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ABSTRACT 

Despite significant advances in our understanding of the biomechanical factors 

influencing gait performance in community-dwelling older adults, very little of 

this type of research has been conducted in residential aged care (RAC) adults. 

A similar view can be taken regarding our understanding regarding the benefits 

and feasibility of progressive resistance and balance training exercise 

programmes, particularly within the RAC setting.  

The primary purpose of this +&*,), was to characterise and describe the spatio-

temporal parameters of gait performance and benefits of exercise for Australian 

adults living in RAC. This was completed through a systematic programme of 

literature reviews, and clinical studies that accounted for the limitations of the 

extant literature and current gaps in the knowledge.  

The first study (1) (Chapter Four) investigated gait speed characteristics and 

spatio-temporal parameters in the RAC setting and gained insight into whether 

these parameters may predict gait performance. This study revealed step time, 

stride length and support base as highly predictive of gait speed in adults living 

within RAC.  

The second study (2) (Chapter Five) prospectively investigated the incidence of 

adverse events in 100  adults living in RAC over a period of six-months. The 

secondary aim was to determine if gait speed thresholds could predict the 

frequency of falls in adults living in RAC. A total of 226 falls, 243 wounds, 65 

hospital admissions and 29 deaths occurred during the six-month period. The 

following variables were identified as increasing the risk of falling among adults 

living in RAC: hospital admissions, wounds, handgrip strength, female residents 

and scoring a positive (increased) impairment on the Mini-Cog. None of the gait 

speed thresholds predicted falls in adults living in RAC.  

In the third study (3) (Chapter Six), the feasibility of a 12-week exercise 

programme (GrACE) was assessed in a RAC setting with the secondary 

objective of measuring the programme’s benefits on gait speed, sit to stand 

performance and handgrip strength. The pre-existing community-dwelling 
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programme, which was modified for adults living in RAC, consisted of 

progressive weight-bearing exercise combined with resistance training. Results 

indicated that it was feasible, safe and effective in improving muscle function, 

including gait speed in adults living in RAC.  

The final study (Chapter Seven) was a 24-week exercise programme 

(GrACE+GAIT) that assessed the benefits and determined if the programme 

would be feasible and sustainable in the RAC setting. This exercise programme 

was a combination of progressive resistance and specific gait exercises. Total 

adherence rate was 79.3% with 65% of exercise participants attending ≥70% 

sessions, 100% of those originally enrolled completed the programme and 

strongly agreed with the programme acceptability. Zero adverse events relating 

to the exercise programme were reported. 

In summary, the results of this thesis demonstrated that: 1) Adults living in RAC 

have spatio-temporal parameters associated with low gait speed and the 

associated risk of falling for residents; and 2) that progressive resistance 

training is safe and feasible, and results in significant improvements in muscle 

function, including gait speed. 

Future studies should explore gait performance and exercise programmes in a 

wider variety of adults living in RAC and assess the feasibility and benefits of a 

range of exercise programmes in this setting.    

 

KEYWORDS 

6;*>'6;*)$;>'6..*1%"4)7)%5>'639*-,*'*9*$%,>'(*",)4)7)%5>'?0,.7*'@0$.%)2$>'

<&5,)."7'".%)9)%5>'!0,%")$"4)7)%5>'A"7B)$;''

  



iii 

DECLARATION 

This thesis is submitted to Bond University in fulfilment of the requirements of 

the degree of Doctor of Philosophy by Research. 

I declare that the research presented within this thesis is a product of my own 

original ideas and work, and contains no material which has previously been 

submitted for a degree at this university or any other institution, except where 

due acknowledgement has been made.  

Name: Samantha Fien 

Signature: 

Date: 02/03/2018 



iv 
 

  



v 
 

ACKNOWLEDGEMENTS  

While my name may be on the front cover of this PhD Thesis, I am by no means 

its only contributor. I wish to express my sincere appreciation to those who have 

contributed to this thesis and supported me in one way or other during this 

amazing rollercoaster ride.  

I would like to thank my supervisors – Associate Professor Justin Keogh, Dr. 

Mike Climstein and Dr. Timothy Henwood – for their patience, guidance, 

encouragement and advice provided throughout my time as their student. I 

remain amazed that despite busy schedules, you were all able to respond to my 

questions and queries so promptly as well as provide invaluable insights and 

suggestions. In addition, you have all generously shared your passion for 

ageing as well as given me insights that have helped me at various stages of 

my research, which are to the great benefit of this thesis. I have been extremely 

lucky to have supervisors who cared so much about my work and me as a 

researcher. Thank you for making me more than what I thought I would be. As a 

team, you have all worked tirelessly to instil great confidence in both my work 

and myself. I am very proud of what we have achieved together, thank you 

sincerely. 

I would also like to thank all members of the Bond University community who 

helped me during my degree, especially the friends I have made along the way. 

Completing this work would have been all the more difficult were it not for the 

support provided by Bond University. I am indebted to them for their help. In 

particular, I would like to thank Evelyne Rathbone for teaching me statistical 

analysis.  

A heartfelt thanks to the aged care facilities, in particular the aged care 

residents who are truly inspirational, for allowing data collection and exercise 

interventions to be conducted. It has been an absolute privilege to research 

such a fascinating and exciting area.  



vi 
 

I would also like to take this opportunity to thank the Cardiac Centre, for 

allowing me to pursue further education and being supportive and flexible with 

university. 

Special thanks are also due to my Surf Life Saving family for their amazing 

support but for also being there when I needed assistance. 

To all the wonderful people whom I have not mentioned there is not enough 

paper or words to say how truly thankful I am.    

Finally, I would like to acknowledge the most important people in my life. My 

family. Words cannot express the feelings I have for my parents – Ray and 

Donna and my sisters – Taylor, Claudia and Olivia, for their constant 

unconditional love and support. To my Grandma and Nana, thank you for 

helping me keep things in perspective and showing me that love always prevail.  

 

In loving memory of my Grandpa and Pop.  



vii 
 

PUBLICATIONS 

(I) PUBLISHED - JOURNAL 

1. Fien, S., Henwood, T., Climstein, M., & Keogh, J. W. L. (2017). Gait speed 

characteristics and its spatio-temporal determinants in nursing home residents: 

a cross-sectional study. Journal of Geriatric Physical Therapy. Impact factor = 

1.8, ranked 39th of 49 in Geriatrics & Gerontology and 31st of 65 in 

Rehabilitation. DOI: 10.1519/JPT.0000000000000160. 

2. Fien, S., Climstein M., Henwood, T., Rathbone, E., & Keogh, J. W. L. (2017). 

Gait speed and adverse events in nursing home residents: a prospective cohort 

study. The Journal of Nursing Home Research Sciences (JHRS), 3: 81-87. DOI: 

10.14283/jnhrs.2017.13. 

3. Fien, S., Henwood, T., Climstein, M., & Keogh, J. W. L. (2016). Feasibility 

and benefits of group-based exercise in residential aged care adults: a pilot 

study for the GrACE programme. PeerJ, 4, e2018. Impact factor = 2.2, ranked 

14th of 63 in Multidisciplinary Sciences. DOI: 10.7717/peerj.2018. 

4. Fien, S., Henwood, T., Climstein, M., & Keogh, J. W. L. (2016). Clinical 

importance of assessing walking speed of older adults in general practice. 

Australian Family Physician, 45(4), 250-251. Impact factor = 0.759, ranked 

106th of 151 in Medicine General & Internal.  

5. Fien, S., Henwood, T., Climstein, M., & Keogh, J. W. L. (2015). Pumping iron 

in residential aged adults: Why isn’t this more commonly available? 

Australasian Journal on Ageing, 34(3), 201-202. Impact factor = 0.667, ranked 

25th of 32 in Geriatrics and Gerontology.  

(II) SUBMITTED FOR PUBLICATION 

1. Fien, S., Climstein M., Henwood, T., Rathbone, E., & Keogh, J. W. L. 

(Submitted). Exploring the feasibility and benefits of the GrACE+GAIT exercise 

programme in the nursing home setting. Archives of Physical Medicine and 

Rehabilitation.  



viii 
 

(III) PUBLISHED - CONFERENCE  

(III. A) PODIUM  

1. Fien, S., Climstein, M., Henwood, T., Rathbone, E., & Keogh, J.W.L. (28-30th 

November 2017). The number game of adverse events in residential aged care 

facilities. Oral presentation at the Gold Coast Health Research Week 

Conference, Gold Coast, (Queensland, Australia).  

2. Fien, S., Henwood, T., Climstein, M., Rathbone, E., & Keogh, J.W.L. (8-10th 

November 2017). How falls, wounds and hospitalisation are affecting nursing 

home residents. Rapid fire presentation at the 50th Annual Australian 

Association of Gerontology Conference Crown, Perth, (Western Australia, 

Australia). 

3. Fien, S., Climstein, M., Henwood, T., Rathbone, E., & Keogh, J.W.L. (8-10th 

November 2017). The Golden Opportunity: Walking. Tabletop conversation at 

the 50th Annual Australian Association of Gerontology Conference Crown, 

Perth, (Western Australia, Australia). 

4. Fien, S., Climstein, M., Henwood, T., Rathbone, E., & Keogh, J. W. L. (6-7th 

November 2017). Adverse events and gait speed in nursing home residents. 

Oral presentation at the 16th National Conference of Emerging Researchers in 

Ageing Conference Perth, (Western Australia, Australia).  

5. Fien, S., Henwood, T., Climstein, M., & Keogh, J. W. L. (31st-1st 

October/November 2016). Making strides in aged care. Rapid fire presentation 

at the 15th National Conference of Emerging Researchers in Ageing 

Conference Canberra, (Australian Capital Territory, Australia).  

6. Fien, S., Henwood, T., Climstein, M., & Keogh, J. W. L. (31st-1st 

October/November 2016). You’re never too old to walk. Oral presentation at the 

15th National Conference of Emerging Researchers in Ageing Conference 

Canberra, (Australian Capital Territory, Australia).  



ix 
 

7. Fien, S., Henwood, T., Climstein, M., & Keogh, J. W. L. (12th October 2016). 

You are never too old to walk. Oral presentation at the 2nd Bond University HDR 

Student Led Conference Gold Coast, (Queensland, Australia). 

8. Fien, S., Climstein, M., Henwood, T., Grigg, J., & Keogh, J. W.L. (23rd 

November 2015). Feasibility and benefits of pumping iron for residential aged 

care adults. Oral presentation at the AAG Student and Early Career 

Researchers Brisbane, (Queensland, Australia).   

9. Fien, S., Keogh, J. W. L., Henwood, T., & Climstein, M. (3rd-4th December 

2015). Gait Characteristics and Muscle Function in Residential Aged Care 

Adults Oral presentation at the 2015 Gold Coast Health and Medical Research 

Conference Gold Coast, (Queensland, Australia).  

10. Fien, S., Henwood, T., Climstein, M., & Keogh, J. W. L. (18th November 

2015). Feasibility and benefits of pumping iron for residential aged care adults. 

Oral presentation at the Inaugural Bond University HDR Student Led 

Conference Gold Coast, (Queensland, Australia).  

(III. B)  POSTER   

1. Fien, S., Henwood, T., Climstein, M., Rathbone, E., & Keogh, J.W.L. (8-10th 

November 2017). How falls, wounds and hospitalisation are affecting nursing 

home residents. Poster presented at the 50th Annual Australian Association of 

Gerontology Conference Crown, Perth, (Western Australia, Australia). 

2. Fien, S., Henwood, T., Climstein, M., & Keogh, J. W. L. (27-29th April 2017). 

Gait characteristics and physical outcomes in nursing home residents. Poster 

presented at the International Conference on Frailty and Sarcopenia Research 

(Barcelona, Spain).  

3. Fien, S., Henwood, T., Climstein, M., & Keogh, J. W. L. (27-29th April 2017). 

Gait speed and the spatio-temporal determinants of residents in nursing homes. 

Poster presented at the International Conference on Frailty and Sarcopenia 

Research (Barcelona, Spain). 



x 
 

4. Fien, S., Henwood, T., Climstein, M., & Keogh, J. W. L. (27-29th April 2017). 

Gait speed and sarcopenia. Poster presented at the International Conference 

on Frailty and Sarcopenia Research (Barcelona, Spain).  

5. Keogh, J. W. L., Henwood, T., Senior, H., & Fien, S. (11-12th November 

2016). Prevalence, predictors and benefits of resistance training for improving 

gait speed in aged care. Poster presented at the 1st Australia and New Zealand 

Conference on Sarcopenia and Frailty Research Melbourne, (Victoria, 

Australia).  

