Interventions for promoting physical activity

to women aged 50 years and over

Geraldine Kit-Bing Wallbank

BAppSc(Phty)

Thesis submitted in fulfilment of the requirements for the degree of
Doctor of Philosophy
Sydney School of Public Health, Faculty of Medicine and Health
The University of Sydney, Australia

2025



Supervisor’s statement

As the Primary Supervisor of Geraldine Wallbank’s doctoral work, I certify that I consider
her thesis “Interventions for promoting physical activity to women aged 50 years and over”

to be suitable for examination.

Professor Anne Tiedemann

Institute for Musculoskeletal Health

Sydney School of Public Health 20 August 2025

Faculty of Medicine and Health

The University of Sydney, Australia



Candidate’s statement

This thesis is submitted to the University of Sydney in fulfilment of the requirement for the

Degree of Doctor of Philosophy.

I, Geraldine Wallbank, certify that the intellectual content of this thesis is the product of my
own work, and that all assistance received in preparing this thesis and all sources have
been acknowledged. This thesis does not contain material which has been submitted in

part or in full for any other degree at this or any other institution.

I, Geraldine Wallbank, understand that if I am awarded a higher degree for my thesis
entitled “Interventions for promoting physical activity to women aged 50 years and over”
being lodged herewith for examination, the thesis will be lodged in the University Library
and will be available immediately for use. I agree that the University Librarian (or in the
case of a department, the Head of Department) may supply a photocopy or microform of

the thesis to an individual for research or study or to a library.

Geraldine Kit-Bing Wallbank

20 August 2025



Acknowledgements

This thesis would not have been possible without my extraordinary supervisors, Anne
Tiedemann, Cathie Sherrington, Anne Grunseit. You have honestly been the best
supervisory team I could ever have hoped for. I am truly grateful for all your guidance and
support, and especially for your inspiration through the kind of researchers you are and for

fostering a culture of unity and excellence.

Anne T, sincere thanks for showing me passion paired with research brilliance that makes
a difference in the world. You’ve always championed my progress and given me
opportunities to grow. I'm grateful for your encouragement with your ever-calm wisdom,

authenticity and grace.

Cathie, I'm honoured to have been mentored by one of the world's best. Sincere thanks for
your generosity, for sharing your big vision and knowledge, opening opportunities, and for

enthusing me to do way better than I thought possible.

Anne G, you have opened my eyes to the rich world of qualitative research. Thank you so
much for helping me value its power and nuance, for shaping my skills and capability,

instilling tenacity and for all your support.

Sincere thanks to Jen Baldwin for your wonderful support to the finish line in proofreading
the thesis. I'm so grateful for your coaching spirit and for helping me communicate my

work with greater clarity and confidence.

To my fantastic IMH colleagues and to Kerry, Siobhan, Abby, Rik, Leanne, Betty, Cath,
Courtney, Sandra, Venisa, Louise, Ima - I'm so thankful for your encouragement, support
and friendship throughout the years and for sharing the journey with me. To the IMH HDR
chairs and the group over the years - it has been wonderful to see the group grow in

strength and connection - thanks for your camaraderie.



I want to thank many friends, family, neighbours (you know who you are!) for being by my
side and for your continuing support, love, grounding fellowship, humour, and wise

perspectives just when I needed it most.

Finally, and most importantly - to my steadfast and devoted husband Andrew. This
achievement is dedicated to you. Thank you for your unconditional love, enduring support
and patience. Thank you for your belief in me and in the 'prime of our lives'. To our four
children Samuel, Amy, Jasmine, Hannah - my heartfelt gratitude to each of you. For your

grace. Your joy. Your team spirit. For these ways and more - Thank you.



Contents

Contents
10T 0750 i ET00 I 21 U5 10 53 01 (N i
Candidate’s STAt@IMENT ....c.ieiieiieieieireiiererecrerrereecestessestessssessessssasssssessessssasssssasssssssnssens ii
ACKNOWIEAZEIMENTS..c.iviieieiieiienieieienreteetecestossesssssscsssessssassessossssassessesassassessesssssssessesae iii
[070) 1 1 U5 1 1 I v
Publications and Presentations ......ccccccecceiiesecesiesiesesescessesesssssessessssssssssesssssssessessesasss xi
FUNAING ceeninninininiienieiieiesiestsiecestassecsessctassessssessessssssssssssssssssassassssssssssssssssssassesssssssas xxi
Attribution statement regarding use of Artificial Intelligence ......cc..cceeeceecenreneecneceens xxii
20 =Y i T YN xxiii
DX 0 151 1 it 1ol PPN XXV
CHAPTER 1. INtrodUCHION. ..ccvuieiieiieieieiesreseressessessccassessessscassassessssesssssssessesssssssesssssess 1
1.1 Authorship contribution StatemMent...........cccvieeiii it 2
1.2, PRYSICAL ACTIVITY ..eeiiiviiiiiiiiciiie ettt ettt e e b e str e e s be e e ebaesebeeesabaeeenbeeenssesenseesnreeens 3
1.2.1 Definition of physical ACHVILY ....c..cccecviiiiic ettt e 3
1.2.2 Benefits of phySical aCTiVITY......ccoivciiieiiii ettt et e re e saee e ere s earee s 3
1.2.3 Physical activity gUIideliNesS .......cccccceeiiiiciieiesie s e 4
1.3. CRIONEC QISBASES ...eeveectieeie ettt ettt te ettt et et e st e st b e et e e taeeabe e beeabaesbaessbeebeeaseessaesssasaesasennns 5
1.3.1 Risk factors for chronic diSEase ........cccccveciiviiiieiiie e e 6
1.4, PhySiCal INACTIVITY .uveeiiuii ittt et et e etee e ette e ebe e s e te e eeaee s enbeeeenbeeesasseensneesnneann 7
1.5. POPUlation Q@EINE.......ccceeiiieie ettt et ettt e be et e e e e b e e sbaesbbeeas e e aaeetaesaaeetraenres 7
B RS0 B D 1< s Fo 2 =1 o) | 8PS 7
1.5.2 Challenges Of AZEING .......c..ccviiiiiiieecieee ettt ete et e et e e sre e s tae s e e s beesaeabeesbeesananns 8
1.6 Physical inactivity, ageing and gender.............ccocoeeveeiieiieeieeseeeeee e e 11
1.6.1 Physical inactivity and @geing........ccceccvevviviiiiesieecee et e 11
1.6.2 Physical inactivity and eNder ..........cc.cccuieiiiiiecie ettt et 12
1.7 Physical activity in midlife-aged WOImMeN .............cccocveiieiieiie et 12



1.7.1 Definition Of MIALEE .......cooiiiiiiie ettt e e e s saabe e e 12

1.7.2 Physical activity in Midlife..........coviviiiiiiiiceceeee e e 13
1.7.3 Barriers to physical activity for women in midlife ..........c.cccccoeiiveeiiiiiceeeee, 13
1.8 A framework for increasing physical aCtiVity .......cccccecveviiiieciieciecce e 18
1.9. Increasing physical activity among women in midlife............cccccocveriiiiiiince e, 18
1.9.1 Behaviour change framewWorK............ccocoiiiiiiieciicecceeeeceese et ve e s 19
1.9.2 Efficient and scalable interVENTIONS .......cccuevircienieieeiere e 21
1.9.3 Meeting the needs of women in midlife...........ccceceeveiiieiiiiiiiiiiececcee e 22
1.10. Evidence gaps for increasing physical activity among women in midlife .................. 22
1.11 Aims and Structure Of tNESIS .....cccoviriiciiriee e e 23
R A Y Y i cY e TSRS 24

CHAPTER 2. Physical activity interventions for community-dwelling women aged 50

years and over. A literature FeVIEW. ...c.ccccccicieiieiiecrecerecreceereesessessesassnssossessocnssosssssesans 39
2.1 Authorship contribution StatemMent...........ccccieeiiiiieciie e et 40
2.2 Preamble t0 CRAPIET 2......cccooiiiieeciecieceeee ettt ettt e ae e ta e s e e stbeeabeeabeeraenses 41
2.3 BaACKEIOUN ......ooiiiiiiecic ettt et et e e e e st e e et beetaeeebaesaaeetbeeabeearaetaenres 42
B =Y 1 2 oY TSRS 43

2.4.1 Inclusion and eXclUSION CIIEITA . ......ccvecevirieire e 44
2.4.2 DAt@ EXITACTION ....ueee ittt ettt ettt et e e st e et e e e ebteesabbe s eabeeebbeesabbesnbeesbeesaneeenane 45
2.4.3Data SYNTNESIS ....eoiiiiiiiciice ettt ettt e e e e ete e baesanaeaaeereans 47
2.5 REBSUIES....uiiiiiieiiee ettt sttt st et et e e b e e se e be st et et e e ae e st e ebeeste b eaeententeeneees 47
Figure 1. PRISMA flow diagram of study SELECTIONS ......ccoviereciieirieeeiie e 48
2.5.1 Research question 1. Characteristics of studies and interventions........................ 49
2.5.2 Research question 2. How were the interventions delivered?..............cccccoveeveennnn. 50

2.5.3 Research question 3. What was the reported impact of the interventions on

PRYSICAL ACTIVITY? .oeecviiiiiie ettt ettt e st e e e ebe e e s eaaeesbbaeesaeeesaaeseabesensteesnneann 52
2.6 DISCUSSION c..eiuiiiiiiieiet ettt sttt e s bt st e eae et e bt e sae e ebeesaseesbeesneesaneeaneeaneenneesees 53
2.6.1 Implications and recommendations for thesis (Research question 4) ................... 54
2.6.2 Strengths and limitations of thiS TeVIEW .........cccccevviiiiicciceee e 56
2.7 CONCIUSIONS. ...c..eiiiiiiriitieiee ettt sttt st s b e ea et st st bbbt sbe e sbe st bt et e s st e naeseeebeenes 57
2.8 RETEIEIICES ..ottt et sttt sb et b et e e bt et e eae e st e s b eb b et saeeeenee 58

Table 1. Characteristics of the studies and study populations for identified studies
(total participants, N=10,212)......ccccciieiiieiieiieeie et eve e e e st e s beetbe e b e ebeestaestbesrseeareessaenses 64

Table 2. Components for delivering the intervention and frequency of delivery” for
groups in identified studies (Total participants, N1=10,212)........cccccceeevierceeeirresieesiereiieenneans 67

Vi



Table 3. Intervention content. Presence of behaviour change technique (BCT)*

categories delivered in the identified studies (Total participants, n=10,212). ................ 69
Table 4. Most commonly used components for delivering the intervention in identified
studies (Total participants, 1= 10,212).....c.ccccceieeiieeirieeeirie e ccrreeereeeere e eerreeesreeeeraeeersaeereee 70
Table 5. PEDro score® and Physical activity outcomes for identified studies (Total
participants, N=10,212). ....cciiiiiiiiecieeie ettt ee et e be e veeste e e sbe e steesbaestaeeseesseenbeenbaessaanseaes 71
2.9 SUPPIEMENTATY File....oviiiiiiieiee ettt et et ae e et e s etbe e eabae et beesbeeesaneeenes 77

CHAPTER 3. Active women over 50: study protocol for RCT of a low-dose information

and support program to promote physical activity behaviour change. ...................... 79
Authorship contribution StatemMeENt ........c.c.ccoiieiiiieiiiice et ree 80
Preamble 10 CRAPLET 3 ........ooiiieiee ettt ettt te et st e e st e e s te e et b e e bs et e e sbaeetbeenbsesnsessesnsaens 81
ADSITACT ..ttt ettt et b e bttt h et h et b bt e bbb e b saeeaten 82
BaCKGIOUINA.......cceeiiiiii ettt e st e e e s e e st e e st e e e e st e e s seeesteesbeenseesnsessseenseensnesnsesnsenns 82
117 (=Y 1 3 oY TSROSO 83
DIESCUSSION. ...ttt ettt ettt e et ae e e a bt e bt e b esbe e eae e e et e beeabeesbe e eaeesaneenbeenseesnneens 87
REFEIEIICES ..ttt b ettt et sbe st e bt s ae e stesbeetenbesaeesaesbesaeens 88

CHAPTER 4. Active Women over 50. Promoting physical activity in women 50+: a

randomiSed trial. coccueieiiiiiiiuiieiiiiiieniisiesioncisieseiesisscsssesressoscssstosssssssssascssssasssssssssans 90
Authorship contribution Statement...........ccccceeiiiiiiiiie et 91
Preamble 10 ChaPter 4 ...ttt e ere e st e e stee e eabeeestae e e saresesresesaneees 92
ADSITACT ..ttt ettt ettt ettt b et h et he et b bt e bbbt et saeeatn 93
TN DTIEE ettt b et b bt st b et se e ea b b st te st e e e e ebesaten 93

L 0 U010 =T PR 94
METROAS ...ttt ettt sa e st b st e bt sat et e ae e st e b e ea e beebe et e be e bt e neesbe et ens 94
LD 1S ¥ o SRR SS 94
SAIMIPIE ...ttt ettt e e be e e bb e e e b e e e et baeeebbeeeabaeaateeeaaaeeenteeabeeearaeenraeentras 94
MEASUTES ....oeiiiieiiiteiit ettt sttt sttt et e er et e s sae e s bt e e e s ae e e s bt e s bt e e s e e se e e s are e s ree s 94
TNEETVEINTION ..ttt sttt se et e e e st s bt e e e e abesneennean 94
ATIALY SIS .eviieieieiieiectee ettt et e e e e e et e et be e e abae e ebe e e b aeeebeeeateesebaeeabeeeataeeeraeeatraeennnes 94
RESUITS ..ttt bt bbbttt st e bt e bt e st e bt e tenbesae e naesbe e saesheeaten 94
IS CUSSION. ..ttt ettt et e s bt e st e et e e s s ae e e st eesbeeeaabee e saeeeeabeeeanbeeesneenn 96
R0 101010 T ) 7S 96
LATNITATIOTIS .ttt e e st a e st e bt esb e saeessee st e enbeenneenneesneean 96
SIGNITICATICE. ...uiitie ettt et e et e st e s be e sbe e be e ste e tee s be e saaesaeeetbeereetbeereennes 96

vii



REEEIEIICES ..ottt e e et et e e ettt e e ettt e s e eae e e s s eaat e e e s aastesssbaaesessaeeeesanees 97

CHAPTER 5. Designing physical activity interventions for women aged 50+: a

qualitative study of participant Perspectives. .....ccccceereieiiininiieciesiesiresiesssssessoessesses 98
Authorship contribution StatemMent..........c.cccoiieiiiiiiiccee e et ree 99
Preamble 10 ChaPter D . ...ttt et e st e e s r e e b e e s ebe e e sanaeenbeeenbeeennrens 100
F N 011 = V] SRS 101
572 1o =2 o 1 1 5 Vo 102

The Active Women oVer 50 THal .....cccovviiieciiieiiie ettt see e 102
11 1=T 1 5 oY 3 SRS 102
Study design and CONTEXT .....cuievvieriieriiiieieere e esteesee st esaessteesteesreesaesseesreesseesreesssessesssesns 102
Recruitment and data COILECTION .......cceevveiiriieiie st s n 102
RESUITS ...ttt et et e sa e st e s be et e st e e e s e tesheenbe s e ebeanteeteetenteereenteeneentens 103
Participant CharaCteriStiCS . .....coiiiviiiiree ettt e ere e sr e e err e e eeree e enneas 103
MaiN FINAINES .ouviiiieiicie et et e et eebe e st e tbe e beeabe e stbeeabesabeesbaesrneeaaeeans 103
DISCUSSION. ...ttt ettt et be et e e et e e a e s be e s bt e e aae e e sabe e sabeesbeeesnbeeesareas 108
Contextual factors and tensions with personal responsibility ...........ccccoevveiieeiiiciiennnn, 108
The role 0f SOCIAL FACTOTS ......ovvieiiiieceieiciee ettt saesaae st 110
Building in @ SIatEZY .....cciiiiecciicic ettt ettt e e et eabeeabe e srae s ae e taeeans 111
0] 0] HToT=1a (o) 1 1= OO U USROS 111
Strengths and limitations of StUAY .........cccceeviiiiiiiiiee e 112
(070) 8 ¢] 103101 s FS TSROSO 112
REFEIEIICES ..t b et s bt bt sbe et e sbe st et e ebe et eee 113

CHAPTER 6. Active Women over 50 online information and support to promote

physical activity behaviour change: Study protocol for a pilot trial. .......cccccuueeeneennees 115
Authorship contribution Statement...........cccccieiiiiiiiii e e 116
Preamble 10 CRAPLET 6 .........coiiiiiee ettt ettt et e et e st e e et e et e e beesbaestaeebbeensaesaseesseenrs 117
ADSTITACT ..t et btttk b e bttt b bt et et be e e bt ebe b e ebesbebeneetenes 118
BaCKGIOUIN........coiiiieie ettt ettt et et e et e et e st e e be e steeabe e be e abeebbeestesssesaseenbeesbeenssasasesass 119
1A (C 1 s oo EoY 0 1= T s RSSO 120

