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ABSTRACT

Loneliness, shaped by biological, personal, and environmental factors, is increasingly
recognised for its impact on health. Despite extensive literature, causal evidence linking
loneliness, its determinants, and health outcomes remains limited. This thesis investigates the
independent long-term effect of loneliness on health and mortality while exploring
community and societal factors that influence loneliness. It also examines the potential for
intervention and prevention to reduce loneliness and alleviate its economic impact. Chapter
3 includes a study of cross-country comparisons to understand the causal effect of retirement
on loneliness across cultures with similarities and differences in macro-level determinants.
Chapter 4 identified longitudinal trajectories of loneliness among middle-aged and
Australian women and examined predictors of these trajectories and their associations with
health-related quality of life (HRQoL). Chapter S explored the causal effects of persistent
and chronic loneliness on mortality among Australian women, estimated using targeted
maximum likelihood estimation. Finally, Chapter 6 involved a systematic review and meta-
analysis of the effect of psychosocial interventions on healthcare utilisation and social well-
being. Altogether, our research indicates that loneliness determinants may vary depending on
cultural norms and geographical regions. Additionally, long-term patterns of loneliness are
negatively associated with HRQoL and increase the risk of mortality. Finally, our findings
reveal that psychosocial interventions can increase social well-being and simultaneously
decrease healthcare utilisation across different population groups and countries. These
findings imply that loneliness is a significant social determinant of health with serious health
and economic implications. Therefore, addressing social health should be prioritised from a

public health standpoint, on par with the prevention of physical and mental health issues.

xii



CHAPTER 1: Introduction and review of the literature
1.1. Preface- the rise of social wellbeing research

Research on social well-being, i.e., psychosocial constructs such as loneliness, social
isolation, and social support, has witnessed significant growth over the past three decades (1).
In its early days, loneliness and social isolation were perceived as personal failures to adapt to
societal demands. Consequently, research on social well-being was initially limited, and
public discourse around the topic was fueled by stigma and prejudice (2, 3). The surge in
research on social well-being may be attributable to social changes such as urbanisation and
globalisation, an increase in life expectancy, declining birth rates and family size in much of
the developed world (1, 3). These trends have been identified as potential causes and
contributing factors to a decline in social well-being and simultaneously, to a rise in physical
and mental health conditions (3). Moreover, the growing awareness of the interconnectedness
of social well-being and health has fueled research efforts to identify patterns and pathways
of these associations (2, 3). The ongoing efforts to deconstruct the stigma surrounding social
well-being have fostered legitimate discussions and greater exposure to this important topic
(2). However, only in recent years, social connection (and its absence in the form of
loneliness and isolation) has been recognised as a public health concern (4). Researchers
across diverse disciplines have also come to acknowledge the therapeutic effect of social
well-being on overall health, offering a solution to challenges faced by economies and
healthcare systems (5-7). This chapter will define and review the current literature on
loneliness as a psychosocial construct, and its importance to the health and well-being of
individuals and societies worldwide. It will highlight the gaps in research and measurement
of loneliness and will employ models to study the cause-and-effect relationships with health
outcomes. Finally, this chapter will discuss psychosocial interventions' efficacy in improving
physical, mental and social well-being and their importance in regulating health systems.

1.2. Psychosocial constructs

Psychosaocial constructs of social well-being encompass a spectrum of experiences, both
positive and negative, within the social realm (8). Some constructs reflect more positive
aspects like social support, social relationships, and social engagement, emphasising the
enriching and supportive aspects of interpersonal interactions. Conversely, some constructs
characterise the negative dimensions of social well-being such as loneliness and social

isolation, highlighting the potential challenges and adverse effects on social well-being



associated with social disconnection (9). Below are examples of the most common social
constructs that are used to describe social well-being and frequently employed in research.

These constructs are summarised in Table 1.
Social support

Social support refers to the assistance, comfort, and encouragement that individuals receive
from their social connections, such as friends, family, peers, or community members (10).
Social support can be classified into four types: emotional support, which involves offering
empathy, love, and care; instrumental support, which includes the provision of direct aid and
services; informational support, which entails giving advice and information; and appraisal

support, which consists of providing constructive feedback and affirmation (11).
Social network

A social network refers to a structured pattern of relationships, interactions, or connections
among individuals or groups. These connections can be interpersonal, involving friends,
family, colleagues, and acquaintances, and they may extend to virtual platforms. Social
networks provide a framework for communication, support, and the exchange of information.
This includes both the quantitative features like network size, degree, and density, as well as

the qualitative aspects such as network intensity and directionality (12).
Social engagement/ participation

Social engagement refers to active participation, involvement, or interaction within social
activities, networks, or communities (13). It involves the extent to which individuals connect
with others, contribute to social interactions, and play roles in social settings. Social
engagement encompasses various forms of involvement, such as participating in
conversations, joining group activities, volunteering, attending events, and maintaining

relationships (14).
Social capital

Social capital refers to the collective experience and value of social networks, relationships,
and shared norms within a community or society. It includes personal, interpersonal and
community social resources (15), representing the trust, cooperation, and resources that

individuals or groups accumulate through their social interactions and connections (16).

Social isolation



Social isolation refers to a state in which an individual lacks social connections or
engagement with others. It is characterised by a significant reduction in social interactions,
limited contact with friends, family, or community, and a sense of detachment from social
networks (17). Social isolation can be either voluntary, as a personal choice to limit social
interactions, or involuntary, arising from external factors such as geographical remoteness,

health conditions, or societal circumstances (18).
Loneliness

Loneliness is a subjective, negative emotional response to a perceived discrepancy between a
person's desired and actual social relationships. It involves a feeling of isolation, where an
individual experiences a sense of being alone or lacking meaningful connections with others
(19). Loneliness is not solely determined by the number of social contacts one has but is more
about the perceived quality and satisfaction derived from those connections (20). Some
researchers went a step further and defined different types of loneliness such as social,
emotional, instrumental and existential (18). Social loneliness refers to the absence of a
broader social network and connections, capturing a sense of isolation from the wider
community; Emotional loneliness refers to the longing for deep, meaningful emotional
connections and intimacy; instrumental loneliness revolves around the perception of lacking
practical assistance or tangible support; existential loneliness involves a profound sense of
being fundamentally alone or disconnected from the core of existence, encompassing a more

philosophical or spiritual aspect (9).

Table 1. Summary of common psychosocial constructs used in research

Psychosocial

Definition
Constructs efinitio

The network of assistance, comfort, encouragement, information and feedback
Social Support received from social connections, encompasses emotional and practical aid that
contributes to well-being and resilience.

A structured pattern of relationships, interactions, or connections among
Social Network individuals or groups, that forms a complex web of social relationships and
influences social identity.

Participation, involvement, or interaction within social activities, networks, or
Social Engagement communities, that reflects the extent to which individuals connect with others
and contribute to social interactions.




The collective experience and value of social networks, relationships, and
Social Capital shared norms within a community or society, that fosters cooperation, trust, and
mutual support.

A significant reduction in social interactions and limited contact with friends,

Social Isolation ; .
family, or community (can be voluntary).

A feeling of discrepancy between the observed and expected levels of different

Loneliness . . . .
relationships and connections with others.

1.2.1. Distinguishing between psychosocial constructs

There is an overlap between a number of the psychosocial constructs presented in Table 1,
and because of this researchers may occasionally employ these terms vaguely and
interchangeably (21). A classification of these psychosocial constructs was conducted by
Valtorta et al (2016) to better delineate the constructs and to assist researchers in choosing the
right measure for a specific purpose (21). This classification distinguishes two dimensions
across which social structures or concepts can range (22). The first is structure versus
function. On the one end of this dimension are constructs that emphasise the structure of
social networks/ relationships/ connections, i.e., how many social connections are there from
each category (family, friends, colleges etc), the modes of communication (face-to-face,
phone, email, social media) and the frequency of the relationship (daily, weekly, monthly
etc). On the other side of this dimension are social constructs that emphasise the functionality
of the social network/relationship/connections, i.e., describe the emotional, social and
instrumental uses of social constructs (23). The second dimension considers the level of
objectivity versus subjectivity of the social constructs. For example, constructs that tend to
refer to quantitative aspects of relationships, i.e., the number of interactions and the
frequency of these interactions, tend to be more objective (24), while constructs that
emphasise satisfaction, perceptions, and feelings about the interactions, are more subjective
(25).

Figure 1 places widely used measures of each construct shown in Table 1 along the
range of those two dimensions. Horizontally, lies the objectivity vs. subjectivity dimension
and vertically is the structure vs. function dimension. For example, loneliness describes
feelings towards social connections and measures of this construct are therefore placed on the
subjectivity end of the spectrum. It refers to the emotional, social and instrumental functions

of social support and is therefore placed on the functionality end of the spectrum. Social



networks and social isolation, emphasise quantitative aspects of social interactions such as
the number of interactions and frequencies, therefore, measures of these constructs are placed
on the end of the objectivity and structure dimensions. Notably, most of the measures tend to
be centrally located in the middle of those two dimensions and address aspects from several

sides of the spectrums.

Figure 1. Measures of social constructs placed on the two dimensions of structure versus

function and subjectivity versus objectivity (Valtorta et al (21))
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1.2.2. Loneliness as a social construct

All of the social constructs described above have been examined by observational as well as
intervention studies (26-28). However, both the constructs of loneliness and social isolation
have been continuously used in the literature to represent critical elements of social well-
being, with loneliness representing the subjective experience and social isolation the more
objective experience (18). They were found to be highly correlated, although individuals can
experience loneliness while still having many and frequent social interactions, and vice versa
(18, 20). The subjective emotions and perspectives of individuals play a significant role in

their overall well-being and can influence their future health behaviours and social



interactions (29). Loneliness represents the lack of satisfaction of social connections,
engagements, and support. It reflects the desire and need for more support and more positive
interactions with others (18). Therefore, it is often being referred to as an important risk
factor and a social determinant of health (30).

1.2.3. Measuring loneliness

Several measures have been developed over the years and are now commonly used to assess
loneliness in different studies (31). Studies employing these measures have aimed to
determine the prevalence, determinants and health implications associated with loneliness,
and to evaluate the efficacy of psychosocial interventions (26, 32, 33). Some of the
instruments include a battery of items to create a summary score of loneliness (34), while
others include a one-item instrument that directly asks about the frequency of experiencing
loneliness (35). While there are several multi-item instruments for measuring loneliness, the
two that are widely recognised and used in both research and clinical settings are the
University of California, Los Angeles (UCLA) Loneliness Scale (36, 37) and the de Jong

Gierveld Loneliness Scale (31).
The UCLA Loneliness Scale

The UCLA Loneliness Scale has a full (20 items) (36) and a validated abbreviated version (3
items) (37). The full measure comprehensively addresses different dimensions of loneliness,
including social, emotional, and relational aspects and includes a response to different
statements such as “I have nobody to talk to”’; “My social relationships are superficial” and
“No one really knows me well”. The statements are measured on a scale of 0-3 (never-often)
(36). The abbreviated measure refers to the frequency of feeling a lack of companionship,
feeling left out and feeling isolated, on a scale of 1-3 (hardly ever, some of the time and
often) (37) (Appendix 1.1).

de Jong Gierveld Loneliness Scale

The de Jong Gierveld Loneliness Scale offers a distinction between emotional and social
loneliness. Similar to the UCLA scale, it has a full (34) and an abbreviated version (38). The
original long scale includes 11 items on a 0-3 scale (none of the time - all of the time), with
items reflecting different experiences such as: “I miss having a really close friend”; “There
are enough people I feel close to”; “I often feel rejected”. The abbreviated version includes
six selected items from the original scale with answers: “yes”, “more or less”, and ’no”
(Appendix 1.2).



Single-item instruments

There are several single-item measures for loneliness, which refer to the frequency of
experiencing loneliness during a particular period (39-41). The loneliness item derived from
the Centre for Epidemiologic Studies Depression Scale (CES-D) (35) is the most common
item being used (33). It includes the item: “During the past week how often have you felt
lonely?” The item is on a 4-point Likert scale: 1. ‘Rarely or none of the time (less than 1
day)’, 2. ‘Some or a little of the time (1-2 days)’, 3. ‘Occasionally or a moderate amount of
time (3-4 days)’, 4. ‘Most or all of the time (5-7 days)’. The single-item loneliness measures
are often re-categorised as binary variables with the two lower categories, categorised as “not
lonely”, while the two upper categories are considered as “lonely” (42). However, there is no
official cutoff point for this measure, and it appears that individuals categorised as "lonely"
based on cut-off scores from multi-item scales may not align with those identified as "lonely"
using cut-off scores from single-item measures (43, 44). This raises questions about whether
single-item scores adequately capture the complexity of the construct in the same manner as
scores from multi-item scales (45). The lack of a clear-cut definition of who is considered
lonely has led to confusion in both the single and multi-item scales. This ambiguity may have
contributed to the notable variability and inconsistency observed in loneliness prevalence and

its associated outcomes (9, 33).

Although all instruments have undergone validation processes, with a moderate-high
correlation between single and multi-item measures (39, 46, 47), there is still a discussion
regarding the efficacy of single-item versus multi-item loneliness measurement scales (45).
The advantages of one-item measures include their brevity, which mitigates the risk of
participant fatigue, and their direct inquiry into loneliness, enhancing validity and reliability.
However, single-item scales may overlook nuances in the experience of loneliness, such as
distinguishing between emotional and social loneliness (40, 45). Additionally, the societal
stigma surrounding loneliness may deter individuals from admitting their feelings, potentially
introducing cultural bias (40). For example, gender differences in loneliness, commonly
attributed to men hesitating to admit their loneliness due to societal norms surrounding
masculinity, almost disappeared and were even reversed when using an indirect loneliness
measure (48). While opinions vary on the preference for one-item or multi-item measures,
both direct and indirect approaches have their merits. The United Kingdom (UK) Office of

National Statistics has suggested that in situations where time or resource constraints dictate



the use of only one measure, opting for a direct inquiry specifically addressing loneliness is
advisable (41).

Since loneliness is a subjective feeling and it can vary across ages, genders, and
cultures, it is challenging to capture it across different populations (49-51). The subjective
nature of self-reporting introduces an inherent limitation, as individuals may perceive and
express loneliness differently (52). Cultural differences and social desirability can influence
how loneliness is understood and communicated (52, 53). There is a high level of stigma that
surrounds loneliness that may be more prominent in populations where mental and social
health is not usually discussed openly (53). Despite these limitations, previous research has
sought to identify loneliness's prevalence and trends across ages and countries. The next
section will detail these findings on loneliness prevalence and explore its trajectories across
different time and age groups, analysing how various contributors of loneliness may have

influenced these trajectories.
1.3. Loneliness prevalence and trends

Loneliness differs globally and according to age, making it challenging to provide a singular
estimate applicable universally. However, in a recent meta-analysis that estimated loneliness
among adults across Europe, adults in Eastern European countries reported the highest levels
of loneliness, while Northern European countries reported the lowest among countries with
usable data (33). In a longitudinal study of Australian population-based data between the
years 2014-2018, 34% of Australian adults experienced loneliness, with 21% experiencing

episodic loneliness and 13% experiencing chronic loneliness (54).

The trajectory of loneliness over time is debated. While it's evident that factors
associated with objective social isolation, such as living alone and time spent alone, have
risen over the past fifty years, it remains less certain whether loneliness has also increased
during this time (55, 56). Most of the evidence on loneliness trends comes from cross-
temporal meta-analyses. The evidence suggests a small increase in loneliness over time
among young adults across countries such as the US and China (57, 58), although this
evidence is mixed, with other studies showing opposite trends (59). Increases in loneliness
have also been identified among older adults in China (60), however, these were found to be
not significant in a worldwide meta-analysis (58). Although meta-analyses provide significant
insights into loneliness trends, they may be prone to biases due to potential exclusions of data
that do not meet inclusion criteria. On the other hand, individual studies often rely on



convenience samples with low response rates, limiting their representativeness to the broader
population (61-63).

There is a lack of population-based studies on temporal trends in loneliness and there
are only two studies that provide data from a longitudinal design, both from the US (64, 65).
One study showed a decrease in loneliness among adults ages 50 and above from 20.1% in
1998 to 15.5% in 2018 (65). The second longitudinal study showed an increasing loneliness
trend among young adults and a decreasing trend among older adults in the US between the
years 2014-2018 (64). In addition, this study revealed a shift in loneliness trends between
older and younger adults. In 2014 loneliness was most prevalent among the oldest-old
demographic (ages 80-90) and least common among young adults (ages 20-30). However,
observations from 2018 suggest that older adults, particularly those aged 70-90, now
experience lower levels of loneliness, while younger adults face heightened rates of
loneliness (64) (Figure 2). Given the absence of current studies from other countries on
loneliness trends, it is challenging to determine whether this pattern is specific to the US or

reflects a global trend.

Figure 2. Age distribution of loneliness in 2014 (n = 1,278) and 2018 (n = 1,162) in the
United States (US): General Social Survey Waves (64)
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1.4. Loneliness determinants
Loneliness stems from a complex interplay of biological, personal, social and environmental
factors. This section will outline the various determinants and mechanisms of loneliness

according to the levels (individual, society, environmental) at which they occur.

1.4.1. Individual-level determinants of loneliness

Loneliness is an inherent feeling that is rooted in basic human existence. However, loneliness
has been associated with several personal characteristics such as age, gender, marital and
socioeconomic status (SES) and risky health behaviours. Additionally, loneliness is
associated with life transitions and adversities such as illness and disability, retirement and
more. Here | describe some of the more prominent individual-level determinants of

loneliness.
Biological mechanisms and genetic predisposition

From an evolutionary standpoint, social connections and group living have provided survival
advantages. As such, the human brain has evolved to prioritise social interactions (66). The

brain has a specialised network known as the social brain network, which includes regions
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like the prefrontal cortex, amygdala, insula, and anterior cingulate cortex (67). These areas
are involved in social cognition, empathy, and emotional regulation (68). Loneliness is
associated with altered activity in these brain regions including the dysregulation of cortisol
and neurotransmitters like dopamine and serotonin. Additionally, it is associated with
increased levels of pro-inflammatory cytokines (69). This brain activity is meant to trigger a
biological stress response to encourage individuals to seek social connections for protection
and support (66). But while loneliness is an adaptive function for short-term survival, in the
modern world it may be experienced over a long period of time, therefore having long-term

consequences on health and well-being (70, 71).

There is evidence to suggest that genetics may also play a role in individuals’
susceptibility to loneliness (72) with heritability estimated between 14%-55% (73, 74). The
genetic predisposition to loneliness is further supported by personality traits associated with
cognition, perception, regulation, communication, and attachment, which have been found to
predict loneliness and shape the experience of social (dis)connectedness (75). Individuals
who display chronic loneliness may have a predisposed hypersensitivity to social exclusion,
which in turn may lead to social isolation and exacerbate loneliness (76, 77). There are
ongoing discussions about whether and to what extent loneliness should be conceptualised as
a trait, as it shares similarities in heritability, stability, and change across the lifespan, similar
to other broader personality traits (49). However, while broader personality traits and
loneliness are interconnected, none of these relationships are notably strong enough to
determine that loneliness is a trait (58). In addition, the effect of epigenetic factors on
loneliness heritability, i.e., socio-environmental influences (diet, SES, area pollution etc..)
that can affect how the body interprets and responds to DNA sequences, remains unclear
(78).

Age

Apart from genetics, other personal characteristics such as age have been associated with
loneliness (79). Although loneliness can be experienced at any age, research has focused on
several age groups that may be more prone to loneliness than others (80). Older adults have
been targeted for many years as the focus of loneliness research, especially due to the loss of
social networks and the increase in chronic illnesses and disability during old age, which are
both strongly associated with loneliness (81). However, more recent research has shown not
only that loneliness does not increase with age (82), but younger adults have similar and even

higher loneliness rates (50, 64, 83). The surge in loneliness among young adults is attributed
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to mounting social pressures, including the challenges of navigating relationships, academic
achievements, and identity formation, which have intensified over the past two decades,
partly due to advancements in technology and social media (84-88). Both younger and older
adults experience many formative life transitions that may contribute to heightened loneliness
during adjustment periods. For younger adults, these may include puberty and leaving home
and for older adults, these may include retirement, empty nest syndrome, and health changes
(89-91). However, it has been suggested that the rise of loneliness among young adults may
reflect generational differences in norms, including shifts in stigma and heightened emotional

awareness (50).
Gender

There is conflicting evidence regarding the association between gender and loneliness. On the
one hand, there is evidence that women are at increased risk of experiencing loneliness
compared to men (51, 92, 93), which is consistent with the gender imbalance in other mental
health risks such as depression and anxiety (94). In Australia, between the years 2001-2019
the pooled prevalence of loneliness among women aged 15-85 was 18.8%, compared to
16.1% in men, according to a single-item direct loneliness measure (95). The gender
difference in loneliness is mostly explained by the greater vulnerability among women to
health problems and disability (96). In addition, women have longer life spans and therefore
may experience more occurrences of widowhood and living alone (97, 98). Other factors that
may influence this association are potentially social and behavioural. Women's socialisation
is focused more strongly on investing in and maintaining social ties (99), therefore they may
display higher sensitivity to interpersonal relationships and may be more willing to admit
they are lonely (100). Conversely, there is some evidence that men suffer from higher
loneliness due to lower social connections and engagements compared to women (50, 101).
The high stigma about loneliness may lead to underestimation of loneliness prevalence
among men. There is evidence that studies that found higher or compatible loneliness rates
between genders may have provided anonymity, such as online surveys, thus enabling
participants to openly admit their genuine feelings (50), further proving the potential bias in

the association between gender and loneliness.
Relationship status

One's relationship status is described as the strongest, most consistent predictor of loneliness

(102). Most of the evidence on the association between relationship status and living situation
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was obtained from older adults since old age is linked to singlehood (103). There is an
indication that older adults who are in a relationship and/or who reside with others may
experience lower levels of loneliness compared to those who are not in a relationship (104).
However, while a fulfilling relationship between two healthy individuals is likely to prevent
loneliness and enhance overall well-being, an unhappy relationship or a relationship that is
filled with physical, financial or emotional stressors can lead to heightened feelings of
loneliness, as evidenced by prior research (105). In addition, some factors such as social
engagement, social capital, religiosity and gender were found to modify the association
between relationship status and loneliness (103). For example, men, regardless of age, tend to
invest fewer resources in their social networks, leaving them more vulnerable and with less
emotional support when their relationship status changes (106, 107). In addition, some
research has revealed that older individuals who have never been married exhibit less
loneliness compared to those who have recently become single (103). Becoming divorced or
widowed and losing a partner is an abrupt life change, which can significantly affect self-
perception and mental well-being (107). However, long-term never-married individuals may
develop social skills and circles, rendering them more resilient to loneliness compared to

widowed, divorced, and separated older adults (108, 109).
Socio-economic status (SES)

Social determinants, such as income, education, access to resources and social support, play
crucial roles in loneliness and health-related outcomes (101, 110). Population-based research
from European countries like Denmark and The Netherlands shows that individuals in the
lowest income bracket or living in deprived neighbourhoods often experience significantly
higher levels of loneliness compared to those in the highest income group or the broader
population (111, 112). This socioeconomic gap could be attributed to financial difficulties
which may contribute to a sense of isolation as individuals struggle with meeting their
expenses (113). In addition, individuals from lower socio-economic backgrounds may have
limited access to social resources, such as community facilities and recreational activities,
which may restrict social participation and engagement (114, 115). SES was also found to
play a moderating role in the relationship between loneliness and health outcomes in a
nationally representative Danish Health and Morbidity Survey (112). This could be due to
individuals from lower SES backgrounds having fewer resources to manage loneliness and its

associated health effects, which can intensify existing disparities (116). Additionally, residing
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in economically disadvantaged areas with limited access to health and well-being resources

may contribute to both loneliness and poor health (80).
1.4.2. Society-level determinants of loneliness

Society-level determinants of loneliness refer to factors beyond the personal characteristics of
an individual. They include the norms, culture, religion, area SES, community characteristics,
policies or any other factors present in the wider societal context in which individuals interact
(102). These determinants may have a direct influence on loneliness (80). For example, the
cohesiveness of a community and the social engagement opportunities it provides may affect
individuals’ experiences of loneliness (117). Alternatively, these factors can have an indirect
effect on loneliness, for example, societal norms and culture may shape attitudes towards
older adults, women, or other social minorities, influencing individuals' perceptions of

themselves and their social surroundings, ultimately affecting levels of loneliness (118).
Country income level

There is an indication that loneliness is more prevalent in high-income compared to low-
income countries (33). In previous cross-country analyses among European countries, it was
found that the lowest prevalence of loneliness was consistently observed in high-income
Northern European countries and the highest in low-middle-income Eastern European
countries (33, 119). Low and middle-income countries may face challenges related to
economic disparities, inadequate social infrastructure, and limited access to mental health
services (102, 120). Loneliness and social isolation can then be exacerbated in these countries
due to factors such as poverty, lack of community resources, and insufficient support systems
(121).

It was also found that loneliness is higher in countries with higher levels of economic
inequalities (122). Country-level economic inequality directly influences different aspects of
life, including education, employment opportunities, income levels, access to healthcare, and
social connections, thereby amplifying the number of individuals experiencing poverty (123),
all of which may increase loneliness (101, 124). However, while higher-income countries
may generally have more resources to invest in social programs and support systems, the
prevalence of loneliness can still vary (82). In high-income countries, factors such as
urbanisation, technological advancements, and changes in social structures can still contribute

to increased feelings of loneliness (80).

Cultural and social norms
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Cultural and social norms play a significant role in the way loneliness is experienced,
manifested and reported (80, 125). For example, social norms regarding gender roles may
influence the way different genders experience and express loneliness. Women's socialisation
is focused more strongly on investing and maintaining social ties (99), therefore they may
display higher sensitivity to interpersonal relationships compared to men (100). Deviations
from these traditional social norms such as being single, identifying as nonbinary or having a

physical/mental disability, have been found to increase loneliness (79, 126).

The most prominent cultural aspect examined in relation to loneliness is the
individualism-collectivism spectrum. Individualistic cultures emphasise self-reliance,
autonomy, and independent living away from family ties, whereas collectivistic cultures
prioritise the needs of the family and community and reciprocal caregiving within the social
unit (127, 128). Loneliness may be more prevalent in individualistic cultures because of
factors such as increased single-households and distant relationships, as well as a heightened
awareness of loneliness within these societies (50). However, there is an indication that
individuals from collectivistic cultures experience higher levels of loneliness compared to
individualistic cultures according to a study conducted across European countries (129, 130).
This may be attributed to greater expectations from family and community to provide
support, which may not always be met, leading to feelings of relationship dissatisfaction and
loneliness despite the presence of strong social ties (130). Moreover, in individualistic
cultures, the evolving concept of family is becoming more inclusive and less dependent on
biological connections. As a result, individuals in these cultures may still find support and
alleviate loneliness through diverse social networks and relationships (127). Therefore, the
notion that increasing individualism automatically heightens the risk of loneliness in a
population is not straightforward.

Community cohesiveness

The social dynamics within a community can significantly affect individuals” well-being
(131). In communities characterised by strong cohesiveness, residents often benefit from
supportive social networks, access to shared resources, and opportunities for community
engagement (131). However, changes in work and lifestyle over the past decades have been
associated with lower levels of volunteering, religious participation and engagement in
neighbourhood activities (132, 133). In addition, the optimal community characteristics that

contribute to cohesiveness and connectedness have been found to be less common in
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disadvantaged neighbourhoods where there are fewer resources and where people have less

time to socialise due to longer working hours and longer commute times (133).
Policies and regulations

Similar to SES, policies and regulations that affect social welfare, health, housing,
employment, transportation, education etc, can shape the experience of loneliness within a
society (134). For example, social welfare policies, such as accessible healthcare and social
assistance programs, may contribute to reducing loneliness by providing individuals with a
sense of security and support (135). Affordable housing initiatives also play a role in
fostering stable communities, contributing to a sense of belonging and connection (136, 137).
Policies that invest in recreational facilities, community centres, and social support networks
create opportunities for people to engage in shared activities, fostering the development of
meaningful relationships (134).

1.4.3. Environment-level determinants of loneliness

Environment-level determinants include country-level attributes such as geographical
attributes or the built environment features. These factors may influence and interact with
both the societal and individual level factors. For example, the built environment might
intersect with age, constraining older adults' walkability due to broken sidewalks, inadequate

green spaces, or a lack of nearby commercial centres in residential areas (138).
Geographic remoteness

Literature shows the differences in physical, mental and social well-being between residents
of different regions according to the level of area remoteness (139-141). Residents of rural
areas frequently face socio-economic disadvantages compared to their urban counterparts,
including limited access to healthcare services that result in poorer health outcomes (142,
143). In Australia for example, ischemic health disease morbidity was disproportionately
higher and lifestyle behaviours associated with cancer incidence and mortality such as
smoking, risky alcohol intake and low fruit and vegetable intake were poorer in regional and
remote areas compared to major cities (144, 145). Rural authorities are also generally
underfunded compared to urban areas and there is often a shortage of skilled workers,
including health professionals (146). These health inequalities between rural and urban
residents can potentially lead to lower social engagement and loneliness. However, research
indicates that loneliness may not necessarily be more prevalent in rural areas and could even
be lower compared to urban areas (147, 148). A UK longitudinal study between 2006-2014
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revealed that it is not the remoteness of an area but rather its level of deprivation that
influences loneliness in rural and urban areas (149). Another study from the US conducted in
2017-2018 suggested that expectations from perceived isolation may be the reason for urban
residents reporting more loneliness compared to rural residents. While some degree of
isolation is anticipated in rural settings, navigating feelings of isolation in vibrant urban

environments could pose a greater challenge (147).
The built environment

Similar to area remoteness, the built environment, i.e., the human-made physical
surroundings in which people live, work, and interact (150), has been a recent topic for
discussion in the context of loneliness and other social constructs (151). As reported by a
systematic review, the built environment was found to play an important role in shaping
social connections and mitigating loneliness within communities (152). Well-designed urban
planning, including accessible public spaces and pedestrian-friendly areas, can foster
opportunities for social interaction and community engagement, and increase the sense of
safety and social cohesion, thus, reducing the likelihood of loneliness and social isolation
(138, 151, 153). Conversely, poorly planned urban spaces, lack of green areas, and
disconnected infrastructure were found to contribute to feelings of loneliness and alienation
(154, 155).

1.5. The effect of loneliness on individuals' health and its economic consequences

Similar to loneliness determinants, the effect of loneliness extends across multiple
dimensions: individual, social, and environmental. However, the majority of direct
consequences are at the individual level, particularly concerning physical health and mental
well-being. It is these health-related outcomes of loneliness that ripple outward, impacting
broader circles, including the social and economic implications of elevated rates of

disconnection within communities and workplaces.
1.5.1. Association of loneliness with health and wellbeing outcomes

Loneliness has been found to be associated with various aspects of an individual's well-being,
encompassing physical, mental and social health, quality of life, and even mortality (32, 156).
Physically, loneliness was found to be associated with the incidence of several health
conditions such as diabetes, heart disease, stroke, cancer and even premature death (32, 157,
158). A systematic review that examined the risk of loneliness on the incidence of coronary
heart disease and stroke found a 29% higher risk of heart disease and 32% higher risk of
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stroke among lonely individuals (158). Loneliness has also been found to be associated with a
23% increased risk for prostate cancer and a 10% risk for total cancer incidence after

adjustments for lifestyle and health-related covariates (157).

Prolonged loneliness may also impair cognitive function and lead to difficulties in
concentration and decision-making (159) and to cognitive disorders such as dementia (160).
Longitudinal studies have provided evidence that loneliness can predict accelerated cognitive
decline, even after adjustments for sociodemographic characteristics, health, mental health
and social isolation (159, 161). Mentally, loneliness was found to be associated with severe
mental health outcomes such as depression, anxiety, stress, bipolar disorder and
schizophrenia (162-164). Notably, longitudinal research has found that loneliness at baseline
predicted subsequent increased levels of depression, anxiety, poorer global mental health and
heightened risk of an eating disorder (165).

The physical, mental and social ramifications of loneliness were found to play a role
in mortality rates, with studies showing loneliness predicts an average of a 26% increased
likelihood of mortality (166-169). However, across studies, findings are mixed as to whether
loneliness independently predicts mortality risk after adjusting for initial health status, health
behaviours, depression, and social isolation (170), with a significant attenuation of effect in
the models that adjust for these factors (168, 171).

As described in Section 1.4.1 the mechanism of the association between loneliness
and different health outcomes is assumed to be through an evolutionary biological stress
response which can be both the cause and the result of loneliness (172, 173). It is assumed
that a biological stress response to loneliness may contribute to inflammation (174, 175)
making individuals more vulnerable to conditions such as cardiovascular diseases, certain
types of cancer and early mortality (157, 175, 176). In addition, a number of studies have
found that loneliness is associated with unhealthy behaviours such as smoking, physical
inactivity and poor diet, which also increases susceptibility to adverse health outcomes and
premature death (173, 177, 178). In a public health survey among older adults ages 65-102,
high perceived stress, daily smoking, physical inactivity and poor sleep duration were
significant mediators in the association between loneliness and health outcomes such as
cardiovascular disease, diabetes and migraine (179). Finally, it is suggested that individuals
facing loneliness are less socially engaged and have a smaller social network. Therefore, they
lack the necessary support system that could prevent a health condition from deteriorating,
thereby contributing to impaired health and early mortality (180, 181).
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It should be acknowledged that there is a growing body of evidence indicating that the
relationships between loneliness and health outcomes are bidirectional (156, 182). While
loneliness can contribute to the worsening of health outcomes (183), poor health and risky
behaviours can also lead to increased loneliness due to challenges in fulfilling different social
roles (184, 185). For example, loneliness may be the result of poor mental health due to
difficulties in socialising and the stigma that surrounds mental disorders (186). Similarly,
loneliness has been found to increase over time in longitudinal research conducted among
older adults with chronic illness (187). There appears to be a reciprocal relationship between
loneliness and health outcomes, forming a detrimental cycle where the effects of loneliness

on health exacerbate feelings of loneliness, leading to additional health challenges (188).
1.5.2. The economic implications of loneliness

Despite the known health effects of loneliness, the economic implications of loneliness were
not considered until recently, with evidence limited almost entirely to older adults and no
studies conducted on adolescents or younger adults (189). However, there is an indication
that the physical, mental, and social consequences of loneliness among older adults are
associated with higher healthcare use and costs (190, 191). There is also evidence that older
adults experiencing loneliness often seek medical care to deal with their lack of social
connections, contributing to excess healthcare utilisation and increased costs (190, 192).
However, the association between loneliness and healthcare use is not straightforward. While
there is some evidence of increased inpatient care and use of general practitioners (GPs)
among lonely individuals (193, 194), other studies have reported no effect on ambulatory
care use (190) and a decrease in Medicare spending (195). Observed decreases in healthcare
utilisation may be indicative of more available supports and resources that would enable
individuals to access outpatient and preventive services (9). Lower usage of ambulatory and
preventive care may in turn have a flow-on effect of higher rates of inpatient care among
lonely individuals (196, 197).

A review of the economic implications of loneliness among older adults found only
three studies. Among them, two identified increased healthcare expenses linked to loneliness,
however, the third study found lower costs associated with loneliness but higher costs
associated with social isolation (189). Although there is some information on the direct
healthcare cost of loneliness, there is a paucity of data on the indirect cost of loneliness such
as that related to productivity losses (189). Loneliness has been found to be associated with

reduced job satisfaction, worse worker—manager relationships and elevated burnout (198). A
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report issued by the New Economics Foundation for the UK National Commission on
loneliness found the cost of loneliness to non-private employers to be £2.5 billion per year
and £2.10 billion per year for private employers. The primary excess costs of loneliness
stemmed from increased sickness absence, employees’ caring responsibilities, loss of

productivity and increased turnover (199).

1.6. Intervention and prevention strategies

With the increasing global recognition of the health consequences of loneliness, along with
its financial implications on healthcare systems, loneliness has emerged as a significant
public health concern. Consequently, various prevention and intervention strategies have been
proposed spanning various activities, formats, and delivery methods across different

organisations including hospitals, clinics, and social and community organisations (200, 201).
1.6.1. Psychosocial interventions — types and effectiveness

Psychosocial interventions aim to address social needs and challenges and can be used in a
variety of settings and disciplines, including health care, educational or community settings
(202). Some psychosocial interventions aim at improving loneliness and other social
constructs such as social engagement, support and networking (200), while others use the
benefits of psychosocial interventions in alleviating loneliness, to improve health outcomes

and reduce healthcare utilisation and costs (203-205).
One-on-one interventions

Psychosocial one-on-one interventions assist individuals better understand their social
relationships, improve communication, and increase individuals’ social networks by
connecting them with services in the community (206, 207). The effectiveness of
psychosocial one-on-one interventions lies in their individualised nature (208). By focusing
on the unique needs and circumstances of each person, these interventions can be tailored,
promoting a sense of empowerment and facilitating meaningful changes in individuals’ social
life (200). The confidentiality of these interventions also encourages a trusting relationship
between patients and health professionals, fostering a supportive environment for personal
growth and healing (209). There are many forms of psychosocial one-on-one interventions.
For example, therapeutic modalities can be used including cognitive-behavioural therapy
(CBT), psychodynamic therapy, or mindfulness approaches, depending on the goals and
preferences of the individual (206). One-on-one interventions may also include coaching,

mentoring or peer support. For example, peer-support interventions include mentors with
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lived experience of a social or medical condition (such as a psychiatric illness, addiction,
etc..) and can provide support to people with the same condition to overcome the condition

and maintain a healthy lifestyle (210).
Group interventions

Psychosocial group interventions are also commonly used to target loneliness. These
interventions refer to therapeutic approaches that involve a group of individuals with similar
concerns or challenges participating in activities or discussions led by a trained facilitator.
The group environment not only facilitates connections with others but also provides a
platform for practising interpersonal interactions (211, 212). Similar to one-on-one
interventions, group interventions focus on the psychosocial aspects of well-being, aiming to
address issues such as mental health, interpersonal relationships, and personal development
(213). Common forms of psychosocial group interventions are support groups, where
individuals facing similar challenges gather to share experiences and provide mutual support
(211, 214). Other common forms are similar to one-on-one interventions only the
intervention is delivered in a group mode (200). For example, peer support,
psychoeducational groups, CBT groups, life skills groups and expressive therapy groups that
utilise creative activities like art, music, or drama therapy (215). Some groups use physical
activity as a form of bonding while implementing other life skills such as persistence,
resilience, overcoming challenges and a healthy lifestyle (216, 217). Group interventions
were found to be effective in developing interpersonal skills, and emotional support, and in
creating a sense of community and belongingness, contributing to overall well-being and
mental health (26, 214, 218).

There isn’t conclusive evidence of the efficacy of one-on-one vs. group interventions
(219). Since there is high variability of interventions and measurement instruments, and since
loneliness is a result of multivariate contributors, it is difficult to eliminate all other
influences to determine which type of intervention is more efficient in alleviating loneliness.
Therefore, many interventions include both group and one-on-one activities (220). These

multi-component interventions were also found to be effective in alleviating loneliness (219).
Use of technology and online psychosocial interventions

Using technology in group or one-on-one psychosocial interventions has become a common
method in these types of interventions, especially since the Coronavirus disease (COVID-19)
pandemic (221). These platforms can include using teletherapy services that provide
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counselling and therapy sessions remotely or online support groups where individuals facing
similar challenges can connect and share experiences remotely (221). In addition, social
media platforms are used to disseminate information, raise awareness, and foster peer support
(222). Community and health professionals utilise online platforms to share resources and
facilitate online communities dedicated to mental health and well-being (221). Other methods
include mobile applications that can deliver psychoeducational content, self-help tools, and
reminders for coping strategies directly to users' smartphones. Features like mood tracking,
mindfulness exercises, or cognitive-behavioural therapy modules empower individuals to
manage their mental health proactively (223, 224). In addition, artificial intelligence (Al) is
being used in the form of social robots to increase social support and reduce loneliness (225).
These robots are designed to interact with users in ways that simulate human-like
communication and empathy, offering emotional and instrumental support, such as playing
games, sharing news and information, or helping with daily tasks (226). Interventions that
incorporate technology were found effective in alleviating loneliness in most studies and
reviews, especially as technology improved over the years (220, 227). One systematic review
found significant results in 3 out of 4 studies examined (220) and another review found the
use of technology interventions was effective even in different settings (one-on-one and

group) and among both community-dwellers and institutionalised older adults (228).
1.6.2. The effect of social interventions on individuals’ health

According to numerous systematic reviews, psychosocial interventions were found to have
significant effects on physical health outcomes such as blood pressure, immune response and
mortality (7, 229-231), as well as on the well-being and quality of life of people with chronic
illnesses such as diabetes, and arthritis (232, 233). Psychosocial interventions were also
found effective in improving health behaviours such as diet, exercise, sexual health, disease
management, retention in care and substance use (27, 234, 235). In addition, psychosocial
interventions were found to have a profound effect on various mental health conditions such
as anxiety disorders, depression, post-traumatic stress disorder (PTSD), and schizophrenia
(236-238), by assisting individuals in maintaining stability and resilience and by increasing
treatment adherence (236, 239). Similarly, psychosocial interventions were found effective in
improving cognitive functioning in individuals with cognitive impairments or disorders such
as dementia, traumatic brain injury, and neurodevelopmental disorders (240) and in
maintaining cognitive health and preventing cognitive decline in healthy individuals (241).

However, the evidence is mixed, with some systematic reviews showing a moderate effect
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(241) and others showing only effect on some cognitive functions such as memory but not
others such as executive functioning (242). Many of the interventions that have been
researched and identified as highly effective were either physical activity-based such as
aerobic exercise and walking programs, or cognition-based including reminiscence therapy
(241, 243). Therefore, despite the presence of strong evidence supporting the efficacy of
psychosocial interventions in improving health outcomes, the evidence has been inconsistent,
with some systematic reviews showing no- to little effect and others showing limited effect
over time (210, 236, 244-246).
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1.7. Appendices
Appendix 1.7.1. 20-item UCLA Loneliness Scale (36)

INSTRUCTIONS: Indicate how often each of the statements below is descriptive of you.

O indicates “I often feel this way”; S indicates “I sometimes feel this way”; R indicates “I

rarely feel this way”; N indicates “I never feel this way”

1. I am unhappy doing so many things alone O SR N

2. I have nobody to talk to OS R N

3. I cannot tolerate being so alone O SR N

4. | lack companionship O SR N

5. | feel as if nobody really understands me O SR N

6. | find myself waiting for people to call or write OSR N
7. Thereisnoonelcanturnto OS RN

8. 1 am no longer close to anyone OSR N

9. My interests and ideas are not shared by those aroundme O SR N
10. | feel leftout OSR N

11. | feel completely alone O SR N

12. 1 am unable to reach out and communicate with those around me OSR N
13. My social relationships are superficial OSR N

14. | feel starved for company OSR N

15. No one really knows me well OSR N

16. | feel isolated from others O SR N

17. 1 am unhappy being so withdrawn O SR N

18. It is difficult for me to make friendsO SR N

19. | feel shut out and excluded by others OSR N

20. People are around me but not withme O SR N

Scoring: Make all O’s =3, all S’s =2, all R’s =1, and all N’s =0. Keep scoring continuous.
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Appendix 1.7.2. 11-item de-Jong Gierveld Loneliness Scale (34)

None | Rarely H Some | Often | All of
of the of the the
time time time

1 There is always someone | can talk to
about my day-to-day problems

2 I miss having a really close friend
3 | experience a general sense of
emptiness

4 There are plenty of people | can lean
on when | have problems

5 I miss the pleasure of the company of
others
6 | find my circle of friends and

acquaintances too limited

7 There are many people | can trust
completely

8 There are enough people I feel close
o

9 I miss having people around me

10 | I often feel rejected

11 | I can call on my friends whenever |
need them

Processing the scale data manually

Step 1

Count the neutral and positive answers ("more or less", "yes", or "yes!") on items 2, 3, 5, 6, 9,
10. This is the emotional loneliness score.

Count the missing values (i.e., no answer) on items 2, 3, 5, 6, 9, 10. This is the missing
emotional loneliness score.

Count the neutral and negative ("no!", "no", or "more or less") answers on items 1, 4, 7, 8,
11. This is the social loneliness score.

Count the missing values (i.e., no answer) on items 1, 4, 7, 8, 11. This is the missing
social loneliness score.

Step 2
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Compute the total loneliness score by taking the sum of the emotional loneliness score

and the social loneliness score.

Step 3

The emotional loneliness score is valid only if the missing emotional loneliness score equals
0. The social loneliness score is valid only if the missing social loneliness score equals 0.
The total loneliness score is valid only if the sum of the missing emotional loneliness score
and the missing social loneliness score equals 0 or 1.

Step 4

If desired, the total loneliness score can be categorized into four levels: not lonely (score

0, 1 or 2), moderate lonely (score 3 through 8), severe lonely (score 9 or 10), and very

severe lonely (score 11).
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CHAPTER TWO: Theoretical framework and research overview
2.1. Thesis rational

The current literature review identified several gaps in the study of loneliness, particularly in
its associations with individual and social determinants and health outcomes. Building upon
these findings, the current research attempts to fill these gaps and offer comprehensive
insights into the intricate interplay between loneliness, its determinants, and its implications
for health outcomes. The majority of studies that examined the relationship between
loneliness and health relied on cross-sectional analyses (1, 2), hence lack of temporality
limits the understanding of the bidirectionality nature of loneliness and cannot support
causality. Although the strength, consistency and biological gradient of the association
between loneliness and health have been well demonstrated across longitudinal studies, most
studies have used one point of exposure (2, 3). Consequently, researchers were unable to
account for the variations in the relationship between loneliness and health over time (1).
This might have introduced a biased perspective on the effect of loneliness, which may not
accurately reflect its diverse effects across time (1). To address this gap, the current thesis has
utilised longitudinal data collected from population-based studies spanning over 18 years and
encompassing up to 12 exposure assessments at different time points.

Loneliness and health outcomes have a bidirectional relationship that is likely to be
moderated and/or confounded by various sociodemographic factors (4, 5). Therefore,
accurately quantifying the independent effect of loneliness that has not resulted from an
underlying risk factor, may be challenging, even in a longitudinal design (2, 6). The
possibility of exposure-affected time-varying confounding adds another layer of complexity
(7). Exposure-affected time-varying confounding is present when a time-varying confounder
that influences the relationship between an exposure and an outcome is itself affected by
previous exposures (8). One established approach for tackling exposure-affected time-varying
confounding is causal inference models such as marginal structural models estimated with the
counterfactual frameworks and informed by directed acyclic graphs. Causal inference models
allow researchers to estimate causal effects in the presence of such complex confounding,
providing several structural assumptions are met (7). This methodological framework is
employed in observational settings to identify the underlying causal mechanisms (9), thus
providing models that can predict an outcome based on two equal comparison groups and
ensure that the exposure occurred before the outcome (7). Causal inference methods were
developed originally for infectious disease research to address bias in Human
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immunodeficiency virus (HIV) research. In addition, these models were previously used to
investigate the effect of several epidemiological phenomena such as addiction, smoking and
physical activity on health outcomes (10-12). Only a few studies have used causal inference
models to examine loneliness determinants and outcomes, with previous studies examining
the effect of loneliness on depression (13) schizophrenia (14) and unemployment (15) and
another study examining the effect of major life events on loneliness (16). In the present
thesis, robust analytical methods are employed, including causal inference approaches, which
control for complex confounding variables and facilitate accurate estimation of the
independent effect of different determinants on loneliness and conversely, the independent

effect of loneliness on health outcomes.