6. Fien, S., Henwood, T., Climstein, M., & Keogh, J. W. L. (31st-1st 

October/November 2016). Making strides in aged care. Poster presented at the 

15th National Conference of Emerging Researchers in Ageing Conference 

Canberra, (Australian Capital Territory, Australia).  

7. Keogh, J.W.L., Fien, S., Climstein, M., & Henwood, T. (28th-1st June/July 

2016). Prediction of gait speed by spatio-temporal parameters in residential 

aged care residents. Poster presented at the World Congress Active Ageing 

Conference Melbourne, (Victoria, Australia).  

8. Fien, S., Keogh, J. W. L., Henwood, T., & Climstein, M. (4-6th November 

2015). Pumping iron in residential aged care: feasibility and preliminary efficacy. 

Poster presented at the 48th Annual Australian Association of Gerontology 

Conference Alice Springs Convention Centre, Alice Springs (Northern Territory, 

Australia). 

(IV) INVITED PRESENTATIONS  

Bond University Sports and Exercise Science Faculty Seminar Series (20th 

September 2017) – Guest speaker whereby I presented research on the topics 

“Adverse Events in Residential Aged Care” and an “International Research 

Exchange to Ireland”.  

 

 



xi 
 

(V) RELEVANT PRIZES AND AWARDS 

• ERA Travel Exchange 2017 

I was awarded the International Travel Exchange scholarship from the 

Emerging Researchers in Ageing (ERA) initiative “ERA Exchange” with 

additional support of the Australian Research Council - Centre of Excellence in 

Population Ageing Research (CEPAR).  

I travelled to Barcelona (Appendix 7) where I presented three posters at the 

International Conference on Sarcopenia and Frailty Research. I continued onto 

Dublin (Ireland) where I attended University College Dublin (UCD) for seven 

weeks in a research exchange under the supervision of Dr. Catherine Blake. 

Further information about the experience is included in Appendix 7.  

(VI) MEDIA 

I was granted the opportunity in 2015 by Bond University Learning and 

Teaching Department to develop a short film clip about my research topic. I was 

able to describe my research and give an insight into what area I would be 

focusing on. This clip can be viewed on the following link:   

https://www.youtube.com/watch?v=Y5GpmFc9s-I.  



xii 
 

(VII)  CONTRIBUTION TO THESIS  

Paper 1 -  Gait speed characteristics and its spatio-temporal determinants in nursing 

home residents: a cross-sectional study (CHAPTER 4) 

Authors Concept 
& 

Design 

Data 
Collection 

Data 
Analysis 

Drafting of 
Manuscript 

Critical Revision 

Samantha 
Fien 

55 100 90 70 10 

Justin 
Keogh 

25 - - 10 40 

Mike 
Climstein 

10 - - 10 20 

Timothy 
Henwood 

10 - - 5 20 

Evelyne 
Rathbone 

- - 10 5 10 

 

Paper 2 - Gait speed and adverse events in nursing home residents: a prospective 

cohort study (CHAPTER 5) 

Authors Concept & 
Design 

Data 
Collection 

Data 
Analysis 

Drafting of 
Manuscript 

Critical 
Revision 

Samantha 
Fien 

60 100 80 70 40 

Justin Keogh 20 - - 10 15 

Mike 
Climstein 

10 - - 5 15 

Timothy 
Henwood 

10 - - 5 15 

Evelyne 
Rathbone 

- - 20 10 15 

 

 

 

 

 

 



xiii 
 

 

Paper 3 - Feasibility and benefits of group-based exercise in residential aged care adults: 

a pilot study for the GrACE programme (CHAPTER 6) 

Authors Concept 
& 

Design 

Data 
Collection 

Data 
Analysis 

Drafting of 
Manuscript 

Critical Revision 

Samantha 
Fien 

55 100 95 70 10 

Justin 
Keogh 

15 - - 5 30 

Mike 
Climstein 

5 - - 5 25 

Timothy 
Henwood 

25 - - 15 40 

Evelyne 
Rathbone 

- - 5 5 5 

 

Paper 4 – Exploring the feasibility and benefits of the GrACE+GAIT exercise programme 

in the nursing home setting (CHAPTER 7) 

Authors Concept 
& 

Design 

Data 
Collection 

Data 
Analysis 

Drafting of 
Manuscript 

Critical Revision 

Samantha 
Fien 

65 100 80 70 10 

Justin 
Keogh 

15 - - 10 25 

Mike 
Climstein 

5 - - 5 25 

Timothy 
Henwood 

15 - - 5 25 

Evelyne 
Rathbone 

- - 20 10 15 

  



xiv 
 

   



xv 
 

ETHICS DECLARATION 

The research associated with this thesis received ethics approval from Bond 

University Human Research Ethics Committee, under reference number RO 

1823 and the relevant gatekeepers in the residential aged care facilities 

involved in the research studies.  

  



xvi 
 

  



xvii 
 

TABLE OF CONTENTS 

Abstract ...........................................................................................................i 

Keywords ........................................................................................................ii 

Declaration.....................................................................................................iii 

Acknowledgements .......................................................................................v 

Publications ..................................................................................................vii 

(i) Published - journal .................................................................................. vii 

(ii) Submitted for publication ........................................................................ vii 

(iii) Published - conference ......................................................................... viii 

(iv) Invited presentations ............................................................................... x 

(v) Relevant prizes and awards .................................................................... xi 

(vi) Media ..................................................................................................... xi 

(vii)  Contribution to thesis ........................................................................... xii 

Ethics declaration ........................................................................................xv 

List of figures .............................................................................................. xxi 

List of tables .............................................................................................. xxiii 

Abbreviations ............................................................................................. xxv 

Chapter 1 ...........................................................................................................2 

1.1 Rationale ...................................................................................................4 

1.2 Structure of thesis ...................................................................................8 

1.3 Complexity of conducting research in rac settings ............................10 

1.4 Research conducted ..............................................................................14 

1.5 Purpose of research ..............................................................................15 

Chapter 2 .........................................................................................................16 

2.1 Introduction ............................................................................................18 



xviii 
 

2.2 Gait speed ...............................................................................................19 

2.3 Biomechanics of gait .............................................................................20 

2.4 Gait speed in residential aged care ......................................................23 

2.5 Gait biomechanics data collection challenges ....................................36 

2.6 Adverse events .......................................................................................44 

2.6.1 Falls....................................................................................................45 

2.6.2 Wounds ..............................................................................................45 

2.6.3 Hospitalisation ....................................................................................46 

2.6.4 Mortality ..............................................................................................46 

2.7 Clinical benefits of mapping gait speed ...............................................49 

2.8 Exercise ..................................................................................................51 

2.8.1 Importance of maintaining mobility for older adults ............................51 

2.8.2 Health and function in older adults .....................................................53 

2.8.3 Exercise to improve gait .....................................................................56 

2.8.4 Gait speed outcomes .........................................................................57 

2.9 Feasibility, acceptability and sustainability .........................................60 

2.10 Summary of both literature reviews ...................................................70 

Chapter 3 .........................................................................................................72 

Chapter 4 .........................................................................................................78 

4.1 Preface ....................................................................................................80 

4.2 Abstract...................................................................................................82 

4.3 Introduction ............................................................................................83 

4.4 Materials and methods ..........................................................................85 

4.5 Results ....................................................................................................90 

4.6 Discussion ..............................................................................................94 



xix 
 

Chapter 5 ....................................................................................................... 100 

5.1 Preface .................................................................................................. 102 

5.2 Abstract................................................................................................. 104 

5.3 Introduction .......................................................................................... 105 

5.4 Materials and methods ........................................................................ 107 

5.5 Results .................................................................................................. 112 

5.6 Discussion ............................................................................................ 119 

Chapter 6 ....................................................................................................... 124 

6.1 Preface .................................................................................................. 126 

6.2 Abstract................................................................................................. 128 

6.3 Introduction .......................................................................................... 129 

6.4 Materials and methods ........................................................................ 131 

6.5 Results .................................................................................................. 138 

6.6 Discussion ............................................................................................ 143 

6.7 Appendices ........................................................................................... 149 

Chapter 7 ....................................................................................................... 154 

7.1 Preface .................................................................................................. 156 

7.2 Abstract................................................................................................. 158 

7.3 Introduction .......................................................................................... 159 

7.4 Methods and methods ......................................................................... 160 

7.5 Results .................................................................................................. 168 

7.6 Discussion ............................................................................................ 174 

7.7 Appendices ........................................................................................... 178 

Chapter 8 ....................................................................................................... 182 

8.1 Summary of findings ........................................................................... 184 



xx 
 

8.2 Practical applications .......................................................................... 189 

8.3 Limitations ............................................................................................ 191 

8.4 Future research directions .................................................................. 192 

8.5 Conclusion............................................................................................ 194 

Chapter 9 - References ................................................................................. 196 

Chapter 10 – Appendices ............................................................................. 226 

Appendix 1 .................................................................................................. 228 

Appendix 2 .................................................................................................. 234 

Appendix 3 .................................................................................................. 236 

Appendix 4 .................................................................................................. 238 

Appendix 5 .................................................................................................. 244 

Appendix 6 .................................................................................................. 250 

Appendix 7 .................................................................................................. 252 

Appendix 8 .................................................................................................. 260 

 

 

 

  

 

 

 

 

 



xxi 
 

LIST OF FIGURES  

();0-*'CDC='<*217*'0,)$;'";*3'."-*',*-9).*,>'45'."-*'%51*>'EF'G0$*'HFFIDHFCI'

JKL= .......................................................................................................................4 

();0-*'CDH='+&*,),'29*-9)*/= ...............................................................................9 

();0-*'CDE='M*5'*7*#*$%,'2@'%&*'3*9*721#*$%'"$3'*9"70"%)2$'1-2.*,,'JHNL= .....10 

();0-*'CDO=':*,*"-.&'.2$30.%*3= ......................................................................14 

();0-*'HDC='P*%*-#)$),%).'#23*7'2@';")%' ,1**3'20%7)$)$;' %&*'3)-*.%' -*7"%)2$,&)1,'

4*%/**$'%&*',1"%)2D%*#12-"7'1"-"#*%*-,'"$3';")%',1**3'JEC>'OOL= ...................22 

();0-*'HDH='<-*3).%*3',0-9)9"7'-"%*')$'273*-'#*$'"$3'/2#*$'45'.2--*7"%)$;'";*'

/)%&';")%',1**3'%2'*,%)#"%*'#*3)"$',0-9)9"7'-"%*'JECL= ......................................25 

();0-*' HDE=' (72/' .&"-%' 2@' ;")%' ,1**3' "$3' %&*' ,1"%)2D%*#12-"7' 1"-"#*%*-,' "$3'

%&*'*@@*.%'";*)$;'&",'2$'%&*'4235'JKOL= .............................................................32 

();0-*'HDO='8")%'1"-"#*%*-,'JKOL= ......................................................................35 

();0-*'HDQ='!.-**$,&2%'2@'"$'273*-'"307%'/"7B)$;'".-2,,'%&*'8")%'?"%'RR'17"%@2-#=

 ..........................................................................................................................37 

();0-*' HDK=' J6L' (22%1-)$%,' /)%&' -277"%2-' @-"#*S' JTL' T72.B' *-",*' %227' -*#29)$;'

-277"%2-'@-"#*S'JUL'P"%"'"$"75,*3'45'%&*'-*#29"7'2@'-277"%2-'@-"#*= ...................39 

();0-*'HDI='8")%',1**3'@72/'.&"-%'JCFNL .............................................................50 

();0-*'HDN='6'7)@*'.20-,*'#23*7'2@'3),"4)7)%5'JCHFL= ............................................52 

();0-*'HDV='+&*'%&-**',1&*-*,'2@',0,%")$"4)7)%5'JCONL. .......................................61 

();0-*'HDCF=':*7*9"$%'3)#*$,)2$,'2@'&*"7%&'."-*',5,%*#,',0,%")$"4)7)%5'JCOIL= 62 

();0-*'HDCC='63"1%*3'#23*7'2@',0,%")$"4)7)%5= ...................................................63 

Figure 4-1. P*%*-#)$),%).'#23*7'2@';")%' ,1**3'20%7)$)$;' %&*'3)-*.%' -*7"%)2$,&)1,'

4*%/**$'%&*',1"%)2D%*#12-"7,'1"-"#*%*-,'"$3';")%',1**3= ...............................84 



xxii 
 

();0-*' ODH=' UWX!W:+' @72/' 3)";-"#' 2@' %&*' -*.-0)%#*$%' 1-2.*,,' /)%&)$' %&*'

