (height in cm2/resistance in ohms) þ0.116
(body weight in kg) þ 0.096 (reactance in ohms) þ0.984 (sex: male ¼ 1; female
¼ 0) [66].

2.4.2. Secondary outcomes
A range of secondary outcomes including cognition, psychosocial,
quality of life, cardiovascular, body composition, health status, physical
performance, exercise capacity and additional function independence measures are assessed. Additionally, caregiver burden and psychosocial outcomes are assessed. Table 1 details the total list of assessments
performed.
2.5. Statistical analysis

Declaration of competing interest

All data will be evaluated visually and statistically for normality of
distribution, and transformed prior to use in parametric statistics as
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SUMMARY
An 87-year-old man with dementia with Lewy bodies,
living in residential aged care, exhibited rapid functional
decline and weight loss associated with injurious falls
over 9 months. Independent clinicians (geriatrician
and exercise physiologist) assessed him during an
extended wait-list period prior to his commencement
of a pilot exercise trial. The highly significant role of
treatable factors including polypharmacy, sarcopenia
and malnutrition as contributors to frailty and rapid
functional decline in this patient are described. The
results of a targeted intervention of deprescribing, robust
exercise and increased caloric intake on his physical
and neuropsychological health status are presented.
This case highlights the need to aggressively identify
and robustly treat reversible contributors to frailty,
irrespective of advanced age, progressive ’untreatable’
neurodegenerative disease and rapidly deteriorating
health in such individuals. Frailty is not a contraindication
to robust exercise; it is, in fact, one of the most important
reasons to prescribe it.
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Frailty is a medical syndrome of increased dependency, vulnerability to stressors and excess mortality
that is driven by diminished strength, endurance,
neuropsychological and physiological functions.1
The prevalence of frailty increases with age and
chronic disease burden. However, there are also
significant reversible components to this syndrome
that are critical to diagnose and treat specifically.
Morley et al describe the aetiology of frailty as the
interaction among four central factors: sarcopenia,
malnutrition, atherosclerosis and cognitive impairment.2 Extrinsic factors such as decreased physical
activity and immobilisation, insufficient dietary
energy and protein intake, texture-modified diets
and the iatrogenic effects of medications may add
to pathophysiologic stressors including cachexia
from chronic disease, cardiac and skeletal muscle
dysfunction, sedation, apathy, depression, loneliness, delirium, psychosis, anorexia of ageing,
dysphagia, poor dentition, impairment of vision,
smell and taste. All of these stressors exert pressure on these four key components of frailty and

,3,4

are modifiable to a varying degree.2–10 Additionally,
malnutrition, cognitive impairment and atherosclerosis can all exacerbate sarcopenia by contributing
to a negative energy balance, reduced drive to exercise and a significant reduction in physical capacity,
respectively.11
In the residential aged care environment, there
is a confluence of these risk factors for frailty,
resulting in a five-fold higher incidence than among
community-dwelling older adults.12 13 Guidelines
for aged care facilities traditionally focus on safety/
falls reduction,14 which is the leading cause of accidental death in these facilities.15 Many recommendations for falls reduction, such as deprescribing
high-risk medications and offering challenging
balance exercises, may improve frailty as well.14
However, a safety focus can also lead to undesirable
practices such as the use of restraints and immobilising chairs, which may reduce falls risk but actively
exacerbate underlying frailty; thereby leaving the
individual even more vulnerable to injurious falls
and adverse outcomes.16 Recently released guidelines on frailty clearly recommend anabolic interventions such as progressive resistance exercise and
increased protein/energy intake as first-line treatments to prevent and treat frailty.17 Evidence for
the efficacy of this approach in frail populations
has been available since the 1990s18 but has not
yet become routine practice within residential aged
care. The potential for remediating frailty is significant, especially for those living with dementia,
who experience the highest levels of frailty in this
setting.19 Notably, the aetiology of frailty in individuals with dementia is reported to have minimal
correlation with the burden of disease pathology in
the brain,20 suggesting that the higher incidence of
frailty cannot be attributed to normal disease course
and may be related to factors more amenable to
intervention.
The following case provides a rare, longitudinal insight into the aetiology and progression
of frailty in a patient of advanced age with an
aggressive neurodegenerative disease: dementia
with Lewy bodies (DLB). We highlight the critical
importance of differentiating disease progression
from remediable causes of frailty, and the positive outcomes of a comprehensive intervention
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of deprescribing, increased protein–energy intake and robust
anabolic exercise.

CASE PRESENTATION

An 87-year-old man diagnosed with mild DLB 1 year prior by
a geriatrician and living in a residential aged care facility since
diagnosis was screened for a pilot exercise trial.21 He satisfied
both the 2005 and 2017 criteria for the diagnosis of probable
DLB including the onset of dementia prior to motor symptoms
and the presence of two or more core features: fluctuating
cognition and alertness, well-formed visual hallucinations and
spontaneous parkinsonism features.22 23 He resided in a room
by himself and his wife lived in the community, visiting daily.
He had a recent history of recurrent falls and had lost 7% of
his body weight in the 12 months since moving into the facility.
Medical history included osteoporosis with hip fracture 5 years
prior, chronic obstructive pulmonary disease (COPD), gout,
dyslipidaemia, hypertension, macular degeneration, depression
and a history of excessive alcohol consumption prior to admission. Medications included mirtazapine, aspirin, perindopril,

Table 1

atorvastatin, tiotropium bromide, paracetamol and allopurinol.
A texture-modified diet had been implemented due to concerns
surrounding dysphagia and potential aspiration. The patient was
observed to rapidly deteriorate in health status, precipitated by
two injurious falls over 9 months while enrolled in a wait-list
control period for the exercise trial. Evaluations were conducted
to identify potential aetiologic factors in his rapid functional
decline.

INVESTIGATIONS

The study geriatrician and exercise physiologist undertook
external investigations during an extended, 9-month wait-list
period due to the ill health of the patient prior to intervening.
Table 1 presents a timeline of relevant investigations and adverse
events. A key limitation to investigations involved the lack of
dietary assessment and nutritional biochemistry, as the study
geriatrician was not the primary physician for the patient and
therefore was not authorised to order these in his residential aged
care setting. A compete biochemistry panel would have allowed
for further evaluation of malnutrition, impaired cognition

Investigations and patient timeline

Time point/event

November 2016, initial assessment

Review of systems

Patient reports constant hunger,
feelings of isolation and dizziness on
standing. Negative for pain, depression,
Cardiovascular symptoms or dyspnoea

Clinical course and physical
examination

Weight loss >5 kg in 12 months and
reduced muscle bulk diffusely. Kyphotic
posture c/w Hx of hip fracture (2012).
Ecchymosis widespread, acute ankle
sprain. Cerebellar ataxia w. standing and
walking c/w Hx excessive alcohol use.

Sepsis and seizure following fall.
Further weight loss of 6.5 kg
in 2 months, diffuse wasting.
Ecchymosis still present. Decreased
alertness c/w delirium, gait
stability and strength/function.

Further weight loss of 11 kg in 5 months
and severe, diffuse wasting. Healed rib
fracture secondary to fall, immobilised
with restraints. Decreased alertness.
Ecchymosis still present. Unable to stand.
Tardive dyskinesia, trunk dystonia to
the right side, increased limb rigidity.
Fetal posture in the supine position with
hamstring contractures.

MMSE
SPPB
MNA-SF
Weight/BMI
Orthostatic BP and HR
Lying (0 min)
Standing (1 min)
Standing (3 min)
BIA SMI
Grip strength
(85 year+percentile.26)

21/30
5/12
10/14 (at-risk)
74.5 kg/23 kgm−2
Symptomatic—dizziness
120/50 mm Hg, 50 bpm
110/50 mm Hg, 62 bpm
108/48 mm Hg, 70 bpm
8.43 kgm−2
L—25 kg (45th percentile)
R—26 kg (40th percentile)

17/30
4/12
4/14 (Malnourished)
68 kg/21 kg/m2
not symptomatic
118/50 mm Hg, 56 bpm
126/60 mm Hg, 70 bpm
128/460 mm Hg, 68 bpm
7.8 kgm−2
L—20 kg (25th percentile)
R—17 kg (10th percentile)

13/30
0/12
0/14 (malnourished)
57 kg / 17.7 kg/m2

Pathology

TC: 4.7 mmol/L, LDL: 2.5 mmol/L, Vit. D:
58 nmol/L

No pathology results available for
review by the research team

No pathology results available for review
by the research team

Recommendations to facility
doctor

Review need for aspirin, perindopril,
atorvastatin, and mirtazapine.
Recommend vitamin D—1000 IU/day.
Flagged as high falls risk, malnourished
and sarcopenic

Increase energy intake by
an addition of high protein
supplements and larger meal
portions.
Review needs for aspirin

Discussed in the Intervention section

Implemented
recommendations

Removal of perindopril and atorvastatin.
Vitamin D was not added, aspirin and
mirtazapine not removed

Food portions not increased, high
energy supplements prescribed
(1080 kJ/day)

December Early February 2017,
reassessme
2016
Patient still reports constant
hunger, and feelings of isolation
increased. Negative for dizziness,
pain, depression, CVD Sx or
dyspnoea

February August 2017, reassessment
2017
Patient reports hunger, increased isolation.
Negative for pain, troubling hallucinations,
depression, CVD Sx or dyspnoea.

Unable to perform due to immobility

N/A
L—17 kg (15th percentile)
R—17 kg (10th percentile

Measured in kg/m2, <9.5 kg/m2 is considered Sarcopenic.27
December 2016, adverse event: patient sustained minor elbow wound from injurious fall in facility. Infected wound led to sepsis, resulting in seizure and hospitalisation. Sodium valproate
added to prescription. Patient restrained and catheterised and subsequently developed UTI and delirium.
February 2017, adverse event: patient experienced injurious fall within facility resulting in several fractured ribs and required hospitalisation. Physical restraints implemented in the
reclining chair. Following medications added to prescription over 5-month period; risperidone, buprenorphine (patch), oxycodone, paracetamol. Supra-pubic catheter placed. Several UTIs
reported. Completely immobile and highly sedated.
BIA SMI, bioelectrical impedance skeletal muscle index; BMI, body mass index; BP, blood pressure; HR, heart rate; LDL, low density lipoprotein; MMSE, mini-mental state exam; MNA-SF, Mininutritional Assessment Short Form; SPPB, short physical performance battery; Sx, symptoms; TC, total cholesterol; UTI, urinary tract infection.
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and strength through indices such as serum albumin, electrolyte abnormalities, vitamin B12 or iron deficiencies, thyroid
hormone imbalances and diabetes. Physical assessment revealed
the predominant DLB features in the patient, which were nonthreatening hallucinations, orthostasis, drooling, mild rigidity in
all limbs with a full range of motion, ataxia and postural instability. Notably absent were dystonia, dyskinesia, depression and
dysphagia.

DIFFERENTIAL DIAGNOSIS

The aged care management plan for the patient appeared palliative and reactionary in approach to falls, pain management
and psychosis, and suggested that the decline in function was
viewed as an inevitable accompaniment to his DLB. However,
the external research team elucidated many core, modifiable
factors potentially contributing to the frailty through their
investigations.

Natural disease course of DLB

DLB is an aggressive form of dementia with a lifespan postdiagnosis of 3–8 years.24 The rate of cognitive decline in prospective studies is two to four points on the Mini-mental State Exam
(MMSE) every year postdiagnosis.24 The disease is characterised
by acute fluctuations and a progressive decline in function over
time, and is not relapsing–remitting in nature. The patient at
baseline had mild cognitive impairment, was only mildly rigid
with full range of motion and did not have depression, troubling hallucinations, dystonia or dyskinesia. Poorer prognostic
outcomes are mainly precipitated in DLB by neuropsychiatric
symptoms and hospitalisations from falls and bronchopneumonia,25 similar to the general ageing cohort. However, this
patient presented with a much more rapid cognitive deterioration

Figure 1 Contribution to frailty trajectory. Timeline illustrating
the contributions of various negative and positive factors to the
development of frailty and rehabilitation within the patient over the
course of 29 months with inclusion of adverse events. The size of the
plus/minus images indicates the relative magnitude of the effect on
patient health at each stage. UTI,urinary tract infection.
Inskip M, et al. BMJ Case Rep 2020;13:e231336. doi:10.1136/bcr-2019-231336

of eight points over 9 months. Despite no change to his nonthreatening hallucinations, the antipsychotic risperidone was
added to his medication regime, resulting in an acute worsening
in extrapyramidal symptoms including tardive dyskinesia, trunk
dystonia and rigidity. The rapid onset of these symptoms suggest
iatrogenesis/delirium rather than the natural, degenerative
disease progression.

Sarcopenia

The patient was sarcopenic at baseline, worsening at follow-up
time points. Both isometric handgrip and appendicular strength
were below age-matched thresholds at baseline26 and deteriorated over the 9-month period in concert with declining physical
activity levels. Body composition analysis confirmed a skeletal
muscle mass (SMM) index below the sarcopenia definition of
<9.5 kg/m2,27 deteriorating from 8.43 to 7.8 kg/m2 in the first
8 weeks of acute illness/sepsis, associated with a 6.5 kg overall
weight loss. This equates to an average weekly loss of muscle
mass of 250 g/week during that period, which is significantly
higher than estimated in young, healthy bedrest models of muscle
atrophy of 100–200 g/week,28 and consistent with the literature
reports of 25% of body weight loss being SMM.11 This muscle
loss likely continued (although not directly measured) with the
further 11 kg of weight loss in the subsequent 5 months concomitant with restraint use, immobilisation and recurrent infections.
Additionally, a significant decrease in gait speed, transfer and
balance function accompanying muscle loss, progressing to
non-ambulatory, chair/bed-bound status confirmed severe sarcopenia. Finally, the use of atorvastatin and vitamin D deficiency
were also potential contributors to muscle weakness throughout
the early stages of the decline.29

Malnutrition

The patient was at risk of malnutrition at baseline according
to the Mini-nutritional Assessment (MNA)30 and developed
severe malnutrition during the follow-up. Anorexia of ageing
is a contributing factor to be considered, however, the patient
always reported hunger, not loss of appetite. By contrast, there
were multiple modifiable factors potentially driving insufficient
energy intake.31 First, the prescription of anti-cholinergic and/or
sedating medications (oxycodone, buprenorphine, risperidone,
sodium valproate, mirtazapine, tiotropium) likely decreased the
patient’s opportunity to eat and contributed to the dysphagia
known to be present in DLB32 as well as reduced saliva production, impairing mastication and swallowing along with the
absence of lower teeth. A pureed diet was prescribed due to
fear of aspiration. Texture-modified diets have been observed to
significantly reduce the daily energy and protein intake in older
adults10 as does eating in isolation with minimal social engagement.5 Additionally, there were potentially underlying cachexic
processes from the recurrent infections, COPD diagnosis as well
as statin and ACE-inhibitor prescriptions.7 Finally, the patient
reported feeling hunger between meals and readily ate all food
provided, which suggests the energy or protein content of food
provided was not satiating or sufficient. Furthermore, no assessment of caloric intake or calculation of energy requirements for
maintenance (approximately 30 kcal/kg/day) or weight increase
(35 kcal/kg/day) or protein needs (1.2 g/kg/day) was conducted
by the aged care facility despite severe and persistent weight
loss.33–35

Cognitive impairment and atherosclerotic processes

The patient was eulipidaemic and normotensive, with no history
or current symptoms of cerebrovascular or cardiovascular
3
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by recurrent and persistent delirium from multiple episodes of
infection and malnutrition, in addition to the central nervous
system side effects of several medications noted above.

Summary

The final diagnosis we provided to the facility staff was an exacerbation of underlying frailty due to sarcopenia, malnutrition,
polypharmacy and isolation/immobility, with all factors potentially treatable with targeted, robust interventions and changes
in clinical care. All of these factors were inseparably involved in
the decline (figure 1). For example, sedating drugs reduced the
ability to eat, exacerbated sarcopenia and impaired strength and
functional mobility, increasing fall risk further. Thus, without
a comprehensive approach to all implicated factors, recovery
would be sub-optimal or impossible.

TREATMENT
Deprescribing

Figure 2 Intervention components.
disease, and no current alcohol or smoking (ex-smoker—discontinued 10 years prior) suggesting that atherosclerosis was not
a recent contributing factor to progressive frailty or cognitive
impairment. Apathy and depression are common predictors of
malnutrition and cognitive performance in DLB,4 8 36 yet were
absent in this patient at all assessment points. The high sedative burden of his medication regimen (five drugs with this side
effect) was likely contributing to his cognitive impairment,6 37
especially considering the extra-pyramidal side effects observed
(tardive dyskinesia, rigidity, trunk dystonia). His significantly
reduced level of alertness and loss of postural control and
communication ability witnessed just after administration of
risperidone and sodium valproate was consistent with a drugrelated delirium. The rapid eight-point decrease in his MMSE
over a 9-month period, which is a similar decline to that
reported in postoperative literature,9 38 was likely precipitated

Over the course of observation, deprescribing with rationale was recommended to the facility doctor at several time
points (figure 2) to reduce iatrogenic influences of polypharmacy based on consensus criteria.39 Primarily, most drugs were
recommended for removal through lack of indication or being
prescribed beyond the duration of treatment, which are standalone reasons to deprescribe. Additionally, specific contraindications included duplicate drug classes, ACE inhibitors with low/
normal BP, anticholinergics in patients with dementia/delirium,
long-acting with short-acting opioids for breakthrough pain,
overall increased anticholinergic burden and inappropriate
antipsychotics use for several categories including prescription
for Parkinsonian disorders, behavioural symptoms in dementia
and in patients with falls risk. There was also one indication for
starting a prescription, namely adding vitamin D for known osteoporotic fractures of hip, spine and ribs and low lab value in an
institutionalised patient.

Exercise and nutrition

The study exercise physiologist commenced intensive anabolic
exercise, and the facility was instructed to increased energy
intake from 1080 to 5040 kJ/day through liquid supplements,
in addition to implementing a high energy, high-protein diet and

Figure 3 Patient medication prescription timeline.
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Figure 5 Rapid deconditioning and rehabilitation of patient. (A)
Patient able to stand without hands at baseline assessment. (B) Weight
loss of 8 kg and unable to stand without lifter after sepsis and delirium.
(C) Further loss of 17.5 kg, immobile after rib fracture, deconditioning
and sedation. (D) Weight gain of 5 kg, patient walking with contact
guard after intensive rehabilitation for 8 weeks. BL, baseline.
gym for weeks 4–8. High-intensity progressive resistance training
was performed on key muscle groups. All training throughout
the 8-week period occurred as 3 days/week for 1-hour sessions
and are described in figure 2.

OUTCOME AND FOLLOW-UP

Figure 4 Frailty measures and outcomes from intervention. Graphs:
relationship between body weight over time with (top) skeletal muscle
index, (middle) cognition and (bottom) physical function. Intervention
occurred between 9 and 11 months indicated in the green zone.
Indicates no data collection, extrapolated from 29-month value of
similar body weight. MMSE, mini-mental state examination; SPPB, short
physical performance battery.
re-evaluating the need for a pureed diet as there was no evidence
of aspiration. This was done in response to the severe and
progressive undernutrition present, as evidenced by a weight loss
of 17.5 kg, body mass index of 23 kg/m2 decreasing to 17.7 kg/m2,
marked muscle wasting on physical exam, MNA score decreasing
from 10/14 to 0/14, and complaints of hunger. Falls and infections are well-known co-morbidities associated with poor nutritional status in nursing home residents and were also present
in this case. Protein and caloric supplementations significantly
reduce mortality and complications as well as promoting weight
change in undernourished patients.40 Exercises were progressed
in weeks 1–3 and administered in the facility to regain strength,
standing and walking function to enable transport to the clinical
Inskip M, et al. BMJ Case Rep 2020;13:e231336. doi:10.1136/bcr-2019-231336

The patient improved significantly following deprescribing
and had no adverse consequences. A total of nine medications
were assessed and recommended for immediate removal from
the prescription across all time points. The prescription at each
time point is detailed in figure 3. All medications except sodium
valproate were ultimately removed, and high-energy supplements were prescribed (5040 kJ/day) in addition to his normal
meal routine. The patient’s wife signed a waiver to allow the
addition of some solid foods to his daily diet. The exercise
intervention (figure 2) was tolerated well by the patient, and
all 24 sessions were completed with no adverse events. Figure 4
displays key intervention results of the patient prior to, and
following interventions. Figure 5 illustrates the rapid, clinically
significant improvement in his overall function and health status,
which included a transition from being chair-bound to ambulatory with contact guarding.
The patient was followed up 18 months after the study contact
ceased, during which time no specific exercise was provided
by the facility (2019). He had initially continued to walk with
his wife’s support until he became too weak to stand with her
assistance and was again wheelchair-bound. He was unable to
stand even with assistance and had flexion contractures of both
knees. He had lost all the weight that had been restored during
the intervention period and weighed only 56.5 kg (17.5 kg/
m2, malnourished), with severe wasting of all skeletal muscles.
Superficial lacerations were present on limbs. He was alert and
conversational and had no extrapyramidal or psychotic symptoms, although his MMSE had declined to 12/30, which was
a similar score to when he was last at this body weight prior
to intervention. His only regular medications were paracetamol,
vitamin D and a laxative solution.

Current care plan

Deprescribing has been successfully implemented, and although
the presence of malnutrition was documented and dietary
supplements prescribed by the facility, the continued weight
loss suggests that actual energy and protein intake are far below
needs. Actual documentation of his nutrient intake is needed
via analysis of food/nutrients provided, portion consumed and
5
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intake relative to his energy and protein needs for weight gain/
anabolism using standard metabolic equations.33
The severe sarcopenia (low strength, SMM and functional
mobility) he now manifests suggests that without robust anabolic
exercise, this sarcopenia is insufficiently addressed by the deprescribing and nutritional supplementation. It should be noted
that without anabolic exercise, nutritional supplements reduce
habitual intake at meals, and thus do not actually augment total
nutrient intake as anticipated.41 Thus, resistance training is the

Patient’
s perspective
When my husband began to get worse, I felt like I was losing
him. He was confused and upset, and his condition was bad. I
would worry every time I would receive a call from the aged care
facility, as I feared my husband might have injured himself once
again. During this time, I felt like his quality of life was very poor.
I couldn’t talk normally with him and could not take him out for
a coffee or a meal. I was very scared for his future, he had lost
that much weight and was always sleeping, and the staff at the
facility had told me to prepare for the worst.
A few days after his medications were removed, he was
more awake and his humour and happiness came back. He
began to know where he was, and it was beautiful to see him
start doing the exercises to get him stronger and build muscle.
Soon he was walking and we could get him into my car to drive
him to the clinic, so he could do even more intense exercise. I
even started training myself. My husband said that the exercise
programme and walking again was a ‘wonderful experience’. I
kept walking him every day after the intervention finished, even
though the staff was hesitant. We only stopped when he started
to lose muscle again, which made it harder for me to stand him
on his own. It would be great to see him able to do the robust
resistance exercises again as he did in the study, as I think it is
the only thing that can keep him strong enough to walk. The
biggest challenge is finding the right facility and professionals
that know how to train my husband like those in the study.

