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ABSTRACT

As our population ages, the proportion of frail elderly people requiring assisted
accommodation in aged care facilities is increasing. This population is at high risk of
falls and fractures, which bring significant morbidity and mortality. The prevalence
of osteoporosis also increases with age, but there have been few studies of bone
density in residents of hostels and nursing homes. This thesis looked at the
prevalence of osteoporosis and falls in elderly people in residential care, to define the
size of the problem and identify risk factors for low bone density and falling, with

particular reference to vitamin D levels.

Two thousand and five men and women aged between 65 and 104 years were enrolled
in the Falls and Fracture Risk in the Elderly Epidemiology (FREE) study between
1999 and 2003. The key findings from analysis of this population were firstly, that
quantitative ultrasound (QUS) measures were higher in men than women independent
of age, and that in men there was no significant decline in either BUA or VOS, but in
women BUA declined by over 3% per decade and VOS by 1% per decade. Both
ultrasound machines used in the study were shown to be reliable, with precision
unaffected by advanced age. QUS was found to be sensitive to longitudinal change

even in this frail elderly cohort.

Vitamin D deficiency was found in the majority of elderly aged care facility residents

but supplementation conferred higher serum 25-OH-vitamin D levels. Vitamin D

levels were not shown to be related to BUA, VOS or the risk of falling in this

Vi



population. Serum parathyroid hormone might be important in determining future

falls risk.

In summary, the results of this thesis give an important insight into the prevalence of
osteoporosis and falls in the frail elderly, and how these might be predicted. Future
study of prospective fracture rates in this group will then be able to assess relative risk
factors for osteoporotic fracture, and identify those individuals who might benefit

from directed fracture prevention strategies.

vii



TABLE OF CONTENTS

CHAPTER 1: INTRODUCTION AND BACKGROUND........

1.1 INErOQUCTION. .. ..t e e e e e et et e e e e
1.2 ASSeSSMENt Of BONE........ooviie e e
1.2.1  Quantitative ASSESSMENT. .. ... ve ittt et et e e e e e ee e e
1.2.1.1 Dual-Energy X-ray Absorptiometry (DEXA).........cccoovviiiiniinnnnn.
1.2.1.2 Quantitative Ultrasound (QUS)..........cooviiiiiiiiiiiiiiiiiiiniiieee s
1.2.1.3 Quantitative computed tomography (QCT).......cccoovvviiiinininnnn.
1.2.2 Biochemical markers............c.ooiiiii i e
1.3 Bone changes with Age and Gender.............cooovviiiiiiiiiice e e
1.3.1 Bonein childnood..........ccoiiiie e
1.3.2 Age-related changes iN DoONe..........ccoiv i
1.3.3 Anatomy and bone strength.............coooii i
1.3.4  BONE TUIMOVET ... ..ottt et e e e e e e e e e e aee e
1.3.5 Associations With BMD.........oooiuiiiiii e e
R J G o - T (1] £ PP
1.4 Fallsinthe EIderly...... ..o,

1.5 Fracturesinthe Elderly.............cooiiiiii

CHAPTER 2: STUDY DESIGN AND DESCRIPTION OF

ELDERLY POPULATION..........c.oiiiienne

2.2 STUAY DBSIGN. . it e e e e e e e e
A T |V =T 1o U] = =] ] £

2.4 FOHOW UD .

.20

21

25

.33

viii



2.5 Population CharacteristiCs..........ccvveiiviiiiiiiiieii i e e e a0 48

2.6 DISCUSSION . .. ettt et e e e e e e e e e e e, 55

CHAPTER 3: VARIANCE OF QUANTITATIVE
ULTRASOUND MEASUREMENT IN THE FRAIL

INSTITUTIONALIZED ELDERLY .................. 58

3.1 INtroduCtion. ... .. .o e e DO
3.2 MEtNOGS. .. .. e e e a0, 00
3.2.1 MeasUremMeNtS. .. ......uvvuieiiiiii e ie e ie e s eaeeaneen 2. 00
3.2.2  Statistical MethOaS. .. .......ue i 61
3.3 RESUIES. .. 64
3.3.1  DemographiCs......ccuuirieieie it i e e e e eaeean 004
3.3.2 ReproduCibility ... ....c..ouuirie i e 65
3.3.3 Concordance between CUBA and QUS-2.........ccoiiiiiiiiiiieie e, 69
3.3.4  Longitudinal measuremMentS. .. ......vueveuueeie et e 71