$0-,)$;'&2#*',*%%)$;,= ......................................................................................87 

();0-*'QDC='UWX!W:+'@72/'.&"-%'3)";-"#'2@'%&*'-*.-0)%#*$%'1-2.*,,'/)%&)$'%&*'

$0-,)$;'&2#*'@".)7)%5= ...................................................................................... 109 

();0-*'KDC='<-2Y*.%'UWX!W:+'3)";-"#'2@'-*.-0)%#*$%'"$3'",,*,,#*$%'2@',%035'

1"-%).)1"$%,=' Z$-277#*$%' $0#4*-,' "$3' /)%&3-"/"7,>' 2-' %&2,*' %2' @2772/D01>' "-*'

)$3)."%*3')$'%&*'42[*,= .................................................................................... 132 

();0-*' IDC=' UWX!W:+' @72/' 3)";-"#' 2@' -*.-0)%#*$%' "$3' ",,*,,#*$%' 2@' ,%035'

1"-%).)1"$%,= ..................................................................................................... 162 

();0-*'IDH='<&5,)."7'1*-@2-#"$.*'J6L';")%',1**3>' JTL',%-)3*' 7*$;%&>'JUL',0112-%'

4",*>' JPL' ,%*1' %)#*>' JZL' &"$3;-)1' ,%-*$;%&' "$3' J(L' ,)%' %2' ,%"$3' 1*-@2-#"$.*'\'

.2$%-27' 9*-,0,' *[*-.),*' ;-201' 29*-' %&*' HOD/**B' 8-6UZ]86R+' *[*-.),*'

1-2;-"##*= ..................................................................................................... 173 

  



xxiii 
 

LIST OF TABLES 

+"47*' CDC=' +&*' .2#17*[)%5' 2@' 3)";$2,)$;' "$3' #"$";)$;' "307%,' 7)9)$;' )$' :6U'

JHVL= ...................................................................................................................11 

+"47*' CDH=' :*^0)-*#*$%,' 2@' &*"7%&' ."-*' 1-2@*,,)2$"7,' /&*$' /2-B)$;' )$' :6U'

,*%%)$;,'JHVL= .....................................................................................................12 

+"47*'HDC='8")%'1"-"#*%*-,'"$3'%&*)-'3*@)$)%)2$,'JCOL= .......................................21 

+"47*'HDH='!0##"-5'2@'CH',%03)*,'2@':6U'273*-'"307%,' )$.703)$;'CFF'2-'#2-*'

1"-%).)1"$%,= .......................................................................................................27 

+"47*' HDE=' !0##"-5' 2@' @)9*' ,%03)*,' )$9279)$;' %&*' 86R+:)%*' ,5,%*#' "$3' 273*-'

"307%,= ...............................................................................................................42 

+"47*'HDO='!%03)*,')$9*,%);"%)$;'"39*-,*'*9*$%,')$':6U',*%%)$;,= ....................47 

+"47*'HDQ='W9*-9)*/'2@'.0%D2@@'.-)%*-)"'@2-'%&*'3)";$2,),'2@',"-.21*$)"'JCFHL= ...48 

+"47*' HDK=' +"47*' ,0##"-5' 2@' 1"1*-,' JHFFIDHFCIL' )$9*,%);"%)$;' ;")%' ,1**3'

.&"$;*,'@-2#'*[*-.),*'%-)"7,')$':6U'@".)7)%)*,=...................................................58 

+"47*'EDC='U2$%*[%0"7),"%)2$'2@'%&*':6U'@".)7)%)*,'%&"%'3"%"'.277*.%)2$'2..0--*3')$'

@2-'%&*'%&*,),=.....................................................................................................75 

+"47*' ODC=' !1"%)2D%*#12-"7' ;")%' 1"-"#*%*-,' "$3' 3*@)$)%)2$,' ",' 3*@)$*3' 45' %&*'

8")%?"%'RR'#"$0"7= .............................................................................................90 

+"47*'ODH='U&"-".%*-),%).,'2@'%&*'.2&2-%'2@'CFF'$0-,)$;'&2#*'-*,)3*$%,= ..........91 

+"47*'ODE='_$)9"-)"47*'"$3'#07%)9"-)"47*' 7)$*"-'-*;-*,,)2$'#23*7'2@' %&*',1"%)2D

%*#12-"7' 1-*3).%2-,' @2-' &"4)%0"7' ;")%' ,1**3' )$' CFF' -*,)3*$%,' 7)9)$;' )$' $0-,)$;'

&2#*'@".)7)%)*,= ..................................................................................................93 

+"47*'QDC='U&"-".%*-),%).,'2@'%&*'CFF'"307%,'7)9)$;')$':6U'";*3'KK'%2'VV'5*"-,=

 ........................................................................................................................ 112 



xxiv 
 

+"47*'QDH='639*-,*'*9*$%,'45';")%',1**3'%&-*,&273,'"@%*-'"'1*-)23'2@',)[D#2$%&,'

)$'CFF'"307%,'7)9)$;')$':6U=' ............................................................................ 115 

+"47*'QDE='_$)9"-)"47*'$*;"%)9*'4)$2#)"7'-*;-*,,)2$'#23*7'JR::,'/)%&'VQ`'UR,L'

%2'1-*3).%'%&*'$0#4*-'2@'@"77,'29*-',)[D#2$%&,')$'CFF'"307%,'7)9)$;')$':6U=' .... 116 

+"47*'QDO='?07%)9"-)"47*'$*;"%)9*'4)$2#)"7'-*;-*,,)2$'#23*7'JR::,'/)%&'VQ`'UR,L'

%2'1-*3).%'%&*'$0#4*-'2@'@"77,'29*-',)[D#2$%&,')$'CFF'"307%,'7)9)$;')$':6U=' .... 118 

+"47*'KDC='P*,.-)1%)9*'3"%"'@2-'%&*'*[*-.),*'"$3'.2$%-27';-201=' ..................... 139 

+"47*' KDH=' Z[*-.),*' ;-201' 1"-%).)1"$%' ^0*,%)2$$")-*' 12,%' CHD/**B' .2#17*%)2$=

 ........................................................................................................................ 141 

+"47*' KDE=' U&"$;*,' )$' %&*' #0,.7*' @0$.%)2$' 20%.2#*,' @2-' %&*' *[*-.),*' "$3'

.2$%-27';-201,= ................................................................................................ 142 

+"47*'IDC='Z[*-.),*')$%*-9*$%)2$'8-6UZ]86R+'J<&",*'R'"$3'<&",*'RRL=.......... 164 

+"47*'IDH='T",*7)$*'.&"-".%*-),%).,'2@'%&*'-*,)3*$%,'JXaOHL' )$'%&*':6U',*%%)$;=

 ........................................................................................................................ 169 

+"47*'IDE='6$"75,),'2@'.29"-)"$.*'J6XUWb6L'#23*7'2@'"'HOD/**B'8-6UZ]86R+'

)$%*-9*$%)2$')$'OH'-*,)3*$%,= ............................................................................ 171 

  



xxv 
 

ABBREVIATIONS  

Abbreviations included in this thesis are listed below. 

 

3D: Three-Dimensional 

ADL: Activities of Daily Living 

ANCOVA: Analysis of covariance  

ANOVA: Analysis of variance  

BIA: Bioelectrical Impedance Analysis  

BMI: Body mass index  

CI: Confidence interval 

EWGSOP: European Working Group on Sarcopenia in Older People 

Ft: feet 

GrACE: Group Aged Care Exercise  

GS: Gait speed  

ICC: Intraclass Correlation Coefficient 

IRR: Incidence Rate Ratio 

Kg: kilogram  

m: metres  

Mini-Cog: Mini-Cognitive test 

MMSE: Mini-Mental State Examination  

m/s: metres/second 

no.: number 

OR: Odds Ratio  

RAC: Residential Aged Care 

RCOF: Required Coefficient of Friction  

RCT: Randomised Controlled Trial 

s: seconds  

SARC-F: Sarcopenia Five-Item Questionnaire 

SD: Standard Deviation                                                                                             

yrs: years 
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1.1 RATIONALE 

Ageing is associated with a general decline in physical and cognitive 

wellbeing that often leads to poor health, increased dependency and 

decreased quality of life (4, 5). The number of adults using aged care services 

has increased over the last 10 years in Australia. Whilst home care has seen 

the greatest growth in users, permanent residential aged care (RAC) still 

accounts for the highest percentage of adults requiring care (6). This can also 

be seen in Figure 1-1, where the purple represents the number of Australian 

adults accessing permanent residential aged care and the green represents 

home care. As of 30th June 2017, 178,713 adults were using permanent 

residential aged care services in Australia (7). RAC in Australia is defined by 

the Commonwealth Government under the “Aged Care Act 1997” as providing 

a range of care options and accommodation for older people who are unable 

to continue living independently in their own homes (6). The target population 

for aged care services are older adults aged 65 years and over (Indigenous 

adults aged 50 years and older) with the use of aged care (48 per 1,000 older 

adults) being much higher than that of home care (17 per 1,000 older adults) 

(7). Due to population ageing and the associated increase in complex health 

care needs, the demand for aged care placement in Australia is predicted to 

treble by 2050 (8). Consequently, the impending care needs and health care 

expenditure will also increase dramatically (9).  

<#95('%=>=?%&'*@6'%51#,9%"9'.%-"('%1'(8#-'1A%BC%-"('%$C@'A%DE%F5,'%GEEH>GE=H%IJK?% 
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The physical decline of gait speed in adults living in RAC may reflect the 

process of sarcopenia, which is defined by the European Working Group 

Sarcopenia in Older People (EWGSOP) as ‘”the progressive and generalised 

loss of skeletal muscle mass, muscle strength and muscle function” (5). 

Sarcopenia is a significant precursor to RAC transition due to a decrease in 

muscle strength, loss of stamina and low gait speed (10). Moreover, RAC 

entry itself is assumed to significantly slow the gait speed of older adults (11, 

12). Gait speed can be defined as the distance walked (metres) divided by the 

time taken (seconds) (13). Spatio-temporal gait parameters contain the 

following key variables: step length, step rate, step width (referred to as 

support base within this thesis), ground contact time, double support time and 

swing time JCOL.  

Admission into a RAC facility is also related to many adverse events including 

falls, wounds and hospitalisation that may result in reduced quality of life, and 

contribute to higher risks of disability and death in RAC facilities (15). These 

adverse events are often very costly, with falls being one of the leading 

causes of injury-related hospitalisation in older adults (16). As a result of the 

population ageing, the higher number of older adults living in RAC and the 

increasing trend in sarcopenia, the cost of falls is expected to rise to $1.4 

billion in Australia by 2051 (6).  

Health professionals are increasingly viewing regular exercise as a key 

behavioural ingredient in reducing the risk of illness, but most importantly, 

increasing mobility and reducing disability in older adults (17). Many health 

promotion advocates also emphasize the economic benefits of exercise, with 

resistance and balance training becoming apparent for older adults at risk of 

sarcopenia and adverse events (18, 19).  

Ironically, residents of RAC facilities are among the least researched older 

adult group even though they have the highest rates for falls and hospital 

admissions and are among the highest consumers for prescribed medications 

(20). Although research has been reported in community-dwelling older adults 

(21-23) (22, 24), to the author’s knowledge, little research has investigated the 

incidence of adverse events specific to falls, wounds and hospital admissions 
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in Australian adults living in RAC, or whether spatio-temporal gait 

characteristics predict gait speed in this population.  

This thesis hypothesises that a range of spatio-temporal parameters may 

predict gait speed in adults living in RAC. For this population, the identification 

of specific spatio-temporal parameters that determine gait speed, could then 

inform targeted exercise programmes to promote gait performance.  

Exercise, in particular, resistance combined with weight-bearing training 

programmes appear to show promise in reducing entry into, and the adverse 

events associated with residing in RAC (25). To the author’s knowledge, there 

is a relative lack of research quantifying the feasibility of this form of exercise 

in this setting (26). To create a robust research translation culture in aged 

care facilities, more studies investigating the feasibility (in particular, 

acceptability and sustainability) of exercise programmes need to be 

conducted for findings to become practice and influence the aged care sector.  