Learning points
► This case highlights the concerning disparity between

►

►

►

►

6

recommended optimal care for frailty and the reality of care
for some patients in residential aged care facilities
The aetiology of frailty in dementia has many significant
modifiable components that must be differentiated from the
contributions of normal ageing and underlying disease.
Anabolic interventions consisting of robust progressive
resistance training, and increased energy and protein intakes
are the most effective treatments for sarcopenia, malnutrition
and frailty.
Deprescribing in dementia when appropriate and observing
patient condition offers an effective way of gauging
iatrogenic contributions of polypharmacy to frailty, cognitive
decline, sarcopenia and malnutrition.
Highly clinically meaningful outcomes can be gained
using resistance training in patients with advanced age,
neurodegenerative disease and severe sarcopenia, including
regaining of ambulatory status in previously immobilised,
chair-restrained patients. However, withdrawal of anabolic
exercise reverses these gains.

critical missing component needed for treatment of both sarcopenia and malnutrition.

DISCUSSION
This is the first documented case of intensive progressive resistance training administered in a patient with DLB. The literature surrounding the effects of exercise is scarce and limited to
several case reports,42 which evaluate aerobic, neuro-motor or
functional training in clinically stable individuals. Additionally,
this case provides a rare, longitudinal insight into the factors
contributing to the rapid development of frailty in a patient with
dementia in residential care and the key clinical assessments that
guided effective rehabilitation.
However, the rapid decline reported in this scenario is likely
to be a common but poorly documented occurrence in aged care
facilities due to the high prevalence of risk factors. For instance,
dementia is present in approximately 60% of all residential care
patients.43 One-third are sarcopenic,20 one-half are currently, or
at-risk of malnutrition36 and over 60% are frail.44 Additionally,
almost one-half of all residents are prescribed at least one potentially inappropriate medication, of which neuroleptics are the
most common.45
This case highlights the concerning disparity between
recommended optimal care for frailty and the reality of care
for some patients in residential aged care facilities. The highest
cause of accidental death in aged care facilities is falls, and
as expected, the industry has evolved to prioritise safety and
falls reduction. However, implementing immobilisation and
restraints as a strategy to reduce falls further exacerbates the
process of frailty, which is independently the most significant
risk factor for falls.46 Furthermore, the healthcare costs for
frail patients far exceed the cost of non-frail patients, which
places further strain on service delivery within residential aged
care facilities.47
Comprehensive geriatric assessment involving deprescribing,
anabolic resistance training exercise and increased protein–energy intake are effective methods of mitigating the cycle of
frailty.17 48 49 Importantly, withdrawal of anabolic interventions
will likely precipitate a return to the previous level of functional
decline. Extreme frailty is not a contraindication to comprehensive geriatric assessment and robust anabolic interventions.
Conversely, it is one of the most important reasons to implement
these treatment strategies.
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•

•

•

Data were extracted using piloted forms. All
available interventional and demographic
data were collected from each study.

The search and title, abstract and full text
exlusion was performed by primary author
(MI) with final texts evaluated by other
authors

Eligible studies were full length, peerreviewed literature of any quality exploring
the effects of exercise or physical activity on
DLB/PDD

19 databases (including Medline, Web of
Science, CINAHL and Embase) were
searched with ‘Population’ and ‘Intervention’
terms

Figure Legend
Figure 1. PRISMA Flow Diagram
Results

Combined Intervention
Search results
(n=29,317,595)"

Figure 1: PRISMA flowchart of search
Combined Population
Search results
(n=704,379)

Duplicates removed (n=27,048)"

Combined Terms search results
(n = 111,485)

Records after duplicates removed
(n = 84,437)

Records excluded
(n = 84,149)

Full text articles excluded, with
reasons (n=283)
• PD population, excluding or
not controlling for demented
participants (n=258)
• Dementia, excluding or not
controlled for PD (n=5)
• Intervention not involving
exercise, not isolated, not
experimental (n=20)
"
"

Records screened
(n = 84,437)

Full-text articles assessed for
eligibility
(n = 288)"

Studies included in qualitative
synthesis
(n = 5)

Studies included in quantitative
synthesis (meta-analysis)
(n = 0)

Figure 2 (right): breakdown of exclusionary
reasons for full text stage
Table 1 (above): Gait speed improvement
was most commonly reported outcome

•

•

89.7% of all literature reviewed in full text
stage excluded the presence of both
parkinsonism and dementia in combination.

Literature consisted of 3 case
reports4,5,6, 1 UCT7, and a 4participant subset of a larger
dementia RCT8. Outcome data
were highly heterogeneous and
quality was low.

Five studies were found including
a total of 16 participants.

•

Interventions included aerobic, strength,
motor training, and cueing, and ranged
from 1 session lasting a few minutes only,
to 3 sessions/week for up to 3 months.

Future direction

Planned'studies'in'2016'and'beyond'

Early'2016:'
Cross7sec9onal'study'in'
individuals'with'DLB'
exploring'physical'
func9on,'ac9vity'levels'
and'sedentary'9me,'
aﬀec9ve'state'and'care7
giver'burden'

Mid7late'2016:'
Pilot'RCT'evalua9ng'the'
eﬀect'of'a'targeted'
exercise'interven9on'on'
individuals'with'DLB'
based'on'the'results'of'
cross7sec9onal'study'
iden9fying'most'relevant'
treatable'deﬁcits''''

In loving memory of my
grandmother Dawn who
was diagnosed with DLB
and passed in 2015. She
inspired me to take up
my research in this field
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90%

PD'excluding'demen9a'/'
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•

Other outcomes reported included sit-tostand, functional status, balance and
walking endurance. Psychological and
cognitive outcomes were rarely reported.

Gait speed and other functional measures appeared to improve with most interventions,
but larger, controlled trials are needed to thoroughly explore the effect and feasibility of
exercise for individuals with DLB.

The effect of exercise on DLB needs to be thoroughly explored. The dearth of literature
increased the difficulty of analysis for the effect of exercise due to small, uncontrolled
samples. Data on only 16 participants were available across 5 studies, and 89.6% of all
full texts were not inclusive of the multi-domain symptom cluster of DLB

Discussion

Hand searched
articles (n=1)

Total Simple and
restricted database
results (n = 685)

Mr. Michael Inskip, Dr. Yorgi Mavros, Prof. Perminder Sachdev, and Prof. Maria Fiatarone Singh

Dementia with Lewy bodies (DLB) accounts for
up to 10% of dementia cases, amounting to 1.4m
Americans alone1. Individuals with DLB
experience cognitive, physical, autonomic and
psychological symptoms (multi-domain symptom
cluster) contributing to exclusion from
Parkinson’s disease (PD) and Alzheimer's
disease (AD)/ dementia trials in exercise.
Why Exercise?
• Various forms of exercise have demonstrated
moderate effect on improving physical
function in PD2, as well as improving
cognition, behaviour, memory, depression and
body composition in dementia3.
• In theory, individuals with DLB experience
symptoms from both diseases and would
benefit the greatest if exposed to exercise.

•

Study bias was assessed with PEDro tool for
trials and CARE checklist for case reports.

Methods

•

Identification
Screening
Eligibility

Included
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Appendix E: Other Professional Outputs Broadly Related to Thesis
Professional body (ESSA) Industry magazine – Move:

1. Inskip, M. (22nd October, 2018). An Expert Commentary: Ten Minutes of
exercise a day improves memory. Move Magazine, p. 20 – 22. Retrieved
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TEN MINUTES OF
EXERCISE A DAY
IMPROVES MEMORY
AN EXPERT COMMENTARY BY
MICHAEL INSKIP, AEP

Michael Inskip, Accredited Exercise Physiologist, recently wrote a response to The Guardian’s
article titled, “Ten minutes of exercise a day improves memory”, published on the 25th
September, 2018.
This study is a well-executed pre-post study demonstrating
that 10mins of light intensity exercise (<30% V02max) is
sufficient to increase memory related pattern separation
acutely in healthy, young subjects, mainly due to
increased arousal level1.
The Guardian reporter however, appears to have
made some irresponsible leaps within the authoring
of the article which are important to highlight in order
to ensure that the message we are promoting to older
adults is consistent.
1. This was an acute study in young healthy adults
which increased arousal and led to an increase in a
specific memory domain - a pattern discrimination
task. These findings are generally consistent with the
current small body of literature concerning the acute
effects of exercise2. It was not a chronic intervention
and the cortical activation was not tracked beyond
post-intervention, therefore the article should not read
'Ten minutes of exercise a day improves memory'.
2. Performance increased in highly similar stimuli and
moderate similarity patterns. This indicates that
mild exercise provided an advantage in moderate
and high-level pattern recognition, but was not
different to the control in low similarity patterns.
While statistically significant for episodic memory,
this domain may not have as large of an impact
as increases in executive function, which have a
stronger correlation with a decline in functional
independence decline and subsequent nursing
home placement3-6.
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3. The researchers have correctly stated that they
wish to evaluate the effects of this protocol on older
adults chronically. The author of The Guardian
article however, has irresponsibly stated 'The
findings could provide a simple and effective means
of slowing down or staving off memory loss and
cognitive decline in people who are elderly or have
low levels of physical ability'.
a. Light exercise is used as the control group for
trials of robust exercise and has been repeatedly
shown to be ineffective for decreasing cognitive
decline in elderly populations, especially those
with dementia7-11 - which is likely the target
audience of this article. Furthermore, light
exercise is suggested as an alternative for 'elderly'
or people with 'low levels of physical ability'.
These populations need moderate-high intensity
the most10, 12, 13, and performing mild exercise
might be a supplement to structured exercise, but
should not be the mainstay of a 'prescription'.
Additionally, the type of mild exercise such as
walking/cycling/tai chi can also have differing
effects on clinical outcomes such as balance14.
Mild exercise cannot prevent sarcopenia and
associated function and aerobic capacity loss15,
16,
which are much more innately correlated
with cognition than pattern recognition17, 18.
The DAPA study19, which was incorrectly labelled
as a 'moderate to high' intensity prescription in
dementia, failed to prevent cognitive decline,
and was actually a low intensity intervention
with many methodological flaws20, 21. Large
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RCT's such as the FINGER trial22 and PRETPD23, 24 use either a moderate-high intensity
aerobic/resistance training or resistance only
intervention to generate clinically significant
cognitive gains in at-risk older populations and
other neurodegenerative disorders.
b. There is a disease process underlying most agerelated memory loss due to dementia, whether
Alzheimer's disease, Parkinson's disease or Lewy
body disease to name a few. To extrapolate that
mild intensity exercise is sufficient to improve
memory in those who are elderly is unfounded
and wrong. Executive function is much more
commonly implicated in functional decline
and subsequent nursing home admission in
the elderly as it involves a loss of higher order
decision-making. Memory impairment can
often be well accommodated in the early stage
of disease with effective coping strategies (such
as note-taking, diary use, etc.)25, 26 and within
the brain itself via recruitment of other neural
networks27, while executive function cannot as
it is a complex interaction of many regions of
the brain. Moderate to high intensity exercise,
especially of anabolic nature, is effective in
increasing executive function17, 28, which has
been reported to be impaired even before
clinical manifestation of a disease process29.

4. The researchers state, “Our main goal is to try to
develop an exercise prescription that can be used
by older adults who might have disabilities or
mobility impairments, but can still adopt a very
simple exercise regimen and be able to, perhaps,
stave off cognitive decline”. The goal should not
be to minimise the effective dose, but to increase
the applicability of moderate-high intensity, robust
exercise in older adults, a modality that has
repeatedly been shown to be effective in older
cohorts7-11, 13, 15, 16, 22-24, 30-32. This article, I fear, will be
incorrectly used to justify very mild and ineffective
'exercise' regimens currently deployed in aged care
facilities and nursing homes despite even residents
reporting an enhanced engagement, self-efficacy
and perceived benefit from robust training33.
Neurophysiological research is an important part of the
research environment, but it needs to be analysed within
the context of the findings. We must be careful not to
extrapolate acute pre-post studies in this field to large
clinical cohorts with an underlying disease process. The
study itself was well executed within the design of the
study, and apart from implications for young, healthy
adults in acute pattern recognition tasks and arousal,
we must proceed with caution in extending the findings
of this study to elderly populations with cognitive
impairment and dementia.
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Appendix F: Ethics Approval for the SMART Study

Ethics approval letter from the Sydney South West Area Health Service
(SSWASH) Royal Prince Alfred Hospital (RPAH) area

479

ADDRESS FOR ALL CORRESPONDENCE
RESEARCH DEVELOPMENT OFFICE
LEVEL 8, BUILDING 14
ROYAL PRINCE ALFRED HOSPITAL
CAMPERDOWN NSW 2050
TELEPHONE:
FACSIMILE:
EMAIL:
REFERENCE:

(02) 9515 6766
(02) 9515 7176
lesley.townsend@email.cs.nsw.gov.au
X08-0064 & HREC Ref. 08/RPAH/106

24 April 2008

Professor M Fiatarone Singh
Faculty of Health Sciences, C42
Cumberland Campus
University Of Sydney
PO Box 170
LIDCOMBE NSW 2141
Dear Professor Fiatarone Singh,
Re: Protocol No X08-0064 & HREC Ref. 08/RPAH/106 - “The smart trial: study of
mental activity & regular training for the prevention of cognitive decline in at
risk individuals”
The Executive of the Ethics Review Committee, at its meeting considered your
correspondence of 28 March 2008. In accordance with the decision made by the Ethics
Review Committee, at its meeting of 12 March 2008, approval is now granted to
proceed.
This approval includes the following:
•
•
•
•
•
•
•
•
•
•

Information for Participants (Version 2, 31 March 2008)
Participant Consent Form (Version 1, 27 February 2008)
Advertisement (Version 1, 31 March 2008)
Telephone interview for Cognitive Status (TICS-M) (Undated)
Alzheimer’s Disease Assessment Scale - Cognition (ADAS-COG) (Undated)
The Lifetime of Experience Questionnaire (LEQ) (Undated)
Activities of Daily Living Physical Assessment Scale (Undated)
Short Form of the Informant Questionnaire on Cognitive Decline in the Elderly
(Short IQCODE) (Undated)
Mini-Mental State Exam (Undated)
Geriatric Depression Scale (GDS) (Undated)
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You are asked to note the following:
•

This approval is valid for four years, and the Committee requires that you furnish it
with annual reports on the study’s progress beginning in April 2009.

•

This human research ethics committee (HREC) has been accredited by the NSW
Department of Health as a lead HREC under the model for single ethical and
scientific review and is constituted and operates in accordance with the National
Health and Medical Research Council’s National Statement on Ethical Conduct in
Human Research and the CPMP/ICH Note for Guidance on Good Clinical
Practice.

•

You must immediately report anything which might warrant review of ethical
approval of the project in the specified format, including unforeseen events that
might affect continued ethical acceptability of the project.

•

You must notify the HREC of proposed changes to the research protocol or
conduct of the research in the specified format.

•

You must notify the HREC, giving reasons, if the project is discontinued at a site
before the expected date of completion.

•

Where appropriate, the Committee recommends that you consult with your
Medical Defence Union to ensure that you are adequately covered for the
purposes of conducting this study.

Should you have any queries about the Committee’s consideration of your project,
please contact me. The Committee's Terms of Reference, Standard Operating
Procedures, membership and standard forms are available from the Sydney South
West Area Health Service website.
You are reminded that this letter constitutes ethical approval only. You must not
commence this research project at a site until separate authorisation from the
Chief Executive or delegate of that site has been obtained.
A copy of this letter must be forwarded to all site investigators for submission to the
relevant Research Governance Officer.
The Ethics Review Committee wishes you every success in your research.
Yours sincerely,

Lesley Townsend
Executive Officer
Ethics Review Committee (RPAH Zone)

HERC\EXCOR08-04
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Appendix G: Participant Information Statement – SMART Study
Participant information statement for the original Study of Mental and
Resistance Training (SMART) study – Version 6
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Maria A. Fiatarone Singh, MD, FRACP
John Sutton Chair of Exercise and Sport Science
Professor of Medicine

Faculty of Health Sciences
Exercise, Health & Rehabilitation Research Group
P.O. Box 170, East Street
Lidcombe NSW 2141
AUSTRALIA
Telephone: +61 2 9351 9755
Facsimil e:
+61 2 9351 9204
Email: m.singh@fhs.usyd.edu.au

INFORMATION FOR PARTICIPANTS
Project Title
The Study of Mental Activity and Regular Training for the Prevention of
Cognitive Decline in at Risk Individuals: The SMART Trial
Ethics Committee Protocol No: Protocol No X08-0064 & HREC Ref. 08/RPAH/106
Introduction
You are invited to take part in a research study that will investigate whether mental
and/or physical exercise can prevent negative changes in thinking and memory in
older adults. Our main aim is to determine whether mental and physical exercise,
either alone or in combination, can reduce the rate of decline in brain function in older
persons at risk for such decline. As you may know, dementia is a serious problem for
our society at the individual, family, community and government level. New ways to
help prevent the onset of dementia are therefore a high priority, because at the
moment medical treatment only helps a fraction of affected individuals and for a
limited period of time.
We have defined ‘at-risk’ as those older individuals with early changes in thinking or
memory on screening tests, but who otherwise do not have severe memory loss
(dementia) or changes in daily functioning caused by such memory loss.
The telephone screening questions you completed indicated you may fit these criteria,
and our in-person screening tests will provide further information in this regard.
The study is being conducted by a group of physicians and investigators from the
University of Sydney, University of New South Wales, and James Cook University.
These investigators are:
• Prof Maria A. Fiatarone Singh, University of Sydney (Principal Investigator)
• Dr. Michael Valenzuela, University of New South Wales
• Assoc Prof Nalin A. Singh, University of Sydney
•

Professor Bernhard Baune, James Cook University

•

Prof Perminder Sachdev, University of New South Wales

•

Prof Henry Brodaty, University of New South Wales

•

Dr Wei Wen, University of New South Wales

SMART STUDY PARTICIPANT INFORMATION STATEMENT Version No: 6
Date: 19/10/2009
Page 1 of 8
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Eligibility Criteria
You must be over 55 years of age, with mild memory impairment, and willing to
participate in an 18-month study, which includes supervised training 2 days per week
for the first 6 months.
Study Procedures
The study will last for a total of 18 months. If you agree to participate in this study,
you will be asked to sign the Participant Consent form. You will then undergo the
following procedures.
1. Medical Screening at Faculty of Health Sciences, University of Sydney, Lidcombe
Screening tests will include:
• A paper and pencil cognitive test to determine if you meet our ‘at-risk’ criteria
• Medical history, physical examination, and medications review by a study
physician (Prof Fiatarone Singh, A/Prof Nalin Singh, or Dr. M Valenzuela)
• Blood tests for metabolic health and nutritional status. Included in the blood
tests will be an analysis of your DNA, which will allow us to investigate
variations in known genes which may be associated with ageing or cognitive
decline. Please note: Your provision of a DNA sample is for research purposes only
and does not constitute clinical genetic testing. You will be asked to provide a
40mL blood sample. An experienced person would take this from a vein in
your arm. You will need to fast overnight before this blood test but we will
provide you with breakfast after testing.
This testing should take approximately 90 minutes. If you are judged to be
eligible based on these tests, and you are still interested in participating in the
study, you will undergo the remainder of the baseline assessment.
2. Baseline Assessment at Faculty of Health Sciences, University of Sydney,
Lidcombe
This will include:
• A thorough assessment of your memory and thinking ability
• Evaluation of your mood and day-to-day function, and occupational,
educational, physical and leisure activity history
• Fasting blood samples (20 ml) – full blood count, insulin, cytokines etc
• Saliva sample on the morning of your assessment, and before and after a
memory test and a muscle strength test to see how your stress hormones
respond to these tests.
SMART STUDY PARTICIPANT INFORMATION STATEMENT Version No: 6
Date: 19/10/2009
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ECG exercise treadmill test: Your heart and lung response to approximately
10 minutes of treadmill walking will also be assessed. You will need to wear a
mask that helps to collect expired air whilst walking on the treadmill so that
lung function can be assessed.
Tests of your muscle strength, walking endurance (walking as far as you can
in 6 minutes), walking speed over 2 m, balance, stair climbing (time taken to
climb one flight of stairs), and chair stand performance (time taken to rise 5
times in a row). During the muscle strength tests, you will be asked to lift
increasingly heavy weights using machines until you can’t complete the lift,
using muscles of your arms and legs.
Body Composition: We will measure your height, weight, waist circumference,
and the amount of water in your body to assess your nutritional status, fat
mass and muscle mass. For the measurement of body water, small plastic
electrodes will be taped to your hand and foot and a small non-detectable
electric current will be passed through your body for one second. This test
poses no risk or discomfort to you and takes about 5 minutes to perform while
you are lying on a bed.
Cardiovascular Function: We will measure the stiffness of your arteries, and the
rhythm and speed of your heart beat. For these measurements, small plastic
electrodes will be taped to your wrists and ankles and a small pressure sensing
device will be placed against the skin on your wrist, the side of your neck and
groin. This test poses no risk or discomfort to you and takes about 10 minutes
to perform while you are lying on a bed.
Blood pressure: You will be given an automatic blood pressure cuff to wear for
24 hours to record your blood pressure periodically throughout the day and
night. You will not have to alter your usual activities during this time. There
may be minor discomfort during the inflation of the cuff, but this will not
impose any risk.
Activity monitors: You will be asked to wear a small activity monitor (about
the size of a wristwatch) on a belt for 7 days. This will measure your activity
over the period of one week and will not interfere with your daily routine or
pose any risk or discomfort.