0 S B Yol U [-1:) (o] P £ |

CHAPTER 4: PREVALENCE OF OSTEOPOROSIS IN THE

INSTITUTIONALIZED ELDERLY.................. 80
A 11 oo 18 o1 1 o] o PP <
4.2 MEENOGS. ... it e e e e e e 1. 83
4.3 RESUIS. ..o 85

R B 1Yo 0 1] (o] o [N © I



CHAPTER 5: BIOCHEMICAL PROFILE OF THE FRAIL

INSTITUTIONALIZED ELDERLY.......... 97

51  INtroduCtion..........cceviiii i e e a0 98
52 Methods.......oviviiiieie e e e e e 100
5,21 SUDJECES...cvi i e ne e e enn 2. 100
5.2.2 Biochemical measurements................coeevvirvieiiineieiinecenneenn.... 100
5.2.3  Statistical analysSiS...........oveiiiiiii e 101
5.3 RESUIS. ..o s 102
5.3.1 Baseline demographiCs..........ouuieiieiie e e e e 102
5.3.2 Distribution of 25-OH-vitamin D levels................cocoiiii i 104
5.3.3 Determinants of 25-OH-vitamin D levels................cccooviii e 105
5.3.4 Serum 25-OH-vitamin D and associated biochemical parameters........ 109
5.3.5 Independent predictors of 25-OH-vitamin D levels......................... 112
5.3.6 Vitamin D supplementation.................ccoo e viiiiiiieiieiieeeeenn 2115

N B ] 1ol Y (o] o TP N & o |

CHAPTER 6: VITAMIN D DEFICIENCY AND

OSTEOPOROSIS...... e 123

6.1  INtroduCtion..........coeiiii i e 2 124
6.2 MEtNOUS. .. ..t e e ee 2. 126
6.2.1  SUDJECES.. .. e e e 2. 126
6.2.2 MEASUIEMENTS. .. ....iveieiitit e eie e eaeeaeean e, 120
6.2.3 Statistical analysiS...........ccooiiiiiii 126

0.3 RESUITS . oot 127



6.3.1 Baseline demographiCs..........oveieiiiiie i 127
6.3.2 Demographic determinants of BUA and VOS...............coiiinnen. 127
6.3.3 Vitamin D supplementation................coccoiiiiiiiiiiicii i e el 2. 129
6.3.4 Quantitative ultrasound and 25-OH-vitamin D..............................129
6.3.5 Univariate associations with BUA and VOS................ccooiiiiinnne 132
6.3.6 Hypovitaminosis D and QUS measures............ccovevvveevevevnnnnnnnn 137
6.3.7 Independent predictors of BUA and VOS............coooiiiiiiiin e, 139

B.4  DISCUSSION . .. e ettt e e e e e e e e e e e 14

CHAPTER 7: VITAMIN D AND PARATHYROID HORMONE AS
A PREDICTOR OF FALLING IN THE

INSTITUTIONALIZED ELDERLY ......ccviiiiinns 145

7.1 INtroduCtion..........cviiii i e e e e e enenn . 146
7.2 MEtNOUS. ...t e e e e e 148
7.2.1  SUDJECTS. ...ttt e e e e e een 0 148
7.2.2 MEASUIEMENTS. .. ...ttt et eie e e e e e e e e e e eneeneeen e 148
7.2.3  Statistical analysiS... ... ..o 148
7.3 RESUIS. ..ot 149
7.3.1 Distribution of falls.............cccooii i 149
7.3.2 Serum 25-OH-vitamin D and balance........................coeeeee e 150
7.3.3  SUNVIVal @NalySiS. .. ..o i 154

TA  DISCUSSION ..t e e e e e e e e e e e e e e 158

CHAPTER 8: SUMMARY AND FUTURE DIRECTIONS ....... 163

8.1 INtrodUCHION. ... 104

Xi



8.2 Summary and implications of each study..................ccooiiiiinnn.. 165

8.3 FUture direCtionsS.......c.oveeee e e e i 170

REFERENCES. ... 172

APPENDIX. .. 199

Xii



LIST OF TABLES

Chapter 1

Table 1.1: Markers of DONe tUrNOVET ...t e 11
Table 1.2: Risk factors for falling in community-dwelling elderly persons................. 26
Chapter 2

Table 2.1: Participation of residents from hostels and nursing homes........................ 48
Table 2.2: Resident classification scores (RCS) for men and women......................... .50
Table 2.3: Baseline characteristics of the FREE cohort................coco i, 51