A possible exception to the lack of demonstrated feasibility and research 

translation is an exercise programme which was targeted at respite care older 

adults in Australia (27). Older adults accessing respite care are unable to 

completely care for themselves due to the adverse effects of ageing, chronic 

disease, physical and/or cognitive disability (27). The programme consisted of 

seated progressive resistance and weight-bearing exercises twice a week, 

focusing on non-resisted upper- and lower-body dynamic and reaching 

movements. The value of the programme was acknowledged by the provider 

who supplied the trial respite site, resulting in the programme being rolled out 

across the state to over 40 respite centres (27). However, it is yet to be trialled 

amongst adults living in RAC. Given the demonstrated uptake of this exercise 

programme by a low functioning older adult population at risk of entry into 

RAC, it was hypothesised that the Group Aged Care Exercise (GrACE) 

programme would exhibit similar levels of feasibility and benefits in the RAC 

setting (27). In order to counteract the effects of reduced gait speed and 

altered spatio-temporal parameters, progressive resistance exercise 

programmes was investigated in adults living in RAC. The outlook of feasibility 

(acceptability and sustainability) was examined through the adoption of long-
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term regular exercise programmes (12 and 24 weeks) for residents of RAC to 

maintain physical performance.  

In summary, this thesis addresses an understudied population cohort with the 

aim to accurately identify the spatio-temporal parameters of gait speed in a 

RAC setting; determine if gait speed and the spatio-temporal parameters may 

predict adverse events; and examine how exercise may influence these gait 

parameters. 
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1.2 STRUCTURE OF THESIS 

A series of studies were designed and conducted to address some of the 

gaps in literature identified in the previous section. The overall structure of the 

thesis is shown in Figure 1-1. The first section comprises two literature 

reviews, which provide background on gait performance and adverse events 

in RAC (Chapter Two) and the benefits and feasibility of exercise in this 

setting (Chapter Three). These reviews were followed by a cross-sectional 

study conducted to characterise gait speed and spatio-temporal parameters of 

gait (Chapter Four) and a prospective cohort design used to estimate the 

incidence and types of adverse events including falls, hospital admissions, 

wounds and deaths (Chapter Five). Building on the findings of the first four 

chapters, the first intervention study (Chapter Six) examined the feasibility 

and acceptability of a 12-week exercise intervention in the aged care setting. 

The second intervention study (Chapter Seven) assessed the benefits of a 

24-week supervised exercise intervention. As well as the sustainability of an 

intervention that was designed to further improve the positive transfer of 

training to improving gait speed in the RAC setting. Finally, Chapter Eight 

includes a summary of the thesis, practical applications, limitations and future 

directions for research in this field.  
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1.3 COMPLEXITY OF CONDUCTING RESEARCH IN RAC SETTINGS  

The complexity of conducting research in RAC settings is due to a variety of 

factors and requires a certain degree of knowledge, a greater understanding 

and a high level of care and communication when collecting data with older 

adults (28).  The process from development through to implementation may 

take a wide range of different forms (28). Figure 1-3 summarises the main 

stages and key functions/activities that occur at each stage.  

<#95('%=>D?%N'C%'6'+',$1%*)%$/'%.'8'6*@+',$%",.%'8"65"$#*,%@(*-'11%IGOK?%%

There are specific features and variables that are important for research to be 

effective for adults residing in RAC settings. These can be classified, but are 

not limited to, the following which have been adapted from The Royal 

Australian College of General Practitioners Curriculum 2011 Statement (29):  

• The complexity of diagnosing and managing adults living in RAC  

(Table 1-1)  

• Requirements of health care professionals when working in RAC  

(Table 1-2) 

Providing care for older adults living in a RAC setting is complex and 

challenging as each resident faces a different kind of risk, management level 

and requirement of professional health care (29), which can change at any 

time. It is a process that needs to be considered carefully to ensure the 

highest level of care and service is delivered.  
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Variables featured when diagnosing and managing adults living in RAC 

• Symptom with no clearly identifiable 

aetiology 

• Impact of ageing on people with pre-

existing conditions, particularly 

intellectual impairment, mental illness or 

physical disabilities 

• Altered patient presentations 

• Difficulties in cognition and 

communication 

• Multiple pathologies 

• Multisystem disease that often involves 

chronic disease management 

• Problems of polypharmacy 

• Decreased reserves (physiological, 

psychological, financial) 

• The importance of functional 

assessment and support (e.g. walking 

stick/assisted devices) 

• Sensory deficits such as impaired 

vision, hearing and balance 

• Nutrition, physical activity, continence 

and pain 

• Relationship with guardians, relatives 

and other health professionals 
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Requirements of health care professionals working in RAC settings  

• Positive attitudes toward empowering 

elderly patients to take an active part in 

maintaining their health 

• The ability to deal with and prioritise the 

numerous comorbidities or challenging 

behaviours of the older client  

• Feeling comfortable when working with 

the aged, their families, carers, 

healthcare teams and friends 

• The ability to work within 

multidisciplinary healthcare teams 

• The need to be aware of resources 
• Continuity of care 

• A certain level of education and training  
 

 

In addition to Table 1-1 and Table 1-2, there are also many other complex 

factors affecting adults living in RAC that need to be addressed. The following 

have been adapted from (29):  

• Cultural and linguistic diversity, socioeconomic status, gender, family 

and community supports, and geographical location may affect the 

needs, acceptance and availability of services and activities for the 

aged. 

• Cultural differences, perceptions and expectations of ageing may affect 

levels of carer responsibility and involvement. 

• Informed consent may be impaired due to cognitive impairments and 

the care of adults living in RAC may involve multiple carers, issues of 

power of attorney and regulatory administrative bodies such as 

guardianship boards. This includes discussing, formulating and 

documenting advanced care plans and decisions concerning the end-

of-life. 

• Older adults are especially at risk of adverse patient safety outcomes, 

especially in relation to the inappropriate use of physical or medication 
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induced restraint, missed diagnoses due to failure to evaluate vague or 

unclearly expressed symptoms, and failure to understand instructions. 

• Special issues, such as those relating to sexuality and discrimination, 

may affect the needs, acceptance and availability of services and 

activities for the aged. 

Failure to address these features, variables and factors could result in that  a 

range of adverse events occur at any stage or time (30). These include, but 

are not limited to:  

• Incident of falls 

• Hospital admission  

• Wounds/skin tears  

• Death  

• Drug errors  

• Treatment errors  

• Misdiagnosis  

• Epidemics  

• Staff injuries  

Due to the complexity involved in collecting data and the limited research 

currently being conducted, the importance of valid and reliable data collection 

is pivotal in the translation care of adults living in RAC facilities (30)and as 

such the research must be objective, valid and reliable. Consequently, the 

research conducted for this thesis attempted to maximise the validity and 

reliability of the research findings, while also navigating many of the 

challenges of research in the RAC sector that may make it difficult to always 

utilise ideal research designs such as randomised controlled trials due to 

perceptions that the facility manager and staff may have of their residents. 

The stages of research can be seen in Figure 1-4.   
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1.4 RESEARCH CONDUCTED  

Data was collected from two Northern NSW and two Queensland RAC 

facilities in the following stages.  
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Stage 1 

Data collected in two Northern NSW and two Queensland RAC facilities from 2014-2015 

N = 100 older adults living in RAC 

Chapter Four (Study One)  

Gait speed characteristics and its spatio-temporal determinants in nursing home residents: a 
cross-sectional study 

Stage 2 

Based on data collected from Stage 1 a prospective cohort study was conducted in the 
same RAC facilities involved in Chapter Four (Study One) for six months between 2014-

2016 

N = 100 older adults living in RAC 

Chapter Five (Study Two) 

Gait speed and adverse events in nursing home residents: a prospective cohort study 
Stage 3  

12-week exercise intervention in one Queensland RAC facility in 2015 

N = 37 older adults living in RAC 

Chapter Six (Study Three) 

Feasibility and benefits of group-based exercise in residential aged care adults: a pilot study 
for the GrACE programme 

Stage 4  

24-week exercise intervention in two Northern NSW RAC facilities in 2016-2017 

N = 42 older adults living in RAC 

Chapter Seven (Study Four) 

Exploring the feasibility and the benefits of the GrACE+GAIT exercise programme in the 
nursing home setting 
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1.5 PURPOSE OF RESEARCH  

The thesis had two major aims. The first was to characterise gait speed and 

spatio-temporal gait parameters of older adults living in RAC and to determine 

if spatio-temporal gait parameters could predict gait speed and adverse age-

related events in adults living in RAC. The second aim focused on a general 

12-week and a progressively more specific 24-week exercise intervention to 

determine if such programmes would be feasible and improve the gait speed 

and spatio-temporal parameters of the adults living in RAC. 

The specific objectives for the thesis were to: 

• Quantify the spatio-temporal parameters and gait speed of adults living 

in RAC (Study One). 

• Gain insight into whether these spatio-temporal parameters predicted 

gait speed in this population (Study One). 

• Quantify incidence of adverse events in Australian adults living in RAC 

over a period of six-months (Study Two).  

• Determine if gait speed thresholds could predict the frequency of falls 

and other adverse events in adults living in RAC (Study Two).  

• Determine the feasibility of the GrACE programme in RAC (Study 

Three). 

• Gain some preliminary insight into the feasibility programme benefits on 

gait speed, sit to stand and handgrip strength (Study Three). 

• Assess the benefits and feasibility of a 24-week targeted GrACE+GAIT 

progressive resistance and weight-bearing exercise programme in the 

RAC setting (Study Four).  
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2.1 INTRODUCTION  

In order to determine the current state of knowledge and existing gaps within 

the literature, the thesis literature was split into two sub-sections: gait and 

exercise. The aims of the first section (gait) was to:  

1) Provide an overview of gait performance in adults living in RAC, 

2) Gain a better understanding of how adults’ walk living in a RAC setting and 

3) Describe how gait performance may affect older adult’s overall health, 

adverse events and well-being and why assessment is important in the RAC 

setting. 

The aims of the second section (exercise) was to: 

1) Provide an overview of the importance of exercise programmes for adults 

living in RAC,  

2) Gain a better understanding on progressive resistance training for adults 

living in RAC and, 

3) Examine what is known regarding the feasibility of exercise in the RAC 

setting.  
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2.2 GAIT SPEED 

Gait speed, also termed walking speed, has been shown to be associated 

with survival among older adults (predominantly in community-dwelling) in 

epidemiological cohort studies and to reflect health and functional status (31). 

Gait speed has also been recommended as a clinical indicator of well-being 

among older adults (31). Walking is an essential motor skill that all individuals, 

regardless of age, need to be able to do if they wish to remain independently 

mobile and perform activities of daily living (ADLs) including bathing, toileting, 

dressing and eating (32). The remainder of this literature review chapter will 

therefore focus on older adults living in RAC where such data was available. 

When there was insufficient evidence available for older adults living in RAC, 

the wider older adult literature was also summarised and synthesised. 

A decline in gait speed, physical performance and ADLs has been shown to 

lead to a higher risk of falling and entry into RAC (32, 33). RAC in Australia is 

defined by the Commonwealth Government under the “Aged Care Act 1997” 

as providing a range of care options and accommodation for older people who 

are unable to continue living independently in their own homes (6). The type 

of care provided ranges from personal care to supported activities of daily 

living through to end-stage, palliative nursing care (34). While remaining 

physically active with age is essential to maintain health and quality of life, 

there is an age-related loss of physical activity (often measured as the 

number of steps taken per day) as well as an expected annual decline in gait 

speed of 0.03–0.05 m/s per year (35, 36), with adults living in RAC appearing 

more sedentary than other older age groups (37).  
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2.3 BIOMECHANICS OF GAIT 

The biomechanical approach to assessing gait have involved three-

dimensional (3D) motion capture, ground reaction force and/or surface 

electromyography for gait stability and are commonly performed in research 

studies (38-41) in community-dwelling older adults.  

It is however possible to gain clinically relevant insight into aspects of the 

biomechanics of adults living in RAC gait by assessing their spatio-temporal 

parameters with a variety of pressure mat or inertial sensor systems that can 

be easily transported to the RAC facility. Gait speed, step length, step rate, 

step width (referred to as support base within this thesis), ground contact time, 

double support time and swing time are examples of spatio-temporal 

parameters that may influence gait performance and falls risk in a range of 

older adult groups (22, 42) that could be examined in the RAC context. 

Definitions of a number of these gait spatio-temporal parameters are provided 

in Table 2-1. It has been proposed that at least some of these variables 

should be monitored in older adult populations due to their relationship with 

falls, disability and mortality (4). However, they are rarely employed and 

remain underutilised in a clinical setting involving adults living in RAC due to 

their high financial costs and relative inability for adults to be transported to 

research facilities having such equipment (39, 43). 