The above assessments are expected to take approximately 3 hours and may be spread
over three visits to the Cumberland Campus. You will be allowed to take breaks
whenever you need to.
3. Magnetic Resonance Imaging Scan at Symbion Imaging Centre in Randwick
A Magnetic Resonance Imaging (MRI) brain scan will be booked for you at Symbion
Clinical Research Imaging Centre in Randwick – you will be provided with a twoway cab charge voucher in order to travel to and from this facility. You are advised to
SMART STUDY PARTICIPANT INFORMATION STATEMENT Version No: 6
Date: 19/10/2009
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wear clothing without any metal attached, as they interfere with the magnets. If you
do wear anything containing metal, you will be asked to remove it, and it will be
placed in safe place until the MRI is complete. Items to be removed prior to MRI scan
include:
•
•
•
•
•
•

Medication patch (nicotine, nitroglycerine, testosterone, oestrogen)
Diaphragm, or pessary
Dentures or partial plates
Body piercing jewellery
Hearing aid
Metal jewellery, watches, belt buckles, or metal accessory on clothing

The MRI examination will require that you lie on a table that will be moved so that
your head is inside the scanner. The magnet can be noisy and headphones and
earplugs are supplied to reduce any discomfort. There is no ionizing radiation and
there are no known side effects resulting from exposure to the MRI scan. You may be
removed from the magnet immediately at your own request at any time.
This scan is expected to take 30 minutes.
4. Monitoring of health and activity level
• In order to record any changes in your health or side effects of the training
program, you will be asked by a research assistant to answer a short list of
questions about any new symptoms, diagnoses, medications, falls, or visits to
health care professionals each week. This may be done in person or over the
phone, and will continue weekly for the full 18 months of your enrolment in
this study.
• In addition, the researchers would like to have access to your medical record to
obtain information relevant to this study, both before you are accepted, as well
as during the course of the study if necessary. Any abnormal results we find
during our testing which may be important for your health care will be
communicated directly to your physicians with your written permission.
• Between months 7 and 18, when you are no longer coming to Lidcombe for
training, you will also be asked to add to the weekly health check a simple
record of any structured physical activity (such as exercise classes or
swimming) you do and any memory exercises you do on a weekly basis.
• Throughout the 18 month period we will provide you with an activity log book
(it looks similar to a cheque book). The log contains “cheques” which you fillin according to what activity you do. The research assistants will collect your
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cheques every week, and during month 7-18 we will provide you with stampaddressed envelopes for you to send your weekly cheques.
Training
After you complete the screening process and baseline assessment (above) you will be
randomly allocated (like the toss of a coin) to one of four different training groups.
Neither you nor the researchers will be able to decide which group you join. These
groups will each provide a combination of mental and physical activity, and will last
approximately 90 minutes, 2 times per week, for 6 months.
Training visits will be scheduled twice weekly at Faculty of Health Sciences,
University of Sydney, Lidcombe. All training will be fully supervised by the study
physicians and very experienced trainers, and will be conducted in small groups of 210 people.
•
•

Memory and thinking exercises will involve computer-based tasks and
thinking processes for approximately 45 min per session.
Exercise sessions will include body movements, toning, stretching, for the
entire body for approximately 45 min per session.

Risks
The risks of participating in this study are:
• Blood sampling: This is a very common procedure and causes little discomfort
or risk. Rarely blood may leak from a vein, but applying pressure over the vein
easily stops this. However, a bruise may still appear at the site. The risks and
discomforts will be minimised, as highly experienced people will perform this
procedure under sterile conditions. The total amount of blood taken over the
18-month study is small (three samples of approximately 40 ml each= 120 ml)
and will not result in any harm.
• Exercise testing and training: There is a small risk of musculoskeletal soreness
or injury during physical function tests. This is very rare during the kind of
strength and gait testing proposed here. You will be closely supervised by a
trained and experienced health professional during all testing procedures. As
with any exercise program, there are possible risks of injury or a heart attack.
The exercise classes may cause some muscle soreness and fatigue. To
minimise these risks, we will carefully monitor you throughout your training,
prescribe a training program that is in accordance with your physical
capabilities and take care to set up the exercise equipment in a manner to
maximise your safety.
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• Memory and thinking testing and training: Fatigue and stress may accompany
testing. This will be minimised by frequent breaks as needed, gradual
introduction of materials, training in use of a computer for those without such
experience, the constant direct supervision by highly experienced staff, and
low numbers of volunteers in group training sessions. Memory testing will be
performed confidentially in a private area one-on-one with a research
assistant, and results will not be known to other participants.
• MRI Brain scanning is safe when routine screening procedures are followed
and our expert staff at Symbion Clinical Research Imaging Centre will do this.
You may experience feelings of claustrophobia, and the test will be stopped if
you require this.
During each test procedure, and at regular weekly intervals throughout the
program, we will ask you to inform us of any side effects that you may
experience. It is important that you contact the study staff immediately if there
are any unusual health experiences, injury or bad effects. This notification
should take place whether or not you believe that the problem is related to the
exercise program or from some other cause. Prior to any testing, the study
doctor will review your medical history to make sure that you are medically
ready for the study procedures.
Benefits
While we intend that this research study furthers medical knowledge and may
improve treatment of memory loss and dementia in the future, it may not be of direct
benefit to you. Exercise training may provide you with improved fitness, function
and sense of well-being.
Compensation for injuries or complications
If you suffer any injuries or complications as a result of this study, you should contact
the study doctor as soon as possible, who will assist you in arranging appropriate
medical treatment. If you are eligible for Medicare, you can receive any medical
treatment required to treat the injury or complication, free of charge, as a public
patient in any Australian public hospital.
In addition, you may have a right to take legal action to obtain compensation for any
injuries or complications resulting from the study. Compensation may be available if
your injury or complication is sufficiently serious and is caused by unsafe drugs or
equipment, or by the negligence of one of the parties involved in the study (for
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example, the researcher, the hospital, or the treating doctor). You do not give up any
legal rights to compensation by participating in this study.
Costs
Participation in this study will not cost you anything, nor will you be paid. You will
be provided with a cab-charge voucher for your study visits to the Prince of Wales
Hospital for MRI scans at baseline, 6 months, and 18 months. All meals will be
provided during the study visits to the Faculty of Health Sciences, Lidcombe, for
assessments at baseline, 6 months, and 18 months. You will not be provided with
transportation expenses for the training sessions at the Faculty of Health Sciences,
University of Sydney, Lidcombe (2 days per week for 6 months).
Voluntary Participation
Participation in this study is entirely voluntary. You do not have to take part in it. If
you do take part, you can withdraw at any time without having to give a reason.
Whatever your decision, please be assured that it will not affect any medical treatment
or your relationship with staff who may care for you in the future.
Sometimes during the course of a study, new information becomes available about the
treatment that is being studied. While you are participating in this study, you will be
kept informed of any significant new findings that may affect your willingness to
continue in the study.
Confidentiality
All the information collected from you for the study will be treated confidentially, and
only the researchers named above and research assistants hired to work on this study
will have access to it. The study results may be presented at a conference or in a
scientific publication, but individual participants will not be identified by name in
such a presentation. If you agree, an image of you participating in testing or training
sessions may be used in such presentations to scientific audiences to demonstrate the
nature of the study procedures.
Further Information
When you have read this information, Prof Fiatarone Singh or one of her colleagues
named above will discuss it with you further and answer any questions you may have.
If you would like to know more at any stage, please feel free to contact her on:
02 9351-9755.
This information sheet is for you to keep.
SMART STUDY PARTICIPANT INFORMATION STATEMENT Version No: 6
Date: 19/10/2009
Page 7 of 8
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Ethics Approval
This study has been approved by the Ethics Review Committee (RPAH Zone) of the
Sydney South West Area Health Service. Any person with concerns or complaints
about the conduct of this study should contact the Executive Officer on 02 9515-6766
(fax: 02 9515-7176, email: lesley.townsend@email.cs.nsw.gov.au) and quote protocol
number X08-0064/HREC Ref: 08/RPAH/106.
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Appendix H: Manual of Procedures (SMART): Actigraph Processing
Manual of procedures for the Study of Mental and Resistance Training
(SMART) study in relation to the set up, cleaning and analysing of actigraph
data
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ACTIGRAPH MONITORS
Physical activity and sleep quality will be monitored using two Actigraph monitors
worn over seven full days at each timepoint (baseline, 6 and 12 months). The
Actigraph used to measure physical activity data is worn around the waist. The
Actigraph used to measure sleep quality is worn on the wrist.

Software used to Initialize, Download and Analyse Data
The software program ActiLife is used to initialize (set the start times) and download
the data from the both the “waist” and “wrist” Actigraphs, and also to analyse data
from the “wrist Actigraph for the analysis of sleep quality.
First, download the most recent version of ActiLife. It is strongly recommended that
the software is up-to-date as a number of issues have been addressed in the latest
release:

http://support.theactigraph.com/product/ActiLife6-software
After installing the software, you can use the following Product Keys to activate the
software:
Full: This Product Key may be used to activate the Full ActiLife analysis software on
10 computers. Product Key: 8E90-182E-7D-CAA5-3E72
Lite: This Product Key may be used on 15 additional computers to activate a Lite
version of the software. This version will allow you to download and initialize devices
only. Product Key: CD1E-D2F6-ED-0068-C9CA
In order to move your installation of ActiLife from one computer to another, you must
first Deactivate the license on the old computer. This will then allow you to Activate it
on the new PC.
To do this, go to the old computer (if you still have access to it), open ActiLife, and
click on Help, and then Deactivate. There is a link at the bottom of the window that
says "View Activation Details"; click on that and make a note of your Product Key as
you will need this to reactivate the software on your other computer. Then enter
DEACTIVATE in the dialog box, and click the Deactivate button. You can then install
and activate ActiLife on a different computer.
The Lite and Full version of the software are the same, the only difference is the
Product Key used to activate the software. Using the Full Product Key will enable all
the data analysis features of the software. If the Lite Product Key is used, only the
ability to download or initialize will be enabled.
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Actigraph Initialization (Set Up) Procedures
Initialisation sets up the Actigraph for use and clears data from previous collection
period.
➢ NOTE: Make sure that Actigraph data from the last collection period has been
downloaded and saved prior to re-initialization.

“Waist” (Physical Activity) Actigraph
1. Connect “Waist” Actigraph to USB on Computer
2. Go to ‘programs’ and select ActiGraph and then ‘ActiLife6’
3. The ActiLife program will open. Select the “Devices tab”. The details of the
actigraph monitors which are connected to the computer will be displayed.
4. Select the check box corresponding to the waist device to be initialised (or
check “select all devices”).
5. Select “Initialise”.
6. The initialise device(s) screen will pop up allowing you to set the parameters
for initialisation.

7. Complete the following parameters:
a. Epoch period: 10 second (waist actigraph)
b. Number of Axis: 1
c. Filter: Normal
d. Select ‘Steps’ and don’t select ‘Flash LED’
e. Start date: Select the date that the actigraphs are placed on the
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subject.
f.

Start time: Set the start time to 6:00 PM

g. Select “Use stop time”
h. Stop date: Select the date 8 days from the start date. Therefore if data
collection begins on a Monday it will finish Tuesday week.
i.

Stop time: Set the stop time to 12:00 PM

j.

Select ‘Enter Subject Info’ and the “enter subject information” box will
come up as seen below.

k. Double click on the white field under subject name. Enter the first
initial and the first five characters of the surname, waist, timepoint (0,
6 or 12 months) in alphanumeric characters in the following format.
J.Smith_waist_0
8. Select ‘Initialize All’.
9. When this process is complete the ‘Status’ in the ‘Devices’ window will show
‘finished initialising…’
10. Check all the information in the ‘Devices’ window is correct.
Remove the USB connector. The Actigraph is now ready to be worn and
collect Data.

“Wrist” (Sleep Quality) Actigraph
1. Connect “Wrist” Actigraph to USB on Computer
2. Go to ‘programs’ and select ‘ActiLife6’
3. The ActiLife program will open. Select the “Devices tab”. The details of the
actigraph monitors which are connected to the computer will be displayed.
4. Select the check box corresponding to the wrist device to be initialised (or
check “select all devices”).
5. Select “Initialise”.
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6. The initialise device(s) screen will pop up allowing you to set the parameters
for initialisation.
7. Complete the following parameters:
a. Epoch period: 60 second (wrist actigraph)
b. Number of Axis: 1
c. Filter: Normal
d. Do not select ‘Steps’ or ‘Flash LED’.
e. Start date: Select the date that the actigraphs are placed on the
subject.
f.

Start time: Set the start time to 6:00 PM

g. Select “Use stop time”
h. Stop date: Select the date 8 days from the start date. Therefore if data
collection begins on a Monday it will finish Tuesday week.
i.

Stop time: Set the stop time to 12:00 PM

j.

Select ‘Enter Subject Info’ and the “enter subject information” box will
come up as seen previously.

k. Double click on the white field under subject name. Enter the first
initial and the first five characters of the surname, wrist, timepoint (0, 6
or 18 months) in alphanumeric characters in the following format.
J.Smith_wrist_0
8. Select ‘Initialize All’.
9. Progress is displayed in the ‘Status’ column in the ‘Devices’ window. When
this is complete it will show ‘finished initialising…’
10. Check all the information in the ‘Devices’ window is correct.
11. Remove the USB connector. The Actigraph is now ready to be worn and
collect data.
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Placement of Actigraphs on Subject
1. Actigraphs are normally placed on the participant after Assessment A.
2. Place the waist actigraph (activity) on the non-dominant ASIS, and place the
wrist actigraph (sleep) on the non-dominant wrist.

Instructions to Subject
1. Actigraphs are to be worn over 7 full consecutive days (from Mon week 1
[Asses. A] to Tues week 2 at baseline; from Wednesday or Thursday week 1
[Assess. A] to Thursday or Friday week 2 at 6 and 12 months. Dates for
monitoring will be written on subject’s activity log.
2. Both “wrist” and “waist” Actigraphs are not to be wet and must be removed
during showering/bathing or swimming.
3. “Waist” Actigraph is to be removed when getting into bed and put back on
when getting out of bed. (must leave the “wrist” Actigraph on while sleeping).
4. Ensure the subject understands how to complete the ‘Actigraph Log’,
recording exact “ON” and “OFF” times during the week.
5. The subject should be asked to avoid sleeping with their monitored wrist
across their chest or abdomen to minimise movement artefact due to the rise
and fall of the chest/abdomen during breathing. (This instruction is on the
log).
6. The subject should be asked whether they sleep with an active/restless
partner (“Does your partner toss and turn or get in and out of bed frequently
during the night” - Circle “yes/no” on the Actigraph log). Reverberations from
an active bed partner may overestimate the subject’s movement and number
of awakenings.
7. The subject should be asked if they sleep in a water, rocking or vibrating bed
(for the reason stated above). Circle “yes/no” on the Actigraph log)
8. The subject should be asked if they have a movement disorder which causes
them to move without waking, for example restless leg syndrome, periodic
limb movement disorder or sleep walking. Circle “yes/no” on the Actigraph
log.
9. The subject should be asked if they take any medications which disturb their
sleep – The research assistant will have a list of relevant medications. If any
of the listed medications are used, the subject should circle “yes/no” for use
on each day monitored on the Actigraph log.
10. The subject should also be asked to circle “yes/no” for each day on the
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Actigraph log if they ingest caffeine, alcohol or nicotine within 2 hours of bed
time.
11. The patient should be asked to document if they got up out of bed during the
night and if so how many times.
12. For participants at 6 and 12 month time points, both the “Waist” and the
“Wrist” Actigraphs are to be removed (by research assistant) and placed on a
table during study exercise and gait sessions and put back on at the end of
each session.
For additional information on standards of practice and other issues on the role of
Actigraphy for sleep study, refer to the following reference:

Littner, M. et al., (2003) Practice Parameters of the Role of Actigraphy in the
Study of Sleep and Circadian Rhythms: An Update for 2002. An American Academy
of Sleep Medicine Report. SLEEP, 26(3); 337-341, Tryon, W. (2002)

Actigraph Download Procedures
1. Connect Actigraph to USB on Computer
2. Go to ‘programs’ and select ActiLife6’
3. The ActiLife program will open. Select the “Devices tab”. The details of the
actigraph monitors which are connected to the computer will be displayed as
shown previously.
4. Select the check box corresponding to the devices to be downloaded (or
check “select all devices”).
5. Select ‘Download’.
6. The next screen that will appear is the ‘Download Options’ as shown below.
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7. Select <Subject Name><Start Date> for download naming convention
8. Select ‘Download All Devices’
9. The ‘Status’ in the ‘Devices’ window will show ‘finished downloading…’
10. Check all the information in the ‘Devices’ window is correct.
11. To locate and check these files have saved go to the file location;

My

Computer\(C) Drive\Documents and Settings\your own named file\My
Documents\ActiGraph\ActiLife\Downloads, the saved files should be here.
You should have two files; a wrist and a waist for each subject.
12. Select and copy the files to the shared server Z:\THELO\07 - Databases\
Actigraph Data.

Immediately Checking the Data for Errors
It is important that the data is checked immediately to check for errors in data
collection or equipment failure. Data must be downloaded and checked before you
send the participant home. This way if there is a problem with the data the actigraphs
can both be re-issued and worn again for another week.
Sleep Data
1. Refer to the procedure for ‘Uploading Sleep Data’.
2. Visually check that there is 7 days of data collected. This is obvious as you
will see blue activity lines for each day.
3. If data has not recorded for 7 days or if there is no blue activity data displayed
then both actigraphs must be re-issued and re-worn if the participant is willing
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to do so.
Activity Data
1. Refer to the procedure for “Saving an AGD file as an excel.csv file”
2. When you have saved the waist AGD file as a .csv file, open the .csv file.
3. Check the start and finish date at the very top of the file.
4. Scroll down to check that the actigraph has recorded 7 days of data.
5. Check that data has been collected every 10 seconds.
6. Scroll down and check that column C has numbers recorded in the cells.
There will be large periods of continuous zero’s which is normal, so long as
there are numbers recorded throughout column C.
7. If there are problems with any of the above, then new actigraphs must be
initialised and re-issued to the participant to re-do. Please take extreme care
to avoid any human error that may require the participant to re-wear the
monitors. This is not ideal and shouldn’t happen often.

Analysing Physical Activity & Sleep Data
It is recommended that sleep (wrist) and physical activity (waist) data for each patient
is analysed simultaneously. Bed and wake times determined during physical activity
analysis are required during sleep analysis.
Determining accurate removal periods during physical activity analysis requires
viewing the sleep data to match removal periods between the devices.

Physical and Sedentary Activity Data
Physical and sedentary activity will be analysed using the Crouter 2 Regression
(C2R) macro in Microsoft Excel. The data analysis options from the ActiLifeGT1M
software will not be used.
The C2R macro was developed by Dr Scott Crouter and enables estimation of time
spent in sedentary activity and categories of light, moderate, and vigorous physical
activity over 5 days. We have extended Dr Crouter’s original marco to function over 7
days
For equation methodology and validation data refer to:
Crouter S.E., Clowers K.C., and Bassett D.R Jr. (2006) A Novel Method for Using
Accelerometer Data to Predict Energy Expenditure. J Appl Physiol 100: 1324-1331
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For data preparation/processing refer to:
Masse L.C., et al. (2005) Accelerometer Data Reduction: A Comparison of Four
Reduction Algorithms on Select Outcome Variables. Med Sci Sports Exerc 37 (11):
S544-S554

Contact Details for Dr Scott Crouter:

Scott Crouter, Ph.D
Assistant Professor
University of Massachusetts Boston
Dept. of Exercise and Health Sciences
100 Morrissey Blvd.
Boston, MA 02125
(w) 617-287-7509
(fax) 617-287-7527
Email: Scott.Crouter@umb.edu

** All manuscripts will acknowledge Dr Crouter’s generous contribution in sharing
these analytic procedures with us.**

Procedure for Viewing and Cleaning Physical and Sedentary Activity
Data

*** May need to change Mircosoft Excel security setting to “enable macros” ***
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1. Open Excel
2. Click “Tools” from top taskbar
3. Click “Options” from menu
4. Click “Security” tab from options dialog box
5. Click “Macro Security” button
6. Click “Medium – choose whether to run potentially unsafe macros” setting
Overview:

•

“Waist” Actigraph data is downloaded as a .agd file. This .agd file must be
saved as an excel.csv file using the ActiLife6 program.

•

The excel.csv file is then cleared of erroneous data and data captured during
times when the Actigraph was removed (i.e., during bathing/swimming, study
exercise training sessions, and time in bed at night). Refer to the participant’s
Actigraph log and training diary for “ON/OFF” times. The “wearing time” and
“number of wearing interruptions” must be calculated, as well as determining
whether the day was a “valid” day, the “number of valid days” and the
“number of weekdays”

•

The “cleaned” excel.csv file is then imported to the Excel spreadsheet running
the C2R macro for analysis of the 7 days of data.

Saving an AGD file as an excel.csv file
1. Go to ‘programs’ and select ‘Actigraph - Actilife6’
2. Click “File”, then “Import/Export” then AGD to Data Table (.csv)
3. Select the waist Actigraph .agd file (Path: My Computer -> Singh (\\ssri-fs-pro3.mcs.usyd.edu.au) Z:\THELO\12 - Databases\Actigraph Data.) you want to
analyse. Files will be named by “Subject Name_waist_timepoint”. Click
“Open”.
4. Select “Yes” to view the file in Excel when prompted.

Cleaning the excel.csv file
The purpose of cleaning the .csv files is to identify erroneous data, determine
removal intervals, calculate wearing time, and determine number of valid days.
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For each time-point you will need the participant’s excel .csv file, Actigraph log,
Actigraph Data Screening Form and the ActiLife Software for Sleep Scoring to
visually check waist (physical activity) data against the wrist (sleep) data.
1. The Excel.csv file will show 3 columns of data: Date; Time: and Activity Count
(note: may not be titled as such).

2. The Actigraph is set up to start recording at 18:00:00 (6PM) on the day it is
fitted (day 0) at Assessment A. Data will be used beginning from 3:00:10 am
the next day (day 1). A 24hr period (i.e., a “Day”) will cover the interval
between the cells of 3:00:10AM day 1 to 3:00:00AM day 2.

3. Use the participants ‘Actigraph Log’ (data sheet) as a guide to the
approximate “waist” actigraph removal intervals. The actual removal
intervals will be denoted by a long succession of “0” activity counts within the
.csv file beginning around the “OFF” time, and ending around the “ON” time,
indicated on the participant’s Actigraph Log.