B =1 6 =T33 o TSP 120
51 Tea 1031 L 03 (<) = DO TSR SRR SRR 120
RECTUITMENT ...t s s e 120
RaANAOMISATION c....veiieiiiii e ettt et s e 120

viii



INEETVENTION SIOUD .iiiiiiiiiiiiiiiieee ettt e e s s st e e e s sbea e e s s sabaeeesssreaessassaseesesnsseaeaenans 120

(070) 318 i) IF=1 70 4§ o 1S USSR 127
OUTCOIIIES ...ttt ettt ettt ettt ettt et e e b et e ettt et bt e e sabe e e bt e e s bt e s aateaeabeeeaabeesabaeseubeesasbeesabaesenteanns 127
IS CUSSION. ...ttt ettt ettt st e st e et bt e s a bt e s be e s abe e e e st eesabee e sateesabeeesnneeesnreas 128
REFEIEIICES ..t bbb et s be bt sbe et e sbe et e neesbe et eee 129

CHAPTER 7. Acceptability and feasibility of an online physical activity program for

women over 50: a PIlOt Trial. ..c.cecieiiiieiieiieiiiiiiieiiiiceeieiteteteecetestessocnscecsocassassecsesanas 131
Authorship contribution Statement...........cccoceeiiiiiiiii e e e e e e 132
Preamble 10 CRAPIET 7 .....co.voiiiiieece ettt ettt et et st e e st a e e b e et e e beesbaestaeetbeenbaesaseesbeenns 133
ADSITACT ..ttt st sh et b eae e s h e et e bt e eae et e 134
BaCKGIOUIN.......ccueiiiieie ettt ettt ettt e et e et e st e e be e steesbe e be e abaesbeesteessasasesnbeesbeenssesasesasas 134
117 (=Y 1 5 oY SRS 135

L U T3] 0 T2 U0 €=U SSSE 135
TrIAl AESIGIN c.veieeiiiiiee e et ete et e et e s te et be e be e be e sabestbeeabe e steesaneeaaeeans 135
TNTETVENTION ...ttt ettt et e st e e sab e et e e st eesbeeeanbeeesneaenanes 136
STUAY ITLBASUTES......veeiveeetieetiieteeeteesteesteeeteeeaeesteesteastessteesbeasteesseesssssssesstesseesssesssessesaseesssesssenn 137
RETENTION ...ttt e st e e st e e saeeesabt e e s bt e e st ee st e e sbeeesaeaesanee 138
Data collection and ManagemeENt..........cceecueeiieiieiieeeeeie e ere e e ssrestteetbeeareesaessaessaeeas 138
RESUITS ...ttt et ettt st e s be st e st e e s e tesae e s be s e ere e st e eaeebeteereenteeaeentenns 138
ACCEPTADILILY ...ecvie ettt e et e e e et e et e et e e e b e abeets e e b e e baeeaeenaaeeraans 138
FRASTIDILITY ..ecuvieiictiecee ettt be et e e e et e et e et e e e et be st b e s aeeeaba e beebaesaneeabeenes 140
Impact of Active Women over 50 Onling Progra..........ccouevvveeueereerreesiesseesseesseessessseenns 141
IS CUSSION. ...ttt ettt ettt ettt e et e e st e e be e s abe e s aae e e sabe e sabeesbeeesnneeesareas 141
SITEIGENIS ...ttt et et e st e et e et e s ba e et be et beeabeeabaesbaesate e baetaeetbeetaeetbaesaenraans 143
LATNITATIOTIS 1.ttt ee ettt e b e st et e e b e e s bt e sbeesaneeanesaneenneennes 143
(070) 3 e] 103 o) s 13O 144
REFEIEIICES ...ttt ettt s bttt sbe et e sbe et e neeebe et eee 144

CHAPTER 8. Discussion and ConclusSion........cccceceieiieiieiiniieiieiiniiinieiiiesieccesiesieennens 146
8.1 Authorship contribution StateIMENT..........ccceeciveieiiie et 147
B2, DVETVIEW ...ttt ettt ettt ettt e e st e e s e s bt eab e e bt e s e st et eseeeabe e s e ensaenteeanbesanens 148
8.3. Principal fiNdINgS .....ccccveoiiiiie sttt ettt e n e ens 148
8.4. IMPlications fOI PraCTiCE.......ecccvei et e et sre e e eae e e sbe e sneeeennees 154

8.4.1 Prioritise interventions that make it easier for mid-aged women to choose a
pPhysically active lfESTYLE. ......cccviiiiii ettt e re e 154



8.4.2 Include the three key features that support physical activity among mid-aged
WWOTTIETL. «evevieeeeeeeeesutittereeeeeeeesassaasastabaeeseesesesassssaaaeaesaessesasstbesaeeaeesesssssssassesseeaeeseenssanssnsssnneees 156

8.4.3 Empower mid-aged women to be physically active through program framing...157

8.4.4 Consider the role of health professionals in promoting physical activity............ 157
8.4.5 Widen the appeal for support through an integrative approach to physical
F= (] W72 1 7S RS 158
8.5. Implications for future practice, research and PoliCy ......c.cccccvevvveevciveeeieee e, 158
8.5.1 Build partnerships that advocate for mid-aged women...........c..ccccoeveeirecreenieeneens 158
8.5.2 Identify research and poliCy Priorities. ........ccccvereviieeiieenieeccie e e 159
8.5.3 Deliver physical activity support where it’s needed most.........cccccccvevvvrcveeceennnnn. 159
8.5.4 Demonstrate cost effectiveness of remotely delivered physical activity
INTETVEIITIOTIS. ..tiiiiiiieiiiiteec ettt ettt b et e e s bt e st et e e sbeesbeesat e e bt ebeesaeeennesreenne 160
8.5.5 Consider implementation and SCAle-UP.........ccceeevveeeieeceiee e 161
8.6 Methodological strengths and ImitationsS.........cccccevveerierieicee e 161
8.6. L SIFENGEIS ..ottt e te et et e e b e et e et e et e e e taesbaeeabeeareenteens 161
8.6.2 LIMITATIONIS ...vecuiiiieeiieiieeit ettt ettt st e sh et st e sbeesbeesaeesaresneesaeeeneesneenneens 162
8.7 CONCIUSION......ccuieiiiieiiiieeiiee sttt sttt et e et e e e et e e s e sbees e esesse e st essseneeseeensensesseensesees 163
R T 2 U] <) <) o LoT s TR 164



Publications and Presentations

Parts of the work presented in this thesis has been published or presented in the following

forms:

PUBLICATIONS

Wallbank G, Sherrington C, Canning C, Hassett L, Shepherd R, Richards B, Mackay C,
Tiedemann A. Active women over 50: study protocol for RCT of a low-dose information and
support program to promote physical activity behaviour change. BMC Public Health 2019,

19:1225. DOI: 10.1186/s12889-019-7514-6

Wallbank G, Sherrington C, Hassett L. Kwasnicka D, Chau JY, Martin F, Phongsavan P,
Grunseit A, Canning C, Baird M, Shepherd R, Tiedemann A. Active Women over 50 online
information and support to promote physical activity behaviour change: Study protocol for

a pilot trial. Pilot and Feasibility Studies 2020;6(91). DOI: 10.1186/s40814-020-00627-9

Wallbank G, Sherrington C, Canning C, Hassett L, Shepherd R, Richards B, Mackay C,
Tiedemann A. Active Women over 50. Promoting physical activity in women 50+: a
randomized trial. American Journal of Health Promotion 2022 Feb;36(2):305-309.

https://doi.org/10.1177/08901171211045678

Wallbank G, Sherrington C, Hassett L. Kwasnicka D, Chau JY, Martin F, Phongsavan P,
Grunseit A, Canning C, Baird M, Shepherd R, Tiedemann A. Acceptability and feasibility of
an online physical activity program for women over 50: a pilot trial. Translational

Behavioural Medicine 2022 Feb;12(1):225-236. DOI: 10.1093/tbm/ibab161

Wallbank G, Haynes A, Tiedemann A, Sherrington C, Grunseit AC. Designing physical
activity interventions for women aged 50+: a qualitative study of participant perspectives.

BMC Public Health 2022;22:1855. DOI: 10.1186/s12889-022-14237-y

Xi



ADDITIONAL PUBLICATIONS CO-AUTHORED DURING CANDIDATURE

Ng C, Fairhall N, Wallbank G, Tiedemann A, Michaleff Z, Sherrington C. Exercise for falls
prevention in community-dwelling older adults: trial and participant characteristics,
interventions and bias in clinical trials from a systematic review. BMJ Open Sport &

Exercise Medicine, 2019;5(1):e000663. http://dx.doi.org/10.1136/bmjsem-2019-000663.

Haynes A; Sherrington C; Wallbank G; Tong A; Merom D; Rissel C; Lester D; Tiedemann A.
“Someone’s got my back”: Older people’s experience of the Coaching for Healthy Ageing
program for promoting physical activity and preventing falls. Journal of Aging and Physical

Activity 2020 Apr;29(2):296-307. http://dx.doi.org/10.1123/japa.2020-0116

Sherrington C, Fairhall N, Kwok WS, Wallbank G, Tiedemann A, Michaleff ZA, Ng C,
Bauman A. Evidence on physical activity and falls prevention for people aged 65+ years:
systematic review to inform the WHO physical activity guidelines. International Journal of
Behavioral Nutrition and Physical Activity 2020 Nov;17, 144.

https://doi.org/10.1186/s12966-020-01041-3

Haynes A, Sherrington C, Ramsay E, Kirkham C, Manning S, Wallbank GK, Hassett L,
Tiedemann A. “Sharing success with someone”: Building therapeutic alliance in
Physiotherapist-Delivered Coaching to Promote Physical Activity for Healthy Aging.

Physiotherapy Theory & Practice 2021. http://dx.doi.org/10.1080/09593985.2021.1946872

Haynes A, Sherrington C, Wallbank G, Wickham J, Tong A, Kirkham C, Manning S, Ramsay
E, Tiedemann A. Using self-determination theory to understand and improve recruitment
for the Coaching for Healthy Ageing (CHANnGE) trial. PLOS One 2021 Nov;16(11):e0259873.

https://doi.org/10.1371/journal.pone.0259873

Xii



Wallbank G, Voukelatos A, Taki S, Hughes JK, Gammack S, Pokhrel R, Bedford K, Simone
L, Wen LM. Health promotion programs for middle-aged adults involving local
governments and health services: a rapid review. Health Promotion Journal of Australia

2023;34(4):825-841. https://doi.org/10.1002/hpja.707

Wang BY, Sherrington C, Fairhall N, Kwok WS, Michaleff ZA, Tiedemann A, Wallbank G,
Pinheiro MB. Exercise for fall prevention in community-dwelling people aged 60+: more
effective in trials with higher fall rates in control groups. Journal of Clinical Epidemiology

2023; 159: 116-127 https://doi.org/10.1016/].jclinepi.2023.05.003

Ahern S, Marshall S, Wallbank G, Jawad D, Taki S, Baur LA, Wen LM. Communication
strategies and effectiveness of early childhood obesity related prevention programs for
linguistically diverse communities — a rapid review. Obesity Reviews. Epub ahead of print

22 August 2023. https://doi.org/10.1111/0br.13634

Haynes A, Wallbank G, Gilchrist H, Sherrington C, West CA, Oliveira JS, O’'Rourke S,
Tiedemann A: What do older women want from a physical activity program? Stakeholder
consultation to optimise design and recruitment for the Active Women over 50 trial. BMC

Public Health 2024, 24(1):2920. https://doi.org/10.1186/s12889-024-20345-8

Oliveira JS, Sherrington C, Lord SL, Camara GC, Colley S, West C, Haynes A, Gilchrist H,
Kwok WS, Pearce LMN, Wallbank G, Trent M, Bauman A, Grunseit AC, Anstey KJ,
Tiedemann A. The effect of an Iyengar yoga-based exercise program versus a seated yoga
relaxation program on falls in people aged 60 years and over (SAGE): a pragmatic, two-arm,

parallel randomised controlled trial. Lancet Healthy Longev. (accepted 3 Jul 2025).

Xiii



PRESENTATIONS (presenter in bold)

Wallbank G, Sherrington C, Tiedemann A, Canning C, Hassett L, Shepherd R, Howse E,
Richards B, Mackay C: Active Women over 50. NSW Falls Prevention Network Forum 2018,

Sydney. Oral presentation.

Wallbank G, Sherrington C, Tiedemann A, Canning C, Hassett L, Shepherd R, Howse E,
Richards B, Mackay C: Active Women over 50. Sydney Musculoskeletal, Bone & Joint

Health Alliance Annual Scientific Meeting 2018, Sydney. Oral presentation.

Wallbank G, Sherrington C, Canning C, Hassett L, Shepherd R, Richards B, Mackay C,
Tiedemann A. Active Women over 50: RCT of seminar plus email support. International
Society for Behavioural Nutrition and Physical Activity Conference 2019, Prague. Poster

presentation.

Wallbank G, Sherrington C, Canning C, Hassett L, Shepherd R, Richards B, Mackay C,
Tiedemann A. Active Women over 50: RCT of an information and support program to
promote physical activity behaviour change. The University of Sydney Lifespan Research

day 2019, Sydney. Oral presentation.

Wallbank G, Sherrington C, Canning C, Hassett L, Shepherd R, Richards B, Mackay C,
Tiedemann A. Active Women over 50: RCT of an information and support program to
promote physical activity behaviour change. SydMSK Annual Scientific Meeting 2019,

Sydney. Oral presentation.

Wallbank G, Sherrington C, Hassett L, Kwasnicka D, Chau J.Y, Martin F, Phongsavan P,
Grunseit A, Canning C.G, Baird M, Shepherd R, Tiedemann A. Active Women over 50.
Online information and support to promote physical activity behaviour change: a feasibility
pilot trial. Charles Perkins Centre Active ageing node grant recipient update 2019, Sydney.

Oral presentation.

Xiv



Wallbank G, Sherrington C, Canning C, Hassett L, Shepherd R, Richards B, Mackay C,
Tiedemann A. Active Women over 50: RCT of an information and support program to
promote physical activity behaviour change. Australian Physiotherapy Association

National Conference 2019, Adelaide. Oral presentation.

Wallbank G. Promoting Physical Activity in Middle Age. Invited lecture, two-day workshop

USYD MPH (PUBH5510) Healthy ageing and fall prevention, Sydney, 15 October 2019

Wallbank G, Sherrington C, Canning C, Hassett L, Shepherd R, Richards B, Mackay C,
Tiedemann A. Active Women over 50: RCT of an information and support program to
promote physical activity behaviour change. Australian Association of Gerontology

National Conference 2019, Sydney. Oral presentation.

Wallbank G, Sherrington C, Canning C, Hassett L, Shepherd R, Richards B, Mackay C,
Tiedemann A. Active Women over 50: RCT of an information and support program to
promote physical activity behaviour change. eHealth@Sydney conference 2020, Sydney.

Oral presentation.

Wallbank G, Sherrington C, Hassett L, Kwasnicka D, Chau J.Y, Martin F, Phongsavan P,
Grunseit A, Canning C.G, Baird M, Shepherd R, Tiedemann A. Active Women over 50.
Online information and support to promote physical activity behaviour change: a feasibility
pilot trial. International Society for Behavioural Nutrition and Physical Activity “Xchange”

2020, Online conference, selected for Live Q&A session. Oral presentation

Wallbank G. Feasibility and pilot trials. Invited presentation. Charles Perkins Centre MSK

Research theme meeting, 27 July 2020

Wallbank G, Sherrington C, Hassett L, Kwasnicka D, Chau J.Y, Martin F, Phongsavan P,

Grunseit A, Canning C.G, Baird M, Shepherd R, Tiedemann A. Active Women over 50 online

XV



physical activity program: a pilot trial. Australian Public Health Conference 2020, Online

conference. Oral presentation.

Wallbank G. Formative Evaluation - case study. Invited lecture, Macquarie Uni MPH

(HSYP8007) Evaluation and Planning in Health Promotion, Sydney, 13 March 2020.

Wallbank G, Sherrington C, Hassett L, Kwasnicka D, Chau J.Y, Martin F, Phongsavan P,
Grunseit A, Canning C.G, Baird M, Shepherd R, Tiedemann A. Active Women over 50 online
information and support program to promote physical activity behaviour change: a pilot
trial. World Confederation for Physical Therapy, World Physiotherapy Congress 2021,

Online conference. Oral presentation.

Wallbank G, Haynes A, Tiedemann A, Sherrington C, Grunseit A. Considerations for
designing physical activity interventions for women aged 50+: Participant perspectives.
International Society for Behavioural Nutrition and Physical Activity “Xchange” 2021,

Online conference. Oral presentation.