%
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Gait parameters Definition 

Gait speed 

A particular manner of walking (speed= length x 

rate) and has been suggested as the “sixth vital 

sign” in assessing older adults (13). More simply, 

gait speed can be defined as the distance walked 

(m) divided by the time taken (s). 

Step length 
The distance between one heel contact point and 

that of the other subsequent foot (14). 

Step rate 
The number of heel contacts made by both feet in 

one minute (14). 

Ground contact time 
The amount of time one foot or both feet remain on 

the ground (14). 

Step width 

The lateral distance between consecutive centres 

of pressure for the time sample immediately before 

heel-strike (14). 

Single support time 
The amount of time one foot is on the ground 

during the gait cycle (14). 

Double support time 
The amount of time both feet are on the ground 

concurrently during the gait cycle (14). 
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A deterministic model of gait speed and the variables that directly influence 

gait speed and stability is outlined in Figure 2-1. This model has been adapted 

from a previous study, which investigated the running stride of a 100 metre 

race (44).  

'
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2.4 GAIT SPEED IN RESIDENTIAL AGED CARE 

A low gait speed has also been reported to represent an independent 

predictor of muscle function and sarcopenia in community-dwelling older 

adults (4). Whereby muscle function is defined as muscle strength and 

physical performance, where gait speed (velocity) is one of the primary 

measures of physical performance (5). A number of muscular and 

neurological factors have been associated with the age-related decline in gait 

speed. Muscular factors may include a decrease in motor units, impaired 

muscular activation, substitution of type II by type I fibers and therefore 

diminished contraction speed. Neurological factors may include diminished 

cutaneuos sensitivity, decreased nerve conduction velocity and reaction time, 

decreased grey matter volume with functional brain impairment, and the 

presence of white matter lesions. 

The degree of low mobility experienced by older adults in long-term RAC may 

be measured by gait speed (13). Using this approach, a number of studies 

and systematic reviews have sought to identify gait speed thresholds that are 

predictive of poor health in a range of older adult groups. For example, a 

systematic review revealed a gait speed of 0.8 m/s as a predictor for poor 

clinical health and adverse outcomes, and a gait speed of 0.6 m/s as a 

threshold of additional decreases in physical function in older adults (4). 

Further, a systematic review containing "well-functioning”, “free from disability” 

and “cognitively intact” community-dwelling older adults (4) reported 

“extremely low mobility” status as corresponding to a gait speed less than 0.2 

m/s and “requiring long term residential aged care” status corresponding to a 

gait speed of 0.15 m/s. It has also been demonstrated that every 0.1 m/s 

reduction in gait speed equates to a 10% decrease in older adult’s ability to 

perform ADLs (4). These findings are alarming and suggest a greater 

emphasis should be placed on gait and its spatio-temporal parameters in 

older adults at risk of entry or already residing in RAC in order to reduce 

negative outcomes.  

Studenski et al. (2011) predicted survival rate from gait speed in older men 

and women (Figure 2-2). Using an accelerated failure time model with Weibull 
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distribution and age as the continuous variable, survival rate estimated as the 

median years of life remaining in older adults, based on the following 

variables: sex, age and gait speed. For example, a woman who is 85 years 

old and has a gait speed of 1.0 m/s is estimated to have ~ ten years median 

survival rate (31). Compared to a woman of the same age who has a gait 

speed of 0.5 m/s is estimated to have ~ seven years’ median survival rate. 

Furthermore, the lower the gait speed, the worse the health outcomes will be 

for an older adult.  

A meta-analysis found that being in the lowest quartile of gait speed 

compared with the highest quartile was associated with a threefold increased 

risk of mortality (31). Moreover, the association between slow gait speed and 

mortality seems consistent across several ethnic groups (31). As a result, gait 

speed may be considered a primary assessment for analysing mobility in 

older adults as it reflects ADL function and predicts survival in numerous 

studies (45, 46).  
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,#*-.+"&+/2#1"-/"#1+"'-*,#"E)"<++M,"0%8"1%;+"*+'&+6#+."#1+"0%N$*-#8"$'"+C+*6-,+,"

3+-/2"5+*'$*0+."-/"%",+%#+."5$,-#-$/".7*-/2"#1-,"#-0+9"J1+"-/6&7,-$/"$'"#1+"2%-#K

'$67,+." ,#%/.-/2" +C+*6-,+," -/" #1+" ,+6$/." 51%,+" $'" #1+" 5*$2*%00+" 0%8"

#1+*+'$*+"3+"6*76-%&"#$"$5#-0-,+"-05*$;+0+/#,"-/"2%-#",5++."%/.",5%#-$K#+05$*%&"

5%*%0+#+*," -/"%.7&#," &-;-/2" -/"O!P9" T/" #1+"6$/#+C#"$'"6$007/-#8K.<+&&-/2"$&.+*"

%.7&#," *+,+%*61A" '*%-&"%.7&#,A"6$05%*+."#$"/$/K'*%-&",#%#7,A"1%;+"%"*+.76+."2%-#"

,5++."%/.",#*-.+" &+/2#1"<-#1" -/6*+%,+.",#*-.+" #-0+" G==A"))>H9" T/"5%*#-67&%*A" #1+"

+''+6#" ,-Z+" <%," ,-2/-'-6%/#" '$*" 3$#1" ,#7.-+," '-/.-/2" 0$*+" 5*$/$7/6+."

.-,6*-0-/%#-$/"5$<+*" '$*"2%-#" ,5++." G."["I9=4H"%/.",#+5" &+/2#1"G."\"E9?)H" G==A"

))>H9"Q%-#",5++."1%,"3++/"*+5$*#+."%,"$/+"$'"#1+",#*$/2+,#"#$"5*+.-6#"%.;+*,+"

$7#6$0+,A",761"%,"0$3-&-#8".-,%3-&-#8A"'%&&,A"$*"1$,5-#%&-Z%#-$/"-/"%"*%/2+"$'"$&.+*"

5$57&%#-$/,"G))>K)?EH9"Y$<+;+*A"%,,+,,0+/#"$'"2%-#",5++.".$+,"/$#A" -/"%/."$'"

-#,+&'A" 5*$;-.+" -/,-21#" -/#$" #1+" ,5+6-'-6" 2%-#" 5%##+*/A" <1-61" -/" #7*/"0%8" &-0-#" #1+"

,+/,-#-;-#8" %/." ,5+6-'-6-#8" $'" .-,6*-0-/%#-$/" 3+#<++/" .-''+*+/#" '*%-&#8" %/." 1+%&#1"

,#%#7,+,"G)?EH9"

:/"#1-,"3%,-,A"<+"<$7&."*+6$00+/."#1%#"+C+*6-,+"5*+,6*-5#-$/,"'$*"$&.+*"%.7&#,"

-/" O!P" 0-21#" /++." #$" 3+" &$/2+*" #1%/" E)" <++M," %/." 1%;+" %" 5*$2*+,,-$/" $'"

2+/+*%&" G,+%#+.H" #$" 0$*+" ,5+6-'-6" 3%&%/6+" %/." <+-21#K3+%*-/2" ,#*+/2#1+/-/2"

+C+*6-,+," #$" -05*$;+"2%-#",5++."<-#1$7#" -/6*+%,-/2" #1+"*-,M"$'"+C+*6-,+K*+&%#+."

%.;+*,+"+;+/#,"&-M+"'%&&,9"J1+"*+D7-*+0+/#"'$*"+C+*6-,+"5*$2*%00+,"+C6++.-/2"

E)" <++M," 0%8" *+'&+6#" #1+" 07&#-'%6#$*-%&" 5*$6+,,+," %/." 07&#-5&+" ,+/,$*-0$#$*"

,8,#+0,"#1%#"-/'&7+/6+"2%-#",5++.A"%/."1$<"%/"-/6*+%,+"-/"2%-#",5++."<-&&"/$#"3+"

%61-+;+." 7/#-&" %&&" #1+,+" 5*$6+,,+," %/." ,8,#+0," 1%;+" 3++/" -05*$;+." <-#1"

+C+*6-,+"GE?4H9""

J1-,",#7.8"%&,$",$721#"#$".+#+*0-/+"#1+"'+%,-3-&-#8"%/.",7,#%-/%3-&-#8"$'"%"&$/2+*"

.7*%#-$/"G)(K<++M,H"5*$2*+,,-;+"*+,-,#%/6+K#*%-/-/2"5*$2*%00+"#1%/"1%,"3++/"

#85-6%&&8"5+*'$*0+."G4KE)"<++M,H"-/"5*+;-$7,",#7.-+,"$'"%.7&#,"&-;-/2"-/"O!P"G?A"

E((H9"W$*"#1+")?"*+,-.+/#,"<1$"<+*+"+/*$&&+."-/"#1+"+C+*6-,+"5*$2*%00+A"#$#%&"

,+,,-$/"%.1+*+/6+"*%#+"<%,"=>9?@9"J1-,"%##+/.%/6+"*%#+"%55+%*+.",-0-&%*"#$"$*"
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2*+%#+*"#1%/"*+5$*#+."-/"5*+;-$7,"+C+*6-,+",#7.-+,"-/;$&;-/2"%.7&#,"&-;-/2"-/"O!P"

<-#1" %;+*%2+" %2+" *%/2-/2" '*$0" B)" #$" B4" 8+%*," $&." G?A" E()A" E((A" EF=H9" J1+*+"

<+*+" /$" .*$5$7#,"$*" +C+*6-,+K*+&%#+." %.;+*,+" +;+/#," *+5$*#+." -/" #1+" +C+*6-,+"

2*$75".7*-/2"#1+")(K<++M"5*$2*%00+A"*+-#+*%#-/2"#1%#"#1+"+C+*6-,+"5*$2*%00+"

<%,"'+%,-3&+"'$*"#1+")(K<++M,9""

W7*#1+*" +;-.+/6+" ,755$*#-/2" #1+" ,7,#%-/%3-&-#8" $'" #1+" Q*!PRSQ!TJ" <%," #1%#" -#"

7#-&-Z+."$/+"+C+*6-,+"-/,#*76#$*"'$*"%"2*$75"$'"75"#$"EI"%.7&#,"&-;-/2"-/"O!P"-/"%"

,+,,-$/" GEF4HA" <%," 5+*'$*0+." -/" %" 6$007/%&" 07&#-K57*5$,+" *$$0" %/." #1%#" -#"

$/&8"*+D7-*+."E",+#"$'".7033+&&,A"G*%/2-/2" -/"<+-21#]"I9FM2"V")M2H"%/"+C+*6-,+"

3%&&" %/." %" .-/-/2" *$$0" 61%-*" 5+*" *+,-.+/#9" T/" *+2%*.," #$" ,7,#%-/%3-&-#8A" #1+"

5*$2*%00+"<%,"%3&+"#$"0%-/#%-/"#<$"+C+*6-,+"6&%,,+,"5+*"<++M"'$*")(K<++M,9"

^7*-/2" #1+" ,+6$/." 51%,+A" #1+" 5*-0%*8" -/;+,#-2%#$*" 6$/.76#+." $/+" 6&%,," 5+*"

<++MA" <1-&,#" %/" -/#+*/%&" O!P" ,#%''" 0+03+*" 6$/.76#+." #1+" ,+6$/." +C+*6-,+"

6&%,,9" U761" '-/.-/2," 5*$;-.+" ,$0+" -/.-6%#-$/" $'" &$/2K#+*0" ,7,#%-/%3-&-#8" $'" #1+"

5*$2*%00+A" %," -#" <$7&." %55+%*" #$" 3+" '-/%/6-%&&8" 0$*+" ;-%3&+" %/." +%,-&8"

.+&-;+*+."38"+C+*6-,+"5*$'+,,-$/%&,"%/.L$*"#*%-/+."O!P",#%''"#1%/"$#1+*"+C+*6-,+"

-/#+*;+/#-$/,"+C%0-/+." -/" #1+"O!P"6$/#+C#" G?FA"E)FA"E?BA"E()A"E((A"E(FA"EF=A"

))(A"))FH9""

Y$<+;+*A" -#" 07,#" 3+" %6M/$<&+.2+." #1%#"%&#1$721" #1+"Q*!PR" 5*$2*%00+" <%,"

'$7/." #$"3+" '+%,-3&+" '$*" #1$,+"<1$"5%*#-6-5%#+." -/" #1-,",#7.8A" #1-,"%0$7/#+." #$"

$/&8"_?)@"$'"#1+"5$57&%#-$/"$'"#1+"O!P"'%6-&-#89"P$&&+6#-;+&8A"#1+"*+,7&#,"$'"#1-,"

,#7.8" ,722+,#" #1%#" '7*#1+*" '+%,-3-&-#8" #*-%&," 0%8" /++." #$" #%*2+#" %.7&#," &-;-/2" -/"

O!P" <1$" <+*+" -/+&-2-3&+" '$*" #1-," ,#7.8" G)?)H" %/." %&,$" +C%0-/+" ,$0+" $'" #1+"

-,,7+,"-/'&7+/6-/2"*+6*7-#0+/#"*%#+,"'*$0"#1$,+"<1$"<+*+"+&-2-3&+"#$"5%*#-6-5%#+"

G)EEH9""

!"#",$'-./0$1232-4-2567$$

J1+"5*-0%*8" &-0-#%#-$/"<%,"#1+" &%6M"$'"%"*%/.$0-Z+."6$/#*$&" #*%-&" GOPJH".+,-2/"

%/."#1+"&+%."*+,+%*61+*"/$#"3+-/2"3&-/.+."#$"5%*#-6-5%/#"%&&$6%#-$/9"J1-,"&%6M"$'"

%/"OPJ".+,-2/"%/."*+,+%*61+*"3&-/.-/2A"<1-61"5%*#-%&&8"*+'&+6#+."#1+"61%&&+/2+,"

$'"6$/.76#-/2"+C+*6-,+"#*-%&,"-/"#1+"O!P",+##-/2A"0%8"*+.76+"#1+"-/#+*/%&";%&-.-#8"

$'" #1+" ,#7.8`," '-/.-/2,9" a+" %6M/$<&+.2+" #1%#" ()" 5%*#-6-5%/#," %,,+,,+."

