
 

THE EPIDEMIOLOGY OF OSTEOPOROSIS  

IN THE FRAIL INSTITUTIONALIZED ELDERLY 

 
 
 

 
 
 
 

BY 
 
 

JANE ZOCHLING 
 

BMedSci, MBBS, MMed (Clin Epi), FRACP 
 
 
 
 
 

A THESIS IN SATISFACTION OF THE REQUIREMENT FOR THE 

DEGREE OF DOCTOR OF PHILOSOPHY (MEDICINE) 

 

 

INSTITUTE OF BONE AND JOINT RESEARCH 

DEPARTMENT OF RHEUMATOLOGY 

FACULTY OF MEDICINE, THE UNIVERSITY OF SYDNEY 

DECEMBER 2003 

i 



STATEMENT OF ORIGINALITY 

 

I declare that this submission is my own work.  To the best of my knowledge and 

belief it contains no material previously published or written by another person.  No 

part of this thesis has been used to obtain any other degree. 

 

 

 

 

Jane Zochling 

 
 

ii 



 ACKNOWLEDGEMENTS 

 

This thesis would not have been possible without the support, guidance and 

encouragement of my two supervisors, Professor Philip Sambrook and Associate 

Professor Lyn March.  Prof. Sambrook’s assistance with content, concepts and 

timeliness has been invaluable, and A/Prof. March’s optimism and lateral thinking 

have kept the project moving forward.  Thank you to you both. 

 

Thanks also go to Dr Tuan Nguyen for his unequalled expertise in statistical methods, 

and Dr. Markus Seibel for his time and resources for vitamin D analysis.  Mrs Jennifer 

Schwarz and Dr Charles Chen have worked tirelessly in data collection and collation, 

and made my task so much easier in so many ways.  My appreciation also extends to 

the staff of the Rheumatology Department at the Royal North Shore Hospital in 

Sydney, who have supported me through my doctorate studies with their tolerance and 

friendship. 

 

I am grateful for the financial support of the National Health and Medical Research 

Council and the Royal North Shore Hospital (Lincoln Scholarship).  Finally but by no 

means less importantly, I would like to extend my thanks and love to my family and 

friends who kept me going with ‘Is it finished yet?’, always believing that one day the 

answer would be ‘Yes’. 

 

 

 

iii 



PUBLICATIONS RESULTING FROM THIS THESIS 

 

Peer reviewed papers 

Zochling J, Sitoh YY, Lau TC, Cameron ID, Cumming RG, Lord SR, Schwarz J, 

Trube A, March LM, Sambrook PN.  Quantitative ultrasound of the calcaneus and 

falls risk in the institutionalized elderly: sex differences and relationship to vitamin D 

status.  Osteoporos Int 2002;13(11):882-887. 

 

Zochling J, Nguyen TV, March LM, Sambrook PN.  Quantitative ultrasound 

measurements of bone:  measurement error discordance, and their effects on 

longitudinal studies.  Osteoporos Int 2004:Feb13 (online first) 

 

Presentations and Abstracts 

Zochling J, Nguyen T, Sambrook PN.  Quantitative ultrasound variance in elderly 

institutionalized women.  Calcif Tiss Int 2003;72(4):408-9  

 

Zochling J, Lau TC, Schwarz JM, March L, Cummings R, Cameron I, Lord S, 

Sambrook PN.  Fracture incidence in the frail elderly.  Int Med J 

2002;32(Suppl.):A26.  

 

Zochling J, Lau TC, Schwarz JM, March LM, Cumming RG, Cameron ID, Sambrook 

PN.  Fracture incidence in the frail elderly.  Arthritis Rheum 2001;44(Suppl.):S356 

 

Zochling JM, March LM, Cumming RG, Cameron ID, Sambrook PN.  A novel 

approach to estimating the prevalence of osteoporosis in the elderly.  ANZBMS 2001 

 

iv 



Lau TC, Brnabic AB, Zochling J, Sitoh YY, Lord SJ, Schwarz JM, March LM, 

Cameron ID, Cumming RG, Sambrook PN.  A prospective study of risk factors for 

falls in elderly institutionalized individuals.  Int Med J 2002;32(Suppl.):A25, A47. 

 

Sitoh YY, Zochling J, Lau TC, Schwartz JM, Brnabic AJ, March L, Cameron ID, 

Cumming RG, Lord S, Sambrook P.  Hypovitaminosis D is common, and more severe 

in winter, in institutionalized older people in Sydney.  Gerontology 

2001;47(Suppl.1):561 

 

 

Awards and Scholarships 

Lincoln Scholarship 2000 

NH&MRC Scholarship 2001-2003 

v 



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. 
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