Further advanced analytical methods such as latent class analysis and meta-analysis
were applied. Latent class analysis was utilised to examine patterns of loneliness across
adulthood and their relationship with health-related quality of life (HRQoL). Given that
loneliness is a dynamic concept influenced by individual, social, and environmental factors,
this approach is particularly useful for identifying specific at-risk groups, that is, those
experiencing moderate or high levels of loneliness throughout adulthood. This contributes to
a deeper understanding of how loneliness impacts health outcomes, particularly among
middle-aged and older women (as further explained below). A meta-analysis of randomised
controlled trials (RCTs) was also conducted to assess the cumulative evidence on the impact
of social interventions. This method represents the highest level of evidence, offering critical

insights into the burden of disease and its implications for the healthcare system.

Current research on loneliness trends shows that loneliness does not necessarily
increase among all populations (17). Previous research has demonstrated an inverse
relationship between age and loneliness, with evidence suggesting that younger adults are at
higher risk of experiencing loneliness compared to older adults (18). However, loneliness in
middle-aged and older adults can result in serious health and social consequences, as this
population is more susceptible to chronic and life-threatening conditions. Furthermore, these
life stages often involve significant transitions, such as retirement, caregiving for a spouse or
aging parents, and adjusting to an empty nest, all of which can exacerbate feelings of
loneliness and could independently affect physical, mental and social health and could have
great implications on loneliness (19). More specifically, retirement as one of the major
determinants of loneliness among older adults, has been associated with modified health and

social outcomes due to changes in daily routines, lifestyles and social networks (19). As
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retirement is often shaped by modifiable macro-level factors such as national policies and
financial support, loneliness may be mitigated by increasing resources for retirees and
improving post-retirement support systems. Therefore, this study specifically focuses on
loneliness among older adults, with particular attention to retirement as a key contributor,
aiming to raise awareness and present the most up-to-date evidence on the issue within this

population across countries.

This thesis predominantly focuses on women as a high-risk group for various poor
physical and mental health outcomes, as well as social disadvantages (20). Although both
men and women experience loneliness, and current evidence does not suggest that one gender
is at greater risk than the other, women are more vulnerable to mental health issues such as
depression and anxiety (21). They are also more likely to take on caregiving roles and
experience widowhood, all of which are risk factors for loneliness (22). Although women
tend to have a longer lifespan, many older women experience a reduced quality of life due to
physical, mental, and social health challenges. Therefore, this thesis aims to contribute to the
growing body of knowledge by examining women's quality of life and mortality risk

concerning loneliness.

Another gap in the existing literature is the predominance of evidence on individual-
level determinants of loneliness, with relatively less research focusing on socio-
environmental determinants (23, 24). Therefore, this thesis adopts a wider lens to consider the
role of factors at the community and society levels using population-based data. It explores
the effect of life changes, culture and geographical regions on loneliness as well as the effect
of social interventions at the community level on healthcare use and social well-being among
different population groups. This recognises the potential importance of cultural norms on
social determinants of loneliness and considers the moderating effects these factors may have.
These findings aim to inform public health as well as health professionals about the
importance of improving the social well-being of individuals, mainly those with at-risk
features. Additionally, the current thesis focuses on the potential economic and health service
benefits of reducing loneliness. This approach not only highlights the direct advantages of
addressing loneliness, such as improved health and well-being but also underscores the
indirect benefits like decreased demand for health services. Such insights carry significant
implications for understanding the burden of disease and its implications on the healthcare
system. By providing evidence on the effect of psychosocial interventions on social well-

being and healthcare utilisation among different population groups, this research contributes
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to shaping more effective healthcare strategies and interventions. These strategies may be
used as valuable tools for enhancing individuals' well-being. By doing so, these interventions
hold the potential to prevent or at least stabilise existing mental and physical chronic

illnesses.

2.2. Theoretical framework

As described in Chapter 1, the association between loneliness and health outcomes is
complex and includes multidirectional associations at the individual, community, and societal
levels. Loneliness can be both the exposure and the outcome of health conditions and health
behaviours. To better understand the associations between loneliness and health and the
mediators and moderators affecting this association, this research has used a guiding
framework of loneliness, social connections, and associated health outcomes, developed by
the Committee on the Health and Medical Dimensions of Social Isolation and Loneliness in
Older Adults (25). This conceptual framework is aimed at focusing on loneliness from social

determinants of health perspective.

Figure 4 depicts the conceptual framework illustrating how loneliness is influenced
by various determinants (risk factors) and in turn impacts them, while also being moderated
by factors across individual, community, and societal levels. The arrows indicate the
associations between risk factors (including sociodemographic characteristics, genetics or
biological predispositions), social connections (including social isolation, loneliness and
social support as independent concepts and the interactions between them), mediators
(including physical, behavioural and psychosocial pathways), health outcomes and mortality.
All the variables in the model can be considered as moderators. For example, the association
between loneliness and health outcomes may vary by gender, age group, socioeconomic
status, or a pre-existing health condition. The bold arrows indicate a causal one-directional
association, and the thinner arrows indicate bi-directional associations. For example,
loneliness may have an effect on health, however, it is also affected by the health status or

condition of an individual.

Figure 1. Theoretical framework of loneliness, social isolation, and associated health
outcomes. A guiding framework developed by the National Academies of Sciences,
Engineering, and Medicine (NASEM) on the Health and Medical Dimensions of Social
Isolation and Loneliness in Older Adults 2020 (25).
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Mediators

Note.

Mediator: a risk factor that lies on the causal pathway between exposure and outcome.

Moderator: a risk factor that affects the relationship between exposure and outcome (e.g., changes the magnitude or direction
of the effect) but is not a part of the causal pathway.

The relationships presented in the model represent a social-ecological perspective (25). This
model suggests that the factors influencing social well-being at an individual level, i.e.,
personal characteristics, attitudes and interpersonal relationships with family, friends, and the
community, are potentially influenced by broader contextual elements at the levels of the
community and society. The community level includes elements that exist in a specific
community such as access to transportation, parks, health care, crime, neighbourhood safety,
social capital, gentrification and more. The societal level includes social norms and trends
such as racism, ageism, family structures, technology use, laws, and policies at the local, state
or federal levels that may affect loneliness (25, 26). The current thesis examines loneliness
from a socio-ecological perspective to clarify the associations between loneliness and health
outcomes. The independent effect of loneliness on health is often obscured by multiple
moderators and mediators, and it is challenging to isolate the effect of loneliness from other

related aspects of health and sociodemographic confounders.

2.3. Purpose and outline of the current thesis

The purpose of this thesis is to investigate the independent long-term effect of loneliness on
health and mortality, alongside exploring community and societal determinants that influence
loneliness. This thesis also examines how intervention and prevention can mitigate loneliness
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and reduce the economic burden of poor social health. The specific objectives of this thesis

are as follows:

1) To compare the effect of retirement on loneliness across diverse cultures and social
contexts and the moderating effect of social engagement (Chapter 3).

2) To examine the effect of different longitudinal patterns of loneliness (’Low’,
"Medium’, ‘High’ and ‘Increasing’ trajectories) on the physical and mental health-
related quality of life (HRQoL) across adulthood (Chapter 4).

3) To examine the causal effect of persistent and chronic loneliness on mortality among

middle-aged and older women using a causal inference approach (Chapter 5).

4) To systematically examine and meta-analyse RCTs on the effect of psychosocial

interventions on health care utilisation and social wellbeing (Chapter 6).
2.3.1. Thesis outline

Figure 5 provides an overview of the chapters and thesis flow according to the theoretical
framework. Chapter 1 sets out the foundations and context for the thesis, including
definitions and measurements, determinants, health and economic outcomes, and evidence
concerning interventions aimed at mitigating loneliness. Chapter 2 provides a theoretical
framework and explains the purpose and objectives of the studies conducted in the scope of
the thesis. Chapter 3 explores social-ecological factors affecting the prevalence of loneliness.
This chapter features a longitudinal comparative analysis across three countries, examining
the implications of retirement on long-term loneliness and assessing the moderating influence
of social engagement. The effect of retirement was compared between Australia, China and
the US, using population-base longitudinal data from the Household, Income and Labor
Dynamics in Australia (HILDA) Survey, the China Health and Retirement Longitudinal
Study (CHARLS) and the Health and Retirement Study (HRS). In Chapter 4, findings from
the Australian Longitudinal Study of Women's Health (ALSWH) are presented, focusing on
the effect of longitudinal patterns of loneliness (‘Increasing’ loneliness, ’Stable-low’, *Stable-
middle’ and ’Stable-high’) on the physical and mental HRQoL. Chapter 5 presents the
findings of a longitudinal causal inference analysis of the effect of loneliness on mortality
using the ALSWH data. The findings provide a better understanding of the relative risk and
the excess risk of persistent and chronic loneliness. The findings from Chapters 3-5 highlight
the necessity to enhance social connection as a preventive measure against the decline in

physical and mental health. Therefore, Chapter 6 explores the effects of psychosocial
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interventions on healthcare utilisation and social well-being using the findings of a systematic
review and meta-analysis of psychosocial interventions delivered in a wide variety of
populations. The effectiveness of these interventions on the use of different health care
services and social wellbeing is presented and implications for health policy and practice are
discussed.

Figure 2. The thesis outline according to the theoretical framework of loneliness, social

isolation, and associated health outcomes (25)
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CHAPTER THREE: The effect of retirement on loneliness: A longitudinal comparative

analysis across Australia, China, and the United States

3.1. Preface to the chapter

The current chapter presents findings from a peer-reviewed published paper that compared
the causal effect of retirement on loneliness among adults ages 50 and older in Australia,
China, and the US. The study emphasises the role of macro-level moderators, including
geographical regions and cultural differences, in shaping the connections between loneliness
and its determinants. Longitudinal population-based data from the Household, Income and
Labor Dynamics in Australia Survey, the China Health and Retirement Longitudinal Study
and the Health and Retirement Study, are employed. The findings highlight the differences
and similarities in the effect of retirement on loneliness between Western and non-Western
countries, as well as between urban and rural areas by using a causal inference approach. In
addition, the study examines the moderating effect of social engagement on the retirement-
loneliness association in all three countries. All results are presented with lagged models,
examining the exposure and confounders before the outcome. For the main analysis, fully
lagged models are also presented, with confounders measured at time t, exposure at t+1 and
outcome at t+2. This chapter addresses specific aim #1 of this thesis as described in Chapter
2. Dissemination of this research and the author's contributions to this paper are described

below.
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Community Health. 2024. Epub ahead of print: [4 June 2024]. doi: 10.1136/jech-2023-
221606

Impact factor: 6.3

Conference presentations
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Perkins Centre. The University of Sydney. Sydney, Australia (Long oral

presentation).
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Institute: Applied Economic & Social Research, Melbourn, Australia (Long oral

presentation including radio broadcasting).

4. The Charles Perkins EMCR Symposium. September 2023. The University of
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5. Faculty of Medicine and Health HDR Conference. July 2023. The University of
Sydney. Sydney, Australia (Oral presentation).
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Effect of retirement on loneliness: a longitudinal
comparative analysis across Australia, China and

the USA

Neta Hagani @ "2 Philip J Clare
Ben J Smith @, Ding Ding @ '
ABSTRACT

Background There is evidence that the transition to
retirement can bring social challenges and may increase
loneliness. Few studies have examined the impact of
retirement on loneliness; most have been conducted

in Western countries. It is important to examine the
differences in loneliness postretirement across countries
to identify patterns and risk factors that might influence
the health and well-being of older adults. We aimed to
examine the effect of retirement on loneliness among
older adults in Australia, China and the USA.

Methods Longitudinal analysis of data from
population-based samples of Australian, Chinese and
American adults over 50. Lagged and fully lagged
adjusted models were applied. Social engagement was
examined as an effect modifier and a sensitivity analysis
was conducted among urban participants.

Results Retirees had a higher predicted prevalence of
loneliness than non-retirees in Australia (19.4% (95% Cl
18.0% t0 20.9%) vs 17.0% (95% Cl 15.7% to 18.4%))
and in the USA (19.3% (95% Cl 17.5% to 21.1%) vs
15.7% (95% Cl 14.3% to 17.3%)). These differences
were significant only in the USA. In China, loneliness
was significantly lower in those who had retired (10.0%
(95% C17.9% to 12.5%) vs 17.1% (95% CI 15.7% to
18.5%)). In Australia and the USA, voluntary retirees
had the lowest loneliness and involuntary retirees had
the highest. Social engagement did not modify the
association between retirement and loneliness.
Conclusions Our findings imply that the effect of
retirement should be considered within a cultural context
to inform suitable and effective strategies to alleviate
loneliness.

INTRODUCTION

The increase in life expectancy has made retire-
ment a significant phase in later life with long-term
implications on health and well-being." The transi-
tion to retirement can lead to a decline in physical
and mental functioning and social connections and
relationships.? As a result, people may experience a
decrease in social engagement and higher levels of
loneliness.?

Social well-being and social health are umbrella
terms for concepts such as social support, rela-
tionships and connections. These concepts refer
to feelings towards the amount, frequency and
quality of social relationships. Loneliness refers
to the subjective feelings derived from a gap
between the observed and expected level of social

,"*3 Mengyun Luo

"4 Dafna Merom @,

WHAT IS ALREADY KNOWN ON THIS TOPIC

= A small number of studies have examined the
relationship between retirement transition
and the experience of loneliness and found
that retirement is associated with increased
loneliness in Western countries.

WHAT THIS STUDY ADDS

= While retirement is a risk factor for loneliness
in Australia and the USA, it may be viewed as a
protective factor in China.

= InAustralia and the USA, voluntary retirees had
the lowest loneliness and involuntary retirees
had the highest.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Cultural differences in loneliness should be
taken into consideration in interventions among
older adults.

= Policy-makers, healthcare professionals and
community organisations can design and
implement more effective interventions to
support the well-being of older adults in diverse
cultural contexts.

= Future research could benefit from further
examining the association between loneliness
and retirement in non-western countries with

traditional cultures.

connectedness* and prolonged loneliness is asso-
ciated with adverse health outcomes such as heart
disease, stroke, dementia, depression, anxiety and
premature death.” ® Loneliness affects a sizeable
proportion of populations globally but with varying
prevalence across countries.

There is evidence that loneliness is influenced by
cultural norms and is therefore experienced differ-
ently by older adults across cultures.® Cultures
can be differentiated by the level of individualism
versus collectivism inherent in their cultural norms.
Collectivism tends to prevail in traditional Eastern
cultures such as in Southeast Asia and focuses on the
interdependency and responsibility of the group for
the behaviours and outcomes of individuals."' For
example, in China, family and community needs are of
a higher priority than individual needs and intergenera-
tional dependency is more commonplace.'?** Cultures
on the individualistic end of the spectrum, mostly
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prevailing in Northern Europe, the USA and Australia, encourage
self-reliance and are characterised by single-residence households,
competitiveness and looser and more remote social relationships.'*
For example, in the USA, it was estimated that on average 27% of
households are single-person and in some cities, it is over 409."
However, transitions such as decreasing birth rates, urbanisation and
globalisation in collectivistic societies have led to changes in tradi-
tional social norms and lifestyles,'' '® with more older adults living
in ‘empty-nested” households that may have an impact on their phys-
ical, mental and social well-being."” ' Tt remains unclear whether
people from individualistic or collective cultures experience more
loneliness as the evidence so far is mixed.” *!

Retirement is considered a major life event that is often associ-
ated with changes in time availability, financial resources, social
networks, roles and purposes. The effects of retirement on phys-
ical, mental and social health are multifaceted and are shaped by
individual attributes such as age, gender, health, social support
and life events®* %; cultural aspects, including attitudes towards
ageing and social roles postretirement®® *°; and environmental
characteristics such as economic stability, community resources
and technological access.”® A small number of studies have
examined the relationship between retirement transition and
the experience of loneliness and found that retirement is associ-
ated with increased loneliness and that social support buffers the
adverse effects of retirement on loneliness.” **

While there are no studies on the association between loneliness
and retirement in non-western nations, one study of Chinese adults
has found that decreased social participation after retirement is asso-
ciated with depressive symptoms.*” Because of differences in cultural
norms, retirement policies, social relationships and living arrange-
ments across countries, one may expect that retirement has varying
effects on social health. However, to this date, nearly all evidence
on retirement and loneliness comes from Western countries and no
cross-country comparisons have been conducted. It is important to
examine the differences in loneliness postretirement between coun-
tries to identify patterns and risk factors that might influence the
health and well-being of older adults.

Based on longitudinal population data from China, Australia
and the USA, the primary aim of this study was to examine and
compare the association between retirement and loneliness. The
secondary aim was to examine the moderating effect of social
engagement on the association between retirement and loneli-
ness across the three countries.

METHODS

We report the study using the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guideline. The STROBE statement is included in online supple-
mental table 1.1.

Study population

Data on adults aged 50 and above are from three publicly avail-
able, nationally representative longitudinal, household surveys
from Australia, China and the USA.

Household, Income and Labour Dynamics in Australia
(HILDA) includes 17 000 respondents each year, commencing in
2001. Data for the current study ere derived from waves 2008
to 2019 (waves 8-19).%°

China Health and Retirement Longitudinal Study (CHARLS)
includes 17500 individuals from 28 provinces. The data have
been collected every 2-3 years since 2011.% Data for the current
study were derived from waves 2011 to 2015 (waves 1-3).

Health and Retirement Study (HRS) has been conducted in the
USA every 2 years since 1992 among 22 000 respondents.*” The
data were derived from waves 2008 to 2018 (waves 9-14).%1 32

Data on loneliness and social engagement in the HRS were
only available consistently since 2008, and therefore, we
excluded previous waves. To keep consistency across the surveys,
we excluded any waves before 2008 in the HILDA survey as
well. We did not include waves after 2019 for any of the surveys
due to the COVID-19 pandemic potential influence.

Measures

Variables were recoded to be consistent within and between the
three surveys. For a full description of the data handling and
recoding process, see online supplemental appendix 2 and online
supplemental table 2.1.

Exposure variables

Retirement status was measured by an item regarding the
reported status of retirement and included three categories:
0="‘not retired’/ ‘partly retired’, 1="retired’, 2="never worked’.
To further examine the nature of retirement in a sensitivity
analysis, a S-level retirement item was created: 1=not retired,
2=voluntary retirement, 3=involuntary retirement, 4=partly
voluntary and partly involuntary retirement, 5=never worked.
Nature of retirement was not asked in China.

Outcome variable

Loneliness was measured subjectively by a single binary variable
(0=not lonely, 1=lonely) in all three surveys. In China and the
USA, the item was taken from the Centre for Epidemiologic
Studies Depression Scale (CES-D) regarding experiencing lone-
liness during the past week. We recoded levels 1-2 in the orig-
inal CES-D scale as not ‘lonely’ and level 3—4 as ‘lonely’.** In
Australia, the item ‘I often feel very lonely’ on a 7-point Likert
scale (1=strongly disagree, 7=strongly agree), was derived from
a loneliness and social isolation scale’® and dichotomised into
O=levels 1-4, 1=levels 5-7 (indicating agreement with the state-
ment), based on previous studies that used the same item.>**

Confounders

Reported health status was measured by one item from the
Short Form Health Survey (SF-36) questionnaire®® and reported
mental health was measured by a scale regarding the frequency
of experiencing different emotions, such as happy, depressed,
sad, etc.>*3” Sociodemographic characteristics measures included
age, gender (man/woman), education (below high school,
high school, tertiary-not university, college/university), marital
status (married/partnered, divorced/separated/never-married,
widowed) and location of residence (urban, rural).

Effect modifier

Social engagement included the frequency of interactions with
friends and/or family who do not reside with you (in the CHARLS
questionnaire this included only interactions with friends) and
was examined as a confounder and an effect modifier.

Data analysis
We report descriptive statistics of each sample using means and
SD for continuous variables and numbers and percentages for
categorical variables.

To examine the causal evidence on retirement and loneliness,
which has been unexplored by previous studies, causal inference
models can lend a unique contribution. We estimated the effect
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of retirement on loneliness using marginal structural models
(MSMs), applying inverse probability of treatment weights
(IPTW).>® IPTW-MSMs are a method for estimating causal
effects in the counterfactual framework®” and producing unbi-
ased causal estimates under four structural assumptions (online
supplemental appendix 3). To ensure that all participants will
have the probability to be exposed (retire) during the study
period, according to the positivity assumption, we excluded
participants aged <50 (n ;=11 430, n (. o= 6769). For
more details, see online supplemental figure 3.1.

We estimated propensity weights separately in each cohort
using the set of confounders described above, allowing us to use
covariates that could not be harmonised between the surveys.
We estimated the propensity using multinomial logistic regres-
sion, using vector generalised linear models (online supple-
mental figure 3.12). Assuming there will be temporal delays or
lags between the cause and its observed effect, we used lagged
models to be certain that the exposure preceded the outcome.
We modelled the effect of retirement at time ‘t’ on loneliness in
the subsequent wave (time t+1). The analysis data included up
to 11 observations for each individual participant so we carried
out analysis using random intercept mixed effects models. We
conducted a secondary analysis testing the multiplicative effect
modification by social engagement using the same procedure.

Sensitivity analysis

We also conducted the following sensitivity analyses: (1) A
subanalysis among urban participants from all three countries to
address differences in the definition of ‘retirement’ in the rural
Chinese sample. Since rural agriculture workers in China differ
from urban workers in work conditions and retirement bene-
fits,* they tend to work in more labour-intensive jobs for as long
as they can and then stop working according to their physical
capability and financial resources,*! without a mandatory retire-
ment age. Such different working and retirement conditions
may have an impact on loneliness, social isolation and other
health and well-being outcomes in older adults in China.'” '
In this case, the subsample of urban participants in China may
be more comparable to the US and Australian samples; (2) To
address exposure-affected time-varying confounding, where
the confounder for an association between an exposure and an
outcome is affected by previous exposures,* we conducted fully
lagged models analysis, to ensure that confounders preceded
exposure by taking confounders from the wave prior to expo-
sure (time t—1 not time t).

Missing data

The survey weights included adjustments for retention so that the
current sample is representative, regardless of loss to follow-up.
Since retention was accounted for by the sample weights, there
was no need to impute or adjust for it in the sample itself.*=*
Therefore, we used complete case analysis for the ‘exposure’
wave (ie, the wave from which we took the ‘retirement’ vari-
able, in each of our paired waves). When conditioning on vari-
ables in a model, complete case analysis is unbiased, provided
that missingness is related to those variables.*® To account for
missingness in the ‘lagged’ outcome we used the inverse prob-
ability of censoring weights. Complete cases were weighted by
the inverse of their probability of being a complete case.”” More
information on missing data and pooled samples can be found in
online supplemental appendix 3 and online supplemental tables
3.1-83.2.

Results are presented as the weighted marginal predicted prev-
alence of subsequent loneliness (time t+1), by retirement status
(time t), as well as their 95% CIs. All analyses were performed
using4§ software V.4.1.3* and Stata Statistical Software: Release
V.17.

RESULTS
The final samples included 6018 participants in Australia, 13 107
participants in China and 19 968 participants in the USA.

The baseline characteristics of the study’s participants are
presented in table 1. In all three samples, the majority were
women (Australia=53.6%, China=58.7%, USA=59.6%).
China had the youngest sample (mean=62.0, SD=7.8) and the
USA had the oldest (mean=67.9, SD=9.8). The proportion of
participants with a college/university education was, 19.6% in
Australia, 0.5% in China and 23.4% in the USA. In all three
samples, the majority of participants were married/partnered
(70.9%% in Australia, 82.7% in China and 64.3% in the USA).
Most participants in China were from rural areas (78.9%),
compared with Australia (41.9% regional and rural) and the
USA (51.7%). About half of the Australian (50.6%) and the USA
(49.7%) samples were retired, compared with 14.8% in China.
The prevalence of loneliness was 17.3% in Australia, 17.9%
in China and 14.7% in the USA. Most participants in all three
samples reported good-excellent health status (Australia=75.2%,
China=73.7%and USA=75.2%).

Figure 1 and online supplemental table 4.1 show the adjusted
marginal prevalence of loneliness by retirement status. According
to the lagged model, those who retired experienced higher levels
of loneliness in subsequent waves, compared with those who
had not retired in Australia (19.4% (95% CI 18.0% to 20.9%)
vs 17.0% (95% CI 15.7% to 18.4%)) and in the USA (19.3%
(95% CI 17.5% to 21.1%) vs 15.7% (95% CI 14.3% to 17.3%)).
However, these differences were significant only in the USA.
In China, those who had retired were significantly less lonely
compared with those who had not retired (10.0% (95% CI 7.9%
to 12.5%) vs 17.1% (95% CI 15.7% to 18.5%)). Results of the
fully lagged model show similar trends in retirement effects on
loneliness to the lagged model, however, they were significant
only in the US data. In the Chinese sample, however, loneliness
was higher in the fully lagged model, and the adjusted preva-
lence precision in the retired group was lower, compared with
the lagged model (online supplemental figure 4.1 and online
supplemental table 4.2).

The models were run with the nature of retirement as the
exposure variable in the Australian and US samples. The models
compared loneliness among those who were (1) not retired/
partly retired, (2) voluntarily retired, (3) involuntarily retired,
(4) retired due to voluntary and involuntary reasons (retired-
mixed) and (4) never worked.

Figure 2 and online supplemental table 4.3 show that in
both samples, those who voluntarily retired had significantly
lower loneliness (Australia: 9.6%, 95% CI 7.4% to 12.4%;
USA: 10.5%, 95% CI 8.6% to 12.8%) compared with those
who involuntarily retired (Australia: 16.9%, 95% CI 13.8% to
20.6%; USA: 18.1%, 95% CI 15.3% to 21.4%) and compared
with non-retirees.

Figure 3 and online supplemental table 4.4 present the modi-
fying effect of social engagement on the association between
loneliness and retirement. In the USA and Australia, loneliness
was significantly lower for those who were socially engaged
compared with those who were not, regardless of retirement
status (In Australian non-retirees: 15.0% (95% CI 13.7% to
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Table 1 Baseline characteristics of participants in Australia (2008), China (2011) and the USA (2008-2010)
Australia China us
n=3412 n=7347 n=12346
n % n % n %
Gender (women) 1828 53.6 4314 58.7 7359 59.6
Age (mean, SD) 63.8 9.3 62.0 7.8 67.9 9.9
Education Below high school 1439 42.2 6608 89.9 2041 16.5
High school 286 8.4 451 6.1 4425 358
Tertiary no university 1018 29.8 253 34 2992 24.2
College/university 669 19.6 35 0.5 2888 23.4
Marital status Married/partnered 2418 70.9 6076 82.7 7935 64.3
Not married 601 17.6 407 5.5 2183 17.7
Widowed 393 11.5 864 11.8 2228 18.0
Location of residence Urban 1985 58.2 1548 211 5958 483
Regional 1377 404 - - - -
Rural 50 1.5 5799 78.9 6388 51.7
Retirement (yes) 1726 50.6 1087 14.8 6130 49.7
Loneliness (yes) 589 17.3 1317 17.9 1810 14.7
Social engagement (active) 2923 85.7 2560 34.8 11617 94.1
Health status Very good-excellent 1202 35.2 1573 21.4 5279 42.7
Good 1366 40.0 3843 52.3 4008 325
Fair-poor 844 24.7 1931 26.3 3059 24.8
Mental health status mean (range), SD 10.8 (4-30) 4.1 17.2 (1-36) 5.9 -0.8 1.7 (=2-5)

16.49%) vs 29.8% (95% CI 25.8% to 34.2%) and retirees: 17.5%
(95% CI 16.29% to 18.8%) vs 32.8% (95% CI 28.9% to 37.0%).
In the US non-retirees: 15.2% (95% CI 13.7% to 16.7%) vs
20.4% (95% CI 17.3% to 26.4%) and retirees: 18.4% (95%
CI 16.7% to 20.1%) vs 28.5% (95% CI 24.2% to 33.1%)). In
addition, in both Australia and the USA, the association between
retirement and loneliness was not significant among those who
were not socially engaged and was close to significant among
those who were socially engaged. In China, there were no signif-
icant differences in loneliness between non-retirees who were
socially engaged and those who were not (17.7% (95% CI
15.7% to 19.8%) vs 16.6% (95% CI 15.1% to 18.49%)), and this
was the same for retirees (11.3%, 95% CI 7.8% to 16.0%) vs
9.2%, 95% CI (6.8% to 12.3%).

However, in contrast to Australia and the USA, the association
between retirement and loneliness was significant among the not
socially engaged whereas among the socially engaged this associ-
ation was not significant.
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Figure 1  Adjusted marginal prevalence of loneliness according to

retirement status in Australia, China and the USA. CHARLS, China Health
and Retirement Longitudinal Study; HILDA, Household, Income and
Labour Dynamics in Australia; HRS, Health and Retirement Study.

The model was run among urban participants from the three
countries. In the Australian and the US samples, there were
slight decreases in loneliness among the urban sample compared
with the overall analysis that included both rural and urban
participants. In the Chinese urban sample, loneliness was lower
among the urban non-retirees (7.4% (95% CI 5.6% to 9.8%)),
in contrast to the trend found in the overall Chinese sample so
non-retirees had lower loneliness compared with retirees, similar
to that in Australian and the US samples. However, this trend
was not significant (figure 4 and online supplemental table 4.5).

DISCUSSION

The current study examined the effect of retirement on loneli-
ness. Our findings from Australia and the USA confirmed the
negative effect of retirement on loneliness previously reported.?
However, in China, particularly in rural China, retirement
seemed to have a protective effect on loneliness.
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Figure 2  Adjusted marginal prevalence of loneliness according to
the nature of retirement in Australia and the USA. HILDA, Household,
Income and Labour Dynamics in Australia; HRS, Health and Retirement
Study.
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Figure 3  Associations between the adjusted marginal prevalence

of loneliness and retirement according to social engagement status in
Australia, China and the USA. CHARLS, China Health and Retirement
Longitudinal Study; HILDA, Household, Income and Labour Dynamics in
Australia; HRA, Health and Retirement Study.

The transition to retirement may be accompanied by a sense
of loss of identity.** *! The adjustment to new roles after retire-
ment may lead to anxiety, depression and a decline in physical
health.’*3 Previous studies supported this assertion by demon-
strating a positive association between retirement and depressive
symptoms among those who were lonely.? Our findings from
Australia and the USA show the negative effect of retirement on
loneliness. However, in China, an opposite trend was observed,
where those who had retired had lower loneliness compared
with those who were still in the workforce. One possible expla-
nation is culture and social norms. Chinese traditional culture
follows the ‘filial piety’ concept which prioritises the family
unit and respects older adults.’* Older adults rely on family
for support and care™ °° and engage in reciprocal caregiving.’’
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Figure 4 Adjusted marginal prevalence of loneliness among urban
participants in Australia, China and the USA. CHARLS, China Health and
Retirement Longitudinal Study; HILDA, Household, Income and Labour
Dynamics in Australia; HRS, Health and Retirement Study.

These caregiving responsibilities have been identified as protec-
tive against identity loss and loneliness.”’™’ In contrast, in
Western cultures, being dependent on family for support is often
associated with a sense of guilt and shame among Western older
adults.®® These cultural differences in the roles of older adults in
society may explain the differences in the effect of retirement on
loneliness observed in the current study.

Analysis of the urban-dwelling people showed no major differ-
ences in the association between retirement and loneliness in
Australia and the USA. In addition, in the urban sample in China,
retirement had a harmful effect on loneliness. Urban workers in
China generally have job security, medical care, disability pay
and pensions and have to retire on reaching a relatively young
mandatory retirement age (50-60 years)®" while rural workers
tend to work in labour-intensive jobs with less benefits*® for
as long as they can physically cope.*! Our findings may reflect
the trend observed previously, where urban Chinese society is
becoming more similar to Western society in values and in the
importance of social roles outside of the family unit.’® In addi-
tion, our findings may reflect the disparities in stable employ-
ment and working conditions between rural and urban workers
in China, with those in urban areas experiencing financial, mental
and social benefits.” The lack of social and financial stability
was found to generate relatively higher stress and lower social
and mental well-being among those living in rural areas,®
which may explain some of the differences in social outcomes
among the urban non-retirees in China that were observed in
the current study.

Our findings from the fully lagged model show that in China,
loneliness was higher in all three groups compared with the
lagged model. In addition, the estimate precision was lower,
resulting in non-significant effects. This could be due to only
including two waves of data which is likely to have impacted
precision. However, this finding could also be a result of a
weaker control for confounding as confounders were measured
2 years before the exposure.

In Australia and the USA, voluntary retirees had the lowest
loneliness and involuntary retirees had the highest, which was
consistent with previous studies.”” Voluntary retirement is usually
planned and expected whereas involuntary retirement may be
sudden, and retirees may not have sufficient time or resources to
adjust to the changes that this entails.%® Involuntary retirement
is associated with lower life satisfaction,’® unhealthy lifestyle,
poorer physical and mental health,” ® more family strain and
negative social relationships, which contribute to higher lone-
liness.”* Involuntary retirees may experience a lower sense of
control and self-esteem due to sudden and unexpected changes
which are usually undesirable.®”

In both retirees and workers in the Australian and the US
samples, loneliness was significantly lower for those who were
socially engaged compared with those who were not. These find-
ings emphasise the importance of social engagement after retire-
ment and are consistent with previous literature on the positive
effect of social engagement on loneliness, health and health
behaviour indicators such as improvements in cognition, func-
tion, memory, chronic illness self-management and decreased
suicidal ideation.®”””! In China, however, our findings show that
loneliness decreased after retirement regardless of social engage-
ment. This finding may be explained by the social engagement
variable in the CHARLS survey which did not include familial
relationships. Family is considered highly important in Chinese
society. A previous study identified family, as the strongest
predictor of loneliness, especially among rural older adults.”
There is also evidence that people from Asian cultures tend to
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not want to reach out for help during difficult times. Therefore,
the question on social engagement outside of family networks in
the Chinese survey may not be very relevant when it comes to
mitigation of loneliness.”

Limitations

The current analysis used lagged and fully lagged models to
infer causality of the effect of retirement on loneliness. The data
are population based and longitudinal, and therefore, provide
an accurate estimation of the effect of retirement on loneliness.
However, the study had some limitations. First, the utilisation
of a one-item direct measure for loneliness has faced criticism
in the past, primarily due to reporting bias driven by stigma and
potentially different interpretations of what loneliness means
to respondents. However, the one-item loneliness measure has
been previously validated and shown to be highly reliable within
longitudinal research” 7 and was correlated with other more
comprehensive, common loneliness measures such as the UCLA
and the de Jong loneliness scales.”®”” Second, the exposure and
outcome measurements had to be recoded in order to be consis-
tent within and between the different countries, which may have
caused loss of information or bias in the results. Third, the social
engagement variable in China did not include engaging with
family which may influence the association between retirement
and loneliness in China. Last, data in HRS and CHARLS were
available every 2 years and in HILDA data were for every year.
Since we conducted lagged models, with exposure in one wave
and outcome in the consecutive wave, we wanted to have similar
gaps between outcomes and therefore we used the outcomes
every 2 years in HILDA, similar to HRS. Therefore, some of the
waves in HILDA were not included in the analysis. However,
the consistency between the waves was more important to the
comparability of the results and therefore justifies the loss of
data from the excluded waves.

CONCLUSIONS

Our findings show that retirement’s effect on loneliness and the
moderating effect of social engagement differentiates between
countries. While retirement is a risk factor for older adults in
Australia and the USA, it may be seen as a protective factor
in China, particularly in rural China where traditional culture
and values are likely to be more prominent. Our findings also
highlight the importance of cultural context when designing
and implementing interventions among older adults. In Chinese
rural communities, the focus should be on those still in the work-
force since they may experience more loneliness, while in urban
China and Western societies, the focus should be on those who
have retired. As most research to this date is focused on Western
countries, future research could benefit from further examining
the association between loneliness and retirement and social
engagement modifying effect in Eastern countries with tradi-
tional cultures such as China. It is also recommended to further
examine the differences between rural and urban societies as our
findings suggest social health may be affected differently.
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3.5. Appendices

The effect of retirement on loneliness: A longitudinal comparative analysis across

Australia, China, and the United States - Supplementary files

Appendix 1 - STROBE Statement—Checklist of items that should be included in

reports of cohort studies

Table S1.1. STROBE Statement—Checklist of items that should be included in reports

of cohort studies

ltem
No

Recommendation

Page No

Title and abstract

(a) Indicate the study’s design with a commonly used
term in the title or the abstract

1-2

(b) Provide in the abstract an informative and
balanced summary of what was done and what was
found

Introduction

Background/rationale

Explain the scientific background and rationale for
the investigation being reported

3-5

Objectives

State specific objectives, including any prespecified
hypotheses

Methods

Study design

Present key elements of study design early in the
paper

Setting

Describe the setting, locations, and relevant dates,
including periods of recruitment, exposure, follow-up,
and data collection

Participants

(a) Give the eligibility criteria, and the sources and
methods of selection of participants. Describe
methods of follow-up

(b) For matched studies, give matching criteria and
number of exposed and unexposed

Variables

Clearly define all outcomes, exposures, predictors,
potential confounders, and effect modifiers. Give
diagnostic criteria, if applicable

7-8

Data sources/
measurement

8*

For each variable of interest, give sources of data and
details of methods of assessment (measurement).
Describe comparability of assessment methods if
there is more than one group

7-8

Bias

Describe any efforts to address potential sources of
bias

8-9

Study size

10

Explain how the study size was arrived at

10, Tables
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S4.1-54.2

Quantitative variables 11 Explain how quantitative variables were handled in 7-8, Appendix
the analyses. If applicable, describe which groupings 2
were chosen and why

Statistical methods 12 (a) Describe all statistical methods, including those 8-10,
used to control for confounding Appendix 3
(b) Describe any methods used to examine subgroups 9
and interactions
(c) Explain how missing data were addressed 9-10,

Appendix 4

(d) If applicable, explain how loss to follow-up was 9-10,
addressed Appendix 4
(e) Describe any sensitivity analyses 9

Results

Participants 13*  (a) Report numbers of individuals at each stage of 10, Tables
study—eg numbers potentially eligible, examined for  S4.1-S4.2
eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage N/A
(c) Consider use of a flow diagram Figure S4.1

Descriptive data 14* (@) Give characteristics of study participants (eg 10
demographic, clinical, social) and information on
exposures and potential confounders
(b) Indicate number of participants with missing data  Table S4.1
for each variable of interest
(c) Summarise follow-up time (eg, average and total N/A
amount)

Outcome data 15*  Report numbers of outcome events or summary 11-12
measures over time

Main results 16 (a) Give unadjusted estimates and, if applicable, 11-12
confounder-adjusted estimates and their precision (eg,
95% confidence interval). Make clear which
confounders were adjusted for and why they were
included
(b) Report category boundaries when continuous 11-12
variables were categorized
(c) If relevant, consider translating estimates of N/A
relative risk into absolute risk for a meaningful time
period

Other analyses 17 Report other analyses done—eg analyses of 12

subgroups and interactions, and sensitivity analyses

Discussion



Key results 18 Summarise key results with reference to study 13
objectives

Limitations 19 Discuss limitations of the study, taking into account 15-16
sources of potential bias or imprecision. Discuss both
direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results 13-16
considering objectives, limitations, multiplicity of
analyses, results from similar studies, and other
relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the 15-16
study results

Other information

Funding 22 Give the source of funding and the role of the funders 17

for the present study and, if applicable, for the
original study on which the present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological

background and published examples of transparent reporting. The STROBE checklist is best used in conjunction
with this article (freely available on the Web sites of PL0oS Medicine at http://www.plosmedicine.org/, Annals of
Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the
STROBE Initiative is available at http://www.strobe-statement.org.
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Appendix 2 — recoding process and original variables
Retirement

Australia: Retirement was measured by the item “retired completely from the workforce”
(‘yes’, ‘no’, ‘never in workforce’) which was asked only among those who were not working
and above the age of 45. Those who were not asked this question were recoded as having a
working status. This question was available in all waves accept from wave 11 which had a
similar question: “Do you consider yourself to be completely retired from the paid workforce,
partly retired or not retired at all?” with four optional answers: ‘completely retired’, ‘partly
retired’, ‘not retired at all’, ‘not relevant - have never been in paid work’. Both items were
recoded as 0 = ‘not retired’/ ‘partly retired’, 1 = ‘retired’, 2 = ‘never worked’, in the final
analysis.

China: Measured by ‘work status’ with possible answers including: ‘Work in agriculture’,
‘work in non-agriculture’, ‘retired’, ‘unemployed’, ‘never worked’. The item was recoded to
the following: 0 = ‘work in agriculture’/ ‘work in non-agriculture’, 1 = ‘retired’, 2 =
‘unemployed/ ‘never worked’.

US: Participants were asked about their retirement: “do you consider yourself to be
completely retired, partly retired, or not retired at all?”” Answers were recoded to the
following: 0 = ‘not retired’/ “partly retired’, 1 = ‘completely retired’, 2 = ‘not relevant’ (never
worked).

Nature of retirement

Was available only in HRS and HILDA.

HILDA: Twenty-three items regarding different reason for retirement (e.g., “could not find
another job”, “own ill health”, “reached compulsory retirement age”). These items were
available only in waves 2011 and 2015. Data on nature of retirement was available in 2019 as
well. However, since we used a lagged model analysis, the loneliness outcome for that wave
should have been taken from the subsequent wave. Since we excluded waves after 2019 due
to potential COVID-19 impact, we could not include the 2019 nature of retirement data). A
new item was computed in which 1 = those who only indicted voluntary reasons for
retirement, 2 = those who only indicated involuntary reasons for retirement, 3 = those who
indicated both voluntary and involuntary reasons for retirement. Health problems, caring
responsibilities and employment issues (e.g., made redundant/ dismisses/ had no choice)
reflected involuntary reasons, while age and lifestyle considerations (e.g., to spend more time

with spouse/ partner) reflected voluntary reasons [1, 2].
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HRS: examined by an item which asked whether retirement was wanted or forced with
possible answers (1 = Wanted, 2 = Forced, 3 = Part wanted, part forced).

Loneliness

HILDA: Loneliness was measured by a single item (“I often feel very lonely”) derived from
a loneliness and social isolation scale constructed for the HILDA survey purposes [3]. The
item was on a 7-point Likert scale (1 = Strongly disagree, 7 = Strongly agree). To be
consistent with the two other surveys, loneliness was dichotomised to: 0 = levels 1-4, 1 =
levels 5-7 (indicating agreement with the statement), based on previous studies that used the
same item [4, 5].

CHARLS: Loneliness was measured by a single item from the Center for Epidemiologic
Studies Depression Scale (CES-D) regarding experiencing loneliness during the past week
[6]. The item was on a 4-point Likert scale: 1. ‘Rarely or none of the time (less than 1 day)’,
2. ‘Some or a little of the time (1-2 days)’, 3. ‘Occasionally or a moderate amount of time (3-
4 days)’, 4. ‘Most or all of the time (5-7 days)’. To be consistent with the HRS loneliness
item, the item was recoded to 0 = levels 1-2 in the original scale, 1 = level 3-4 in the original
scale.

HRS: Similar to CHARLS, loneliness was measured by a single item from the Center for
Epidemiologic Studies Depression Scale (CES-D) regarding experiencing loneliness during
the past week [6]. The original scale had Four levels: 1. ‘Rarely or none of the time (less than
1 day)’, 2. ‘Some or a little of the time (1-2 days)’, 3. ‘Occasionally or a moderate amount of
time (3-4 days)’, 4. ‘Most or all of the time (5-7 days)’. The item was recoded by HRS as 0 =
levels 1-2 in the original scale, 1 = level 3-4 in the original scale [7].

Social Engagement:

Australia: Measured by one item from the HILDA self-completion questionnaire: “In
general, how often do you get together socially with friends or relatives not living with you?”
The item was measured on a 7-point Likert scale (1 = ‘every day’, 7 = ‘less often than once
every 3 months’). To be consistent with the other two surveys, the item was recoded as
follows: 0 = levels 6-7 (not socially active), 1 = levels 1-5 (socially active).

China: Social Engagement was assessed by the item: “Have you interacted with friends in
the past month?”” (‘no’/’yes’). This item was part of a list of activities for which participants
were asked whether they participated in these activities. Since most of the activities were not

necessarily indicative of social engagements, and since the social engagement items that were
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available in the two other surveys referred to friends or family engagements, we decided to
use this item alone.

US: An overall score was built from a series of questions assessing the number of social
interactions and frequency of engagements. Four questions ask respondents if they have
spouses/partners, children, family, and friends (‘no’/’yes’), followed by four questions to
assess the extent to which respondents are in contact with each of their social networks
excluding spouses: meet up, speak on the phone, write or email and using social media (from
2014 onwards). The Four items were rated on a 6-point Likert scale (1 = Three or more times
a week, 6 = Less than once a year or never) [8]. For the current study, we used the questions
evaluating relationships with family and friends, similar to the CHARLS and HILDA items.
Communication by social media was excluded as it was not available for all of the waves [9].
The Three items included were dichotomised to 0 = ‘three or more times a week’ — ‘once or
twice a month’, 1 = ‘every few months’ — ‘less than once a year or never’. A count variable
was built from the Six items (Three for each contact) which was then dichotomised to 0 = ‘no
social engagements’, 1 = “at least one social engagements’.

Mental health:

Australia: Mental health was measured by 5 items from the emotional wellbeing section of
the 36-Item Short Form Health Survey (SF-36) [10]. Participants were asked about the
frequency of experiencing different emotions. Items were on a 6-point Likert scale (1 =1 all
of the time, 6 = none of the time). Negative items were recoded to reflect worse mental health
with a higher score. Total items were summarised and ranged between 5-30.

China: Mental health was measured by the 10-items CES-D-R10 scale regarding how
participants felt and behaved during the past week [6]. Items were on a 4-point Likert scale (0
= Rarely or none of the time, 3 = Most or all of the time). We excluded the item: “I felt
lonely” since it was already used as a measure of loneliness. Positive items were recorded,
and the total items were summarised. Scores ranged from 0-30 with a higher score indicating
worse mental health [11].

US: The mental health scale included Eight items from the CES-D scale regarding how
participants felt and behaved during the past week [6]. The original scale was 4-point Likert
scale (as described above). Answers were recoded by HRS as 0 = levels 1-3 in the original
CES-D scale, 1 = level 4 in the original CES-D scale. A count score of negative items (i.e., “I
had trouble keeping my mind on what [ was doing”) minus the positive items (i.e., “I was

happy”’) was created [7]. We excluded the item: “I felt lonely” since it was already used as a
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measure of loneliness. Scores ranged between -2 and 5 with a higher score indicating worse
mental health.

Health status

In all three surveys, reported health status was measured by one item from the SF-36

questionnaire [10] on a 5-point Likert scale (1 = Excellent, 5 = poor).
A summary of the recoding process is in Table S2.1.
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Table S2.1. Surveys original questions, responses options and recoding

Retirement

Nature of
retirement

Loneliness

Question

Responses

Recode

Question

Responses

Recode

Question

Australia [1]

Retired completely from the
workforce:

1. Yes
2. No
3. Never in the workforce

0=level 2
1=level 1
2 =level 3

Twenty-three items regarding
different possible reason for
retirement (e.g., “could not find
another job”, “own ill health”,
“reached compulsory retirement
age”).