*+5*+,+/#+."%"*+6*7-#0+/#"*%#+"$'"$/&8"F)@"$'"#1+"5%*#-6-5%/#,"-/-#-%&&8"#1$721#"#$"
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3+"+&-2-3&+"'$*"#1+",#7.8"%/."$/&8"%3$7#"?)@"$'"#1+"'%6-&-#8`,"5$57&%#-$/9"Y$<+;+*A"

#1+" 5$#+/#-%&" '$*" *+,+%*61" $'" 3-%," <%," *+.76+." -/" #1%#" #1+" 5*-0%*8" $7#6$0+" $'"

2%-#" ,5++." <%," %,,+,,+." 38" #1+" Q%-#b%#" TT" ,8,#+0" <1-61" .$+," /$#" %&&$<" %/8"

*+,+%*61+*"3-%," #$" -/'&7+/6+"#1+"*+,7&#," *+6$*.+.9" T#" -,"%&,$"%6M/$<&+.2+."#1%#"

?^" 3-$0+61%/-6%&" %/%&8,+," <$7&." 1%;+" %&,$" 5*$;-.+." %..-#-$/%&" -/'$*0%#-$/"

*+2%*.-/2" #1+"5$#+/#-%&"0+61%/-,0,"7/.+*&8-/2" #1+" -05*$;+0+/#" -/"2%-#" ,5++."

%/." ,#*-.+" &+/2#1A" ,761" %," #1+" 5$#+/#-%&" '$*" -05*$;+." 5$,#7*%&" ,#%3-&-#8" %/."

2*+%#+*"%/#+*-$*"5$,#+*-$*"-057&,+"5*$.76#-$/".7*-/2"#1+",#%/6+"51%,+9""

"

!"#"8$(5691.72567$

J1-,",#7.8"'$7/."#1+"*+,-.+/#`,"2%-#",5++."%/."518,-6%&"5+*'$*0%/6+"-05*$;+."

-/"#1+"Q*!PRSQ!TJ"+C+*6-,+"2*$75"5$,#")(K<++M"%/."#1-,"+C+*6-,+"5*$2*%00+"

<%," '+%,-3&+" %/." ,7,#%-/%3&+" -/" #1+" O!P" ,+##-/29" T/" $*.+*" #$" +/,7*+" ,761"

+C+*6-,+" 5*$2*%00+,A" 3+6$0+" %" 5%*#" $'" 7,7%&" 6%*+" -/" O!PA" %..-#-$/%&" OPJ"

.+,-2/"/++."#$"+C%0-/+"1$<"+C+*6-,+A"-/"5%*#-67&%*A"5*$2*+,,-;+"*+,-,#%/6+"%/."

<+-21#K3+%*-/2"#*%-/-/2"0%8"-05*$;+"%"*%/2+"$'"$#1+*"-/.-6+,"$'"1+%&#1"%/."<+&&K

3+-/2"%/."<1+#1+*",761"5*$2*%0,"%*+"+6$/$0-6%&&8";-%3&+9""
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!"!"#"$ %&'()*+'$ ,(-./$ /0(1*)*/021$ 3.'+1*-220*('$ /-+1$ 45 67''8$ )-9/:'1*-2$ -;$ 1<'$

=(>?%@=>AB$'&'()*+'$/(-,(099'"$ "

=.>7-256$ $ $ $ $ $

^-."8$7"1%;+"%/8"6$/6+*/G,H"<-#1"#1+"Q*!PR"5*$2*%00+"!"#$%"&'()%(*+,"+C+*6-,+"5*$2*%00+c$

" U!"\"I" !"\")"" "d"\"(" ^"\"EI" U^"\"="

"

^-." 8$7" 1%;+" %/8" 6$/6+*/G,H" <-#1" #1+" Q*!PRSQ!TJ" 5*$2*%00+" -.$+ " /$0.1"(*+, " #1+" +C+*6-,+"
5*$2*%00+c"

" U!"\"I" !"\"I" "d"\")" ^"\"EB" U^"\"?"

"

^-."8$7"+/N$8"5%*#-6-5%#-/2"-/"#1+"Q*!PRSQ!TJ"5*$2*%00+c"""

" U!"\")?" !"\"I" "d"\"I" ^"\"I" U^"\"I"

"

^$"8$7"3+&-+;+"#1+"Q*!PR"5*$2*%00+"<%,"<+&&"$*2%/-,+.c"

" U!"\")I" !"\"?" "d"\"I" ^"\"I" U^"\"I"

"

^-."8$7"'-/."#1+"Q*!PR"5*$2*%00+"-05+.+"$/"8$7*".%-&8"*$7#-/+c"

" U!"\"I" !"\"E" "d"\"?" ^"\"E4" U^"\"?"

"

a$7&."8$7"3+"1%558"#$"6$/#-/7+"5%*#-6-5%#-/2"-/"#1+"Q*!PRSQ!TJ"5*$2*%00+"$*",$0+#1-/2",-0-&%*c"

" U!"\")?" !"\"I" "d"\"I" ^"\"I" U^"\"I"

"

:;+*%&&A" <$7&." 8$7" *%#+" 8$7*" 67**+/#" 518,-6%&" 6$/.-#-$/" #$" 3+" 3+##+*" #1%/" 3+'$*+" 8$7" ,#%*#+." #1+"
Q*!PRSQ!TJ"5*$2*%00+c"

" U!"\")?" !"\"I" "d"\"I" ^"\"I" U^"\"I"

U!"\"U#*$/2&8"%2*++A"!"\"!2*++"d"\"d/,7*+A"^"\"^-,%2*++A"U^"\"U#*$/2&8".-,%2*++9"

"
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!"!"4"$ C''DE0)8$ ;(-9$ 1<'$ -/'2 6'2D'D$ 3.'+1*-2+$ *2$ 1<'$ /0(1*)*/021$ /-+1$ =(>?%@=>AB$

'&'()*+'$/(-,(099'"$ $

?>>/@49A$=.>7-2567$ (533>6-7$

a1%#" <%," #1+" 3+,#" %,5+6#" $'" #1+" Q*!PRSQ!TJ"

+C+*6-,+"5*$2*%00+c"

eR;+*83$.8"3+-/2"-/"%"2*$75"#$2+#1+*f""

eT"+/N$8+."#1+"6&%,,f""

eT"&-M+."#1+"-/,#*76#$*f""

eQ+##-/2"$7#"$'"08"*$$0f""

eX+-/2"%3&+"#$".$",$0+#1-/2f""

eY%;-/2"#1+"+/+*28"#$".$"-#f""

eJ1+"+C+*6-,+"3%&&,f""

eT"<%,"%3&+"#$"57,1"08,+&'f""

eU++-/2"+;+*8$/+f""

eY%;-/2"0$*/-/2"#+%"<-#1"+;+*8$/+"%'#+*<%*.,f""

eT"&-M+."#1+"6&%,,f""

ea%&M-/2"%6*$,,"#1+"5&%/Mf"

eT05*$;-/2f"

a1%#" %,5+6#" $'" #1+" Q*!PRSQ!TJ" /++.,"

-05*$;+0+/#c""

eb$*+",61+.7&+."#-0+"'$*"+C+*6-,+,f""

eT" <-,1" <+" .-./`#" 2+#" -/#+**75#+." -/" $7*" +C+*6-,+"

6&%,,"38"$#1+*"5+$5&+f""

eb$*+",5%6+f""

eg$#1-/2f""

eg$/+f""

eg++.,"#$"2$"'$*"&$/2+*f"

:#1+*"6$00+/#,L'++.3%6M"" ea$/.+*'7&f"

eJ1%/M"8$7"'$*"8$7*"#-0+f""

eJ1%/M"8$7f""
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J1+"#1+,-,"1%."#<$"0%N$*"%-0,9"J1+"'-*,#"%-0"<%,"#$"61%*%6#+*-,+"2%-#",5++."%/."

,5%#-$K#+05$*%&"2%-#"5%*%0+#+*,"$'"$&.+*"%.7&#,"&-;-/2"-/"O!P"%/."#$".+#+*0-/+"-'"

,5%#-$K#+05$*%&" 2%-#" 5%*%0+#+*," 6$7&." 5*+.-6#" 2%-#" ,5++." GP1%5#+*" (H" %/."

%.;+*,+"%2+K*+&%#+."+;+/#,"GP1%5#+*"FH"-/"%.7&#,"&-;-/2"-/"O!P9"J1+",+6$/."%-0"

'$67,+." $/" <1+#1+*" #<$" +C+*6-,+" -/#+*;+/#-$/," G$/+" %" 2+/+*%&-,+." E)K<++M"

5*$2*%00+"GP1%5#+*"4H"%/."#1+"$#1+*"%")(K<++M"+C+*6-,+"-/#+*;+/#-$/"GP1%5#+*"

=H"#1%#"-/;$&;+."%"0$*+"2%-#",5+6-'-6"'-/%&"E)K<++M,"$'"#*%-/-/2H"<$7&."3+"'+%,-3&+"

%/."-05*$;+"#1+"2%-#",5++."%/.",5%#-$K#+05$*%&"5%*%0+#+*,"$'"#1+"%.7&#,"&-;-/2"

-/" O!P9" J1-," 61%5#+*" .*%<," #1+" #1+,-," #$2+#1+*" 38" ,700%*-,-/2" #1+" 0%N$*"

'-/.-/2,A" &-/M-/2"61%5#+*," #$2+#1+*A"%/."5*$;-.+,",$0+"5*%6#-6%&"%55&-6%#-$/,"$'"

#1+" '-/.-/2,9" i-0-#%#-$/," $'" #1+" *+,+%*61" %*+" -.+/#-'-+.A" %/." '-/%&&8A" '7#7*+"

*+,+%*61".-*+6#-$/,"%*+"5*$5$,+.9""

J1+" '-*,#" &-#+*%#7*+" *+;-+<" GP1%5#+*" J<$H" 5*$;-.+." ;%&7%3&+" -/'$*0%#-$/"

*+2%*.-/2"2%-#",5++."%/.",5%#-$K#+05$*%&"61%*%6#+*-,#-6,"%,"<+&&"%,"#1+"%.;+*,+"

+;+/#,A" ,761" %," '%&&,A" <$7/.," %/." 1$,5-#%&-,%#-$/" $667**-/2" -/" %.7&#," &-;-/2" -/"

O!P9"J1-,"&-#+*%#7*+"*+;-+<"-.+/#-'-+."#1%#"EE",#7.-+,"1%."0+%,7*+."2%-#",5++."