4. Scroll through the data and write down the actual bed time for day one on the
Actigraph Data Screening Form. The time recorded is first “0” in the long
succession of “0” activity counts, which indicates removal of the actigraph
monitor for the night.
➢ NOTE: This time is not required for physical activity analysis; however
it is required for sleep analysis.
5. Now go back and delete all rows from 18:00:00 day 0 to 3:00:10 day 1.

6. Type in a “0” in the “Activity Count” column at 3:00:10AM on Day1 and at
3:00:00AM on each subsequent day. This is needed to define a 24hr period
and calculate MET values when “activity count” cells are blank (due to
deleting periods of inactivity due to sleep). The final .csv file will begin at
3:00:10 day 1 and end at 3:00:00 day 8.

7. Visually screen the Activity Count column for erroneous data. Erroneous
data will be identified when an activity count is held at the same number
(>0) for 10 minutes (ref. Masse et al, 2005). This data will be deleted and
treated as missing data. Record the ‘Total time of Erroneous Data Deleted’ on
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the “Actigraph Data Screening Form”

8. Activity Count data will be deleted for periods when the “waist” Actigraph was
removed (i.e. bathing/showering/swimming, study exercise training sessions,
and night sleeping times).

9. Write these times (first and last “0” of actual removal interval) on the
Actigraph Data Screening Form.

10. To ensure the correct removal time, immediately check it against the wrist
(sleep) data, using the ‘ActiLife6’ software program. The sleep data can be
viewed in graphic format, which allows for accurate determination of times
where the wrist and waist monitor were removed. (Refer to Procedure for
Uploading Sleep Data).
➢ NOTE:

If the waist data shows there is no obvious removal period

(period of zero counts) anywhere near the documented removal time,
and viewing the wrist data shows the wrist monitor was removed, do
not assume and remove an activity time. When information sources do
not agree, first go with what the data shows, rather than what is
recorded on the patient Actigraph Log.

11. Calculate the time period of each removal interval and sum to calculate Total
Removal Interval Time and record on Actigraph Data Screening Form, along
with the number of removal intervals.

12. Highlight and delete all “0” activity count cells within actual removal intervals.
DO NOT DELETE THE “DATE” AND “TIME” DATA.

➢ NOTE:

‘Actigraph

Log’

indicates

removal

intervals

during

bathing/showering/swimming and sleeping only. During follow-up
testing periods (6 & 12mths), participants also remove the ‘waist’
actigraph during scheduled study exercise training sessions. To
identify removal intervals during these periods, the participants
training time and attendance must be confirmed via review of the
training diary and communication with the RA supervising training.
Write training attendance (yes/no) and training time for each
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scheduled session on the Actigraph Data Screening Form.

13. Calculate “Wearing Time” for each day. The Actigraphs are initialised to start
at 6pm on the day of Assessment A. Day 1 of activity analysis will begin the
following day. Determine the number of waking hours between the time the
actigraph was put “ON” (disruption of continuous “0”’s) upon getting up in the
morning and the time the actigraph was taken “OFF” (beginning of continuous
“0”’s) around the indicated bed time. Wearing time (hrs) = waking hours (hrs)
– total removal interval time (hrs). Record this time on the data sheet.

➢ NOTE: In absence of a patient actigraph training log, determine
waking hours by the disruption of continuous “0”s to commence the
day “ON”, and the beginning of continuous “0”s to conclude the day
“OFF”. All Sedentary data and Physical Activity Levels (PAL) in this
case are not valid as sedentary time is over represented without
actual removal times.

14. When there is a clear discrepancy between the get up time recorded on the
participant training log and actual get up time as indicated by the disruption of
continuous “0”s in the dat file, the following rules apply:
1. When get up time is recorded on the participant actigraph log
and the actigraph monitor has clearly not been placed on until
several hours later in the day, check the sleep data to
determine what time the participant started moving around in
the morning. If this is close to the time documented on the
actigraph log then get up time should be recorded as the
“actual” get up time on the sleep data denoted by the first blue
line of activity. Refer to “Viewing uploaded sleep data”.
2. When the difference is minimal (<2hours) between waking time
on the actigraph log and actual time on the .csv file indicating
when the actigraph monitor was placed on, use the actual time
determined by the disruption of continuous “0”s on the dat file
to record waking time on the data entry sheet.

15. Determine if the day was a “Valid Day”:
a. A day is considered valid if the ‘wearing time’ is at least 60% of
‘waking hours’ (ref. Masse et al, 2005). This is automatically
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calculated in the “Actigraph Data Screening Form”.
b. A day is also considered to be a “Valid Day” when ‘wearing time’ is
greater than 10 hours.
c. A day is considered “Invalid” if a subject completed a scheduled
study exercise training session (Wed/Fri/Mon) but failed to actually
remove the actigraph monitors during. This will be obvious when
observing the dat file as there will be activity count data (rather than
continuous zero’s) in the cells during the time the subject was
documented to be training.
d. Calculate this for each day and record ‘yes/no’ on the data sheet as
well as the number of valid days during the week, and total number of
valid days.
➢ NOTE: A true record of ‘Waking hours’ is critical to determine if
wearing time is valid. For example under circumstances where
waking time is recorded on the actigraph log as 7:15 am and the dat
file shows that the actual time the monitor was placed on was 12:40
pm then waking time must be recorded as 7:15 am to fully capture
waking hours.
16. Complete this “cleaning” procedure for all days of the week.

17. Click “Save”

Importing “cleaned” data from .csv file into C2R Macro
1. Click on column “C” (activity count data), highlighting the entire column.
2. Click “Edit” (top task bar), then “copy” (from drop down menu)
3. Open the “2Regression Macro refined-7day-start row 11-118.05.10” excel
file for data starting on row 11 in the excel.csv file, or open the “2Regression
Macro refined-7day-start row 12-118.05.10” excel file for data starting on
row 12 in the excel.csv file.

(Path: Z:\THELO\07 - Databases\Actigraph

Data\Actigraph Activity Macro Files)
4. Be sure to click “enable macros” when prompted.
5. Click on column “C”, highlighting the entire column
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6. Click “Edit” (top task bar), then “paste” (from drop down menu). This will paste
the ‘activity count’ data of the subject into the C2R macro which will calculate
all the variables to be analysed.
7. Columns A (date) and B (time) from the subjects .csv file should also be
copied and pasted into the respective columns of the C2R macro in the same
way so data can be referenced against the participant’s “Actigraph Log”
(However, dates and times do not effect the how data is calculated).
8. This Macro file now needs to be saved for this participant. Click “File” (top
task bar), then “Save As” (from drop down menu).
9. Name the file using the same naming convention as above in addition to
adding “macro” to denote it as such. Eg. “Toovey,B_waist_6mths_macro”.
10. Save the file in the “Actigraph C2R Macro files” folder (Path:\THELO\07 Databases\Actigraph Data\Actigraph Activity Macro Files).

Variables Created By the C2R Macro
The C2R Macro will automatically calculate the following physical activity variables.
These variables are located at cell reference numbers rows 60501-60525 and
column Q-Z.

Physical Activity Level (MET)
Total sedentary (1MET) time in minutes
Total sedentary (1MET) time in hours
Mean Sedentary Time (mins)
Median Sedentary Time (mins)
Minimum Sedentary Time (mins)
Maximum Sedentary Time (mins)
Number of Breaks in Sedentary Time

Time (mins) spent in Light Lifestyle (<3MET) Activity
Time (mins) spent in Moderate Lifestyle (3-6MET) Activity
Time (mins) spent in Vigorous Lifestyle (>6MET) Activity
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Time (mins) spent in Light Walk/Run (<3MET) Activity
Time (mins) spent in Moderate Walk/Run (3-6MET) Activity
Time (mins) spent in Vigorous Walk/Run (>6MET) Activity
Total Energy Expenditure (METs) spent in Sedentary (1MET) time
Total Energy Expenditure (METs) spent in Light Lifestyle (<3MET) Activity
Total Energy Expenditure (METs) spent in Moderate Lifestyle (3-6MET) Activity
Total Energy Expenditure (METs) spent in Vigorous Lifestyle (>6MET) Activity
Total Energy Expenditure (METs) spent in Light Walk/Run (<3MET) Activity
Total Energy Expenditure (METs) spent in Moderate Walk/Run (3-6MET) Activity
Total Energy Expenditure (METs) spent in Vigorous Walk/Run (>6MET) Activity

Copy and paste these variables from the C2R Macro into the Actigraph Data
Screening Form (Path:\THELO\07 - Databases\Actigraph Data\Actigraph Activity
Macro Files (baseline/6 months/12months).
Other data from the cleaning data sheet to be entered into the Actigraph Physical
Activity Database includes:
1. Total Erroneous Data Deleted (Hrs)
2. Waking Hours
3. Total Removal Interval Time (hrs)
4. Number of Removal Intervals
5. Wearing Time (Hrs)
6. Percentage of Waking Hours Worn
7. Valid Day (Y/N)

Data will be entered for each of the 7 days the Actigraph is worn at each timepoint for
all the above variables

Notes on Calculated Variables in the Crouter Refined Regression 2 Macro
•

Sedentary (1MET) time: when activity counts are <8 counts/10sec epoc = 1
MET = sedentary activity

•

Lifestyle activity: activity counts (10 sec epocs) per min with a CV > 10
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Walk/Run activity: activity counts (10 sec epocs) per min with a CV </= 10

Calculating daily averages for each variable
Daily averages must be calculated in Microsoft Excel to accommodate for missing
data and differences in days of total wearing time. (Statview is not able do this).
1. Create a new excel file or follow the existing file (Path: Z:\THELO\07 Databases\Actigraph Data\Actigraph Database (baseline/6months/12months).
2. Using the “Actigraph Physical Activity Database” select the first variable eg.
Day 1 Waking Time. Copy and paste the whole column of data for each of the
7 days into a new column. For example you will end up with Waking Time
Variables for each subject and 7 columns of data for each of the 7 days the
actigraph was worn.
3. Create a new column with the heading “Average Daily Waking hours
baseline.
4. Enter the formula (=AVERAGE (B2-H2) in the first cell (reference number I2)
for the first subject.
5. Holding the mouse click the bottom right hand corner of the cell and drag
down to automatically calculate the averages for each patient.
6. Place a full stop into any empty cells without a value.
7. Copy column (I) with the daily average data for each subject and paste into
the same column in the Statview Database “Actigraph Physical Activity
Database”.
8. Repeat this process for each daily average variable listed in the Codebook on
a new tabbed page in the same Excel file.

Procedure for Viewing Sleep Data

“Wrist” (Sleep Quality) Actigraph
1. Connect “Wrist” Actigraph to USB on Computer
2. Go to ‘programs’, then select ‘ActiLife6’
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3. The ‘ActiLife’ window will appear and the wrist device will appear in the
devices grid.
4. Select (check the box) the wrist device to be downloaded and click
“download” at the top of the screen.
5. The download options screen will appear allowing you to select the naming
convention.
6. Select <Subject Name><Start Date>
7. Select ‘download all devices’
8. When the data has finished downloading the ‘Status’ column in the devices
tab will change to a hyperlink with the text “finished downloading...”

Prior to commencing data analysis you will need to locate the following:
1. Patient Actigraph Diary which is located in the patient assessment file at each
time point, baseline, 6 months and 12 months.
2. Waist AGD file converted to an excel .csv file.
3. Wrist AGD file to upload for sleep scoring.
4. Patient Actigraph Data Screening Form which is completed in an excel file
during “waist” activity analysis. File path My Computer -> Singh (\\ssri-fs-pro3.mcs.usyd.edu.au) Z:\THELO\12 - Databases\Actigraph Data\Actigraph Data

Screening Form (select relevant time point).
Downloaded “wrist” sleep data files must be in an .agd file format before you can
proceed. The current version of ‘ActiLife’ will automatically save “wrist” files as an
.agd file extension during data download.

Converting a DAT file to an AGD file
1. Select the ‘Sleep Scoring’ tab at the top of the screen
2. Click ‘Select Dataset’ and locate the .agd file you wish to view
3. If the file has not been saved in 60 second epochs a pop-up box will ask if
you want to re-integrate the file. Select Yes.
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4. Graphs of each day will appear in the “sleep scoring” view as shown below .

5. Check that the day and date are consistent with the Actigraph Log. The days
and dates should display correctly matching the Actigraph Log.

Entering sleep/wake times
To enter accurate sleep times you need to refer to the patient Actigraph Log and the
patient Actigraph Data Screening Form for each subject.
1. In the top right hand corner select the Algorithm `Cole-Kripke’ for analysis.
2. Click “Add Sleep Period” on the right side in the `ActiLife’ sleep scoring
window.
3. Select the date of the first day the actigraphs were placed on the subject.
Enter exact bed time
a. Refer to the ‘Actigraph Data Screening Form’ to find `bed time (off)’ which
indicates the exact time the waist monitor was removed for the night.
b. Refer to the patient ‘Actigraph Log’ and check that `bed time (off)’ is the true
bed time and not the time the monitors were removed for a shower that night.
If this is the case, the `shower on’ time will more accurately reflect actual
bed time.
c. To enter ‘In Bed Time’ the following rules apply:
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i.

If `Bed Time (off)’ time is the same as `shower (off)’ time, then
record In Bed Time in ActiLife as the time recorded for ‘shower
(on)’, indicating the time that the wrist monitor was placed back on
after the shower. If this is not done then shower time will be
incorrectly included during sleep time hours.

ii.

If the ‘Bed Time (off)’ recorded on the patient ‘Actigraph Log’
correctly matches the `Actigraph Data Screening Form’ then take the
`Bed Time (off)’ documented on the `Actigraph Data Screening
Form’ and record this as `In Bed Time’ in ActiLife.

iii.

Record `In Bed Time’ to the minute the participant went to bed. For
example if `bed time (off)’ is recorded as 22:21:50 on the Actigraph
data screening form, then record 22:21 as ‘In Bed Time’.

iv.

If the bed time is after midnight, ensure to record the date as the
following day in the format 12:37 AM.

Enter exact wake-up time
a. Select the following days date (or the same date if the patient went to
sleep after midnight).
b. Refer to the ‘Actigraph Data Screening Form’ to find `wake up (on)’
which indicates the exact time the waist monitor was placed back on
in the morning.
c. Refer to the patient ‘Actigraph Log’ and check that `wake up (on)’ is
the true wake up time and not the time the monitors were placed on
after a shower first thing in the morning. If they had a shower prior to
placing the monitors back on in the morning then the `shower on’
time will more accurately reflect the actual ‘Out Bed Time’.
d. To enter ‘Out Bed Time’ the following rules apply:
i. If `Wake Up (on)’ time is the same as `shower (on)’ time,
record Out Bed Time in ActiLife as the time recorded for
‘shower (off)’ indicating the time they got into the shower. If
this is not done then shower time will be incorrectly included
during sleep time hours.
ii. If wake up time recorded on the patient `Actigraph Log’
correctly matches the Actigraph Data Screening Form, then
take the `Wake Up (on)’ documented on the `Actigraph Data
Screening Form’ and record this as `Out Bed Time’ in ActiLife.
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e. Record `Out Bed Time’ to the minute the participant woke up. For
example if `Wake Up (on)’ is recorded as 6:54:20 on the `Actigraph
Data Screening Form’, then record 6:54 AM as ‘Out Bed Time’.
4. Select ok, the sleep scoring software will display a graph for each day as
shown below.

5. Areas on the graph can be magnified by clicking and dragging the mouse
over the area of interest. You can continue to magnify by further dragging the
mouse to look at minute by minute epochs particularly at the beginning and
end of the sleep period. To return to the normal view, click the small circle in
the bottom left-hand corner of the graph.
6. Visually check that the data corresponds with both the ‘Actigraph Log’ and the
‘Actigraph Data Screening Form’. Check for shower times to ensure they
match the waist data in the ‘Actigraph Data Screening Form’.
7. Maintain a detailed Sleep Analysis Log detailing any missing data,
mismatching data, or assumptions made.

Guiding Rules
a. When there are discrepencies between the ‘Actigraph Log’, the
‘Actigraph Data Screening Form’ and the visual sleep data making it
difficult to determine bed and wake times, go with two out of the three
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data sources. Use either the log or the data screening form, whichever
matches closest with the actual sleep data.
b. Assume as instructed, that the waist monitor is taken off as they go to
bed, and the waist is put back on as they get up out of bed.
c. In absence of a patient ‘Actigraph Log’, or in circumstances where
sleep/wake times have not been recorded correctly on the `Actigraph
Log’ use the `Actigraph Data Screening Form’ and actual data to
determine sleep/wake times.
d. If the `Actigraph Data Screening Form’ is not available (i.e. when
waist/activity data is missing) then the following rules apply:
a. First check the status of the waist file on the `Actigraph Diary
and Data Entry Log’ located at the following file path;
Z:\THELO\Databases\ Actigraph Data. Sometimes waist .dat
files can be incorrectly initialised to record data in 60 second
epochs meaning they can’t be analysed for physical activity
data. In such circumstances, open the waist .dat file in excel.
Then use this file to determine waist bed and wake times.
Remember to visually check the wrist data to ensure shower
times are not included during sleep hours.
b. For the remaining subjects with no `Actigraph Data Screening
Form’, use the `Actigraph Log’ as a guide to determine
sleep/wake times. If the log does not closely match the data
(within 30 minutes) then take the last and first blue line of
observable activity and record this as ‘In Bed Time’ and ‘Out of
Bed’ time. Note that sleep latency, sleep efficiency and sleep
onset are not to be reported. These variables will be incorrect,
as the patient might have tossed and turned before falling
asleep or waking up. When this occurs make a note of this on
the Sleep Analysis Log and in the database.
e. If both the Actigraph Log and the Actigraph Data Screening Form are
missing, use the actual sleep data to plot bed and wake times as the
last and first blue lines on the graph. Make sure this is documented
and efficiency, latency and sleep onset are not reported.
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f.

When the actual visual sleep data displayed in the ActiLife program
does not correspond with the Actigraph Log or the Data Screening
Form then proceed as follows:
a. Check the original uncleaned, waist .csv excel data file against
the visual wrist data graphed in ActiLife. Look for the last block
of observable waist activity greater than 1-2 mins, if this time is
within 10 minutes of wrist activity ceasing/commencing then go
with the time observed on the waist .csv file as sleep/wake
time.
b. If the difference between waist bed/wake time and wrist
bed/wake time is significant (greater than 30 minutes) then use
the last observable activity epoch denoted by blue lines on the
wrist data graph to set the bed time knowing that latency,
efficiency and sleep onset variables will not be valid. Make a
note of this in the Sleep Analysis Log.

g. Whereby entering the documented bed time into ActiLife provides a
sleep latency variable of zero then the following rules apply:
a. Ensure that the documented bed time does not correspond
with the shower time. If this is the case then record bed time as
the time the first blue epoch line falls after an evening shower.
This will reduce and invalidate the sleep latency variable. Make
a note of this in the Sleep Analysis Log
b. With any other discrepancy, adjust the bedtime to the closest
time possible to the documented bed time on the Actigraph
Data form or Log that doesn’t produce a sleep latency of zero.
8. Once this is complete for each of the days, re-check the data ensuring that all
of the dates and times are correct.
9. Select `save sleep report’ -> select both boxes to create CSV and PDF
reports.
10. The following sleep quality variables will be generated for each day:
•

Sleep Efficiency

•

Sleep Onset – Time at which the SleepTracker estimates the subject
fell asleep

•

Sleep Latency - Estimated interval of time between “settling in” to go
to sleep and the onset of sleep
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•

Time Asleep – Estimated hours and minutes spent during the sleep
time

•

Minutes Awake – Estimated minutes awake during the sleep time

•

Number of Awakenings - Estimated number of times the user woke

•

up during the sleep time
Average time (duration) of awakenings

11. Save the report as both PDF and CSV files in the following format `Subject
Surname, First Name Initial_wrist_timepoint” for example; Brown,
J_wrist_0mth. This will save by default to the following file path; Local Disk
(C:)\Users\your name\My Documents\ActiGraph\ActiLife\CSV Files.
12. Immediately save PDF and CSV file copies to the server.
13. Back up the reports to SharePoint on a weekly basis.
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Appendix I: Ethics Approval and Clinical Governance - the PRIDE
Study

1. Ethics approval letter from the second Higher Research Ethics Committee
(HREC2) from the University of Sydney for the PRIDE study (Promoting
Independence in Lewy Body Dementia through Exercise)
2. Clinical governance trial documentation from the University of Sydney for
the PRIDE study (Promoting Independence in Lewy Body Dementia
through Exercise)
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Research Integrity
Human Research Ethics Committee

Wednesday, 20 April 2016
Prof Maria Antoinette Fiatarone Singh
Exercise Health and Performance; Faculty of Health Sciences
Email: maria.fiataronesingh@sydney.edu.au

Dear Maria Antoinette
I am pleased to inform you that the University of Sydney Human Research Ethics Committee (HREC)
has approved your project entitled “The PRIDE trial: Promoting Independence in Lewy Body
Dementia through Exercise”.
Details of the approval are as follows:
Project No.:

2016/209

Approval Date:

20 April 2016

First Annual Report Due: 20 April 2017
Authorised Personnel:

Fiatarone Singh Maria Antoinette; Mavros Yorgi Soteris; Inskip
Michael; Sachdev Perminder S.;

Documents Approved:
Date Uploaded
22/02/2016
31/03/2016
22/02/2016
31/03/2016
04/04/2016
31/03/2016
22/02/2016
31/03/2016
31/03/2016
22/02/2016
03/03/2016
22/02/2016
22/02/2016
22/02/2016
22/02/2016
22/02/2016
22/02/2016
22/02/2016
03/03/2016
22/02/2016
22/02/2016
22/02/2016

Type
Advertisements/Flyer
Participant Consent Form
Participant Consent Form
Participant Consent Form
Participant Consent Form
Participant Consent Form
Participant Consent Form
Participant Info Statement
Participant Info Statement
Participant Info Statement
Participant Info Statement
Questionnaires/Surveys
Questionnaires/Surveys
Questionnaires/Surveys
Questionnaires/Surveys
Questionnaires/Surveys
Questionnaires/Surveys
Questionnaires/Surveys
Questionnaires/Surveys
Questionnaires/Surveys
Questionnaires/Surveys
Questionnaires/Surveys

22/02/2016

Questionnaires/Surveys

Research Integrity
Research Portfolio
Level 6, Jane Foss Russell
The University of Sydney
NSW 2006 Australia

Document Name
Flyer for multi-media recruitment
Baseline Cross-sectional PCF - Clean
Caregiver consent - questionnaires
Exercise intervention PCF - Clean
GP permission and intro letter
Media consent form
Participant study consent form
Baseline Cross-sectional PIS - Clean
Exercise intervention PIS - clean
Participant information statement
Participant Information Statement (Caregiver)
ALSAR- IADL assesment
BAYER informant - Function informant measure of ADLs
Clinical dementia rating scale
demographics questionnaire
DEMQoL- Informant QoL scale
FIM- main outcome
Geriatric depression scale - 15 item short version
Life space assessment - zones of participant movement
MDS-UPDRS - main outcome measure
Mini Nutritional assessment - dietary risk factors
Neuropsychiatric inventory - informant measure of
behaviour
PANAS - measure of positive/negative affect

T +61 2 8627 8111
F +61 2 8627 8177
E ro.humanethics@sydney.edu.au
sydney.edu.au

ABN 15 211 513 464
CRICOS 00026A
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Date Uploaded
31/03/2016
22/02/2016
22/02/2016
22/02/2016
22/02/2016
22/02/2016
31/03/2016
29/02/2016
04/04/2016
31/03/2016

Type
Questionnaires/Surveys
Questionnaires/Surveys
Questionnaires/Surveys
Questionnaires/Surveys
Questionnaires/Surveys
Questionnaires/Surveys
Safety Protocol
Study Protocol
Study Protocol
Telephone Scripts

Document Name
PD_CRS - clear first page, previous error in upload
Pet care questionnaire - survey of pet caring
QOLS - measure of quality of life
SLWS - life satisfaction
trail making assessment
ZARIT 12-item - short version of caregiver burden
Safety protocol - off site assessment
PRIDE Study Clinical Trials Form
PRIDE study protocol - clean
Telephone Screen - Clean

HREC approval is valid for four (4) years from the approval date stated in this letter and is granted
pending the following conditions being met:
Condition/s of Approval
•

Continuing compliance with the National Statement on Ethical Conduct in Research Involving
Humans.