0=no

1 =yes

1 = those who only indicted
voluntary reasons for retirement
2 = those who only indicated
involuntary reasons for
retirement

3 = those who indicated both
voluntary and involuntary
reasons for retirement

The following statements have
been used by many people to
describe how much support

China [2]
Work status

1. Work in agriculture

2. Work in non-agriculture
3. Retired

4. Unemployed

5. Never worked

0 =levels 1-2
1=1level 3
2 = levels 4-5

No variable available

| felt lonely during the past week
(CES-D)

US [3]

Do you consider yourself to
be completely retired, partly
retired, or not retired at all?
1. Completely retired

2. Partly retired

3. Not retired at all

4. Not relevant (never

worked)
0 = levels 2-3
1=1level 1
2=level 4

Thinking back to the time
you [partly/completely]
retired, was that something
you wanted to do or
something you felt you were
forced into?

1. Wanted to

2. Forced to

3. Partly wanted partly forced
1=level 1l
2 =level 2
3=level 3

| felt lonely during the past
week (CES-D)

Final item

recoding
0 = not retired
1 = retired

2 = never worked

0 = not retired

1 = retired
voluntary

2 = retired
involuntary

3 = retired partly
voluntary partly
involuntary

4 = never worked

0 = not lonely
1 =lonely
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Social
engagement

Responses

Recode

Question

Australia [1]

they get from other people.
How much do you agree or

disagree with each? The more

you agree, the higher the

number of the box you should
cross. The more you disagree,
the lower the number of the box

you should cross.

| often feel very lonely (HILDA

questionnaire [4]). 7-point
Likert scale

1. Strongly disagree

7. Strongly agree

0 = levels 1-4
1 =levels 5-7

In general, how often do you
get together socially with
friends or relatives not living
with you?

China [2] US [3] Final item

recoding

1. Rarely or none of the time (less 1. Rarely or none of the

than 1 day) time (less than 1 day)
2. Some or a little of the time (1-2 2. Some or a little of the time

days) (1-2 days)
3. Occasionally or a moderate 3. Occasionally or a

amount of time (3-4 days) moderate amount of time
4. Most or all of the time (5-7 (3-4 days)

days) 4. Most or all of the time (5-

7 days)

0 =levels 1-2 0 =levels 1-2
1 =levels 3-4 1=levels 3-4
Have you interacted with friends 1. Do you have any other 0 = not socially
in the past month? immediate family, for engaged

example, any brothers or 1 = socially
sisters, parents, cousins or  engaged
grandchildren
. Do you have any friends?
3. How often do you a) meet
up, b) speak on the phone,
c) write or email?

N
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Mental
health

Responses

Recode

Question

Responses

Australia [1]

1. Every day

2. Several times a week
3. About once a week
4. 2 or 3 times a month
5. About once a month

6. Once or twice every 3 months
7. Less often than once every 3

months

0 = levels 6-7 (not socially
active)

1 = levels 1-5 (socially active)

SF-36 [5]: emotional wellbeing

scale

1. All of the time

2. Most of the time

3. A good bit of the time
4. Some of the time

5. A little of the time

6. None of the time

China [2] US [3]

1. no 1-2.yes/no

2. yes 3(a-c). 6-point Likert scale
(1 = Three or more times a
week, 6 = Less than once a
year or never)

0=level 1 6 items recoded:

1=level 2 0 = ‘three or more times a

week’ — ‘once or twice a
month’
1 = ‘every few months’ —
‘less than once a year or
never’
A count variable was built
from the Six items (Three
for each contact) which was
then dichotomised to
0 = ‘no social engagements’
1 = “at least one social
engagements’.

Eight items from the CES-D scale [6] (excluding ‘loneliness’)

1. Rarely or none of the time (less  1.no = ‘none’ —

than 1 day) ‘occasionally’ in the
2. Some or a little of the time (1-2 original scale
days) 2.yes = ‘most or all of the

3. Occasionally or a moderate
amount of time (3-4 days)

4. Most or all of the time (5-7
days)

time’ in the original scale.

Final item
recoding

Summary score
from each survey
was used
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Recode
Health
status
Age
Gender
Education Responses
Recode

Australia [1] China [2]

Five items summary score Summary score of 8 items

Self-assessed health- SF-36 [5]
1. Excellent

2. Very good

3. Good

4, Fair

5. Poor

Numerical values

1. Male
2. Female
1. Postgrad - masters or 1. Did not finish primary school
doctorate but capable of reading and/or
2. Grad diploma, grad writing
certificate 2. Elementary school
3. Bachelor or honours 3. Middle school
4. Adv diploma, diploma 4. No formal education
5.Certlll or IV (illiterate)
6. Year 12 5. Sishu/home school
7. Year 11 and below 6. High school

7. Two-/Three-Year
College/Associate degree

8. Vocational school

9. Doctoral degree/Ph.D.

10. Four-Year College/Bachelor's

degree
11. Master's degree
1=level 7 1 =levels 1-5
2 =level 6 2=level 6
3 =levels 2, 4-5 3=7-8

US [3]

A count score of negative
items minus the positive
items.

1. Lt High-school

2. GED

3. High-school graduate
4. Some college

5. College and above

1=level 1
2 =levels 2-3
3=level 4

Final item
recoding

1. Below high
school

2. High school

3. Tertiary-not
university

4. College/universi

ty
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Marital Responses
status

Recode
Location of = Responses
residence

Recode

Australia [1]
4=levels 1, 3

Legally married

De facto

Separated

Divorced

Widowed

Never married and not de
facto

SoaprLNE

1 =levels 1-2

2 =levels 3-4, 6
3=5

1. Major City

2. Inner Regional Australia
3. Outer Regional Australia
4. Remote Australia

5. Very Remote Australia

0=level 1
1 =levels 2-3
2 =levels 4-5

China [2]
4=9-11

=

Cohabitated
Married with spouse present
Married but not living with
spouse temporarily for reasons
such as work
Divorced
Never married
Separated
Widowed

= levels 1-2

2 = levels 3-6

3=7

1. Urban community
2. Rural village

wmn

N O

US [3]
4 =level 5

. Married

. Married, spouse absent
. Partnered

. Separated

. Divorced

. Separated/ divorced

. Widowed

. Never married

coONO O WDN -

1=levels1, 3
2 =levels 2, 4-6, 8
3=levels 7

1. Urban (Beale Rural-
Urban Continuum code 1)
2. Suburban (Beale Rural-
Urban Continuum code 2)
3. Ex-urban (Beale Rural-
Urban Continuum codes
3,4,5,6,7,8,9)

9. No match for Rural-
Urban code

1=level 1

2=level 2

3=level 3

Abbreviations: CES-D: Center for Epidemiologic Studies Depression Scale; SF-36: The Short Form survey 36 items

Final item
recoding

1. Married/partne
red

2. Not married

3. Widowed

1. Urban
2. Rural
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Appendix 3 — Statistical analysis

We estimated the effect of retirement on loneliness using marginal structural models

estimated using inverse probability of treatment weights (IPTW) [1].

IPTW marginal structural models are a method of estimating unbiased causal effects, even in
the presence of complex confounding [2]. In order to produce valid inference, MSMs requires
four assumptions be met: 1) no interference; 2) consistency; 3) positivity; and 4) conditional

exchangeability.

1. The no interference assumption states that the effect of the exposure on the outcome is
independent of the exposure of other participants [3]. In this case, because the
samples are large population samples, it is unlikely that there would be interference

between participants of the study.

2. The consistency assumption assumes that the potential (possibly counterfactual)
outcome associated with a given exposure, is the same as the actual outcome observed
if that exposure occurs [4]. This assumption can be violated if, for example, the
exposure is defined ambiguously, but is unlikely in this study.

3. Positivity [5] (or near-positivity), assumes that there are no participants for whom the
probability of exposure is zero (or very close to zero). In this case, given the age of
the samples included and the fact that most people retire at ages covered by the study,
makes positivity violations highly unlikely.

4. Last, conditional exchangeability, also commonly called no unmeasured confounding
[6], assumes that all common causes of the exposure and outcomes can be eliminated
via modelling. While it is impossible to be certain that no residual confounding exists,
there are no major sources of confounding identified in the literature beyond those
controlled for in the study, making it unlikely there are major sources of unmeasured

confounding.

To estimate the IPTW-MSM, we first estimated the propensity score, the probability of being
exposed, in each of the three cohorts, using the set of confounders described in Appendix B1.
Because the exposure variable is categorical, we estimated the propensity using multinomial
logistic regression, fit using vector generalised linear models (VGLMs) via the ‘VGAM’
package in R [7]. To allow for possible non-linear effects of continuous variables (eg age and

mental health), we fit continuous variables using natural splines, varying the degrees of
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freedom between 1 and 5 [8], and selecting the version with the best model fit based on
Bayesian information criteria (BIC) [9]. We then used the propensity score to estimate a
stabilised inverse probability weight, using the raw probability of exposure as the numerator:

_ PA=a)
WA_P(A=a|L=l)

where A is the exposure variable and L is the set of confounding variables.

We then assessed the balance in the covariates between groups. Plots showing the between

group balance are included in Figures S3.2-S3.12.

We then estimated the probability of being lost to follow-up using a similar procedure, but

using logistic regression:

_ P(O)
7 P(CIL)

Both the propensity and loss to follow-up models incorporated the survey weights for the
survey, to account for the fact the samples are not simple random samples.

We then created a final analysis weight, as the product of the three weights (propensity, loss,

and sampling):
Wfinal =Wy X W¢ X Wsampling

We then created a new data set including the outcome variable (loneliness), exposure variable
(retirement), the final analysis weight, the social support variable, and a categorical indicator
variable labelling each dataset. We then estimated the effect of exposure on the outcome
(loneliness) using a robust log-Poisson model to estimate relative risks. We then used these
models to calculate marginal predicted probabilities (prevalence), with standard errors
estimated using the delta method [8]. To be certain that the exposure preceded the outcome,

the outcome variable was drawn from the wave subsequent to exposure.
Missing data

Since the surveys were used for prevalence estimates, they were reweighted each wave, so
that the current sample is representative, regardless of who is lost to follow-up. Since
retention was accounted for by the sample weights, there was no need to impute or adjust for

retention in the sample itself [10-12].
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Second, we used complete case analysis instead of imputing the ‘exposure’ wave (i.e.,

the wave in which we took the ‘retirement’ variable from, in each of our paired waves).

When conditioning on variables in a model, complete case analysis is unbiased, provided that

missingness is related to those variables. That means that imputing baseline variables does

not reduce bias, it only increases power [13]. However, the current sample sizes were large

enough not to warrant that.

Third, bias can occur when there is missingness is in the outcome. Therefore,

wherever the ‘lagged’ outcome was not available, a censoring weight was created to adjust

for the missing outcome [14].

The pooled samples and missing data can be found in Tables S3.1-S3.2. Participants

flow chart is in Figure S3.1.
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Table S3.1. Summary of pooled samples and missing data according to wave

Australia (n = 6,018)

Unites States (n = 19,968)

China (n = 13,107)

Year Included in I\I/;S;Lr;g Included in I\I/;igs;ier:jg Included in I\I/;i;;::jg
year outcome year outcome year outcome

2008 (5385:7301A) ) 119 (3.4%) (3612.230 ) 851 (13.6%)

2009 (5?;52; ) 137 (3.8%)

2010 ( 6335.‘1(;) ) 160 (4.2%) (3775330 ) 609 (8.1%)

WL gy MG o) (e

2012 ( 6?1;) 138 (3.5%) (36;2;) 712 (10.6%)

2013 ( GAESO;;) 149 (3.7%) ( 4%13(:;)) 855 (13.9%)

2014 (6‘;1.1;) 129 (3.1%) (3637;;)) 841 (12.5%)

2015 (6‘;1.53()) 153 (3.7%)

2016 (7%2;;0) 135 (3.2%) (259?(15;)) 900 (15.2%)

2017 (7‘:)2.2;) 127 (3.0%)
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Table S3.2. Summary of pooled samples according to retirement status and wave

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Total
Unites States
Not retired 2037 3336 2772 2603 2362 13110
Fully retired 2820 3310 3023 3143 2552 14848
Never worked 572 271 186 127 102 1258
Total 5429 6917 5981 5873 5016 29216
Australia
Not retired 1653 1732 1834 1878 1894 1953 2048 2039 2059 2039 19129
Fully retired 1726 1703 1799 1761 1861 1891 1925 1936 2016 1950 18568
Never worked 33 24 24 46 22 25 17 32 34 30 287
Total 3412 3459 3657 3685 3777 3869 3990 4007 4109 4019 37984
China
Not retired 4427 3444 7871
Fully retired 1087 300 1387
Never worked 1833 1544 3377
Total 7347 5288 12635
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Figure S3.1. Participants flow chart

CHARLS

n=24312

HILDA

n=19,696

+ Excluded because aged <30
(n=6.769)

s Excluded because did not
complete wave (n=4 436)

n=13,107

Note.

Excluded because aged <30
(n=11430)

Excluded because did not
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Number of incomplete cases in HRS is low due to higher number of missing/zero weights that

were dropped.
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Figure S3.2. Household, Income and Labour Dynamics in Australia (HILDA) primary

analysis balanced weights: mean differences of weighted outcomes compared to the

unweighted outcomes (reference group = not retired) !
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Figure S3.3. China Health and Retirement Study (CHARLS) primary analysis balanced

weights: mean differences of weighted outcomes compared to the unweighted outcomes

(reference group = not retired) ?
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to zero.
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Figure S3.4. United-States Health and Retirement Study (HRS) primary analysis

balanced weights: mean differences of weighted outcomes compared to the unweighted

outcomes (reference group = not retired) !
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Figure S3.5. Household, Income and Labour Dynamics in Australia (HILDA) nature of
retirement balanced weights: mean differences of weighted outcomes compared to the
unweighted outcomes (reference group = not retired) *
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Figure S3.6. United-States Health and Retirement Study (HRS) nature of retirement
balanced weights: mean differences of weighted outcomes compared to the unweighted

outcomes (reference group = not retired) !
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Figure S3.7. Household, Income and Labour Dynamics in Australia (HILDA) urban
sample balanced weights: mean differences of weighted outcomes compared to the

unweighted outcomes (reference group = not retired) *
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Figure S3.8. China Health and Retirement Study (CHARLS) urban sample balanced
weights: mean differences of weighted outcomes compared to the unweighted outcomes

(reference group = not retired) !
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Figure S3.9. United-States Health and Retirement Study (HRS) urban sample balanced
weights: mean differences of weighted outcomes compared to the unweighted outcomes

(reference group = not retired) !
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Figure S3.10. Household, Income and Labour Dynamics in Australia (HILDA) fully

lagged model balanced weights: mean differences of weighted outcomes compared to

the unweighted outcomes (reference group = not retired) *
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Figure S3.11. China Health and Retirement Study (CHARLYS) fully lagged model

balanced weights: mean differences of weighted outcomes compared to the unweighted

outcomes (reference group = not retired) *
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Figure S3.12. United-States Health and Retirement Study (HRS) fully lagged model

balanced weights: mean differences of weighted outcomes compared to the unweighted

outcomes (reference group = not retired) !
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Appendix 4 — Additional results

Table S4.1. Lagged model of loneliness prevalence according to retirement status in
Australia, China and US

Retirement status Sample Prevalence estimate ?_5:@;' E:j’;‘;grl
Not retired Australia 0.17 0.16 0.18
Not retired China 0.17 0.16 0.19
Not retired us 0.16 0.14 0.17
Retired Australia 0.19 0.18 0.21
Retired China 0.10 0.08 0.12
Retired UsS 0.19 0.18 0.21
Never worked Australia 0.21 0.14 0.32
Never worked China 0.18 0.16 0.19
Never worked us 0.22 0.19 0.27

Abbreviations: 95%CI: confidence interval.

Table S4.2. Fully lagged model of loneliness estimated adjusted prevalence according to
retirement status in Australia, China and US

Retirement Sample Prevalence estimate 95%ClI 95%ClI
status Lower Upper
Not retired Australia 0.16 0.15 0.18
Not retired China 0.22 0.20 0.24
Not retired US 0.15 0.14 0.17
Retired Australia 0.19 0.17 0.20
Retired China 0.14 0.09 0.21
Retired US 0.19 0.17 0.20
Never worked Australia 0.16 0.10 0.25
Never worked China 0.20 0.18 0.22
Never worked us 0.20 0.17 0.24

Abbreviations: Cl: confidence interval.
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Table S4.3. loneliness estimated adjusted prevalence according to nature of retirement

among Australia and the US

Retirement . 95%:ClI 95%:CI
Sample Prevalence estimate

status Lower Upper
Not retired Australia 0.16 0.15 0.17
Not retired us 0.14 0.13 0.15
Voluntary retired Australia 0.10 0.07 0.12
Voluntary retired us 0.11 0.09 0.13
Involuntary Australia 0.17 0.14 0.21
retired

Involuntary USs 0.18 0.15 0.21
retired

Mixed reasons Australia 0.12 0.09 0.15
Mixed reasons us 0.11 0.06 0.19
Never worked Australia 0.14 0.08 0.23
Never worked us 0.17 0.14 0.20

Abbreviations: Cl: confidence interval.
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Table S4.4. The modifying effect of social engagement on the association between the

estimated adjusted prevalence of loneliness and retirement according to social

engagement status among the three surveys: Australia, China and the US

Retirement Social . 95%ClI 95%ClI
status Sample engagement Prevalence estimate L ower Upper
Not retired Australia Not social 0.30 0.26 0.34
Not retired Australia Social 0.15 0.14 0.16
Not retired China Not social 0.17 0.15 0.18
Not retired China Social 0.18 0.16 0.20
Not retired uS Not social 0.21 0.17 0.26
Not retired uS Social 0.15 0.14 0.17
Retired Australia Not social 0.33 0.29 0.37
Retired Australia Social 0.18 0.16 0.19
Retired China Not social 0.09 0.07 0.12
Retired China Social 0.11 0.08 0.16
Retired uS Not social 0.28 0.24 0.33
Retired uS Social 0.18 0.17 0.20
Never worked  Australia Not social 0.51 0.20 0.82
Never worked  Australia Social 0.17 0.11 0.27
Never worked China Not social 0.17 0.15 0.20
Never worked China Social 0.18 0.15 0.20
Never worked uS Not social 0.28 0.16 0.44
Never worked us Social 0.22 0.18 0.26

Abbreviations: Cl: confidence interval.

100



Table S4.5. Adjusted estimated adjusted prevalence of loneliness according to

retirement status among urban participants in Australia, China and the US

Retirement . 95%CI 959%ClI
sample Prevalence estimate
status Lower Upper
Not retired Australia 0.16 0.15 0.17
Not retired China 0.07 0.06 0.10
Not retired us 0.14 0.12 0.16
Retired Australia 0.18 0.17 0.20
Retired China 0.09 0.07 0.11
Retired us 0.18 0.16 0.20
Never worked Australia 0.20 0.13 0.30
Never worked China 0.10 0.08 0.12
Never worked us 0.23 0.17 0.30

Abbreviations: Cl: confidence interval.

Figure S4.1. Adjusted estimated prevalence of loneliness according to retirement status
among the three countries: Australia, China and the US (fully lagged model)
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3.6. Concluding summary for this chapter and knowledge gained from this study

This study is the first to our knowledge to examine macro-level moderators of the association
between loneliness and its determinants. It is also the first to examine the causal effect of
loneliness determinants. The findings indicate that the effect of retirement on loneliness
differs between countries. While in Australia and the USA, retirement is associated with an
increased risk of loneliness among older adults, retirement seems to have a protective effect
against loneliness in China. The study also found that compared to voluntary retirement,
involuntary retirement was associated with worse loneliness outcomes in Australia and the
US. Furthermore, socially engaged participants experienced less loneliness before and after
retirement in Australia and the US, while in China levels of social engagement did not appear
to influence loneliness outcomes. Another interesting finding from the sensitivity analysis
was that the protective effect of retirement on loneliness disappeared in the subsample of
urban participants in China. In fact, the association trended in the opposite direction, similar

to the findings in Australia and the United States.

These findings highlight the importance of considering cultural context in
understanding how certain determinants, such as retirement, affect the experience of
loneliness. Our findings show variations not only between countries but also within different
geographical regions in China. This may suggest a cultural shift in urban areas towards
values typically associated with Western individualistic societies. Alternatively, these
differences might reflect socio-economic disparities between rural and urban workers in
China. Our findings point to the complex interplay of cultural, economic, and social factors
influencing the experiences of loneliness among retirees. Given that most studies on the
determinants of loneliness are conducted in Western countries, there is a pressing need for
more research on loneliness and its determinants in non-Western contexts. This broader
perspective could help develop more culturally sensitive approaches to addressing loneliness

globally.
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CHAPTER FOUR: Loneliness and long-term health-related quality of life: A latent

class analysis among middle-aged and older Australian women

4.1. Preface to the chapter

This chapter presents findings from a submitted paper (currently under review) that examined
the association between long-term loneliness trajectories and health-related quality of life
(HRQoL) among middle-aged and older women from the Australian Longitudinal Study of
Women’s Health. Existing research on the association between loneliness and HRQoL has
predominantly been cross-sectional and often failed to account for the dynamic nature of
loneliness throughout adulthood. This chapter addresses this gap by employing 18 years of
longitudinal data to identify the main trajectories of loneliness throughout adulthood and their
associations with physical and mental HRQoL scales. Latent class analysis is employed to
determine the primary loneliness trajectories, followed by logistic regressions to identify the
baseline predictors for each loneliness class. Last, linear regressions are used to analyse
associations with the physical and mental subscales of HRQoL. This chapter addresses the
individual determinants as well as health outcomes of long-term loneliness trends. It
discusses loneliness as a critical social determinant of health and explores the implications for
health prevention strategies. This study addresses specific aim #2 of this thesis as described

in Chapter 2. Dissemination of this research and the author's contributions to this paper are

described below.

4.2. Research dissemination
The research presented in this chapter has been disseminated as follows:
Paper resubmitted to Journal after review

Journal: Communication Psychology

4.3. Author attribution statement

I, Neta HaGani, was responsible for designing the study, obtaining the data, conducting the
analysis and interpretation of the results, writing the drafts of the manuscript and submitting
the manuscript to the journal. My co-authors, P. Clare, D. Merom, B. Smith & D. Ding helped

conceptualise and design the study and developed the study protocol; K. Owen & P. Clare
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supervised and assisted in conducting the data analysis. All authors have reviewed, edited,

and approved the final version of the manuscript.
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4.4. Manuscript
ABSTRACT

Background: Loneliness has been long associated with poor health outcomes including
health-related quality of life (HRQoL). However, few studies used longitudinal data and none

to our knowledge considered the dynamic nature of loneliness over time.

Objective: To identify longitudinal patterns of loneliness over 18 years and its association

with physical and mental HRQoL of middle-aged and older women.

Methods: Data were from the Australian Longitudinal Study of Women's Health. Latent
Class Analysis was conducted to identify long-term loneliness patterns. Multinomial logistic
regression was used to examine the prospective associations between baseline predictors of
loneliness and loneliness trajectories. Linear regression was used to examine the association

between loneliness trajectories and HRQoL.

Results: Baseline predictors such as current smoking, depression, anxiety, stress and low
social support were associated with higher odds of ’Increasing’, ‘Stable-medium’ and ‘Stable-
high loneliness. Compared to ‘Stable-low loneliness, ‘Increasing’ [B = -3.73 (95%CI = -5.42,
-2.04)], ‘Medium’ [B =-3.12 (95%CI = -5.08, -1.15)] and ‘High’ loneliness [B = -5.67
(95%ClI = -6.84, -4.49)] were associated with lower mental HRQoL. The ‘Increasing’
loneliness class was also associated with lower physical HRQoL [B =-1.06 (95%CI = -2.11, -
0.02)]. Out of all HRQoL sub-scales, emotional role, social functioning and physical role

were the most strongly associated with loneliness.

Conclusions: Long-term loneliness patterns are consistently associated with prospective
physical and mental HRQoL. This finding highlights the importance of addressing loneliness

among women to promote their health and well-being.
Keywords: Loneliness, health-related quality of life, mental health, latent class analysis
Key points

e The most common loneliness trajectories across mid-old age are ’Increasing’,

‘Stable-low’, ‘Stable-medium’ and ‘Stable-high- trends.

e Elevated levels of loneliness, whether *Increasing’, ‘Stable-medium’ or ‘High’, were

linked to a lower physical and mental HRQoL.
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e The ’Stable-high’ loneliness class was associated with the most adverse HRQoL

outcomes.

e HRQoL sub-scales: emotional role, social functioning, and physical role had the

strongest link to loneliness across classes.

e Smoking, depression, anxiety, stress and lack of social support were linked to the

’Increasing’, ‘Medium’ and ‘High’ loneliness classes.
INTRODUCTION

Loneliness stems from a perceived deficit in social relationships often described as a gap
between the desired and actual levels of social connections (1). While episodic loneliness is a
common human experience and considered an important survival mechanism linked to pain
and hunger (2), chronic loneliness has been associated with various physical and mental
ilinesses such as diabetes, heart disease, cancer, low social functioning and premature death
(3-8). Loneliness has also been associated with risky health behaviours such as smoking (9,
10) and with a higher likelihood of risky drinking (11). There is also evidence of a strong
inverse association between loneliness and health-related quality of life (HRQoL) (12, 13).
HRQoL is a multidimensional concept that goes beyond the presence or absence of disease. It
encompasses diverse aspects of physical, mental and social health and functioning (14).
HRQoL is a common measure in medicine and public health for assessing and predicting

population health outcomes and mortality (15-17).

The association between loneliness and HRQoL has been demonstrated across
different populations, such as older adults and patients with multimorbidity (18-20). While
loneliness can contribute to worsening health outcomes (21), poor health can also lead to
increased loneliness due to challenges in fulfilling different social roles (22, 23). To date,
most studies that examined the association between loneliness and HRQoL were cross-
sectional (3), and the small number of longitudinal studies only assessed loneliness at one
point in time, which was unable to capture the long-term patterns of loneliness across the
lifespan (13, 24-26).

Loneliness is a dynamic experience that evolves throughout life. During middle-to-
older age significant life transitions, such as retirement, empty nesting and the loss of loved
ones (27, 28), as well as an unhealthy lifestyle (29) can disrupt established routines and social

networks, thus triggering a sense of loneliness and decreased HRQoL (30, 31). Moreover, the
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middle-to-older stage of life often coincides with a higher likelihood of developing chronic
ilinesses and disabilities, further contributing to loneliness and HRQoL (32). As a result,
addressing the dynamic nature of loneliness is critical to understanding and enhancing
HRQoL for individuals in mid-to-older age.

To better understand the long-term experience of loneliness among middle-aged and
older adults and inform interventions to improve HRQoL across the lifespan, it is essential to
provide an accurate depiction of the association between long-term trajectories of loneliness
and the various dimensions of HRQoL. Therefore, the aims of the current study are threefold:
1) to identify the patterns of loneliness spanning from middle to older age; 2) to identify the
demographic characteristics and health behaviours associated with different loneliness
patterns and 3) to examine the association between loneliness trajectories and physical and
mental dimensions of HRQoL.

METHODS

The current study followed the strengthening of the reporting of observational studies in

epidemiology (STROBE) guidelines (Appendix 1).
Study Population

Data were derived from nine waves of the Australian Longitudinal Study of Women's Health
(ALSWH) 1946-51 population representative cohort. Participants were between the ages of
43 and 51 at baseline in the year 1996 and were originally selected from the Medicare
database to represent Australian citizens and permanent residents. Sampling from the
population followed a random selection process, with the exception that women residing in
rural and remote areas were sampled at a rate doubling that of women in urban areas. The
cohort included 13,714 women at baseline. Collected at three-year intervals starting from
1996 (baseline), the data included self-reported information on health status, health
behaviours, physical function, and social and mental well-being. The response rate was
between 53% and 56% (33). Ethical approval for this study was obtained from the Human
Research Ethics Committees (HRECS) of the Universities of Newcastle and Queensland
(approval numbers H-076-0795 and 2004000224). All participants provided their informed
consent prior to their participation (34) and more information about the study can be found

elsewhere (35).

Measures
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Main exposure: Loneliness

Loneliness was assessed in waves 3 (year 2001, participants aged 48-55 years) to wave 8
(year 2016, aged 64- 71 years) using a single item from the Centre for Epidemiologic Studies
Depression Scale (CES-D) (36). This item measured the extent of loneliness experienced in
the past week on a 4-point Likert scale: 1 = Rarely or none of the time (less than 1 day); 2 =
Some or a little of the time (1-2 days); 3 = Occasionally or a moderate amount of time (3-4
days); and 4 = Most or all of the time (5-7 days)’. These responses were recategorised into a
binary variable: O for levels 1-2 in the original scale and 1 for levels 3-4 in the original scale.
One-item loneliness measures were previously validated and shown to have a reliability
measure of correlation > 0.70 (37). Direct one-item loneliness measures were found to be
correlated with other more comprehensive, common loneliness measures such as the UCLA
and the de Jong loneliness scales, as well as with the indirect one-item loneliness measures
(37-39).

Main outcome: Health-related quality of life (HRQoL)

The HRQoL of participants was assessed using the SF-36, a self-reported questionnaire that
encompasses eight dimensions of health and well-being in the past 4 weeks or on a typical
day, namely (40): 1) vitality, the amount of energy or fatigue; 2) physical functioning, the
ability to perform different types of vigorous or moderate activities on a typical day; 3)
bodily pain, which is the severity of pain experienced in general and at work; 4) general
health ratings overall and in comparison to others; 5) role limitations due to physical health,
including difficulties performing activities or accomplishing work due to physical limitations;
6) role limitations of the same types due to emotional problems; 7) social role functioning,
the extent to which physical health or emotional problems interfered with normal social
activities with family, friends, neighbours, or groups; and, 8) mental health/emotional well-
being, including feeling nervous, peaceful, happy etc. Each dimension is quantified on a scale
from 0 to 100, where higher values reflect a more positive perception of health. The
individual subscales were subsequently aggregated to create two overarching summary
measures: 1) Physical Component Summary (PCS), which includes the subscales for general
health, physical functioning, role physical, and bodily pain, and 2) Mental Component
Summary (MCS), that combines the subscales for vitality, social functioning, role emotional,
and mental health. The SF-36 is a validated and reliable measure that was examined among a

variety of populations, including middle-aged and older adults (41, 42). In a population-
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representative Australian household survey (Australian National Household Survey), the
internal consistency ranged between 0.82-0.93 across the HRQoL dimension (41). Similar

reliability was observed in other studies among diverse populations (43-45).
Baseline predictors of loneliness

Information regarding the re-categorisation of the baseline predictors is provided in
Appendix 2. To ensure that the baseline predictors occurred before the outcome (loneliness),
they were derived from waves 1-2 and included: age; marital status (partnered, not partnered,
widowed); current employment status (no, yes); living arrangement (live alone/ live with
others); highest level of education completed (high school or less, tertiary not university,
college/university); language spoken at home (English, non-English European, Asian, other);
country of birth (Australia, other); area-level socioeconomic status using the Index of
Relative Socio-Economic Disadvantage (IRSD) (46); location of residence based on the
postcode-level Accessibility-Remoteness Index of Australia Plus (ARIA+; major city,
regional, remote) (47); self-reported body mass index (BMI; underweight, healthy,
overweight, obese); smoking status (never smoked, ex-smoker, currently smoking); self-
reported previous diagnosis or symptoms of anxiety and depression; current depression based
on the Centre for Epidemiological Studies-Depression (CES-D) scale (36); risky alcohol
consumption (consuming more than 10 standard drinks in a week or more than four standard
drinks per day) and binge drinking (consuming five or more drinks on a single occasion)
based on the 2020 National Health Medical Research Council guidelines (48); social support
using the Medical Outcomes Study (MOS) measure of the frequency of receiving support
from others on a scale of 1-5 (higher score reflects better support); stress measured using the

Perceived Stress Questionnaire (mean score of 10 items ranging from 0-4) (49).
Data analysis

Initially, we constructed a range of latent class models encompassing one to five loneliness
classes. Goodness-of-fit through metrics such as Akaike’s Information Criterion (AIC),
Bayesian Information Criterion (BIC), and Sample-Size Adjusted BIC (SSABIC), were used
to identify the most suitable number of classes. Because the sample was not random, the
latent class analysis was estimated using sample weights. Next, multivariable multinomial
logistic regression models were employed to examine the relationship between demographic

characteristics and loneliness patterns, using multinomial odds ratios (MOR) as effect sizes.
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Next, linear regression models were employed to investigate the association between
loneliness class membership from Waves 3 to 8 and HRQoL at Wave 9 as a continuous
outcome. The assumptions of linear regression models were tested. The data appear to show
slight non-normality, especially in the tails, which is typical with very large datasets (50)
(Figure S3.1). The results of the linear regressions are presented as unstandardised
coefficients. Since individuals cannot be definitively assigned to latent classes, the three-step
Bolck—Croon—Hagenaars estimation method (BCH) was employed to accommodate the
uncertainty in classification (51). All models were weighted using the BCH weight, and distal
outcome models adjusted for variables including age, education, marital status, country of
birth, language spoken at home, living arrangement, area remoteness, area-level
socioeconomic status, employment, smoking, alcohol consumption, anxiety, depression,
stress, BMI, social support and baseline HRQoL. These analyses were conducted using Stata
Version 17.0 (52).

To assess the robustness of the results and to examine the confounding effect of
baseline predictors on the association between loneliness and HRQoL, the linear regression
models were run 1) without adjustments for any baseline predictors and 2) adjusting for
sociodemographic baseline predictors only (i.e., without the mental health, social support and

health behaviour variables).
Missing data

There were 9154 (66.75%) incomplete cases which contributed to a total of 20.7% missing
data in the dataset. Figures S3.2-S3.3 present the missing data for each variable used in the
model. Little’s test indicated that data were not missing completely at random and therefore it
was assumed to be missing at random. Multiple imputations were used to handle missing
data, with twenty imputations using the Mice package in R version 4.3.1 (53), with random
forests to accommodate potential non-linear relationships and interactions during the data
imputation process (54). Analyses were conducted on all twenty datasets (imputations), and

the resulting estimates were aggregated using Rubin's rules (55).
Sensitivity analysis

Further assessments were conducted to test the robustness of the models. We conducted the
latent class models using a Probit link function, which assumes that the error terms follow a

standard normal distribution compared to the logit model which assumes the error terms
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follow a logistic distribution. We also conducted a sensitivity analysis using a different cut-
point of the outcome variable loneliness (1. Rarely or none of the time vs. levels 2-4). The
reversed cut point (the lowest loneliness levels 1-3 vs. the highest level 4) was not tested as
the highest loneliness category (Most or all of the time) constituted less than 5% of the

sample.
RESULTS
Demographic characteristics

Table 1 shows the sociodemographic characteristics of the sample at baseline (n = 13,714).
The flow diagram of participants included in the study can be found in Table S3.1. The
median age was 49.5 years (interquartile range = 2.5), and the majority of participants were
married or partnered (83.9%), had a high school education (67.1%) and were employed
(79.5%). Most participants were Australian-born (76.3%) and spoke English at home
(94.0%), and 9.1% reported experiencing loneliness 3-7 days a week. The MOS social
support score was 3.9 (SD = 1.0, Range = 1-5).

Loneliness latent classes

Goodness of fit as assessed by AIC, BIC and SSABIC suggested the best fit was a four-class
model, which indicated optimal model fit (Table S3.2). The average classification
probabilities are 0.67 for class 1, 0.91 for class 2, 0.67 for class 3 and 0.77 for class 4. The
average classification probabilities refer to the average likelihood that a given observation
belongs to each of the respective classes. For example, for Class 1, the average classification
probability is 0.67, indicating that on average, the model assigns 67% likelihood to

observations being classified as Class 1 (Figure 1).

Class 1 was labelled as ‘Increasing’ loneliness (n = 10,121, 73.8%) due to the
increasing trend of loneliness throughout time. The mean loneliness across waves 3-8 among
individuals in class 1 was 33.5%. Class 2 was labelled as ‘Stable-low’ loneliness (n = 727,
5.3%) which was characterised by consistently low loneliness across all waves (Mean (waves 3-
8) = 2.8%). Class 3 was labelled as ‘Stable-medium’ loneliness (n = 2345, 17.1%) and was
characterised by a stable trend of medium-Ilevel loneliness throughout time (Mean waves 3-8) =
38.1%), and class 4 was labelled as ‘Stable-high’ loneliness (n = 507, 3.8%) and was

characterised by a stable high level of loneliness throughout time (Mean waves 3-8) = 77.2%).

Predictors of loneliness latent class
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Table 2 presents the predictors of the latent class membership with ‘Stable-low’ loneliness as
the comparison class. Widows had higher odds of being in the ‘Stable-high’ loneliness class
[MOR =2.08 (95%CI = 1.15, 3.78)]. Those who were current smokers had higher odds of
being in the ‘Increasing’ loneliness [MOR = 1.24 (95%CI = 1.01, 1.54)] or ‘Stable-medium’
[MOR =1.28 (95%CI = 1.01, 1.61)] classes than non-smokers. A higher CES-D score was
associated with higher odds of being in the ‘Increasing loneliness’ [mMOR = 1.06 (95%CI =
1.02, 1.09)], ‘Stable-medium’ [mOR = 1.07 (95%CI = 1.04, 1.11)] or ‘Stable-high’ [mMOR =
1.11 (95%CI = 1.07, 1.15)] loneliness classes. A higher stress score was associated with
higher odds of being in the ‘Increasing’ loneliness [MOR = 1.37 (95%CI = 1.12, 1.68)],
‘Stable-medium’ [mOR = 1.36 (95%CI = 1.09, 1.70)] or ‘Stable-high’ [mOR =1.72 (95%Cl
= 1.34, 2.20)] classes. Reporting a past depression diagnosis was associated with higher odds
of being in the ‘Stable-medium’ loneliness class [MOR = 1.47 (95%CI = 1.11, 1.93)]. Lower
social support was associated with higher odds of being in the ‘Increasing’ loneliness [MOR =
0.75 (95%CI = 0.62, 0.90)], ‘Stable-medium’ [MOR = 0.70 (95%CI = 0.59, 0.84)] or ‘Stable-
high’ [mOR = 0.55 (95%CI = 0.48, 0.62)] classes.

Health-related Quality of life predicted by loneliness class

Multivariate linear regression was conducted to examine the unadjusted, sociodemographic
adjusted (without health, mental health and risky health behaviours) and fully adjusted
associations (the main model), between loneliness classes and HRQoL components, with
‘Stable-low’ loneliness as the comparison group. The results are presented as unstandardised
coefficients (Table 3 and Table S3.3).

In the fully adjusted models, increasing loneliness compared to ‘Stable-low’
loneliness, was associated with a significantly lower quality of life at wave 9 on all the
physical and mental scales and sub-scales. ‘Increasing’ loneliness was inversely associated
with the overall physical component [B =-1.06 (95%CI = -2.11, -0.02)]. The strongest
associations with physical components were in the sub-scales of physical role limitations [B
=-3.19 (95%CI = -6.27, -0.11)], pain [B = -4.36 (95%CI = -7.05, -1.67)] and general health
[B =-4.36 (95%CI = -7.05, -1.67)]. ‘Increasing’ loneliness had a strong association with the
overall mental component [B =-3.73 (95%CI = -5.42, -2.04)]. The strongest associations
with mental functioning sub-scales were found in emotional role limitations [B = -9.57
(95%CI =-14.30, -4.84)], social functioning [B = -7.53 (95%CI = -10.67, -4.39)] and mental
health [B = -6.50 (95%CI =-9.58, -3.42)].
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Compared to ‘Stable-low’ loneliness, the ’Stable-medium’ loneliness class was
associated with significantly lower scores on HRQoL components and subscales except for
the overall physical component summary and the physical functioning sub-scale. However,
an inverse association with HRQoL was observed for physical role limitations [B = -7.18
(95%Cl = -12.60, -1.76)], pain [B =-4.36 (95%CI = -7.05, -1.67)] and general health [B = -
4.36 (95%CI = -7.05, -1.67)]. In addition, strong inverse associations were found with the
mental component summary scale [B =-3.12 (95%CI = -5.08, -1.15)] and its sub-scales, with
the strongest association occurring with emotional role limitations [B = -8.12 (95%CI = -
13.44, -2.80)] and social functioning [B = -6.38 (95%CI = -10.07, -2.69)].

Compared to ‘Stable-low’ loneliness, the ‘Stable-high’ loneliness class was
strongly associated with all of the HRQoL components except for the overall physical
component summary. The strongest associations with physical sub-scales were physical role
limitations [B = -9.69 (95%CI = -13.72, -5.66)] and general health perceptions [B = -4.78
(95%CI = -7.00, -2.55)]. ‘Stable-high’ loneliness was also strongly associated with all of the
mental health components including the overall mental component summary [B = -5.67
(95%CI = -6.84, -4.49)] and its subscales. The strongest associations were found with
emotional role limitations [B = -15.25 (95%CI = -13.48, -7.88)], social functioning [B = -
10.68 (95%CI = -6.84, -4.49)] and emotional wellbeing [B =-9.30 (95%CI = -11.36, -7.25)].
The unadjusted and sociodemographic-adjusted models followed similar patterns to the main

model but were of a larger magnitude.
Sensitivity analysis

Results from the probit model were consistent with the main analyses (Tables S4.1-S4.2).
When using the different loneliness cut-point, we found that the four-class model was still the
optimal fit (Table S4.3) and similar associations were found between the predictors of the
latent class membership and the four classes. However, as expected when defining the
loneliness group as those who responded as being lonely “some or a little of the time”, the
associations became weaker and less precise than those in the main analysis, except in the
cases of depression and social support (Table S4.4). Attenuations were also in the
associations between loneliness classes and HRQoL components in the unadjusted,
sociodemographic-adjusted and fully adjusted models. There were no significant associations
in the ‘Increasing’ loneliness class compared to the ‘Stable low’. However, in the ‘Stable

medium’ and ‘Stable high’ classes, loneliness was significantly associated with almost all of
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the HRQoL components (Table S4.5). Overall, these sensitivity analyses have demonstrated

the robustness of our findings.
DISCUSSION

The current study reveals that over the course of 18 years, elevated levels of loneliness,
whether ‘Increasing’ or stable at a ‘Medium’ or ‘High’ level, were linked to a lower overall
mental HRQoL. Additionally, the ’Increasing’ loneliness class was the only class correlated
with lower overall physical HRQoL. Out of the HRQoL sub-scales, emotional role, social
functioning, and physical role had the strongest association with loneliness across classes.
The current findings strengthen the previous evidence by using a longitudinal design to
examine the associations between loneliness patterns and HRQoL over the longest period of

time to our knowledge (18 years).

To our knowledge, no studies have yet examined the association between different
trajectories of loneliness and HRQoL. Our research sheds light on the dynamic nature of
loneliness, revealing variations in its associations with HRQoL over time. The ’Stable-high’
class was associated with the most adverse outcomes, with a significantly lower HRQoL in
all scales and sub-scales, except for the overall physical health measure. ‘Stable-high’
loneliness was also associated with several risk factors such as obesity, depression, stress and
less social support. Previous studies showed that prolonged (chronic) loneliness is a more
serious health concern compared to transient loneliness (56). Our findings from the ’Stable-
high’ class echo this finding, suggesting that high chronic loneliness remains a major risk to
overall health (56, 57). Our findings also reveal that ‘Stable-high’ loneliness was more likely
to occur in widows, which aligns with previous studies showing associations between
widowhood and loneliness (58, 59). Therefore, despite the relatively small size of the *Stable-
high’ class (4% of the total sample), it represents a high-risk category and therefore should be
prioritised for health promotion interventions.

While the *Stable-medium’ loneliness had a weaker association with HRQoL
compared to the *Stable-high’ and ‘Increasing’ loneliness classes, it was still inversely
associated with physical and emotional role functions. These findings suggest that even a
moderate amount of loneliness, over time, may be associated with a major risk for health.
Given that this class constituted 17% of the sample, it is important to be vigilant to the
potential deteriorating HRQoL of this group. Incorporating loneliness assessments into

primary healthcare for population screening targeting moderate loneliness, and facilitating
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referrals to community programs and interventions, may be important for alleviating the

experience of loneliness and improving HRQoL (60-62).

The predominant loneliness class (78.3%) identified in this study was those who
experienced a progressive increase in loneliness over time. This class initiates with a
moderate level of loneliness prevalence, similar to the ’Stable-medium’ loneliness, and
increases gradually up to an average of 50% loneliness prevalence within this class. This
pattern reflects the increase of loneliness from middle to older age which has been found
previously among women (63). ‘Increasing’ loneliness was the only class that was
significantly associated with the overall physical health component, in addition to the mental
health component and the sub-scales. A trajectory of ‘Increasing’ loneliness could be
attributed to different life events such as illness, disability, retirement, caregiving
responsibilities, and the loss of loved ones, which all contribute to a deterioration in physical
health (58, 63, 64).

Our findings suggest that ‘Increasing’ loneliness, as well as *Stable-medium’, and
’Stable-high’ loneliness classes were all associated with current smoking, depression, anxiety,
and stress. The association between loneliness and other risky health behaviours, such as
smoking, highlight the broader health implications of loneliness. Loneliness has been an
important and neglected population health determinant (65). Individuals experiencing
loneliness may turn to high-risk behaviours, such as smoking, as a coping mechanism or as a
part of a broader pattern of unhealthy behaviours (66). Similarly, the associations with
depression, anxiety, and stress confirm that loneliness is intertwined with mental health (8,
67, 68). There is evidence that loneliness may trigger a maladaptive biological stress response
that can create further social withdrawal, which reinforces feelings of loneliness (69). This
cycle of loneliness and stress may contribute to the adoption of other maladaptive health
behaviours, such as an unhealthy lifestyle, ultimately leading to adverse health outcomes
(70).

Limitations

Several limitations should be acknowledged. First, despite adjusting the analyses for
demographics and health-related covariates, there may still be potential residual confounding
arising from unmeasured or insufficiently measured confounders. In addition, there may be

reverse causation bias due to underlying illnesses. However, by adjusting the models for

baseline HRQoL, we minimised the risk for this potential bias. Second, the three-year
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intervals at which data were collected raises the possibility that the reported loneliness levels
during survey years may not precisely reflect the experience of loneliness in the interim
periods. However, given the multi-wave nature of our study, it is reasonable to infer that the
reported levels of loneliness during survey years offer a reasonably representative snapshot of
the overall loneliness patterns. Third, self-reported data may not be accurate and are prone to
biases. The one-item loneliness scale may be susceptible to underreporting, due to societal
stigma surrounding loneliness. In addition, there is no standardised cutoff point for the one-
item loneliness measure. This ambiguity may have contributed to a variability in loneliness
prevalence and its associated outcomes. However, the sensitivity analysis yielded consistent
results across various cut points, further strengthening the robustness of our findings. In
addition, the measures used in this study were found to have high validity and reliability in
previous studies among Australian populations and longitudinal studies (71, 72). Despite
these limitations, our findings still provide valuable insights into the association between

loneliness trajectories and dimensions of HRQoL.
Conclusions

Overall, our findings highlight the importance of social well-being for middle-aged and older
women’s physical and mental health. Our research reveals a strong longitudinal connection
between elevated levels of loneliness over the course of 18 years and a range of subsequent
health outcomes among middle-aged women. These findings emphasise the importance of
fostering social well-being as a universal public health approach in health care. There is a
need to address loneliness, not only as a social concern but also as a determinant of both
mental and physical well-being. Developing strategies to enhance social connections and
alleviate loneliness may prove crucial in promoting overall health and improving HRQoL
throughout the course of life. Recognising the complex interplay between loneliness and
HRQoL underscores the need for holistic strategies that address the association between

social, psychological, and physiological dimensions.
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Tables

Table 1. Baseline characteristics of participants- The Australian Longitudinal Study of
Women's Health (ALSWH) 1946-51 cohort (waves 1-2; n = 13, 714)

Median (IQR) SD
Age (years) 49.5 (2.5) 1.5
n %
Education High school or less 9200 67.1
Vocational 2613 19.1
College/ university 1901 13.9
Marital status Partnered 11,509 83.9
Single/divorced/separated 1928 14.1
Widowed 277 2.0
Location of residence Major city 4604 33.6
Regional 8441 61.6
Remote 669 4.9
Currently employed Yes 10,906 79.5
Language spoken at home English 12,885 94.0
Born in Australia Yes 10,461 76.3
Living arrangement Live alone 759 5.5
Smoking status Never smoked 8060 58.8
Ex-smoker 3483 25.4
Currently smoking 2171 15.8
Body Mass Index Underweight (<18.5) 175 1.3
Healthy (18.5< BMI<24.9 6705 48.9
Overweight (25.0< BMI 4183 30.5
<29.9)
Obese (>30.0) 2651 19.3
Depression ! Yes 4130 30.1
Anxiety 2 Yes 4279 31.2
Risky alcohol consumption  Yes 1681 12.3
(>10 drinks p/week) 3
Loneliness (feeling lonely 3+ Yes 1243 9.1
days in a week)
Mean (range) SD
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10
11

12

13

14

15

16

17

18

19

20

21

22

23

24

MOS Social support score * 3.9 (1-5) 1.0
Stress score ° 0.6 (0-4) 0.5

Note.