Wallbank G, Sherrington C, Hassett L, Kwasnicka D, Chau J.Y, Martin F, Phongsavan P,
Grunseit A, Canning C.G, Baird M, Shepherd R, Tiedemann A. Active Women over 50 online
physical activity program: a pilot trial. 9th Biennial Australia and New Zealand Falls

Prevention Society conference 2021, Online conference. E-poster presentation.

Wallbank G, Sherrington C, Hassett L, Kwasnicka D, Chau J.Y, Martin F, Phongsavan P,
Grunseit A, Canning C.G, Baird M, Shepherd R, Tiedemann A. Active Women over 50 online
physical activity program: a pilot trial. Inaugural Australasian Society for Physical Activity

Conference 2021, Online conference. E- presentation.

Wallbank G. Formative Evaluation - case study. Invited lecture, Macquarie Uni MPH

(HSYP8007) Evaluation and Planning in Health Promotion, Sydney, 10 March 2022.

XVi



Wallbank G. Active Women over 50 Online pilot trial - promoting independence and
preventing disability in older age by promoting physical activity in the middle age years.
Helen O’Connor Symposium 2022: Highlighting Women’s Research in Sports, Dietetics and
Physical Activity. The University of Sydney Sport and Physical Activity Research Network

(SPARTAN). Invited oral presentation. 10 August 2022.

Wallbank G. Health promotion programs for middle-aged adults that promote physical
activity or healthy eating and involve local governments and health services: a rapid
review. Invited oral presentation. Sydney Local Health District Active Ageing Network

Meeting, Sydney, 11 October 2022.

Wallbank G, Haynes A, Tiedemann A, Sherrington C, Grunseit AC. Designing physical
activity interventions for women aged 50+: participant perspectives. Oral presentation,

Sydney Musculoskeletal Health Annual Scientific Meeting, Sydney, 15 December, 2022.

Wallbank G. Formative Evaluation - case study. Invited lecture, Macquarie Uni MPH

(HSYP8007) Evaluation and Planning in Health Promotion, Sydney, 9 March 2023.

Wallbank G. Active Women over 50. Formative evaluation case study. Invited lecture, The

University of Sydney MPH (PUBH5033), Sydney, 1 May 2023.

Wallbank G, Haynes A, Tiedemann A, Sherrington C, Grunseit AC. Designing physical
activity interventions for women aged 50+: participant perspectives. Poster presentation,

World Physiotherapy Congress, Dubai UAE, 3 June 2023.

Wallbank G, Haynes A, Tiedemann A, Sherrington C, Grunseit AC. Designing physical
activity interventions for women aged 50+: participant perspectives. Poster presentation,

Faculty of Medicine and Health HDR conference, The University of Sydney, 19 July 2023.

Wallbank G, Haynes A, Tiedemann A, Sherrington C, Grunseit AC. Designing physical

activity interventions for women aged 50+: participant perspectives. E-poster presentation,

XVii



Australian Physiotherapy Association IGNITE national conference, Brisbane Australia, 5-7

October 2023.

Wallbank G, Sherrington C, Hassett L, Kwasnicka D, Chau JY, Martin F, Phongsavan P,
Grunseit A, Canning C, Baird M, Shepherd R, Tiedemann A. Active Women over 50 online
information and support programme to promote physical activity behaviour change: a pilot
trial. Symposium “Engaging telehealth to expand older adults’ access to physical activity
programs: strategies to support scale-up and sustainability”, Australian Association of

Gerontology National Conference, Gold Coast Australia, 14-17 November 2023.

Wallbank G, Haynes A, Tiedemann A, Sherrington C, Grunseit AC. Designing physical
activity interventions for women aged 50+: participant perspectives. Poster presentation,
Australian Association of Gerontology National Conference, Gold Coast Australia, 14-17

November 2023.

Wallbank G. Formative Evaluation - case study. Invited lecture, Macquarie Uni MPH

(HSYP8007) Evaluation and Planning in Health Promotion, Sydney, March 2024.

Wallbank G. Active Women over 50. Formative evaluation case study. Invited lecture, The

University of Sydney MPH (PUBH5033), Sydney, 22 April 2024.

Wallbank G. Formative evaluation case study. Active Women over 50. Invited lecture, The

University of Sydney MPH (PUBH5033), Sydney, 28 April 2025.

Wallbank G. Physical activity promotion in the middle age years. Invited lecture, The
University of Sydney MPH (PUH5510) Healthy Ageing and Falls prevention, Sydney, 6 May

2025.

XViii



ADDITIONAL PRESENTATIONS CO-AUTHORED DURING CANDIDATURE

Wallbank G, Traeger A, Kwok V, Elkins M. Sluggish adoption of simple methods that
reduce bias: a longitudinal analysis of 35,653 physiotherapy trials. Oral presentation,

World Physiotherapy Congress, Dubai UAE, 2 June 2023.

Wallbank G, Kwok WS, Traeger A, Elkins ME. Sluggish adoption of simple methods that
reduce bias: a longitudinal analysis of 35,653 physiotherapy trials. Oral presentation,
Australian Physiotherapy Association IGNITE national conference, Brisbane Australia, 5-7

October 2023.

Zadro J, Wallbank G. How to search PEDro to answer clinical questions. Symposium,
Australian Physiotherapy Association IGNITE national conference, Brisbane Australia, 5-7

October 2023.

Wallbank G et al. Active Women over 50 program. An effectiveness-implementation RCT.
Oral presentation, Sydney Musculoskeletal Health Annual Scientific Meeting, Sydney, 13

December 2023.

Wallbank G et al. Active Women over 50 program. An effectiveness-implementation RCT.
Oral presentation, Australian Association of Gerontology NSW Branch meeting, 8 February

2024.

Wallbank G et al. Active Women over 50. An effectiveness-implementation randomised
controlled trial. Invited presentation, Sydney Local Health District Population Health and

Health Promotions Unit, Sydney, 21 May 2024.

Wallbank G et al. Active Women over 50 online physical activity program. An
effectiveness-implementation randomised controlled trial. Shortlisted prize oral
presentation, Asia Pacific Society for Physical Activity conference, Perth Australia, 20-22

November 2024.

Xix



Wallbank G et al. Active Women over 50 online physical activity program. An
effectiveness-implementation randomised controlled trial. Oral presentation, World

Physiotherapy Congress, Tokyo Japan, 29-31 May 2025.

XX



Funding

This research was supported by an Australian Government Research Training Program
(RTP) Scholarship, the Musculoskeletal Health Sydney Academic Research Group
Postgraduate Scholarship, Postgraduate Research Scholarship in Physical Activity among
Women aged 50+ years Faculty of Medicine and Health Postgraduate Research Support

Scheme.

XXi



Attribution statement regarding use of Artificial Intelligence

During my PhD candidature, Artificial Intelligence (Al) tools have become increasingly

available and have expanded their use for learning and research.

In the preparation of this thesis, ChatGPT (https://chat.openai.com/) GPT-40 was used for

troubleshooting technical challenges such as the EndNote reference library and Microsoft
Suite; and conducting literature searches for a specific article. ChatGPT was used for
minor editorial feedback and to refine the academic language of my own work such as

grammar checks and providing feedback on sentence structure and clarity.

All Al-generated suggestions were critically reviewed and revised by the author to ensure
academic integrity. Although occasional issues, such as fabricated references were
encountered, the use of Al tools aided the candidate’s learning and facilitated the

resolution of formatting and technical challenges.

I, Geraldine Kit-Bing Wallbank, confirm that Al-usage adhered to the University of Sydney

guidelines for use of generative Al in learning & assessment and I take full responsibility for

the submitted thesis. All research and intellectual content remain entirely my own work

unless otherwise cited.

—

Geraldine Kit-Bing Wallbank, 20 August 2025

XXii



Preface

This thesis is arranged in eight chapters, written so that each chapter can be read
independently. The University of Sydney allows published papers that arose from the

candidature to be included in the thesis.

Chapter 1 is an introduction to the thesis and provides the background to the importance

of interventions for promoting physical activity among women aged 50 years and over.

Chapter 2 is a literature review of randomised controlled trials. It overviews the evidence
about the features and efficacy of individually targeted remotely delivered interventions
that promote choice-based physical activity on physical activity among mid-aged

community-dwelling women.

Chapter 3 is a study protocol detailing the methodology for the Active Women over 50
randomised controlled trial presented in Chapter 4. The protocol is presented as published

in BMC Public Health.

Chapter 4 is arandomised controlled trial testing the effect of the Active Women over 50
physical activity support intervention among employed women aged 50 years and over in
Sydney, NSW, Australia. The trial is presented as published in American Journal of Public

Health.

Chapter 5 is a qualitative study evaluating participants’ perspectives of physical activity,
participation in the Active Women over 50 trial, and recommendations for future iterations.

The study is presented as published in BMC Public Health.
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Chapter 6 is a study protocol detailing the methodology for the Active Women over 50
online physical activity support pilot trial presented in Chapter 7. The protocol is

presented as published in Pilot and Feasibility Studies.

Chapter 7 is a pilot randomised controlled trial testing the effect of the Active Women over
50 online physical activity support intervention among community-dwelling women aged
50 years and over residing across NSW, Australia. The trial is presented as published in

Translational Behavioural Medicine.

Finally, Chapter 8 is an overview of the body of work and discusses clinical implications

and directions for future practice, research and policy.

Each chapter contains its own reference list. Ethical approval for the studies presented in
Chapters 3, 4, 5, 6 and 7 was gained from the Human Research Ethics Committee at the

University of Sydney prior to commencement of recruitment.
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Abstract

The broad aim of this thesis was to investigate interventions for promoting physical activity
to women aged 50 years and over. Interventions explored behaviour change support
delivered in-person and remotely to women aged 50 years and over residing in NSW,
Australia to increase physical activity participation. Research designs included two

randomised controlled trials and a qualitative study of semi-structured interviews.

Physical inactivity is an important global public health challenge. It is directly responsible
for premature mortality and increased disability, representing a major human cost. It also
imposes a societal burden through increased healthcare expenditure and productivity
losses. Physical inactivity is a significant contributor to the growing burden of chronic
disease, particularly within an ageing population. Regular physical activity helps to
address these challenges. Despite clear guidance from the World Health Organization
about the amount and type of physical activity that adults need to undertake for health

benefits, a third of the global population do not meet these recommendations.

Midlife is a crucial time to be physically active. It reduces all-cause risk for mortality
irrespective of past physical activity levels, delays disability in women aged 70+ by up to 15
years, reduces the risk of falls, several chronic conditions and cancers. However, many
women in midlife face unique challenges to being physically active, including multiple
competing responsibilities of caring and working and focussing on their own health needs.
In addition, there may be personal, cultural and structural barriers in midlife which can

impact a woman’s capacity to be physically active. Addressing these barriers through

XXV



targeted strategies grounded in behaviour change science, could help to increase physical

activity in this population.

Women in midlife could benefit from strategies that support autonomy and empower
behaviour change. Behaviour change occurs when people have the capability, opportunity,
and motivation to act (COM-B), with motivation strengthened by autonomy, competence,
and relatedness (Self-Determination Theory). Yet there are important evidence gaps
regarding effective interventions for supporting physical activity behaviour change among

women in midlife.

This thesis addressed gaps in knowledge by investigating the efficacy of interventions for
increasing choice-based physical activity participation among community-dwelling women
in midlife. A review of the literature is presented in Chapter 2, which investigated the
features and effectiveness of individually targeted remotely delivered interventions that
promote choice-based physical activity on physical activity among mid-aged community-
dwelling women. Whilst the review found a moderate volume of evidence for interventions
of this type, there was a scarcity that specifically targeted women in their mid-aged years.
Studies reported a positive impact on physical activity either during the study period or at
follow-up. Interventions typically delivered the content via multiple components which
could be either scheduled, accessed ‘on-demand’, or accessed in real-time. The review
concluded the lack of evidence for interventions specifically for women aged 50 years and
over that promote physical activity and where low baseline physical activity was an

eligibility criterion.
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The study protocol for a randomised controlled trial is presented in Chapter 3. Objectives,
methods, and procedures are outlined for the prospectively registered waitlist-controlled
trial testing a ‘low dose’ physical activity support intervention. The template for
intervention and replication (TIDieR) checklist is included for transparency and
reproducibility. The population was university and health service employed women aged
50 years and over, residing in Sydney, Australia, who were physically inactive. The
intervention included components which could be accessed using minimal technology and
included an in-person information session held near the workplace, handbook of physical
activity resources, inspirational peer-video case study stories, fortnightly motivational
email messages, online private discussion group, loan of a wearable activity tracker. The
primary outcome was proportion of women achieving 10,000 or more daily steps at 3
months post-randomisation. Results of the trial (n = 126) are presented in Chapter 4. The
trial found a trend of increased daily steps favouring the intervention group (510 more
steps/day (95% CI -69.9 to 1090, p = 0.08) following the well-received, simple intervention.
At follow-up, all intervention participants had investigated or adopted one or more of the
suggested intervention strategies, including the use of technology, and had made physical
activity plans of which 90% were partially or fully achieved. It was concluded that a more
intensive intervention was likely needed to impact physical activity outcomes in this

population.

Perspectives of women aged 50 years and over were investigated in Chapter 5. Women
who had participated in the Active Women over 50 trial were purposively sampled to
understand their experiences of physical activity in general, the Active Women over 50
program, and recommendations for future iterations. The study found several factors

shaped participants’ capacity to be physically active related to personal, life-stage, cultural
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factors and the tension these had with a self-responsibility discourse. Finding a suitable
strategy for motivation was deemed critical to being active. The study concluded future
programs could support women’s agency to be active by facilitating social networks,

accountability and positive framing.

Chapter 6 presents the study protocol outlining the refinement of a behaviour change
physical activity intervention, and was built upon the work in Chapter 3, Chapter 4 and
Chapter 5. The methodology is described and included the TIDieR checklist for the
prospectively registered pilot randomised controlled trial. The aim was to test the
feasibility and acceptability of a remotely delivered Active Women over 50 physical activity
support intervention. The population was broadened to include community-dwelling
women aged 50 years and over across NSW, Australia. The intervention included
telephone health coaching, website with tailor-made information, resources and
inspirational peer-video stories, choice of SMS or email motivational messages. Primary
outcome was a global measure of acceptability — the proportion of participants who would
recommend study participation to another person like themselves. Secondary outcomes
were feasibility measures such as study processes and intervention uptake; intervention
impact measures such as device-measured physical activity, proportion of participants
meeting physical activity guidelines; and intervention participant impressions of the

intervention and adoption of strategies for physical activity participation.

Chapter 7 presents the results of the pilot trial. Global acceptability was high (83%), the
relatively fast recruitment and high retention rates (14.5 weeks for 62 participants, and
96% respectively) and high intervention uptake of each component reflected participants

who were motivated to receive physical activity support. Study processes and intervention
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delivery were feasible. Telephone health coaching was delivered a median six days from
initial invitation. The intervention increased physical activity, with more participants
achieving a >2,000-step daily increase versus control (OR 6.31, 95% CI 1.22-32.70, p =
0.028). The study concluded that a remotely delivered behaviour change intervention was
acceptable to mid-aged women in NSW Australia, was feasible to deliver and showed

encouraging results on physical activity, warranting further testing in a fully powered trial.

This thesis addresses key gaps in the literature, providing robust evidence for the
effectiveness of behaviour change interventions to support physical activity among women
in midlife. This thesis outlines implications for practice, future research and policy. It
informs future intervention design and justifies further testing in a fully powered trial of
the intervention developed in the thesis for a scalable solution to the problem of physical

inactivity among women in midlife.
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1.2. Physical activity

Physical activity provides comprehensive health benefits across the lifespan, regardless of
race, sex, and weight status (1, 2). "If physical activity were a drug, we would refer to it as a

miracle cure, due to the great many illnesses it can prevent and help treat” (3).

1.2.1 Definition of physical activity

The World Health Organization defines physical activity as “...any bodily movement
produced by skeletal muscles that requires energy expenditure and can be performed at a
variety of intensities, as part of work, domestic chores, transportation or during leisure
time, or when participating in exercise or sports activities” (4). The term ‘physical
inactivity’ describes insufficient physical activity levels and not meeting the global

recommendations on physical activity for health (4).

The terms ‘exercise’ and ‘sport’ are subsets of physical activity. Exercise is “...planned,
structured, repetitive, and purposeful in the sense that the improvement or maintenance of
one or more components of physical fitness is the objective... generally referred to as
physical activity performed during leisure time with the primary purpose of improving or
maintaining physical fitness, physical performance, or health.” (4) Sport is physical activity
that has a competitive element which “...covers a range of activities performed within a set

of rules and undertaken as part of leisure or competition.” (4)

1.2.2 Benefits of physical activity

Strong evidence shows that being regularly physically active is key in tackling the problem

of chronic diseases. Physical activity can prevent or reduce the risk of all-cause mortality,



cardiovascular disease mortality, dementia, many cancers (bladder, breast, colon,
endometrial, adenocarcinoma of the oesophagus, gastric, renal, lung cancer), weight gain,
hypertension, type 2 diabetes, reduce the rate of falls and the risk of injury from falls in

older adults (5), and improve cognition including in individuals with dementia (4).