•

Provision of an annual report on this research to the Human Research Ethics Committee from
the approval date and at the completion of the study. Failure to submit reports will result in
withdrawal of ethics approval for the project.

•

All serious and unexpected adverse events should be reported to the HREC within 72 hours.

•

All unforeseen events that might affect continued ethical acceptability of the project should be
reported to the HREC as soon as possible.

•

Any changes to the project including changes to research personnel must be approved by the
HREC before the research project can proceed.

•

Note that for student research projects, a copy of this letter must be included in the
candidate’s thesis.

Chief Investigator / Supervisor’s responsibilities:
1. You must retain copies of all signed Consent Forms (if applicable) and provide these to the HREC
on request.
2. It is your responsibility to provide a copy of this letter to any internal/external granting agencies if
requested.
Please do not hesitate to contact Research Integrity (Human Ethics) should you require further
information or clarification.
Yours sincerely

Professor Glen Davis
Chair
Human Research Ethics Committee
This HREC is constituted and operates in accordance with the National Health and Medical
Research Council’s (NHMRC) National Statement on Ethical Conduct in Human Research
(2007), NHMRC and Universities Australia Australian Code for the Responsible Conduct of
Research (2007) and the CPMP/ICH Note for Guidance on Good Clinical Practice.
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This outcome data will be collected through assessment sessions conducted at the
participant’s residence (cross-sectional baseline study), and at the clinical gym (C block) at
Lidcombe on the Cumberland Campus of the University of Sydney, NSW.

2. SYNOPSIS

Background: Lewy body dementia (LBD) accounts for up to 30.5% of all diagnosed
dementia. Individuals with LBD experience cognitive, motor, autonomic and
psychiatric symptoms, and rarely are able to participate in exercise trials due to their
complex presentation. The PRIDE trial is a world first study investigating the effects
of targeted exercise prescription on functional independence in Individuals with Lewy
body dementia.
Objectives:
• Identify determinants of functional independence and quality of life (QoL) in
individuals with LBD
• Develop a novel, robust, yet feasible exercise program based on these identified
targets
The PRIDE Study Protocol
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•

Assess the adoption and adherence, efficacy, and safety of PRIDE on clinical
outcomes in individuals with LBD as well as QoL and stress in caregivers

Study plan: Phase-1 (early to mid-2016) involves baseline cross-sectional
assessment of individuals with LBD living in a range of residential settings. Phase-2
will involve a community-dwelling subset of participants undertaking a 16-week fixedperiod crossover involving 8-weeks of usual care, followed by 8-weeks of targeted
exercise intervention at the Cumberland campus of the University of Sydney in
Lidcombe.
Treatment: The exercise intervention is customised for each participant based on
best practice in Parkinson’s disease populations and findings from the crosssectional baseline analysis in PRIDE. The intervention will most likely involve balance
training with dual-tasking, treadmill intervals with cueing, and strength/power training
on Pneumatic machines (Keiser) for an 8-week period of 3x1 hour sessions/week.
Sample: The sample size needed for the baseline cross-sectional study is n=30,
while the exercise intervention is n=24.
Project Duration: 12 months

3. RATIONALE / BACKGROUND
Lewy Body dementia (LBD) includes the diagnosis of Dementia with Lewy Bodies (DLB) and
Parkinson’s Disease Dementia (PDD), which both manifest as clinically similar conditions
following diagnosis. Estimated prevalence is varied, but has been reported as high as this
dementia is estimated to account for up to 30.5% of all attributable dementia cases (1).
Despite this significant prevalence, research into LBD is in its infancy with early diagnosis,
biomarker, medication and therapeutic research quite limited compared to more prominent
causes of dementia such as Alzheimer’s disease, and neurodegenerative disorders such as
idiopathic Parkinson’s disease.
LBD is an aggressive disease where diagnosed individuals not only display symptoms of
dementia such as memory loss, dysfunction in problem solving and decision making, but
also display symptoms of Parkinsonism such as slow movement (bradykinesia), resting
tremor, and freezing of gait while walking. In addition, Individuals with LBD also experience
psychotic symptoms such as visual and auditory hallucinations and delusions, as well as
autonomic symptoms such as incontinence, orthostatic hypotension (low blood pressure
upon standing), and disrupted sleep patterns (2).
Arguably, LBD cohorts represent the most vulnerable subset of both dementia and PD
cohorts, as individuals typically have greater rates of hospital admission (3), twice the
prevalence of depression (4) and functional decline (5), 3.6 times the risk of falls (6), higher
rates of cognitive fluctuations and more visual perception issues, and lower quality of life (7).

The PRIDE Study Protocol

Page 5 of 30

Version 6, 29/06/18

523

Clinical Trial Governance
Research Portfolio
Currently, medications that have shown success in Parkinson’s disease, and in other
dementias have mixed successful in Lewy body dementia with anti-psychotic medications
increasing the symptoms of Parkinsonism, and anti-parkinsonism medications increasing
symptoms of psychosis. Many medications used in LBD are not listed by the countries
relevant drug agency and carry black box warnings for use in this population.
A recent priority was set at the International Dementia with Lewy Bodies Conference in Fort
Lauderdale, Florida in America in December 2015 that included a greater focus on
investigating non-pharmacological therapies to assist with the treatment of LBD in
individuals.
Exercise research is severely limited in this population, with a systematic review performed
by Inskip et al 2015 (8) indicating that the total research body of exercise in LBD consists of
5 studies, totalling only 16 participants with 3 being case reports, and there existing no
controlled trials. Exercise in a variety of modalities has shown moderate effect in Parkinson’s
disease for improving physical function (9), while also improving cognition and function in
general dementia populations (10). It is reasonable to deduce that exercise may have a
beneficial effect on a cohort combining the symptoms of these two populations, which is
more sedentary as a result. Furthermore, recent research by Snider and colleagues (11)
details the utility and efficacy of increasing the amount of incidental activity (i.e. housework,
general mobility, and spontaneous activities) can result in significant improvements in
functional independence in Parkinson’s disease populations.
May and colleagues (12) first described that with increasing age and frailty, the effective life
space, or the areas within which an individual moves, reduce in size and frequency from
community living to a small perimeter surrounding the individual’s bedroom. A strong driver
of this process is a reduction in habitual gait speed and increased dependence on caregiver
individuals as described by Tung and colleagues (13), which will be the main outcome
measures evaluated with in the PRIDE trial.
The PRIDE trial will be a world first trial investigating the magnitude of the risk factors that
contribute most the to a loss in functional independence, strength and physical function in
individual with LBD, and then using that information in combination with evidence based best
practice to design an 8-week exercise intervention to be trialled in community dwelling
participants with LBD as part of a fixed period 16-week crossover trial.
Potential significance of the study:
This research project will be the first study to investigate the effects of exercise on a cohort
of individuals living with Lewy Body dementia as well as on burden and QoL in their primary
caregiver. Data collected from this cohort will inform clinicians about the most important
modifiable risk factors mediating the loss of functional independence in these individuals.
The formal testing of the theoretically based exercise intervention will take place in a
controlled crossover trial emerging from this mediation analysis.
This trial evaluates the feasibility and efficacy of this novel, targeted exercise as a tool for
clinicians to slow functional and cognitive decline. We will pioneer dissemination of this
The PRIDE Study Protocol
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exercise research in Lewy body dementia via development of health care professional
training packages and caregiver information booklets to describe the use of exercise to
maintain or improve functional independence in this cohort. Direct benefit to the individuals
and caregivers involved with the trial may be in the form of a moderate improvement in
physical mobility, ability to increase the life-space of the individual, improvement of Quality of
life in both individual and caregiver, and a reduction in caregiver burden and negative affect.
This study design also creates collaboration opportunities with key dementia networks within
NSW and throughout Australia such as Alzheimer’s Australia, the Dementia Collaborative
Research Centre (DCRC), the Centre for Healthy Brain Ageing (CHeBA), and Neuroscience
Research Australia (NeuRA), with which several CIs involved with this project have
academic and clinical connections. Recently, the International Dementia with Lewy Bodies
Conference in Fort Lauderdale, Florida (December, 2015) set non-pharmacological
therapies as a key research priority, and with the 13th International conference on
Alzheimer’s and Parkinson’s disease scheduled in early 2017 in Vienna, Austria this project
will be timely in satisfying this new priority area. Further dissemination into high impact,
international peer-reviewed movement disorders and neurology journals and the Lewy Body
Dementia Association (US)/Society (UK) will broaden the scope to an international and
domestic audience of researchers, clinicians, funding bodies, individuals with PD, caregiver
networks, NGOs, philanthropic organisations and others with an interest in the disease.
Research into Lewy body dementia has the potential to access funding from both PD
foundations, as well as the large dementia funding network, which has recently been
increased considerably through the Australian government’s Boosting Dementia Research
Initiative in collaboration with the Australian Research Council and the National Health and
Medical Research Council.
This research will draw attention to a disease that often is misunderstood by the media, and
rarely known at diagnosis by individuals and affected families, as well as multiplying
opportunities for funding from dementia networks. This research project will provide an
opportunity to update guidelines and provide a widely applicable therapeutic option of
evidence-based exercise to a cohort that has been largely excluded from high quality
research to date. Not only will this research begin to populate the field of nonpharmacological therapies for LBD, but add to the growing body of literature focusing on
improving the health of the caregiver in the caregiver-participant dyad for chronic and
complex conditions.

4. AIMS / OBJECTIVES / HYPOTHESES
Aims and objectives of PRIDE- PRomoting Independence in Dementia with Lewy Bodies
through Exercise
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Aim 1: Identify determinants of functional independence and quality of life (QoL) in
individuals living with LBD in community settings that may be amenable to a targeted
exercise intervention
Aim 2: Develop a novel, robust, yet feasible exercise program based on these identified
targets
Aim 3: Assess the adoption and adherence, efficacy, and safety of this evidence-based
exercise program on important clinical outcomes in individuals with LBD as well as QoL and
stress in their caregivers

Primary Hypotheses of PRIDE study:
1. Low muscle strength and power, poor balance, and low endurance will be associated with
functional dependency in LBD, mediated in part by gait instability, low physical activity levels
and high sedentary behaviour
2. The PRIDE targeted exercise prescription will improve functional independence in LBD.
The improvements exercise capacity following PRIDE will lead to greater functional
independence in individuals with LBD, mediated by improvements in gait stability and
sedentary behaviour.
3. Improvements in caregiver burden and quality of life (QoL) will be mediated by
improvements in functional independence in those cared for.
5. PARTICIPATING SITES
•

The Cumberland Campus of the University of Sydney at Lidcombe, NSW will be the
only clinical site where the intervention will be implemented.

6. RESEARCH PLAN / STUDY DESIGN
6.1 Type of study (prospective study or involving access to data or data linkage)
PRIDE includes a cross-sectional prospective study of LBD, followed by a 16-week, fixedperiod, controlled crossover trial of targeted exercise..
6.2 Study Design
Study design: PRIDE includes a cross-sectional prospective study of LBD, followed by a 16week, fixed-period, controlled crossover trial of targeted exercise. Participants will be tested
at baseline in a cross-sectional analysis of the most important modifiable factors in LBD
mediating functional independence. After completing the 16-week study period, the
participants will be offered a place in a continuing exercise program of similar nature to
evaluate long-term trajectories of adherence, tolerance, and safety alongside changes to the
main outcome measures in this cohort.

The PRIDE Study Protocol
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A subset of the recruited cohort who lives in the community will then be enrolled in an 8-wk
usual care control period followed by an 8-wk experimental exercise intervention.
Randomisation is not possible due to carry- over effects of exercise. All outcomes will be
measured at three time point: at baseline just before wait-list control period, after 8 weeks of
wait-list control, and after 8 weeks of exercise intervention (Week 16) by the same assessor
to minimise issues related to inter-rater reliability

Baseline Cross-sectional Study (Two home assessment sessions)

This part of the study requires a visit from one of the researchers to the home or place of
residence of the participant on two separate occasions for a maximum of 2-3 hours at each
visit with the caregiver present. These visits will measure a variety of factors relating to
functional independence and your quality of life. Included in these measurements are
assessments also aimed at the caregiver to evaluate wellbeing, stress and burden.
The assessment results will form part of a mediation analysis to identify the strength of
covariate correlations with the main outcome of functional independence and to inform as
part of the tier system (Tier 1, please see tier system, page 17). The Table on page 11
presents information on each of the assessments performed, the administration of each
assessment and the timing of each assessment (cross-sectional, 0 week, week 9, week 19).
Exercise Intervention (19-weeks- 8 weeks usual care, 8 weeks exercise with additional
assessments)
The Exercise intervention that will be trialled in the community dwelling subset of individuals
with LBD will be constructed using a three-tiered system. The first tier will select evidencebased modalities that have demonstrated success in Parkinson’s disease cohorts in current
literature and combine with cognitive strategies that may improve the efficacy of each
modality in a cognitively impaired population. Subsequently in the second tier, the
application of these modalities will be modified based on the mediation analysis performed in
the cross-sectional baseline assessment. This analysis will be employed to identify which of
the range of selected modalities will be given priority to best target the most important
amendable risk factors. The third and most individualised tier will involve the customisation
of the exercise prescription for each individual based upon limitations imposed by medical
comorbidities, cognition level, and individual functional capacity. Please see the table and
diagram below illustrating the process of creating the exercise prescription.
The exercise intervention will take place for 3 sessions/week at the Lidcombe location and
extend for a duration of 8 weeks, which is similar to most exercise studies in PD populations,
and a period suitable to see meaningful changes in functional and neural performance. The
intensity of each session will be high, but intervals will be short to cater for the attention and
functional capacity of individuals with DLB. The 1-hour session will involve up to 3 separate
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activities involving the exercises described in the table below in allotments of 15mins per
modality. Progression will vary for each modality, and is described in the table on page 15.
Ongoing supervised exercise (post-intervention)
Following participant involvement in the 8-week intensive exercise intervention, they will be
offered a place in an ongoing, supervised exercise program at no cost. During this program
they will be given the opportunity to take part in ongoing assessment regularly to monitor
their progression in the training as well as inform future research practice by aiding our
understanding of the progression of LBD and the effects of continual training in longer
periods of observation. During this program, participants will continue to perform robust high
intensity Strength and balance training on a variety of equipment. Main outcome measures
(independence, physical function, strength) and select secondary measures (see table
below) will be repeated at regular and appropriate intervals concurrently with routine
exercise progression and adherence data collected each session. This data will inform the
design and implementation of future larger clinical trials in this cohort.

Activity Monitors

Physical activity, sedentary time and gait variability will be measured via an Axivity (AX3)
monitor that will be fitted on the Lumbar (L5) region of the participant’s back. The unit has
a small, slim profile device (about the size of a watch face and weighing only 100 g) and will
be taped onto the appropriate location in a waterproof housing that will provide adequate
water protection for light showering. This device will be taped in place so that the
participant will not feel it lying down and will be able to lightly shower with this device on
inside its splash proof taping. The caregiver will be given a simple log sheet that they will
need to fill out daily for a week with sleep and wake times.
The assessor will fit the monitor at the end of the first home visit and take it off at the
commencement of the second visit in the baseline study. The Activity monitors will be worn
for the 1-week between the two home visits of the home assessment for the Cross-sectional
study. Furthermore, for the participants that then progress to participate in the exercise
intervention section will wear the monitors for 1-week between the two assessment
sessions in week 9, and further in week 19. The maximum a participant is expected to wear
the device for is 3 times if completing the full study duration and both sections.
The sensitivity of the AX3 will be set between +/- 4g – +/- 8g to register movements with
amplitudes ranging from rising to walking to fast walking. Sampling rate will range between
100-200Hz for the duration on 1-week (7 days application).
.
Assessment schedule and delivery
The PRIDE Study Protocol
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The green highlighted boxes below each time point indicate the relevant assessment is
performed at that time.
Assessment tool

Outcome
priority

Administration

Time point administration
BL
Cross
sect.

0wks
Ex
study

Pre Ex
Study

Post
Ex
study

Ongoing

Questionnaires involving participant outcomes
Functional Independence
MDS-UPDRS (1)

Co-Primary

Interviewer to
participant/Carer

FIM (2)

Co-Primary

Interviewer to
participant/Carer

BAYER (3)

Secondary

Interviewer to Carer

ALSAR (4)

Secondary

Interviewer to Carer

PD-CRS (5)

Secondary

Interviewer to
participant

Trail-making (6)

Secondary

Interviewer to
participant

Secondary

Interviewer to
participant/Carer

Functional status

Cognition

Disease staging
CDR (7)

Participant QoL/Affect
DEMQoL –
participant and
DEMQol-Proxy (8)

Secondary

Interviewer to
participant and
Interviewer to Carer
respectively.

GDS-15 PART (9)

Secondary

Interviewer to
participant
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SWLS (10)

Secondary

Interviewer to
participant

Epworth Sleep
scale (18)

Secondary

Interviewer to
participant/caregiver

Mayo sleep
questionnaire (19)

Secondary

Interviewer to
participant/caregiver

Parkinson’s
disease sleep
questionnaire -2nd
version (20)

Secondary

Interviewer to
participant/caregiver

Secondary

Interviewer to Carer

Demographic
questionnaire*

Secondary

Interviewer to Carer

Pet care*

Secondary

Interviewer to Carer

Secondary

Interviewer to Carer

Life space
LSA (11)
Demographics

Health status
Mini-Nutritional
Ax (13)

Questionnaires involving Caregiver outcomes and perceptions
Caregiver QoL/Affect
QOLS (14)

Secondary

Interviewer to Carer

ZARIT – 22 item
(15)

Secondary

Interviewer to Carer

SWLS (10)

Secondary

Interviewer to Carer

PANAS (16)

Secondary

Interviewer to Carer

NPI (17)

Secondary

Interviewer to Carer
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Other assessments of Participant (non-questionnaires)
Physical Function
SPPB (short
physical
performance
battery) inclusive
of 5 times sit to
stand, gait speeds
and additional
balance testing

Co-primary

Assessor rated for
participant

Tandem walk

Co-primary

Assessor rated for
participant

Grip strength

Co-primary

Assessor rated for
participant

6MWT

Co-primary

Assessor rated for
participant

Anthropometry and physiological measures
BIA

Secondary

Assessor rated for
participant

Weight

Secondary

Assessor rated for
participant

Height

Secondary

Assessor rated for
participant

Waist
circumference

Secondary

Assessor rated for
participant

Orthostatic BP
(measured via
tradtional brachial
method as well as
Finapress
Portapress II
system)

Secondary

Assessor rated for
participant

Strength testing
blood pressure

Secondary

Assessor rated for
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(using Finapress
Portapress II
system)

participant

Strength testing
Dynamometer
assessment of
lower and upper
limb muscle
strength

Secondary

Assessor rated for
participant

Keiser machine
assessment of
upper and lower
limb muscle
strength

Co-primary

Assessor rated for
participant

Activity levels / sedentary time, gait variability
AX3 Axivity
monitor

Secondary

Assessor rated for
participant

Medical assessment
Physician Screen
Weekly status
check

To be conducted each week in the 8-week follow up period and the 8week intervention period.

* Denotes general instruments used for collecting demographic details.
1.

2.
3.

4.
5.
6.
7.
8.
9.