Abbreviations: MOS: Medical Outcomes Study, IRQ: Interquartile range

! Depression: ever being told by a doctor about having depression or having symptoms of depression.

Z Anxiety: ever being told by a doctor about having anxiety or having symptoms of anxiety.

3 Risky alcohol consumption: consuming more than 10 standard drinks in a week or more than four standard
drinks per day.

4 Higher scores represent better outcomes

5 Higher scores represent worse outcomes
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26

Table 2. Multivariate multinomial logistic regression predicting latent class membership

using baseline predictors

Increasing @ Stable-medium @ Stable-high 2

mOR (95%CI)

MOR (95%CI)

MOR (95%Cl)

Age

Education
Highschool or less
Tertiary not university
College/ university
Living arrangement
Live alone

Live with others
Marital status
Partnered
Non-partnered
Widowed

Currently employed
No

Yes

IRSD

Location of residence
Major city

Regional

Remote

Born in Australia
Yes

No

Language spoken at
home
English

European

Asian

1.00 (0.95, 1.06)

Reference
0.90 (0.73, 1.11)
0.96 (0.74, 1.26)

Reference
1.23(0.79, 1.91)

Reference
1.21 (0.94, 1.54)
1.56 (0.87, 2.80)

Reference
0.95 (0.77, 1.18)

1.00 (1.00, 1.00)

Reference
1.04 (0.82, 1.32)
1.01 (0.65, 1.58)

Reference
1.01 (0.77,1.31)

Reference
1.07 (0.65, 1.75)
0.89 (0.32, 2.48)

1.01 (0.95, 1.07)

Reference
0.90 (0.71, 1.15)
0.95 (0.72, 1.27)

Reference
1.10 (0.63, 1.92)

Reference
1.28 (0.97, 1.69)
1.70 (0.98, 2.94)

Reference
0.99 (0.79, 1.24)

1.00 (1.00, 1.00)

Reference
1.10 (0.84, 1.46)
0.97 (0.57, 1.64)

Reference
0.94 (0.71, 1.25)

Reference
1.20 (0.68, 2.12)
0.96 (0.31, 2.92)

1.01 (0.93, 1.09)

Reference
0.82 (0.57,1.19)
0.76 (0.48, 1.19)

Reference
0.98 (0.61, 1.58)

Reference
1.28 (0.92, 1.78)
2.08 (1.15,3.78) *

Reference
0.85(0.64, 1.12)

1.00 (1.00, 1.00)

Reference
0.95 (0.71, 1.26)
1.37 (0.77, 2.42)

Reference
0.86 (0.62, 1.20)

Reference
1.14 (0.60, 2.15)
1.08 (0.30, 3.81)
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Increasing @
mMOR (95%Cl)

Stable-medium 2
MOR (95%CI)

Stable-high 2
MOR (95%CI)

Other 1.06 (0.38, 2.98)

Risky alcohol
consumption (>10
drinks p/week) *

No Reference
Yes 1.08 (0.74, 1.57)
Binge drinking (>1

episode p/week)

No Reference
Yes 1.10 (0.85, 1.43)
Smoking status

Non-smoker Reference
Ex-smoker 1.09 (0.86, 1.36)

Current smoker 1.24 (1.01, 1.54) *

Body mass index

Healthy (18.5< Reference
BMI<24.9

Underweight (<18.5) 0.86 (0.41, 1.80)
Overweight (25.0< BMI 1.12 (0.91, 1.37)
<29.9)

Obese (>30.0) 1.18 (0.93, 1.49)
Depression (CES-D 1.06 (1.02, 1.09)
score) Fhx

Stress score 1.37 (1.12, 1.68)

**k*k

Depression 2

No Reference
Yes 1.34(0.98, 1.83)
Anxiety 3

No Reference
Yes 1.06 (-0.16, 0.27)

Social support score 0.75 (0.62, 0.90)

**k*

1.34 (0.46, 3.87)

Reference
1.24 (0.87, 1.79)

Reference
1.00 (0.76, 1.33)

Reference
1.06 (0.82, 1.37)
1.28 (1.01, 1.61) *

Reference

0.86 (0.40, 1.85)
1.05 (0.83, 1.33)

1.08 (0.81, 1.45)
1.07 (1.04, 1.11)

**k*

1.36 (1.09, 1.70) *

Reference
1.47(1.11,1.93) *

Reference
1.00 (0.78, 1.28)
0.70 (0.59, 0.84)

**k*

1.73 (0.51, 5.90)

Reference
0.98 (0.64, 1.50)

Reference
0.98 (0.72, 1.35)

Reference
1.05 (0.75, 1.45)
1.13 (0.80, 1.61)

Reference

1.41 (0.60, 3.32)
1.28 (0.94, 1.73)

155 (1.12, 2.15) *
1.11 (1.07, 1.15)

**k*k

1.72 (1.34, 2.20)

**k*

Reference
1.34 (0.97, 1.85)

Reference
0.83 (0.60, 1.15)
0.55 (0.48, 0.62)

**k*

*p<0.05 **p<0.01 ***p<0.001
Note.
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29
30
31
32
33
34
35
36

37
38

39

40

41

42

43

44

45

46

47

48

49

50

8 Reference class: ‘Stable-low’. mORs refer to the odds of having the attribute in a certain class compared to the
stable-low class.

Abbreviations: mOR: Multinomial odds ratio, CES-D: Center for Epidemiological Studies- Depression, IRSD:
Index of Relative Socio-Economic Disadvantage

L Risky alcohol consumption: consuming more than 10 standard drinks in a week or more than four standard
drinks per day.

2 Depression: ever being told by a doctor about having depression or having symptoms of depression.

3 Anxiety: ever being told by a doctor about having anxiety or having symptoms of anxiety.
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Table 3. Multivariate multinomial linear regression predicting latent class membership using baseline predictors (Beta coefficients,

95%Cl): Data fully adjusted, adjusted only for sociodemographic characteristics and unadjusted

Increasing @ Stable-medium @ Stable-high 2 M (SD)
B (95%CI) B (95%CI) B (95%CI)
PCS Fully adjusted -1.06 (-2.11, -0.02) * -0.83 (-2.01, 0.35) -0.78 (-1.87,0.31) 44.95
(10.48)
Sociodemographic -3.65 (-5.10, -2.19) ***  -3.70 (-4.98, -2.41) ***  -4.85 (-6.22, -3.49) ***
adjusted
Unadjusted -4.02 (-5.55, -2.49) ***  -4.18 (-5.45, -2.90) *** -5.58 (-6.99, -4.18) ***
MCS Fully adjusted -3.73 (-5.42,-2.04) **  -3.12 (-5.08, -1.15) **  -5.67 (-6.84, -4.49) *** 5253 (9.56)
Sociodemographic -6.96 (-8.69, -5.23) ***  -6.99 (-8.67, -5.31) ***  -10.53 (-12.11, -8.95)
adjusted Fkx
Unadjusted -7.19 (-8.98, -5.41) ***  -7.26 (-8.97, -5.55) ***  -10.93 (-12.53, -9.33)
Physical functioning Fully adjusted -3.19 (-6.27,-0.11) * -2.59 (-5.79, 0.61) -4.32 (-7.04, -1.60) ** 74.66
(23.15)
Sociodemographic -9.38 (-13.32, -5.45) -9.50 (-12.74, -6.27) -14.00 (-17.18, -10.82)
ad_l u Sted **k* *kk *k*x
Unadjusted -10.36 (-14.44, -6.27) -10.73 (-13.88, -7.57)  -15.88 (-19.16, -12.60)
Role physical Fully adjusted -8.09 (-12.59, -3.58) **  -7.18 (-12.60, -1.76) * -9.69 (-13.72,-5.66)  71.04 (40.9)

Sociodemographic
adjusted
Unadjusted

-18.80 (-25.03, -12.58)

**k*

-20.06 (-26.52, -13.59)

**k*

-19.51 (-24.71, -14.31)

**k*

-21.11 (-26.29, -15.93)

**k*

-26.31 (-31.38, -21.24)

**k*

-28.65 (-33.85, -23.45)

*k*
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Pain index

General health

Vitality

Social functioning

Role emotional

Mental health index

Fully adjusted
Sociodemographic
adjusted
Unadjusted

Fully adjusted

Sociodemographic
adjusted
Unadjusted

Fully adjusted
Sociodemographic
adjusted
Unadjusted

Fully adjusted
Sociodemographic
adjusted
Unadjusted

Fully adjusted
Sociodemographic
adjusted
Unadjusted

Fully adjusted

-4.36 (-7.05, -1.67) **

-11.05 (-14.20, -7.90)

*k*x

-11.77 (-15.01, -8.53)

*k*x

-3.99 (-6.15, -1.84) ***

-10.39 (-13.06, -7.71)

*kk

-11.07 (-13.94, -8.20)

*kk

-5.12 (-8.52, -1.72) *

-12.58 (-16.06, -9.10)

*kk

-13.23 (-16.83, -9.62)

***k

-7.53 (-10.67, -4.39)

***k

-14.64 (-18.64, -10.63)

***k

-15.36 (-19.53, -11.20)

***k

-9.57 (-14.30, -4.84)

***k

-17.66 (-23.28, -12.04)

***k

-18.53 (-24.40, -12.66)

***k

-6.50 (-9.58, -3.42) ***

-3.45 (-6.51, -0.38) *

-11.05 (-14.01, -8.08)

**k*k

-11.94 (-14.89, -8.99)

**k*k

-3.29 (-5.75, -0.83) *

-10.68 (-13.03, -8.32)

*k*k

-11.52 (-13.94, -9.10)

*k*k

-4.00 (-7.40, -0.60) *

-12.75 (-15.77, -9.73)

*k*k

-13.55 (-16.60, -10.49)

**k*

-6.38 (-10.07, -2.69) **

-14.67 (-18.10, -11.25)

**k*

-15.58 (-19.00, -12.15)

**k*

-8.12 (-13.44, -2.80 **

-17.58 (-22.83, -12.34)

***k

-18.66 (-23.93, -13.39)

***k

-5.29 (-8.82, -1.76) *

-4.67 (-6.96, -2.38)

-14.97 (-18.04, -11.90)

*k*

-16.33 (-19.51, -13.14)

*k*

-4.78 (-7.00, -2.55) ***

-14.71 (-17.61, -11.81)

*k*k

-15.98 (-18.95, -13.01)

*k*k

-7.20 (-9.28, -5.12) ***

-18.67 (-21.48, -15.86)

*kk

-19.86 (-22.72, -17.00)

*k*k

-10.68 (-13.48, -7.88)

*k*k

-21.58 (-24.98, -18.18)

*k*k

-22.90 (-26.35, -19.45)

*k*k

-15.25 (-19.86, -10.62)

*k*k

-27.47 (-32.97, -21.98)

*k%k

-29.03 (-34.68, -23.39)

*k%k

-9.30 (-11.36, -7.25)

*k%k

66.29
(23.83)

70.38
(19.99)

63.97
(20.46)

84.02
(23.53)

84.79
(32.56)

78.93
(16.14)
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Sociodemographic -12.28 (-15.54,-9.03)  -12.22 (-15.26,-9.18)  -18.00 (-20.78, -15.23)

adJ usted **k* **k* *k*k
Unadjusted -12.70 (-16.05,-9.35)  -12.71(-15.78,-9.63)  -18.74 (-21.52, -15.95)
**k* **k*k *k*k

*p<005 **p<0.01 ***p<0.001

Note.

Reference group = ‘Stable-low’ loneliness

Abbreviations: PCS: Physical Component Summary; MCS: Mental Component Summary; B: unstadardised Beta coefficients; M: Mean; SD: Standard deviation

Sociodemographic models were adjusted for age, gender, education, marital status, living arrangement, employment, area remoteness, country of birth and
language spoken at home.

Fully adjusted models were adjusted for age, gender, education, marital status, living arrangement, employment, area remoteness, country of birth, language spoken at home,

BMI, smoking, alcohol consumption, depression, anxiety, social support and stress.
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Figures

Figure 1. Probabilities of loneliness for each loneliness class over time

=
=)

|

|

=
o

.\.

=]
[7%5)

<
(o)

Proportion of class reported being lonely
(=]
>y

Wave 3 Wave 4 Wave 5 Wave 6 Wave 7 Wave 8

= « Class |: Increasing =~ s=vsee Class 2: Stable low === (Class 3: Stable med = (lass 4: Stable high

Note.
Class 1 = “Increasing’ loneliness; Class 2 = “Stable-low’ loneliness; Class 3 = ‘Stable-medium’

loneliness; Class 4 = “Stable-high’ loneliness
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4.6. Appendices

Can loneliness affect the long-term health-related quality of life? A latent class analysis

among middle-aged Australian women - Supplementary Appendices

Appendix 1. STROBE reporting

Table S1.1. Statement- Checklist of items that should be included in reports of cohort

studies
Item
No Recommendation Page No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term 2
in the title or the abstract
(b) Provide in the abstract an informative and balanced 2
summary of what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the 3-4
investigation being reported
Objectives 3 State specific objectives, including any prespecified 4
hypotheses
Methods
Study design 4 Present key elements of study design early in the paper 5
Setting 5 Describe the setting, locations, and relevant dates, including 5
periods of recruitment, exposure, follow-up, and data
collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods 5
of selection of participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number
of exposed and unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential ~ 5-7
confounders, and effect modifiers. Give diagnostic criteria,
if applicable
Data sources/ 8* For each variable of interest, give sources of data and 5-7
measurement details of methods of assessment (measurement). Describe
comparability of assessment methods if there is more than
one group
Bias 9 Describe any efforts to address potential sources of bias 7-9
Study size 10 Explain how the study size was arrived at 9, Table
S3.1
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Quantitative variables 11 Explain how quantitative variables were handled in the 5-7,
analyses. If applicable, describe which groupings were Appendix
chosen and why 2,
Statistical methods 12 (a) Describe all statistical methods, including those usedto ~ 7-9
control for confounding
(b) Describe any methods used to examine subgroups and 9
interactions
(c) Explain how missing data were addressed 9, Figures
S3.2-S3.3
(d) If applicable, explain how loss to follow-up was 9, Figures
addressed S3.2-S3.3
(e) Describe any sensitivity analyses 9
Results
Participants 13* (&) Report numbers of individuals at each stage of study— 5, 9, Table
eg numbers potentially eligible, examined for eligibility, S3.1
confirmed eligible, included in the study, completing
follow-up, and analysed
(b) Give reasons for non-participation at each stage 9, Table
S3.1
(c) Consider use of a flow diagram Table S3.1
Descriptive data 14*  (a) Give characteristics of study participants (eg 9-10,
demographic, clinical, social) and information on exposures  Table 1
and potential confounders
(b) Indicate number of participants with missing data for Figures
each variable of interest S3.2-S3.3
(c) Summarise follow-up time (eg, average and total Table S3.1
amount)
Outcome data 15*  Report numbers of outcome events or summary measures 10-12
over time
Main results 16 (a) Give unadjusted estimates and, if applicable, 10-12,
confounder-adjusted estimates and their precision (eg, 95%  Tables 2-
confidence interval). Make clear which confounders were 3, Table
adjusted for and why they were included S3.3
(b) Report category boundaries when continuous variables 10-12,
were categorized Tables 2-
3, Table
S3.3
(c) If relevant, consider translating estimates of relative risk -
into absolute risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and 13, Table
interactions, and sensitivity analyses 3, Tables
S4.1-S4.5
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Discussion

Key results 18 Summarise key results with reference to study objectives 13

Limitations 19 Discuss limitations of the study, taking into account sources  15-16
of potential bias or imprecision. Discuss both direction and
magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering  13-15
objectives, limitations, multiplicity of analyses, results from
similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study  15-16
results

Other information

Funding 22 Give the source of funding and the role of the funders for 17

the present study and, if applicable, for the original study on
which the present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological

background and published examples of transparent reporting. The STROBE checklist is best used in conjunction
with this article (freely available on the Web sites of PL0oS Medicine at http://www.plosmedicine.org/, Annals of
Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the
STROBE Initiative is available at http://www.strobe-statement.org.
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Appendix 2. Baseline predictors

Marital status

Marital status was measured by asking participants about their current marital status.
Answers included: 1. married, de Facto/opposite sex, de Facto/same sex, 2. separated,
divorced, widowed, and 3. single. We recoded the answers into the following categories: 1.
partnered, 2. not partnered, 3. widowed.

Index of Relative Socio-Economic Disadvantage (IRSD)

The residential areas of participants were analysed by the Index of Relative Socio-Economic
Disadvantage (IRSD) from the Socio-Economic Indexes for Areas (SEIFA) (1). Thisis a
population-based metric, evaluating the relative disadvantage of geographic regions by
considering multiple socioeconomic factors including household income, educational
attainment, occupational status, housing costs (rent and mortgage payments), dwelling size,
occupancy, and disability rates. The data used for this index is obtained from the Australian
Census, providing a comprehensive snapshot of the socio-economic conditions prevalent in

each area (2).
Area remoteness

The Accessibility-Remoteness Index of Australia Plus (ARIA+) (3) was used to examine the
geographical remoteness of participants. This index is a classification system based on the

Australian Statistical Geography Standard (ASGS) from the Australian Census (4). Utilizing
participants' residential postcodes, they were categorized into one of three groups: major city,

regional, or remote.
Employment status

In all waves except the second one, participants were asked about their primary current
occupation. The response options included roles such as manager, professional,
paraprofessional, trade, admin. assist, sales/service, machine operator, manual worker, never
engaged in paid work, and other. The responses to this question were classified, with a
designation of 0 indicating "not employed™ and 1 denoting "employed."

In the second wave, participants were presented with two distinct inquiries regarding their
primary and secondary occupational statuses. The questions prompted them to specify the
nature of their main and secondary occupations, with response options such as no secondary

occupation, full-time, part-time/casual, work without pay, home duties, studying,
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unemployed-looking, unpaid voluntary, retired, and unable to work. All unpaid occupations,
including home duties, studying, retirement, etc., were collectively treated as unpaid work
and recategorized as 0, indicating unemployed. both full-time and part-time positions were
classified as paid work and recoded as 1, representing employed status.

Living alone

Participants indicated whether they lived alone with response options coded as 0 = no, 1 =
yes. However, in the second wave, participants were asked to specify the number of people
living with them, including categories such as partner/spouse, children under 16 years,
children 16-18 years, children over 18 years, parents, other adult relatives, and other non-
family members. The responses to this question were subsequently recoded, with a value of 0

denoting "not live alone” and 1 signifying "live alone.”
Country of birth

Participants were inquired about their country of birth, with response options including
Australian born, other English-Speaking Background, Europe, Asia, and Other. These
responses were subsequently categorized into a binary variable, distinguishing between

individuals who were Australian born and those who were not Australian born.
Language spoken at home

Participants were surveyed about the language spoken at home. Potential responses included
English, Aust, English, Other, European, Asian, and Other. Subsequently, a variable was
derived from this information, categorizing participants into four distinct levels based on the

language spoken at home: English, European, Asian, and Other.
Level of education

Education levels were assessed based on the highest qualification completed by participants,
with potential responses ranging from 'no formal qualification' to ‘higher university degree'.
For the purpose of analysis, these responses were recategorized into a three-level variable: 1

= high school or less, 2 = tertiary not university, 3 = college/university.
Alcohol consumption

The assessment of alcohol consumption adhered to the revised Australian guidelines
introduced in 2020. These guidelines suggest that adults should limit their alcohol intake to
no more than 10 standard drinks per week and no more than four standard drinks on any

single day (5). Participants were asked to specify the frequency of their alcohol consumption,
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ranging from 'never' to ‘every day." Additionally, participants indicated the typical number of
drinks they usually have in a day, with response options ranging from one to more than nine
drinks, and the frequency with which they engage in heavy episodic drinking, defined as
consuming five or more drinks on a single occasion, using a scale from 'never drink’ to 'more
than once a week.' Participants reported the consumption of more than 10 standard drinks in a
week or more than four standard drinks on any one day or if they consumed more than five
drinks at a time, they were defined as being at ‘levels that increase the risk of alcohol-related

disease or injury’.
Smoking

Participants' smoking status was assessed using the Australian Institute of Health and Welfare
measure, which includes response options such as never smoker, ex-smoker, irregular
smoker, weekly smoker, and daily smoker (6). The responses were subsequently
recategorized into three broader categories: 0 for "never smoked," 1 for "ex-smoker," and 2

for "currently smoking."
Body Mass Index

Participants provided self-reported data on their height and weight, from which their Body
Mass Index (BMI) was calculated. The BMI values were then classified into four levels

according to the World Health Organization guidelines:

1) Underweight (BMI < 18.5)
2) Healthy weight (18.5 <= BMI < 25)
3) Overweight (25 <= BMI < 30)
4) Obese (30 <= BMI)
Anxiety and depression diagnoses

Participants were asked about whether they had received a diagnosis or treatment for various
physical and mental conditions within the past three years. For the purposes of the current
study, the focus was specifically on the items related to diagnoses of anxiety and depression.
The response options for each of the two variables were 0. never, 1. last two years, 2. >two
years ago, 3. Both. The responses were recoded as 0 for "never” and 1 for "ever". Participants
were also asked about having symptoms of anxiety and depression on a scale of never-often.
Responses for each of the two variables were recoded as 0 = never/rarely, 2 =

sometimes/often. New variables were constructed for anxiety and depression with those ever

139



having a diagnosis or experiencing symptoms sometimes/often categorised as having the

condition.
Depression

The Centre for Epidemiologic Studies Depression (CES-D) Scale was used to examine
depression. Participants were asked about the ways they felt or behave during the past week
using 10 items on a 4-point Likert scale (0 = Rarely or none of the time, 3 = Most or all of the
time) (7).

Stress

Stress levels were assessed using the Perceived Stress Questionnaire (8). This measure is
derived from the average of 10 items, each rated on a scale ranging from 0 (not at all
stressed) to 4 (extremely stressed). The items encompass various sources of stress, including
but not limited to health, work, money, and relationships. The cumulative score provides an

overall indication of participants' perceived stress levels across multiple dimensions.
Social support

From Survey 2 onwards, social support was obtained using the 6-item Medical Outcomes
Study (MOS) scale, which is an abbreviated version of the larger 19-item MOS support index
(9, 10). This scale assesses various domains of social support, including tangible support,
affectionate support, positive social interaction, and emotional/informational support.
Participants provided responses on a scale ranging from 1 (none of the time) to 5 (all of the
time), where a higher score indicates a higher level of perceived support.
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Appendix 3. Additional results

Table S3.1. Number of participants according to wave and the total number of

participants included in the analysis

Wave n
Wave 1 13,714
Wave 2 12,338
Wave 3 11,226
Wave 4 10,905
Wave 5 10,638
Wave 6 10,011
Wave 7 9151
Wave 8 8622
Wave 9 7956

Sample size included in the analysis 13,714
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Table S3.2. Criteria for selecting the number of trajectories (waves 3-8)

Model AIC BIC SSABIC Model group membership proportion
1) ) @) (4) (%)
Overall loneliness
1 class 38454.3 38498.4 38479.3  100.0%
2 class 349555 35051.1 35009.8 84.9%  15.1%
3 class 34836.4 34983.6 34920.0 716% 4.4% 24.0%
4 class 34796.1 34994.7 349089 73.8% 53% 17.1% 3.7%
5 class 34785.2 35035.3 349273 682% 3.7% 17% 20.9% 5.5%

Abbreviations: AIC = Akaike information criterion; BIC = Bayesian information criterion;

SSABIC = sample size adjusted BIC.
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Table S3.3. Multivariate linear regression of the predictors of the physical component

summary (PCS) and mental component summary (MCS)

PCS MCS
B (95%CI) B (95%ClI)
Loneliness classes
Stable-low Reference Reference
Increasing -1.06 (-2.11, -0.02) -3.73 (-5.42, -2.04)
Stable-medium -0.83 (-2.01, 0.35) -3.12 (-5.08, -1.15)
Stable-high -0.78 (-1.87, 0.31) -5.67 (-6.84, -4.49)

Risky alcohol consumption *
No

Yes

Binge drinking
No

Yes

Smoking
Non-smoker

Ex smoker

Current smoker
Baseline PCS
Baseline MCS
BMI

Normal weight
Underweight
Overweight

Obese

CES-D (Depression)
Stress

Ever had depression 2
No

Yes

Ever had anxiety ®
No

Yes

Language

English

European

Asian

other

Age

Area-level socioeconomic status

Marital status
Married

Not married
Widower

Area remoteness

Reference
0.22 (-0.37, 0.80)

Reference
0.20 (-0.27, 0.67)

Reference
0.06 (-0.43, 0.55)
-1.43 (-2.09, -0.78)
0.37 (0.34, 0.40)
0.10 (0.07, 0.13)

Reference
-0.14 (-2.11, 1.82)
-2.15 (-2.61, -1.70)
-4.90 (-5.51, -4.29)
-0.05 (-0.11, 0.02)
-0.76 (-1.31, -0.20)

Reference
-0.29 (-0.87, 0.29)

Reference
-0.04 (-0.61, 0.53)

Reference
-0.61 (-1.75, 0.53)
-0.99 (-2.72, 0.74)
-0.26 (-2.40, 1.89)
-0.19 (-0.32, -0.06)
0.004 (0.001, 0.01)

Reference
-0.18 (-0.84, 0.48)
-0.18 (-1.52, 1.16)

Reference
-0.09 (-0.60, 0.41)

Reference
0.19 (-0.20, 0.57)

Reference
-0.31 (-0.73, 0.11)
-0.35 (-0.90, 0.19)

0.11 (0.08, 0.13)
0.19 (0.16, 0.22)

Reference
0.53 (-1.30, 2.35)
-0.20 (-0.67, 0.27)
-0.49 (-0.97, -0.003)
-0.11 (-0.17, -0.05)
-1.04 (-1.57,-0.51)

Reference
-1.24 (-1.78, -0.70)

Reference
-0.51 (-1.03, 0.02)

Reference
-0.66 (-1.71, 0.38)
0.18 (-1.63, 1.99)
0.78 (-1.16, 2.73)
0.004 (-0.11, 0.12)

0.001 (-0.002, 0.005)

Reference
0.32 (-0.31, 0.95)
0.45 (-0.88, 1.79)
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PCS MCS

B (95%Cl) B (95%ClI)
Major city Reference Reference
Regional -0.17 (-0.63, 0.29) -0.01 (-0.42, 0.41)
Remote -0.57 (-1.58, 0.45) -0.01 (-0.83, 0.80)
Employment
Not employed Reference Reference
Employed 0.40 (-0.10, 0.89) 0.49 (0.005, 0.97)
Country of birth
Australia Reference Reference
Other 0.22 (-0.24, 0.68) -0.22 (-0.68, 0.25)
Education

High school and below
Trade/apprentice/certificate/diploma

University

Living arrangement

Live alone
Live with someone

MOS social support

Reference

-0.001 (-0-.47, 0.47)

0.59 (0.06, 1.12)

Reference
0.81 (-0.40, 2.02)
0.21 (-0.02, 0.44)

Reference
0.37 (-0.07, 0.81)
0.19 (-0.32, 0.70)

Reference
-0.50 (-1.56, 0.56)
0.42 (0.21, 0.63)

! Risky alcohol consumption: consuming more than 10 standard drinks in a week or more than four standard

drinks per day.

2 Depression: ever being told by a doctor about having depression or having symptoms of depression.

3 Anxiety: ever being told by a doctor about having anxiety or having symptoms of anxiety.
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Figure S3.1. Q-Q plot for assessing normality of standardised residuals
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Figure S3.2. Summary of missing data in each analysis variable
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Figure S3.3. Common patterns of missing data
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Appendix 4. Sensitivity analyses

Table S4.1. Sensitivity analysis: Multivariate multinomial logistic regression predicting

latent class membership using baseline predictors- Probit model results

Increasing 2
mMOR (95%Cl)

Stable-medium @

mOR (95%Cl)

Stable-high @
MOR (95%Cl)

Age

Education
Highschool or less
Tertiary not university
College/ university
Living arrangement
Live alone

Live with others
Marital status
Partnered
Non-partnered
Widowed

Currently employed
No

Yes

IRSD

Location of residence
Major city

Regional

Remote

Born in Australia
Yes

No

Language spoken at home
English

European

Asian

Other

1.00 (0.95, 1.07)

Reference
0.91 (0.72, 1.16)
0.97 (0.73, 1.29)

Reference
1.04 (0.65, 1.66)

Reference
1.26 (0.96, 1.66)
1.74 (1.00, 3.03)

Reference

0.98 (0.78, 1.25)

1.00 (1.00, 1.00)

Reference
1.12 (0.86, 1.44)
0.95 (0.55, 1.64)

Reference

0.94 (0.69, 1.27)

Reference
1.18 (0.64, 2.17)
0.96 (0.30, 3.10)
1.42 (0.54, 3.75)

1.01 (0.95, 1.07)

Reference
0.89 (0.72, 1.10)
0.95(0.72, 1.24)

Reference
1.30 (0.82, 2.04)

Reference
1.23 (0.95, 1.60)
1.53 (0.87, 2.66)

Reference

0.96 (0.78, 1.18)

1.00 (1.00, 1.00)

Reference
1.03 (0.81, 1.31)
1.03 (0.69, 1.55)

Reference

1.01 (0.80, 1.28)

Reference
1.09 (0.69, 1.73)
0.89 (0.34, 2.32)
1.00 (0.35, 2.83)

1.01 (0.93, 1.09)

Reference
0.82 (0.57, 1.19)
0.76 (0.48, 1.19)

Reference
0.98 (0.61, 1.58)

Reference
1.28 (0.92, 1.78)
2.08 (1.15, 3.78)*

Reference

0.85 (0.64, 1.12)

1.00 (1.00, 1.00)

Reference
0.95 (0.71, 1.26)
1.37 (0.77, 2.42)

Reference

0.86 (0.62, 1.20)

Reference
1.14 (0.60, 2.15)
1.08 (0.30, 3.81)
1.73 (0.51, 5.90)
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Increasing 2
mMOR (95%Cl)

Stable-medium @
MOR (95%CI)

Stable-high @
MOR (95%Cl)

Risky alcohol
consumption (>10 drinks
p/week)

No

Yes

Binge drinking (>1
episode p/week)
No

Yes

Smoking status
Non-smoker

Ex-smoker

Current smoker

Body mass index
Healthy (18.5< BMI<24.9
Underweight (<18.5)

Overweight (25.0< BMI
<29.9)
Obese (>30.0)

Depression (CES-D score)
Stress score

Depression 2

No

Yes

Anxiety *

No

Yes

Social support score

Reference
1.26 (0.86, 1.87)

Reference
0.98 (0.74, 1.30)

Reference
1.03 (0.80, 1.34)
1.28 (1.00, 1.62)*

Reference
0.83(0.40, 1.73)
1.05(0.83, 1.33)

1.07 (0.82, 1.41)
1.07 (1.04, 1.11)***
1.33 (1.10, 1.62)

Reference

1.50 (1.11, 2.01)**

Reference
0.99 (0.77, 1.28)
0.70 (0.59, 0.83)***

Reference
1.06 (0.78, 1.45)

Reference
1.12(0.91, 1.39)

Reference
1.11 (0.91, 1.35)
1.25(1.00, 1.54)*

Reference
0.89 (0.41, 1.91)
1.12(0.92,1.37)

1.19 (0.92, 1.52)
1.06 (1.03, 1.09)***
1.40 (1.13, 1.74)**

Reference

1.31(1.02, 1.70)*

Reference
1.06 (0.86, 1.31)
0.76 (0.64, 0.90)**

0.98 (0.64, 1.50)

Reference
0.98 (0.64, 1.50)

Reference
0.98 (0.72, 1.34)

Reference
1.05 (0.75, 1.45)
1.13(0.80, 1.61)

Reference
1.41 (0.60, 3.32)
1.28 (0.94, 1.73)

1.55 (1.12, 2.15)**
1.11 (1.07, 1.15)***
1.72 (1.34, 2.20)%**

Reference

1.34 (0.97, 1.85)

Reference
0.83 (0.60, 1.15)
0.55 (0.48, 0.62)***

*p<0.05 *p<0.01 ***p<0.001

Note.

@ Reference class: ‘stable low’. mORs refer to the odds of having the attribute in a certain class compared to the

stable-low class.

Abbreviations: mOR: Multinomial odds ratio, CES-D: Center for Epidemiological Studies- Depression, IRSD:

Index of Relative Socio-Economic Disadvantage

1 Risky alcohol consumption: consuming more than 10 standard drinks in a week or more than four standard

drinks per day.
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2 Depression: ever being told by a doctor about having depression or having symptoms of depression.

3 Anxiety: ever being told by a doctor about having anxiety or having symptoms of anxiety.
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Table S4.2. Sensitivity analysis: Multivariate multinomial linear regression predicting latent class membership using baseline predictors

(Beta coefficients, 95%Cl): Data fully adjusted, adjusted only for sociodemographic characteristics and unadjusted- Probit model

results
Increasing ? Stable-medium ? Stable-high ?
B (95%Cl) B (95%CIl) B (95%Cl)
PCS Fully adjusted -0.80 (-1.92, 0.31) -1.09 (-2.17, -0.11)* -0.78 (-1.87, 0.31)
Sociodemographic adjusted -3.62 (-4.97, -2.26)*** -3.73 (-5.10, -2.35)*** -4.85 (-6.22, -3.49)***
Unadjusted -4.10 (-5.51, -2.68)*** -4.11 (-5.53, -2.68)*** -5.58 (-6.99, -4.18)***
MCS Fully adjusted -2.87 (-4.51, -1.24)** -3.97 (-5.40, -2.55)*** -9.56 (-6.84, -4.49)****

Physical functioning

Role physical

Pain index

General health

Sociodemographic adjusted
Unadjusted

Fully adjusted
Sociodemographic adjusted
Unadjusted

Fully adjusted
Sociodemographic adjusted
Unadjusted

Fully adjusted
Sociodemographic adjusted
Unadjusted

Fully adjusted

Sociodemographic adjusted

-6.78 (-8.23, -5.33)***
-7.05 (-8.54, -5.56)***
-2.26 (-5.06, 0.55)
-0.08 (-12.45, -5.71)***
-10.29 (-13.79, -6.80)***
-6.69 (-10.98, -2.41)**
-18.93 (-24.15, -13.72)***
-20.53 (-26.00, -15.07)***
-3.23 (-6.05, -0.42)*
-10.76 (-13.70, -7.82)***
-11.65 (-14.67, -8.64)***
-3.11 (-5.19, -1.03)**
-10.47 (-12.73, -8.21)***

-7.17 (-8.23, -5.33)***
-7.41 (-9.30, -5.50)***
-3.52 (-6.50, -0.54)*
-0.81 (-13.46, -6.15)***
-10.79 (-14.55, -7.02)***
-8.57 (-13.57, -3.57)**
-19.38 (-25.64, -13.11)***
-20.63 (-27.06, -14.20)***
-4.57 (-7.11, -2.03)**
-11.34 (-14.39, -8.29)***
-12.06 (-15.19, -8.93)***
-4.18 (-7.00, -2.55)***
-10.59 (-13.38, -7.81)***

-10.53 (-12.11, -8.95)***
-10.93 (-12.53, -9.33)***
-4.32 (-7.04, -1.60)**
-14.00 (-17.18, -10.82)***
-15.88 (-19.16, -12.60)***
-9.69 (-13.72, -5.66)***
-26.31 (-31.38, -21.24)***
-28.65 (-33.85, -23.45)***
-4.67 (-6.96, -2.38)***
-14.97 (-18.04, -11.90)***
-16.33 (-19.51, -13.14)***
-4.78 (-7.00, -2.55)***
-14.71 (-17.61, -11.81)***
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Vitality

Social functioning

Role emotional

Mental health index

*p<0.05
Note.

**p <0.01

Unadjusted

Fully adjusted
Sociodemographic adjusted
Unadjusted

Fully adjusted
Sociodemographic adjusted
Unadjusted

Fully adjusted
Sociodemographic adjusted
Unadjusted

Fully adjusted
Sociodemographic adjusted
Unadjusted

***n<0.001

Reference group = ‘Stable low’ loneliness

-11.31 (-13.73, -8.89)***
-3.65 (-7.01, -0.29)*
-12.42 (-15.50, -9.34)***
-13.21 (-16.39, -10.03)***
-6.11 (-9.47, -2.76)**
-14.39 (-17.93, -10.85)***
-15.30 (-18.94, -11.65)***
-7.60 (-12.66, -2.54)**
-17.09 (-22.21, -11.97)%**
-18.15 (-23.38, -12.92)***
-4.82 (-7.51 (-2.13)**
-11.80 (-14.21, -9.40)***
-12.28 (-14.77, -9.80)***

-7.76 (-14.23, -8.33)***
-5.47 (-8.11, -2.83)***
-12.91 (-16.26, -9.56)***
-13.56 (-17.04, -10.08)***
-7.79 (-10.73, -4.86)***
-14.92 (-18.74, -11.10)***
-15.64 (-19.59, -11.70)***
-10.09 (-14.00, -6.18)***
-18.15 (-23.65, -12.65)***
-19.04 (-24.79, -13.29)***
-6.97 (-9.62, -4.33)***
-12.70 (-16.19, -9.22)***
-13.12 (-16.71, -9.53)***

-15.98 (-18.95, -13.01)***
-7.20 (-9.28, -5.12)***
-18.67 (-21.48, -15.86)***
-19.86 (-22.72, -17.00)***
-10.68 (-13.47, -7.88)***
-21.58 (-24.98, -18.18)***
-22.90 (-26.35, -19.45)***
-15.24 (-19.86, -10.62)***
-27.47 (-32.97, -21.98)***
-29.03 (-34.67, -23.39)***
-9.30 (11.35, -7.25)***
-18.00 (-20.78, -15.23)***
-18.74 (-21.52, -15.95)***

Abbreviations: PCS: Physical Component Summary; MCS: Mental Component Summary; B: unstadardised Beta coefficients; M: Mean; SD: Standard deviation

Sociodemographic models were adjusted for age, gender, education, marital status, living arrangement, employment, area remoteness, country of birth and

language spoken at home.

Fully adjusted models were adjusted for age, gender, education, marital status, living arrangement, employment, area remoteness, country of birth, language spoken at home,

BMI, smoking, alcohol consumption, depression, anxiety, social support and stress.
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Table S4.3. Sensitivity analysis: criteria for selecting the number of trajectories (waves

3-8) using a new cut-point for loneliness (1.

Rarely or none of the time vs. levels 2-4)

Model AlC BIC SSABIC Modal group membership proportion
@)) 2) @) (4) (©) (6)
Overall loneliness
1 class 80636.62 80688.45 80666.20 100%
2 class 69762.83 69873.89 69826.22 66.90% 33.10%
3 class 68978.24 69148.53 69075.43 50.68% 35.91% 13.41%
4 class 68731.29 68960.82 68862.30 51.98% 13.07% 16.62% 18.32%
5 class 68708.33 68997.09 68873.15 37.53% 17.46% 15.95% 16.11% 12.94%
6 class 68694.43 69035.01 68888.83 34.56% 15.13% 12.61% 11.43% 18.00% 8.27%

Abbreviations: AIC = Akaike information criterion; BIC = Bayesian information criterion;
SSABIC = sample size adjusted BIC.
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Table S4.4. Sensitivity analysis: Multivariate multinomial logistic regression predicting

latent class membership using baseline predictors using a new cut-point for loneliness

(1. Rarely or none of the time vs. levels 2-4)

Increasing @
MOR (95%CI)

Stable-medium 2
MOR (95%CI)

Stable-high 2
MOR (95%CI)

Age

Education
Highschool or less
Tertiary not university
College/ university
Living arrangement
Live alone

Live with others
Marital status
Partnered
Non-partnered
Widowed

Currently employed
No

Yes

IRSD

Location of residence
Major city

Regional

Remote

Born in Australia

Yes

No

Language spoken at
home

English
European

Asian

0.99 (0.93, 1.06)

Reference
1.05 (0.88, 1.25)
1.01 (0.81, 1.26)

Reference
1.01 (0.73, 1.39)

Reference
1.01 (0.64, 1.59)
1.01 (0.40, 2.48)

Reference
1.03 (0.86, 1.24)

0.99 (0.99, 1.00)

Reference
1.02 (0.80, 1.31)
1.01 (0.67, 1.51)

Reference
1.05 (0.86, 1.30)

Reference
0.92 (0.62, 1.38)
0.68 (0.24, 1.94)

0.98 (0.91, 1.06)

Reference
0.95 (0.77, 1.18)
0.95(0.73, 1.24)

Reference
1.05 (0.73, 1.50)

Reference
1.28 (0.72, 2.29)
1.10 (0.75, 1.62)

Reference
1.02 (0.86, 1.21)

1.00 (0.99, 1.00)

Reference
1.10(0.86, 1.41)
1.11 (0.75, 1.62)

Reference
1.08 (0.92, 1.26)

Reference
0.95 (0.66, 1.37)
0.90 (0.48, 1.67)

0.97 (0.91, 1.03)

Reference
0.93(0.76, 1.13)
0.87 (0.68, 1.11)

Reference
0.96 (0.70, 1.32)

Reference
1.38 (0.95, 2.01)
2.00 (0.94, 4.27)

Reference
0.91 (0.76, 1.08)

1.00 (1.00, 1.00)

Reference
1.04 (0.83, 1.30)
1.33(0.93, 1.92)

Reference
0.98 (0.80, 1.20)

Reference
0.98 (0.67, 1.44)
1.16 (0.57, 2.33)
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Increasing @
MOR (95%CI)

Stable-medium 2
MOR (95%CI)

Stable-high 2
MOR (95%CI)

Other
Risky alcohol

consumption (>10 drinks

p/week) 1
No
Yes

Binge drinking (>1

episode p/week)
No

Yes

Smoking status
Non-smoker
Ex-smoker
Current smoker
Body mass index

Healthy (18.5<
BMI<24.9

Underweight (<18.5)
Overweight (25.0< BMI

<29.9)
Obese (=30.0)

Depression (CES-D

score)
Stress score
Depression 2
No

Yes

Anxiety 3
No

Yes

Social support score

0.58 (0.17, 1.93)

Reference
1.06 (0.80, 1.40)

Reference
1.06 (0.91, 1.24)

Reference
1.03 (0.86, 1.25)
1.06 (0.80, 1.42)

Reference

0.64 (0.25, 1.63)
1.04 (0.90, 1.22)

1.06 (0.87, 1.30)
1.03 (0.92, 1.15)

1.22 (0.62, 2.41)

Reference
1.00 (0.82, 1.24)

Reference
1.00 (0.82, 1.24)
0.83 (0.46, 1.48)

1.09 (0.33, 3.61)

Reference
1.13 (0.86, 1.48)

Reference
0.98 (0.82,1.17)

Reference
1.04 (0.89, 1.21)
1.11 (0.87, 1.40)

Reference

0.89 (0.49, 1.60)
0.89 (0.49, 1.60)

1.03 (0.86, 1.23)
1.05 (0.98, 1.13)

1.34 (0.88, 2.05)

Reference
1.22 (0.84, 1.75)

Reference
1.08 (0.83, 1.40)
0.78 (0.58, 1.05)

1.69 (0.82, 3.47)

Reference
1.01 (0.77, 1.31)

Reference
1.01 (0.84, 1.20)

Reference
1.08 (0.90, 1.31)
1.07 (0.84, 1.37)

Reference

0.90 (0.51, 1.60)
1.13 (0.95, 1.35)

1.31 (1.07, 1.59)**
1.10 (1.03, 1.17)**

1.63 (1.11, 2.38)*

Reference
1.51 (1.08, 2.10)*

Reference
0.96 (0.78, 1.19)

0.58 (0.43, 0.79)**

*p<0.05 *p<0.01 ***p<0.001

Note.
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2 Reference class: ‘Stable-low’. mORs refer to the odds of having the attribute in a certain class
compared to the stable-low class.

Abbreviations: mOR: Multinomial odds ratio, CES-D: Center for Epidemiological Studies-
Depression, IRSD: Index of Relative Socio-Economic Disadvantage

1 Risky alcohol consumption: consuming more than 10 standard drinks in a week or more than four
standard drinks per day.

2 Depression: ever being told by a doctor about having depression or having symptoms of depression.

3 Anxiety: ever being told by a doctor about having anxiety or having symptoms of anxiety.
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Table S4.5. Sensitivity analysis: multivariate multinomial linear regression predicting latent class membership using baseline predictors

(Beta coefficients, 95%Cl) using a new cut-point for loneliness (1. Rarely or none of the time vs. levels 2-4): Data fully adjusted, adjusted

only for sociodemographic characteristics and unadjusted

Increasing @

Stable-medium 2

Stable-high 2

PCS

MCS

Physical functioning

Role physical

Pain index

Fully adjusted
Sociodemographic adjusted
Unadjusted

Fully adjusted
Sociodemographic adjusted
Unadjusted

Fully adjusted
Sociodemographic adjusted
Unadjusted

Fully adjusted
Sociodemographic adjusted
Unadjusted

Fully adjusted
Sociodemographic adjusted

Unadjusted

B (95%Cl)
-0.59 (-2.04, 0.86)
-1.77 (-6.44, 2.89)
-1.87 (-6.90, 3.16)
-2.56 (-6.85, 1.74)
-4.00 (-12.65, 4.65)
-4.04 (-12.87, 4.78)
-1.57 (-5.58, 2.45)
-4.36 (-16.13, 7.4)
-4.58 (-17.25, 8.10)
-5.68 (-16.35, 4.99)
10.45 (-34.96, 14.05)
10.74 (-36.42, 14.93)
-2.60 (-7.94, 2.73)
-5.64 (-19.61, 8.34)
-5.81 (-20.44, 8.83)

B (95%Cl)

-0.63 (-1.32, 0.07)
-2.12, (-4.05, -0.18)*
-2.29 (-4.44, -0.15)*
-1.53 (-2.51, -0.55)**

-3.46 (-5.05, -1.88)***
-3.55 (-5.23, -1.86)***

-1.67 (-3.49, 0.16)
-5.21 (-10.20, -0.22)*
-5.64 (-11.18, -0.10)*
-4.46 (-7.04, -1.86)**

-10.69 (-17.93, -3.45)**
-11.24 (-19.13, -3.36)**
-2.00 (-3.45, -0.74)**
-6.01 (-10.52, -1.50)*
-6.31 (-11.16, 1.45)*

B (95%Cl)
-1.07 (-2.08, -0.05)*
-4.56 (-6.94, -2.17)**
-5.10, -7.68, -2.52)***
-5.15 (-6.45, -3.83)***
-0.46 (-12.70, -6.22)***
-9.70 (-13.03, -6.38)***
-4.31 (-6.95, -1.67)**
-12.59 (-18.51, -6.62)***
-13.96 (-20.38, -7.55)***
-10.23 (-15.14, -5.32) ***
-24.54 (-35.29, -13.78)***
-26.20 (-37.61, -14.79)***
-4.92 (-7.34, -2.50)***
-13.87 (-20.13, -7.62)***
-14.83 (-21.41, -8.24) ***
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General health

Vitality

Social functioning

Role emotional

Mental health index

*p<0.05
Note.