In addition to reducing the risk and impact of medical conditions, there is compelling
evidence that physical activity improves strength, balance and motor skills (6, 7),
maximises bone health, manages pain, improves sleep, physical function, cognitive
function, and reduces the risks and symptoms of anxiety, depression and developing
cognitive impairment (4). Physical activity also offers immediate benefits for cognitive
health and wellbeing. A single bout of physical activity improves attention, memory,

processing speed, executive functioning (4), self-esteem, confidence and happiness (8).

Physical activity provides benefits at a societal level, through opportunities for bringing
people together thereby reducing social isolation and improving social cohesion. People
from diverse backgrounds can connect through physical activity. Economically, physical
activity reduces the cost to the health sector through improved health outcomes, and

improves employment rates and an individual’s employability (8).

1.2.3 Physical activity guidelines

The World Health Organization has set clear guidance on the amount and type of physical
activity for all ages and different health conditions to achieve health benefits. Adults are
recommended to participate in 150 to 300 minutes per week of moderate-intensity physical
activity or 75 to 150 minutes per week of vigorous-intensity physical activity or an
equivalent combination of moderate- and vigorous-intensity activity for substantial health

benefits (4). It is also recommended that adults undertake muscle strengthening exercises



for all the major muscle groups on at least 2 days per week. Additional benefits are
achieved by doing more than the recommended amount of moderate- and vigorous-

intensity physical activity (4).

The guidelines describe the level of physical activity intensity in relation to an individual’s
capacity. Moderate-intensity physical activity is described as moderate or somewhat hard
aerobic activity that can be maintained while holding a conversation uninterrupted and
subjectively measures 3 or 4 on the Borg Rating of Perceived Exertion (RPE) scale from 0 to
10 (9). Vigorous-intensity physical activity is described as hard aerobic activity in which a
conversation generally cannot be maintained uninterrupted and subjectively measures 5 or

6 on the RPE scale (9).

Despite physical activity having wide-ranging benefits for society and there being well-
defined guidelines for the amount and type of physical activity required for health benefits
(4, 10), global trends for chronic disease reveal that the evidence is not being implemented

at scale.

1.3. Chronic diseases

Chronic diseases are a major global health problem (11, 12). Due to their progressive
nature, chronic diseases can lead to declining health, increased disability and potentially
premature death. In 2021, chronic disease groups such as cardiovascular disease,
cancers, diabetes, and chronic respiratory diseases accounted for 74% of all deaths
worldwide, killing 43 million people (11, 12). For 17 million people, these deaths occurred

before the age of 70 years (12).



The problem of chronic diseases is not fully captured by mortality alone. Living with
chronic disease results in loss of health, in disability, and reduced productivity and quality
of life for individuals. The number of people living with a chronic disease has increased by
15% over the past 20 years (13) and now an estimated 7.2 billion people die prematurely or
live with disability caused by chronic diseases worldwide (11). This corresponds to 1.73
billion disability-adjusted life years lost (DALYs) in 2021, an increase from 50% of total
DALYs in 1990 to 60% of total DALYs in 2021 (11), where one DALY measures the loss of

one healthy year caused by living with illness and disability.

Australia is a well-resourced country but an estimated 81.4% of Australians live with an
illness or disability caused by chronic disease (14), corresponding to a loss of 5.8 million
years of healthy life (DALY), or 0.2 DALY per person (15). Unsurprisingly, those with
chronic diseases have higher health service usage. In 2015, people with three or more
long-term health conditions had 20% more hospitalisations and 15% more emergency

department presentations compared to those without long-term health conditions (16).

1.3.1 Risk factors for chronic disease

Various factors contribute to the rise in chronic disease rates, including urbanisation, rise
in income, availability of processed foods and changes in diet. These changes have
resulted in a mostly overweight and physically inactive population (17). This thesis will
focus on two major contributors to the growing challenge of chronic diseases: physical

inactivity and an ageing population.



1.4. Physical inactivity

Certain lifestyle behaviours increase the risk of chronic disease by contributing to
hypertension, obesity, and elevated blood glucose and lipid levels. Physical inactivity ranks
alongside tobacco use, unhealthy diet, and harmful alcohol consumption as leading yet
modifiable risk factors for chronic disease (18). Addressing physical inactivity, through
increased physical activity may help prevent the onset or lessen the progression of chronic

conditions.

Globally, an estimated 33.8% of adults do not participate in sufficient regular physical
activity (19). This alone, is responsible for 5.3 million deaths (1). Using International dollars
(INTS$) to allow comparison between countries based on World Bank purchasing power
parity, physical inactivity costs health care systems INT$67.5 billion, and economies
INT$13.7 billion in productivity losses through work absenteeism every year (20). Data
from a worldwide cohort prevalence study estimates that physical inactivity alone is
responsible for between 6-10% of chronic disease from breast cancer, colon cancer, all-
cause mortality, type 2 diabetes and coronary heart disease (1). An estimated 4 to 5 million
deaths could be avoided if populations were more active (1). Even if the proportion of
people meeting physical activity guidelines improved by 25%, an estimated 1.3 million

deaths would be prevented each year (1).

1.5. Population ageing

1.5.1 Demography
We are living in unprecedented times where the global population is growing and rapidly

getting older (21). Mortality rates have reduced and now people in all world regions can



expect to live to 71 years, twice as long as their ancestors in the 1900s (21, 22). This is a

great medical achievement.

Australia is a well-resourced nation with a population average life expectancy of 83.2 years
(23). Over the past 40 years the Australian population has grown significantly in both size
and age, and this trend is expected to continue. The population has increased by 73%, from
15.7 million in 1984 to 27.11 million today, while the average age has risen from 33.1 years
to 39.5 years. In the next 40 years, the population is projected to reach 43.2 million, with

average age 43.3 years (24).

1.5.2 Challenges of ageing

1.5.2.1 Chronic diseases

Despite living longer lives, there has not been a corresponding increase in the quality of life
during those later years. As people grow older, they are more likely to be living with
multiple chronic conditions (25). The proportion of Australians living with 2 or more long-
term health conditions rises from 63% for adults aged 25-34 years, to 87% for adults 45-64
years (14). Most Australians aged 75 years and over, live with 2 or more long term health
conditions (97%) (14) and those aged 85 years and over live with an average of five long-
term health conditions (25). As chronic diseases become more common in an ageing
population, there is an urgent need for interventions that improve quality of life,

recognising that poor health in older age is not inevitable.

1.5.2.2 Falls
Falls are a major global health problem, ranking as the world’s second-highest cause of

death by unintentional injury. Falls results in 640,000 deaths annually and are the leading



cause of disability for 172 million people (26). Fall-related injury burden on society shows
little sign of easing. In 2021, there were 41,600 fall-related injury hospitalisations in
Australia that occupied 395,200 annual bed days and cost the health system $752 million.
By 2041, this will rise to a projected 60,300 fall-related injury hospitalisations which will

need 543,400 annual bed days, and will cost the health system $1.09 billion per year (27).

Older age is a risk factor for falls. Among older adults who present to hospital emergency
departments with an injury, 75% are the result of a fall (28). Of all adults aged 65 years and
over, a third have had at least one fall in the community, (29) with 10% of these resulting in
injury (27). Unfortunately, individuals admitted to hospital following a fall are 3.5% less

likely to return home compared to those admitted for other reasons (30).

The impact of falls can persist even when no injury is sustained. Individuals may report a
lasting fear of falling or loss of confidence while walking, which can lead to a cycle of
activity avoidance and declining physical functioning. These can result in physical
dependency, loss of independence, and a recurring pattern of falls and fall-related injuries

(31-33).

However, falls are not a problem confined to older age and there are gender differences in
their occurrence. Large cohort studies of more than 18,000 participants show that women
in midlife years are 27% more likely to fall than men across Australia, Ireland, the
Netherlands and United Kingdom (34). Additionally, women who are physically inactive
and experience poor mobility or urinary incontinence face an increased risk of falling (35,

36).



A 2023 analysis of the Australian longitudinal cohort data of over 7,000 women has
established the link between physical activity levels and risk of falling (37). Older women
who met or exceeded the WHO recommended guidelines of 150 to 300 minutes of weekly
moderate intensity physical activity, had a reduction in the odds of falling either with injury
(OR, 0.66; 95% CI, 0.53-0.82) or without injury (OR, 0.72 (95% CI, 0.58-0.90) (36, 37). These
studies provide compelling data that firstly, physical activity can reduce the risk of falls,
and secondly, that the timing of interventions is important. Fall prevention interventions

that include physical activity must be applied in midlife, before women reach older age.

1.5.2.3 Physical disability

Physical function declines in older age, and can reach a point of disability resulting in long-
term dependence on others for assistance with daily tasks (25, 38). Today, disability affects
39.8% of older Australians (25). The age at which physical disability occurs is not
predetermined but can potentially be delayed depending on physical activity levels in
earlier years (38, 39). While there is no difference in physical independence between those
who are inactive and those who engage in high levels of physical activity in younger years,
disparities in independence begin to emerge in midlife. Physically inactive women in
midlife begin to experience decline in physical functioning compared to physically active
peers. By older age, physically inactive women are more likely to live with disability, have
poorer physical functioning, less independence and require assistance with daily tasks. In

contrast, physically active older age peers can delay disability by up to 15 years (38, 39).

1.5.2.3 Cognitive decline
Cognitive decline, including impairments in memory and executive function, occurs with

age and can range in severity from mild cognitive impairment to dementia. Dementia
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profoundly impacts independence and health and affects 5% of older Australians, their
families, caregivers, health system and society (25). Physical inactivity is one of 12
modifiable risk factors for developing dementia, alongside factors such as hearing loss, low
education, smoking, depression, social isolation, traumatic brain injury, hypertension, air
pollution, diabetes, excessive alcohol use, and obesity. Addressing these risk factors could
prevent or delay up to 40% of dementia cases. (40). Engaging in regular moderate-to-
vigorous physical activity during midlife has been associated with improved cognitive
function in later life (40) reducing the risk of dementia over at least a 10-year period (41),

particularly among women (42).

1.6 Physical inactivity, ageing and gender

1.6.1 Physical inactivity and ageing

Physical inactivity is a challenge across the lifespan, worsening with increasing age. Of
Australians aged 18 to 24 years, one-third (34%) did not meet the recommended physical
activity guidelines in 2022 (43). This proportion rose to 42% for adults aged 55 to 64 years,
and further to 57% for those aged 65 years and over (43). Over 7 in 10 adults aged 18-64
years did not meet the recommended muscle strengthening guidelines. Of those who do no
muscle strengthening, the proportion worsens with age — 89% of people aged 18-34 years

and 94% of those aged 55-64 years (43).

Physical activity is key to healthy ageing. Many older Australians may become more
physically active in retirement (44-46) particularly if they were sedentary in employment
(47). But this may be too late to prevent the onset of disease and disability. Additionally, the

trend for retirement age has increased from 62.2 years in 1984 to 65.4 years in 2023 (48)
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with the rise of the Australian Age Pension eligibility age to 67 years, which further delays

the typical age that people could become more physically active.

1.6.2 Physical inactivity and gender

Compared to males, females are more sedentary (49) and fewer meet the physical activity
guidelines (43, 50). This trend exists across the lifespan. For adults aged 18-24 years, 63%
of females compared to 68% of males aged 18-24 years meet the guidelines; in adults aged
55-64 years, 56% of females compared to 60% of males meet the guidelines; and among
those aged 65 years and over, 40% of females compared to 47% of males meet the
guidelines (43). Across all ages, 76% of women fail to reach the muscle strengthening

guidelines compared to 71% of men (43).

While many factors may contribute to physical inactivity, particularly for older women,
starting regular, sufficient physical activity is crucial for maintaining independence and

reducing physical decline with age.

1.7 Physical activity in midlife-aged women

1.7.1 Definition of midlife

‘Midlife’, ‘midlife age’, ‘mid-age years’ is the phase of life between young adulthood and
older age, where adults transition from being young to growing old. The mid-age years are
characterised by age-related physiological, psychological and social changes (51). This
thesis defines older age as 65 years and over, and the preceding stage of adulthood as

‘midlife age’, ‘midlife’, or ‘middle-age years’ which span from 50 to 64 years of age (52).
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1.7.2 Physical activity in midlife

‘While healthy lifestyles and prevention are important across the lifespan, health in midlife
is a determining factor of functional capacity in later life (51). Initiating physical activity
before the onset of disease, disability, or entry into older age provides the greatest
opportunity to support healthy ageing. Midlife represents a key window for preventive
action - reducing risk of injury, minimising disability, and promoting long-term health and

independence.

Physical activity commenced in midlife reduces the risk of all-cause mortality regardless of
a person’s established risk factors, history of cardiovascular disease and cancer (53), their
physical activity levels in younger years, and regardless of the physical activity intensity
undertaken (54). The benefits of physical activity in midlife on health-related quality of life
are comparable regardless of body mass index (55). Economically, cost-savings have been
reported for women in their 50s and 60s and for the health system when physical activity is
maintained or increased over a 3-year period (56). This is great news for people in midlife,
particularly for Australians living with health conditions or those who have not previously

engaged in physical activity.

1.7.3 Barriers to physical activity for women in midlife

Women in midlife years face complex challenges that are unique to their life stage and
gender which often impact their ability to adopt and maintain regular physical activity
participation. These include the challenges of time, health and bodily changes, resources

and rurality, and societal roles and attitudes.
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1.7.3.1 Time

Usage of time can be characterised by the types of activities performed (57). These include
necessary activities such as sleeping and self-care; paid work and education; unpaid roles;
and free time activities. On average, people spend the same amount of time on necessary
activities, but there are differences between the sexes for unpaid time, paid time, and free

time activities (57).

1.7.3.1.1 Unpaid time

Unpaid activities are important activities that contribute to households and benefit society,
and include carer roles, domestic tasks and voluntary work. While both sexes participate
in unpaid activities, data for people aged 15 years and over show that females spend longer

in these (4.2 hours per week) compared to males of the same age (2.7 hours per week) (57).

The total number of primary carers increases with increasing age peaking in the middle-
age years before tapering off from 65 years and over with more females than males
represented across age groups (57). Some age groups have at least twice as many female
primary carers as males. For example, in Australia among those aged 55-64-years old,
there are 148,000 female primary carers compared to 57,000 males. Also, for primary
carers aged 45-54 years, the number of females is nearly three times higher than males
(148,300 compared with 50,100) (57). The trend is also seen in domestic activities, where
females are more likely to participate in domestic activities (93%) than males (82%). The
tendency continues for unpaid voluntary work, whether providing informal support to non-
household members or formal volunteering performed through an organisation. A higher
proportion of females provide unpaid services to others through volunteering (26%)

compared to males (23%) (58).
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1.7.3.1.2 Paid time

There is a difference between the sexes for the time spent in paid work and education. On
average, males spend more time per day in paid work or education (4.3 hours) compared to
females (3.1 hours) (57). Yet a high proportion of women in their midlife are seeking
employment. The labour force participation rate considers the proportion of people who
are either employed or actively seeking paid work. For females aged 50-64 years the labour
participation rate is 73%, 10% higher than across all other female age groups (59).
Moreover, almost half (47%) of employed adults describe their day at work as mostly sitting
(60) which puts all working adults at risk of conditions associated with physical inactivity

(61).

1.7.3.1.3 Free time

Free time activities include social and community interactions (e.g., attending events,
dining out, religious or cultural practices) and recreation or leisure pursuits (e.g., exercise,
sport, outdoor activity, reading, games, watching TV, internet usage, listening to music;
hobbies and arts). People spend most of their free time primarily watching TV and videos
followed by doing hobbies and art. Australian males spend an average 5.5 hours per day in

free time compared to females (5 hours per day) (57, 62).

Among those who participate in exercise, sport and outdoor activity, Australian females
spend less time in physical activity for fitness, recreation, sport or transport in every
decade throughout adulthood than males each day (62, 63). The largest difference between
the sexes in the time spent participating in exercise, sport and outdoor activity is for
people aged 40-54 years with males spending 43 minutes per day more than females (1

hour 54 minutes per day compared with 1 hour 11 minutes respectively) (62).

15



1.7.3.2 Health and bodily changes

Many midlife-aged Australians live with health challenges. A 2022 snapshot report reveals
that among midlife-aged Australians, 60% live with one or more chronic condition (64) and
25% (males 24%, females 27%) live with a disability (25). Regular physical activity can be an
additional challenge for people living with health conditions or disability or where

assistance may be required to perform everyday tasks.