Goetz, C. G., Tilley, B. C., Shaftman, S. R., Stebbins, G. T., Fahn, S., Martinez-Martin, P., ... & Dubois, B. (2008). Movement
Disorder Society-sponsored revision of the Unified Parkinson's Disease Rating Scale (MDS-UPDRS): Scale presentation and
clinometric testing results. Movement disorders, 23(15), 2129-2170.
Hobart, J. C., Lamping, D. L., Freeman, J. A., Langdon, D. W., McLellan, D. L., Greenwood, R. J., & Thompson, A. J. (2001).
Evidence-based measurement which disability scale for neurologic rehabilitation? Neurology, 57(4), 639-644.
Erzigkeit, H., Lehfeld, H., Pena-Casanova, J., Bieber, F., Yekrangi-Hartmann, C., Rupp, M., ... & Hindmarch, I. (2001). The
Bayer-Activities of Daily Living Scale (B-ADL): results from a validation study in three European countries. Dementia and geriatric
cognitive disorders, 12(5), 348-358.
Clemson, L., Bundy, A., Unsworth, C., & Singh, M. F. (2009). Validation of the modified assessment of living skills and resources,
an IADL measure for older people. Disability and rehabilitation, 31(5), 359-369.
Martínez-Martín, P., Prieto-Jurczynska, C., & Frades-Payo, B. (2008). [Psychometric attributes of the Parkinson's DiseaseCognitive Rating Scale. An independent validation study]. Revista de neurologia, 49(8), 393-398.
Arbuthnott, K., & Frank, J. (2000). Trail making test, part B as a measure of executive control: validation using a set-switching
paradigm. Journal of clinical and experimental neuropsychology, 22(4), 518-528.
Morris, J. C. (1997). Clinical dementia rating: a reliable and valid diagnostic and staging measure for dementia of the Alzheimer
type. International psychogeriatrics, 9(S1), 173-176.
Smith, S. C., Lamping, D. L., Banerjee, S., Harwood, R. H., Foley, B., Smith, P., ... & Mann, A. (2007). Development of a new
measure of health-related quality of life for people with dementia: DEMQOL. Psychological medicine, 37(05), 737-746.
McGivney, S. A., Mulvihill, M., & Taylor, B. (1994). Validating the GDS depression screen in the nursing home. Journal of the
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10.

11.
12.
13.

14.
15.
16.

17.

American Geriatrics Society, 42(5), 490-492.
Pavot, W., Diener, E. D., Colvin, C. R., & Sandvik, E. (1991). Further validation of the satisfaction with life scale: Evidence for
the cross-method convergence of well-being measures. Journal of personality assessment, 57(1), 149-161.
Lucas-Carrasco, R., Den Oudsten, B. L., Eser, E., & Power, M. J. (2014). Using the Satisfaction with Life Scale in people with
Parkinson’s disease: A validation study in different European countries. The Scientific World Journal, 2014.
Peel, C., Baker, P. S., Roth, D. L., Brown, C. J., Bodner, E. V., & Allman, R. M. (2005). Assessing mobility in older adults: the
UAB Study of Aging Life-Space Assessment. Physical therapy, 85(10), 1008-1019.
???
Kaiser, M., Bauer, J. M., Ramsch, C., Uter, W., Guigoz, Y., Cederholm, T., ... & Tsai, A. C. (2009). Validation of the Mini
Nutritional Assessment Short-Form (MNA®-SF): A practical tool for identification of nutritional status. JNHA-The Journal of
Nutrition, Health and Aging, 13(9), 782-788.
Burckhardt, C. S., & Anderson, K. L. (2003). The Quality of Life Scale (QOLS): reliability, validity, and utilization. Health and
quality of life outcomes, 1(1), 1.
Leggett, A. N., Zarit, S., Taylor, A., & Galvin, J. E. (2010). Stress and burden among caregivers of patients with Lewy body
dementia. The Gerontologist, gnq055.
Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation of brief measures of positive and negative affect: the
PANAS scales. Journal of personality and social psychology, 54(6), 1063.
Cummings, J. L., Mega, M., Gray, K., Rosenberg-Thompson, S., Carusi, D. A., & Gornbein, J. (1994). The Neuropsychiatric
Inventory comprehensive assessment of psychopathology in dementia. Neurology, 44(12), 2308-2308.

18.

Ferman, Tanis J., et al. "Abnormal daytime sleepiness in dementia with Lewy bodies compared to Alzheimer’s disease using the
Multiple Sleep Latency Test." Alzheimer’s Research & Therapy 6.9 (2014): 76.
19. Boeve, Bradley F., et al. "Validation of the Mayo Sleep Questionnaire to screen for REM sleep behavior disorder in an aging and
dementia cohort." Sleep medicine 12.5 (2011): 445-453.
Trenkwalder, Claudia, et al. "Parkinson's disease sleep scale—validation of the revised version PDSS-2." Movement Disorders 26.4
(2011): 644-652.

The PRIDE Study Protocol

Page 15 of 30

Version 6, 29/06/18

533

•

•
•
•

•

•

•

Page 16 of 30

Clinical Trial Governance
Research Portfolio

Lower limb muscle strength and power is a moderate predictor of comfortable and maximal walking speed in PD populations.
Furthermore, individuals that tested for low muscle power were 6 times more likely to have multiple falls in a given year than those
with the highest leg muscle power (17).
Individuals with PD generate less force at the knee extensors in comparison to the hip. The hip torque has a higher correlation with
ability to perform a sit to stand from a chair than in control populations (18)
Spine, hip and ankle strength have further been linked to the decrease in balance performance in individuals with PD (19)
A recent review by Chung and colleagues found that muscle strength training has a moderate to high effect size on leg strength,
balance and parkinsonian motor symptoms.(20)

Example – Performing a range of static and dynamic balance exercises that work on the principles of progression from self-initiated
distortion of balance (i.e. rolling onto toes while standing) with multiple bases of support (handrails, wide stance, etc.) to external,
random disturbances to balance with minimal points of contact and base of support (i.e. standing on one leg while reaching for objects).
Additional progression strategies involve reducing sensory input (i.e. closing eyes/blindfolding) and adding an additional cognitive task
(see dual tasking section below)

Smania and colleagues (14) demonstrated clinically significant improvements in the Berg balance scale and postural
transferring through a 7 week program of three categories of balance exercises; internal changes to balance, external
challenges to balance, and dynamic coordination during walking
Conradsson and colleagues (15) reported moderate to large effect sizes for improvements in the Mini-BESTest, gait speed,
stride length and daily step count using an individualised, and progressively challenging balance program integrated with dualtasking.
Wong and colleagues (16) employed a multi-dimensional balance program specifically tailored for each participant consisting
of strength and functional tasks, postural retraining, music based balance dance and wing Chun. The intervention group
improved the BESTest, gait speed and dual task timed up and Go significantly beyond the minimal detectable change, and
had effects lasting up to 12 months later compared to control groups.

Outcome

Current best practice for Exercise intervention in Parkinson’s disease populations
Modality

Balance training

Power/strength
training
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•

Participants will practice functional ADL tasks that are identified by assessors during initial baseline assessment as being impaired.
These tasks will range from sitting/standing, walking without aids confidence, gait rhythmicity, etc. These exercises will take place
towards the end of the session and throughout the session with opportunistic practice between exercise.

Example – Using Keiser machines available in our clinical gym, power training can be easily and reliably administered and measured.
Key muscle groups targeted based on the above literature would include hip, knee extensor and ankle power, with the addition of
muscle groups such as Triceps, which are correlated with functional independence and mobility. Muscle power exercises may be
combined with a range of mindfulness techniques (see below) to enhance the effects of the intervention. Participants can be asked to
visualise the muscles being contracted, pinpoint the site of strain and focus on technique to provide optimal exercise benefits.
Progression of this modality will be following successful completion of two sessions at a defined load, and will typically progress from 510% of the load each increment increase or as tolerated.

•

•

Physical activity in PD declines with disease severity, with Hoehn and Yahr stage 4 being reported to decrease by up to 84% in
daily PA levels compared to stage 1. Activity levels of PD cohorts have been reported to be 1/3 lower than age-matched controls,
which presumably is even lower in LBD (23).
Snider and colleagues (24) recently reported a moderate inverse correlation of levels of non-exercise physical activity and the
severity of motor symptoms (such as bradykinesia) in PD populations. The higher the levels of activity, independent of nigrostriatal
deterioration, predicted better bradykinesia scores.
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Example: Participant activity levels will be assessed during baseline for a week period. Activity levels will be analysed and nonexercise activity will be prescribed in combination with the exercise intervention. ADL tasks (i.e. walking, grooming, etc.) and
maintained IADL tasks (telephoning, shopping, cooking, etc.) will be the focus on increased participation in activity, and common
functional tasks will be enhanced to provide a greater benefit (performing a daily sit to stand as a powerful movement, or with
minimal external support in place of a movement that is relying on assistance from carers).
Cognitive strategies that may add potency to interventions mentioned in the above table:
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Mindfulness
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3.
4.
5.
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In Parkinson’s populations, dual-task walking can be improved by directing attention towards walking over the secondary task
(25)
The ICC of dual task testing is quite high between trials, making it an effective clinical measure of functional ability (26)
Parkinson’s disease populations experience larger gait variability due to dual tasking, but also experience an acute increase in
gait speed and improved gait measures (27).
Dual-task ability in populations with dementia has been reported to improve dual task cost (DTC) with challenging cognitive
secondary task training (28)
Executive function and dementia severity are most correlated with IADLs in dementia, while motor function is most associated
with ADL performance (29). Dual-tasking interventions will be formulated to not only improve physical function, but executive
function in LBD.

Mindfulness in an exercise setting with Parkinson’s disease can be employed in several aspects of training:

1. Using mindfulness intervention to improve choice of coping strategies for challenges in PD. Bucks and colleagues suggests that
participants who chose avoidance coping strategies more often had a decreased quality of life (30).
2. Depression along with balance ability, cognition and physical fatigue account for 39% of variation in walking speed during
functional tasks. Participants with major depression have been reported to deteriorate faster than those with minor or no
measured depression (31). Mindfulness can potentially be employed to decrease depression in PD populations.
3. Mindfulness in the form of motor imagery has been used in PD populations to decrease movement symptoms while imagining
performing a task, translating to improved mental and motor sub-scores on the UPDRS (32). A combination of practice and
imagery leads to greater improvements in functional tasks such as the timed up and go, and walking speed in PD populations.
Additionally, external visual and auditory cues can be used to enhance motor imagery in training (33).
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High levels of Incidental physical
activity

Tier 1 - Best practice prescription in similar populations customised for cognitive impairment
Static and dynamic
Balance training w. dual
tasking

Levels of physical activity at a
cohort level will be compared to
similar populations

Tier 2 - Mediation analysis customisation for priorities in LBD
Determined from cross sectional baseline assessment - i.e. if static balance best
predicts functional decline, priority will be given to Balance training, followed by
other modalities

Individual activity level target will
be integrated in program to
increase incidental Activity

Tier 3 - Individual level customisation of program
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6.3 Data sources/Data Collection
Outcomes: Primary outcomes in the PRIDE trial will be the Movement Disorder Society –
Unified Parkinson’s Disease Rating Scale (MDS-UPDRS), the Functional Independence
Measure (FIM) , Physical function scores (including gait speed), and mean change in lower,
upper and total body strength Z-scores.
Covariates and potential mediators: include assessments of IADLs (ALSAR), ADLs
(Bayer-informant), demographics (including pet care), body composition (BIA, weight, height,
Waist circumference, Orthostatic blood pressure, static (SPPB) and dynamic balance
(Tandem walk), gait stability (Axivity, AX3 monitors), walking endurance (6MWT, Step on
spot test, 6MWT), physical activity levels and sedentary behaviour (Axivity, AX3 monitors),
cognition (PD-CRS, Trail making, reaction time) and visual processing (Hooper Visual
integration test, BVRT), upper and lower limb strength and power (Dynamometer (BL) and
Keiser strength (wk0, wk9, wk19) assessment of major muscle groups, sit-to-stand test, grip
strength), disease status (Clinical dementia rating), medication use, home environment
assessment, nutritional assessment (Mini Nutritional assessment) and falls history, safety
and adherence of program. Participant Affect, Life-space and Quality of Life (DEM-QOL,
GDS, SWLS, LSA) and caregiver affect, burden and Quality of life (PANAS, QOLS, NPI,
ZARIT-12item) will also be assessed. Fasting Venous Blood collection of Plasma and Serum
samples will also take place at Baseline, Pre-intervention and Post-intervention assessment
periods and stored in -80 degree freezers in Aliquots for external biomarker and cytokine
analysis at a later date which will be correlated with cognitive, anthropometrical and physical
function outcomes.

6.4 Population/Sample size
Cohort: Participants will be individuals with mild LBD via our established referral networks
with neurologists or GPs in the Sydney Local Health district. Consent of the individual and
caregiver will be sought. Inclusionary criteria: Diagnosis of mild LBD (15MMSE24), over the
age of 55, ambulatory, able to follow rudimentary instructions, able to tolerate functional
testing, able to travel to gym facility (with caregiver) and complete 3 sessions/week for 8
weeks of exercise.
Exclusionary Criteria: Non-English speaking or non-verbal, moderate to severe dementia,
wheelchair, chair- or bed-bound, presence of major limiting musculoskeletal, cardiovascular
or other neurological condition precluding planned testing and training.
Sample size calculations: Based upon similar cross-sectional studies in PD, to be able to
show moderate correlations (r=0.5) with β=0.20 and α=0.05 for the baseline cross-sectional
mediation analysis, we calculate a minimum of 30 participants are needed. The power
calculations for the fixed period crossover trial require a minimum of 24 participants to
demonstrate significance for an effect size of 0.61 (with β=0.20 and α=0.05). These
calculations are based upon results described in Rose and colleagues (34), who trained a
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cohort of individuals with moderate to severe PD for 8 weeks with the same primary
functional independence outcome measure (MDS-UPDRS) we propose for PRIDE
6.5 Expected duration of study and start times
12 months from Ethics approval in March/April is the expected duration of the trial.

6.6 – N/A
6.7 Statistical analyses

The following statistical analysis will be used to meet each of the aims:
Aim 1: Identify determinants of functional independence and quality of life (QoL) in
individuals with LBD
Data collected from the cross-sectional baseline study will be evaluated through mediation
analysis to determine the casual relationship between tested variables (such as strength,
affect, sedentary time), and determine the causal effects of select variables on the primary
outcomes of functional independence (MDS-UPDRS, FIM, Gait speed). For instance, low
knee extensor strength might be found to correlate with high levels of sedentary behaviour,
which in turn will impact on the functional independence of an individual.
The above mediation analysis will be performed prior to the start of the exercise intervention,
and therefore before fulfilment of Aims 2 and 3.
Aim 2: Develop a novel, robust, yet feasible exercise program based on these identified
targets
A three-tier system (explained in the table on page 13) will be used to construct the specific
exercise prescription. Tier 1 prescription (modality, duration, etc.) is informed from a
literature review of current best practice in Parkinson’s disease as well as dementia
populations. No statistical analysis will be performed in this tier.
Tier 2 will be informed from evaluation of linear regression models for each of the covariables in the baseline cross-sectional study. Those variables will highest correlation with
functional independence measures and are potentially amenable to exercise will provide a
priority for the order and focus on modalities used in the intervention
Tier 3 will be fine adjustments for each individual based on medical history, functional
capacity and cognitive ability. No statistical analysis will be performed in this tier.
Aim 3: Assess the adoption and adherence, efficacy, and safety of PRIDE on clinical
outcomes in individuals with LBD as well as QoL and stress in caregivers
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The efficacy of the fixed period crossover trial will be measured with a repeated measures
analysis of variance on all variables collected during each time point (0wk, 8wk, 16wk),
including measures of caregiver stress, burden and QoL. Adoption and adherence will be
measured through percentage completion of full protocol sessions, and analysed for mean
and SD before comparison with clinical standards for optimal adherence cut-off points for
effective treatment. Safety will be reported via a cumulative incidence measure based upon
the number of reported adverse incidents in the cohort over the 8-weeks of exercise
intervention sessions.
All investigators involved with the study will take part in the statistical analysis. CI-D Inskip
will perform the majority of statistical analysis with the support, evaluation and guidance of
other investigators involved.

7. ETHICAL CONSIDERATIONS
7.1 Recruitment and selection of participants*

Cohort: Participants will be individuals with mild LBD via our established referral networks
with neurologists or GPs in the Sydney Local Health district. Recruitment will is intended to
begin in Late March/Early April. The recruitment strategy will include a broad and holistic
approach to identifying potential participants, as this population is relatively small and difficult
to find in clusters. The recruitment strategy will focus on the following sources:
- Referring Neurologists, psychogeriatricians, neuropsychologists, psychiatrists and other
diagnosing medical professionals
- Referrals from Parkinson’s disease and/or cognitive disorder clinics
- Referrals from Aged care facilities with identified LBD residents
- Referrals and enquiries from NGOs and community groups
- Caregiver/participant enquiries from social media and other media networks advertising
- Word of mouth enquiries from participants/caregivers to other caregivers/individuals with
LBD.
Initial contact with potential participants will be made by relevant gatekeeper professional via
phone call or mailed flyer detailing the study and eligibility criteria. The PRIDE team will
make contact via phone call following the caregiver/individual with DLB giving permission to
be contacted to relevant gatekeeper professional.
I.e. if a neurologist is acting as a referrer for individuals with DLB, a potential
participant/caregiver will be contacted by the neurologist to obtain permission to be
contacted by a member of the PRIDE team if interested.
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In the case of an aged care facility or clinic, the head of department/head medical
professional will arrange for participant/caregiver to be contacted to obtain permission prior
to PRIDE team contact. The potential participant/caregiver will be instructed that their
relationship and care provided by the relevant clinic/facility/medical professional will not be
affected by their decision to not be contact by the PRIDE team.
If the potential individual/caregiver contacts the PRIDE team directly upon word of mouth
referral or advertising enquiry, the PRIDE team will ask permission for continued subsequent
contact to determine eligibility and to conduct the study if appropriate. A flyer detailing the
study and eligibility criteria will be mailed to potential participant/caregiver followed consent
to mail to address. Please see chart below to indicate recruitment to first visit process.

Participant/
caregiver is
informed of
study by GP/
specialist or
views
advertisement

Caregiver
contacts study
team member
and
arrangements
are made for
telephone screen

Eligibility is
determined, and
if apparently
eligible letter is
sent out with
details of first
assessment and
GP permission
slip to be sent to
participants GP

GP recieves
medical
information
permission slip
and returns brief
medical history
letter to
invesitigators

First assessment
takes place

The patients of Prof Sachdev that present with a diagnosis of LBD will be given an
opportunity to contact or be contacted by the PRIDE team should consent be given to
continue with the screening process. At all times it will be stipulated to the
individual/caregiver that their relationship with the clinician will not be negatively affected
should they decide to not proceed into the trial, and that regardless of their decision they will
receive the expected level of care required for their clinical consultation. The decision to take
part in the trial will be left for consideration by the individual/caregiver and not require a
decision within the time limits of any consultation session by a clinician. A flyer/information
document will be given if interested to allow for careful consideration of trial eligibility and
requirements.

7.1.1 Inclusion and exclusion criteria
Inclusionary criteria: Diagnosis of mild LBD (15MMSE24), over the age of 55, ambulatory,
able to follow rudimentary instructions, able to tolerate functional testing, able to travel to
gym facility (with caregiver) and complete 3 sessions/week for 8 weeks of exercise.
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Exclusionary Criteria: Non-English speaking or non-verbal, moderate to severe dementia,
wheelchair, chair- or bed-bound, presence of major limiting musculoskeletal, cardiovascular
or other neurological condition precluding planned testing and training.
7.2 Informed consent
Consent for involvement in the Baseline cross-sectional study will be obtained during the first
home visit prior to the commencement of assessment.
Consent for the Exercise intervention study will be gained following the completion of the two
home visits after discussion with the relevant caregiver and participant regarding eligibility for
the exercise study. The written consent will be sought during the third session (visit to
Lidcombe location) where eligibility will be determined prior to commencement of
assessment.
The caregiver will be present with the individual with LBD and the PIS will be discussed with
both parties and an opportunity for questions will be offered prior to seeking consent in both
sections of the study.
The participants with mild LBD are expected to vary in their capacity for providing written
consent. The participant will provide written consent for each relevant section of the study
when deemed appropriate by study physician Prof. Fiatarone Singh, and if not fit the
caregiver will sign on behalf of the individual. The caregiver will also sign consent for the
duties required specifically of the caregiver (i.e. transportation, answering of questionnaires,
etc.).

7.3 Confidentiality and Privacy
Data presented will be aggregate group results. This will present mean, range and SD
values of a cohort. Individual data will not be presented via any dissemination. Any
Published Datasets will be de-identified with limited personal anthropometry information
available (height, weight, sex, age). Any published photographs or educational videos will
only be with the consent of the individual/caregiver and the identity will not be hidden in the
visual media. No photographs or videos will be published with visual de-identification.

7.4 Data storage and Record retention
The following measures will be taken:
1. Only research team members are able to access Prof. Maria Fiatarone Singh Servers at
USYD.
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2. Hardcopies will be stored under lock and key in filing cabinets, which are contained within
lockable research staff offices in K block and C block
3. Only the PRIDE team will have access to REDCAP software and account.
4. Digital information will be stored on Prof. Fiatarone Singh’s USYD server only accessible
to researcher involved in the project.
Electronic copies of information will be stored in two places:
1. CIA prof. Maria Fiatarone Singh’s Research server maintained by the University of
Sydney. This carrier will be used to store contact information, progress databases, and
digital copies of consent forms, medical letters and correspondence and Manuals of
procedures. Only investigators involved in the PRIDE trial will have access to this server and
the information it contains.
2. REDCAP - Digital recording of assessment results will be maintained on the servers of
REDCAP digital assessment software maintained by the University of Sydney. Data is
secured with password protection and only accessible to investigators of the PRIDE trial.

Hard copies of the following information may be stored in the following locations;
1. Training logs for 8-week training period of 16wk non-randomised crossover trial - stored in
locked filing cabinets within secure, lockable offices located in Building C, room C113 at the
Cumberland Campus of the University of Sydney.
2. Original copies of participant/caregiver consent forms will be stored in locked filing cabinet
in secure, lockable K block office K220 at the Cumberland Campus of the University of
Sydney.
3. A back up Hardcopy of assessment data (analogous to REDCAP digital data) may be
stored in a locked filing cabinet in secure, lockable K block office K220 at the Cumberland
Campus of the University of Sydney.
A complete dataset of REDCAP data will be downloaded, copied and stored securely on
Prof. Maria Fiatarone Singh’s USYD server after the completion of the study. Hardcopy data
will continue to be stored in Secure, Lockable Office in K block, and K220 along with training
data original stored in C block office C113 in lockable filing cabinet. This study is a clinical
trial and a 20-year storage period is mandated. It is foreseeable in the future that this
pioneering and novel data could be used in analysis with future LBD trials and similar
cohorts. If such were to occur, ethics approval would be sought.