Table 2.4: Odds ratios (OR) for demographic measures for females compared to
T2 L= PP s .
Table 2.5: Odds ratios (OR) for demographic parameters for nursing home residents

compared to hostel reSIAeNtS.......c...ve i e e e e e e e 53

Chapter 3

Table 3.1 Descriptive statistics of the study population and duplicate ultrasound

measures, given as mean and standard deviation...................c.ooiienn. 64
Table 3.2 Analysis of reproducibility of CUBA BUA, CUBA VOS and QUS-2 BUA

in an elderly institutionalized population................ccocoiiiiiici i e 66
Table 3.3: Mean, between-subjects standard deviation (bSD), within-subjects

standard deviation (wSD) and within-subject coefficient of variation

(WCV) stratified by age group.......cccov e e 67
Table 3.4: Comparison of BUA (dB/MHz) and T-scores measured by CUBA and

QUS-2 INS UM . .t vttt et e e e et e e et e e et e e eaeans 69

Table 3.5: T-score classifications for CUBA and QUS-2 instruments....................... 70



Table 3.6: Changes in BUA and VOS (N=56), measured by CUBA .............c.ceeenen. 72

Chapter 4

Table 4.1: Characteristics of hostel and nursing home populations, divided by gender....86

Table 4.2: Independent predictors of BUA in men and WOmen ...........ccccevvevvevnnennnnn. 92

Chapter 5
Table 5.1: Demographics of institutionalized elderly cohort with biochemical
122 TS 102

Table 5.2: Biochemical measures grouped by gender and institution, given as mean

+/- standard error of the mean (range), median.............ccooviiiviiiiiinnnnn. 103
Table 5.3: Classification of residents with low 25-OH-vitamin D levels................. 105
Table 5.4: Number of residents recruited each season for men and women ............... 108

Table 5.5: Mean 25-OH-vitamin D level (standard error of the mean) for each season..108
Table 5.6: Independent determinants (mean) of serum25-OH-vitamin D.................. 113
Table 5.7: Independent determinants of hypovitaminosis D (25-OH-vitamin D <=30
410016 7 I TP 114
Table 5.8: Frequency of bone-active medication use among men and women living in
aged care faCilities. .. .....o oo 115
Table 5.9: Comparison of residents on vitamin D supplementation at baseline with

those not receiving SUPPIEMENTS. ... ..o e, 116

Chapter 6

Table 6.1: Mean 25-OH-vitamin D levels and QUS values for men and women in

hostels and NUrSINg NOMES..........coiiiii i 127

Xiv



Table 6.2:

Table 6.3:

Table 6.4:

Table 6.5:

Table 6.6:

Number (%) of men and women classified by mobility......................... 128
Comparison of residents on vitamin D supplementation at baseline with

those not receiving SUPPIEMENTS... ... 129
Mean QUS and 25-OH-vitamin D levels for each category of mobility in

MEN AN WOMEBN ... .t ettt et e e e et e et e e e e e e e aen e ees 134
Unadjusted relationship between hypovitaminosis D and QUS variables

(where the mean difference is the magnitude of QUS in 25-OH-vitamin D
replete residents less QUS in residents with 25-OH-vitamin D < 30

010010 P 138
Unadjusted relationship between hypovitaminosis D and QUS variables

(where the mean difference is the magnitude of QUS in 25-OH-vitamin D

replete4 residents less QUS in residents with 25-OH-vitamin D < 22

010010 P 138
Table 6.7: Multivariate analysis of BUA and VOS.............ccii i 139
Table 6.8: Multivariate analysis of BUA (dB/MHz) in men and women.................... 140
Table 6.9: Multivariate analysis of VOS (m/s) in men and women.......................... 140
Chapter 7
Table 7.1: Incidence of falls at 6 and 12 months in men and women........................ 149
Table 7.2: Relationship between mean 25-OH-vitamin D levels and balance.............. 150
Table 7.3: Relationship between mean 25-OH-vitamin D levels and function, as

graded by the implicit review SCOre...........ccocveviieiiiiiniiiiiiieiieine e 161
Table 7.4: Baseline characteristics and status with respect to falls at 6 months............ 152
Table 7.5: Baseline characteristics and status with respect to falls at 12 months.......... 153
Table 7.6: Univariate associations with time to firstfall...................................... 155