Physical changes to a woman’s body in midlife can present significant obstacles to physical
activity and include but are not limited to symptoms of menopause, and urinary, bone, joint
and cardiovascular health. Symptoms experienced by women in midlife associated with
menopause and perimenopause such as hot flushes, night sweats and mood swings (65),
may be a normal part of ageing, but they can affect a woman’s capacity to be physically
active. Urinary incontinence, experienced by more than a third of midlife-aged women, is
also associated with lower physical activity levels, avoidance of exercise and sport (66) and
increased risk of falls (35). In midlife, women often experience these symptoms alongside
musculoskeletal conditions such as low back pain (67), arthritis and osteoporosis (68)
which comprise almost 40% of chronic conditions experienced in Australia in 2022 (69).
These conditions are increasing in prevalence globally, particularly among adults aged 45-
59 years (70) and among women (71), and can present additional obstacles for participating

in physical activity.

1.7.3.3 Resources and rurality

Adequate resources play an important role in determining participation in physical activity
(72, 73). Access to physical activity facilities, programs, trained staff or location-specific
characteristics may vary greatly depending on place of residence. According to the 2022
National Health Survey, 18% of adults living in areas of socioeconomic disadvantage did no
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physical activity and only 22% met the 2014 Australian Physical Activity Guidelines, where
aerobic activity was calculated in 10-minute bouts (74). This contrasts to areas of

socioeconomic advantage where the proportions were 8% and 30% respectively (14).

Geographical settings show notable disparities in physical activity levels (73). Urban
settings with higher population densities, better infrastructure and more facilities
commonly offer additional structured opportunities for physical activity. This contrasts
with regional and rural settings, which have more natural spaces, but often have fewer
facilities, limited infrastructure and transport options, and less access to professional
guidance for health. In regional areas, 18% of Australian adults do no physical activity and
only 21% meet the physical activity guidelines, compared to 10% and 25% respectively for

urban-dwelling counterparts (14).

1.7.3.4 Societal attitudes

Societal attitudes toward women in midlife can hinder their motivation to engage in
physical activity. Gendered roles and the cognitive load of domestic responsibilities impact
how women allocate their time (75, 76). Many women experience body dissatisfaction due
to age-related changes, such as wrinkles, body shape, and physical ability, combined with
unrealistic Western beauty ideals (77). Regardless of body mass index, a woman’s
perception of her body (77, 78) and her attitudes toward physical activity (77) can
significantly influence her participation and the location she may choose to be active (79).
Finally, there can be systemic barriers within health facilities such as limited availability of
class levels or formats tailored to women in midlife, which can further discourage

participation in physical activity (80, 81).
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A life course perspective of physical activity acknowledges that levels of participation in
physical activity can fluctuate throughout the lifespan due to age-specific events (82, 83).
For younger women, physical activity can decrease following childbirth (84) and for older
women, physical activity decreases as health problems increase (56). In midlife, physical
activity levels can decrease alongside age-related physiological changes (51), retirement,
death of a spouse, or other stressful events (82). While physical activity may fluctuate
during significant life events, the transition to changed life circumstances can also offer a
window of opportunity to adapt and adopt new healthier behavioural habits such as

physical activity (83).

1.8 A framework for increasing physical activity

The Global Action Plan on Physical Activity 2018-2030 was developed by the World Health
Organization with a vision for “more active people for a healthier world” (85). The action
plan aimed to provide countries with a framework for increasing physical activity at all
levels of societies. The action plan set a target to improve physical activity by 15% in people
of all ability levels across the lifespan by 2030 through four objectives: (1) create active
societies, (2) create active environments, (3) create active people, and (4) create active
systems (85). This thesis centres on the WHO priority ‘Creating active people’ (85) and
investigates individual-level interventions for promoting physical activity participation

among women in midlife years.

1.9. Increasing physical activity among women in midlife

Women in midlife could benefit most from physical activity interventions that are not only
evidence-based but also tailored to their needs and designed for long-term sustainability

(86, 87). A feasible solution to enhance physical activity among this demographic involves
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interventions that combine behaviour change models with an efficient and scalable

approach, and consideration of contextual needs of women in this age group.

1.9.1 Behaviour change framework

Increasing physical activity requires a change in the behaviour of one’s lifestyle and this
increase is more likely to occur when behaviour change science informs the intervention
(88). Behaviour change theory and frameworks articulate established principles of human
behaviour and incorporate tested knowledge to guide solutions. Many well-recognised
behaviour change theories are used in health psychology and health promotion to
understand and influence health behaviour. This thesis focuses on two frameworks: Self-

Determination Theory (89-92) and the Behaviour Change Wheel (93).

Self-Determination Theory (SDT) helps to understand why a person engages in a
behaviour. Regarding physical activity, SDT states that being physically active is driven by
three psychological needs: autonomy (control over actions), competence (confidence in
performing physical activity), and relatedness (feeling supported by others) (89-92). When
an individual chooses a physical activity that they enjoy or find meaningful, the likelihood
of satisfying the needs for autonomy, competence and relatedness are higher. This also

improves the likelihood of sustaining physical activity.

The Behaviour Change Wheel (BCW) assists intervention design by helping to understand
how to create conditions to enable a desired behaviour (93). The BCW incorporates the
COM-B framework which describes the interaction between necessary conditions:
capability (C); opportunity (O); and motivation (M) which drive behaviour (B). The BCW also
provides a range of options to address a deficiency in any of these conditions by nine

‘intervention functions’: education, persuasion, incentivisation, coercion, training,
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enablement, modelling, environmental restructuring, and restrictions. The BCW also
describes seven categories of policy, such as guidelines, fiscal measures, regulation,
service provision, legislation, communication/marketing, and environmental/social
planning, that could enable and support intervention functions to occur and be delivered
(93). Behaviour Change Techniques (BCTs) are the active ingredients of the intervention, 93
techniques from the BCT v1 taxonomy and grouped into 19 categories, such as goals and
planning, feedback and monitoring, social support, shaping knowledge, comparison of

behaviour (94).

Collectively, the frameworks of SDT, BCW and COM-B suggest that behaviour change is
more likely to be effective when an intervention supports agency and autonomy, such as
promoting choice-based physical activity; and includes targeted strategies such as

capability-building, motivational support, and environmental restructuring.

1.9.1.1 Choice-based physical activity

Offering participants a choice in how they engage in physical activity supports autonomy
and enjoyment, factors known to promote sustained behaviour change, and may enhance
intervention uptake, engagement and sustainability. According to the Self-Determination
Theory, the key to behaviour change is for an individual to find an activity that they enjoy or
find purposeful. An intervention that supports choice-based physical activity, whether it be
structured or unstructured, is fundamental to fostering the adoption and adherence to

physical activity participation in the long-term (95).
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1.9.2 Efficient and scalable interventions

Given the scale of the problem of physical inactivity, it is essential that physical activity
interventions are designed pragmatically to reach as many people as possible and to
sustain the impact for as long as possible (96). Interventions need pragmatic and resource-
efficient solutions which may involve integrating existing services and previously allocated

resources instead of reinventing them (97).

Delivering interventions at a ‘low dose’ or with minimal program support is another
possible solution for efficiently allocating resources if proven effective. These could
include brief health education sessions that are incorporated to health appointments (98)
or the provision of targeted self-help materials (99). Another way to minimise program
support is through physical activity interventions that enable self-directed access to
intervention content via internet connected digital technologies to access websites, digital
messages, online groups, smartphone applications, virtual and augmented reality video

games (100, 101).

Efficiency involves selecting resources that are easy to access and use, including readily
available technologies that require minimal technical skill. This is an important
consideration not only for delivering the intervention, but also for its recipients. Minimising
the burden imposed by the intervention on potential participants is essential, as excessive
demands may act as a barrier to engagement (102). Interventions that rely on expensive
technologies or high-speed internet may unintentionally burden participants to acquire
suitable devices, may exclude those living in socioeconomically disadvantaged areas or

regions with limited connectivity.
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1.9.3 Meeting the needs of women in midlife

To be effective and sustainable, physical activity interventions need to meet the needs of
end users. Public health interventions that use a co-design approach and engage end users
in the intervention development process can enhance the applicability, efficacy and long-
term impact of the intervention (103-106). So it is crucial to include midlife-aged women in
the design or refinement to ensure physical activity interventions are appropriate and
relevant to their needs. Successful interventions such as culturally tailored approaches
have demonstrated the importance of customising the approach for the intended
population to enhance effectiveness (107). Incorporating diverse perspectives of women in
midlife in the context of physical activity and intervention design, broadens the

applicability of the intervention and improves the possible impact on physical activity (87).

1.10. Evidence gaps for increasing physical activity among women in midlife

While the current body of literature provides strong evidence for the benefits of physical
activity across the lifespan and health conditions, there are notable gaps in the research
for how to best to support the adoption and maintenance of physical activity, particularly

for women in midlife.

Evidence gaps remain regarding the efficacy of behaviour change interventions that target
women in midlife to increase physical activity. In particular, there is a gap in the evidence
for interventions with multiple components that support the participation in choice-based
physical activity, either structured or unstructured physical activity (108). There is also an
evidence gap for interventions that could be delivered efficiently either in-person or
remotely, or that could be applied across diverse resource or geographical settings, or

which avoid incentives or gamification. These are important considerations in planning for
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sustainable solutions at a population level. Finally, there is a lack of evidence that
integrates the perspectives of midlife-aged women about their experiences of physical
activity and their recommendations for what would constitute effective support to ensure
intervention support was relevant, appropriate and met the needs of the intended

population (107).

Addressing these gaps could inform program design, policy and funding, and would reduce
societal burden while improving productivity and quality of life by empowering and
supporting women for long-term participation in physical activity for healthy and

independent ageing.

1.11 Aims and structure of thesis

The broad aim of research in this thesis was to investigate the efficacy of interventions for
increasing choice-based physical activity participation among community-dwelling
midlife-aged women and contribute to the evidence-base for this demographic. The guiding
principles of the physical activity interventions were efficiency, sustainability and
flexibility, and underpinned by behaviour change science. Methods used to address this
aim included a literature review, two clinical trial protocols, two randomised controlled

trials, and a qualitative study.

Specific aims of this thesis are to:

1. Conduct a literature review to identify effective interventions for increasing
physical activity in midlife-aged women (Chapter 2).
2. Describe the design and methods of a low-dose physical activity intervention for

employed women for effectiveness testing (Chapter 3)
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3. Conduct arandomised controlled trial to test the effectiveness of a low-dose
physical activity support intervention among employed women compared to a
waitlist control group (Chapter 4)

4. Describe the perspectives of women aged 50 and over in the design of physical
activity interventions (Chapter 5).

5. Describe a remotely delivered physical activity intervention, designed with end-
user input for supporting women aged 50 years and over with physical activity
(Chapter 6).

6. Conduct a pilot randomised controlled trial to test the feasibility, acceptability and
potential impact of a remotely delivered physical activity intervention for
community-dwelling women aged 50 years and over compared to a waitlist control

group (Chapter 7).
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dwelling women aged 50 years and over. A literature review.
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2.2 Preamble to Chapter 2

Understanding the current evidence is an important first step in testing interventions to
promote physical activity for women in midlife. This chapter provides a review of the
literature for interventions promoting physical activity in a community setting. The review
sought to understand the characteristics of studies and interventions that were delivered
remotely, the intervention content and method of content delivery, efficacy of these
interventions, and to identify evidence gaps for physical activity interventions that target

women in midlife.
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2.3 Background

Physical activity has physical and mental health benefits (1, 2). There is strong evidence
that physical activity prevents chronic disease (3), prevents falls and promotes
independence in older age (4). However, participation in physical activity worldwide is
suboptimal, with 33.8% of adults failing to meet the WHO recommended physical activity
guidelines (5). The consequences are significant not only at an individual level but also at a
societal level. Each year, physical inactivity is responsible for an estimated 5.3 million
deaths worldwide (1), productivity losses through work absenteeism costing INT$13.7

billion, and INT$67.5 billion in costs to health systems (6).

Women in midlife face unique challenges to being physically active. Many balance the
demands of caring for their children, grandchildren, and ageing parents whilst dealing with
the demands of employment, their own health conditions and age-related menopausal
bodily changes (7). These challenges can leave them with limited capacity to focus on their
own health and well-being. A physical activity intervention that targets this demographic
could provide the support to adopt and maintain physical activity for the long term. Midlife,
mid-age, mid-age years is the phase between young adulthood and older age and has been

defined in this review as 50 to 64 years of age (8).

Given the widespread problem of physical inactivity, it is essential to implement physical
activity interventions that are both efficient and sustainable across various geographic and
socioeconomic contexts. An intervention grounded in behaviour change science and
designed to support participants' autonomy is more likely to be effective (9). Flexibility in
the time and place that the intervention can be accessed is another important feature for

this demographic.
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Interventions that can be delivered remotely using internet and telecommunication
systems, may offer an efficient way to provide physical activity support. These systems
offer wide reach across geographic settings, are low-cost to deliver, and offer the
convenience of access to the end user. The purpose of the literature review was to
determine the current evidence for remotely delivered interventions which support choice-

based physical activity for community-dwelling women in their midlife years.

Key questions addressed in this literature review were:

1. What are the characteristics of individually targeted interventions that are remotely
delivered and promote choice-based physical activity which report physical activity
effectiveness among mid-aged community-dwelling women?

2. Among the identified physical activity interventions, what components were used to
deliver them, and what content was delivered through each component?

3. Among the identified physical activity interventions, what was the reported impact
on physical activity?

4. What are the recommendations for future remotely delivered physical activity

interventions that target community-dwelling women in midlife?

2.4 Methods

This review was conducted using the Cochrane Rapid Reviews Methods guidance (10) as a
framework, although not every step was followed in detail. The Medline (Ovid) database
search was performed on 13 September 2024 using the PICo framework (11): adults aged
45 and over (Population), physical activity (Intervention), remote delivery of the

intervention (Context).

The search strategy (Supplementary File) used keywords relating to community-dwelling

adults in their mid-age years (eg. 45 year* or 50 year* or middle age* or post#menopaus* or
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community), and physical activity (eg. physical* active* or active ag#ing or exercise*), and
theory or behaviour (eg. behavio#r change or self#determinat* theory or motivate* or
facilitate* or barrier*) and remote or minimal face-to-face delivery of the intervention (eg.
deliver* or program# or health coach* or online or digital or messag* or email or website*
or online#group or Facebook). The following limits were applied to the search: English
language, human, female, publication date (2015 to current), age (middle age (45 plus

years)).

All records from the search were screened by title and abstract according to the study
criteria by the candidate alone. Full text articles were screened, and any uncertainties
were resolved by discussion and consensus with the candidate’s primary supervisor.
Articles published by the candidate for presentation in this thesis were excluded from this
review.

2.4.1 Inclusion and exclusion criteria

This review included full text quantitative studies from the past decade that tested an
intervention where physical activity was an outcome measure. Cross-sectional study
designs and secondary studies were excluded. The population included non-clinical
community-dwelling adults in their midlife years (50 to 64 years), in order to broadly
capture studies targeting this age-group rather than specifying sex or gender. Included
interventions were physical activity programs that were choice-based, supported
unsupervised or unstructured physical activity, delivered remotely or with minimal in-
person contact (1 session), delivered to an individual and used low or minimal resources
for delivery. Due to the paucity of articles recruiting exclusively women, studies with non-
specific gender targeted recruitment were included in the review due to potential useful

demographic and intervention data for the mid-age population.
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Exclusion criteria were grey literature, qualitative studies, primary health care setting,
cross-sectional study designs and secondary studies where physical activity was not an
outcome measure, work team-based challenges, friends group interventions, structured
physical activity, group sessions involving more than 1 day, interventions targeting other or
multiple health behaviours (eg. diet, tobacco cessation), gamified applications or gamified
components as these are not choice-based (eg. points or awards). Systematic reviews were
excluded but their reference lists were hand-searched to identify relevant articles. Articles
that did not target adults in midlife were included if the reported average age was between

50 to 64 years, or within the standard deviation, or within the target recruitment age range.

2.4.2 Data extraction

The following data were extracted by the candidate alone: publication year, country of
study, funding, study design, study duration, study setting, eligibility criteria, participant
characteristics, intervention characteristics (duration, personnel involved, components

used for delivery, content), and physical activity outcomes.

The methodological quality of included randomised controlled trials was assessed using
the Physiotherapy Evidence Database (PEDro) scale score (0 to 10 score) (12). PEDro scores
for trials in this review were obtained from the PEDro database (www.pedro.org.au). The
PEDro Scale has demonstrated high inter-rater agreement for the total score (Interclass
Correlation Coefficient = 0.91) and for individual items (13). At least two independent
PEDro-trained raters assess each clinical trial for PEDro
(https://pedro.org.au/english/about/fag/), providing rigor and confidence in the finalised
score. The PEDro Scale consists of 11 items which evaluate external validity, internal
validity, statistical reporting. Items are rated yes or no according to if the criterion is

clearly satisfied in the study. If an item is satisfied, a score of 1 is given to that item. The
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PEDro score is obtained by adding the scores of Items 2 to 11, for a score between 0 and 10.
A score of 8/10 is the highest score for physical activity trials and 6/10 is considered good

quality (14).