8. SAFETY CONSIDERATIONS
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The main foreseeable risk to participants in the study will be taking participant in physical
assessments and exercise intervention.
With all exercise there is a very small chance that a participant may sustain a
musculoskeletal injury, or in this population with LBD have a fall. The potential benefits in
this sedentary population are deemed to be significant based on effects of exercise in similar
Parkinson’s disease and Alzheimer’s disease populations. Individuals may increase in
functional independence and caregivers may as a result see a significant reduction in
caregiver burden and improvement in Quality of life as a result of the intervention.
The following precautions will be taken to minimise this risk:
1) Caregiver will be present during exercise intervention as well as assessment sessions to
aid in supervision and mobility of participant
2) Accredited Exercise Physiologists, other trained allied health professionals or experience
allied health students approved by CIA Prof. Fiatarone Singh will be the only health
professionals working with the participants in planned exercise assessments and training
3) CIA Prof. Fiatarone Singh is a practicing Geriatrician who will evaluate the risk of a
participant participating in exercise prior to, and if necessary during exercise through
Physician screen
4) All equipment that will be used within the trial will be fully functioning and instruction will
be given continuously to participants during operation of any equipment
5) Environment used for testing and exercise will be free from trip hazards and be sheltered
from weather conditions.
In addition to strength and function testing, there will be a brief venous blood draw at each
fasting assessment time point. This draw will use 23g butterfly needles to minimize
discomfort to the participant, and all infection control procedures will be followed by the
assessor to minimize risk of infection. Participants will be monitored via caregiver reports in
the subsequent days and follow up consultation and treatment arranged by study geriatrician
Prof Maria Fiatarone Singh.
Adverse events reporting: Adverse events will be immediately reported to lead investigator
Prof. Fiatarone Singh and follow up medical treatment (if necessary) will be arranged. An
incident report will be generated detailing the nature of the incident and if not deemed to
have an impact on the ethical acceptability of the study, will be included in the HREC annual
report as necessary. Events of a more serious nature will follow guidelines provided by
USYD HREC and adhered to strictly.

9. OUTCOMES AND SIGNIFICANCE
Potential significance of the study:
This research project will be the first study to investigate the effects of exercise on a cohort
of individuals living with Lewy Body dementia as well as on burden and QoL in their primary
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caregiver. Data collected from this cohort will inform clinicians about the most important
modifiable risk factors mediating the loss of functional independence in these individuals.
The formal testing of the theoretically based exercise intervention will take place in a
controlled crossover trial emerging from this mediation analysis.
This trial evaluates the feasibility and efficacy of this novel, targeted exercise as a tool for
clinicians to slow functional and cognitive decline. We will pioneer dissemination of this
exercise research in Lewy body dementia via development of health care professional
training packages and caregiver information booklets to describe the use of exercise to
maintain or improve functional independence in this cohort. Direct benefit to the individuals
and caregivers involved with the trial may be in the form of a moderate improvement in
physical mobility, ability to increase the life-space of the individual, improvement of Quality of
life in both individual and caregiver, and a reduction in caregiver burden and negative affect.
The main outcome measures of functional independence are the MDS-UPDRS (movement
disorder society – Unified Parkinson’s disease rating scale) and the FIM (Functional
independence measure), which are widely applied measures sensitive to changes in
independence and function. The other primary outcomes include changes in Strength Zscores and physical function. A recent large-scale longitudinal study by Brodaty and
colleagues (35) in 2014 identifies low cognition; low functional ability and more
neuropsychiatric symptoms are the strongest predictors of institutionalisation in people with
dementia. The pride intervention aims to target the physical function of individuals and
potentially the cognitive and psychiatric symptoms through the use of the targeted exercise
intervention. PRIDE may offer a treatment that slows down the rapid rate with which
individuals with LBD move into assisted living environments.
This research will draw attention to a disease that often is misunderstood by the media, and
rarely known at diagnosis by individuals and affected families, as well as multiplying
opportunities for funding from dementia networks. This research project will provide an
opportunity to update guidelines and provide a widely applicable therapeutic option of
evidence-based exercise to a cohort that has been largely excluded from high quality
research to date. Not only will this research begin to populate the field of nonpharmacological therapies for LBD, but add to the growing body of literature focusing on
improving the health of the caregiver in the caregiver-participant dyad for chronic and
complex conditions.

10. TIMELINES / MILESTONES
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The study will runs until January 2019 from ethics approval to analysis of final outcome
results due to the expected slow speed of recruitment. Below is a timeline of the study:
Date

Stage

2-3/2016

Ethics Application/Trial Registration/Approval/ Development of all
protocols

9/2016 –
12/2018

16-week fixed period crossover intervention trial in 24 participants with
LBD living at home

1/2017

Baseline cross-sectional results ready for dissemination via peer-reviewed
journal

2/2019

Analysis and publication of primary outcomes, development of
dissemination training packages

11. FINANCIAL
12. PUBLICATION POLICY / DISSEMINATION OF RESULTS
Results from this project will be disseminated through a variety of forms and mediums,
including:
•
•
•
•

•

•

Journal Publications - relevant journals in movement disorders, dementia and cognitive
disorders, and exercise journals
PhD thesis - this work will form chapters within the Thesis of PhD student Michael Inskip.
Conference presentations - this work will be presented in major movement disorder
conferences and PD/dementia conferences on both domestic and international platforms
Lay media summaries - results will be reported via media outlets, Lewy Body societies in
America (LBDA) and the UK, social media support groups, Parkinson’s NSW (conditional
if grant application is approved), Alzheimer’s Australia.
Professional dementia and neurological networks - Neuroscience Research Australia
(NeuRA), Dementia collaborative research Centre (DCRC), Michael J Fox Foundation,
Network News programs.
Lay/Professional guidelines - Guidelines for clinical testing relevant to exercise in LBD,
lay summaries of exercise benefits in LBD and instructional guides.

All investigators will take part in the formulation of scientific literature surrounding the PRIDE
trial. CI-D Inskip will take the lead in producing scientific papers and all authors will be
acknowledged in the authorship of any scientific literature produced.
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Appendix J: Participant Information Statement for PRIDE Study
1. Participants Information statements for the baseline cross-sectional
and portion of the PRIDE study (Promoting Independence in Lewy
Body Dementia through Exercise) approved by the second Higher
Research Ethics Committee (HREC2) from the University of Sydney.
2. Participants Information statements for the intervention portion of the
PRIDE study (Promoting Independence in Lewy Body Dementia
through Exercise) approved by the second Higher Research Ethics
Committee (HREC2) from the University of Sydney.
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The PRIDE study: Promoting Independence in Lewy Body Dementia through
Exercise
PARTICIPANT INFORMATION STATEMENT – BASELINE CROSS-SECTIONAL STUDY
(1)

What is this study about?

You are invited to take part in a research study about Lewy Body Dementia called
the PRIDE study: Promoting Independence in Lewy Body Dementia through
Exercise.
The first part of this trial aims to help our team gain an understanding of how we
can best design an exercise program to improve function and independence in Lewy
body dementia. This part of the study has one main aim:
1. To evaluate what aspects of Lewy Body Dementia contribute most to a
decrease in your independence in your home and your physical function, as
well as having a look at your caregiver’s wellbeing
A detailed study investigating the factors relating to a decrease in physical function
and the effects of Exercise in Lewy Body Dementia has not been done before
anywhere in the world, and at the end of this study we hope to contribute to the
growing body of research into Lewy Body Dementia.
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o

Blood pressure: We will measure your resting pulse and blood pressure while
you are lying, sitting and standing for 2 minutes, and ask if you feel dizzy.
This will be recorded by a cuff placed around your arm for certain time periods.
We will also use a device called the Finapres NOVA that will place small cuffs
around you fingers and measure you blood pressure continuously for short
periods of time (2-3mins). The inflation of these cuffs may be slightly unpleasant
but they will not damage your fingers or cause excessive discomfort.

•

Sleep Questionnaires: We will ask you and your caregiver a few questionnaires
concerning you sleep history, current sleep quality, and your daytime sleep
habits. These data will give our team valuable information about how sleep is
affected in LBD and what factors might be related to its quality.

o .Physical activity and rest time: As mentioned in the paragraph above, you will be
fitted with a small, slim profile device (about the size of a watch face and
weighing only 100 g), on your lower back, which you will wear for a week
between the sessions. This device will be taped in place so that you will not feel it
lying down and it will be waterproof and sweat-proof, so that you can lightly
shower without removing it. We do not recommend swimming or bathing with
this device on as it is water resistant (to light splashes) within the tape, but not if
submerged in water. This device will give our team valuable information about
your levels of activity and rest time and how much time you spend walking,
sitting or lying. We will give your caregiver a simple log sheet to fill out daily for a
week for recording your sleep and wake times. Your assessor will help your
caregiver fit the device on the first assessment session.
o Caregiver activities and quality of life: Your Caregiver will also be asked directly
questions about his/her mood, level of fatigue and wellbeing.
All of the questions mentioned above will be asked of you or your caregiver by an
investigator in this trial and your response will be recorded in writing or on a small
digital tablet or computer by the researcher. A few of the tests of your thinking
ability may require you to write your own response on paper. We will not require
any video, photo or audio recordings of your responses, or those of your caregiver.
We may need some additional medical information relating to your diagnosis of
Lewy Body Dementia from your GP, specialist or other health care professional
charged with your care, as well as provide your doctors with results of tests that we
conduct. We will explain confidentiality and ask for you permission to access this
information and share information we gather with your doctors further on in this
document. We will only share information that may be related to the clinical care
your doctors provide you.
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For the first part of the trial, we would like to look at a variety of factors in your life
that may contribute to any impairment you may note in your function. You have
been invited to participate in this study because you have had a diagnosis of Lewy
Body Dementia and you, or your caregiver, has indicated interest in participating in
this study.
This Participant Information Statement tells you and your caregiver about the
research study. Knowing what is involved will help you and your caregiver decide if
you want to take part in the research. Please read this sheet carefully and ask
questions about anything that you don’t understand or want to know more about.
Participation in this research study is voluntary for you and your caregiver.
By giving your consent to take part in this study you are telling us that you, or your
caregiver:
ü Understand what you have read.
ü Agree to both take part in the research study as outlined below.
ü Agree to the use of your personal information as described.
You will both be given a copy of this Participant Information Statement to keep.
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(2)

Who is running the study?

The study is being carried out by the following researchers:
• Professor Maria Fiatarone Singh (University of Sydney)
• Professor Perminder Sachdev (University of New South Wales)
• Dr Yorgi Mavros (University of Sydney)
• Mr. Michael Inskip (University of Sydney)
Mr. Michael Inskip is conducting this study as the basis for his Doctorate degree
(PhD) at The University of Sydney. This will take place under the supervision of
Professor Maria Fiatarone Singh.

(3)
What will the study involve for me?
The first part of the PRIDE trial will involve an assessment of a range of factors that
may be related to your level of function and independence in daily living. As part of
this assessment we expect that your caregiver will accompany you and that he/she
will help you to complete questionnaires, complete some on your behalf, and
answer questionnaire about his or her own wellbeing.
A member of our team has been contacted because you have expressed interest, or,
your doctor, specialist or caregiver has suggested you as a potentially eligible
participant for our trial. Following that initial contact, a researcher has contacted
your caregiver to gain some more information relating to your health status to see if
you are eligible and possibly interested. Because you appear to be the type of
participant we are looking to take part in our trial, we have arranged to go through
the information about this part of the study with you and your caregiver today in
your home.
This part of the study requires a visit from one of our researchers to your home or
place of residence on two separate occasions for a maximum of 2-3 hours at each
visit with your caregiver present. The purpose of these visits is to measure a variety
of factors related to your independence and function in day-to-day tasks and your
quality of life. Included in these measurements are questions for your caregiver to
see how they are coping on a daily basis.

Between these two visits we will also ask you to wear a small device about the size
of a watch face (weighing 100 g) taped to your lower back to measure your activity
levels for the week in between visits. More information about the wearing of this
device is explained below.
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The following testing will take place during the two visits:
o Tests of memory and thinking: These are some brief tests that evaluate your
overall thinking ability, language, ability and speed of decision-making, reaction
time and ability to solve problems and to process information you see. These
tests may include looking at pictures and words on a computer screen or on
paper.
o Assessment of your function: These tests will evaluate how independent you are
in moving around the house and performing tasks you do on a day-to-day basis
by asking you and/or your caregiver how difficult these tasks are for you. Your
caregiver will be asked to answer some questions about this area, and help you
complete others.
o Physical function performance: These tests are a series of quick assessments that
look at a range of physical abilities including your ability to rise from a chair 5
times, walk indoors as far as you can in 6 minutes, balance while standing in
different position and while walking, and walk while performing some thinking
tasks, You will be able to rest as much as needed in between each test, and will
not be asked to do anything you cannot do. For some of these tests, we will take
a video recording to enable our team to make the most informed and accurate
judgement on your physical performance. We will indicate the sections of the
testing where this video recording will take place. These videos will not be
viewed by anyone who is not part of the research team and will only be used for
educational purposes if you give permission through the appropriate forms for
this use.
o Measures of your strength: You will be asked to sit down and a measuring device
called a dynamometer will be placed against several muscles in your arms and
legs. We will ask you to push/pull as hard as you can for a few seconds so that we
can measure the strength of each muscle tested. You will be able to rest as much
as needed between each test.
o Questions about your mood and quality of life: We will ask some questions
looking at your mood and well-being, your confidence, and your satisfaction with
life. Your caregiver will also be asked to answer some questionnaires about this
area, and help you complete others.
o Body composition: We will measure your body weight, height, waist
circumference, body fat, and muscle mass. The measurements of fat and muscle
will be done by passing a small electric current through your body that is too
small to feel and poses no risk to you at all, called bioelectrical impedance
analysis. If you have a pacemaker, you will not undergo this test. There are no
other contraindications to the testing.
o Nutritional assessment: We will ask your caregiver a brief questionnaire about
what you eat and your eating habits
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(4)

How much of my time will the study take?

The total face-to-face time expected for this part of the PRIDE trial is two home visits
of 2-3 hours each. This is a maximum 6 hours that you, and your caregiver will be
required to be present and complete assessments.
In between the two assessment sessions, which will occur 1 week apart, you will be
asked to wear the small activity monitor described previously in this document. Once
this monitor is taped to your skin, you will not be required to remove it or activate it,
and you will be able to participate in your normal daily activities without
interference.
First
assessment
2-3 hour home
assessment

1 week between assessments

Second
assessment
Participant with LBD wears an activity
2-3 hour home
monitor for one week. Caregiver fills out daily assessment
logbook
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(5)

Who can take part in the study?

The people we would like to study in our trial are individuals with Lewy Body
dementia who live in a range of residential settings including out in the community,
assisted living and nursing home environments, as well as their caregivers.
To be eligible for this study, you must meet the following criteria:
• Have a diagnosis of mild Lewy Body Dementia (Including either Dementia
with Lewy bodies or Parkinson’s Disease Dementia) and be able to
understand and complete simple tasks and activities
• Be able to walk independently short distances, or with the assistance of a
device like a stick or frame only
• Be willing to take part in two home visits with a researcher, which will each
last for 2-3 hours
• Have a caregiver, friend or family member able to be present at your home
visits for each of the two sessions.
Reasons why you may not be eligible for this study include:
• You cannot understand or fluently speak English
• You have major unstable medical conditions limiting your ability to perform
the physical assessments safely even under our supervision in the opinion of
your doctors or our study physicians
• You need the assistance of another person to walk or use a wheelchair
instead of walking most of the time.
The reason we have set the above criteria is that we are intending to assess you
cognitively, physically and emotionally during these visits. We need to make sure
that you are able to take part in the majority of our assessments safely and
effectively in order to minimise any potential for harm or emotional distress. If we
find that you are not eligible at this time for our study, we may ask to contact you in
the future for the study if your situation changes.
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(6) Do I have to be in the study? Can I withdraw from the study once I've started?
Being in this study is completely voluntary and you do not have to take part. Your decision
whether to participate will not affect your current or future relationship with the
researchers or anyone else at the University of Sydney.
if you and your caregiver decide to take part in the study and then change your mind later,
you are free to withdraw at any time. You or your caregiver can do this by contacting
Michael Inskip on 9351 9138 to inform him of your intentions. If you withdraw from this part
of the study prior to both days of assessment being completed, you will not be eligible for the
gift provided on completion of the assessment schedule.
If you or your caregiver decide to withdraw from the study, we will not collect any more
information from either of you. Any information that we have already collected, however,
will be kept in our study records and may be included in the study results. If your health
were to deteriorate to a point where the study Geriatrician (Prof. Fiatarone Singh) deems
your participation in the home assessments not safe, or if you were to sustain a serious
injury, we would need to terminate your participation in our study for medical reasons and
for your safety. Any such event would be reported immediately to your GP for follow-up.
(7) Are there any risks or costs associated with being in the study?
There are risks associated with your involvement in this part of the study:
• Physical testing: There is a small risk of muscle soreness, falls, fatigue or injury during
physical function tests. This is very rare during the kind of strength and mobility testing
proposed here. You will be closely supervised by a trained and experienced health
professional during all testing and training procedures. To minimise these risks, we will
carefully monitor you throughout your testing and training, to ensure it is in accordance
with your physical capabilities and take care to set up the testing equipment in a manner to
maximise your safety.
•

Memory and thinking testing: Fatigue and stress may accompany testing. This will be
minimised by frequent breaks as needed, and highly experienced staff conducting the
testing. Memory testing will be performed confidentially in your home one-on-one with a
research assistant. Your caregiver may be with you during this testing if you prefer, but will
not be able to help you answer the questions.

•

Potential emotional distress: Some of the questionnaires we ask you and your caregiver
about your emotions, quality and satisfaction with life, and stress could make either of you
upset or uncomfortable.. Answering these questions is voluntary, and if you need time to
compose yourself or wish to take no further part in the questionnaire, we will respect your
decision. If you require counselling for any emotional distress caused by any of these
assessments, we will refer you to your GP and he/she can help you seek appropriate
services.
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•
•

Activity monitoring: There is a small chance that wearing the activity monitor on the
lower back under the bandage might cause some slight skin irritation from the tape
residue and location. We will ensure that the tape is applied neatly and without tensing
the skin to minimise any discomfort due to the tape application.

Direct costs or expenses:
•

There are no direct costs associated with participation for you or your caregiver in this part
of the PRIDE trial. The assessor will travel to your place of residence and all assessments
will be performed in your home at a convenient time which you nominate, and not incur
any cost.
What happens if I suffer injury or complications as a result of the study?
If you suffer any injuries or complications as a result of this study, you should contact the
study doctor (Professor Maria Fiatarone Singh) as soon as possible, who will assist you in
arranging appropriate medical treatment.

You may have a right to take legal action to obtain compensation for any injuries or complications
resulting from the study. Compensation may be available if your injury or complication is caused
by the drugs or procedures, or by the negligence of any of the parties involved in the study. If you
receive compensation that includes an amount for medical expenses, you will be required to pay
for your medical treatment from those compensation monies. If you are not eligible for
compensation for your injury or complication under the law, but are eligible for Medicare, then
you can receive any medical treatment required for your injury or complication free of charge as a
public patient in any Australian public hospital.
(8)

Are there any benefits associated with being in the study?
Following completion of the two home assessment sessions, you and your caregiver will be
gifted a movie voucher for two which will be redeemable for the amount of $30.00 at a
major movie theatre chain and valid for 12 months from date of issue.
While we intend that this research study furthers medical knowledge and may improve
treatment of Lewy Body Dementia in the future through developing a greater sense of how
risk factors contribute to your function and independence, it may not be of direct benefit to
you following the assessment.
Following this part of the trial, you may be eligible to take part in an exercise trial, which will
be based on information we collect during these assessments. A study investigator will talk to
you and your caregiver about your eligibility and interest following these assessments should
you wish to take part.
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(9)

What will happen to information about me that is collected during the study?
By providing your consent, you are agreeing to us collecting personal information about you
for the purposes of this research study. Your information will only be used for the purposes
outlined in this Participant Information Statement, unless you consent otherwise.
Your information will be stored securely and your identity/information will be kept strictly
confidential, except as required by law. Study finding may be published, but you will not be
individually identified in these publications.
The first part of the PRIDE trial involves two assessment sessions that take place at your
place of residence. During these sessions the researcher will conduct a range of assessments
and collect information about how you perform each task or how you or your caregiver
answer each questionnaire.
During these assessments we will record the information that is collected on paper by the
assessor, or in some cases you will during a test. We may also use a device (tablet or small
computer) to record your responses digitally. We will not be taking any video, photo or
audio recordings during these assessments and all written data will remain confidential.
The information we record will be stored in hardcopy in locked filing cabinets at the
Cumberland campus of the University of Sydney in a secure location, in files located on a
secure university server, as well as being entered into an electronic database (REDcap) that
is located on a computer network server in the University of Sydney. This database is
protected by strong encryption technology and the risk of a breach of confidentiality is very
low. We will also protect your anonymity by ‘coding; your data so that it is not stored with
your name, but rather a code we assign you following the assessment process. The data we
collect will be stored for a minimum of 20 years as is the standard for data collected in
clinical trials.
The only personnel who will be able to access your data directly will be the researchers
involved with the PRIDE trial as listed at the start of this document. If necessary, we may
request medical information from your GP or specialist regarding your suitability and
eligibility to participate in this testing, and may share information related to your testing
results with your GP or specialist if that information may provide knowledge relating to your
medical care. Your permission will be sought prior to contacting your GP or specialist to
either receive or send this medical information about you.
The information we collect for this study may also be used in future projects and a Lewy
Body Dementia network of individuals living with the condition and the caregivers. By
providing your consent you are allowing us to use your information in future projects and to
establish a network of contacts in the Lewy Body Dementia community. We don’t know at
this stage what these other projects will involve. We will seek ethical approval before using
the information in any future projects.
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(10)

What will happen to my treatment when the study is finished?
This part of the PRIDE trial only consists of two assessment sessions that are aimed to
forming an understanding of factors which contribute to your independence and function in
daily life.
Following completion of these two assessments, the PRIDE team may offer you the
opportunity to take part in the second part of the study that involves a 19-week
commitment. The last 8-weeks of this 19-week commitment will involve exercise sessions
held 3 times per week at the Cumberland Campus of the University of Sydney, Lidcombe.
An assessor from the PRIDE trial will be in contact with you following your two assessment
sessions to discuss the specific details of this part of the trial and your eligibility to take part.