** 1 < 0.01

Fully adjusted
Sociodemographic adjusted
Unadjusted

Fully adjusted
Sociodemographic adjusted
Unadjusted

Fully adjusted
Sociodemographic adjusted
Unadjusted

Fully adjusted
Sociodemographic adjusted
Unadjusted

Fully adjusted
Sociodemographic adjusted
Unadjusted

**% < 0,001

Reference group = ‘Stable-low’ loneliness

-2.56 (-7.23, 2.12)
-5.48 (-18.55, 7.59)
-5.62 (-19.29, 8.05)
-3.66 (-10.48, 3.15)
-7.09 (-23.92, 9.74)
-7.24 (-24.65, 10.18)
-5.03 (-13.13, 3.06)
-8.21 (-25.65, 9.24)
-8.37 (-26.53, 9.80)
-6.11 (-16.04, 3.82)
-9.69 (-30.02, 10.65)
-9.88 (-30.94, 11.19)
-4.26 (-12.04, 3.52)
-6.81 (-22.41, 8.78)
-6.89 (-22.77, 9.00)

-1.66 (-2.99, -0.32)*
-5.45 (-9.12, 1.78)**
-5.73 (-9.75, -1.71)**
-2.40 (-3.82, -0.99)**
-6.87 (-11.45, -2.29)**
-7.14 (-12.04, -2.24)**
-2.93 (-5.38, -0.48)*
-7.12 (-10.17, -4.06)***
-7.44 (-10.88, -4.00)***
-3.72 (-6.93, -0.52)*
-8.48 (-12.55, -4.40)***
-8.84 (-13.28, -4.40)***
-2.86 (-3.98, -1.74)***
-6.30 (-9.87, -2.73)**
-6.43 (-10.15, -2.71)**

-4.84 (-6.88, -2.81)***
-13.56 (-19.33, -7.79)***
-14.47 (-20.56, -8.38)***

-6.54 (-9.00, -4.02)***
-16.72 (-23.80, 9.65)***
-17.55 (-24.94, -10.16)***
-0.88 (-13.02, -6.74)***
-19.37 (-26.55, -12.18)***
-20.31 (-27.84, -12.77)***
-13.29 (-17.25, -9.33)***
-24.00 (-31.82, -16.19)***
-25.06 (-33.31, -16.80)***

-0.00 (-11.74, -6.27)***
-16.65 (-23.00, -10.35)***
-17.08 (-23.52, -10.64)***

Abbreviations: PCS: Physical Component Summary; MCS: Mental Component Summary; B: unstadardised Beta coefficients; M: Mean; SD: Standard deviation

Sociodemographic models were adjusted for age, gender, education, marital status, living arrangement, employment, area remoteness, country of birth and

language spoken at home.
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Fully adjusted models were adjusted for age, gender, education, marital status, living arrangement, employment, area remoteness, country of birth, language spoken at home,

BMI, smoking, alcohol consumption, depression, anxiety, social support and stress
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4.7. Concluding summary for this chapter and knowledge gained from this study

This chapter introduced the first study to examine the association between longitudinal
patterns of loneliness and HRQoL. The findings demonstrate increased odds of elevated
loneliness trends (‘Increasing’ loneliness, ‘Stable-medium’ and ‘Stable-high’) among
individuals with baseline predictors such as smoking, stress, depression and low social
support. In addition, widows had twice the odds of having a ‘Stable-high’ loneliness
trajectory compared to ‘Stable-low loneliness. Higher levels of loneliness were associated
with lower levels of both mental and physical HRQoL, with the most significant association
observed in the emotional role, social functioning, and physical role domains. The results also
showed that ‘Stable-high loneliness had the worst HRQoL outcomes. The current study
underscores the importance of considering the dynamic nature of loneliness over time when
examining its association with HRQoL. Our findings highlight the importance of social well-
being for middle-aged and older women’s physical and mental health and indicate that
loneliness poses a threat to poor HRQoL not only for those who experience ’Stable-high’
loneliness but also for ‘Stable medium’ and ‘Increasing’ trends of loneliness. Furthermore,
the majority of the sample reported ‘Increasing’ loneliness. This suggests that loneliness tends
to rise throughout adulthood for most individuals, which has significant implications for
health-related outcomes in this population. These findings highlight the need for targeted
interventions aimed at addressing loneliness and its adverse effects on various dimensions of

HRQoL, particularly in mental health.
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CHAPTER FIVE: Loneliness and all-cause mortality in middle-aged Australian

women: A causal inference analysis of longitudinal data

5.1. Preface to the chapter

This thesis has outlined the health consequences of loneliness, highlighting its association
with numerous adverse health outcomes. Similarly, mortality has also been linked to
loneliness. While observational research suggests a link between loneliness and mortality,
addressing biases such as time-varying confounding is essential to understanding the true
nature of this relationship. To address this gap, the current chapter presents findings from a
submitted paper under review that aims to examine the causal effect of loneliness on
mortality among older Australian women. Data were utilised from the Australian
Longitudinal Study on Women's Health (ALSWH), which covers over 18 years. To estimate
the causal effect of loneliness, marginal structural models employing propensity scores were
used and an analysis using a counterfactual framework was performed. The adjusted risk of
death associated with 1) the total number of loneliness waves (loneliness persistency) and 2)
the consecutive number of loneliness waves (loneliness chronicity) is presented using relative
risks and risk differences. This chapter addresses the independent effect of loneliness on
health. By investigating both the persistency and chronicity of loneliness over an extended
period, this study provides a nuanced understanding of how loneliness affects mortality risk
among Australian women. This study addresses aim #3 of this thesis as described in Chapter
2. Dissemination of this research and the authors’ contributions to this paper are described

below.

5.2. Research dissemination
The research presented in this chapter has been disseminated as follows:
Paper submitted to a journal

Journal: BMJ Medicine

5.3. Author attribution statement

I, Neta HaGani, was responsible for designing the study, obtaining the data, conducting the
analysis and interpretation of the results, writing the drafts of the manuscript and submitting
the manuscript. My co-authors, P. Clare, D. Merom, B. Smith & D. Ding helped
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conceptualise and design the study and developed the study protocol; P. Clare supervised and
assisted in conducting the data analysis. All authors have reviewed, edited, and approved the

final version of the manuscript.
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5.4. Manuscript

Loneliness and all-cause mortality in middle-aged Australian women: A causal

inference analysis of longitudinal data

ABSTRACT

Objective: Loneliness has been linked to a broad range of adverse health outcomes, including
early mortality. However, the causal effect of loneliness on mortality or other health
outcomes remains unexplored. This study aimed to examine the causal effects of loneliness

on mortality among middle-aged Australian women.

Design: We employed targeted maximum likelihood estimations, a causal inference method,

to analyse the causal relationship between loneliness and all-cause mortality over 18 years.
Participants: a population-based sample of Australian women aged 45 and older.

Main outcome measures: The adjusted risk of death associated with 1) the total number of
loneliness waves (loneliness persistency) and 2) the consecutive number of loneliness waves
(loneliness chronicity) was presented using relative risks (RRs) and risk differences (RDs)

with 99.5% confidence intervals (Cls).

Results: The association between the number of waves of reported loneliness and mortality
risk showed a dose-dependent pattern. Compared with those who did not report loneliness in
any wave, those who reported loneliness at two, four and six waves had an incrementally
higher risk of dying during the follow-up period [RR (99.5%CI) = 1.49 (1.26, 1.75), 2.18
(1.79, 2.66), 3.15 (2.35, 4.23)], respectively. The RDs showed a similar trend to the RRs with
higher excess mortality among those who reported experiencing loneliness for six waves
compared to those who did not report loneliness at all [10.86% (99.5%ClI: 10.58%, 11.15%)].

Similar trends were found when loneliness was experienced across consecutive waves.

Conclusions: Loneliness is causally linked to mortality risk with a dose-dependent
relationship. Acknowledging loneliness as an independent health risk underscores the
importance of screening for loneliness and incorporating public health interventions into

healthcare practices.

Protocol registration: https://doi.org/10.17605/OSF.IO/H9RZN

Keywords: loneliness, mortality, older adults, women’s health, longitudinal analysis, causal

inference
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What is already known on this topic

e Loneliness has been recognised as a public health concern worldwide due to the

elevated risk for multiple health outcomes.

e Findings are mixed as to whether loneliness is independently associated with
mortality risk after adjusting for various potential confounders.

e Most studies to date did not account for time-varying confounding and no study

attempted to examine the causal relationship between loneliness and mortality.
What this study adds

e Loneliness is causally linked to the risk of mortality regardless of physical and mental

health status.

e There appears to be a dose-dependent relationship between the persistency of

loneliness and the risk of mortality.

e Experiencing loneliness over an extended period poses a risk for mortality, whether or

not the experience has been reported in consecutive survey measures.
BACKGROUND

Loneliness is often defined as the unpleasant emotions resulting from the gap between the
desired levels of social connectedness and one’s actual experiences (1). The prevalence of
loneliness varies greatly by country and across the lifespan, with young adults and elderly
people often identified as being at risk (2). Loneliness can manifest episodically, which is a
common human experience that can be understood as a prompt to connect socially, or
chronically (persisting over an extended period), which is more problematic (3). According to
a recent Australian study conducted over five years, 21% of adults experienced episodic
loneliness while 13% experienced chronic loneliness, defined as being lonely for two or more

consecutive years (4).

Loneliness has been recognised as a public health priority worldwide (5) due to its
association with numerous adverse physical and mental health outcomes such as heart
disease, stroke, dementia, depression, anxiety, and suicide ideation (5, 6). In addition, several
meta-analyses have linked loneliness to all-cause mortality with an estimated increased risk
ranging from 14% to 26% (7, 8). However, such associations obtained from observational

studies are often subject to biases (7), particularly confounding bias, as people who are lonely
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tend to be more likely to experience other risk factors, such as socioeconomic disadvantage,
lifestyle risk factors and poor health (9, 10).

Indeed, across studies, findings are mixed as to whether loneliness is independently
associated with mortality risk after adjusting for initial health status, health behaviours,
depression, and social isolation (11), with a significant attenuation of effects in models that
fully adjust for these potential confounders (8, 12). According to a recent meta-analysis
among older adults, loneliness was not significantly associated with mortality in the adjusted
models in 18 of the 28 studies included (13). Such mixed findings suggest that biases, such as
confounding or selection bias, are affecting the risk estimates. A bias of particular relevance
is time-varying confounding, where the confounder for an association between an exposure
and an outcome is affected by previous exposures (e.g., current health behaviours and status,
which affect future mortality risk, may be a result of previous loneliness) (14). Such bias

needs to be addressed beyond conventional statistical adjustment of confounders (15).

An established method to address time-varying confounding is the inverse probability
of the treatment-weighted marginal structural model (16). The application of these causal
inference methods can potentially provide novel insights into the causal effects of loneliness
on health and mortality, but this has not yet been explored. Considering that the experience of
loneliness could be situational and may fluctuate across time, measuring loneliness repeatedly
over an extended period can more accurately capture the persistency and chronicity of this
exposure. However, few studies have examined long-term patterns of loneliness and health-
related outcomes (17, 18). It should be added that most studies concerning loneliness and
mortality have been conducted in Europe and North America (7, 8), with limited evidence

from other contexts.

Therefore, this study aims to address the aforementioned gaps in evidence by
examining the causal effect of loneliness on mortality among older Australian women.
Specifically, we hypothesised that the risk of mortality increases as the number of occasions
of loneliness increases, and that the association is stronger when we consider consecutive
occasions of loneliness (i.e., chronic loneliness). We focused on middle-aged and older
women because some evidence suggests that women are at a higher risk of experiencing
loneliness compared to men (19-21). Additionally, women may be more likely to experience

risk factors and circumstances that predispose them to experience loneliness, such as
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depression, caregiving responsibilities, and longer life spans (hence more likely to outlive
their partners (22-24).

METHODS

The reporting of this study adheres to the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guidelines (Appendix 1).

Patient and Public Involvement

Patients and the public were not included in the design and execution phases of the current
study. Nevertheless, we plan to actively involve the public in the dissemination of the results
through media outreach, social media campaigns, newsletters, and public lectures and
presentations.

Study Population

We used data from the Australian Longitudinal Study of Women's Health (ALSWH) 1946-51
cohort. Data were collected every three years, commencing in 1996 (baseline). Participants
were originally selected from the national public health insurance database (Medicare) to
represent Australian citizens and permanent residents. Sampling from the population was
random within each age group, except that women from rural and remote areas were sampled
at twice the rate compared with women in urban areas. The response rates at recruitment
ranged from 53% to 56%. Ethical approval was received from the Human Research Ethics
Committees (HRECS) at the Universities of Newcastle and Queensland (Approval No. H-
076-0795 and 2004000224). Prior to their participation, all participants provided written
informed consent (25, 26). For the current study, we excluded participants with a history of
life-threatening diseases such as heart disease (n = 292), stroke (n = 113), or cancer (n = 597)
to avoid reverse causation. The final analytical sample included 11,412 women aged 45 years

and above at baseline (participants flow chart is in Table S4.2).
Measures
Exposure variable

Loneliness was assessed over 15 years from wave 3 (the year 2001 when participants were
aged 48 to 55 years) to wave 8 (the year 2016 when participants were aged 64 to 71 years)
and was measured by a single item “I felt lonely” adapted from the Centre for Epidemiologic

Studies Depression Scale (CES-D) (27). The response options for this item were on a 4-point
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scale: 1. ‘Rarely or none of the time (less than 1 day)’, 2. ‘Some or a little of the time (1-2
days)’, 3. ‘Occasionally or a moderate amount of time (3-4 days)’, 4. “‘Most or all of the time
(5-7 days)’. These responses were further categorised into a binary variable, with 0 = levels
1-2 on the original scale (i.e., not lonely), and 1 = levels 3-4 on the original scale (i.e.,
lonely). The loneliness one-item has been found to have concurrent validity with established
scales such as the UCLA Loneliness Scale and the de Jong Gierveld Loneliness Scale (28,
29).

Outcome variable

Time of death over the 18-year duration of the study. All-cause mortality was obtained from
the linked National Death Index. The outcome was defined as a binary variable of whether
death occurred in the period since the completion of the previous wave and up to the end of
the study period (31 December 2021). For example, a participant who completed the survey
at wave 4 but subsequently died was coded as having died at wave 5 and was censored
thereafter. The outcome was obtained from wave 3 (January 2001 — July 2002) and up to the
end of the study period (31 December 2021).

Confounders

Time-varying confounders were drawn from waves 2-7 (to ensure that confounders occurred
before exposure) and included age; marital status (partnered, not partnered, widowed); area-
level socioeconomic status using the Index of Relative Socio-Economic Disadvantage (IRSD)
(30); geographical remoteness based on the postcode-level Accessibility-Remoteness Index
of Australia Plus (ARIA+; major city, regional, remote) (31); employment status (not
employed, employed); living alone (no, yes); health related quality of life using the eight
dimensions and two main components (physical and mental) of the SF-36 health-related
quality of life questionnaire on a scale of 0-100 (higher score indicates a higher reported
quality of life); risky alcohol consumption (having more than 10 standard drinks per week or
more than four standard drinks a day as per Australian guidelines) (32); smoking (never
smoked, ex-smoker, currently smoking); body mass index [BMI: underweight (<18.5 kg/m?),
healthy (18.5< BMI<24.9 kg/m? , overweight (25.0< BMI <29.9 kg/m?), obesity (>30.0
kg/m?)]; history of ever being diagnosed with anxiety or depression; stress measured by the
Perceived Stress Questionnaire (mean score of 10 items ranging from 0-4) (33); and the
Medical Outcomes Study (MOS) Social Support Survey measuring the frequency of

receiving support from others on a scale of 1-5 (higher score reflecting more support).
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Baseline time-constant variables were drawn from waves 1-2 of the study and
included country of birth (Australia, other); language spoken at home (English, European,
Asian, other); and the highest level of education completed (high school or less, tertiary not
university, college/university). More details on the confounding variables and categorisation

process are in Appendix 2.
Data analysis

To estimate the effect of loneliness on mortality, we used marginal structural models. These
models use propensity scores to construct weighted exposure or outcome models which serve
as a consistent estimator of causal effects. To estimate the causal effect of loneliness in waves
3-8 on mortality, a counterfactual framework analysis was conducted. That is, each
participant had several ‘potential outcomes’, related to the different exposure scenarios,
however, only one of those outcomes is observed (related to their actual exposure), while the
remainder are counterfactual. In the counterfactual framework, all available information is
used to estimate the expected mean outcome if all participants follow the same pattern of
exposure. These expected outcomes can then be compared, in the same way as the between-
group comparisons in a randomised controlled trial. The analyses were conducted using
targeted maximum likelihood estimation (TMLE) [19]. This method aims to mitigate the
impact of time-varying confounding in the association between loneliness and mortality and
to manage the influence of past exposure on confounding variables. The initial step involved
estimating models for the likelihood of exposure (propensity) and the anticipated outcome.
Subsequently, these initial estimates were employed to refine the outcome model. This
refined model was then assessed across various counterfactual exposure values, yielding an
estimate of the expected outcome under those counterfactual exposure patterns. The directed

acyclic graphs (DAGS) of the causal relationships over time are in Figures S3.1-S3.2.

In addition, assuming conditional exchangeability, positivity, consistency, and no
interference, the estimates derived from TMLE were constructed as causal effects. The initial
models within TMLE were computed using an ensemble machine learning algorithm (Super
Learner) that incorporates adaptive and flexible algorithms. These algorithms are capable of
capturing intricate, non-linear relationships, including interactions and polynomial effects,
without explicitly defining those effects. The final refined outcome model was executed
using General Linear Models (GLMs; For additional details see Appendix 3).
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We tested the association between loneliness and mortality using 1) the total number
of waves experiencing loneliness, regardless of ordering, as a proxy for the persistency of the
loneliness experience over the 15 years of exposure and 2) the consecutive waves where
participants experienced loneliness (hnumber of consecutive waves that participants reported
being lonely) as a proxy for the chronicity of loneliness. The results were significant if they
met the threshold of p < 0.005 to avoid type I errors (34). Results are presented as incidence
rates, relative risks and risk differences and are reported with 99.5% confidence intervals. We
conducted all analyses using longitudinal TMLE (LTMLE), via the ‘Itmle’ program in R
4.2.1 (35). The analysis code is available at https://www.philipclare.com/code/alswh/. More

details on the model’s estimands are in Appendix 3.
Sensitivity analysis

We conducted an E-value analysis to assess the potential impact of unmeasured confounding.
In addition, due to a lack of evidence for the cutoff point of the loneliness measure, we

conducted sensitivity analyses, using alternative cut-points as follows:

1) The lowest loneliness level cut point: ‘Rarely or none of the time (less than 1 day)’,
versus the three upper loneliness levels: ‘Some or a little of the time (1-2 days)’,
‘Occasionally or a moderate amount of time (3-4 days)’, or “‘Most or all of the time

(5-7 days)’.

2) The highest loneliness level cut point: ‘Most or all of the time (5-7 days)’ versus the
three lower loneliness levels: ‘Rarely or none of the time (less than 1 day)’, ‘Some or
a little of the time (1-2 days)’, or ‘Occasionally or a moderate amount of time (3-4

days)’.
Missing data

Because ignoring missing information on both the outcome and exposure variables can
introduce bias (36), we handled missing data using multiple imputations and inverse
probability of censoring weights. There was 25% missing information across study waves.
We imputed the data using chained equations with the data in long form, using the R package
‘mice’ (37). To handle possible complexity in the data, we imputed all variables using
random forests, from the package ‘ranger’. Based on the proportion of missing information in
the data, we used M = 30 imputations (38). Further information on missing data is in

Appendix 4.
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RESULTS

The baseline characteristics (waves 1-2) of the study participants are presented in Table 1.
The average age was 49.5 years (SD = 1.5), and the majority of participants were married or
partnered (83.0%), employed (78.9%), and had a high school education (65.8%). Most
participants were Australian-born (76.8%) and spoke English at home (94.6%); 10.7%
reported experiencing loneliness 3-7 days a week. The mean MOS social support score was
3.8 (SD = 1.0, Range = 1-5), which can be interpreted as having support ‘most of the time’.
The mean SF-36 Physical Component of quality-of-life score was 49.1 (SD =9.2, Range =
5.5-72.3) and the mean Mental Component score was 47.9 (SD = 12.3, Range = 0-74.6).
These scores were found to be similar to another Australian population-based cohort study
(39). The demographic characteristics of respondents have been compared with those of
women of the same age in the Australian population, using data from the Australian Census.
ALSWH participants were more likely to be Australian-born, married, have tertiary
education, be employed and work longer hours compared to the general population.
However, some of these differences stemmed from variations in the survey questions and the

sampling criteria (40).

Figures 1-2 present the incidence risk of mortality according to the overall number of
waves of being lonely and the consecutive number of waves of being lonely. The incidence
risks and 99.5% Cls are presented in Table S5.1.

As shown in Figure 1, there was a positive association between the number of waves
of reported loneliness and mortality risk that demonstrated a dose-dependent pattern. For
example, compared with those who did not report loneliness in any wave, those who reported
loneliness in two, four and six waves had an incrementally higher risk of dying during the
follow-up period [RR (99.5%Cl) = 1.49 (1.26, 1.75), 2.18 (1.79, 2.66), 3.15 (2.35, 4.23),
respectively; Table S5.2]. The results on the absolute scale (risk difference) were consistent
with the RRs in terms of the dose-dependent pattern. For example, compared with those who
did not report loneliness at any wave, the risk differences for those who reported loneliness at
two, four and six waves were RD (99.5%Cl) = 2.46% (2.43%, 2.49%), 5.98% (5.87%,
6.08%), and 10.86% (10.58%, 11.15%) respectively (Table S5.2).

We also examined the effect of consecutive waves of loneliness on mortality (Figure
2 and Table S5.2). The association was similar to that between the total number of waves

and mortality. Participants who reported consecutive loneliness across two, four and six
171



waves had incrementally higher risks of dying during the follow-up period [RR (99.5%Cl) =
1.38 (1.19, 1.60), 1.89 (1.59, 2.26), 2.56 (1.98, 3.32), respectively; Table S5.2]. Consistent
trends were found for the absolute risk of mortality. Compared with those who did not report
loneliness at any wave, the risk difference for those who reported loneliness at two, four and
six consecutive waves were RD (99.5%Cl) = 2.13% (2.10%, 2.15%), 4.97% (4.88%, 5.06%),
and 8.71% (8.49%, 8.94%) respectively (Table S5.2).

Sensitivity analysis

The sensitivity analysis examined the findings using variations in the thresholds for defining
loneliness, as at least ‘some or a little of the time’ (1-2 days per week) and ‘most or all of the
time’ (5 or more days per week). The results of the total number of waves show that using the
lower loneliness cut point (1-2 days per week) attenuated the effect slightly but it was still
consistent [e.g., RR = 2.72 (99.5%CI = 2.00, 3.70) when comparing a total of 6 vs 0 waves of
reported loneliness]. Using a higher cut-point (5 or more days per week) strengthened the
effect [e.g., RR =4.14 (99.5%CI = 1.84, 9.31 for the same comparison of total 6 vs 0 waves
of reported loneliness], but at the cost of more error, as demonstrated by wider Cls. Similar
trends were found in the sensitivity analysis of consecutive waves of loneliness. Using the
loneliness lower cut-point attenuated the effect [RR (6 vs 0 waves) = 1.72 (99.5%1.46, 2.02)] and
using a higher cut-point strengthened the effect [RR (6 vs 0 waves) = 4.09 (99.5%1.26, 13.26)]
(Tables S5.3-S5.4 and Figures S5.1-S5.4).

E-values were calculated to evaluate how robust the observed association between
loneliness and mortality is to potential unmeasured confounding (Table S5.5). The results
indicate that to alter the conclusions regarding the estimated effect of the effect of 1- or 2-
waves of loneliness, an unmeasured confounder would need to have a moderate effect on
loneliness and mortality (RR = 1.74 for 1 wave and RR = 2.34 for 2 waves), although only a
relatively weak effect (RR = 1.45) would be required if the true effect of 1-wave of loneliness
lies at the lower bound of the confidence interval. For 3 to 6 waves of loneliness, the
confounder would need to have a strong effect on loneliness and mortality (greater than 3) to
fully explain the observed association even if the true effect lies at the edge of the confidence

interval.

Discussion
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Based on 18 years of longitudinal data from a population-representative cohort of Australian
women, we found a strong dose-dependent association between loneliness and all-cause
mortality. Using causal inference modelling, this is the first study to our knowledge to
provide causal evidence for the association between loneliness and any health-related
outcomes. Our findings are consistent with previous studies and meta-analyses that linked
loneliness with all-cause mortality (7, 41). The current study suggests that loneliness
functions as a significant social determinant of health and can become life-threatening if
experienced over an extended period. Although there is a vast literature regarding the
association between loneliness and mortality (7), there are currently no studies that examine
the incremental increase in mortality risk according to the number of years of experiencing
loneliness. Our findings identified a dose-dependent association suggesting that the more

persistent or chronic one’s experience of loneliness is, the higher the risk for mortality.

In the current study, we distinguished between persistent and chronic loneliness and
found their associations with mortality to be comparable and strong (albeit slightly larger
magnitude for persistent loneliness). Only one previous study to our knowledge examined the
association between chronic loneliness and mortality (42). This study defined chronic
loneliness as experiencing loneliness over four consecutive years. Findings from this study
are similar to ours regarding the magnitude of association. While there is a consensus in the
field about chronic loneliness being the most detrimental to health, our results highlight that
in addition to chronic loneliness, the persistency of loneliness, whether or not experienced

continuously (measured by consecutive survey waves as a proxy) can also be harmful.

Loneliness has been linked to higher levels of stress and alterations in immune
function, particularly with inflammation (43). These changes are linked with autoimmune
disorders, cardiovascular diseases, and certain types of cancer (44, 45), although not usually
with the magnitude of the effect seen here. Although participants with pre-existing life-
threatening illnesses such as cancer and cardiovascular diseases were excluded from the study
to avoid reverse causation, the study spanned over 18 years. During this time, participants

could have developed these illnesses, potentially with loneliness as a contributing factor.

In addition, loneliness has been associated with unhealthy behaviours such as
smoking, unhealthy diet, and physical inactivity, which are known risk factors for premature
mortality (46, 47). Finally, those experiencing loneliness may lack the necessary support

system that prevents a health condition from deteriorating, thereby contributing to impaired
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health and early mortality (48, 49). Such a relationship between loneliness and health may be
considered a vicious cycle as individuals with chronic illnesses might subsequently
experience more loneliness due to physical limitations that impede their ability to engage in
social activities (50). In the current study, applying TMLE allows us to assess the causal
relationship between loneliness and mortality while accounting for previous physical and
mental health status, and sociodemographic and behavioural risk factors. Therefore, our
findings may imply that loneliness has an underlying physiological effect (51). There is
evidence that loneliness may trigger a maladaptive biological stress response that can create
further social withdrawal, which in turn, leads to more loneliness, stress and poor health (52).
This underlying risk may not only lead to a higher incidence of disease, potentially resulting
in increased mortality but it can also be associated with poorer prognosis among individuals
who get ill which may also explain the higher risk of mortality among lonely individuals (53).
Our findings may be explained by these mechanisms and lend support for considering
loneliness as an important risk factor for adverse health outcomes.

Strengths and weaknesses of the study

Our study has a few limitations. First, using a one-item direct measure of loneliness has been
previously criticised as it may be subject to reporting bias due to stigma and different
interpretations of what loneliness means to the respondent. The loneliness measure used in
this study was previously found to have strong validity and reliability among Australian
samples (54, 55) and was strongly correlated with other common scale-based loneliness
measures (29). Second, since the data were collected every three years, it is possible that the
loneliness experience reported in the survey may not reflect the overall exposure during the
years between surveys. However, our analysis uses information from each wave to estimate
the effect of long-term loneliness, and while it is likely this long-term loneliness is at least
somewhat intermittent, being lonely at all exposure waves still suggests a pattern of
recurring, persistent loneliness. Third, although we adjusted for a variety of
sociodemographic, health and mental health confounders that were selected apriori based on
the DAG and the literature, there is still a risk of residual confounding due to unmeasured
and/or insufficiently measured confounders. The E-value analysis suggests that only very
strong unmeasured confounding would substantively change the conclusions of the paper
(Table S5.5), highlighting the robustness of the findings. Finally, the linkage data to the

National Death Index did not include the causes of death. Despite these limitations, our
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findings provide valuable insights into the causal relationship between loneliness and
mortality using longitudinal data from 15 years.

Strengths and limitations in relation to other studies

There is evidence that some of the previous literature may have been subjected to bias due to
insufficient adjustments for health and illnesses (8) and relying on the assessment of
loneliness at one point in time (13), likely contributing to mixed findings regarding the effect
of loneliness on mortality (11, 12). In the present study, we controlled for time-varying
confounding and the effect of previous exposures, which revealed a more accurate effect of
loneliness on mortality irrespective of confounders related to physical and health status. Our
sensitivity analysis using alternative cut points for loneliness showed that the association with

the risk of mortality remained robust.
Meaning of the study

Our findings show that loneliness is a significant risk factor and has a dose-dependent
relationship with all-cause mortality among middle- and older-aged Australian women,
regardless of their physical and mental health status. Our findings suggest that experiencing
loneliness over an extended period poses a risk for mortality, whether or not the experience
has been reported in consecutive survey waves. The causal association between loneliness
and increased risk of mortality is a complex issue with significant implications for public
health and healthcare delivery. Recognising loneliness as a critical social determinant of
health is essential for developing targeted interventions and support systems to improve the
well-being and longevity of women. Effective interventions are needed among the general
population, particularly for at-risk populations such as people with chronic illnesses. Previous
systematic reviews found that social interventions can be effective in increasing social
support and reducing loneliness (56, 57). Actions should be taken to address loneliness as a
public health priority at individual, institutional, social and environmental levels to reduce the

preventable disease burden and early deaths (58).
Future research

Given that most of the existing literature on the health outcomes of loneliness relies on either
cross-sectional data or longitudinal data that measured loneliness at one-time point, there is a
need for more longitudinal studies with repeated measures of loneliness over time.

Additionally, future loneliness research should employ causal inference approaches that
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control for complex confounding and selection biases. Finally, future studies should consider
examining cause-specific mortality as well as more immediate health outcomes that could

potentially underpin the mechanisms for the observed link between loneliness and mortality.
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Tables

Table 1. Baseline characteristics of participants: The Australian Longitudinal Study of
Women's Health (ALSWH) 1946-51 cohort (waves 1-2; n = 11,412)

Age (Mean, range), SD

Education

Marital status

Location of residence

Currently employed
Language spoken at home

Born in Australia
Living arrangement
Smoking status

Body Mass Index (BMI)

Depression (past 3 years) !

Anxiety (past 3 years) 2

Risky alcohol consumption

(>10 drinks p/week) 2
Loneliness

MOS Social support score *

Stress score °

Quiality of life scales (SF-36) *

High school or less

Vocational
College/ university

Partnered
Single/divorced/separated

Widowed
Major city
Regional
Remote
Yes

English

Yes

Live alone

Never smoked
Ex-smoker
Currently smoking
Underweight (<18.5)

Healthy (18.5< BMI<24.9
Overweight (25.0< BMI
<29.9)

Obesity (=30.0)

Yes

Yes
Yes

Yes

Physical health
Mental health

49.5 (44.6-53.1)

n
7441

2213
1655

9414
1667

256
3794
6987

570
8880

10606

8666
633
6102
2838
1770
147

4705
3152

2019
1936
1536
1482

1142
Mean (range)
3.8 (1-5)
0.6 (0-4)

49.1 (5.5-72.3)
47.9 (0-74.6)

15
%
65.8

19.6
14.6

83.0
14.7
2.3
334
61.6
5.0
78.9
94.6

76.8
6.0
57.0
26.5
16.5
15

46.9
31.4

20.1
17.0
135
13.0

10.7
SD
1.0
0.5

9.2
12.3
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Note.

Abbreviations: MOS: Medical Outcomes Study, SD: Standard deviation

1 Depression: In the past three years, have you been diagnosed or treated for depression

2 Anxiety: In the past three years, have you been diagnosed or treated for anxiety

3 Risky drinking: consuming more than 10 standard drinks in a week or more than four standard drinks per day.
4 Higher scores represent better outcomes

5 Higher scores represent worse outcomes
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Figure 1. Risk of all-cause mortality (1 Jan 2001 to 31 Dec 2021) according to the total
number of waves of experiencing loneliness
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Figure 2. All-cause mortality according to the number of consecutive waves of

experiencing loneliness
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5.6. Appendices

Loneliness and all-cause mortality in middle-aged Australian women: A causal inference

analysis of longitudinal data - Supplementary Appendices

Appendix 1. STROBE reporting

Table S1.1. Statement- Checklist of items that should be included in reports of cohort

studies
Item
No Recommendation Page No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 1
abstract
(b) Provide in the abstract an informative and balanced summary of what 2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 3-5
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 5
Methods
Study design 4 Present key elements of study design early in the paper 5-6
Setting 5 Describe the setting, locations, and relevant dates, including periods of 6
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 6
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, 6-7,
and effect modifiers. Give diagnostic criteria, if applicable Appendix 2
Data sources/ measurement 8* For each variable of interest, give sources of data and details of methods of ~ 7-8
assessment (measurement). Describe comparability of assessment methods
if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 7-8
Study size 10 Explain how the study size was arrived at 10, Table
S4.2
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 9-10,
applicable, describe which groupings were chosen and why Appendix 2,
Figures S3.1-
S3.2
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 8-10,
confounding Appendix 3
(b) Describe any methods used to examine subgroups and interactions 10
(c) Explain how missing data were addressed 10,
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Appendix 4

(d) If applicable, explain how loss to follow-up was addressed

10

(e) Describe any sensitivity analyses 10
Results
Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 6, Table S4.2
potentially eligible, examined for eligibility, confirmed eligible, included in
the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 6
(c) Consider use of a flow diagram Table S4.2
Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, 10-11, Table
social) and information on exposures and potential confounders 1
(b) Indicate number of participants with missing data for each variable of Appendix 4,
interest Tables S4.1-
S4.2, Figure
S4.1
(c) Summarise follow-up time (eg, average and total amount) Table S5.1
Outcome data 15* Report numbers of outcome events or summary measures over time 11-12,
Figures 1-2
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 11-12,
estimates and their precision (eg, 95% confidence interval). Make clear Appendix 5,
which confounders were adjusted for and why they were included Tables S5.1-
S5.2
(b) Report category boundaries when continuous variables were 11-12
categorized Appendix 5
(c) If relevant, consider translating estimates of relative risk into absolute 11-12,
risk for a meaningful time period Tables S5.2-
S5.4
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, 12, Figures
and sensitivity analyses S5.1-S5.4,
Tables S5.2-
S5.4
Discussion
Key results 18 Summarise key results with reference to study objectives 13
Limitations 19 Discuss limitations of the study, taking into account sources of potential 15-16, Table
bias or imprecision. Discuss both direction and magnitude of any potential S5.5
bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, 13-14
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 15-16
Other information
Funding 22 Give the source of funding and the role of the funders for the present study 18

and, if applicable, for the original study on which the present article is
based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples
of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS
Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at
http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-statement.org.
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Appendix 2. Confounders

Time-varying confounders
Marital status

Participants were asked about their present marital status, with answers including married, de
Facto/opposite sex, de Facto/same sex, separated, divorced, widowed, and single. These
answers were recategorised into three categories: 1. partnered, 2. not partnered, 3. widowed.

Area-level socioeconomic status (SEIFA)

Participants' residential areas was examined using the Index of Relative Socio-Economic
Disadvantage (IRSD) from the Socio-Economic Indexes for Areas (SEIFA) [1]. This index is
a population-based measure that assesses the relative disadvantage of geographic regions,
drawing on various socioeconomic factors such as household income, educational attainment,
occupational status, housing costs (rent and mortgage payments), dwelling size, occupancy,
and disability rates. The data is derived from the Australian Census and captures a

comprehensive overview of the socio-economic conditions within each area [2].
Area remoteness

The geographical remoteness of participants was examined using the Accessibility-
Remoteness Index of Australia Plus (ARIA+) [3], a classification system based on the
Australian Statistical Geography Standard (ASGS) from the Australian Census [4].
Participants were categorised into one of three groups: major city, regional, or remote, based

on their residential postcode.
Employment status

In all the waves except wave 2, participants were asked about their current main occupation,
with possible responses include manager, professional, paraprofessional, trade, admin. assist,
sales/service, machine operator, manual worker, never paid work, other. This question was

recategorized to 0 = not employed, 1 = employed.

In wave 2 participants were asked two separate questions about their main and secondary
occupations: “which of the following best describes your main and secondary occupation
status (e.g. if you work part-time and do home duties, the one which takes the most time
would be main and the other would be secondary), with potential responses include: no

secondary occupation, full time, part time/casual, work without pay, home duties, studying,
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unemployed-looking, unpaid voluntary, retired, unable to work. All unpaid occupations, i.e.,
home duties, studying, retirement etc.., were considered as unpaid work and were recoded as
0 = unemployed. Full or part time were considered as paid work and were recoded as 1 =

employed.
Living alone

In all the waves except wave 2, participants were asked to indicate whether they lived alone
with potential answers 0 = no, 1 = yes. In wave 2 participants were asked how many people
are living with them from the following: partner/spouse, children under 16 years, children 16-
18 years, children over 18 years, parents, other adult relatives, other non-family members,
with potential answers including: None, one, two, three or more. These answers were recoded

to 0 = not live alone, 1 = live alone.
Health-related Quality of life

The health-related quality of life (HRQoL) of participants was measured by the SF-36 which
includes Eight dimensions of health status that are measured using the self-reported SF-36
health-related quality of life questionnaire [5]. The dimensions are vitality, physical
functioning, bodily pain, general health perceptions, physical role functioning, emotional role
functioning, social role functioning, and mental health. Each dimension is reported on a O-
100 scale with higher values indicating higher perceived health. These subscales were then
combined to form two summary measures. 1. Physical Component Summary (PCS) including
general health, physical functioning, role physical, and bodily pain subscales. and 2. the
Mental Component Summary (MCS) including vitality, social functioning, role emotional,

and mental health subscales.
Alcohol consumption

Consumption of alcohol was measured based on the revised Australian guidelines for alcohol
consumption, released in 2020, which recommend that adults should drink no more than 10
standard drinks a week and no more than four standard drinks on any one day (and that
pregnant women and those who are breastfeeding should not drink alcohol) [6]. Participants
were asked to report how often they usually drink alcohol (on a scale of ‘never’ to ‘every
day’), how many drinks they usually have (on a scale of one to more than 9 per day) and how
often they have five or more drinks of alcohol on one occasion (on a scale of ‘never drink’ to

‘more than once a week’). These items formed the measures of risky drinking. If participants
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reported the consumption of more than 10 standard drinks in a week or more than four
standard drinks on any one day or if they consumed more than five drinks at a time, they

were defined as being at ‘levels that increase the risk of alcohol-related disease or injury’.
Smoking

Participants were asked about their smoking status using the Australian Institute of Health
and Welfare measure [7] with possible responses including never smoker, ex-smoker,
irregular smoker, weekly smoker, and daily smoker. This question was recategorized to

include Three categories: 0 = never smoked, 1 = ex-smoker, 2 = currently smoking.
BMI

The height and weight of participants were self-reported. Participants’ BMI was calculated
and classified to Four levels according to the World Health Organization guidelines: 1 =
underweight, BMI < 18.5, 2 = healthy weight 18.5 <= BMI < 25, 3 = Overweight, 25 <= BMI
< 30, 4 = Obese, 30 <= BMI.

History of anxiety and depression diagnoses

Participants were asked about having been diagnosed or treated for a variety of physical and
mental conditions in the past three years with possible responses 0 = no, 1 = yes. For the

current study, we used the items asking about anxiety and depression diagnoses.
Stress

Stress was measured by the Perceived Stress Questionnaire, a scale for the assessment of
stress that was developed specifically for the younger cohort of the ALSWH [8]. This
measure is the average of 10 items on a scale from 0 = not at all stressed to 4 = extremely

stressed, referring to different sources of stress such as health, work, money, relationships etc.
Social support

Social support from Survey 2 onwards using the 6-item Medical Outcomes Study (MOS)
scale abbreviated form of the (19 items) MOS support index [5]. This scale measures
domains of tangible support, affectionate support and positive social interaction, and
emotional/informational support [9] on a scale between 1 = none of the time and 5 = all of the

time (higher score reflects better support).

Baseline-time-constant variables
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Country of birth

Participants were asked at baseline on their country of birth with possible responses include
Australian born, other English-Speaking Background, Europe, Asia, Other. These responses

were categorised to a binary variable (Australian born, not Australian-born).
Language spoken at home

Participants were asked at baseline on the language spoken at home with possible responses
include English, Aust, English, Other, European, Asian, Other. From this, we created a

variable with Four levels: English, European, Asian and other.
Level of education

Education was measured at baseline using the highest qualification completed by participants.
Possible responses ranged between ‘no formal qualification’ through to ‘higher university
degree’. These were recategorised to a Three level variable: 1 = high school or less, 2 =

tertiary not university, 3 = college/university.
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Appendix 3. model estimands

Counterfactuals

The main estimands focus on determining the expected outcomes for each counterfactual
exposure scenario according to different treatment regimens (denoted as d), while considering
observed confounding variables. Specifically, for each treatment regime (t), we aim to
estimate the mean outcome E,(Y;). By comparing intervention-specific means across
different regimes (d and d'), we calculated additive effects that correspond to average

treatment effects:
ATE = Eo(Y,) — Eo(Yyr) . (C-1)

Initially, we assessed a fixed counterfactual exposure pattern, specifically examining the
impact of being lonely consistently across all six waves of the exposure period compared to
not being lonely in any of the six waves. Following this, we analysed dynamic treatment

effects by considering age thresholds in the wave preceding each exposure:

d(A; =1) =age;_; >0, (C-2)
where theta serves as the age threshold.

We then assessed the counterfactual effect of experiencing loneliness upon reaching a
particular age, but not before that age. Different age thresholds were examined, including 50,
55, 60, and 65 years. Considering the cohort's age range during the study, we incorporated the

initial static exposure pattern into this framework by treating age thresholds at the minimum

age in wave 2 (44.6 years) and the maximum age in wave 7 (68.4 years).
Targeted maximum likelihood estimation

Targeted Maximum Likelihood Estimation (TMLE) is an approach to estimate causal effects
[1] that exhibits 'double robustness." This stems from its utilisation of two-component models,

while only necessitating the correct specification of one of the two.

In the TMLE process, the initial step involves estimating the expectation of the outcome
Q2(4, L) using maximum likelihood [2, 3], Simultaneously, a conditional expectation of the
exposure probability is estimated g2(A|L), which is comparable to the propensity score

model employed in Inverse Probability Weighting (IPW) (formula C-4).
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P(A|L)
1-P(A|L)

98(4IL) = logit ). (C-4)

The propensity model is utilized to construct a ‘clever' covariate denoted as h:

1(A=1) 1(A=0)

h(4, L) = °(IIL) ~ g°(O[L)

(C-5)

The preliminary estimate of the outcome expectation E (Y|A4, L) is then updated by

incorporating a function of both the initial estimate and the clever covariate:
Qn(A,L) = Qn(A L) + e,h(4,L), (C-6)

In this context, €,, represents the coefficient associated with h(A4, L), with the constraint that
the coefficient of Q3(4, L) is set to one. The estimation of TMLE involves assessing the final

model at various treatment values:
1 * *
HgMLE = ; ?:1[Qn(1; L) - Qn(o; L)] (C'7)

This estimator aligns with the G-computation estimator, with the distinction being the
replacement of the initial estimate Q;; (4, L) with the updated Q2(4, L). TMLE shares
similarities with the doubly robust approach, utilizing an IPTW outcome model to
standardize the mean outcome through G-computation. This approach enables targeted
estimation of the target parameter (the exposure effect) while accepting potential bias in other

model parameters, treated as nuisance parameters and therefore not reported.

As TMLE operates as a substitution estimator, employing initial models for information in
the final model but not directly incorporating them, it allows for estimation through machine
learning methods. The Super Learner ensemble machine learning algorithm is commonly
employed to estimate TMLE [4]. In this analysis, Q and g were estimated using a variety of
prediction algorithms, including means, generalized linear models, generalized additive

models [5], and random forests [6].
Assumptions for Causal Inference

Marginal structural models, whether estimated through TMLE or other methods, offer valid

causal inference contingent upon a set of structural assumptions. These include:

Conditional Exchangeability: Often referred to as 'no unmeasured confounding,’ this
assumption necessitates that exposure assignment is conditional solely on measured

confounders [7].
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Positivity: This assumption requires that all participants had at least some possibility of being
exposed [8]. Targeted Maximum Likelihood Estimation has demonstrated greater robustness

to near violations of positivity [9].

Consistency: This assumption posits that there is no scenario where the observed outcome
differs from the potential outcome under the observed exposure, typically only arising when

the exposure is ambiguously defined [10] .

No interference: This assumption asserts that the exposure of each participant is independent

of the outcome of other participants [11].
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Figure S3.1. Directed acyclic graph of the causal relationships over time: selection of

covariates
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* No causal connections were drawn between the t-1 confounders, because they were
measured contemporaneously, and thus do not meet ‘temporality’ requirements of cause-
effect relationships.
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Figure S3.2 Directed acyclic graph of the causal relationships over time: selection of

waves
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Appendix 4. missing data

There are a number of different ways in which data was missing data in the ALSWH cohort:

Loss to follow-up;

Questions that were not asked in all waves; and

Intermittent missingness such as refusal to answer
The amount of missing data in each variable included in the analysis is shown in Table D1,
with the most common patterns of missing data shown in Figure D1. We used Little’s test to
confirm data was not missing completely at random. As such, we have assumed the missing
data was missing at random. Because ignoring missing information on both the outcome and
exposure variables can introduce bias [1], we handled missing data using multiple imputation

and inverse probability of censoring weights.

Based on past recommendations [2], we first to use the ‘just another variable’ approach for
imputation, treating each repeated measurement as a separate variable. However, this

approach failed to converge.

As such, we imputed the data using chained equations with the data in long form, using the R
package ‘mice’ [3]. To handle possible complexity in the data, we imputed all variables using
random forests, from the package ‘ranger’ [4]. Based on the proportion of missing

information in the data, we used M=30 imputations [5].

We then conducted analyses on each imputed dataset and combined the results using Rubin’s

rules with the R package ‘Amelia’ [6].
References

1. Hughes RA, Heron J, Sterne JAC, Tilling K. Accounting for missing data in statistical
analyses: multiple imputation is not always the answer. International Journal of
Epidemiology. 2019;48(4):1294-304.

2. Huque MH, Carlin JB, Simpson JA, Lee KJ. A comparison of multiple imputation
methods for missing data in longitudinal studies. BMC Medical Research Methodology.
2018;18(1):168.