The intervention content delivered was coded at the category level using the Behaviour
Change Technique (BCT) Taxonomy (15). Coding was performed by the candidate alone,
who had completed BCT extraction training (online) run by University College London
(https://www.ucl.ac.uk/behaviour-change/advanced-modules-behaviour-change) and
received certification. The BCT Taxonomy specifies 93 techniques clustered into 16
categories to describe behaviour change interventions. The categories are Goals and
planning, Feedback and monitoring, Social support, Shaping knowledge, Natural
consequences, Comparison of behaviour, Associations, Repetition and substitution,
Comparison of outcomes, Reward and threat, Regulations, Antecedents, Identity,
Scheduled consequences, Self-belief, Covert learning (15). Content was also coded by the
presence or absence of tailoring, which was defined as personalising the intervention to
the participant. Tailoring was defined in this review as the personalisation of intervention
content in response to data received from the participant. The use of the participant’s

name only in the intervention content was not considered tailored.

Physical activity outcomes were coded in relation to the intervention effect. This process
was guided by the Cochrane handbook for systematic reviews of interventions which
describes approaches for analysing and reporting data from trials without performing a
meta-analysis (16). Results were coded as positive significant, positive non-significant,
negligible, negative non-significant, negative significant either during the study or at the

final follow-up time point.
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2.4.3 Data synthesis

A descriptive summary of the data and narrative synthesis of the findings were presented
according to the themes. Findings summarised were by the study design, the components
used to deliver the intervention, the content that was delivered as described by behaviour
change techniques (15), the intervention design, and physical activity outcomes, as the
effectiveness of the interventions may have differed based on these features. Relationships

were explored between the above described intervention features and effectiveness.

2.5 Results

Figure 1 presents the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) flow of study selections through the review (17). The search identified 15,593
records. After limits and filters were applied and duplicates removed there were 1,111
records. A further 10 records were identified after hand-searching the reference lists of
relevant systematic reviews, bringing the total number of potentially eligible records to
1,121. Following title and abstract screening, 95 records remained. A total of 16 articles
were identified following full-text screening: 13 randomised controlled trials (18-30), 3
observational studies (31-33). Of these, three trials (22, 25, 27) and one cohort study (32)

targeted female participants only but not specifically those aged 50 years and over.
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Figure 1. PRISMA flow diagram of study selections
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2.5.1 Research question 1. Characteristics of studies and interventions

Studies were conducted in high-income countries USA (22, 23, 25, 26, 32), Australia (18, 20,
27, 31, 33), Netherlands (21, 24, 29), United Kingdom (19, 30), Canada (28)), predominantly
in community settings (18, 20-22, 24, 26, 28-29, 32-33) but also in university (23, 25, 30, 31),
rural (27, 32) and hospital workplace settings (19). Study duration was a median of 12
weeks and ranged from 6 weeks to 18 months. Study characteristics are summarised in

Table 1.

Only half of the included studies required low current physical activity levels as an
eligibility criterion (22-27, 31, 33). There was a higher proportion of females represented
across studies (median 76% females). Four studies recruited female participants only (22,
25, 27, 32) and two studies recruited adults aged 50 years and over (21, 29). Recruitment
was conducted via social media and online communities, workplace intranet and emails,
flyers and posters displayed in community locations, local newspapers and radio,

participant research registers, and in-person community events.

There were 10,212 participants across all studies (median 253 participants) with median
age 50 years (IQR 9.3). Study sizes ranged from 40 participants (31) to over 900 participants
in three trials (21, 24, 29). The average retention rate was 70% and ranged between 38%
and 97%. No trends for retention were found in studies requiring low baseline physical

activity levels.

The methodological quality of most trials was low/fair according to the PEDro score (<
5/10), apart from three trials which were good methodological quality (PEDro score 6/10 or

higher) (22, 25, 28) (Table 4). Inadequate follow-up of participants and lack of concealed

49



allocation at randomisation were the most common sources of introduced biases across

trials.

There were 34 intervention arms across the studies ranging from 4 to 18 months (Table 2).
The comparison group in most trials was a different intervention, but four trials included a

control group (18, 20, 25, 26, 27).

2.5.2 Research question 2. How were the interventions delivered?

Interventions delivered in the included studies were summarised by intervention

components (Table 2) and the intervention content (Table 3).

2.5.2.1 Intervention components
Intervention components were the methods used for delivering the intervention.
Intervention arms in the included studies often used more than one component (median 2)

but up to five discrete components to deliver the content (22, 27).

Overall, studies used a combination of ‘scheduled’ and ‘on-demand’ components. (19, 21-
22, 24, 26-29) Scheduled components were defined as those delivered according to a pre-
determined schedule or ‘dose’, including SMS text messages, email messages, in-person
and telephone consultations. Participants received an average of four SMS text messages
per week (range: 1 to 9), and an average of 2.8 email messages per month (range: 0.3 to 8).
On average, 2.2 telephone consultation sessions were (range 1 to 4) either by a health

coach (23) or trained study staff member (22, 27).

On-demand components, including smartphone applications, website information, a

website portal, online group, and pedometers, could not be scheduled but they enabled
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participants to access them as preferred. Online groups typically were composed solely of
participants (26-28, 34), with the exception of one study where research staff regularly

shared information about local area physical activity opportunities (22).

The most frequently used components across the studies are listed in Table 4. Most

frequently used were pedometers (18, 21, 23, 27, 31-33) and website portals (18, 21-22, 24,
27-29). For the purposes of this review, pedometers were defined as any wearable device
(e.g. Fitbit) or smartphone device that had or used a step-counting feature. Website portals
were defined as study websites that allowed participants to interact in ‘real time’ such as
logging personal physical activity data (e.g., step counts, plans or goals) via a personal
dashboard, in addition to accessing static web-based content. In studies where portals
included features such as an online forum or social groups focused on physical activity, an
additional component ‘online or app group’ was coded to reflect the peer interaction
element. Components coded as ‘online or app group’ were either a component associated

with a website portal or a standalone component.

Components most commonly delivered in studies that targeted either women only (22, 25,
27, 32), or adults aged 50 years and over (21, 29) were similar, and were messages, a

dedicated study website and an online interactive group.

2.5.2.2 Intervention content

Intervention content was the information and material delivered to participants as part of
the intervention. Categories of behaviour change techniques (BCTs) delivered in the
included studies are summarised in Table 3. Intervention arms delivered between one and
eight BCT categories (median of three). Shaping Knowledge (Category 4), which aims to

modify knowledge about the performance of physical activity or reframe understanding to
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support behaviour change, was the most commonly applied BCT category (18-19, 21-22,
25, 27-33). This was followed by Feedback and monitoring (Category 2)(18, 21-27, 31-33),
which aims to provide internal or external input to increase awareness of physical activity
behaviour; and Goals and planning (Category 1) (18-27, 29, 33), Social support (Category 3)
(18, 22, 23, 26-28) and Associations (Category 7) (20-22, 30, 32-33) which includes prompts

and cues.

There was no clear trend between the number or type of intervention components, the BCT
categories present in an intervention and the impact on physical activity. The exception
was for three studies that delivered the highest number of components, and the highest
number of BCT categories, and which demonstrated a significant impact on physical

activity either during the study period or at the end of the study period (18, 22, 27).

Intervention content was tailored in nine studies according to a participant’s responses to
a questionnaire (21, 22, 24, 29), feedback from online data (18, 21, 23, 25), or consultations

with study staff (22, 23, 27).

2.5.3 Research question 3. What was the reported impact of the interventions on
physical activity?

Physical activity outcome measures are summarised in Table 5. Self-report questionnaires
(19, 20, 24, 28-30), device-measured outcomes (18, 22, 23, 25-27, 31-33) or a combination
of both (20) were used. Device-measured outcomes included either weekly time in
moderate to vigorous intensity physical activity (18, 21-23, 25-27, 31-33) or average

number of daily steps (18, 23, 25, 31-33).
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Overall, physical activity improved in favour of the intervention group either at the final
follow-up measurement point (19, 20, 22, 24, 26, 29, 32, 33) or at a timepoint during the
study period (18, 25, 27, 28). No trends in physical activity outcomes were found in studies

where low baseline physical activity was an eligibility criterion (22-27, 31, 33).

Physical activity trended an increase at final follow-up when one of the intervention
components enabled participant interaction in ‘real time’, such as smartphone
applications (26, 33), website portals (22, 24, 29) and online groups (22, 26). There were no
other obvious trends regarding the intervention content, the study design, or participant

characteristics.

2.6 Discussion

This review assessed the current evidence about remotely delivered programs that
promote choice-based physical activity and target mid-age community-dwelling women.

No studies identified in this review specifically targeted women aged 50 years and over and
only half of the identified studies targeted people with low baseline physical activity levels.
There is a modest volume of fair to low methodological quality evidence for the general

population.

Overall, programs used multiple components to deliver content aimed at supporting
physical activity, combining both scheduled and on-demand formats. The content focused
on shaping knowledge about physical activity, providing feedback and monitoring, goal
setting and planning, as well as social planning and associations. Physical activity tended
to increase when one of the programs components (e.g., pedometer, web-based portal
dashboard, online group) included ‘real time’ interaction. This finding aligns with evidence

from a previous review, which reported that interactive computer-based interventions
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(e.g., online goal-setting, chat sessions and message boards) were more effective compared
to minimal interventions (e.g. informational pamphlets) in supporting weight loss and

represented an efficient use of limited resources (34).

Although this review found no obvious trend supporting tailoring as an effective
component of physical activity interventions, there is evidence that tailoring can be used to
intensify an intervention (35). Individualised intervention materials can enhance the
relevance of the intervention, are generally well-received by health consumers, and may
improve overall intervention effectiveness (35). Also, internet-delivered tailored
components such as email messages and websites have been reported to be effective

across different age groups, genders and behaviours (35).

Many of the included studies had a broad inclusion criterion for age with the possible
intention of reaching as many people as possible with the intervention. Broad inclusion
may unintentionally convey a generalised one-size-fits-all approach, potentially
overlooking specific barriers and motivators of subgroups, thereby reducing personal
relevance and overall impact (36). Considering this along with the low retention rates
observed across the studies, adopting a targeted recruitment focusing on midlife women
may enhance the relevance and engagement with the intervention. Involving this group in
the design process and incorporating their perspectives can help ensure the intervention

resonates and is appropriate for their demographic.

2.6.1 Implications and recommendations for thesis (Research question 4)

This review informs future efforts to develop solutions for promoting physical activity
among women in midlife. Specifically, the findings have implications for population-

specific considerations, intervention design, and methodological approaches.
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2.6.1.1 Population-specific considerations

This review highlights a lack of evidence for physical activity interventions specifically
targeting physically inactive women in midlife. Future research should focus on reaching
populations that most need support to engage in physical activity. Given the complexity of
behaviour change and the unique barriers faced by women in midlife, it is crucial to
strategically involve them in the design and refinement of programs intended for their

benefit.

Involvement could be through broad consultations with mid-aged women to ensure their
perspectives are included in research and that interventions meet their needs and
preferences. Involving end-users and stakeholders also ensures resource efficiency and

that program uptake, program retention and long-term engagement can be maximised.

2.6.1.2 Intervention design

This review shows that presenting multiple varied options is a key feature of remotely
delivered physical activity interventions. Interventions should provide participants with
the flexibility to choose which components to engage with as well as where and when to
access them. Providing flexibility enhances engagement, appeals and caters to diverse
preferences, and supports agency by empowering women to adopt and sustain physical

activity (37, 38).

Additionally, while this review identified a lack of relationship between the number of
behaviour change techniques and the effectiveness of the intervention, this could be due to
difficulties in clearly identifying whether a behaviour change technique occurred, and

inconsistencies with reporting (39). Therefore, designing a program that includes several
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behaviour change techniques could potentially increase the effectiveness of the

intervention, and is worth investigating in a clinical trial.

2.6.1.3 Methodological approaches

This review highlights the need for high-quality evidence to rigorously test the impact of
physical activity interventions among this demographic. As identified in Chapter One, the
gender disparity in physical activity combined with the importance of addressing physical
inactivity in midlife before disability and chronic conditions become problematic, make
midlife women a key demographic to target for physical activity interventions. A well-
designed and rigorously conducted clinical trial could also address retention challenges
and offer definitive evidence on the effectiveness of remotely delivered programs for

physically inactive midlife-aged women.

This review also highlights the importance of comprehensive documentation in the
reporting of interventions in order to advance existing knowledge. The Template for
intervention description and replication (TIDieR) checklist (40) is available in multiple
languages and provides a guide for reporting interventions in sufficient detail to enable
replication. A detailed understanding of interventions enhances replicability and helps to

minimise research waste.

2.6.2 Strengths and limitations of this review

This review provides an overview of the evidence about remotely delivered interventions
for supporting individual choice-based physical activity. A key strength of this review was
that it identified the lack of evidence concerning such interventions for women in their
midlife years. Other strengths were that the methodological rigor and transparency were

ensured through the use of the Cochrane rapid review criteria to guide the methods. This
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review designed a priori research questions and adhered to well-established frameworks
including the PEDro Scale for assessing methodological quality, and the Behaviour Change
Techniques Taxonomy to systematically identify and classify intervention components, in
which the candidate had completed certified standardised training for coding Behaviour
Change Techniques. The Medline database was search using a rigorous search criteria and

hand searching was performed to identify additional studies.

A limitation of this study was that all aspects of the review was conducted by one author. It
is possible that some studies may have been missed during screening for eligible studies or
data extracted was incomplete since it was unverified. Another limitation was that only one
database was used to conduct the search, potentially excluding studies indexed in other
databases only. Finally, studies published within the past 10 years were included in this
review. Given the rapid technological advancements during this period, types of
interventions have also evolved considerably, which complicates direct comparisons

across studies.

2.7 Conclusions

This review provides an overview and offers guidance on designing remotely delivered
interventions for supporting choice-based physical activity. There is a lack of evidence for
physical activity interventions targeting women in their mid-aged years. A flexibly-oriented
intervention with multiple discrete but complementary components delivering behaviour
change grounded content is likely to be effective for women aged 50 and over. Future work
is needed with end-user input to design and test the effectiveness of physical activity

interventions for women in midlife.
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Table 4. Most commonly used components for delivering the intervention in
identified studies (Total participants, n = 10,212).

Component

Study

Pedometers*

Alley 2018; Collombon 2024; Ellingson 2019; Hamilton 2019;
Khare 2021; Mitchell 2019; To 2021

Website portals*

Alley 2018; Collombon 2024; Connell Bohlen 2024;
Friederichs 2015; Mitchell 2019; Neil-Sztramko 2020; Peels
2013

SMS messages

Blake 2017; Collombon 2024; Connell Bohlen 2024; Gell 2015;
Khare 2021; Suggs 2013

Paper resources®

Alley 2018; Chapman 2015; Hamilton 2019; Mitchell 2019;
Peels 2013

Email messages

Blake 2017; Friederichs 2015; Neil-Sztramko 2020; Peels
2013; Suggs 2013

Website information

Alley 2018; Blake 2017; Gell 2015; Hamilton 2019

Online or app group™

Alley 2018; Connell Bohlen 2024; King 2016; Mitchell 2019;
Neil-Sztramko 2020

Smartphone apps

Collombon 2024; King 2016; To 2021

Telephone consultations

Connell Bohlen 2024; Ellingson 2019; Mitchell 2019

In-person consultations

Connell Bohlen 2024; Mitchell 2019

Notes:

* Pedometers were defined as any wearable device (e.g. Fitbit) or smartphone device that
had or used a step-counting feature.

*Website portals were study websites that allowed participants to interact in ‘real time’
such as logging personal physical activity data (e.g., step counts, plans or goals) via a
personal dashboard, in addition to accessing static web-based content.

$Paper resources include physical activity planning sheets, logs, information printed on

paper.