%0$/2"%.7&#,"&-;-/2"-/"O!P"<-#1",%05&+",-Z+,"$'"EII"$*"0$*+"5%*#-6-5%/#,9"i-##&+"

*+,+%*61"1%,"3++/"6$/.76#+."+C%0-/-/2"<1+#1+*"2%-#",5++."#1*+,1$&.,"$'"jI94"

0L,A" I94E" V" I9=>" 0L," %/." [I9B" 0L," %/." 2%-#" ,5%#-$K#+05$*%&" 5%*%0+#+*,"

%,,$6-%#+." <-#1" %.;+*,+" +;+/#," -/" 6$007/-#8K.<+&&-/2" %.7&#," 0%8" %&,$" 3+"

%,,$6-%#+."<-#1"%.;+*,+"+;+/#,"-/"%.7&#,"&-;-/2"-/"O!P9"W$*"+C%05&+A"#<$"$#1+*"

,#7.-+," 1%." 7,+." %/" +&+6#*$/-6" 5*+,,7*+" 5&%#'$*0" #$" D7%/#-'8" #1+" 2%-#" ,5%#-$K

#+05$*%&"5%*%0+#+*,"$'"EII"%.7&#,"&-;-/2"-/"O!P9"d/'$*#7/%#+&8A"#1+*+"%55+%*+."

#$"3+"%"&%6M"$'"*+,+%*61"#1%#"-/;+,#-2%#+."1$<"2%-#",5%#-$K#+05$*%&"5%*%0+#+*,"

0%8"-/'&7+/6+"$*"5*+.-6#"2%-#",5++."%,"<+&&"%,"#1+"-/6-.+/6+"$'"%.;+*,+"+;+/#,"

$667**-/2" -/" $&.+*" %.7&#," -/" O!P9" J1-," -/'$*0+." #1+" '-*,#" #<$" ,#7.-+," GP1%5#+*"

W$7*"%/."P1%5#+*"W-;+H9"

P1%5#+*" W$7*" ,$721#" #$" 61%*%6#+*-,+" #1+" 2%-#" ,5++." %/." ,5%#-$K#+05$*%&"
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<-&&" 3+" %,,+,,+." $/" 8$7*" 2%-#A" 1%/." ,#*+/2#1A" 07,6&+" 0%,," %/."
518,-6%&"'7/6#-$/9""

G27A7$-B4-$05.$32\B-$>bC>D2>69>$

!," <+" %*+" '$&&$<-/2" *+6$2/-,+." #*%-/-/2" %/." #+,#-/2" 5*$6+.7*+,A"
5%*#-6-5%#-$/" -/" #1-," ,#7.8" -," ;+*8" ,%'+9" T#" -," 1$<+;+*" 5$,,-3&+" 8$7"
6$7&." ,7''+*" %" 07,6&+" ,#*%-/" $*" N$-/#" ,5*%-/" '*$0" +C+*6-,-/2A" 37#" %&&"
5*+6%7#-$/"<-&&"3+".$/+"#$"0-/-0-,+"#1-,"*-,M9"W$&&$<-/2"#1+"+C+*6-,+"
%/." #+,#-/2" ,+,,-$/," 8$7" 0%8" 2+#" ,$0+" .+&%8+." $/,+#" 07,6&+"
,$*+/+,,A"5%*#-67&%*&8"-'"8$7"1%;+"/$#"3++/"+C+*6-,-/2"#1$,+"07,6&+,"
*+6+/#&89" J1+" 07,6&+" ,$*+/+,," #85-6%&&8" %55+%*," E)K)(" 1$7*," %'#+*"



*+)!

#1+" +C+*6-,+" %/." ,1$7&." *+,$&;+" -#,+&'" <-#1-/" ?4K=)" 1$7*,9" U761"
,$*+/+,," -," /$#" %/" -/N7*8A" -#" <-&&" .-0-/-,1" <-#1-/" %" '+<" #*%-/-/2"
,+,,-$/,"%/."-,"%"/$*0%&"%.%5#%#-$/"#$"/+<"'$*0,"$'"+C+*6-,+9"

%5$&$\>-$4$95C0$5Y$30$D>7.1-7a$

T'"8$7"<-,1"#$"1%;+"%"6$58"$'"8$7*"5+*,$/%&"*+,7&#,A"<+"%*+"1%558"#$"
,+/."%" *+5$*#"%/."%".+#%-&+."+C5&%/%#-$/" #$"8$7"$*"8$7*" *+,-.+/#-%&"
%2+."6%*+"'%6-&-#89"$

JB>$>bC>9->/$@>6>Y2-7$5Y$-B>$D>7>4D9B$

X8" 5%*#-6-5%#-/2" -/" #1-," ,#7.8A" 8$7" <-&&" 1+&5" 5*$;-.+" 7," <-#1" 7,+'7&"
-/'$*0%#-$/"%3$7#"#1+"5$#+/#-%&"7,+"$'"5*$2*+,,-;+"*+,-,#%/6+"#*%-/-/2"
-/" *+,-.+/#-%&" %2+." 6%*+" $&.+*" %.7&#," 2%-#" %/%&8,-,9" U761" .%#%" <-&&"
-/'$*0" '7#7*+" ,#7.-+," <1+*+38" <+" 0%8" 6$05%*+" .-''+*+/#" '$*0," $'"
#*%-/-/2" $/" #1+" *+;+*,%&" $'" 2%-#" ,5++.9" J1+,+" *+,7&#," <-&&" %&&$<"
*+,-.+/#-%&" %2+." 6%*+" $&.+*" %.7&#," &-M+" 8$7*,+&'" #$" 1%;+" -05*$;+."
.%-&8"'7/6#-$/A"&+,,".-,%3-&-#8"%/."%"3+##+*"D7%&-#8"$'"&-'+9""

H5.D$C4D-292C4-256$27$c51.6-4D0$

p$7*"5%*#-6-5%#-$/"-/"#1-,",#7.8"-,";$&7/#%*89"p$7"0%8"<-#1.*%<"'*$0"
#1+" ,#7.8" %#" %/8" #-0+9" p$7" <-&&" /$#" /++." #$" +C5&%-/" <18" 8$7" 1%;+"
<-#1.*%</"%/."#1-,"<-&&"/$#"1%;+"%/8"+''+6#"$/"8$7*"*+&%#-$/,1-5"<-#1"
8$7*" *+,-.+/#-%&" %2+." 6%*+" '%6-&-#8A" #1+" *+,+%*61+*,A" $*" %/8" $'" #1+"
-/,#-#7#-$/,"-/;$&;+.9"

:11$D>7.1-7$4D>$956Y2/>6-241$

J1+" -/'$*0%#-$/" #1%#" 8$7" 5*$;-.+" #$" #1+" -/;+,#-2%#$*," .7*-/2" #1+"
,#7.8"-,",#*-6#&8"6$/'-.+/#-%&9"J1+"%/,<+*,"#$"%&&"#1+"D7+,#-$/,"%/."#1+"
*+,7&#,"$'"#1+"#+,#,"<-&&"3+"<*-##+/"$/"%"6$.+."'$*0"<-#1$7#"8$7*"/%0+9"
J1+" &-,#"<-#1"/%0+,"%/."6$.+,"<-&&"3+"M+5#" -/"%",%'+"5&%6+A"%/."/$"
-/'$*0%#-$/" <-&&" 3+" .-,6&$,+." #$" #1-*." 5%*#-+," <-#1$7#" 8$7*" 6$/,+/#9"
:/&8" #1+" 6$03-/+." %/$/80$7," *+,7&#," $'" %&&" 5%*#-6-5%/#," <-&&" 3+"
573&-,1+." -/"*+5$*#,"%/.",6-+/#-'-6"573&-6%#-$/,"%/.L$*"5*+,+/#+."%,"
,6-+/#-'-6"%/."0+.-6%&"6$/'+*+/6+,9"



*+"!

=.>7-2567XY.D-B>D$26Y5D34-256$

T'" 8$7" 1%;+" %/8" D7+,#-$/," %3$7#" %/8" 5%*#" $'" #1-," ,#7.8A" 5&+%,+"
6$/#%6#" #1+" 61-+'" -/;+,#-2%#$*" ^*9" o7,#-/" n+$21" '*$0" #1+" W%67&#8" $'"
Y+%&#1" U6-+/6+," %/." b+.-6-/+" $/" FF>F" ((B=" $*" %/8" $'" #1+" $#1+*"
*+,+%*61+*,"&-,#+."$/"5%2+"E9$$

JB>$>-B2941$956/.9-$5Y$-B27$D>7>4D9B$

J1-,"*+,+%*61"%3-.+,"38"#1+"g%#-$/%&"U#%#+0+/#"$/"R#1-6%&"P$/.76#"
-/" O+,+%*61" T/;$&;-/2" 170%/,9" T'" 8$7" 1%;+" %/8" 6$/6+*/," <-#1" #1+"
+#1-6%&" 6$/.76#" $'" #1+" *+,+%*61" 5%*#8A" '++&" '*++" #$" 6$/#%6#]" X$/."
d/-;+*,-#8"O+,+%*61"Y70%/"O+,+%*61"R#1-6,"P$00-##++"38"51$/+"
$/"GI=H"FF>F"(E>("$*"+0%-&"371*+6z3$/.9+.79%7"



*+*!

(*+'<+J$'N<<J$$

U)NG<($;D5-5951$+.3@>D]"G*,E8L"

'J)%H$ J&JK<]" Q%-#" 5+*'$*0%/6+" -/" *+,-.+/#-%&"
%2+."%.7&#,"%/."#1+"3+/+'-#,"$'"+C+*6-,+9"

;G&+(&;:K$&+V<'J&I:J*G']"

:X;D5Y$Z.7-26$[>5\B$
X$/."d/-;+*,-#8"

:X;D5Y$F29B4>1$(1237->26$
X$/."d/-;+*,-#8""

%D"$J235-B0$N>6_55/$$
d/-;+*,-#8"$'"s7++/,&%/."

'4346-B4$?2>6$]F47->D7$7-./>6-^$
X$/."d/-;+*,-#8"" "

X8" ,-2/-/2" 3+&$<A" T" 6$/'-*0" #1%#" T" 1%;+" *+%." %/." 7/.+*,#$$." #1+"
-/'$*0%#-$/"5%6M%2+"%/."-/"5%*#-67&%*"1%;+"/$#+."#1%#]"

• T" 7/.+*,#%/." #1%#" 08" -/;$&;+0+/#" <-&&" -/6&7.+" 5%*#-6-5%#-$/" -/
2%-#" %/%&8,-," 7,-/2" #1+" Q%-#" b%#" TT" 5*+,,7*+" 0%#" ,8,#+09" !,
<+&&" %," #1+" 6$05&+#-$/" $'" %" E)K<++M" 5*$2*+,,-;+" *+,-,#%/6+
#*%-/-/2" 5*$2*%0" -'" T" %0" 61$,+/" '$*" #1+" +C+*6-,+" 2*$75A
<1+*+38" T" <-&&" 5+*'$*0" 755+*" %/." &$<+*" 3$.8" +C+*6-,+9" T/
%..-#-$/" 08" 07,6&+" ,#*+/2#1A" 07,6&+" 0%,," %/." 518,-6%&
5+*'$*0%/6+"<-&&"3+"0+%,7*+.9

• T"1%;+"1%."%&&"$'"08"D7+,#-$/,"%/,<+*+."#$"08"'7&&",%#-,'%6#-$/m
• T"7/.+*,#%/."#1+"*-,M,"-/;$&;+.m
• T" 7/.+*,#%/." #1+*+" <-&&" 3+" /$" .-*+6#" 3+/+'-#" #$" 0+" G#1%#" -,A

'-/%/6-%&"-/6+/#-;+,"+#6H"'*$0"08"5%*#-6-5%#-$/"-/"#1-,"*+,+%*61m
• T"7/.+*,#%/."#1%#"08"5%*#-6-5%#-$/"-/"#1-,"*+,+%*61"-,";$&7/#%*8m
• T" 7/.+*,#%/." #1%#" -'" T" 1%;+" %/8" %..-#-$/%&" D7+,#-$/," T" 6%/

6$/#%6#"#1+"*+,+%*61"#+%0m
• T" 7/.+*,#%/." #1%#" T" %0" '*++" #$" <-#1.*%<" %#" %/8" #-0+A" <-#1$7#

6$00+/#"$*"5+/%&#8m



*++!