XV



Table 7.7: Survival analysis for time to firstfall.....................ccociiiie .. 156
Table 7.8: Survival analysis for time to first fall in subgroup of residents aged <90

years with RCS>=5and abletowalk...................cooooiiiiiiin e 167

XVi



LIST OF FIGURES

Chapter 3

Figure 3.1: Difference between duplicate measures for BUA in women measured
by (2) CUBA, and (D) QUS-2 ... e e e e e 68

Figure 3.2: Percentage of individuals with significant change in BUA and VOS over

2.2 years usSing CUBA (N=56).......uvvuiie e ee e e e 73
Chapter 4
Figure 4.1: BUA (dB/MHz) vs age (years) in (a) women and (b) men........................88

Figure 4.2: BUA changes with age, in a ‘normal’ healthy population and the
institutionalized elderly..........c.ooiri i 89

Figure 4.3: BUA in institutionalized elderly women, compared with a cohort of
independent older women taken from the DOES study, related to age,

and with (b) separate regression liNes..........c.oovvviiiiiiieiiiii e e e 90

Chapter 5

Figure 5.1: Distribution of serum 25-OH-vitamin D and PTH for males and females.....107

Figure 5.2: Changes in 25-OH-vitamin D levels with season in males and females....... 109
Figure 5.3: Parathyroid hormone levels related to 25-OH-vitamin D........................110
Figure 5.4: Mean PTH values relating to 25-OH-vitamin D quintiles....................... 111
Figure 5.5: Median PTH values relating to 25-OH-vitamin D quintiles..................... 112

XVii



Chapter 6

Figure 6.1: Mean BUA and VOS vs 25-OH-vitamin D inmen................cccooveve, 130
Figure 6.2: Mean BUA and VOS vs 25-OH-vitamin D inwomen........................... 131
Figure 6.3: Mean BUA and VOS vs 25-OH-vitamin D in the whole cohort................ 132

Figure 6.4: Box and whisker plots of BUA and VOS related to level of mobility in
the Whole CONOIT... ... e, 135

Figure 6.5: Box and whisker plots of 25-OH-vitamin D levels related to level of

mobility in the whole conort...........ooo i 136
Figure 6.6: Mean BUA and VOS values relating to 25-OH-vitamin D quintiles........... 137
Chapter 7
Figure 7.1: Independent determinants of balance ...................ooiiii . 150
Figure 7.2: Independent determinants of implicit review score.............c.ccoevvvvvnennn. 151
Figure 7.3: Survival curve for time to firstfall...............ccoo 155

Xviii



1,25-OH-Vit D
25-OH-Vit D
ANOVA
bALP
bSD
BMC
BMD
BMI
BUA

Cl

CTx

cVv

dB
DEXA
DOES
DPA
Dpy
EPIDOS
EPOS
EVOS
FREE
FRI

LoA

LIST OF ABBREVIATIONS

1-25 dihydroxy Vitamin D

25 hydroxy Vitamin D

Analysis of Variance

Bone-specific alkaline phosphatase isoenzyme
Between-subjects standard deviation

Bone mineral content

Bone mineral density

Body mass index

Broadband ultrasound attenuation

Confidence interval

Carboxy-terminal cross linked telopeptide of type I collagen
Coefficient of variance

Decibel

Dual energy X-ray absorptiometry

Dubbo Osteoporosis Epidemiology Study
Dual energy photon absorptiometry
Deoxypyridinoline

Epidemiology of Osteoporosis Study
European Prospective Osteoporosis Study
European Vertebral Osteoporosis Study

Falls and fracture Risk Epidemiology in the Elderly Study
Fracture Risk Index

Limit of agreement

XiX



LSC
MHz
NH&MRC
NOF
NTX
ocC
OR
PTH
Pyr
QCT
QOL
QUS
RCS
ROI
RR
SD
SE(M)
SMMSE
SPA
SPSS
SXA
VOS
wCV
WHO

wSD

Least significant criterion

Megahertz

National Health and Medical Research Council (Australia)
Neck of femur

Amino-terminal cross linked telopeptide of type I collagen
Osteocalcin

Odds ratio

Parathyroid hormone

Pyridinoline

Quantitative computed tomography
Quality of life

Quantitative ultrasound

Resident classification score

Region of interest

Relative risk

Standard deviation

Standard error (measurement)

Standard Mini-Mental Status Examination
Single energy photon absorptiometry
Statistical package

Single energy x-ray absorptiometry
Velocity of sound

Within-subjects coefficient of variability
World Health Organization

Within-subjects standard deviation

XX