X Online or app group included an online forum or social group focused on physical

activity.
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2.9 Supplementary File

OVID Search conducted 13 Sep 2024 (records from 2015 to current)

Search

Records, n =

45 year* or 50 year* or Middle age* or Older adult* or Older
worker* or work* or Postmenopaus* or Post menopaus* or
Community dwell* or Community living* or Community

7598385

Physical* activ* or Healthy ag#ing or Active ag#ing or exercis*

583910

Behavio#r change or Behavio#r change technique* or
Theoretical domains framework or Self#determinat* theory or
Health belief model or Self#efficacy

13783

Incentiv* or Motivat* or Facilitat* or Barrier* or Self#regulat*
or Maint#n

1437164

3or4

1443977

Deliver* or Support* or Intervention or Program#

13197638

Digital or online or social media* or email messag* or text
messag* or health coach* or website or mobile app* or
Facebook

534379

6or7

13484813

1and 2 and 5 and 8

15593

limit 6 to (english language and female and humans and
yr="2010 -Current" and ("middle age (45 to 64 years)" or
"middle aged (45 plus years)"))

5888

not (diabet* or cardiovascular or COPD or pain or arthritis or
prostate or primary care or respiratory or metabolic or
rehabilitation or pulmonary or cardiac or obesity or
overweight or cancer or oncolog* or back or birth or prenatal
or post#natal or child* or parkinson* or multiple sclerosis or
stroke or neurolog* or alcohol or liver or metabol* or pancreas
or lung or kidney or mental#ill* or GP or tobacco or cessation
or smoking or hospital or emergency or patient or wheelchair
or cardio* or ?arthrit* or injur* or NAFLD or PTSD or
orthop?d* or hypertens* or diabet* or glyc?m* or radiotherap*
or chemotherap* or palliat* or nursing home or percept* or
addict* or drug? or dialys* or renal? or asthma* or neck)

1069

limit to yr="2015 -Current"

797

(Digital#group or online#group or online* or forum or online
forum or social media or Facebook or social network*).mp.
[mp=title, book title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word,
keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms,
population supplementary concept word, anatomy
supplementary concept word] (304189)

304189

1 and 2 and 13 (5869)

5869

14 not (diabet* or cardiovascular or COPD or pain or arthritis
or prostate or primary care or respiratory or metabolic or
rehabilitation or pulmonary or cardiac or obesity or

1818

77



overweight or cancer or oncolog* or back or birth or prenatal
or post#natal or child* or parkinson* or multiple sclerosis or
stroke or neurolog* or alcohol or liver or metabol* or pancreas
or lung or kidney or mental#ill* or GP or tobacco or cessation
or smoking or hospital or emergency or patient or wheelchair
or cardio* or ?arthrit* or injur* or NAFLD or PTSD or
orthop?d* or hypertens* or diabet* or glyc?m* or radiotherap*
or chemotherap* or palliat* or nursing home or percept* or
addict* or drug? or dialys* or renal? or asthma* or neck).mp.
[mp=title, book title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word,
keyword heading word, organism supplementary concept
word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms,
population supplementary concept word, anatomy
supplementary concept word] (1818)

15 not (qualitative or experience* or perspective* or
cross#section* or interview* or ecologic* or explor* or college
or student* or child* or prefer*).mp. [mp=title, book title,
abstract, original title, name of substance word, subject
heading word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary
concept word, unique identifier, synonyms, population
supplementary concept word, anatomy supplementary
concept word] (860)

860

limit 16 to (english language and female and humans and
yr="2010 -Current") (390)

390

12 and 17

1,187

Duplicates removed (76)

1,111

7 SR reference lists hand-searched

10

Title/abstract screened

1,121 (1,029 irrelevant)

Full text screened

94 (78 excluded, not
within scope of study)

Data extraction

16

78



CHAPTER 3. Active women over 50: study protocol for RCT of
a low-dose information and support program to promote

physical activity behaviour change.

Chapter 3 is presented in the format of the journal where it was published:

Wallbank G, Sherrington C, Canning C, Hassett L, Shepherd R, Richards B, Mackay C,
Tiedemann A. Active women over 50: study protocol for RCT of a low-dose information and
support program to promote physical activity behaviour change. BMC Public Health,

2019;19:1225. DOI: 10.1186/s12889-019-7514-6
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Preamble to Chapter 3

This chapter describes in detail the study protocol for the randomised waitlist-controlled
trial reported in Chapter 4. The chapter details the methodology in advance of conducting
the trial, thereby reducing bias and enhancing rigor. The purpose of the trial was to test an
efficient and pragmatic intervention to empower employed women aged 50 years and over
to increase physical activity participation. Members of the authorship team who were in
the target age and gender group provided end-user input to this formative study which is
an additional strength of this study. The trial was designed and conducted prior the rapid
expansion and adoption of digital technologies driven by the COVID-19 pandemic. As such,
the components used to deliver the intervention content reflect options that were used at

the time.
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Abstract

physical activity among women aged 50+ years.

Background: There is compelling evidence that physical activity has many physical and mental health benefits and
can delay the development of disability in older age. However, uptake of this health behaviour is sub-optimal in
working women in their middle age. This trial aims to establish the impact of a low-dose information program,
incorporating follow-up support using behaviour change techniques, compared with a wait-list control group, on

Methods: 100 female university or health service employees aged 50 years and over who are not sufficiently active
according to national guidelines will be recruited and randomised to: [1] attend one information session at the
worksite with follow-up email support and provision of resources including use of an activity tracker (Fitbit) for 3
months and free trial class at the university sports facility, or [2] a wait-list control to receive the intervention after
the 3-month follow-up period. The primary outcome will be the proportion of people achieving 10,000 steps/day at
3 months post randomisation. Secondary outcomes will include the proportion of people achieving national
guideline-recommended physical activity levels, the average self-reported hours of physical activity per week,
perceived benefits of and barriers to exercise participation, physical functioning, and mood. Analyses will be
planned, conducted while masked to group allocation and will use an intention-to-treat approach.

Discussion: This randomised controlled trial will evaluate the impact of a simple intervention using behaviour change
techniques to increase physical activity participation in insufficiently active working women over the age of 50.

Trial registration: ACTRN12617000485336, prospectively registered, approved 04/04/2017.
Keywords: Exercise, Behaviour change, Health, eHealth, Workplace, Physical activity

Background

Physical inactivity is an important, but modifiable public
health problem that can substantially impact health and
independence [1, 2]. Globally 5.3 million deaths per year
are attributable to inactivity [3], a public health issue
that is growing in size [4] and that has an estimated eco-
nomic cost to the health-care system of INT$67.5 billion

* Correspondence: geraldine.wallbank@sydney.edu.au

"Institute for Musculoskeletal Health, School of Public Health, Faculty of
Medicine and Health, The University of Sydney, PO Box M179 Missenden
Road, Camperdown, Sydney 2050, Australia

Full list of author information is available at the end of the article

K BMC

worldwide [5]. Physical inactivity in older age requires ur-
gent attention, with 80% of Australian women over the
age of 75 years insufficiently active [6], and the proportion
of older people in the population rapidly rising. By 2050
up to 25% of the Australian population (10.5 million
people) will be aged 65 years and over [1, 7].

There is compelling evidence that physical activity has
many physical and mental health benefits [8—10]. Phys-
ical activity has been described as “the best buy in public
health” [7] with “large unused potential ... in the global
prevention of non-communicable diseases, including
dementia” [11]. National physical activity guidelines

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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provide clear guidance on the amount of physical activ-
ity required to maximise health and wellbeing [8]. Aus-
tralian adults are recommended to accumulate 150 to
300 min of moderate intensity or 75 to 150 min of vigor-
ous intensity physical activity, or an equivalent combin-
ation of both moderate and vigorous activities each
week, and to do muscle strengthening activities on at
least 2 days each week [8].

Health conditions that could be ameliorated with
physical activity are particularly common in older
people. There is emerging evidence that regular physical
activity participation delays the development of disability
in older women by up to 15years [9] but the uptake of
this health behaviour remains sub-optimal, particularly
among working women compared to their male counter-
parts [12]. Women are more likely than men to have
high daily sitting time [13] which puts them at additional
risk for chronic ill health. Almost half of the female
workforce are over the age of 50 years [14], and while
many become more active with retirement, this may be
too late to prevent disability in older age. Commence-
ment of appropriate physical activity by women in their
50s should therefore be a priority and workplaces are an
ideal target.

Women over 50 years have unique barriers to becom-
ing more active. They may have changing carer responsi-
bilities from their older and more independent children
to their older but more dependent parents, may face the
demands of work in senior roles or re-entering the
workforce, may be managing chronic health conditions,
or may never have incorporated sufficient physical activ-
ity in their lives before [14]. Hence, this population re-
quires a targeted and supported approach to ensure
behaviour change is sustainable [15].

Work accounts for around 60% of an adults’ waking
hours [16] and is a contributor to the risk of physical in-
activity [17], an additional problem for women who are
already more sedentary than their male counterparts.
Healthy workplaces that target employee wellbeing, that
is, employee physical, emotional, mental and social health,
are positively associated with increased productivity, per-
formance, reduced absenteeism, and health care utilisation
[18]. The benefits of participating in physical activity ad-
dresses employee wellbeing [17], and so makes the work-
place an ideal setting to provide an intervention to
increase physical activity participation in this target group.

People who are insufficiently physically active can be
supported to adopt and sustain physical activity with the
implementation of a behavioural change framework.
Michie, van Stralen and West [19] developed the Behav-
iour Change Wheel framework (BCW) and COM-B
model of behaviour change; with capability, opportunity
and motivation as key factors that interact to influence
behaviour. Physical and psychological capability, the
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physical and social opportunities that lie outside the in-
dividual, and a person’s habits, emotions and decisions
which influence their motivation, all interplay to affect
whether a person engages in a behaviour. The BCW
framework can be used as a tool to guide the design of
interventions aimed at changing behaviour.

Education is an intervention function within the BCW.
It can be delivered in different forms (e.g. workshops,
printed brochures, the internet) to increase health liter-
acy and support behavioural change. Education can pro-
vide a person with the psychological capability to change
their behaviour and provide the motivation through
addressing their individual beliefs about capabilities and
consequences [19]. In the primary care setting, educa-
tion with brief advice and motivational interviewing in-
creased self-reports of physical activity but practitioners
reported it was time consuming to deliver [20]. Provid-
ing physical and social opportunities to change behav-
iour through workplace-based interventions can increase
physical activity, but the optimal type of intervention
and delivery format is yet to be established [21].

Activity trackers are small, commercially available and
relatively inexpensive wearable devices that clip onto
clothing or are worn around the wrist and have grown
in popularity. They have been shown to be an effective
strategy to increase physical activity participation in the
general population, particularly when there has been a
daily step goal of 10,000 steps [22].

We have designed a scalable, simple low-dose inter-
vention, utilising the BCW, to enhance physical activity
participation in women aged 50 years and older. The
aim of this randomised controlled trial is to test the im-
pact of the intervention on physical activity participation
in working women.

Methods

We will conduct a randomised controlled trial with
wait-list control. The design of the trial is illustrated in
Fig. 1. This trial has been designed according to the
Consolidated Standards Of Reporting Trials (CON-
SORT) statement [23], and is reported according to the
Standard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT) statement [24], and with refer-
ence to the Template for Intervention Description and
Replication (TIDieR) checklist [25].

One hundred women will be randomised to either re-
ceive the intervention immediately, or after the 3-month
follow-up period. People will be eligible for inclusion in
the trial if they are female, aged 50years and over,
employees of The University of Sydney or Sydney Local
Health District in Australia. Potential participants will be
excluded if they have limited English language skills, or
have a medical condition that precludes participation in
regular physical activity, or are already sufficiently active
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Invite participation through
university and hospital websites,
newsletters, emails from managers
to employees, posters

Enrolment

Identify and screen potential
participants

Excluded

v

Participants eligible and provided consent

Baseline Assessment: questionnaire,
objective physical activity measurement

Randomised (n=100)

}

|

1-hour education session, activity
tracker, resources booklet, email
support, online discussion group

3-month re-assessment:
questionnaire, objective physical
activity measurement

Fig. 1 Trial design

Intervention Allocation

Follow-Up

Wait list control

v

3-month re-assessment:
guestionnaire, objective physical
activity measurement

in accordance with the Australian Physical Activity
guidelines [8]. Potential participants will be provided
with a participant information statement outlining the
study procedures. All participants will sign a consent
form before participating in the study.

Participant recruitment will be through advertising
using the workplace channels at the university and
health service. This will be via university newsletters and
websites, the health service intranet, posters and email
invitations sent to managers of university and hospital

departments for distribution to their employees. No
workplace incentives will be offered for participation in
this study. People who wish to participate in the research
project will be screened for eligibility either over the
telephone or via email.

Participants will be enrolled into the study after they
have completed the initial screening, provided informed
written consent to participate in the project, and have
completed all baseline questionnaires and measurements
of physical activity.



Wallbank et al. BMC Public Health (2019) 19:1225

Baseline questionnaires will be sent to participants via
an online survey link (REDCap) or by post, as preferred
by the participant. Baseline physical activity will be mea-
sured with an Actigraph accelerometer. A research team
member who is blind to study group allocation will
download the accelerometer data. Each participant will
receive a study enrolment number upon completing the
baseline questionnaire generated by the REDCap data-
base and this will be recorded on all study documents.

Following completion of the baseline measures, partic-
ipants will be randomly allocated to:

a) participation in one information session plus follow-
up support immediately (intervention group) or

b) participation in one information session plus follow-
up support after the 3-month follow-up period
(control group)

A variable block randomisation schedule will be pre-
pared from a computer-generated list of random num-
bers by a researcher not involved in recruitment. The
randomisation schedule will incorporate stratification for
recruitment site (University campus, Sydney Local
Health District) or pairs. Where there are two partici-
pants who are known to each other or if they are from
the same workplace department as revealed by the initial
contact, they will be randomised to the same group to
reduce cross-contamination of the results. The random-
isation schedule will be embedded in a secure online
database (REDCap) to achieve allocation concealment.

The intervention group will attend a one-hour infor-
mation session that will provide: 1) information about
the importance of physical activity for maximising phys-
ical and mental health and preventing disability; 2)
group discussion in overcoming the barriers to physical
activity; 3) information and handbook of resources about
existing opportunities for women over 50 years to par-
ticipate in; 4) video case-study interviews of four female
staff members aged over 50, and one female staff mem-
ber aged over 80 who have overcome barriers to increase
their physical activity; 5) tools to enhance physical activ-
ity participation (e.g. physical activity recording charts,
guidance on goal setting), 6) the use of a pedometer or
internet-connected activity tracker (Fitbit) for the dur-
ation of the study, to provide motivation and feedback
to increase activity levels if desired, and 7) a free trial
class at the university sports facility. An online discus-
sion group will be set up for participants who wish to re-
main in contact, and a fortnightly email from the
research team will be sent to provide information,
motivation and support. The information session and
follow-up email support will emphasise strategies to
overcome barriers to participation. These will include in-
corporating physical activity into daily life through active
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transport, incidental physical activity and benefits to
health and habit formation of even small increases in
physical activity. The information session materials and
sample physical activity recording charts will also be
made freely available to participants.

The handbook of resources includes a list of local
physical activity opportunities including on-campus
activities and facilities for university and health service
staff; websites for physical activity information and op-
portunities for the over 50s including a telephone-based
coaching service; local council services and facilities; and
free health and fitness applications available for smart-
phone devices. Information session participants will re-
ceive a pre-exercise screening tool and exercise intensity
guidelines produced by Exercise Sports Science Australia,
Fitness Australia, and Sports Medicine Australia [26]
and will be advised to seek individual advice from a
health professional if they have any concerns about in-
creasing their physical activity or if they have an injury.

Participants will attend the information session during
their lunch hour at their workplace. For participants
who are not able to attend in person, a video conferen-
cing facility will be provided. For participants unable to
attend the scheduled session times, a recording of the
session will be provided via an online webinar link.
These participants will be able to email or phone the
presenters with any questions after viewing the webinar.
The information session will be presented by physical
activity researchers and sports facility staff who will also
facilitate discussion. Table 1 summarises the content of
the intervention using the TIDieR checklist [25].

Participants randomised to the control group will be
allocated to a waiting list and will receive access to the
intervention after the 3-month follow-up period.

The primary outcome will be the proportion of people
achieving an average of at least 10,000 daily steps,
measured objectively with a matchbox-sized waist-worn
accelerometer (Actigraph GT3X+) at 3-months. Acti-
Graph GT3X+ is able to accurately estimate how physic-
ally active a person is throughout the day by measuring
3D body accelerations and is a valid instrument that has
been extensively researched in the physical activity and
public health field [27]. Participants will be instructed to
wear the accelerometer on the right hip, attached via an
adjustable elastic belt, for seven consecutive days during
waking hours (except during water-based activities or
bathing), and to complete an activity log. Activity counts
per second will be collected at a sampling frequency of
30 Hz and reintegrated to 60s epochs for data analysis.

The primary outcome will be quantified as the average
step counts per day. This outcome will detect any in-
crease in incidental physical activity (i.e. less time spent
sitting) as well as adoption of more formal exercise regi-
mens. These data will be collected over a 7-day period
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Table 1 Intervention description using the Template for Intervention Description and Replication (TIDieR) checklist [25]

1. Brief
name

2. Why

Active Women over 50 physical activity education and promotion intervention

Uptake of physical activity is sub-optimal in working women in their middle age. Women over 50 years have unique barriers

to becoming more active (eg. higher sedentary time, greater carer responsibilities, work demands).