• T" 7/.+*,#%/." #1%#" T" 6%/" 6$/#%6#" #1+" X$/." d/-;+*,-#8" Y70%/
O+,+%*61" R#1-6," P$00-##++" $/" I=" FF>F(E>(" $*" +0%-&
371*+6z3$/.9+.79%7"-'"T"1%;+"%/8"6$/6+*/,"%3$7#"#1+"+#1-6%&
6$/.76#"$'"#1+"5*$N+6#m

• T"7/.+*,#%/." #1-," 5*$N+6#"<-&&"0++#" #1+"g%#-$/%&"U#%#+0+/#"$/
R#1-6%&"P$/.76#"-/"Y70%/"O+,+%*61"Gl*-;%68HA"%#
1##5]LL<<<9/10*692$;9%7L573&-6%#-$/,L,8/$5,+,L+=),8/91#0m
%/.A

• T"%2*++"#$"5%*#-6-5%#+"-/"#1+"5*$N+6#9
• T"%2*++"#$"%&&$<"#1+"*+,+%*61+*,"#$"6$/#%6#"08"*+,-.+/#-%&"%2+.

6%*+*" -'" *+D7-*+.9" T'" 8$7" 2-;+" #1-," 6$/,+/#A" 5&+%,+" ,#%#+" #1+
/%0+"%/."6$/#%6#".+#%-&,"$'"8$7*"6%*+*"1+*+9

{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{"
l%*#-6-5%/#" " " " "U-2/%#7*+""" " """""^%#+"

{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{"
l*$C8"" " " " "U-2/%#7*+""" " " ^%#+"
GT'"/$#"5%*#-6-5%/#H"

{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{{"
T/;+,#-2%#$*"E"" " " U-2/%#7*+"" " " " ^%#+"



*+$!

:;;<+%&T$8



!

*+%!
!

" $



!

*+&!
!

:;;<+%&T$L$$

"

"

"

"

"

"

"

"

"

"



!

*+#!
!

" $



!

*+'!
!

:;;<+%&T$M$

'JG*U<$Y5D$ZI;J$C4C>D"$$

STROBE StatementÑ Checklist of items that should be included in reports of cross-sectional 
studies  
 
"

Item 
No 

Recommendation 
J2-1>$46/$4@7-D49-$ E" G) H" T/.-6%#+" #1+",#7.8`,".+,-2/"<-#1"%"6$00$/&8"7,+." #+*0" -/"

#1+"#-#&+"$*"#1+"%3,#*%6#"l2E"

G! H" l*$;-.+" -/" #1+" %3,#*%6#" %/" -/'$*0%#-;+" %/." 3%&%/6+."

,700%*8"$'"<1%#"<%,".$/+"%/."<1%#"<%,"'$7/.""

l2EK)"

Introduction  
X%6M2*$7/.L*%#-$/%&+" )" RC5&%-/" #1+" ,6-+/#-'-6" 3%6M2*$7/." %/." *%#-$/%&+" '$*" #1+"

-/;+,#-2%#-$/"3+-/2"*+5$*#+."

l2?KF"

:3N+6#-;+," ?" U#%#+" ,5+6-'-6" $3N+6#-;+,A" -/6&7.-/2" %/8" 5*+,5+6-'-+."

185$#1+,+,"

l2F"

Methods 
U#7.8".+,-2/" (" l*+,+/#"M+8"+&+0+/#,"$'",#7.8".+,-2/"+%*&8"-/"#1+"5%5+*"

l2FK4"

U+##-/2" F" ^+,6*-3+" #1+" ,+##-/2A" &$6%#-$/,A" %/." *+&+;%/#" .%#+,A" -/6&7.-/2"

5+*-$.,"$'"*+6*7-#0+/#A"+C5$,7*+A"'$&&$<K75A"%/.".%#%"6$&&+6#-$/"

l2FK4"



!

*+(!
!

l%*#-6-5%/#," 4" G) H"Q-;+"#1+"+&-2-3-&-#8"6*-#+*-%A"%/."#1+",$7*6+,"%/."0+#1$.,"$'"

,+&+6#-$/"$'"5%*#-6-5%/#,"

l24"

h%*-%3&+," =" P&+%*&8" .+'-/+" %&&" $7#6$0+,A" +C5$,7*+,A" 5*+.-6#$*,A" 5$#+/#-%&"

6$/'$7/.+*,A" %/." +''+6#" 0$.-'-+*,9" Q-;+" .-%2/$,#-6" 6*-#+*-%A" -'"

%55&-6%3&+"

l24KB"

^%#%" ,$7*6+,L"

0+%,7*+0+/#"

B|" &W$*"+%61";%*-%3&+"$'"-/#+*+,#A"2-;+",$7*6+,"$'".%#%"%/.".+#%-&,"

$'" 0+#1$.," $'" %,,+,,0+/#" G0+%,7*+0+/#H9" ^+,6*-3+"

6$05%*%3-&-#8"$'"%,,+,,0+/#"0+#1$.,"-'"#1+*+"-,"0$*+"#1%/"$/+"

2*$75"

l24KB"

X-%," >" ^+,6*-3+"%/8"+''$*#,"#$"%..*+,,"5$#+/#-%&",$7*6+,"$'"3-%,"

l2EF"

U#7.8",-Z+" EI" RC5&%-/"1$<"#1+",#7.8",-Z+"<%,"%**-;+."%#"

l2F"

s7%/#-#%#-;+";%*-%3&+," EE" RC5&%-/" 1$<" D7%/#-#%#-;+" ;%*-%3&+," <+*+" 1%/.&+." -/" #1+"

%/%&8,+,9"T'"%55&-6%3&+A".+,6*-3+"<1-61"2*$75-/2,"<+*+"61$,+/"

%/."<18"

l2FKB"

U#%#-,#-6%&"0+#1$.," E)" G) H" ^+,6*-3+" %&&" ,#%#-,#-6%&" 0+#1$.,A" -/6&7.-/2" #1$,+" 7,+." #$"

6$/#*$&"'$*"6$/'$7/.-/2"
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l2BK>"

G! H" ^+,6*-3+" %/8" 0+#1$.," 7,+." #$" +C%0-/+" ,732*$75," %/."

-/#+*%6#-$/,"

l2BK>"

G/ H"RC5&%-/"1$<"0-,,-/2".%#%"<+*+"%..*+,,+."

gL!"

G4H"T'"%55&-6%3&+A".+,6*-3+"%/%&8#-6%&"0+#1$.,"#%M-/2"%66$7/#"$'"

,%05&-/2",#*%#+28"

l2BK>"

G" H"^+,6*-3+"%/8",+/,-#-;-#8"%/%&8,+,"

l2BK>"

Results 
l%*#-6-5%/#," E?|" G%H"O+5$*#"/703+*,"$'" -/.-;-.7%&,"%#"+%61",#%2+"$'",#7.8}+2"

/703+*,"5$#+/#-%&&8"+&-2-3&+A"+C%0-/+."'$*"+&-2-3-&-#8A"6$/'-*0+."

+&-2-3&+A" -/6&7.+." -/" #1+" ,#7.8A" 6$05&+#-/2" '$&&$<K75A" %/."

%/%&8,+."

l2>"

G3H"Q-;+"*+%,$/,"'$*"/$/K5%*#-6-5%#-$/"%#"+%61",#%2+""

l2>KEI"

G6H"P$/,-.+*"7,+"$'"%"'&$<".-%2*%0""

l2>KEI"

^+,6*-5#-;+".%#%" E(|" G%H"Q-;+"61%*%6#+*-,#-6,"$'",#7.8"5%*#-6-5%/#,"G+2".+0$2*%51-6A"



!
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6&-/-6%&A" ,$6-%&H" %/." -/'$*0%#-$/" $/" +C5$,7*+," %/." 5$#+/#-%&"

6$/'$7/.+*,"

l2>KEI"

G3H" T/.-6%#+"/703+*"$'"5%*#-6-5%/#,"<-#1"0-,,-/2".%#%" '$*"+%61"

;%*-%3&+"$'"-/#+*+,#"

gL!"

:7#6$0+".%#%" EF|" O+5$*#"/703+*,"$'"$7#6$0+"+;+/#,"$*",700%*8"0+%,7*+,"

l2>KEE"

b%-/"*+,7&#," E4" G) H"Q-;+"7/%.N7,#+."+,#-0%#+,"%/.A" -'" %55&-6%3&+A" 6$/'$7/.+*K

%.N7,#+." +,#-0%#+," %/." #1+-*" 5*+6-,-$/" G+2A" >F@" 6$/'-.+/6+"

-/#+*;%&H9"b%M+"6&+%*"<1-61"6$/'$7/.+*,"<+*+"%.N7,#+."'$*"%/."

<18"#1+8"<+*+"-/6&7.+."

l2>KEE"

G! H" O+5$*#" 6%#+2$*8" 3$7/.%*-+," <1+/" 6$/#-/7$7," ;%*-%3&+,"

<+*+"6%#+2$*-Z+."

l2>KEE"

G/ H" T'" *+&+;%/#A" 6$/,-.+*" #*%/,&%#-/2" +,#-0%#+," $'" *+&%#-;+" *-,M"

-/#$"%3,$&7#+"*-,M"'$*"%"0+%/-/2'7&"#-0+"5+*-$."

l2>KEE"

:#1+*"%/%&8,+," E=" O+5$*#" $#1+*" %/%&8,+," .$/+}+2" %/%&8,+," $'" ,732*$75," %/."

-/#+*%6#-$/,A"%/.",+/,-#-;-#8"%/%&8,+,"

l2>KEE"

Discussion 
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n+8"*+,7&#," EB" U700%*-,+"M+8"*+,7&#,"<-#1"*+'+*+/6+"#$",#7.8"$3N+6#-;+,"

l2EEKEF"

i-0-#%#-$/," E>" ^-,67,,"&-0-#%#-$/,"$'"#1+",#7.8A"#%M-/2"-/#$"%66$7/#",$7*6+,"$'"

5$#+/#-%&" 3-%," $*" -05*+6-,-$/9" ^-,67,," 3$#1" .-*+6#-$/" %/."

0%2/-#7.+"$'"%/8"5$#+/#-%&"3-%,"

l2EF"

T/#+*5*+#%#-$/" )I" Q-;+" %" 6%7#-$7," $;+*%&&" -/#+*5*+#%#-$/" $'" *+,7&#," 6$/,-.+*-/2"

$3N+6#-;+,A" &-0-#%#-$/,A" 07&#-5&-6-#8" $'" %/%&8,+,A" *+,7&#," '*$0"

,-0-&%*",#7.-+,A"%/."$#1+*"*+&+;%/#"+;-.+/6+"

l2E4"

Q+/+*%&-,%3-&-#8" )E" ^-,67,," #1+" 2+/+*%&-,%3-&-#8" G+C#+*/%&" ;%&-.-#8H" $'" #1+" ,#7.8"

*+,7&#,"

l2E4"

Other information  
W7/.-/2" ))" Q-;+"#1+",$7*6+"$'" '7/.-/2"%/." #1+"*$&+"$'" #1+" '7/.+*," '$*" #1+"

5*+,+/#",#7.8"%/.A"-'"%55&-6%3&+A"'$*"#1+"$*-2-/%&",#7.8"$/"<1-61"

#1+"5*+,+/#"%*#-6&+"-,"3%,+."

 

*Give information separately for exposed and unexposed groups. 

 
+5->W"!/"RC5&%/%#-$/"%/."R&%3$*%#-$/"%*#-6&+".-,67,,+,"+%61"61+6M&-,#"-#+0"%/."2-;+,"

0+#1$.$&$2-6%&"3%6M2*$7/."%/."573&-,1+."+C%05&+,"$'"#*%/,5%*+/#"*+5$*#-/29"J1+"UJO:XR"

61+6M&-,#"-,"3+,#"7,+."-/"6$/N7/6#-$/"<-#1"#1-,"%*#-6&+"G'*++&8"%;%-&%3&+"$/"#1+"a+3",-#+,"$'"li$U"

b+.-6-/+"%#"1##5]LL<<<95&$,0+.-6-/+9$*2LA"!//%&,"$'"T/#+*/%&"b+.-6-/+"%#"1##5]LL<<<9%//%&,9$*2LA"

%/."R5-.+0-$&$28"%#"1##5]LL<<<9+5-.+096$0LH9"T/'$*0%#-$/"$/"#1+"UJO:XR"T/-#-%#-;+"-,"

%;%-&%3&+"%#"<<<9,#*$3+K,#%#+0+/#9$*29""

"

"
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! ""#$%&'( ) ((

*+$,+-.(/01("2213(454216( (

*+$,+-.(/01("2213(454216( !

!"#$"%&'()*)'+,-+./012'34'05436782035'23'05+/9:-';,-5'6-<36205='8'685:3701-:'2608/ >'
'

,27890:;.0497 (
&82<(
$0 ( *=27>?9@8(982<(

-240182A(0:(
45B2($0 (

.98?2(5:A(5C@81578(
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