3. van Buuren S, Groothuis-Oudshoorn K. mice: multivariate imputation by chained

equations in R. Journal of Statistical Software. 2011;45(3).

200



4. Wright MN, Wager S, Probst P. Ranger: A fast implementation of random forests. R
package version 012. 2020;1.

5. Graham JW, Olchowski AE, Gilreath TD. How many imputations are really needed?
Some practical clarifications of multiple imputation theory. Prevention Science.
2007;8(3):206-13.

6. Honaker J, King G, Blackwell M. Amelia I1: a program for missing data. Journal of
Statistical Software. 2011;45(7):47.

201



Table S4.1. Summary of missing data in each analysis variable

Missing data in variable (% of wave)

Variable Wave 1/2  Wave 3 Wave 4 Wave 5 Wave 6 Wave 7 Wave 8
I 1659 1846 2233 2613 3295 3725
Exposure Loneliness ] (15%) (16%) (20%) (23%) (29%) (33%)
i a 11412 2051 2264 2757 3542
Alcohol - frequency 1014 (9%) (100%) (18%) (20%) (24%) (31%)
. - 11412 1863 2035 2522 3323
Alcohol - binge drinking ? 716 (6%) (100%) (16%) (18%) (22%) (29%)
BMI 1389 2024 2279 2206 2686 3508
(12%) (18%) (20%) (19%) (24%) (31%)
1628 1988 2179 2692 3345
Employment status 155 (1%) (14%) (17%) (19%) (24%) (29%)
1525 1781 2033 2540 3309
0
MOS 814 (1%) (1305 (16%) (18%) (22%) (29%)
1432 1819 2055 2546 3245
0,
i evanin SEIFA 65(1%)  (130) (16%) (18%) (22%) (28%)
confound)(;rsg Marital status 75 (1%) 1412 1835 2029 2530 3286
° (12%) (16%) (18%) (22%) (29%)
: 1423 1733 1996 2495 3277
Smoking status 702 (6%) (12%) (15%) (17%) (22%) (29%)
1412 1763 1990 2503 3255
()
Mean stress 703 (6%) (12%) (15%) (17%) (22%) (29%)
1429 1710 1977 2481 3230
0,
ARIA 61(1%) (1309 (15%) (17%) (22%) (28%)
1366 1701 1953 2465 3206
0
Age 000%) (1205 (15%) (17%) (22%) (28%)
3-year diagnosis/treatment for 1473 1959 2072 2561 3247
depression (13%) (17%) (18%) (22%) (28%)
3-year diagnosis/treatment for 1473 1959 2072 2561 3247
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anxiety (13%) (17%) (18%) (22%) (28%)
: 1797 2105 2286 2609 3472
SF-36 Physical component score 207 (2%) (16%) (18%) (20%) (23%) (30%)
1797 2105 2286 2609 3472
SF-36 Mental component score 207 (2%) (16%) (18%) (20%) (23%) (30%)
: o 1458 1806 2024 2535 3224
SF-36 Physical functioning 75 (1%) (13%) (16%) (18%) (22%) (28%)
: 1436 1756 1995 2515 3249
- 0,
SF-36 Role physical 41 (0%) (13%) (15%) (17%) (22%) (28%)
: . 1388 1711 1960 2477 3215
- 0,
SF-36 Bodily pain 20 (0%) (12%) (15%) (17%) (22%) (28%)
o 1435 1742 1987 2486 3232
- 0,
SF-36 Vitality 39 (0%) (13%) (15%) (17%) (22%) (28%)
1664 1936 2161 2484 3396
SF-36 General health 88 (1%) (15%) (17%) (19%) (22%) (30%)
. 1435 1778 2010 2521 3249
SF-36 Role emotional 54 (0%) (13%) (16%) (18%) (22%) (28%)
SF-36 Social functioning 20 (0%) - - - - - -
SF-36 Mental health 36 (0%) - - - - - -
Baseline - ever diagnosis/treatment 0 (0%) i i i i i i
for depression
Baseline Baseline - ever diagnosis/treatment 0 (0%) i i i i i i
confounders for anxiety
Baseline - language spoken at home 205 (2%) - - - - - -
Baseline - country of birth 128 (1%) - - - - - -
Baseline - education 103 (1%) - - - - - -

Note: Exposure was drawn from Waves 3-8; time-varying confounders were drawn from Waves 2-7; baseline/time-constant confounders were drawn from waves 1 and 2.

2This was not asked in Wave 3.
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Table S4.2. Number of participants according to wave and the total number of

participants included in the analysis

Wave n
Wave 1 13,714
Wave 2 12,338
Wave 3 11,226
Wave 4 10,905
Wave 5 10,638
Wave 6 10,011
Wave 7 9151
Wave 8 8622
Wave 9 7956
Total observations 12,338
heart disease = 292
Participants with a history of life- stroke = 113
threatening illnesses removed cancer = 597
total* = 926
Sample size included in the analysis 11,412

* The total exclusions are lower than the added numbers of all three conditions due to some

participants having more than one medical condition.
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Figure S4.1. Most common patterns of missing data.
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Appendix 5. Additional results

Figure S5.1. Risk of all-cause mortality (1 Jan 2001 to 31 Dec 2021) according to the
total number of waves of experiencing loneliness (lowest loneliness category vs. the three

higher categories)
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Figure S5.2. Risk of all-cause mortality (1 Jan 2001 to 31 Dec 2021) according to the
number of consecutive waves of experiencing loneliness (lowest loneliness category vs.

the three higher categories)
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Figure S5.3. Risk of all-cause mortality (1 Jan 2001 to 31 Dec 2021) according to the
total number of waves of experiencing loneliness (highest loneliness category vs. the

three lower categories)
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Figure S5.4. Risk of all-cause mortality (1 Jan 2001 to 31 Dec 2021) according to the
number of consecutive waves of experiencing loneliness (highest loneliness category vs.

the three lower categories)
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Table S5.1. Mortality incidence risks according to the total number of waves of being
lonely and according to number of consecutive waves of being lonely

Incidence Risk and 99.5% Confidence Interval
Number of waves of Number of consecutive waves

being lonely

of being lonely

0 waves of loneliness
1 wave of loneliness

2 waves of loneliness
3 waves of loneliness
4 waves of loneliness
5 waves of loneliness
6 waves of loneliness

0.05 (0.04, 0.06)
0.06 (0.05, 0.07)
0.08 (0.06, 0.09)
0.09 (0.07, 0.11)
0.11 (0.09, 0.13)
0.13 (0.11, 0.16)
0.16 (0.13, 0.19)

0.06 (0.05, 0.06)
0.07 (0.05, 0.08)
0.08 (0.06, 0.09)
0.09 (0.07, 0.11)
0.11 (0.08, 0.13)
0.12 (0.10, 0.15)
0.14 (0.11, 0.17)
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Table S5.2. Risk ratios and risk differences between key levels of exposure — results

from the primary analysis

Relative Risk and 99.5%
Confidence Interval

Risk Difference and 99.5%
Confidence Interval (percentages)

Number of Number of
Number of consecutive Number of consecutive

waves waves waves waves
1 wave of loneliness
versus 0 waves of 1.22 1.18 1.12% 0.98%
loneliness (1.04,1.43) (1.02,1.36) (1.10%, 1.13%) (0.97%, 0.99%)
2 waves of loneliness
versus 0 waves of 1.49 1.38 2.46% 2.13%
loneliness (1.26,1.75) (1.19,1.60) (2.43%, 2.49%) (2.10%, 2.15%)
3 waves of loneliness
versus 0 waves of 1.81 1.62 4.07% 3.45%
loneliness (1.52,2.15) (1.38,1.89) (4.01%, 4.13%) (3.40%, 3.50%)
4 waves of loneliness
versus 0 waves of 2.18 1.89 5.98% 4.97%
loneliness (1.79,2.66) (1.59, 2.26) (5.87%,6.08%) (4.88%, 5.06)
5 waves of loneliness
versus 0 waves of 2.63 2.21 8.23% 6.72%
loneliness (2.08,3.33) (1.79,2.73) (8.05%, 8.41%) (6.58%, 6.87%)
6 waves of loneliness
versus 0 waves of 3.15 2.56 10.86% 8.71%
loneliness (2.35,4.23) (1.98,3.32) (10.58%, 11.15%) (8.49%, 8.94%)
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Table S5.3. Risk ratios and risk differences between key levels of exposure — results

from sensitivity analysis using lower cut-point for loneliness

Relative Risk and 99.5%

Risk Difference and 99.5%
Confidence Interval

Confidence Interval (percentages)
Number of Number of
Number of  consecutive Number of consecutive
waves waves waves waves
1 wave of loneliness versus 0 1.19 1.10 0.89% 0.53%
waves of loneliness (1.11,1.27) (1.04,1.16) (0.89%, 0.90%) (0.53%, 0.54%)
2 waves of loneliness versus 0 1.41 1.20 1.94% 1.12%
waves of loneliness (1.30,1.53) (1.12,1.28) (1.94%, 1.95%) (1.11%, 1.12%)
3 waves of loneliness versus 0 1.67 1.31 3.17% 1.75%
waves of loneliness (1.49,1.87) (1.21,1.42) (3.16%, 3.19%) (1.74%, 1.76%)
4 waves of loneliness versus 0 1.97 1.44 4.61% 2.44%
waves of loneliness (1.67,2.32) (1.30,1.59) (4.57%, 4.64%) (2.42%, 2.46%)
5 waves of loneliness versus 0 2.32 1.57 6.37% 3.19%
waves of loneliness (1.85,2.91) (1.38,1.79) (6.20%, 6.34%) (3.16%, 3.21%)
6 waves of loneliness versus 0 2.72 1.72 8.18% 4.00%
waves of loneliness (2.00,3.70) (1.46,2.02) (8.06%, 8.30%) (3.96%, 4.04%)
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Table S5.4. Risk ratios and risk differences between key levels of exposure — results

from sensitivity analysis using higher cut-point for loneliness

Relative Risk and 99.5%
Confidence Interval

Risk Difference and 99.5%
Confidence Interval

Number of Number of
Number of  consecutive Number of consecutive

waves waves waves waves
1 wave of loneliness
versus 0 waves of 1.29 1.29 1.46% 1.56%
loneliness (0.94,1.75) (0.91, 1.82) (1.43%, 1.49%) (1.53%, 1.61%)
2 waves of
loneliness versus 0 1.65 1.64 3.30% 3.54%
waves of loneliness  (1.19, 2.27)  (1.13, 2.40) (3.22%, 3.39%) (3.42%, 3.66%)
3 waves of
loneliness versus 0 2.10 2.09 5.60% 5.99%
waves of loneliness  (1.46,3.03)  (1.31, 3.33) (5.41%, 5.80%) (5.73%, 6.27%)
4 waves of
loneliness versus 0 2.65 2.64 8.44% 9.01%
waves of loneliness  (1.68, 4.20)  (1.41, 4.93) (8.07%, 8.83%) (8.50%, 9.56%)
5 waves of
loneliness versus 0 3.33 3.31 11.89% 12.66%
waves of loneliness  (1.82,6.11)  (1.39,7.84) (11.23%, 12.59%) (11.74%, 13.66%)
6 waves of
loneliness versus 0 4.14 4.09 16.01% 16.99%
waves of loneliness ~ (1.84,9.31) (1.26,13.26) (14.91%, 17.18%) (15.44%, 18.70%)
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Table S5.5. E-Value analysis for the strength of unmeasured confounding required to

alter primary results

E-Values
Number of consecutive
Number of waves
waves
At At CI At At ClI
estimate bound estimate bound

1 wave of loneliness versus 0 waves
of loneliness 1.74 1.45 1.63 1.36
2 waves of loneliness versus 0
waves of loneliness 2.34 2.09 2.11 1.88
3 waves of loneliness versus 0
waves of loneliness 3.01 2.76 2.62 2.39
4 waves of loneliness versus 0
waves of loneliness 3.79 3.51 3.19 2.94
5 waves of loneliness versus 0
waves of loneliness 4.70 4.37 3.84 3.54
6 waves of loneliness versus 0
waves of loneliness 5.76 5.34 457 4.20
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5.7. Concluding summary for this chapter and knowledge gained from this study

The current study presents the findings on the causal effect of loneliness on mortality. We
employed rigorous controls for time-varying confounding variables and accounted for the
effect of baseline exposures. These methodological refinements enabled a potentially less
biased estimation of the independent effect of loneliness on mortality, unaffected by
confounders associated with health. The findings provide strong evidence for a dose-response
association between loneliness and mortality, indicating that the consistency and chronicity of
loneliness significantly affect mortality. Specifically, individuals experiencing loneliness at
two, four and six waves had an incrementally higher risk of mortality compared to those who
reported no loneliness. The incremental increase in mortality risk with each additional wave
of loneliness underscores the importance of addressing loneliness as a public health concern.
Furthermore, the results suggest that interventions aimed at alleviating loneliness could
potentially prevent up to 11% of all-cause mortality among lonely individuals. This highlights
the potential effect of targeted loneliness interventions in improving overall health outcomes

among middle-aged women.
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CHAPTER SIX: Health care utilization following interventions to improve social well-
being: A systematic review and meta-analysis

6.1. Preface to the chapter

As discussed in previous chapters, loneliness has significant implications for health outcomes
and imposes an economic burden, particularly among middle-aged and older adults.
Enhancing social well-being and providing social support have been shown to mitigate
loneliness, thereby reducing the strain on health systems. Given the strong association
between social health and both disease and economic burden, it is crucial to explore strategies
to improve social well-being. There has been previous evidence on psychosocial
interventions' effect on health care use, however, this evidence has never been systematically
synthesised nor meta-analysed. This gap in research is significant as it hinders the
optimisation of intervention strategies and the development of informed healthcare policies.
Therefore, this chapter presents findings published in a peer-reviewed paper that synthesised
and meta-analysed evidence from 41 RCTs on the effect of psychosocial interventions on
healthcare use, social well-being and loneliness. A three-level meta-analysis was used to
generate the random effect of the intervention compared to the control group with odds ratios
and mean differences. The effect of the interventions is examined across different health
services including general practice, outpatient, inpatient, emergency care and the overall use
of health care services. Sub-group analysis is conducted according to socio-demographic
characteristics: gender, age, country and population group, as well as intervention
characteristics: length of intervention, number of components and intervention deliverers.
This chapter addresses specific aim #4 of this thesis as described in Chapter 2.
Dissemination of this research and the author's contributions to this paper are described

below.

6.2. Research dissemination
The research presented in this chapter has been disseminated as follows:
Published peer-review paper
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following interventions to improve social well-being: A systematic review and meta-analysis.
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Health Care Utilization Following Interventions to Improve Social Well-Being

A Systematic Review and Meta-analysis
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Abstract

IMPORTANCE It has been suggested that interventions that aim to improve social well-being may
contribute to decreased health care use; however, such evidence has not been fully systematically
synthesized.

OBJECTIVE To systematically review and meta-analyze available evidence on the associations
between psychosocial interventions and health care utilization.

DATA SOURCES Medline, Embase, Psyclnfo, Cumulated Index to Nursing and Allied Health
Literature, Cochrane, Scopus, Google Scholar, and reference lists of systematic reviews were
searched from inception until November 31, 2022.

STUDY SELECTION Included studies were randomized clinical trials reporting on both health care
utilization and social well-being outcomes.

DATA EXTRACTION AND SYNTHESIS The reporting of the systematic review adhered to the
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guideline.
Full-text and quality assessments were conducted by 2 reviewers independently. Multilevel
random-effects meta-analyses were used to synthesize the data. Subgroup analyses were conducted
to examine the characteristics associated with decreased health care use.

MAIN OUTCOMES AND MEASURES The outcome of interest was health care utilization, including
primary, emergency, inpatient, and outpatient care services. Social well-being was measured as social
support, social participation, social relationships, community support, social integration, or
loneliness.

RESULTS A total of 41 studies were retrieved from 18 969 citations; 37 studies were eligible for
meta-analysis. Data were analyzed for 7842 participants, including 2745 older adults, 1579 young
women considered to be at risk of social and mental health disadvantages, 1118 people with chronic
illnesses, 1597 people with mental illnesses, and 803 caregivers. The odds ratio (OR) random-effects
model showed an overall reduction in health care use (OR, 0.75; 95% Cl, 0.59 to 0.97), but the
standardized mean difference (SMD) random effect model showed no association. An improvement
in health care utilization was observed in association with social support interventions (SMD, 0.25;
95% Cl, 0.04 to 0.45) but not in loneliness interventions. Subgroup analysis indicated a reduced
length of inpatient visits (SMD, -0.35; 95% Cl, -0.61 to -0.09) and number of emergency care visits
(OR, 0.64; 95% Cl, 0.43 to 0.96) following the intervention. However, an increase in outpatient care
associated with psychosocial interventions was observed (SMD, 0.34; 95% Cl, 0.05 to 0.62). The
largest reductions in health care use were associated with interventions among caregivers (OR, 0.23;
95% Cl, 0.07 to 0.71) and individuals with mental illnesses (OR, 0.31; 95% Cl, 0.13 to 0.74).

(continued)

ﬁ Open Access. This is an open access article distributed under the terms of the CC-BY License.

Key Points

Question Is there an association
between psychosocial interventions and
health care service use, and does the
association differ by sociodemographic

or intervention characteristic?

Findings This systematic review and
meta-analysis including 41 studies and
7842 participants found that
psychosocial interventions were
associated with decreased health care
use in most health services and
increased use of outpatient care. The
greatest health care decrease was
among caregivers and individuals with
mental illnesses and in interventions
delivered 1-on-1 by health professionals.

Meaning These findings suggest that
psychosocial interventions were
associated with reduced health care use.

+ Supplemental content

Author affiliations and article information are
listed at the end of this article.
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Abstract (continued)

CONCLUSIONS These findings suggest that psychosocial interventions were associated with most
measures of health care utilization. As the association differed by participant and intervention
delivery characteristics, these characteristics should be considered in the design of future
interventions.

JAMA Network Open. 2023;6(6):€2321019. doi:10.1001/jamanetworkopen.2023.21019

Introduction

Social well-being is an umbrella term that refers to the actual or perceived availability of social
resources, such as social networks." A lack of social well-being can manifest in problems, such as
loneliness and social isolation, that are important public health concerns®# and can lead to chronic
diseases and premature mortality.””

Another public health challenge faced by many countries is escalating health care costs
associated with population aging and increasing prevalence of chronic disease. As this trend is
expected to continue,® decision-makers need to find solutions to reduce health care spending by
designing and implementing efficient and equitable health services and minimizing unnecessary
health care use. Promising evidence from observational studies has suggested that better social well-
being is associated with lower health care utilization,®'? indicating that psychosocial interventions
to address social well-being may reduce health care demand.’>**

To date, psychosocial interventions have been conducted among a variety of populations
using myriad approaches, such as individual or group therapy, group-based activities, peer support,
and outreach and befriending strategies.”'® Besides positive associations with loneliness, social
interaction, and perceptions of support,’2° some psychosocial interventions have been found to be
associated with decreases in unnecessary health service use and costs in some populations, such as
older adults, survivors of breast cancer, and people with mental ilinesses.””'®2! For example, peer

15,16

support interventions and multicomponent psychosocial interventions were associated with
decreased use of general practitioners and emergency care among verity of populations.'®22
However, for outpatient care, such as visits to specialists, most studies showed no
significant changes.?>2*

Despite the associations found between psychosocial interventions and health care utilization,
evidence on this topic has not been systematically synthesized or quantitatively summarized, to our
knowledge.”® Furthermore, we do not yet know what intervention characteristics are associated with
lower health care use. To address these gaps, we aimed to synthesize the associations among
psychosocial interventions, health care utilization, and social well-being and identify characteristics

associated with the variability in effect sizes of these outcomes.

Methods

The reporting of the systematic review and meta-analysis adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-analyses (PRISMA) reporting guideline. The protocol is registered
in the PROSPERO database under record No. CRD42021273388.

Eligibility Criteria

Psychosocial interventions that used a randomized clinical trial design to improve social well-being
were included. To be eligible, studies needed to report on at least 1 health care utilization-related
outcome and at least 1social well-being-related outcome. Health care utilization refers to using
primary care (visits to the general practitioner or nurse), emergency care (visits to the emergency
department), inpatient care (eg, number of hospitalizations and readmissions, length of stay), and
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outpatient care (visits to a specialist, such as a cardiologist, obstetrician, or psychiatrist) services.
Social well-being covers multiple domains, including social support, social participation, social
relationships, community support, and loneliness. The population, intervention, control, and
outcomes data are presented in eTable 1in Supplement 1.

Study Selection and Data Extraction

A comprehensive search was conducted from inception until May 31, 2021, and an update search
until November 31, 2022, in the following databases: Medline, Embase, PsycInfo, Cumulated Index to
Nursing and Allied Health Literature, Cochrane, and Scopus. Search terms on the concepts of health
care utilization, social well-being, and psychosocial interventions were combined with AND (specific
search terms and search results are presented in eTables 2-8 in Supplement 1). Google Scholar,

reference lists of the included studies, and relevant systematic reviews'0'314.2>

were manually
searched for additional potential studies. All records were imported to Covidence reference
management software (Veritas Health Innovation). After duplicates were removed, titles and
abstracts were assessed according to the eligibility criteria. The full-text review was conducted by 2
reviewers (N.H. and D.S.) independently. Disagreements were resolved by a third reviewer (D.D.,
D.M., or B.J.S.). Data were extracted by 1reviewer (N.H.) and a sample of the extracted data
(approximately 30%) was reviewed by a second reviewer (D.D.). Where means and SDs were
missing, they were estimated from other measures of effect?® or imputed from other studies, 22262’
as suggested by Cochrane.?®

For the main outcome of health care utilization, 2 types of data were extracted for the
intervention and control groups: raw means and SDs to calculate standardized mean differences
(SMDs) and numbers and percentages of health care users to calculate odds ratios (ORs). Some
studies included multiple follow-ups after their intervention. Data were extracted and analyzed from
each study for the first follow-up immediately after the intervention and for the last follow-up after

the intervention, regardless of specific durations of the follow-ups.

Risk of Bias

All studies were assessed for risk of bias (ROB) using the Cochrane Handbook for Systematic Reviews
of Interventions, Version 5.1.0.2° Assessment was done using Covidence and RevMan version 5.4
(Cochrane) tools. Studies were assessed by 2 independent reviewers (N.H. and D.L.S.). Conflicts
were resolved by consultations with a third reviewer (D.M., B.J.S., or D.D.). Each study was assessed
on 7 different domains: random sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment, incomplete outcome data, selective
reporting, and other biases. Each domain received a judgement of low, high, or unclear ROB.

Publication Bias

Publication bias was examined using funnel plots and an extension of Egger regression test was used
to quantify the funnel plot asymmetry.3© This included using a measure of effect size precision as a
predictor in a meta-regression.3' P < .05 indicated a substantial asymmetry in the funnel plot that
could have been caused by publication bias.

Assessing the Certainty of the Evidence

Certainty of evidence was assessed for each of the overall outcomes using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) approach.3233 The
assessment was performed using the GRADEpro GDT software (McMaster University and Evidence
Prime). GRADE domains were assessed according to the level of uncertainty (ie, not serious, serious,
or very serious). The overall certainty was categorized as very low, low, moderate, or high. Certainty
was downgraded 1level per limitation, starting from high certainty.>
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Statistical Analysis
Results were combined and analyzed using random-effects models. Separate meta-analytic
estimates were calculated for studies that reported on SMDs and ORs. To account for multiple
dependent effect sizes,>* we performed a 3-level meta-analysis. The effect sizes of the overall and
different types of health care utilization were calculated for the immediate and sustained outcomes
after interventions. Subgroup analyses were used to identify differences according to participant
characteristics, such as age, gender, and population groups, and intervention characteristics,
including type (individual vs group), duration (number of months), and delivery personnel (health
professionals, peers, and activity coordinators). All analyses were performed using the meta and
metafor libraries of R software version 4.1.3 (R Project for Statistical Computing). Bayes factors (BFs)
were calculated to examine the strength of evidence using an online calculator.3> BFs with a value
between 3 and 10 indicate moderate relative evidence for the alternative hypothesis; BFs between
0.3 and 3, inconclusive evidence; and BFs less than 0.3, moderate evidence for the null hypothesis.3®
Expected effect sizes were estimated based on previous meta-analyses on related topics.'*>” For the
SMD random-effects model, the expected SMD was set to -0.3. Similarly, the expected OR was set
to 0.70 (30% reduction). For the alternative hypothesis of the social support measure and
outpatient care use, we used an SMD of 0.3 and an OR of 1.5, since they were associated positively
with intervention effect size.

P values were 2-sided, and statistical significance was set at P < .05. The last analysis update was
conducted between January 12 and 19, 2023.

Results

Systematic Review

Of 18 968 records identified, 268 full texts articles were assessed for eligibility, 41 studies met the
inclusion criteria for the systematic review.'8:21-24:26:27.3871 Of these, 21 studies?224 27 40: 41.44-46.49.
50.53.54.58.59.63.65-69 \yere included in the OR health care utilization meta-analysis, 18 studies'® 232+
26,38-43.48.51.55.58.60.64.67.70 \yare included in the SMD health care utilization meta-analysis, 27

studies18. 22-24,26,27,38-40,42-44,46,51,52,54,55,58-64,67,68,71

were included in the social support SMD
were included in the loneliness SMD meta-analysis (Figure 1).
Data were analyzed for 7842 participants, including 2745 older adults, 1579 young women
considered at risk of social and mental health disadvantages (1 study among women in a shelter for
family violence survivors, 1study among women at risk for postpartum depression and 1study among
women from disadvantage living areas), 1118 people with chronic illnesses, 1597 people with mental
illnesses, and 803 caregivers.

eTable 9 in Supplement 1 presents the characteristics of the included studies. The included
studies were published between 1995 and 2022. Most were conducted in the UK (10

21,23,38,39,41,51,61,67,69.71) or other European countries (8 studies18'26'42'48'49'65'6670); 6
22,24,2746,47,52,64

meta-analysis, and 3 studies?640.70

studies

43,44,54,55,59,60

were undertaken in China, 7 studies were undertakenin

38,40,45,50,58,68

studies
Canada, 6 studies
Singapore,®? Columbia,®* Australia,>® and Zambia.>” Fourteen studies?*384%72 had sample sizes of
fewer than 100 participants, 18 studies'®222°0-64 had samples of 100 to 200 participants, 7

studies®>2555-5% included 200 to 1000 participants, and 2 studies’®”" had sample sizes of more than
43,47,49,50,53-55

were undertaken in the US, and 1study each was conducted in

1000 participants. Studied populations included 7 studies of caregivers, 9 studies of

people with physical illnesses (6 on heart disease,?>*14448:5162 1 on HIV,®® 1 on stroke,®” and 1on

multimorbidity*?), 11 studies?"-274>-56.58-61.63.68.69

18,26,39,46,52,65,70

of people with mental illnesses, 7

23,24,40,64.67.71

studies of older adults, 6 studies of postnatal young women, and 1

study>® of women at a domestic violence shelter. Interventions were delivered by health

professionals (28 studies'® 23-26-38.40.42-44.46-50,52-54,56-60,62-66.70.71) ‘near yolunteers (8

21,22,24,27,45,55,68,69

studies with individuals with lived experience of health challenges or services), or

a coordinator on behalf of the intervention team (5 studies>>#>'6167) Sixteen interventions's: 2
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27,38,39,41,42,49,51,55,60,63-65,68,71 were grOUp'based, 18 interventions18.21—24,40, 43,44,46,47,52-54,56, 61,

62.66.67.69 were delivered to individuals 1-on-1, and 7 interventions*>#8397-3979 included both

individual and group components. Most of the control groups received standard care (31 studies'

21-24.27,40,41,43-49,52-56,58-63,65-67,69.70) Ty g studies?®+? used a waitlist control, whereas 8

studies3839:50:51.57.64.68.71 had 3 minimal intervention as a control condition. Seventeen

18,40,41,43,44,46,47,49,51,52,55,60,65-68,70

interventions were 6 to 12 months long, and the remainder'®

21-24,26,27,38,39,42,45,48,50,53,54,56-59, 61-64, 69, 71 were 4 months or shorter.

Risk of Bias

Sixteen studies were classified as low risk of bias; 6
studies.23'26'44'47'49'57 medium I'iSk; and 19 StUdi6522'24' 27,38,39,41,43,45,48,51,53,58,59, 61,63,65,68,70,71

18,21,40,42,46,50,52,54-56,60, 62,64, 66, 67,69

high risk. Most interventions were classified as low risk for randomization (31interventions' 21-23-26-

27,38-41,44,46,48-50,52-57,60-62,64,65,67,69,71 [76%] 21-24,26,

), allocation concealment (27 interventions

38,40-44,46,47,49,50,52,54-57,60,62,64-67,69 [66%]) and attrition bias (30 interventionsl& 21,22,24,27,40-44,

46-50,52-56, 58, 60, 62-65,67-70 [73%]) There were 23 interventions18,21,23,24,26, 39,40,42,46,48,53-57,60,

62:64.66.67.69.70 (569) considered low risk for reporting bias. Only 2 studies'® 2"23.24.26.39.40,42.46.

48,53-57,60,62-64,66.67.69.70 (504) had low risk in the blinding of participants and personnel domain,

Figure 1. Flowchart of Identification of Studies Via Databases and Registers

18969 Records identified from databases
2262 CINAHL
5198 Embase
2904 Medline
1523 Psyclnfo
5527 Scopus
1542 Cochrane

8181 Duplicate records removed
before screening

10788 Records screened

10 520 Records excluded, irrelevant titles
> (non-RCTs, reviews, qualitative
studies, and citations)

268 Full-text articles assessed
for eligibility

227 Studies excluded
111 Non-RCT study design
79 No social well-being outcomes
> 19 Not enough information
11 Not a psychosocial intervention
7 No health care
utilization outcomes

41 Studies included in review

4 Studies?1:47.56-57 excluded from
> meta-analysis: did not provide data in
the format of means or rates

37 Studies included in meta-analysis

21 Studies 22-24,27,40, 41, 44-46, 49,
50, 53, 54, 58, 59, 63, 65-69 jncluded
in OR health care
utilization analysis

18 Studies 18.23.24,26,38-43,48,51,55,
58,60,64,67.70 jncluded in SMD
health care utilization analysis

27 Studies 18,22-24,26,27,38-40,42-44,
46,51,52,54,55,58-64,67,68,71
included in SMD social
support analysis

CINAHL indicates Cumulated Index to Nursing and
Allied Health Literature; OR, odds ratio; RCT,
randomized clinical trial; SMD, standardized mean
difference.
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and 19 studies'® 2" 23.24.27.44.46.50,32.54,35,58,60.62-64.66.68.69 (4604 had low risk in the blinding of

outcome data domain (eFigure 1in Supplement 1).

GRADE Certainty of Evidence Results

The evidence for the immediate postintervention health care utilization and social support outcomes
using ORs was evaluated with a moderate level of certainty. The evidence for the sustained health
care utilization and loneliness outcomes was assessed with low levels of certainty. Evidence for both
immediate and sustained health care utilization outcomes using SMDs was assessed with a very low
level of certainty (eTable 10 in Supplement 1).

Meta-Analyses of Inmediate Postintervention Health Care Utilization Outcomes
According to the random-effects model of studies reporting ORs, the intervention group had
significant lower odds of using health care compared with the control group (OR, 0.75; 95% Cl, 0.59
to 0.97). However, the SMD random-effects model was not significant. When looking at different
services, the OR model showed sizeable and significant reductions in the odds of emergency care use
(OR, 0.64; 95% Cl, 0.43-0.96) among the intervention groups. The SMD model showed significant
increase in outpatient care (SMD, 0.34; 95% Cl, 0.05-0.62), a decrease in length of inpatient care
(SMD, -0.35; 95% Cl, -0.61to -0.09) by the intervention group. Heterogeneity was significant for
both the OR and SMD random-effects models, suggesting that the amount of between-study
variability was greater than would be expected by chance (Figure 2 and Figure 3).

Bayes Factors

The strength of evidence was moderate for the overall OR random-effects model (BF = 5.63) and was
inconclusive for the overall SMD random-effects model (BF = 0.84). Strong relative evidence for the
alternative hypothesis was found in the SMD model for inpatient length (BF > 10) and moderate
evidence was found for inpatient and outpatient services utilization (BF, 3-10). In the OR models, we
found moderate evidence for the alternative hypothesis for primary care, inpatient, and emergency
care. We also found moderate evidence for the alternative hypothesis for social support in the SMD
model (BF = 7.21) (eTable 11in Supplement 1).

Subgroup Analysis

In both the OR and SMD models, we observed significant decreases in health care use after
interventions in studies conducted in China compared with other countries.*>->>>969 |n the OR
model only, we observed significant decreases in health care use after interventions in studies
conducted in the US and Australia.*04>>0-53.58:68 | the OR model, we also observed a decrease in
health care use in studies that included participants aged 30 to 60 years,2”44#45:50.53.54.59.68.69

49,50,53,54

Reductions in health care use were observed in studies among caregivers and individuals

with mental illnesses?”#>:58:59.63.68.69

compared with other population groups, but only in the OR
model. Single-component interventions that were based on the individual level, shorter (1-4
months), and delivered by health professionals were associated with significant decreases in health
care use as well. However, in the SMD model, longer interventions were significantly associated with

lower health care use after the interventions (eTable 12 in Supplement 1).

Meta-Analyses of Sustained Postintervention Health Care Utilization Outcomes
Measures of effect were calculated for the last follow-up measure in a subset of 5 studies?2-23.54:59.67
that included ORs and 5 studies23,61,66,70,73 that included 13 SMDs that included more than 1
follow-up (eFigure 3 and eFigure 4 in Supplement 1). The OR random-effects model showed a
significant decrease only in inpatient care (OR, 0.52; 95% Cl, 0.28 to 0.98) and the SMD model
showed a lower length of inpatient care (SMD, -1.21; 95% Cl, -1.67 to -0.75).
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Figure 2. Pooled 95% Cl Odds Ratio of the Association of Psychosocial Interventions With Health Care Utilization

Study
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Figure 3. Pooled 95% Cl Standardized Mean Difference of the Association of Psychosocial Interventions With Health Care Utilization

Study

SMD (95% CI)

Total health care use
Constantino et al,38 2005

Inpatient care
Chien et al,502014
Chien et al,%92014
Chien et al,552013
Chien et al,>52013
Chyzzy et al,242019
Chyzzy et al,242019
Garvey et al,%22015
Roncella et al,#8 2013
Wiggins et al,%7 2004
Wiggins et al,%7 2004

Random-effects model for inpatient care

Q=56.55;df=9; P=.001
Length of inpatient care

Chienetal,432011
Chienetal,%02014

Chien et al,502014

Chien et al,>>2013

Chien et al,552013

Dush et al,58 2001
Franse et al,”’02018

Random-effects model for length of inpatient care

Q=39.50; df=6; P<.001
Outpatient care

Chyzzy et al,242019

Hudson et al,%02012

VanLieshout et al,642022

Wiggins et al,%7 2004

Wiggins et al,%7 2004

Random-effects model for outpatient care

Q=13.23;df=4; P=.01

Primary care

Blancafort Alias et al,26 2021

Asbury et al,41 2011
Chyzzy et al, 242019
Franse et al,”’02018
Garvey et al,#22015
Gleibs et al,39 2011
Gleibs et al,39 2011
Lindsay et al,>' 2009
Morrell et al,23 2000
Morrell et al,23 2000

Tarazona-Santabalbina et al,'8 2016

Wiggins et al,%7 2004
Wiggins et al,57 2004
Wiggins et al,%7 2004
Wiggins et al,%7 2004

Random-effects model for primary care

Q=29.93; df=14; P=.008

Multilevel random-effects or summary estimate

Q=190.40; df=37; P<.001

-0.32(-1.12t0 0.49)

-0.26 (-0.73t0 0.21)
-0.16 (-0.62 t0 0.31)
-0.19 (-0.60t0 0.23)
-0.31(-0.72t0 0.11)
-0.32(-1.01t00.36)
2.91(1.93t03.89)
0.15(-0.44t0 0.74)
-0.52(-0.93t0-0.11)
-0.42 (-0.61t0-0.23)
-0.65 (-0.84 to -0.46)
-0.23 (-0.47 t0 0.00)

-0.74 (-1.16 t0-0.32)
-0.80(-1.28t0-0.31)
-0.91(-1.40t0-0.42
-0.22 (-0.65 t0 0.20)
-0.42 (-0.85 t0 0.00)
-0.28 (-0.57 t0 0.01)
0.03 (-0.06 t0 0.13)
-0.35(-0.61to -0.09)

1.58 (0.80 t0 2.37)
0.00 (-0.70 t0 0.70)
0.10(-0.26 to 0.46)
0.12 (-0.08 t0 0.31)
0.18(-0.01t00.37)
0.34 (0.05t0 0.62)

-0.04(-0.24t00.17)
-0.45(-1.04 t0 0.15)
0.48 (-0.21t0 1.17)
-0.07 (-0.16 t0 0.02)
0.56 (-0.05 t0 1.16)
-0.51(-1.30t00.29)
0.80(-0.12t0 1.71)
0.42 (0.04 t0 0.80)
0.06 (-0.11t0 0.22)
0.07 (-0.10t0 0.23)
-0.47 (-0.91 to -0.04)
-0.01(-0.20t0 0.18)
-0.21(-0.40t0 -0.02)
-0.11(-0.29 t0 0.08)
-0.15 (-0.34 to 0.04)
-0.02(-0.22t00.18)

-0.10(-0.29 t0 0.09)

Favors : Favors

treatment | control

SMD (95% CI)

Weight,%

0.67

1.54
1.55
1.74
1.74
1.08
0.68
1.05
1.12
2.94
2.94
NA

1.10
1.50
1.49
1.70
1.70
1.27
2.40
NA

0.83
0.77
1.18
2.94
2.95
NA

1.36
0.89
0.95
2.40
1.04
0.73
0.62
1.16
2.22
2.22
1.08
12.07
12.13
12.09
12.14
NA

100

Since multilevel meta-analyses included several effect estimates from each study, studies may be listed more than once for each analysis. Dots indicate estimates; whiskers, 95% Cls;

diamond, summary estimate; SMD, standardized mean difference.

[5 JAMA Network Open. 2023;6(6):€2321019. doi:10.1001/jamanetworkopen.2023.21019

June 29,2023

8/17

225



JAMA Network Open | Public Health

Health Care Utilization Following Interventions to Improve Social Well-Being

Meta-Analyses of Social Support and Loneliness Outcomes

Social support and loneliness were the primary domains of social well-being reported, and these
were examined as secondary outcomes only in an SMD meta-analysis (Figure 4 and Figure 5). There
was a statistically significant postintervention increase in social support but not in loneliness.
Subgroup analyses of participants’ characteristics revealed a significant increase in social support
following interventions conducted in China,*344-54:55-59.60 among participants aged 30 to 60

27.38,43,44,54,55,59,61,64,68 '22.27.44,51,55,60,62,63,68 and people with chronic

illnesses. 2242445162 Analyses by intervention characteristics found improvements in social support

years, men
following longer interventions, 1-on-1 interventions, and interventions delivered by health
professionals.

Assessment of Publication Bias

All the OR and SMD random-effects models were tested for publication bias, except for the model for
loneliness due to the small number of studies (eFigure 2 in Supplement 1). No publication bias was
found for the meta-analyses of ORs in either the immediate or sustained effect models. For the meta-
analysis of SMD, the regression test for asymmetry reached statistical significance in both the

Figure 4. Pooled 95% Cl Standardized Mean Difference of the Association of Psychosocial Interventions With Social Support
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immediate and sustained effect models, indicating significant publication bias. There was no bias
found in the funnel plot of the SMD social support model (eFigure 2 in Supplement 1).

Discussion

This systematic review and meta-analysis found that psychosocial interventions were associated
with improved health care utilization. Models showed strong to moderate strength of evidence by
BFs for number of inpatient visits and length of inpatients visits associated with social support.
Emergency and primary care utilization also showed moderate strength of evidence for the OR
model. Additionally, these interventions were associated with improvements in social support but
not loneliness. Considering the need to reduce unnecessary health care spending in many countries,
our findings have highlighted the potential for psychosocial interventions to reduce health care
utilization. The largest reduction in health care use occurred in inpatient visit numbers and length of
stay, emergency admissions, and primary care services. The reduction in inpatient and emergency
care utilization could be due to an instrumental support system that may have prevented a health
condition from deteriorating”> by direct care or by encouraging patients to seek treatment earlier.™
In addition, the support provided could also prevent or lower stress and anxiety associated with
different health conditions,”* which may have contributed to reduction in unnecessary visits to the
hospital.”>”® The decrease in health care use could also be a result of an improvement in overall
health.”””® These findings suggest that the emotional, informational, and instrumental support
provided by psychosocial interventions may decrease the need to seek medical care excessively and
may contribute to reduced health care expenses and improved service efficiency.>>7°-8! Such
outcomes may last over longer periods, although the current evidence on sustained outcomes is
limited by the small number of studies with sustained follow-up.

Outpatient care was the only outcome that showed an increase. This supports previous findings
of a positive association between social well-being and outpatient visits.'%82 Qutpatient care often
supports tertiary-level prevention, which can sustain recovery and reduce the need for urgent care.®3
Therefore, our findings suggest that psychosocial interventions may lead to improved preventive
care in the outpatient context, which in turn, may lead to less emergency and inpatient care
utilization 848>

Our subgroup analysis found a significant decrease in health care use among caregivers,
suggesting the importance of including caregivers in psychosocial interventions. A significant
decrease in health care use was also found among people with mental illness. As people with mental
illnesses can experience poor social well-being due to isolation and perceived stigma,&6-88
psychosocial interventions may provide much-needed social support for this group. Our subgroup
analysis also found that interventions conducted in China and the US showed significant decreases in
postintervention health care use, possibly due to differences in measurements or sample sizes.®°
However, some of these differences may reflect country-specific variations in standards of care,
service availability, health professional capacity, and cultural differences in health-seeking

Figure 5. Pooled 95% Cl Standardized Mean Difference of the Association of Psychosocial Interventions
With Loneliness

Favors : Favors i
Study SMD (95% CI) treatment : control Weight, %
Blancafort Alias et al,26 2021 0.24 (0.03 to 0.45) — 39.67
Franse et al,’0 2018 -0.14 (-0.23 to -0.05) . 46.18
Hudson et al,40 2012 0.32(-0.38t01.02) 14.15 ) . .
Random-effects summary estimate 0,08 (-0.24 to 0.39) — 100 Since multilevel meta-analyses included several effect
Q=12.19; df=2; P=0.002 estimates from each study, studies may be listed more
than once for each analysis. Dots indicate estimates;
-0.5 0 0.5 1.0 1.5 whiskers, 95% Cls; diamond, summary estimate; SMD,
SMD (95% Cl) standardized mean difference.
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practices.®©-9? We found that in interventions delivered by health professionals, there was a
significant decrease in postintervention health care use. Health care professionals are often
perceived as trusted sources of information and support, which may have contributed to more
favorable outcomes. This finding echoes previous observations regarding implementing social care
within health care settings®>°* and including health professionals in the delivery of psychosocial
interventions.®” Finally, the decrease in health care use was more pronounced in individual-based
interventions that included 1-on-1 activities. This finding highlights the importance of tailoring
psychosocial interventions according to patients’ needs, as applied in case and disease
management models.8>°°

Our analysis also found a significant increase in postintervention social support. Previous
studies found that loneliness and low social support were associated with more health care

utilization,'©-96-°”

although a rapid review did not find a consistent association between psychosocial
interventions and improvement in loneliness.” Likewise, our study found no association of
psychosocial interventions with loneliness, which is most likely due to the inconsistency in the results
and the lack of power. These findings highlight the complex and measure-specific nature of the

association between social well-being and health care utilization.’®

Limitations

This systematic review and meta-analysis has several limitations. First, the number of studies
included in the analysis and the small sample sizes limited the certainty about the effect sizes and our
ability to conduct multivariate analyses. Second, the use of ORs and SMDs is prone to measurement
bias and therefore may have contributed to bias in the pooled effect size. Furthermore, most studies
included in the SMD analysis reported means and SDs despite the underlying distributions being
nonparametric. However, assuming that the SMD distribution shape remained the same, the SMD
should provide a consistent estimate of the mean difference. In addition, synthesizing both ORs and
SMDs should provide stronger and more complete evidence than relying on 1 measure of effect only.
Third, the high level of heterogeneity among the studies may have contributed to the variability in
the outcomes. We addressed this by conducting subgroup analyses. Fourth, the regression test for
asymmetry indicated significant publication bias in the SMD meta-analysis, but since this analysis
showed no association, the inclusion of unpublished data is unlikely to change our results. Fifth,
relying on English abstracts may have led to the exclusion of eligible studies published in other
languages.

Conclusions

The findings of this systematic review and meta-analysis suggest that psychosocial interventions
were associated with improvements in patients’ social support and health care use, possibly through
increasing outpatient care while reducing the use of emergency and inpatient care. Our results also
suggest that interventions should be tailored to the needs of patients and include health
professionals as the deliverers. In addition, our findings about individual- and intervention-level
characteristics may inform the design and implementation of future psychosocial interventions by
providing information on the variables associated with intervention success. More randomized
clinical trials with longer-term follow-ups are needed to better understand the sustained
postintervention outcomes of health care use associated with psychosocial interventions.
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eTable 1. Population, Intervention, Comparison, and Outcome (PICO) Table of Study
Eligibility Criteria

P

Patient, population, problem

Participants from all population groups including healthy as well as clinical populations of all ages and genders.

Intervention, prognostic factor or exposure

Studies that investigated the effect of psychosocial interventions on participants’ health care utilisation patterns and
on levels of social wellbeing using a Randomised Control Trial (RCT) design. Psychosocial interventions were defined
as those who aim to improve social, using a range of techniques such as therapeutic individual/ group support, group

activities, peer support, community integration and physical activity.

Comparison

Interventions were compared to either standard care, an alternate intervention (e.g., individual activities, group

activity without the main therapeutic component, providing information and manuals, medications) or wait-listed
control.

Outcome
The primary outcomes were utilisation of health care services such as primary care, emergency care, inpatient

care/readmissions, and outpatient care. The secondary outcomes were social wellbeing measures such as social
support, social participation, social relationships, community support, social integration and loneliness.
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eTable 2. Study Search Strategy

Health care utilisation

Social wellbeing

Psychosocial interventions

Healthcare OR "health care™ OR "re-
admission*" OR admission* OR
"emergency department*" OR
"emergency room" OR
hospitalization* OR hospitalisation
OR "health service*" OR "general
practi*" OR "ambulatory care" OR
"urgent care” OR "physician* visit*"

OR "primary care"

lonel* OR "social* isolat™*"
OR "social* disconnect*" OR
"social support” OR "social
interaction*" OR "peer
support” OR "family support"
OR "social network*" OR
"social relationship*" OR
"emotional support” OR
"social problem*" OR "social

capital" OR psychosocial.