(11) Can I tell other people about the study?
Yes, you are welcome to tell other people about the study.
(12) What if I would like further information about the study?
When you have read this information, Michael Inskip (a study investigator) will be available
to discuss it with you further and answer any questions you may have. If you would like to
know more at any stage during the study, please feel free to contact Michael on his office
phone 9531 9138 for further information and leave a detailed message with your name,
contact details and query.
(13) Will I be told the results of the study?
You have a right to receive feedback about the overall results of this study. You can tell us
that you wish to receive feedback by ticking the relevant box on the consent form.. This
feedback will be in the form of a one page lay summary. You will receive this feedback
after the study is finished.
Any results specific to your assessment that may assist in improving the knowledge of your
condition for the purposes of your healthcare treatment will be passed onto your GP or
specialist and will be discussed with you and your caregiver if appropriate.
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(14) What if I have a complaint or any concerns about the study?
Research involving humans in Australia is reviewed by an independent group of people
called a Human Research Ethics Committee (HREC). The ethical aspects of this study have
been approved by the HREC of the University of Sydney [INSERT protocol number once
approval is obtained]. As part of this process, we have agreed to carry out the study
according to the National Statement on Ethical Conduct in Human Research (2007). This
statement has been developed to protect people who agree to take part in research
studies.
If you are concerned about the way this study is being conducted or you wish to make a
complaint to someone independent from the study, please contact the university using the
details outlined below. Please quote the study title and protocol number.
The Manager, Ethics Administration, University of Sydney:
• Telephone: +61 2 8627 8176
• Email: ro.humanethics@sydney.edu.au
• Fax: +61 2 8627 8177 (Facsimile)

__________________________________________________________________________
This information sheet is for you to keep
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Exercise, Health and Performance
Faculty Research Group
Discipline of Exercise and Sports
Science Faculty of Health Sciences
ABN 15 211 513 464
PROFESSOR MARIA FIATARONE SINGH
M.D., FRACP

Room 221
K Block, Cumberland Campus
The University of Sydney
NSW 2006 AUSTRALIA
Telephone: +61 2 9351 9755
Facsimile: +61 2 9351 9204
Email:
maria.fiataronesingh@sydney.edu.au
Web: http://www.sydney.edu.au/

The PRIDE study: Promoting Independence in Lewy Body Dementia through Exercise
PARTICIPANT INFORMATION STATEMENT – EXERCISE INTERVENTION
(1) What is this study about?
You are invited to take part in a research study about Lewy Body Dementia called
the PRIDE study: Promoting Independence in Lewy Body Dementia through Exercise.
This part of the trial aims to use the information we gained during your home
assessments and those of other participants to develop an exercise intervention to
trial in individuals with Lewy Body Dementia who are living in the community like
yourself. Our aims for the exercise trial are the following:
1. To test an exercise program designed to improve your independence and
physical function and mental well-being.
2. Evaluate the suitability of this program in persons like yourself, and the effect
of this program on the wellbeing of your caregiver.
A detailed study investigating the factors relating to a decrease in physical function
and the effects of exercise in Lewy Body Dementia has not been done before
anywhere in the world, and at the end of this study we hope to contribute to the
growing body of research into Lewy Body Dementia.
For this part of the trial, we would like to offer you the opportunity to take part in a
19-week study, which includes an 8-week trial of an exercise program specifically
tailored to your current health status and function. You have been invited to
participate in this study because you have had a diagnosis of Lewy Body Dementia
and you, or your caregiver has indicated interest in participating in this study.
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This Participant Information Statement tells you and your caregiver about the
research study. Knowing what is involved will help you and your caregiver decide if
you want to take part in the research. Please read this sheet carefully and ask
questions about anything that you don’t understand or want to know more about.
Participation in this research study is voluntary for you and your caregiver.
By giving your consent to take part in this study you are telling us that you and your
caregiver:
ü Understand what you both have read.
ü Agree to both take part in the research study as outlined below.
ü Agree to the use of your personal information as described.
You will both be given a copy of this Participant Information Statement to keep.
(2) Who is running the study?
The study is being carried out by the following researchers:
• Professor Maria Fiatarone Singh (University of Sydney)
• Professor Perminder Sachdev (University of New South Wales)
• Dr Yorgi Mavros (University of Sydney)
• Mr. Michael Inskip (University of Sydney)
Mr. Michael Inskip is conducting this study as the basis for his Doctorate
degree (PhD) at The University of Sydney. This will take place under the
supervision of Professor Maria Fiatarone Singh.
(3) What will the study involve for me?
This part of the PRIDE trial will involve an exercise intervention that we anticipate
will improve your level of function and independence in daily living, as well as the
wellbeing of you and your caregiver. As part of this assessment we ask that your
caregiver will accompany you to each assessment and training session. Your
caregiver will be asked to help you to complete questionnaires, complete some on
your behalf, and answer questionnaires about his/her own wellbeing, as well as
assist the investigators during training sessions if needed.
A member of our team would have discussed with you and your caregiver your
suitability for the exercise intervention following your completion of the home
baseline assessment sessions. The purpose of this document is to explain the
commitment required of you and your caregiver if you wish to take part in the
exercise intervention of the PRIDE study.
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This part of the study requires the following time commitment:
•

A 2-hour assessment session to test your strength on machines and the
distance you can walk before you start this part of the study. This session will
also include a physician screen with Prof. Maria Fiatarone Singh, the lead
investigator of PRIDE and study Geriatrician, to investigate your suitability for
exercise.

•

Two assessment sessions (2-3 hours each) separated by a week. During the
week interval between the two assessment days, you will be asked to wear a
small device called an activity monitor on your lower back just like you may
have in between your home assessment. . These assessment days will occur
8 weeks after starting this study, and then again 8 weeks later.

•

During the first 8-week period, we will keep in contact with your caregiver
but you will simply carry our your normal daily routine.

•

During the second 8-week period, we will provide you with an exercise
program at the Cumberland campus of the University of Sydney at Lidcombe.
This will include 24 supervised exercise sessions (each 1 hour long). They will
occur 3 times per week for 8 weeks, and your caregiver will be present during
all sessions.

All assessments and training sessions will take place at the Cumberland campus of
the University of Sydney at Lidcombe. The total commitment to this part of the
PRIDE trial is approximately 19 weeks, of which 8 weeks is the exercise
intervention.
The following testing will take place during the two separate days of assessment
sessions at 8 weeks and then at the end of the intervention (8 weeks later).
o Tests of memory and thinking: These are some brief tests that evaluate your
overall thinking ability, language, ability and speed of decision-making, reaction
time and ability to solve problems and to process information you see. These
tests may include looking at pictures and words on a computer screen or on
paper.
o Assessment of your function: These tests will evaluate how independent you are
in moving around the house and performing tasks you do on a day-to-day basis
by asking you and/or your caregiver how difficult these tasks are for you. Your
caregiver will be asked to answer some questionnaires about this area, and help
you complete others.
o Physical function performance: These tests are a series of quick assessments that
look at a range of physical abilities including your ability to rise from a chair 5
times, walk as far as you can in 6 minutes, balance while standing in different
position and while walking, and walk while performing some thinking tasks and
You will be able to rest as much as needed in between each test.
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For some of these tests, we will take a video recording to enable our team to
make the most informed and accurate judgement on your physical performance.
We will indicate the sections of the testing where this video recording will take
place. These videos will not be viewed by anyone who is not part of the research
team and will only be used for educational purposes if you give permission
through the appropriate forms for this use.
o Measures of your strength: You will be asked to perform movements on special
machines that measure how strong different muscles in your body are. The
assessor will instruct you how to use each machine safely, and we will test your
muscles to see the highest weight you can lift or push. You will be given as much
rest as required during each attempt at moving the load, and we will ensure you
are performing the exercise correctly, which will minimise the risk of sustaining
an injury.
o Questions about your mood and quality of life: A few brief questionnaires looking
at your mood and well-being, your confidence, and your satisfaction with life.
Your caregiver will be asked to answer some questionnaires about this area, and
help you complete others.
o Sleep Questionnaires: We will ask you and your caregiver a few questionnaires
concerning you sleep history, current sleep quality, and your daytime sleep
habits. These data will give our team valuable information about how sleep is
affected in LBD and what factors might be related to its quality.
o Body composition: Measurements of your body weight, height, waist
circumference, body fat, and muscle tissue. The measurements of fat and
muscle will be done by passing a small electric current through your body that is
too small to feel and poses no risk to you at all, called bioelectrical impedance
analysis. If you have a pacemaker, you will not undergo this test. There are no
other contraindications to the testing.
o Nutritional assessment: We will ask your caregiver a brief questionnaire about
what you eat and your eating habits.
o Blood pressure: Resting pulse and blood pressure while you are lying, sitting and
standing for 2 minutes. This will be recorded by a cuff placed around your arm
for certain time periods. We will also use a device called the Finapres NOVA that
will place small cuffs around you fingers and measure you blood pressure
continuously for short periods of time (2-3mins). The inflation of these cuffs may
be slightly unpleasant but they will not damage your fingers or cause excessive
discomfort. If you find the finger cuffs too uncomfortable, you may ask the
investigator to remove this cuff at any point.
o . Physical activity and rest time: As mentioned in the paragraph above, you will
be fitted with a small, slim profile device (about the size of a watch face and
weighing only 100 g), on your lower back, which you will wear for a week
between the sessions. This device will be taped in place so that you will not feel it
lying down and it will be waterproof and sweat-proof, so that you can lightly
shower without removing it. We do not recommend swimming or bathing with
this device on as it is water resistant (to light splashes) within the tape, but not if
submerged in water. This device will give our team valuable information about
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your levels of activity and time spent walking, sitting and lying. We will give your
caregiver a simple log sheet that they will need to fill out daily for a week with
sleep and wake times. Your assessor will help your caregiver fit the device on the
first assessment session.
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o Physician screen: You will undergo a medical screening with study geriatrician
and lead investigator Professor Maria Fiatarone Singh before commencing any
strength testing in the first visit to the Cumberland Campus. Information we
gather from this screening and the subsequent assessments may be used to
contact your GP to assist with your treatment both within and outside of the
study.
o Caregiver activities and quality of life: Your Caregiver will also be asked directly
several questionnaires about his/her mood, level of fatigue and wellbeing.
Any questionnaire detailed above will be asked to you or your caregiver by an
investigator in this trial and your response will be recorded in writing by the
researcher or on a digital tablet or computer. A few of the tests of your thinking
ability may require you to write your own response on paper. We will not require
any video, photo or audio recordings of your responses, or those of your caregiver.
•

Weekly phone call: during the usual care follow up period and the exercise
period to administer a short (~15mins) questionnaire to your caregiver about
your medical care and any recent changes to your medication of health.

We may need to gain medical information relating to your diagnosis of Lewy Body
Dementia from your GP or medical professional charged with your care. In the event
that we require access to this information, we will inform you and your caregiver.
We will explain confidentiality and ask for you permission to access this information
further on in this document.

(4) How much of my time will the study take?
The total time required for this part of the study is 19 weeks, or around 4.5 months.
You will be tested before you start in a 2-hour session, and then 8 weeks later in two
2-3 hour sessions, and then at the end of the exercise trial for another two 2-3 hour
assessment sessions. Please see below for a timeline.
Time
(weeks)
Period

Week 0
2-hour
testing
session

Week 1 –
Week 9
Week 9
No
Two
requirements testing
sessions
one week
apart (2-3
hours
each)

Week 10-18

Week 19

Exercise program:
24 one-hour
exercise sessions
(3x/week, for 8
weeks)

Two
testing
sessions
one week
apart (23 hours
each)
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In between the two assessment sessions, which will occur 1 week apart, you will be
asked to wear a small activity monitor described previously in this document. Once
this monitor is attached, you will not be required to remove it or activate it, and you
will be able to participate in your normal daily activities without interference.
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(5) Who can take part in the study?
The population we would like to study in our trial are individuals with Lewy Body
dementia who live in a range of residential settings including out in the community,
assisted living and nursing home environments, as well as their caregivers.
To be eligible for this study, you must meet the following criteria:
• Have a diagnosis of mild Lewy Body Dementia (Including either Dementia
with Lewy bodies or Parkinson’s Disease Dementia) and be able to
understand and complete simple tasks and activities
• Be able to walk independently short distances, or with only assistance of a
device like a stick or frame
• Be willing to partake in the full 19 weeks of the study period, including the 8week exercise intervention
• Have a caregiver, friend or family member who is able to attend the 8 weeks
of exercise sessions (24 in total) with you, and the 5 assessment sessions, all
at the Cumberland campus of the University of Sydney at Lidcombe.

Reasons why you may not be eligible for this study include:
• You cannot understand or fluently speak English
• You have major unstable medical conditions limiting your ability to exercise
safely even under our supervision in the opinion of your doctors or our study
physicians
• You need the assistance of another person to walk, or use a wheelchair most
of the time.
• You and your caregiver are not able to travel to the campus by private or
public transport
The reason we have set the above criteria is that we are studying how effective this
exercise program may be for individuals with Lewy Body Dementia. We need to
make sure that you are able to take part in the majority of our training sessions and
assessments safely and effectively in order to minimise any risks of injury or
discomfort. If we find that you are not eligible at this time for our study, we may ask
to contact you in the future for the study if your situation changes.

The PRIDE study
Version 7, 21/2/18
Page 7 of 13

568

(6) Do I have to be in the study? Can I withdraw from the study once I've
started?
Being in this study is completely voluntary and you do not have to take part. Your
decision whether to participate will not affect your current or future relationship
with the researchers or anyone else at the University of Sydney.
If you and your caregiver decide to take part in the study and then change your mind
later, you are free to withdraw at any time. You or your caregiver can do this by
contacting Michael Inskip on 9351 9138 to inform him of your intentions. If you
withdraw from this part of the study prior to taking part in the exercise intervention,
you will not be eligible for the gift provided on completion of the PRIDE study
schedule.
If you or your caregiver decides to withdraw from the study, we will not collect any
more information from either of you. Any information that we have already
collected, however, will be kept in our study records and may be included in the
study results.
If your health were to deteriorate to a point where the study geriatrician (Prof.
Fiatarone Singh) deems your participation in the home assessments not safe, or if
you were to sustain a serious injury, we would inform your doctor immediately, and
would need to terminate your participation in our study.
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(7) Are there any risks or costs associated with being in the study?
There are risks associated with your involvement in this part of the study:
•

Exercise testing: There is a small risk of muscle soreness, falls, fatigue or
injury during physical function tests. This is very rare during the kind of
strength and mobility testing and training proposed here. You will be closely
supervised by a trained and experienced health professional during all testing
and training procedures. The training involves high intensity powerful
movements that may exacerbate any underlying hernias due to the presence
of high abdominal pressures during the movements. To minimise these risks,
we will carefully monitor you throughout your testing and training, to ensure
it is matched to your physical capabilities and take care to set up the exercise
equipment in a manner to maximise your safety.

•

Memory and thinking testing: Fatigue and stress may accompany testing. This
will be minimised by frequent breaks as needed, and highly experienced staff
conducting the testing. Memory testing will be performed confidentially in a
private area one-on-one with a research assistant, and other participants will
not know the result. Your caregiver may be with you during this testing if you
prefer, but will not be able to help you answer the questions.

•

Potential emotional distress: Some of the questionnaires we ask you and
your caregiver about your emotions, quality and satisfaction with life, and
stress may make either of you upset or uncomfortable. Answering these
questions are voluntary, and if you need time to compose yourself or wish to
take no further part in the questionnaire, we will respect your decision. If you
require counselling for any emotional distress caused by these assessments,
we will refer you to your GP and he/she can help you seek appropriate
services.

Activity monitoring: There is a small chance that wearing the activity monitor on the
lower back under the bandage might cause some slight skin irritation from the tape
residue and location. We will ensure that the tape is applied neatly and without
tensing the skin to minimise any discomfort due to the tape application.
Direct costs or expenses:
•

The exercise intervention, testing and physician screen will not incur any expense
for you or your caregiver. The only costs we foresee you incurring are those
relating to your travel to and from the Lidcombe location from your place of
residence. We will provide you and your caregiver with free parking and a free
meal on all testing and assessment sessions from the on-campus food outlets to
reduce any cost associated with your participation in this trial.
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(8)

What happens if I suffer injury or complications as a result of the study?
If you suffer any injuries or complications as a result of this study, you should contact the
study doctor (Professor Maria Fiatarone Singh) as soon as possible, who will assist you in
arranging appropriate medical treatment.
You may have a right to take legal action to obtain compensation for any injuries or
complications resulting from the study. Compensation may be available if your injury or
complication is caused by the drugs or procedures, or by the negligence of any of the parties
involved in the study. If you receive compensation that includes an amount for medical
expenses, you will be required to pay for your medical treatment from those compensation
monies.
If you are not eligible for compensation for your injury or complication under the law, but are
eligible for Medicare, then you can receive any medical treatment required for your injury or
complication free of charge as a public patient in any Australian public hospital.

(9)

Are there any benefits associated with being in the study?
As the participant, we anticipate that you may improve your independence and physical
function and wellbeing upon completing the exercise program with our team at the
Lidcombe location. We also foresee that the wellbeing of your caregiver may also improve
following any improvement in your daily function. During our study assessment, we may find
information that will assist with your on-going healthcare from your GP and/or specialists.
Following completion of the final testing at week 19, we will offer you and your caregiver the
opportunity to continue with your exercise program beyond the research period if there
exists a benefit to your health. This will be free of charge, voluntary, and will take place at the
Lidcombe location. This program will take place for an indefinite period of time, and your
participation will depend on your caregiver’s ability to transport and supervise you for the
agreed number of days/week for the duration of the program. Data will be collected
periodically to monitor your progress and will include some of the physical and cognitive
measures of your performance that you will have already performed during the study. At his
stage we will also offer you and your caregiver two vouchers to the value of $30 for a leading
movie theatre chain between you both as a token of our appreciation for your involvement in
this study. If you withdraw and do not complete the final assessments (week 19) you will
unfortunately not be eligible for these vouchers.
While we intend that this research study furthers medical knowledge and may improve
treatment of Lewy Body Dementia in the future by increasing knowledge about the effects of
exercise on your function and independence, it may not be of direct benefit to you following
the study period.
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(10) What will happen to information about me that is collected during the study?
By providing your consent, you are agreeing to us collecting personal information about you
for the purposes of this research study. Your information will only be used for the purposes
outlined in this Participant Information Statement, unless you consent otherwise. Your
information will be stored securely and your identity/information will be kept strictly
confidential, except as required by law. Study finding may be published, but you will not be
individually identified in these publications
.
During all assessment sessions the researcher will conduct a range of assessments and
collect information about how you perform each task or how you or your caregiver answer
each questionnaire. During all exercise training sessions, the researcher will take notes of
your progress and record details about the type and intensity of exercise you will be doing so
that we can make sure you are always challenged during your sessions. If you consent to
take part in the follow up training program, we will periodically collect data pertaining to
some of the same assessment you performed during the training program.
During these assessment and training sessions we will record the information that is
collected on paper by the assessor, or in some cases you will during a test. We may also use
a tablet device (small computer device) to record your responses and training information
digitally. We will not be taking any video, photo or audio recordings during these
assessments and all written data will remain confidential. Any videos or pictures we may
take during training sessions will be with the permission or you and your caregiver, and be
used only for educational purposes.
The information we record will be stored in hardcopy in locked filing cabinets at the
Cumberland campus of the University of Sydney in a secure location, digitally in files located
on a secure university server, as well as being entered into an electronic database (REDcap)
that is located on a computer network server in the University of Sydney. This database is
protected by strong encryption technology and the risk of a breach of confidentiality is very
low. We will also protect your anonymity by ‘coding; your data so that it is not stored with
your name, but rather a code we assign you following the assessment process. The data we
collect will be stored for a minimum of 20 years as is the standard for data collected in
clinical trials.
The only personnel that will be able to access your data directly will be the researchers
involved with the PRIDE trial as listed at the start of this document. If necessary, we may
request medical information from you GP or specialist regarding your suitability and
eligibility to participate in this testing, and may share information related to your testing
results with your GP or specialist if that information may improve knowledge relating to your
medical care. Your permission will be sought prior to contacting you GP or specialist.
The information we collect for this study may also be used in future projects and for a Lewy
Body Dementia network of individuals living with the condition and the caregivers. By
providing your consent you are allowing us to use your information in future projects and to
establish a network of contacts in the Lewy body dementia community. We don’t know at
this stage what these other projects will involve. We will seek ethical approval before using
the information in these future projects.
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(11) What will happen to my treatment when the study is finished?
Following completion of the week 19 assessment sessions that follow the 8-week exercise
intervention, you and your caregiver will be given the opportunity to continue with your
exercise program outside of the research period free of charge at the Lidcombe location.
This is completely voluntary and while will have qualified personnel to supervise these sessions
and will encourage your continued participation, there will be no reimbursement for any costs
incurred in this period following the study. . This program will take place for an indefinite
period of time, and your participation will depend on your caregiver’s ability to transport and
supervise you for the agreed number of days/week for the duration of the program.
(12) Can I tell other people about the study?
Yes, you are welcome to tell other people about the study.
(13) What if I would like further information about the study?
When you have read this information, Michael Inskip (a study investigator) will be available
to discuss it with you further and answer any questions you may have. If you would like to
know more at any stage during the study, please feel free to contact Michael on his office
phone 9531 9138 for further information and leave a detailed message with your name,
contact details and query.
(14) Will I be told the results of the study?
You have a right to receive feedback about the overall results of this study. You can tell us
that you wish to receive feedback by ticking the relevant box on the consent form.. This
feedback will be in the form of a one page lay summary. You will receive this feedback after
the study is finished.
Any results specific to your assessment that may assist in improving the knowledge of your
condition for the purposes of your healthcare treatment will be passed onto your GP or
specialist and will be discussed with you and your caregiver if appropriate.
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(15) What if I have a complaint or any concerns about the study?
Research involving humans in Australia is reviewed by an independent group of people
called a Human Research Ethics Committee (HREC). The ethical aspects of this study have
been approved by the HREC of the University of Sydney [INSERT protocol number once
approval is obtained]. As part of this process, we have agreed to carry out the study
according to the National Statement on Ethical Conduct in Human Research (2007). This
statement has been developed to protect people who agree to take part in research studies.
If you are concerned about the way this study is being conducted or you wish to make a
complaint to someone independent from the study, please contact the university using the
details outlined below. Please quote the study title and protocol number.
The Manager, Ethics Administration, University of Sydney:
• Telephone: +61 2 8627 8176
• Email: ro.humanethics@sydney.edu.au
• Fax: +61 2 8627 8177 (Facsimile)
______________________________________________________________________
This information sheet is for you to keep
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