"support intervention*" OR "brief
intervention*" OR "group intervention*"
OR "group-based program*" OR "Care
Program*" OR "support program*" OR
"psychosocial intervention*" OR
"Multicomponent intervention*" OR
"Self-Help Group*" OR "Transitional
Care" OR "transitional intervention*"
OR "education* intervention*" OR
"follow-up care" OR "peer delivered
intervention*" OR "support group*" OR

"liaison service*".
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eTable 3. CINAHL Search Results

Thursday, May 13, 2021 10:39:38 AM

# Query Limiters/Expanders | Last Run Via Results
Ilg;rg;tr?czsersHl,JAn;)Zrlly Interface - EBSCOhost Research
S48 545 AND 546 equivalent subjects Databases 1,896
AND S47 Search modes - Search Screen - Advanced Search ’
Database - CINAHL Complete
Boolean/Phrase
S29 OR S30 OR
S31 OR S32 OR
S33 OR S34 OR | Expanders - Apply Interface - EBSCOhost Research
s47 S35 OR S36 OR | equivalent subjects Databases 45 436
S37 OR S38 OR | Search modes - Search Screen - Advanced Search ’
S39 OR S40 OR | Boolean/Phrase Database - CINAHL Complete
S41 OR S42 OR
S43 OR S44
S16 OR S17 OR
518 OR SI9OR Expanders - Apply Interface - EBSCOhost Research
520 OR 521 OR equivalent subjects Databases
s46  |S220RS230R | ) 175,402
Search modes - Search Screen - Advanced Search
524 OR 525 OR Boolean/Phrase Database - CINAHL Complete
S26 OR S27 OR
S28
S10R S2OR S3
OR S4OR S50R Expanders - Apply Interface - EBSCOhost Research
56 OR 57 OR S8 equivalent subjects Databases
s45 |ORS9ORsS10 | ) 573,412
Search modes - Search Screen - Advanced Search
ORSI1OR S12 Boolean/Phrase Database - CINAHL Complete
OR S130OR S14
OR S15
Expanders - Apply Interface - EBSCOhost Research
sa4 AB "liaison equivalent subjects Databases 326
service*" Search modes - Search Screen - Advanced Search
Boolean/Phrase Database - CINAHL Complete
(MH "Support Exp_anders - A|_oply Interface - EBSCOhost Research
s43 Groups”) OR AB equivalent subjects Databases 14,008
"SUPpOIt group™" Search modes - Search Screen - Advanced Search
Boolean/Phrase Database - CINAHL Complete
" Expanders - Apply Interface - EBSCOhost Research
AB "peer . )
sS40 delivered equivalent subjects Databases 15
intervention™" Search modes - Search Screen - Advanced Search
Boolean/Phrase Database - CINAHL Complete
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Expanders - Apply Interface - EBSCOhost Research
sa1 AB "follow up equivalent subjects Databases 2 460
care" Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
340 AB "education* | equivalent subjects Databases 8544
intervention*" Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
339 AB "transitional | equivalent subjects Databases 19
intervention*" Search modes - Search Screen - Advanced Search
Boolean/Phrase Database - CINAHL Complete
(MH E
N - xpanders - Apply Interface - EBSCOhost Research
338 CTraQS%%nil\B equivalent subjects Databases 2 795
"'?rrSnli tional Search modes - Search Screen - Advanced Search ’
Care” Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
537 AB "Self Help equivalent subjects Databases 742
Group*" Search modes - Search Screen - Advanced Search
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
AB . '
336 “Multicomponent equivalent subjects Databases 671
intervention*” Search modes - Search Screen - Advanced Search
Boolean/Phrase Database - CINAHL Complete
(MH ders- Apply | Interface - EBSCOhost Research
"Psychosocial Exp_anlers - Apply nterface - ost Researc
335 Intervention”) OR equivalent subjects Databases 3,011
AB "psychosocial Search modes - Search Screen - Advanced Search
. L Boolean/Phrase Database - CINAHL Complete
intervention
Expanders - Apply Interface - EBSCOhost Research
334 AB "support equivalent subjects Databases 2 461
program*" Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
333 AB "Care equivalent subjects Databases 5 650
Program*" Search modes - Search Screen - Advanced Search '
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
332 AB "group based | equivalent subjects Databases 106
program*" Search modes - Search Screen - Advanced Search
Boolean/Phrase Database - CINAHL Complete
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Expanders - Apply Interface - EBSCOhost Research
331 AB "group equivalent subjects Databases 2 635
intervention*" Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
330 AB "brief equivalent subjects Databases 2 562
intervention*" Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
529 AB "support equivalent subjects Databases 1520
intervention*" Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
(MH "Support, Expanders - Apply Interface - EBSCOhost Research
508 Psychosocial+") | equivalent subjects Databases 129.174
OR AB Search modes - Search Screen - Advanced Search ’
"psychosocial” Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
57 AB "social equivalent subjects Databases 9 587
capital” Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
326 AB "social equivalent subjects Databases 2993
problem*" Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
$o5 AB "emotional equivalent subjects Databases 4978
support” Search modes - Search Screen - Advanced Search '
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
$24 AB "social equivalent subjects Databases 3924
relationship*" Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
523 AB "social equivalent subjects Databases 10.678
network*" Search modes - Search Screen - Advanced Search '
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
522 AB "family equivalent subjects Databases 3903
support” Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
S21 AB "peer Expanders - Apply Interface - EBSCOhost Research 3,664
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support” equivalent subjects Databases
Search modes - Search Screen - Advanced Search
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
520 AB "social equivalent subjects Databases 6.396
interaction*" Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
319 AB "social equivalent subjects Databases 25 924
support” Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
s18 AB "social* equivalent subjects Databases 88
disconnect*" Search modes - Search Screen - Advanced Search
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
(MH equivalent subjects Databases
S17 "Loneliness”) OR h mod h q q h 7,248
AB "lonel*" Search modes - Search Screen - Advanced Searc
Boolean/Phrase Database - CINAHL Complete
(MH "Social Expanders - Apply Interface - EBSCOhost Research
s16 Isolation+") OR | equivalent subjects Databases 15.951
AB "social* Search modes - Search Screen - Advanced Search ’
isolat*" Boolean/Phrase Database - CINAHL Complete
(MH "Primary Expanders - Apply Interface - EBSCOhost Research
s15 Health Care") OR | equivalent subjects Databases 99.946
AB "primary Search modes - Search Screen - Advanced Search ’
care"” Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
s14 AB "physician* | equivalent subjects Databases 1597
visit*" Search modes - Search Screen - Advanced Search '
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
" . | equivalent subjects Databases
S13 AB “urgent care Search modes - Search Screen - Advanced Search 1,437
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
s12 AB "ambulatory | equivalent subjects Databases 3218
care" Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
AB "general Expanders - Apply Interface - EBSCOhost Research
S11 ha : . 26,807
practi* equivalent subjects Databases
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Search modes - Search Screen - Advanced Search
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
310 (MH "Health equivalent subjects Databases 14086
Services") Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
s9 AB "health equivalent subjects Databases 60.164
service*" Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
S8 AB equivalent subjects Databases 6.106
"hospitalisation*" | Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
57 AB equivalent subjects Databases 50,952
"hospitalization*" | Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
6 AB "emergency | equivalent subjects Databases 5 548
room" Search modes - Search Screen - Advanced Search ’
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
S5 AB "emergency | equivalent subjects Databases 47 815
department*" Search modes - Search Screen - Advanced Search '
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
madeiens o 5n | €Quivalent subjects Databases
S4 AB "admission Search modes - Search Screen - Advanced Search 77,401
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
s3 AB "re- equivalent subjects Databases 899
admission*" Search modes - Search Screen - Advanced Search
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
" . | equivalent subjects Databases
52 AB "healthcare Search modes - Search Screen - Advanced Search 135,531
Boolean/Phrase Database - CINAHL Complete
Expanders - Apply Interface - EBSCOhost Research
S1 AB "health care” | equivalent subjects Databases 176,976
Search modes - Search Screen - Advanced Search
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Boolean/Phrase Database - CINAHL Complete

Bottom of Form

eTable 4. Cochrane Search Results
Search Name: 13-5-21 search

Date Run: 13/05/2021 15:54:17

ID Search Hits

#1 (healthcare):ti,ab,kw in Cochrane Reviews, Trials 21555

#2 ("health care™):ti,ab,kw in Cochrane Reviews, Trials60101

#3 ("re-admission*"):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 771

#4 (admission*):ti,ab,kw (Word variations have been searched) in Cochrane Reviews,
Trials 31651

#5 ("emergency department*"):ti,ab,kw (Word variations have been searched) in
Cochrane Reviews, Trials 10945

#6 ("emergency room*"):ti,ab,kw in Cochrane Reviews, Trials 2109

#7 (hospitalization®*):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 40791

#8 ("health service*"):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 20082

#9 ("general practice"):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 6323

#10  (“"general practitioner”):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 7274

#11  ("ambulatory care"):ti,ab,kw in Cochrane Reviews, Trials 4809

#12  ("urgent care™):ti,ab,kw in Cochrane Reviews, Trials 346

#13  ("physician* visit*"):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 531

#14  MeSH descriptor: [Health Services] this term only 452

#15  ("primary care™):ti,ab,kw in Cochrane Reviews, Trials 18852

#16  MeSH descriptor: [Physicians] explode all trees 2093

#17  MeSH descriptor: [Primary Health Care] explode all trees 7508
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#18  MeSH descriptor: [Social Isolation] explode all trees 301

#19  (social isolation):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 1568

#20  (lonel*):ti,ab,kw (Word variations have been searched) in Cochrane Reviews, Trials
780

#21  MeSH descriptor: [Social Isolation] explode all trees 301

#22  ("social support™):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 8345

#23  ("social interaction*"):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 3576

#24  ("peer support™):ti,ab,kw (Word variations have been searched) in Cochrane Reviews,
Trials 1277

#25  ("family support™):ti,ab,kw in Cochrane Reviews, Trials 586

#26  ("social network*"):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 1665

#27  ("social relationship*"):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 499

#28  (“emotional support™):ti,ab,kw in Cochrane Reviews, Trials 624

#29  ("social problems*"):ti,ab,kw in Cochrane Reviews, Trials 350

#30  (psychosocial):ti,ab,kw in Cochrane Reviews, Trials16174

#31  ("social capital™):ti,ab,kw in Cochrane Reviews, Trials 122

#32  (“"support intervention*"):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 1617

#33  ("brief intervention*"):ti,ab,kw in Cochrane Reviews, Trials 2077

#34  ("group intervention*"):ti,ab,kw in Cochrane Reviews, Trials 5057

#35  (“"group based program*"):ti,ab,kw in Cochrane Reviews, Trials 79

#36  ("Care Program*"):ti,ab,kw in Cochrane Reviews, Trials 1863

#37  ("support program*"):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 1241

#38  ("psychosocial intervention*"):ti,ab,kw in Cochrane Reviews, Trials 1193

244




#39  MeSH descriptor: [Psychosocial Intervention] explode all trees 23

#40  ("Multicomponent intervention*"):ti,ab,kw (Word variations have been searched) in
Cochrane Reviews, Trials 877

#41  ("Self-Help Group*"):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 908

#42  ("transitional intervention*"):ti,ab,kw in Cochrane Reviews, Trials 12

#43  ("education intervention*"):ti,ab,kw (Word variations have been searched) in
Cochrane Reviews, Trials 6480

#44  ("follow-up care"):ti,ab,kw in Cochrane Reviews, Trials 706

#45  ("peer delivered intervention*"):ti,ab,kw in Cochrane Reviews, Trials 15

#46  (“"support group*"):ti,ab,kw (Word variations have been searched) in Cochrane
Reviews, Trials 2111

#47  ("liaison service*"):ti,ab,kw in Cochrane Reviews, Trials 49

#48  #1 #2 or #3 or #4 or #5 or #6 #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15
or #16 or #17 94297

#49  #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or
#30 or #31 30568

#50  #32 or #33 or # 35 or #35 or #36 or #37 or #38 or #39 or #40 or #41 or #42 or #43 or
#44 or #45 or #46 or #47 162590

#51  #48 and #49 and #50 1321

#52  ("Psychosocial Group*"):ti,ab,kw in Cochrane Reviews, Trials 96

#53  #50o0r#52 162659

#54  #48 and #49 and #53 1328
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Search Name: Cochrane update

Last Saved: 01/12/2022 11:04:40

Comment:
ID | Search
#1 | (healthcare):ti,ab,kw

#2 | ("health care"):ti,ab,kw

#3 | ("re-admission*"):ti,ab,kw (Word variations have been searched)

#4 | (admission*):ti,ab,kw (Word variations have been searched)

#5 | ("emergency department*"):ti,ab,kw (Word variations have been searched)
#6 | ("emergency room*"):ti,ab,kw

#7 | (hospitalization*®):ti,ab,kw (Word variations have been searched)

#8 | ("health service*"):ti,ab,kw (Word variations have been searched)

#9 | ("general practice"):ti,ab,kw (Word variations have been searched)
#10 | ("general practitioner”):ti,ab,kw (Word variations have been searched)
#11 | ("ambulatory care"):ti,ab,kw

#12 | ("urgent care™):ti,ab,kw

#13 | ("physician* visit*"):ti,ab,kw (Word variations have been searched)
#14 | MeSH descriptor: [Health Services] this term only

#15 | ("primary care"):ti,ab,kw

#16 | MeSH descriptor: [Physicians] explode all trees

#17 | MeSH descriptor: [Primary Health Care] explode all trees

#18 | MeSH descriptor: [Social Isolation] explode all trees

#19 | (social isolation):ti,ab,kw (Word variations have been searched)

#20 | (lonel*):ti,ab,kw (Word variations have been searched)

#21 | ("social support™):ti,ab,kw (Word variations have been searched)

#22 | ("social interaction*"):ti,ab,kw (Word variations have been searched)
#23 | ("peer support"):ti,ab,kw (Word variations have been searched)

#24 | ("family support™):ti,ab,kw

#25 | ("social network*"):ti,ab,kw (Word variations have been searched)
#26 | ("social relationship*"):ti,ab,kw (Word variations have been searched)
#27 | ("emotional support™):ti,ab,kw

#28 | ("social problems*"):ti,ab,kw

#29 | (psychosocial):ti,ab,kw

#30 | ("social capital™):ti,ab,kw

#31 | ("support intervention*"):ti,ab,kw (Word variations have been searched)
#32 | ("brief intervention*"):ti,ab,kw

#33 | ("group intervention*"):ti,ab,kw

#34 | ("group based program*"):ti,ab,kw

#35 | ("Care Program*"):ti,ab,kw

#36 | (“"support program*"):ti,ab,kw (Word variations have been searched)
#37 | ("psychosocial intervention*"):ti,ab,kw

#38 | MeSH descriptor: [Psychosocial Intervention] explode all trees

#39 | ("Multicomponent intervention*"):ti,ab,kw (Word variations have been searched)
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#40

("Self-Help Group**):ti,ab,kw (Word variations have been searched)

#41

("transitional intervention*"):ti,ab,kw

#42

("education intervention*"):ti,ab,kw (Word variations have been searched)

#43

("follow-up care"):ti,ab,kw

#44

("peer delivered intervention*"):ti,ab,kw

#45

("support group**):ti,ab,kw

#46

("liaison service*"):ti,ab,kw

#47

("Psychosacial Group™"):ti,ab,kw

#48

#1 #2 or #3 or #4 or #5 or #6 #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or
#17

#49

#18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #30

#50

#31 or #32 or #33 or # 35 or #35 or #36 or #37 or #38 or #39 or #40 or #41 or #42 or #43 or
#44 or #45 or #46 or #47

#51

#48 and #49 and #50 with Cochrane Library publication date Between May 2021 and Dec 2022,
in Cochrane Reviews, Trials
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eTable 5. Embase Search Results

Database: Embase Classic <1947 to 1973>, Embase <1974 to 2021 May 12>
Search Strategy:

1 healthcare.ti,ab. (387663)

2 "health care".ti,ab. (465341)

3 "re-admission*".ti,ab. (5862)

4 admission*.ti,ab. (422158)

5 "emergency department*".ti,ab. (155466)

6 "emergency room".ti,ab. (34498)

7 hospitali#ation*.ti,ab. (300864)

8 "health service*".ti,ab. (143650)

9 "general practi*".ti,ab. (109279)

10 "ambulatory care".ti,ab. (12607)

11  “urgent care™.ti,ab. (3984)

12 "physician* visit*".ti,ab. or Health Services/ (167143)
13  Social Isolation/ or Loneliness/ or lonel*.ti,ab. (37906)
14 “social* isolat*".ti,ab. (12534)

15 "social* disconnect*".ti,ab. (198)

16  "social support™.ti,ab. or Social Support/ (109555)

17  “social interaction*".ti,ab. (27181)

18 "peer support".ti,ab. (6943)

19 “family support".ti,ab. (8024)

20  "social network*".ti,ab. (22566)

21  "social relationship*".ti,ab. (8832)

22 "emotional support”.ti,ab. (9032)

23 "social problem*".ti,ab. (11632)

24 “support intervention*".ti,ab. (3323)

25  "brief intervention*".ti,ab. (5691)

26  "group intervention*".ti,ab. (6208)

27  "social capital".ti,ab. (4155)

28  "group based program*".ti,ab. (218)

29 "Care Program*".ti,ab. (16651)

30  (support adj2 program¥*).ti,ab. (10650)

31 "primary care physician™.ti,ab. or Physicians, Primary Care/ (114259)
32 psychosocial.ti,ab. (138715)

33 "psychosocial intervention™.ti,ab. or Psychosocial Intervention/ (2936)
34 13orl4orl5o0rl16o0rl17or18or19or20or2lor22or23or27 or 32 (341682)
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35

(Multicomponent adj2 intervention*).ti,ab. (1648)

36  "Self-Help Group*".ti,ab. (2364)

37 Transitional Care/ or "transitional intervention*".ti,ab. (3688)

38  "education intervention*".ti,ab. (4518)

39 24 0r25o0r26o0r28or29or30or33or35or36or37or38 (56471)

40 "follow-up care".ti,ab. (7727)

41 39 or 40 (63969)

42  "peer delivered intervention*".ti,ab. (39)

43 41 or 42 (64001)

44  Support Groups/ or "support group*".ti,ab. (12173)
45 43 or 44 (74959)

46  "liaison service*".ti,ab. (1832)

47 45 or 46 (76747)

48 lor2or3ordor5or6or7or8or9orl0orllorl2or31(1867401)
49 34 and 47 and 48 (4359)

50 limit 49 to humans (4108)

Embase Classic <1947 to 1973>
Embase <1974 to 2022 November 30>

1 healthcare.ti,ab. 470347
2 "health care".ti,ab. 509070
3 "re-admission*".ti,ab. 6798

4 admission*.ti,ab. 481845
5 "emergency department*".ti,ab. 180175
6 "emergency room".ti,ab. 39117
7 hospitali#ation™*.ti,ab. 351309
8 "health service*" ti,ab. 158935
9 "general practi*".ti,ab. 114689
10 "ambulatory care".ti,ab. 13614
11 ""urgent care".ti,ab. 4857
12 "physician* visit*" ti,ab. or Health Services/ 174748
13 Social Isolation/ or Loneliness/ or lonel* ti,ab. 45202
14 "social* isolat*".ti,ab. 15912
15 "social* disconnect™" ti,ab. 288

16 "social support".ti,ab. or Social Support/ 122087
17 "social interaction*".ti,ab. 31122
18 "peer support".ti,ab. 8627
19 "family support".ti,ab. 9219
20 "social network*" ti,ab. 26260
21 ""social relationship*".ti,ab. 10052
22 "emotional support".ti,ab. 10458
23 ""social problem** .ti,ab. 12378
24 ""support intervention*".ti,ab. 3977
25 "brief intervention*" ti,ab. 6271
26 "'group intervention*".ti,ab. 6901
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27 "social capital".ti,ab. 4827

28 "group based program*"'.ti,ab. 252

29 "Care Program™>"ti,ab. 18163

30 (support adj2 program*).ti,ab. 12456

31 "primary care physician".ti,ab. or Physicians, Primary 122056
Care/

32 psychosocial.ti,ab. 153351

33 "psychosocial intervention".ti,ab. or Psychosocial 4141
Intervention/

34 13o0rl14or150rl160orl17o0r18or19or20or2lor22 | 385235
or 23 or 27 or 32

35 (Multicomponent adj2 intervention®).ti,ab. 2051

36 "Self-Help Group™".ti,ab. 2439

37 Transitional Care/ or "transitional intervention*".ti,ab. 4881

38 "education intervention*".ti,ab. 5238

39 24 0or250r 26 or 28 or 29 or 30 or 33 or 35 0or 36 or 37 | 65042
or 38

40 "follow-up care".ti,ab. 8793

41 39 or 40 73573

42 "peer delivered intervention*" ti,ab. 47

43 41 or 42 73612

44 Support Groups/ or "'support group™".ti,ab. 13507

45 43 or 44 85775

46 "liaison service*".ti,ab. 2113

47 45 or 46 87832

48 lor2or3ordor5or6or7or8or9orl0orllorl2 | 2105865
or 31

49 34 and 47 and 48 5258

50 limit 49 to (human and yr="2021 -Current") 1090
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eTable 6. Medline Search Results

Database: Ovid MEDLINE(R) ALL <1946 to May 12, 2021>
Search Strategy:

1 healthcare.ti,ab. (241421)

2 "health care".ti,ab. (363393)

3 "re-admission*".ti,ab. (2298)

4 admission*.ti,ab. (236552)

5 "emergency department*".ti,ab. (101017)

6 "emergency room".ti,ab. (19077)

7 hospitali#ation*.ti,ab. (173689)

8 "health service*".ti,ab. (115631)

9 "general practi*".ti,ab. (83153)

10 "ambulatory care".ti,ab. (9393)

11  “urgent care™.ti,ab. (2429)

12 "physician* visit*".ti,ab. or Health Services/ (28654)
13  Social Isolation/ or Loneliness/ or lonel*.ti,ab. (22920)
14 “social* isolat*".ti,ab. (9243)

15 "social* disconnect*".ti,ab. (162)

16  "social support".ti,ab. or Social Support/ (93356)

17  “social interaction*".ti,ab. (21694)

18 “peer support.ti,ab. (4838)

19 “"family support".ti,ab. (5776)

20  "social network*".ti,ab. (18841)

21  "social relationship*".ti,ab. (6783)

22 "emotional support”.ti,ab. (6566)

23 "social problem*".ti,ab. (8366)

24 “support intervention*".ti,ab. (2545)

25  "brief intervention*".ti,ab. (4232)

26  "group intervention*".ti,ab. (3594)

27  "social capital.ti,ab. (3879)

28 "group based program*".ti,ab. (156)

29  "Care Program*".ti,ab. (12258)

30 (support adj2 program*).ti,ab. (7672)

31 "primary care physician™.ti,ab. or Physicians, Primary Care/ (9596)
32 psychosocial.ti,ab. (100299)

33 "psychosocial intervention™.ti,ab. or Psychosocial Intervention/ (2008)
34 13orl4orl50rl16o0rl17or18or19or20or2lor22or23or27 or 32 (258905)
35 (Multicomponent adj2 intervention*).ti,ab. (1488)
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36  "Self-Help Group*".ti,ab. (1705)

37  Transitional Care/ or "transitional intervention*".ti,ab. (927)

38  "education intervention*".ti,ab. (3347)

39 24 0r25o0r26o0r28or29or30or33or35or 36 or 37 or 38 (39025)
40 "follow-up care".ti,ab. (4980)

41 39 or 40 (43882)

42 "peer delivered intervention*".ti,ab. (37)

43 41 or 42 (43915)

44 Support Groups/ or "support group*".ti,ab. (14930)
45 43 or 44 (56883)

46  "liaison service*".ti,ab. (963)

47 45 o0r 46 (57823)

48

lor2or3ordor5or6or7or8or9orl0orllorl2or3l(1169975)

49

34 and 47 and 48 (2850)

50

limit 49 to humans (2392)

Ovid MEDLINE(R) ALL <1946 to November 29, 2022>

1 healthcare.ti,ab. 303752
2 "health care".ti,ab. 402595
3 "re-admission*".ti,ab. 2665

4 admission*.ti,ab. 271514
5 "emergency department*".ti,ab. 117922
6 "emergency room".ti,ab. 21412
7 hospitali#ation™*.ti,ab. 205033
8 "health service*".ti,ab. 129155
9 "general practi*".ti,ab. 88399
10 "ambulatory care".ti,ab. 10125
11 "urgent care".ti,ab. 2945
12 "physician* visit*".ti,ab. or Health Services/ 30664
13 Social Isolation/ or Loneliness/ or lonel*.ti,ab. 27179
14 "social* isolat*".ti,ab. 11993
15 "social* disconnect*".ti,ab. 249

16 "social support”.ti,ab. or Social Support/ 102293
17 "social interaction*".ti,ab. 25531
18 "peer support".ti,ab. 6175
19 "family support.ti,ab. 6790
20 "social network™>".ti,ab. 22721
21 "social relationship*".ti,ab. 8031
22 "emotional support".ti,ab. 7783
23 "social problem*" ti,ab. 9125
24 ""support intervention*".ti,ab. 3124
25 "brief intervention*".ti,ab. 4722
26 "group intervention*"".ti,ab. 4148
27 "social capital".ti,ab. 4717
28 "group based program*".ti,ab. 189
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29 "Care Program™".ti,ab. 13476
30 (support adj2 program*).ti,ab. 9147
31 "primary care physician".ti,ab. or Physicians, Primary Care/ 10476
32 psychosocial.ti,ab. 112801
33 "psychosocial intervention".ti,ab. or Psychosacial Intervention/ | 2817
34 13o0r14or150r16 or17 or 18 or 19 or 20 or 21 or 22 or 23 or | 294963
27 or 32
35 (Multicomponent adj2 intervention®*).ti,ab. 1869
36 "Self-Help Group™*".ti,ab. 1810
37 Transitional Care/ or "transitional intervention*".ti,ab. 1221
38 "education intervention*".ti,ab. 3949
39 24 or 25 or 26 or 28 or 29 or 30 or 33 or 35 or 36 or 37 or 38 45340
40 "follow-up care".ti,ab. 5708
41 39 or 40 50907
42 "peer delivered intervention*".ti,ab. 44
43 41 or 42 50945
44 Support Groups/ or "support group*".ti,ab. 15873
45 43 or 44 64731
46 "liaison service*" ti,ab. 1090
47 45 or 46 65794
48 lor2or3ordor5or6or7or8or9orl0orllorl2or3l 1342007
49 34 and 47 and 48 3416
50 limit 49 to (human and yr="2021 -Current") 512
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eTable 7. PsycInfo Search Results

Database: APA Psycinfo <1806 to May Week 1 2021>
Search Strategy:

1 healthcare.ti,ab. (47592)

2 "health care".ti,ab. (98809)

3 "re-admission*".ti,ab. (235)

4 admission*.ti,ab. (38649)

5 "emergency department*".ti,ab. (9255)

6 "emergency room".ti,ab. (3392)

7 hospitali#ation*.ti,ab. (27965)

8 "health service*".ti,ab. (48648)

9 "general practi*".ti,ab. (13209)

10 "ambulatory care".ti,ab. (1109)

11  "urgent care™.ti,ab. (319)

12 "physician* visit*".ti,ab. or Health Services/ (790)

13  Social Isolation/ or Loneliness/ or lonel*.ti,ab. (18839)
14 “social* isolat*".ti,ab. (8435)

15 "social* disconnect*".ti,ab. (207)

16  "social support".ti,ab. or Social Support/ (62943)

17  “social interaction*".ti,ab. (31787)

18 "peer support".ti,ab. (4480)

19 “family support".ti,ab. (6519)

20  "social network*".ti,ab. (26040)

21  "social relationship*>".ti,ab. (11856)

22 "emotional support”.ti,ab. (7089)

23 "social problem*".ti,ab. (10998)

24 “support intervention*".ti,ab. (1474)

25  "brief intervention*".ti,ab. (3619)

26  "group intervention*".ti,ab. (4536)

27  "social capital.ti,ab. (8090)

28  "group based program*".ti,ab. (106)

29  "Care Program*".ti,ab. (4112)

30 (support adj2 program*).ti,ab. (6000)

31 “primary care physician".ti,ab. or Physicians, Primary Care/ (1234)
32 psychosocial.ti,ab. (83959)

33  "psychosocial intervention™.ti,ab. or Psychosocial Intervention/ (1815)
34 13orl4orl5o0rl16o0rl17or18orl19or20or2lor22or23or27 or 32 (244612)
35 (Multicomponent adj2 intervention*).ti,ab. (741)
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36  "Self-Help Group*".ti,ab. (1895)

37 Transitional Care/ or "transitional intervention*".ti,ab. (22)

38 "education intervention*".ti,ab. (1806)

39 24 0r25o0r 26 or 28 or 29 or 30 or 33 or35or 36 or 37 or 38 (25542)
40  "follow-up care".ti,ab. (1109)

41 39 or 40 (26608)

42  "peer delivered intervention*".ti,ab. (29)

43 41 or 42 (26635)

44 Support Groups/ or "support group*".ti,ab. (9597)
45 43 or 44 (34866)

46  "liaison service*".ti,ab. (556)

47 45 o0r 46 (35411)

48

lor2or3ordor5or6or7or8or9orl0orllorl2or31(248274)

49

34 and 47 and 48 (1433)

50

limit 49 to human (1374)

APA PsyclInfo <1806 to November Week 3 2022>

1 healthcare.ti,ab. 57679
2 "health care".ti,ab. 107254
3 "re-admission*".ti,ab. 257

4 admission*.ti,ab. 41072
5 "emergency department*".ti,ab. 10507
6 "emergency room".ti,ab. 3616
7 hospitali#ation™*.ti,ab. 30165
8 "health service*".ti,ab. 53487
9 "general practi*".ti,ab. 13822
10 "ambulatory care".ti,ab. 1176
11 "urgent care".ti,ab. 369
12 "physician* visit*" ti,ab. or Health Services/ 830
13 Social Isolation/ or Loneliness/ or lonel*.ti,ab. 21631
14 "social* isolat*" ti,ab. 9886
15 "social* disconnect™*" ti,ab. 277
16 "social support".ti,ab. or Social Support/ 68983
17 "social interaction™".ti,ab. 34790
18 "peer support".ti,ab. 5270
19 "family support".ti,ab. 7134
20 "social network*" ti,ab. 28809
21 "social relationship*".ti,ab. 12912
22 "emotional support".ti,ab. 7898
23 "social problem*" ti,ab. 11579
24 ""support intervention*"ti,ab. 1711
25 "brief intervention*"ti,ab. 3967
26 ""group intervention*"'.ti,ab. 4950
27 "social capital".ti,ab. 8867
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28 "group based program*".ti,ab. 129
29 "Care Program™*".ti,ab. 4382
30 (support adj2 program®).ti,ab. 6725
31 "primary care physician".ti,ab. or Physicians, Primary Care/ 1282
32 psychosocial.ti,ab. 90510
33 "psychosocial intervention".ti,ab. or Psychosacial Intervention/ 1971
34 13 or14o0r150r160or17 or 18 or 19 or 20 or 21 or 22 or 23 or 27 or 32 | 267169
35 (Multicomponent adj2 intervention®*).ti,ab. 869
36 "Self-Help Group™*".ti,ab. 1960
37 Transitional Care/ or "transitional intervention*".ti,ab. 23

38 "education intervention*".ti,ab. 1992
39 24 or 25 or 26 or 28 or 29 or 30 or 33 or 35 or 36 or 37 or 38 28030
40 "follow-up care".ti,ab. 1236
41 39 or 40 29219
42 "peer delivered intervention*".ti,ab. 34

43 41 or 42 29251
44 Support Groups/ or "support group™".ti,ab. 10106
45 43 or 44 37937
46 "liaison service*".ti,ab. 585
47 45 or 46 38510
48 lor2or3ordor5or6or7or8or9orl0orl1lorl2or3l 273435
49 34 and 47 and 48 1643
50 limit 49 to (human and yr="2021 -Current") 149
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eTable 8. Scopus Search Results

ID

Name

Query

Documents

Date last run

result#7

title
search

(TITLE ( healthcare OR "health care™ OR "re-

admission*" OR admission* OR "emergency

department*" OR "emergency

room” OR hospitalization* OR hospitalisation OR "health
service*" OR "general practi*" OR "ambulatory care” OR "urgent
care” OR "physician* visit*" OR "primary

care”) AND TITLE (lonel* OR "social* isolat*" OR "social*
disconnect*” OR "social support” OR "social

interaction*" OR "peer support" OR "family support” OR "social
network*" OR "social relationship*" OR "emotional

support” OR "social problem*" OR ™"social

capital” OR psychosocial ) AND TITLE ( "support
intervention*" OR "brief intervention*" OR "group
intervention*" OR "group-based program*" OR "Care
Program*" OR "support program*" OR "psychosocial
intervention*" OR "Multicomponent intervention*" OR "Self-Help
Group*" OR "Transitional Care” OR "transitional

intervention*" OR "education* intervention*" OR "follow-up
care” OR "peer delivered intervention*" OR "support

group*" OR "liaison service*" ) )

View Less_

 Edit query

71

17 May
2021

result#6

AB
search
any
year-
2013

( ABS (‘healthcare OR "health care™ OR "re-

admission*" OR admission* OR "emergency

department*" OR "emergency

room"™ OR hospitalization* OR hospitalisation OR "health
service*" OR "general practi*" OR "ambulatory care” OR "urgent
care” OR "physician* visit*" OR "primary

care” ) AND ABS (lonel* OR "social* isolat*" OR "social*
disconnect*" OR "social support” OR "social

interaction*" OR "peer support” OR "family support” OR "social
network*" OR "social relationship*" OR "emotional

support” OR "social problem*" OR "social

capital” OR psychosocial ) AND ABS ( "support

intervention*" OR "brief intervention*" OR "group
intervention*" OR "group-based program*" OR "Care
Program*" OR "support program*" OR "psychosocial
intervention*" OR "Multicomponent intervention*" OR "Self-Help
Group*" OR "Transitional Care" OR "transitional

intervention*" OR "education* intervention*" OR "follow-up
care” OR "peer delivered intervention*" OR "support

group*" OR "liaison service*")) AND PUBYEAR < 2014
View Less_

 Edit query

1,695

17 May
2021

result#3

AB
search

( ABS ( healthcare OR "health care™ OR "re-

admission*" OR admission* OR "emergency

1,758

17 May
2021
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Name

Query

Documents

Date last run

2014-
today

department*" OR "emergency

room” OR hospitalization* OR hospitalisation OR "health
service*" OR "general practi*" OR "ambulatory care” OR "urgent
care” OR "physician* visit*" OR "primary

care”) AND ABS (lonel* OR "social* isolat*" OR "social*
disconnect*" OR "social support” OR "social

interaction*" OR "peer support"” OR "family support” OR "social
network*" OR "social relationship*" OR "emotional

support” OR "social problem*" OR "social

capital” OR psychosocial ) AND ABS ( "support

intervention*" OR "brief intervention*" OR "group
intervention*" OR "group-based program*" OR "Care

Program*" OR "support program*" OR "psychosocial
intervention*" OR "Multicomponent intervention*" OR "Self-Help
Group*" OR "Transitional Care” OR "transitional

intervention*" OR "education* intervention*" OR "follow-up
care” OR "peer delivered intervention*" OR "support

group*" OR ™"liaison

service*")) AND PUBYEAR > 2013 AND PUBYEAR < 2022
View Less

_Edit query

result#2

search
ti-ab-
kw

( TITLE-ABS-KEY ( healthcare OR "health care”™ OR "re-
admission*" OR admission* OR "emergency

department*" OR "emergency

room" OR hospitalization* OR hospitalisation OR "health
service*" OR "general practi*" OR "ambulatory care” OR "urgent
care” OR "physician* visit*" OR "primary care”) AND TITLE-
ABS-KEY (lonel* OR "social* isolat*" OR "social*
disconnect*" OR "social support” OR "social

interaction*" OR "peer support” OR "family support” OR "social
network*" OR "social relationship*" OR "emotional

support” OR "social problem*" OR "social

capital” OR psychosocial ) AND TITLE-ABS-KEY ( "support
intervention*" OR "brief intervention*" OR "group
intervention*" OR "group-based program*" OR "Care
Program*" OR "support program*" OR "psychosocial
intervention*" OR "Multicomponent intervention*" OR "Self-Help
Group*" OR "Transitional Care" OR "transitional

intervention*" OR "education* intervention*" OR "follow-up
care” OR "peer delivered intervention*" OR "support

group*" OR "liaison service*")) AND (LIMIT-

TO (SUBJAREA, "MEDI") OR LIMIT-

TO (SUBJAREA, "NURS") OR LIMIT-

TO (SUBJAREA, "PSYC") OR LIMIT-

TO (SUBJAREA , "SOCI")) ... View More_

10,022

17 May
2021
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Combine queries...e.

. #1 AND NOT #3‘

ID|Name Query Documents|Date last
run
result#1iscopus update |( TITLE-ABS-KEY ( healthcare OR "health care” OR "re- 2,003/01 Dec
admission*" OR admission* OR “emergency 2022

department*" OR "emergency

room” OR hospitalization* OR hospitalisation OR "health
service*" OR "general practi*" OR "ambulatory

care” OR "urgent care” OR "physician*

visit*" OR "primary care" ) AND TITLE-ABS-
KEY ( lonel* OR "social* isolat*" OR "social*
disconnect*” OR "social support” OR "social
interaction*" OR "peer support” OR "family

support” OR "social network*" OR "social
relationship*" OR "emotional support” OR "social
problem*" OR "social

capital* OR psychosocial ) AND TITLE-ABS-

KEY ( "support intervention*" OR "brief

intervention*" OR "group intervention*" OR "group-based
program*" OR "Care Program*" OR "support
program*" OR "psychosocial

intervention*" OR "Multicomponent

intervention*" OR "Self-Help Group*" OR "Transitional
Care" OR "transitional intervention*" OR “education*
intervention*" OR "follow-up care™ OR "peer delivered
intervention*" OR "support group*" OR "liaison
service*")) AND PUBYEAR > 2020

View Less

 Edit query
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eTable 9. Summary Description of Randomized Clinical Trials Included in the Systematic Review (N = 41)

Follow-
Author, year Participants n Intervention Dosage Outcomes Social well-being instrument up
(months)
Community-dwellin 1=194 | I: Physical and social group activities Nurse, GP, ER, Social support (Social
Alias, 2021 g = C: Offered intervention at the end of the 3m (1 per 1w/ 2h) inpatient visits (health Pp 3,12
older adults Resources Inventory
164 study records)
Asbury, Women with cardiac 1=24 1: Support groups . 3 - .
2011 syndrome x C=25 C: Standard care 12m (1 per 1m/ 90 min) | Self-reported GP visits ENRICHD Social Support 6, 12
I =263 . . . .
. _ I: Individual support program 6m (3 phone calls, 1 Self-reported GP visits Social Support List—
Boter, 2004 | Stroke survivors 27:_3 C: Standard care home visit) and readmissions Discrepancies [SSL-D 6
. s _ I: Therapeutic self-help groups Patients’ re-
Bfggskremer \(,:v?trﬁ %lc\;]e;;s;)orwlgr?;;/lduals IC__G??l C: Standard care + offered intervention at 12m (1 per 2w) hospitalisations (health Number of social contacts 12
' P - the end of the study records)
Caregivers of stroke | =64 I: Indivi_dual psychoeducat_ional program 3m (_2 face-to_—face Stroke-related Social support questionnaire
Cheng, 2016 : _ C: Routine care - information leaflets on meetings, 6 bi-weekly e 3
survivors C=64 - - hospitalisations (SSQ-6)
stroke and pre-discharge advice phone calls)
. Caregivers of individuals | 1 =46 |- Multicomponent psychoeducational, case- 6m (1 per 2w (total = Duration of residential 1w, 6, 12,
Chien, 2010 with dementia C=146 management program 10)/ 2h) lacement SSQ6 18
B C: Routine family support services P
. s 11=45 | 11: Family-led mutual support group . Patients’ re-
Chien, 2013 \(,:v?trrt]egglc\;]ei;soor]rlgr(?;;/lduals 12=45 | 12: Psycho-education group 2;3 (14 group sessions / hospitalisations (health SSQ-6 %‘2’ 12,
P C=45 | C: Standard psychiatric care records)
o _ 11=36 11: Mindfulness-based psychoeducation gﬂigﬁggcgfmd
Chien, 2014 Individuals with mental 12=36 | 9OUP . : 3m (1 per 2w/ 2h) readmissions to SSQ-6 1w, 12,
illnesses _ 12: Conventional psychoeducation group L . 24
€=3 C: Standard psychiatric care psychiatric hospital
) psy (health records)
_ I: Mobile phone-based individual peer - Self-reported visits to
(230h13g22y, wgr?]r;im adolescent IC—_2119 support intervention gg:] t(;gg)lmum of 10 nurses, midwives, GP, SSQ-6 3
B C: Standard community support services ER & specialists
) 1=61 I: Telephone calls with peer supporters Self-reported visits to , .
Colella, 2018 Fnc:asr: coronary surgery = C: Usual care: discharge teaching and 6w (1 per 1w) GP, nurse, cardiologist, FuSnuCh Zs}lsc::r;f;?g:;sc;al 15,3
124 booklet, routine check-ups surgeon & ER PP
Constantino | Family violence shelter 1=13 I: Support groups 2m (1 per 1w/ 90 min) The Health Screening The Interpersonal Self 2
, 2005 residences C=11 | C: Free-flowing group chat sessions P Questionnaire Evaluation List (ISEL)
- : _ I: Educational self-management intervention : - : _—
Cui, 2019 In_lelduaIs with heart | —_48 C: One group education session and 12_m (1 per 4w/ 15-30 Readmissions (health The seh_‘ management ab_lllty 12
failure C=48 min) records) social support domain

information pamphlet
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Follow-

Author, year Participants n Intervention Dosage Outcomes Social well-being instrument up
(months)
I: Cognitive-behavioural group and home 2w of prevention
Individuals with mental =90 | care P . Number and duration of The Shaw-Denmark Social
Dush, 2001 . _ . . . —_ program and ongoing TR 2w
illnesses C=92 | C: Routine care: psychiatric follow-ups and hospitalisations Support Inventory
. . support
referrals to community mental health services
_ I: The Urban Health Centers Europe (UHCE)
Community-dwelling ! __986 approach- multicomponent intervention Sgl_f-reported_dogtor_ De Jong Gierveld loneliness
Franse, 2018 = . . o 12m visits & hospitalisation 12
older adults C: Usual care: access to existing care scale
858 - length
services
. . I: Multicomponent group intervention . The Health Education Impact
Garvey, Individuals with 1=26 . - . GP, nurse and hospital . . . -
2015 multimorbidity C=oa C: Offered intervention at the end of the 6we (1 per 1w /3h) VISIS (health records) Questlopnalre (HeiQ): Social 2
study integration and support scale
I: Individual and family counselling, support | 4m (two individual
Gaugler, Caregivers of individuals | 1 =54 group sessions, 3 family Residential care The Stokes Social Network 4,8,12,
2015 with dementia C =53 | C: Biannual newsletter and quarterly “check- | sessions, support groups | placements scale 18,2472
in” calls and counselling)
L . | =287 L . .
. Individuals with mental _ I: Individual peer support Readmissions (health The Social Contacts
Gillard, 2022 disorder 291 C: Standard care 4m (1 per 1w/ 1-1.5h) records) Assessment 4,12
11 =13 | I1: Group water clubs
S 12 =11 | 12: Individual activity focused on the benefits
Gleibs, 2011 Older adults residing in Cl= of water 2m (1 per 1w / 30 min) Number of GP calls Perceived social support 2
care . . . - (health records)
12 C1: Group discussions daily life
C2=9 | C2: One-on-one sessions on daily life
Goldberg, Individuals with mental 1=32 I: Self-management peer-support 3m (1 per 1w / 60-75 Use of emergency 18-item Self-Management- 35
2013 disorder C=31 | C: Standard care min) department services access to social support scale '
Individuals with =90 I: Ref_erra_1| facilitation to voluntary 1 assessment, 2-3 Number an_d cos_t of The Duke-UNC functional
Grant, 2000 sychosocial problems c=71 organisations follow-ups contacts with primary social support questionnaire 14
psy P B C: Standard care P healthcare pportq
Frequency of
Hengartner, | Individuals with mental | =76 I:.Ind|V|duaI Frans_monal mterventlo_n _ ) rea_dmls_smns, duration F-SozU K-14 perceived social
. _ C: usual care: assistance from a social 3m (tailored to patients) | of inpatient stays 3,12
2017 disorder C=75 L - . support
worker during inpatient according to medical
records
1=21 I: New Mothers Network program: online . Infants’ clinic visits, s . s
Hudson, 2012 Pregnant adolescent C=21 | psychological and informational resources 6m (re_sources available and ER visits (self- Revenson 3 and Schiaffino’s 1w, 6w,
women at all times) Social Support 3,6

C: Usual care: parenting instructions

reported)

2 Quarterly follow-up assessments during the first 12 months of participation and every 6 months thereafter for a minimum of 2 years or until the study ended, loss to follow up or death.
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Follow-

Author, year Participants n Intervention Dosage Outcomes Social well-being instrument up
(months)
- | = 49 I: Self-r(r;an;gement programme Udnplanned hoapitald |
. Patients with chronic C: Standard care admissions and medical
Jiang, 2021 heart failure ICZ__gg 12: Self-management programme + 6w (1 per 2w) consultations (health S5Q-6 6w, 3,6
- smartphone app records)
=83 I: Monthly individual visits and group Self-reported
Jones, 2013 Individuals with HIV 12 =77 sessions 3m (1 per 1m / 90min) increased/decreased SSQ-8 3,6
12: One-on-one sessions clinic visits
o _ =22 ilr.]tF;\?‘raﬁtjigﬁort-dellvered transitional 1w (172_meetings Rehospitalisations and
Kidd, 2021 lgﬂ:\zl(')%ﬁfn\i':th I2_= 41 | C: usual care: referral§ to outpatient case ggfﬁ:?ndé:ﬁghf rvgizii ?gﬁ) {ﬁzgﬁgzﬂaﬁtgﬁgﬁrgﬁﬁh 19-item Social Support Survey | 1,6
C =44 | management and services after discharge) database
12: 11 + 4 weekly visits (2h) after discharge
I: New home computer and 1-year
broadband subscription. Online grou .
. L . support, weekly dr%p-in sessionsgandpphone V'S't.s t.O a GP, nurse,
Lindsay, Individuals with 1=54 t] 9m specialist and other Social support questionnaire 6.9
2009 coronary heart disease C=54 su_ppor healthcare providers in octal supportq '
C: New home computer and 1-year the past month
broadband subscription. Weekly drop-in
sessions and phone support
Markle- Older home care clients 1=62 I: Proactive nursing health promotion 6m (minimum of 1 per Self-reported use of all Personal Resource 6
Reid, 2003 C=64 | C: Usual care: Home care services 1m/ 60 min) types of health services Questionnaire (PRQ-2000)
Community-dwelling _ - Self-reported costs of
Markle- older adults with | =47 I hosplta_l-to-home transitional care use of primary care,
Reid. 2021 multimorbidity and C=52 intervention 6m (1 per month) emergenc_:y_departme_nt PRQ-2000
' - : lists, hospital
depressive symptoms C: Standard care and specialists, hosp
days, other health
Morrell, Post-natal women ! _:311 I: Practical and emotional support 1m (up to 10 sessions/ GP contacts, hospital Duke social support 6w. 3.6
2000 312 C: Routine visits by the community midwife | 3h) services, NHS costs questionnaire ne
. L . 1 =124 | I: Self-Management co-led peer support .
Muralidhar InlelduaIs with mental _ C: Medical Ilness Education and non-peer Sm (1 per week/ 75 ER use (health records) 18-item Self_-Management- 3,6
an, 2019 disorder minutes) access to social support scale
118 support group
1 =503 I Support groups Self-reported contact
Reid, 2002 Primiparous women 50; C Self-help manual (PACK) 3m (1 per 1w/ 2h) with heglth SSQ-6 3,6
professionals
Roberts, Cgtrﬁglvergtpf individuals 1=29 I: Problem-Solving Counselling 6 t0 10 . Costs of primary caije, The Duke Social Support 6. 12
1999 with cognitive Cc=29 | ¢ Standard care m (up to 10 sessions) emergency room an questionnaire ,

impairment

specialists, hospital
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Follow-

Author, year Participants n Intervention Dosage Outcomes Social well-being instrument up
(months)
days and other health
professionals
Individual therapy: 3m
Roncella, Individuals with acute 1=49 I: Short-term psychotherapy (3-11 sessions/1h) Rehospitalisations Social Support Questionnaire 6. 12
2013 myocardial infarction C=45 | C: Cardiac rehabilitation Group therapy: 3m (5 (health records) PP '
sessions/ 2h)
Caregivers of I: Family Connect telephone intervention:
Shaw, 2016 | gastrointestinal cancer ! :_64 emotllonal and practical support for 2.5m (4 sessions) Report.ed_ ER & Caregiver Reaction Assessment | 3,6
. C =64 | caregivers readmissions
patients .
C: Usual care
. L . _ I: Individual peer-support : : ;
Simpson, |qd|V|duaIs with mental | __23 C: Care as usual from community mental 4w Client Service Receipt The UCLA loneliness scale 1,3
2014 disorder c=23 - Inventory
health services
Tarazona- Community-Dwelling |=51 | | Supervised-facility multicomponent 6m (5 per 1week/ ER and primary care The Duke Social Support
Santabalbin Frail older adults C=4g | EXerCIse program 65min) visits uestionnaire 6
a, 2016 B C: Regular primary care program g
. L . _ I: Brief psychoeducation group for patients .
Valencia, Individuals with 1=90 e o WHOQOL-BREF- social
2020 schizophrenia C=86 an.d fanilies 1m (1 per week/ 2h) Hospitalisations domain 12
C: Standard care
_ I: SPRY program |nterd|s§;|plmary Self-reported hospital/
Van . . 1 =139 | multicomponent intervention . . . .

. Community-dwelling _ . . . 6 months (11 meetings/ | nursing home De Jong Gierveld loneliness
Lieshout, re-frail older adults = C: Health and welfare services as usual; 1-2.5h) admissions & primar scale 3,12
2018 P 142 Invitation for the program after the study ' - P y

care visits
ended
VanLieshout | Individuals with post- = I: Group cognitive behavioural therapy Self-reported mental
np T C: Standard care including PPD services 9w (1 per week/ 2h) portedr The Social Provisions Scale 2,6
, 2022 partum depression (PPD) | C = healthcare visits
such as psychotherapy
=183
I 12= I: Supportive listening visits Self-reported GP, nurse, .
\2/\é6g49|ns, Post-natal at-risk women | 184 12: Community Group Support 12m (1 visit per 1m) ER visits & The Du::stsigﬁlna;irseupport 12,18
C= C: 1 NHS health visiting and clinic support hospitalisations 4
184
. . _ I: Hospital-based psychosocial intervention- 100 enni
Yang, 2005 Individuals with . ! __60 group and individual activities 3m (daily) Readmissions WH.O QQL 100- social 6, 12,24
recurrent depression C=61 relationships component

C: Antidepressants

Abbreviations: I: Intervention group, C: Control group, GP: General practitioner, ER: emergency room, min: minutes, h: hours, w: weeks, m: months
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eTable 10. Grading of Recommendations Assessment, Development and Evaluation
(GRADE) Evidence Profile

Outcome  Neof Study Risk Inconsisten Indirectn Imprecisi Other Overall
studie  desig of cy 2 ess 3 on* consideratio  certainty
S n bias ! ns
HCU- OR 41 RCT not serious 2 not not none 1110
seriou serious serious Moderate
S
HCU- OR 18 RCT not serious P not serious © none 1100
(long-term seriou serious Low
effect) S
HCU- 38 RCT not serious ? not serious © publication 1010
SMD seriou serious bias strongly O
S suspected ¢ Very low
HCU- 13 RCT not serious not very publication oO0O
SMD seriou serious serious ¢  bias strongly O
(long-term S suspected ¢ Very low
effect)
Social 33 RCT not serious 2 not not none S1510]@)
support- seriou serious serious Moderate
SMD s
Loneliness- 3 RCT seriou not serious? not serious © none 1-10]0)
SMD S¢® serious Low

Abbreviations: HCU: health care utilisation; OR: odds ratio; SMD: standardised mean
difference; RCT: randomised control trial

Explanations

412> 50% p < 0.05

12> 50% p > 0.05

¢ Confidence intervals include outcomes with different clinical meanings

d Egger regression test p < 0.05

¢ Equal or greater than 50% of studies' weights are 'high risk’

! Risk-of-bias: certainty was downgraded if more than 50% of the weights of individual trials in

each outcome assessed came from high-risk studies.

Z Inconsistency: based on the variability and heterogeneity across individual trials. Certainty was

downgraded if 12 > 50% and/or if the p-value of the heterogeneity test was < 0.05.

% Indirectness: assessed qualitatively by the extent to which the population, interventions, and

outcome measures directly reflect the aims of the systematic review.
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4 Imprecision: based on inspection of the pooled estimate and the 95% confidence interval
(95%Cls). Certainty was downgraded when 95%Cls included values that would have different
clinical implications.

® Publication bias: assessed by a funnel plot and an extension to Egger’s regression test.

Certainty downgraded when p < 0.05.
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eTable 11. Strength of Evidence (Bayes Factors) in the OR and SMD According to Health
Care Service

Random effect

*

(95%CI) Bayes Evidence of effect for Hi
OR Primary care 0.72 (0.52, 0.1.01) 3.62 Moderate
Inpatient 0.74 (0.54, 1.02) 3.22 Moderate
Outpatient 1.03 (0.72, 1.46) 0.40 Inconclusive
ER 0.64 (0.43, 0.96) 5.56 Moderate
Total health care 0.75 (0.59, 0.97) 5.63 Moderate
SMD  Primary care -0.02 (-0.22, 0.18) 0.38 Inconclusive
Inpatient length -0.35 (-0.61, -0.09) 12.03 Strong
Inpatient -0.23 (-0.47, 0.00) 3.35 Moderate
Outpatient 0.34 (0.05, 0.62) 6.99 Moderate
Total health care -0.10 (-0.29, 0.09) 0.84 Inconclusive
Social support 0.25 (0.04, 0.45) 7.21 Moderate

* Bayes factors determine how well the data are predicted by H; (the assumption that there is

intervention effect) relative to Ho (no intervention effect). 10< BFs < 30 indicates strong

evidence for an effect; 10 > BFs > 3 indicates moderate relative evidence for an effect; 3 <

BFs < 0.3 inconclusive evidence; and BF < 0.3 moderate evidence for no effect.

Abbreviations: OR: odds ratio; SMD: standardised mean difference; Cl: confidence interval
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eTable 12. Subgroup Analyses of Postintervention Health Care Utilization According to

Participant- and Intervention-Level Factors

SMD (95%Cl)

OR (95%Cl)

Participant characteristics

Age

Population group

Gender

Country

<30

30-60

>60

Caregivers
Chronic illness
Mental health
Older adults
Post-natal women
Violence
survivors

Men majority
Women majority
Australia

Canada

China

Columbia

Europe (including
the UK)

USA

Intervention characteristics

Intervention type

Components

Intervention delivery

Intervention length

Group
Individual
Single

Multi
Coordinators
Health
professionals
Peers

Short

(1-4 months)
Long

0.02 (-0.32, 0.35)
-0.34 (-0.72, 0.04)
0.00 (-0.30, 0.31)
-0.45 (-0.95, 0.05)
-0.01 (-0.42, 0.40)
-0.42 (-0.91, 0.07)
-0.10 (-0.48, 0.28)
0.15 (-0.16, 0.47)

-0.32 (-1.12, 0.49)

-0.26 (-0.63, 0.10)
-0.02 (-0.24, 0.20)

0.58 (0.19, 0.97)
-0.44 (-0.68, -0.20)

-0.07 (-0.22, 0.08)

-0.22 (-0.65, 0.21)

-0.13 (-0.33, 0.07)
0.00 (-0.28, 0.28)
-0.08 (-0.31, 0.16)
-0.14 (-0.48, 0.20)
-0.04 (-0.44, 0.37)

-0.19 (-0.70, 0.32)
0.23 (-0.26, 0.72)
0.15 (-0.09, 0.39)

-0.26 (-0.47, -0.06)

0.93 (0.66, 1.32)
0.61 (0.43, 0.86)
0.99 (0.70, 1.39)
0.23 (0.07, 0.71)
0.94 (0.66, 1.34)
0.31(0.13, 0.74)
1.07 (0.39, 2.94)
1.03 (0.88, 1.20)

0.84 (0.44, 1.63)
0.98 (0.44, 2.17)
0.23 (0.07, 0.71)
0.94 (0.66, 1.34)
0.31 (0.13, 0.74)
1.07(0.39, 2.94)

1.03 (0.88, 1.20)

0.47 (0.32, 0.69)

0.77 (0.56, 1.06)
0.74 (0.55, 0.98)
0.73 (0.53, 1.01)
0.77 (0.51, 1.16)
0.74 (0.34, 1.64)

0.65 (0.46, 0.93)
0.91 (0.56, 1.47)
0.69 (0.51, 0.94)

0.87 (0.60, 1.26)
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SMD (95%Cl) OR (95%Cl)

(6-12 months)

Abbreviations: SMD: standardised mean difference, OR: odds ratio, Cl: confidence interval
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eFigure 1. Cochrane Risk-of-Bias Summary of Low, High and Unclear Risk of Bias Across
All Included Studies (N = 41)

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

[l Low risk of bias [Junciearrisk of bias [l Hionh risk of bias
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eFigure 1b. Cochrane risk-of-bias summary: review authors' judgments about each risk of

bias item for each included study (n = 41)
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eFigure 2. Publication Bias Funnel Plots for Standardized Mean Difference (SDM) and Log
Odds Ratio (OR) Random Effect Models of Health Care Utilization Outcomes and Social
Support

Log OR Random Effects Model
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eFigure 2b. Publication bias funnel plots for standerdised mean difference (SDM) and log
odds ratio (OR) random effect models of sustained health care utilisation outcomes

SMD Random Effects Model
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eFigure 2c. Publication bias funnel plot for standerdised mean difference (SDM) random
effect model of social support
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eFigure 3. Pooled 95% CI Odds Ratio of the Sustained Association of Psychosocial

Interventions With Health Care Utilization
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eFigure 4. Pooled 95% CI Standardized Mean Difference of the Sustained Association of
Psychosocial Interventions With Health Care Utilization
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6.6. Concluding summary for this chapter and knowledge gained from this study

This systematic review and meta-analysis emphasise the critical interaction between social
and healthcare systems, demonstrating how social interventions for reducing loneliness and
improving social well-being, can potentially reduce the strain on healthcare services. The
findings indicate significant reductions in the use of critical care, including inpatient and
emergency services, as well as a decrease in the length of stay. Additionally, there were
notable increases in outpatient care and social well-being. No significant changes were
observed in loneliness. However, that may have been due to only three studies that were
included in the loneliness meta-analysis. There were variations in interventions’ effect
according to country and age. In addition, reductions in healthcare use were observed in
studies among caregivers and individuals with mental illnesses compared to other population
groups. Interventions run by health professionals also yielded significant results. Our findings
imply that integrating social interventions into healthcare systems represents a promising
approach to optimise resource allocation, improving patient health outcomes, and alleviating
pressure on healthcare services. These findings have important implications for loneliness as
a component of social well-being, given its association with poor health and increased
healthcare utilisation. Providing social support through targeted interventions can help reduce
both the health and economic burden of loneliness.
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CHAPTER 7: Discussion
7.1. Overview

The present thesis explored the health outcomes and determinants of loneliness in a
longitudinal analysis while discussing potential solutions to address loneliness and mitigate
its adverse effects. As urbanisation, technological advancements, and other environmental
shifts have unfolded over the years, loneliness has emerged as a major risk factor for poor
health and mortality (1, 2). Loneliness has also been identified as a source of excess
healthcare use and spending (3). Given this economic burden and the added pressure on an
already strained healthcare system, loneliness is now addressed at national and global levels
(4-6). To effectively tackle the issue of loneliness and guide an adequate response, it is

important to understand the possible obstacles and enablers of social well-being.

The research on loneliness spans several decades. However, it wasn't until the
COVID-19 pandemic in the 2020s that a surge of research emerged (Figure 1), fuelled by an
increasing awareness of loneliness and its implications. Although the number of studies in
many research fields is increasing yearly, the surge in loneliness research following the onset
of the COVID-19 pandemic (1.73-fold increase between 2019 - 2020) (7) appears to be
higher compared to other fields, such as physical activity (1.14-fold increase) (8) and
depression (1.18-fold increase) (9) during the same period. The rise in public discourse and
awareness of loneliness has sparked a wave of research exploring different aspects of
loneliness, its determinants and outcomes as well as prevention and intervention strategies (7,
10, 11). This could be viewed as a positive outcome of the COVID-19 pandemic, as it has
brought attention to a hidden public health concern, prompting researchers, practitioners, and
policymakers to address the issue of loneliness more prominently. Revisiting data collected
before the COVID-19 pandemic shows that loneliness had already been identified as an issue
affecting health and well-being (12, 13). The current thesis has contributed to this growing
body of literature by adding insights about the effect of loneliness and its socio-demographic
moderators and identifying strategies to improve social well-being and reduce unnecessary

health service usage among different population groups.

Figure 1. Number of studies on loneliness across time (7)
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7.1. Thesis key findings and significance

The current thesis aims to explore the long-term independent effect of loneliness and identify
determinants and potential solutions. The theoretical framework of loneliness and associated
health outcomes was used in this thesis to provide a setting for the complexity of associations
that can occur at individual, community and societal levels. However, our focus primarily
centred on the community and societal levels, as these domains have received comparatively
less research attention. Moreover, there are indications that community and social
determinants play a significant role in both the onset of loneliness and in the measures aimed
at mitigating its health and economic burdens (14).

The current thesis addresses several significant gaps in the literature concerning
social-ecological determinants of long-term patterns of loneliness, the role of life transition
(i.e., retirement) plays in loneliness, long-term health outcomes of loneliness, as well as the
effect of psychosocial interventions, which address loneliness, on healthcare utilisation. To
help obtain an overall view of the significance of the findings in this thesis, Table 1
summarises the main findings according to the thesis’s theoretical framework alongside the
individual importance of each study. The primary significance of the current thesis lies in
establishing and demonstrating loneliness as a social determinant of health. Moreover, our
results uniquely identify retirement as a determinant for loneliness in older adults and
establish a link between long-term patterns of loneliness and health risks. To our knowledge,
our findings are the first to demonstrate the associations between long-term loneliness and
Health-Related Quality of Life (HRQoL) and the effect on mortality.

279



Despite decades of investigation into loneliness, the current evidence has limitations.
Although it is acknowledged that loneliness and health share a bidirectional relationship, the
independent effect of loneliness on health has not been thoroughly explored due to limited
access to longitudinal data and robust statistical modelling techniques. Using novel causal
inference methods and other robust methods such as meta-analysis, our findings provide a
clear understanding of the independent effect of loneliness on health, mortality and healthcare
utilisation. Additionally, considering the changes in loneliness and its association with health
outcomes over 18 years at multiple time points of measurement, facilitated a potentially less
biased estimate. Moreover, using the above approaches, our findings are the first to show
longitudinal patterns of loneliness, recognising that loneliness is dynamic and can fluctuate

throughout the lifespan and in response to life changes (Chapters 3-5).

The current thesis also attempts to understand the role of life transitions, namely
retirement, on loneliness within the context of other determinants, and explore this question
within an international comparative context. Our findings demonstrate how the same
determinants can have varying effects on loneliness depending on country and area
remoteness (Chapter 3). This understanding emphasises the significance of macro-level
elements that can influence the perception and expression of loneliness, suggesting that

measures to alleviate it should also address social-ecological determinants.

Additionally, the present thesis also bears implications for the effect of loneliness on
the healthcare system. Our findings reveal that by providing social support to individuals
through psychosocial interventions, the use of urgent care is decreased and the use of
outpatient, preventive care is increased. These findings carry important implications for the
regulations of the health care system services and costs. They offer potential solutions to
challenges such as the overburdened healthcare systems and excess expenditures, by
providing insights into the populations most vulnerable to loneliness and the interventions

most effective in reducing inappropriate healthcare utilisation (Chapter 6).

Table 1. Summary of the key findings from the thesis chapters according to the

theoretical framework of loneliness and associated health outcomes

Thesis Manuscript Methodological

chapter title (status) approach Main findings Findings significance
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Thesis

Manuscript Methodological

chapter title (status) approach Main findings Findings significance
Chapter  The effect of Causal inference  Retirees had a higher This is the first study to
3 retirement on (marginal predicted prevalence conduct a cross-country
loneliness: A structural of loneliness than non-  analysis to examine the
longitudinal models) retirees in Australia causal effect of
comparative and the US. In China,  retirement on loneliness
analysis across retirees had a lower in three different
Australia, China, predicted prevalence countries. This is also
and the United of loneliness than non-  the first study on the
States retirees. effect of retirement on
ot nAusalsnd e (TS T
Epidemiology US, voluntary retirees S
and Community had the lowest The f_mdmgs |mpl_y that
Health) !onelmess and _ loneliness determinants
involuntary retirees may be culturally
had the highest. dependent and may
Only in Australia and Sc:f;féznrtéﬁ:% :ecncec;;dmg
the US, loneliness was '
significantly lower for ~ Our findings have
those who were implications for
socially engaged countries with diverse
compared to those who cultural and
were not, regardless of  socioeconomic
retirement status. attributes, particularly
in terms of the effect of
work and retirement
status on loneliness.
Chapter  Loneliness and Latent class Compared to ‘Stable-  This is the first study to
4 long-term analysis low’ loneliness, examine the association

health-related
quality of life: A
latent class
analysis among
middle-aged and
older Australian
women (under
review)

’Increasing’, Medium’
and ‘High’ loneliness
were associated with
HRQoL mental
component. The
‘Increasing’ loneliness
class was also
associated with lower
physical HRQoL.

Baseline predictors
such as current
smoking, depression,
anxiety, stress and low
social engagement
were associated with
higher odds of
’Increasing’, ‘Stable-
medium’ and ‘Stable-
high’ loneliness.

between longitudinal
patterns of loneliness
and HRQoL.

Our findings highlight
the importance of social
well-being for middle-
aged and older women’s
physical and mental
health.

The findings indicate
that loneliness poses a
threat to poor HRQoL
not only for those who
experience ’Stable-high’
loneliness but also for
‘Stable-medium’ and
‘Increasing’ trends of
loneliness.
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Thesis

Manuscript Methodological

chapter title (status) approach Main findings Findings significance
Chapter  Loneliness and Causal inference  The association This is the first study to
5 all-cause (targeted between the number of  examine the causal
mortality in maximum waves of loneliness effect of loneliness on
middle-aged likelihood (total and consecutive)  mortality, quantifying
Australian estimation) and mortality showed a the independent risk of
women: A causal dose-dependent loneliness.
mferer}ce pattern. Compare_d The findings provide
analysis of with those who did not id f the
longitudinal data report loneliness in any evidence o
(under review) wave, those who persistence and .
repor:[ed loneliness at chronicity of loneliness
two, four and six and S.hOW that .
Wa\;es had an loneliness may yield
incrementally higher adver_se effects whether
risk of dying during expe_rlenced
. continuously or not.
the follow-up period.
Both persistent and
chronic loneliness
demonstrated a
significant risk for
mortality.
Chapter  Health care Systematic There were reductions  This is the only study
6 utilization review and meta- in overall healthcare that has aggregated and
following analysis use, length of inpatient quantified all available

interventions to
improve social
well-being: A
systematic
review and
meta-analysis
(Published,;
JAMA Network
open) (15)

stays and the number
of emergency care
visits post-
intervention, as well as
a borderline reduction
in inpatient and
primary care. In
addition, an increase in
outpatient care was
observed.

There was a significant
improvement in social
well-being measures
post-intervention.

RCTs on the effect of
psychosocial
interventions on social
well-being and
healthcare use.

The findings have the
potential to guide the
design and execution of
psychosocial
interventions by
furnishing the essential
components for
successful intervention
strategies.

These findings carry
implications for the
healthcare costs
associated with
loneliness.
Implementing
psychosocial
interventions can
potentially decrease
healthcare utilisation
and subsequently
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Thesis Manuscript Methodological

chapter title (status) approach Main findings Findings significance

reduce associated costs.

Note.
Abbreviations: HRQoL.: Health-related quality of life

7.2. Determinants and outcomes of loneliness from a social-ecological perspective

Loneliness, along with its determinants and outcomes, is approached within the theoretical
framework of this thesis from a social-ecological perspective. This perspective integrates
individual, community, and socio-environmental factors, acknowledging their interplay in
shaping the experience of loneliness. The majority of the previous literature has focused on
individual determinants and outcomes of loneliness. However, there is an indication that
community and social factors pose significant contributors to loneliness and in addition, can

moderate the associations between loneliness and individual-level determinants.

7.2.1. Individual-level determinants and outcomes of loneliness
Loneliness determinants

There is extensive research regarding individual determinants for loneliness spanning
genetics, personality and sociodemographic factors to health conditions and behaviours (16-
20). The findings of the current thesis coincide with the previous ones, showing increased
odds of loneliness over time among individuals with baseline predictors such as smoking,
stress, depression and low social engagement (Chapter 4). These findings indicate that
loneliness is a part of a detrimental cycle where poor health behaviours, mental health and
social disengagement may contribute to increased loneliness which amplifies poor lifestyle

and contributes to the development of serious health conditions.

Our findings regarding loneliness determinants among middle-aged and older
Australian women did not reveal associations with most of the sociodemographic
characteristics such as age, education level, employment, living arrangement, country of birth
and location of residence. These characteristics were not associated with any of the loneliness
trends in our study (‘Stable-low’, *Increasing’, ‘Stable-medium’ and ‘Stable-high’), even

though there is previous evidence that these factors are associated with loneliness (17, 21-23).
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There was only one sociodemographic feature that was significantly associated with elevated
loneliness trends. Widows had twice the odds of having a ‘Stable-high’ loneliness trajectory
compared to ’Stable-low’ loneliness. Relationship status is one of the more consistent
determinants of loneliness, with those who are in a relationship having a significantly lower
risk of being affected by loneliness compared to those who are not, as evidenced by a recent
review from 2023 (24). Previous longitudinal research (2015) has shown that widowhood is a
predictor of loneliness (25). The increased risk is attributed to the change in relationship
status that traditionally happens later in life and requires great adjustments to a new social
situation (26, 27). Our research findings align with these previous studies and underscore the
importance of recognising and addressing the needs of this high-risk group in terms of social

support, coping mechanisms, and the rebuilding of social networks.

Since the loneliness determinants were examined in a sample of women, we could not
examine the association with gender, and our analysis of determinants and health outcomes of
loneliness hold particular implications for this demographic subgroup. Women were
identified in the literature as having numerous risk factors that could potentially increase their
vulnerability to loneliness. For example, women are more vulnerable to numerous health and
mental health risks (28, 29) and in some studies, they have been found to be at a higher risk
of loneliness as well (30-32). In addition, women often assume multiple roles throughout
their lives, including those of caregiver, spouse, parent, and worker (33-35). Importantly,
women are more frequently exposed to lower socioeconomic status and are more likely to
experience long-term widowhood (36, 37). All of these added stressors may increase the risk
for depression and anxiety and may limit the amount of time women have for social
interactions (25, 38). Consequentially, this could amplify prolonged loneliness and poor
health (25, 39). Our findings affirm that women are at risk for negative health outcomes
including death, attributable to loneliness. As a vulnerable and often marginalised social
group, it is essential to consider these gender-related risk factors when addressing loneliness

in this population.
Health outcomes

The current thesis contributes evidence regarding the effect of loneliness on major health
outcomes such as HRQoL and mortality, building on prior studies about the link between
loneliness and poor health outcomes (40). Our findings regarding the relationship between
loneliness and HRQoL offer a novel perspective on the dynamic nature of loneliness. By

using longitudinal data spanning 18 years, this study sheds light on the evolving relationship
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between loneliness and HRQoL over time. Four main loneliness trends were identified and
compared to the ’Stable-low’ trend of loneliness. All of the elevated loneliness trajectories
(i.e., ’Increasing’, ’Stable-medium’, and ‘Stable high’) were associated with lower HRQoL.
Although this is the first study to examine long-term loneliness trajectories, previous studies
have examined patterns of prolonged (chronic) loneliness compared to transient loneliness
(41, 42). Chronic loneliness was defined previously as experiencing loneliness for at least
two consecutive waves of measurement (43). Previous studies showed that prolonged
loneliness is a major health concern compared to transient loneliness (44, 45). While some
degree of loneliness can be beneficial and serve as a vital survival mechanism for health and
well-being (46), social, environmental, and technological shifts may contribute to heightened
and prolonged experiences of loneliness among individuals (47). Our findings reveal that all
elevated patterns of loneliness, even a ’Stable-medium’ pattern, can be detrimental to HRQoL

outcomes.

Our findings indicated associations between loneliness trajectories and all of the
HRQoL scales and subscales except for the overall physical HRQoL, which was only
associated with the ‘Increasing’ loneliness trend. These findings may be explained by the fact
that an ‘Increasing’ trend of loneliness coincides with diminished health or could be a
reaction to life transitions such as relationship or work status changes (25, 48). Conversely,
the ‘Stable’ loneliness trajectories may be affected by personality traits or sociodemographic
characteristics such as socioeconomic status (SES) that persist throughout adult life (21, 49).
Since the ‘Increasing’ trend of loneliness is the most prevalent, these findings imply that for
the most part, loneliness is a dynamic experience that evolves over the course of adulthood. A
significant proportion of individuals may experience heightened feelings of loneliness as they
age, which can have profound implications for both declining physical and mental HRQoL.
Our results imply that loneliness is influenced by life transitions and changing situations.
Therefore, it may be amendable to change through preventive measures and intervention

strategies.

Notably, the strongest associations were observed between loneliness trajectories and
the mental HRQoL scales and subscales. Prior research widely acknowledges the robust
association between loneliness and mental health (50), suggesting that this association is
stronger than that with physical health (20, 51). One explanation for the stronger associations
between loneliness and mental HRQoL may be the pervasive stigma surrounding mental

illnesses (52). Mental illnesses are often ‘invisible” and may be perceived as ‘not real’ (53).
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While physical illnesses can be traced through objective measures such as biomarkers and
clinical assessments, the spectrum of mental illnesses is less straightforward to define and
diagnose (54). This lack of clarity may leave individuals with no validation of their condition
and may lead to decreased self-worth (53) and elevated feelings of loneliness (55). In
addition, an individual's ability to interact socially may be impaired due to symptoms such as

depression or paranoia, leading to loneliness and social isolation (56).

Another major health outcome that was explored in the current thesis is mortality. Our
study was the first to examine this health outcome with a causal inference approach. Since
most of the evidence is based on observational data and only a few studies have examined
long-term patterns of loneliness and health-related outcomes (57, 58), the current evidence
using traditional epidemiological approaches may be subject to biases, such as residual and
time-varying confounding bias. Loneliness and health have a bi-directional association,
where loneliness can lead to poor health through different mechanisms but also be the
outcome of health conditions and behaviours as a result of lower social functioning (59). Our
results revealed for the first time that regardless of baseline health, loneliness has a dose-
dependent effect on mortality, with those experiencing persistent or chronic loneliness at a
higher risk. These findings further emphasise the effect of long-term loneliness on health and
mortality. In addition, while previous studies have predominantly concentrated on the chronic
nature of loneliness, perceiving it as a continuous experience over time (43, 44), our results
suggest that even intermittent loneliness, when persisting over time, can pose a substantial

risk.

7.2.2. Social and community level determinants of loneliness
Moderators of the association between loneliness and its determinants

Chapter 3 of this thesis focused on examining moderators to the effect of retirement on
loneliness, focusing on macro-level determinants such as cultural norms, geographical
environment and area deprivation. Our findings revealed significant differences accross
Western and non-Western countries, as well as between urban and rural residents. We
attributed our findings to the cultural norms that are prevalent in different countries and
regions. In rural China, collectivistic values may be more prevalent which may alleviate some
of the difficulties of adjustment to retirement (60). However, the findings may also be
attributed to economic deprivation making working life more difficult in rural China

compared to urban workers who receive social and health benefits (61).
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Although the moderators of the effect of retirement on loneliness have not been
examined before, some macro-level moderators of other loneliness determinants and health
outcomes were previously discussed (62, 63). For example, in a study that compared nine
countries from the Former Soviet Union in 2013, authors found cross-country differences in
the association between loneliness and risky health behaviours. In some countries, there was
no association while in others the association was significant. The authors interpreted these
differences as resulting from the potential moderating effect of economic deprivation and
religion (62). Another study found differences between countries (Finland, Poland and Spain)
in the strength of the association between loneliness and self-rated health. The differences
were attributed to financial and socioeconomic factors, as well as the different characteristics
of the health and welfare systems (64). Our findings are in line with previous ones, indicating
that the rural-urban differences in China observed in this study may be attributed to economic
differences between those residing in these regions which may contribute to loneliness before
and after retirement (65). Previous literature has shown that it is not necessarily the
remoteness of a geographical area, but rather the level of deprivation that affects loneliness
(66). Our findings are consistent with this notion, given that rural areas in China typically
accommodate residents with lower SES (67, 68). This underscores the importance of
economic development and equity as significant macro-factors in improving the social well-

being of individuals.

Our findings can also be interpreted through the lens of cultural individualism/
collectivism implying that the social roles older adults assume after retirement could
significantly affect their experience of loneliness. In traditional collectivistic societies, older
adults are typically viewed as wise and respected figures, often having a significant
caregiving role. It is common for them to live with grown children or other family members
(69, 70). This extended family and community support may be the reason why older adults in
China are less lonely after retirement compared to older adults in Western countries such as
Australia and the US (60, 71, 72). Conversely, in Western countries family ties can less
strong. Being dependent on family for support is often associated with a sense of guilt and
shame among Western older adults (73). Furthermore, our sensitivity analysis revealed that in
urban areas in China, trends in loneliness before and after retirement are becoming closer to
those in Western countries. This shift may be attributed to changes in traditional norms in

urban areas in China that are becoming more individualistic compared to previous times (74).
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Previous studies found variations in loneliness across countries with differing cultural
norms (75, 76). However, these previous findings are inconsistent, with some studies
showing collectivistic cultures have higher levels of loneliness due to higher expectations
from family for support, and other studies showing that individualistic cultures have higher
loneliness due to independent and separated lifestyles as well as higher single-person
households (76-79). The variation between the studies could be attributed to the different
countries that were included in each study and to the use of different loneliness measures

(one-item vs. multiple items).

Social engagement was also examined as a potential moderator of the retirement-
loneliness association across countries. Findings showed significant attenuation of loneliness
before and after retirement among those who were socially engaged. However, this effect was
observed only in Australia and the US, and not in China. These findings can be interpreted by
the fact that the measure of social engagement included only social and not familial
interactions. In China, the most meaningful engagements often occur within the family unit
(80), which could explain why, in this study, social engagement did not exhibit a significant
effect on loneliness within the Chinese population. These results underscore the significance
of macro-level moderators and advocate for a culturally attuned approach to understanding

loneliness, its contributing factors, and devising effective solutions to address it.
Psychosocial interventions and the implications on the health care system

Macro-level outcomes of loneliness have not been thoroughly examined, and there are gaps
in the literature regarding the effect of loneliness on communities and society as a whole (81).
However, there are indications that loneliness imposes an economic burden, stemming from
work-related challenges such as absenteeism, turnover, and burnout (82). Additionally, it has
been reported that loneliness is associated with increased healthcare utilisation and costs (83),
as well as expenses related to prevention and intervention efforts (84). Social support and
connectedness have been recognised as potential avenues for enhancing social well-being and
health, as well as for mitigating healthcare costs (85). Consequently, interventions have
explored the effectiveness of these approaches in reducing healthcare utilisation and
associated expenses (86-88). The findings of Chapter 6 of this thesis showed that
psychosocial interventions, those interventions that include cognitive behavioural therapy,
psychoeducation, peer support, support groups and case management, are effective in
reducing the burden of care on the healthcare system. More specifically our findings show a

decrease in urgent and inpatient care which are considered to be the costliest healthcare
288



services (89). In addition, outpatient visits were found to increase following psychosocial

interventions alongside social well-being measures.

These findings imply that psychosocial interventions are effective in reducing
healthcare use by improving social well-being. Our findings also suggest that psychosocial
interventions may improve the use of preventive care in the outpatient context, which in turn,
may lead to less emergency and inpatient use (90, 91). These findings may also align with
previous research on the cost-effectiveness of psychosocial interventions (81), showing these
interventions can potentially save costs by reducing healthcare use, while also improving the
well-being of individuals. However, in the current study, we were unable to aggregate and
analyse the costs of healthcare use due to the low number of studies and high heterogeneity in
interventions, currencies and healthcare services. While certain studies have suggested
potential economic benefits associated with psychosocial interventions, the evidence
regarding their cost-effectiveness remains inconclusive (14, 92, 93) and there is a need for an

economic evaluation of these interventions.

Our review of psychosocial interventions also revealed how they affect different
population groups. According to the results, some populations derived greater benefits from
these interventions, for example, individuals with mental illnesses and caregivers. Social and
mental health share a similar stigma which can be attributed to the invisibility of these
concepts (15, 94). Individuals dealing with mental health issues or with loneliness may
encounter challenges in receiving recognition for their struggles, both from their social circles
and even from themselves. This lack of emotional validation may exacerbate symptoms and
contribute to increased loneliness (95, 96). Our findings highlight the importance of attending
to the social health of individuals with mental illnesses, as a way of improving their health
and preventing deterioration of the health condition. This also echoes our finding on the
relationship between loneliness and the mental health sub-scale of HRQoL (Chapter 4).
Caregivers represent another vulnerable group, often experiencing heightened loneliness due
to the demanding nature of their responsibilities and the potential lack of social support (33,
38). Most of the caregivers included in this review were caregivers of individuals with mental
or cognitive illnesses, which puts them at an even higher risk due to the mental health stigma
(97, 98). It is plausible that both caregivers and individuals with mental ilinesses are among
the most in need of support, thus exhibiting the most significant improvements through
interventions. The heightened vulnerability of these groups underscores the importance of

tailored support and intervention strategies to address their specific needs.
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The current thesis also provides information regarding intervention characteristics that
contribute to effectiveness in reducing healthcare use. For example, it was found that one-on-
one interventions and interventions delivered by health professionals had significant effects.
Health professionals play a pivotal role in interventions by leveraging their expertise in
medicine, promoting healthy behaviours, and offering stress management techniques (90, 99).
Moreover, their credibility in the eyes of patients may enhance their motivation to adhere to
the interventions that are offered. However, it is important to acknowledge that health
professionals, particularly those in primary care and hospital settings, often face heavy
workloads, limiting their ability to deliver psychosocial interventions (100, 101). Therefore,
when designing interventions involving health professionals, it is essential to allocate
adequate human resources to facilitate the intervention effectively. To establish a more
consistent approach to identifying and offering psychosocial support, the healthcare system
would require additional resources to alleviate the strain on an already burdened system
(101).

Our findings also suggest that when implementing an intervention, a one-on-one
approach led to significant reductions in healthcare use. This personalised method may have
been particularly effective in addressing the specific needs and circumstances of individuals,
thereby enhancing the intervention's effect on improving social well-being and healthcare
use. That said, we found that while group interventions did show some effects, they did not
reach a level of statistical significance. Previous studies have found both group and one-on-
one formats to be efficacious (102, 103). However, whether it is one-on-one or group
interventions that are delivered, customising interventions based on individual needs may be

essential.

Despite the sustained intervention effect observed in our findings, lasting up to 24
months post-intervention, it is notable that the majority of psychosocial interventions were
short-term and only offered temporary effects. Most of the psychosocial interventions were
initiatives by health and community organisations that are time and funding-limited (104-
106). Limited-duration interventions may create significant improvements in social well-
being and decrease the need for health care. However, there remains a gap in understanding
the long-term effects beyond the last follow-up period. Furthermore, intervening on the more
‘upstream’ determinants through systematic and policy changes may be more likely to lead to

sustained improvements.
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7.3. Implications for health professionals and policymakers

The findings from the thesis have several important policy implications. First, demonstrating
that loneliness is a significant health risk, with implications for HRQoL and mortality
(Chapters 4-5), is important for priority setting among policymakers. Considering social
health on par with physical and mental well-being, and implementing screening and
preventive measures, accordingly, could potentially prevent numerous chronic and even life-
threatening illnesses. To improve social well-being as well as save costs and lower the burden
on the healthcare system, there is a need for more permanent and consistent interventions that
are based on changes in policy and adjustments in healthcare systems. Similar to other
significant determinants of health such as smoking, obesity, and physical inactivity, which are
targeted through multi-level strategies including advocacy and policies, community-based
prevention strategies and interventions, loneliness should be recognised as a major health risk
and appropriate steps should be taken within the public health system to address it. Certain
countries, such as the UK and Japan have already initiated the incorporation of such
strategies into primary health care. GPs and nurses receive training to identify patients
susceptible to loneliness and social isolation. They offer social prescriptions by linking
patients with non-governmental organisations and community entities for social, emotional,
and practical support (4, 5). In Australia, there was previous discussion about implementing
loneliness as a social health policy by appointing an official governmental entity dedicated to
addressing loneliness (107). However, such attempts have been so far unsuccessful. The
findings of the current thesis contribute to the ongoing efforts to recognise loneliness as a

major determinant of health and create an appropriate response on a policy level.

The literature on loneliness interventions shows that a selection of strategies has
proven successful in decreasing loneliness and strengthening social networks and support
systems, including support groups, individual therapy, peer support, and technology-based
solutions (108, 109). These interventions also have shown effectiveness in enhancing
physical, mental, and cognitive health outcomes (110-112). These findings carry important
policy implications, underscoring the substantial impact that improving social well-being can
have on both health outcomes and healthcare utilisation. Incorporating social care into the
public health system to reduce loneliness, will contribute not only to the health and well-
being of individuals, but may have significant economic benefits for the healthcare system.
Our findings regarding the efficacy of psychosocial interventions in reducing healthcare

utilisation while simultaneously enhancing perceived social support validate this assertion.
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Our findings imply that providing social support to at-risk individuals results in the reduction
of the most costly healthcare services- urgent and inpatient care and an increase in the most
cost-effective health services- preventive care (89). Therefore, psychosocial interventions can
be used to reduce healthcare utilisation and to relieve the workload as well as the economic
burden on the healthcare system. To achieve this, it is pivotal to raise awareness about social
health among health professionals and implement standardised tools to screen for loneliness
during health checkups and hospital visits. Similar to other mental health conditions such as
self-harm, suicidal ideation and addictions, the healthcare system is an opportunity to identify
people in need and conduct interventions to change the course of lives (113). By creating a
systematic approach to social health, many re-hospitalisations and other health care visits

may be prevented.

Although our results from the meta-analysis support the use of systemic psychosocial
interventions, the results of our cross-country comparisons indicate that loneliness
determinants and outcomes may differ across populations. This culturally sensitive approach
has significant implications for designing and implementing interventions for loneliness. Our
findings underscore the importance of tailored interventions designed to meet the specific
needs of different populations. Given the substantial knowledge gaps regarding loneliness in
low- to middle-income countries, the present thesis emphasises the necessity of a global
response to gather information on the risk of loneliness in these regions and its effect on both
health and economic outcomes (6).

7.4. Methodological strengths and limitations

The current thesis had a few limitations. First, due to COVID-19 lockdowns at the start of the
thesis, my research plans had to be drastically modified, switching from primary data
collection to secondary data analysis. Therefore, my thesis research had to depend on existing
data, which have limitations beyond the control of our research team. For example, most of
these studies applied a single-item direct measure for loneliness has previously encountered
criticism, largely stemming from potential issues related to differing interpretations of
loneliness among respondents and the influence of reporting bias driven by stigma (114, 115).
Nevertheless, the one-item loneliness measure has been previously validated and
demonstrated to be highly reliable within longitudinal research (116, 117). Furthermore, it
was found to correlate with other more comprehensive and commonly used loneliness
measures, such as the UCLA and the de Jong loneliness scales (118, 119). Regarding the

ambiguity surrounding the cut-point of one-item measures (120, 121), | addressed this issue
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by conducting sensitivity analysis in these studies. The results demonstrated that while
varying cut-points led to differences in the strength of results (lower cut-point attenuated the
effect and higher cut-point strengthened it but at the cost of more error), the dose-dependent
association persisted consistently (Chapter 5). Additionally, our analysis of the relationship
between loneliness, HRQoL and mortality used the Australian Longitudinal Study of
Women’s Health (Chapters 4-5) and therefore cannot be generalised to Australian men and

to women in non-Western societies.

Second, in Chapter 3, we had to exclude several waves of data from the Household,
Income and Labour Dynamic in Australia survey to harmonise it with the other two countries
of comparison, which may have contributed to data loss. Third, in most surveys (Chapters 3-
5), data were collected in gaps of 2-3 years which means that there is a risk that the loneliness
that was reported in the years of the surveys was not reflective of the time between
measurement points. However, considering most surveys included multiple waves, it is
reasonable to infer that the reported levels of loneliness during survey years provide a
reasonably representative snapshot of the overall loneliness patterns. Finally, the results of the
meta-analysis (Chapter 6) are prone to potential bias due to the small number of studies,
small sample sizes and high heterogeneity. Moreover, the exclusion of unpublished data or
non-English studies could potentially introduce bias into the results. The models were tested
for publication bias and only one model, which showed non-significant effects, was at risk for
publication bias. Hence, we assume that the inclusion of unpublished data is unlikely to alter

the results, as such data typically do not yield statistically significant findings.

Despite the limitations presented in the current thesis, we maintain confidence in its
robustness and validity, suggesting that our results can be generalised to the broader
population. The current study employed strong modelling techniques for causal inferences.
These models are the closest to resembling an RCT design within the context of observational
data, specifically tailored to address situations involving complex confounding, such as those
encountered in the study of loneliness, its determinants and outcomes. The use of lagged
models, where the exposure is measured before the outcome, along with adjustments to
baseline exposures are all techniques to ensure temporality, thus strengthening the causality
of associations. The adjustments to a variety of sociodemographic, health and health
behaviours variables that were pre-determined as well as an E-value analysis (Chapter 5),

ensured that the risk of residual confounding would be minimised.
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The use of population-based longitudinal data is a major strength of the current thesis.
Most of the research on loneliness is based on cross-sectional or single-timepoint designs,
which are prone to bias and cannot capture the dynamic nature of loneliness. Further, the
inclusion of data from various countries constitutes a significant strength of this thesis. This
approach enhances the generalisability of the findings beyond Western countries and also
sheds light on countries and regions that have been underrepresented in loneliness research.
In addition to using robust modelling for observational data, the current thesis aggregated and
quantified the evidence on psychosocial interventions’ effectiveness in a meta-analytic
design. The inclusion of only RCTs in the meta-analysis ensured that bias would be
minimised. In addition, we used multi-level random effect models in these meta-analyses to
allow us to include all effect estimates that are available in each study. All of these methods
ensured that the data that was used in the current thesis were of the highest quality and that
the methods of analysis would produce the most accurate and representable measures of
effect.

7.5. Directions for future research

This body of work collectively provides a significant contribution to the literature on
loneliness determinants, health outcomes and prevention strategies. However, through this
investigation, many gaps in the literature have been unveiled that require clarification by
future research. First, since this study is one of the few to examine causal mechanisms in the
association between loneliness and different determinants and health outcomes, future
research should focus on examining the causal effects of individual, social and environment
level determinants such as genetics, SES, life transitions, cultural norm and the built
environment. In addition, causal inference models should be applied to examine the effect of
loneliness on different health outcomes such as chronic and life-threatening illnesses,
mortality and the biological mechanisms associated with illnesses and death such as
inflammation measures. Furthermore, longitudinal analysis across multiple measurement
points is needed to capture the dynamic effect of loneliness across time and to control time-
varying confounding in the associations between loneliness, its determinants and outcomes. It
is also recommended to use other measurement tools rather than the one-item loneliness
measure across databases. Consistent findings across different countries and measurement

tools will strengthen the validity regarding causality.

Loneliness has been examined among a variety of population groups. However, some

populations have been neglected compared to others. Future studies should focus on
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examining loneliness in non-Western countries and among a variety of ethnicities and
cultures. Loneliness determinants may vary between countries, and results from Western
countries may not generalise well across countries. In addition, as the research on loneliness
has focused on older adults, there is a need for more research on loneliness among middle-
aged and prime-aged adults. Additionally, there is a need to examine the economic
implications of loneliness among the younger population (81). Current research has solely
assessed the economic burden of loneliness among older adults. Nonetheless, there is reason
to believe that loneliness among younger populations imposes a notable economic impact,
particularly considering evidence indicating that loneliness is most prevalent among this

demographic (122).

The current thesis also found that psychosocial interventions can reduce healthcare
use and improve social well-being. However, there is very little information on the effect of
psychosocial interventions on the costs of health care. Although some studies examined the
costs before and after the intervention (93, 123), it is challenging to aggregate the data and
quantify the evidence in a meta-analytic design, due to the heterogeneity of health services,
currencies and health systems (81). Therefore, further research is necessary to address these
challenges and to determine whether these interventions can lead to a reduction in healthcare
costs through a meta-analytic design. Likewise, there is a notable scarcity of studies on the
cost-benefit of psychosocial interventions. Therefore, future research that offers an economic
evaluation of existing loneliness interventions is imperative to provide insights into the most

cost-effective interventions.

The challenge in assessing the effectiveness of psychosocial interventions partly lies
in the varying definitions of what constitutes such interventions. Psychosocial interventions
encompass a range of approaches, including those focused on social well-being and involve
social activities to alleviate loneliness and social isolation (104, 124). However, psychosocial
interventions extend beyond addressing social well-being and can be applied to alleviating
different conditions, symptoms and behaviours, such as surgery recovery, addiction and
obesity. These interventions can therefore encompass a diverse array of therapies and
activities tailored to address different facets of the targeted condition or behaviour, including,
rehabilitation, diet regime, pain management and even medications (125-127). Yet, there
remains a lack of clarity regarding the definition of a psychosocial intervention and the
specific characteristics or activities it should entail to effectively address social well-being.
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Future studies should delve into refining the definition of a psychosocial intervention, aiming

to enhance clarity and precision in assessing its efficacy.
7.6. Conclusions

The current thesis examined the dynamic effect of loneliness on health, mortality, and the
potential burden on healthcare, and pinpointed key determinants and potential solutions. Our
research indicates that the factors contributing to loneliness can change in response to
significant life events and may differ depending on cultural norms and geographical regions.
Long trajectories of loneliness across 18 years exposed that elevated trajectories of loneliness
are associated with poor HRQoL and that persistent or chronic loneliness had a dose-
dependent effect on mortality. These findings imply that loneliness is a significant social
determinant of health that has serious health and economic implications. Therefore,
addressing social health should be a priority from a public health standpoint, on par with the
prevention of physical and mental health issues. Our findings regarding the efficacy of
psychosocial interventions suggest that systematically addressing loneliness through
prevention and intervention, can effectively mitigate its negative effect on health. Taking such
measures can enhance the health and well-being of individuals across various risk groups,
including those with chronic illnesses and disabilities, caregivers, and socially deprived
individuals. Moreover, implementing systematic interventions through policy and integrating
social interventions into healthcare may alleviate the substantial financial burden of

loneliness on the healthcare system.
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