3. What
materials

The education program has been designed for women over the age of 50 using the Behaviour Change Wheel framework
and COM-B system model of behaviour change [20] to facilitate and sustain behavioural change. Information will be

presented via a Powerpoint slideshow outlining the evidence on benefits of physical activity, overcoming barriers to physical
activity, physical activity options available to university and health service staff, getting started and maintaining activity. Video
case-study interviews of four female staff members aged over 50 years who have overcome barriers to increase their physical
activity will be shown to inspire participants. Participants will receive a printed handbook containing physical activity resources
such as internet-based information and programs, local physical activity programs and facilities, suggestions of the numerous
free applications for smartphone devices, and a guide to starting physical activity. Participants will also receive a pre-exercise
screening tool and exercise intensity guidelines [28]; will be offered the use of a pedometer or internet-connected activity tracker
(Fitbit) for the duration of the study, to provide motivation and feedback to increase activity levels; will have access to 1) an online
discussion group with other participants to share ideas and for motivation, 2) fortnightly emails reinforcing the workshop content
and supporting participants to increase their physical activity, 3) a free trial class at the Sydney University Sports Facility, and 4) all
the information session materials (slides, video case study interviews, University sports facility brochures) via an email link. The
internet-based information resources will include the Get Healthy website produced by the NSW Ministry of Health [29]
(www.gethealthynsw.com.au), Make Healthy Normal website produced by the NSW Ministry of Health
(www.makehealthynormal.com.au); internet-based program resources may include the Active and Healthy website [30], parkrun

website promoting free, weekly community walk/runs [31].

4. What
procedures

An information session will be used to provide education and support to participants to increase their physical activity through
university and health service on-campus and local opportunities. Participants will have the option to loan a Fitbit activity tracker for

the duration of the study, and/or receive follow up fortnightly emails, and/or access to an online discussion group Yammer. All
participants will be emailed a link to access the presentation materials, and will have email access to the research team for any

further enquiries.

5. Who
provided

6. How

Research team members with expertise in the field of physical activity research and practice will provide and deliver the information
session and facilitate discussion. A University sports facility staff member will outline their available programs at the information session.

Information sessions will be face-to-face in a group setting of up to 20 people at a time. A video conferencing facility will be offered

to participants who are not able to physically attend the session location but will allow them to be able to interact with the group.
Information sessions will also be offered via a pre-recorded internet link for participants who are not able to attend the sessions in
person, and will have the opportunity to ask any questions to the research team via email or telephone.

7. Where

The information sessions will be held at the workplace at two university campus sites and at one hospital site in Sydney, in a meeting

room with data projection and video-conferencing facilities. Remote access will be through a video conferencing facility or through

a pre-recorded online link of the webinar.

8. When
and how

much There will be no cost.

The intervention will be one, 1-h information session scheduled during lunch time (12-1 pm). Those attending via the online link will
attend at a time of their convenience. Follow up support emails will be sent fortnightly to participants who elect to receive these.

9. Tailoring  All participants will receive the same information session content and access to the same internet-based resources. Participants will
have the opportunity to ask questions during the session or via email or telephone support following it. Participants will be advised
to seek individual advice from a health professional if they are concerned about commencing physical activity or have an injury.

to account for day-to-day variation in physical activity
levels. The accelerometers will be posted to participants
with clear instructions for use and email or telephone
support will be available. Participants will be provided
with pre-paid envelopes to return the devices to the re-
search centre. Accelerometer data will be manually
checked against participant activity logs to verify wear
time, and erroneous data will be excluded prior to ana-
lysis. Physical activity participation will be assessed at
baseline and 3 months after participant randomisation,
and ActiGraph data will be extracted by a research as-
sistant who is unaware of group assignment (i.e. blinded
outcome assessment).

Accelerometer data will be analysed using ActiLife 6
software. Acceptable wear time will be defined as 4 days
or more of 10h or more per day. Periods of 90 min or

more of consecutive zeros (indicating non-use) will be
considered as non-wear time.

The secondary outcomes will be assessed at baseline
and at 3 months post-randomisation via a self-report
questionnaire that will take approximately 30 min to
complete. The secondary outcomes will include: 1) the
proportion of people achieving adequate physical activity
levels as recommended by national physical activity
guidelines: 150 to 300 min of moderate intensity physical
activity or 75 to 150 min of vigorous intensity physical
activity, or an equivalent combination of both moderate
and vigorous activities, each week, and to do muscle
strengthening activities on at least 2 days each week [7],
measured using an Actigraph accelerometer; 2) the aver-
age total number of hours of physical activity per week,
self-reported with the International Physical Activity
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Questionnaire (IPAQ) [32]; 3) change in perceived bene-
fits of and barriers to exercise participation, as measured
by the Exercise Benefits and Barriers Scale [33]; 4) phys-
ical functioning as measured by the function component
of the Late Life Function and Disability Instrument
(LLFDI) [34]; 5) mood as measured with the Positive
and Negative Affect Schedule (PANAS) [35]. Participants
in the intervention group will also complete a follow-up
questionnaire evaluating whether the suggested or other
resources were investigated or participated in, whether
goals were set, and participants’ perceived barriers and
plans following the workshop.

Odds ratios will be calculated to assess the effect of
group allocation on the dichotomously-scored primary
outcome (proportion of people achieving 10,000 steps/
day) and secondary outcome (proportion of people
achieving physical activity in accordance with national
guidelines). General linear models will assess the effect
of group allocation on the continuously-scored second-
ary outcomes (self-reported physical activity, perceived
exercise benefits and barriers, physical functioning and
mood), adjusting for baseline scores.

A p-value of <0.05 will be considered statistically
significant. A full statistical analysis plan will be devised
by the lead investigator prior to commencement of data
analysis. Analyses will be pre-planned, conducted while
masked to group allocation and will use an intention-to-
treat approach. Analyses will be conducted using the
Stata 14 software package.

A total of 50 participants per group (i.e. 100 partici-
pants) will provide 80% power to detect 30% more people
in the intervention group reaching the recommended 10,
000 steps/ day than the control group. This calculation as-
sumed a proportion of 27% compliance with the 10,000
steps/ day activity level in the control group, dropout rate
of 15% and alpha of 5%. The estimates of the proportion
of people achieving 10,000 steps/ day activity level was
taken from the baseline results of the University of Sydney
staff participating in the Global Corporate Challenge [36].
This sample size is also expected to be sufficient to detect
between-group differences in the order of 10-15% for the
secondary outcome measures.

Participant data will be collected by survey question-
naires, completed online or in paper format if preferred,
and via Actigraph activity monitor posted to participants
at baseline and 3-month follow-up. An email or phone
call will be sent to any participants with incomplete
outcome measures to improve participant retention. To
ensure participant confidentiality, the final dataset will
contain re-identifiable information only. Demographic
information linking the participant to the data will be
stored on a separate file. All data will be entered onto a
password protected database and maintained on a fire-
wall protected local network server at The University of
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Sydney. Paper files will be stored in a locked filing cabinet
in the Chief Investigators office. Access to all data will be
limited to authorised study staff. All publications associ-
ated with the results of the study will involve de-identified
data, so participant confidentiality will be maintained.

The trial protocol has been approved by the Human
Research Ethics Committee at The University of Sydney,
Australia (approval number 2017/115) and Research
Ethics and Governance Office at Sydney Local Health
District (Protocol number X17-0316; LNR/17/RPAH/
473, LNRSSA/17/RPAH/560, LNRSSA/18/RPAH/46,
LNRSSA/18/RPAH/75). The trial is registered (ACTR
N12617000485336). Results will be disseminated via
peer-reviewed journal articles and international confer-
ences, and a lay summary will be made available to all
participants at the completion of the study.

Discussion

The evidence for the physical and mental benefits of
physical activity, even in small amounts [9, 37, 28] in
delaying the development of disability and chronic
disease is compelling, yet the problem of physical activity
participation remains a significant global public health
dilemma.

This study targets women over the age of 50, a group
that is at greatest risk of developing disability in older age,
who are insufficiently active according to the national
physical activity guidelines [8]. The trial will provide
evidence on the impact of a brief, low-dose, low-cost
intervention to address the problem of physical inactivity
in the workplace setting, an ideal setting due to the
amount of time spent at work, the potential risk that work
may contribute to inactivity, and possible benefits that the
intervention may have on employee wellbeing [17].

The intervention will provide support for behaviour
change through the BCW framework. Behavioural
change and adherence to the program will be facilitated,
enabled and supported by providing the group informa-
tion session face-to-face or online, opportunities for dis-
cussion, inspiration through video case studies, post-
workshop support with the provision of a resource
handbook, use of an activity tracker (Fitbit) and work-
shop materials, receiving fortnightly email messages,
joining an online discussion group, and a free trial class
at the university sports facility.

A limitation of this trial is that participants will be
recruited based on self-rated physical activity prior to
objective physical activity baseline measures. Other
limitations are that only land-based physical activities
will be measured by the accelerometer, a lack of indi-
vidual tailoring of the intervention, and limited gener-
alisability of this sample to other workplace settings
and to men.
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However, if found effective, this low-cost program with
supported follow-up, could be scalable, directly implemented
into the workplace setting and directly address the problem
of physical inactivity. There would also be scope for this
intervention to be translated to the broader community by
exploring other settings and resource delivery.

An effective and scalable preventive health strategy is
needed to ease the burden on health systems already at
capacity, and burden on individuals’ lives. This simple inter-
vention has the potential to address the problem of physical
inactivity to delay the onset of disability in older age.
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Preamble to Chapter 4

This chapter describes the results of the randomised waitlist-controlled trial protocol
described in Chapter 3. This trial tested a pragmatic and efficient physical activity support
intervention among employed women in Sydney, Australia, prior to the COVID-19
pandemic. The trial also served as a proof-of-concept study to assess uptake and
engagement from a sample of the population. As such, a broad approach was taken to the
concept of intervention ‘efficiency’, such as promoting the use of already available physical

activity facilities, resources and low technology strategies as opposed to re-creating them.
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Abstract

Purpose: This study aims to test the effect of an information and support intervention on physical activity (PA) in women aged
50+ years.

Design: Randomized wait-list controlled trial.

Setting: Sydney, Australia.

Sample: 126 female university and health service employees, aged 50+.
Intervention: Information session, activity tracker, regular motivational emails.

Measures: Proportion achieving > 10,000 steps/day (primary outcome), daily step count, proportion meeting |50 mins/week
of moderate to vigorous PA (MVPA), self-reported PA.

Analysis: Odds-ratios and general linear regression models.

Results: At 3 months, the intervention group reported significantly more vigorous PA (1.04 hours, 95% Cl 0.24 to 1.85, P = .0l,
measured by IPAQ), were more likely to achieve 300 mins/week of MVPA (OR = 1.98, 95% CI 0.89 to 4.36, P = .09, measured by
Actigraph) than the control wait-list group, and reported adopting PA promotion strategies (technology = 31/58% or goal-setting =
39/74%). No significant between-group differences in the primary outcome were detected (1.39, 95% Cl 0.61 to 3.18, P = 44).

Conclusions: This low-dose intervention significantly increased self-reported vigorous PA time and non-significantly increased
the proportion of people achieving 300 mins/week of MVPA but did not significantly increase the proportion of participants
achieving 10,000 steps/day. Relatively small effects may be important at a population level given the minimal resources needed to
deliver this intervention.
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exercise, middle aged, health promotion, workplace
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In Brief

This study tested the effect of a low-dose information and
support physical activity intervention on the physical activity
participation of female employees aged 50 and over in a
randomized wait-list controlled trial. Results indicated the
intervention group reported significantly more vigorous
physical activity was more likely to exceed physical activity
recommended guidelines than the wait-list group and adopted
physical activity—promotion strategies. Between-group dif-
ferences in the primary outcome were small. Relatively small
effects may be important at a population level given the
minimal resources needed to deliver this intervention.
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Purpose

Regular PA provides benefits to physical and mental health
throughout the lifespan, and regular PA in middle age (45—
65 years) is particularly important for better health in older
age.' Women in middle age face unique barriers to regular PA?
and could benefit from support to increase PA. This trial tested
the effect of a low-dose information and support intervention,
Active Women over 50 (AWo050), on PA for women aged 50+.

Methods
Design

Consenting participants were randomly allocated, 1:1, to the
intervention or wait-list control group and followed up after 3
months. Concealed allocation using a computer-generated
randomization schedule was prepared by an independent in-
vestigator using randomly permuted block sizes of 2-6,
stratified by employment site.

Sample

We recruited 126 eligible female employees of The University
of Sydney or Sydney Local Health District, Australia, aged
50+ years. Those with limited English language, a health
condition precluding regular PA or self-reported to be meeting
the lower limit of the WHO MVPA guidelines (150 minutes/
week of moderate-PA or 75 minutes/week of vigorous PA)’
based on two screening questions were excluded. This sample
was estimated to provide 80% power to detect 30% more
intervention participants reaching > 10,000 steps/day at
follow-up compared to controls, assuming 15% dropout and
5% alpha. Baseline rates were estimated from University of
Sydney data from the Global Corporate Challenge.*

Measures

The primary outcome was the difference in the proportion of
participants achieving 10,000 daily steps, measured by Acti-
graph GT3X+ accelerometer, at baseline and at follow-up (see
Supplemental Material).” A blinded research assistant
extracted, checked and cleaned Actigraph data prior to analysis.

Secondary outcomes were (1) difference in the proportion of
participants achieving the lower limit of WHO MVPA guide-
lines,” measured by Actigraph; (2) difference in number of daily
steps, measured by Actigraph; (3) difference in duration and
intensity of weekly PA, self-reported via the International
Physical Activity Questionnaire (IPAQ).° Intervention participants
completed an additional online questionnaire regarding PA
strategies, goal-setting, barriers, and plans following the program.

Intervention

We designed the AWo50 program to provide information and
support in the workplace with the principles of efficiency and

scalability. The program content is reported in detail else-
where” and is described here in brief. Intervention participants
(n = 65) attended a face-to-face one-hour workplace-based
information session, received a handbook of PA resources and
fortnightly motivational emails, and access to an online dis-
cussion group. Participants were offered an internet-connected
activity tracker (Fithit) and a free trial class at the workplace
fitness facility. Participants unable to attend the face-to-face
information session accessed it via video-conference or a
recording. Wait-list control participants (n = 61) continued
usual activities and received the programme after follow-up.

Analysis

Analyses were pre-planned, conducted while masked to group
allocation and used an intention-to-treat approach. The effect
of group allocation at follow-up was calculated using odds
ratios for dichotomously scored outcomes and general linear
regression models for continuously scored outcomes, with
baseline scores included as a covariate. Additional analyses
explored the proportion achieving 300 mins/week MVPA.?
Analyses were conducted with Stata 14 (see Supplemental
Material) and ActiLife 6 software using the Choi 2011 cut-
points.” Participants’ PA was analysed descriptively.

Results

Participants were on average 57 years (SD = 5.3). Of the 126
recruited participants, 101 (80%) participants completed
primary outcome measures (intervention n = 48 and control
n = 53). There were no reported adverse events.

Participants’ baseline characteristics (Table 1) were similar.
On average, at baseline, participants took 8500 daily steps,
spent 317 minutes/week in MVPA, and > 80% met 150 mins/
week MVPA when device-measured.

No between-group differences were detected in the primary
outcome, proportion achieving > 10,000 steps/day (OR =
1.39, 95% CI 0.61 to 3.18, P = .44) or other secondary

Table I. Participant Baseline Characteristics, All Values Presented
as n (%) Unless Otherwise Stated.

Control Intervention
(n=6l) (n = 65)
Age, years, mean (SD) 57 (5.1) 56 (5.5)
Language spoken at home 3(5) 6(9)
other than English
Carer responsibilities 20 (33) 16 (25)
| or more medical conditions 33 (54) 35 (54)
Previously participated in 48 (79) 40 (62)
regular structured PA
Hours worked per week, 37 (10.7) 38 (9.2)

mean (SD)

Note: PA: physical activity.



307

Wallbank et al.

‘sppow uolssa.3a. 21si30| wo.y a.Je saduaIRyIp dnous-usamiaq,
*S|9POW UO|ssa.8a IBaUI| WOy BB sduRIayIp dnous-usamiag,

"92UrWL.IOLId U9139q $309|§94 B.40ds Jay3ly,

AuAnoe [ea1sAyd :yd ‘edreuuonsand) A1Andy [edisAyd [euoneutanu] :DVd| ‘Aiande [edisAyd Aisusiul-snodoSia tydA AuAnde [edisAyd snododia-aresspow dAW ‘UoneziuediQ ya[eaH PIMOAA :OHAA :SS10N

10" =d ‘(S8'1 03 470 1D %56) +0°|
116" =d (98'% 03 §b'S— D %S6) 6T —

k-[0)

60" =d (9€ 03 68°0 1D %S6) 86’

SPE =d ‘(19§01 65) 92'1 =4O

W =d(TEy 92 801~ 1D %S6) €0°€E—
€5 =d (80°59 O3 1H'€EE— 1D %S6) ¥8'S|
1S =d ‘(££'6E01 ©3 ¥T615— 1D %S6) LT 09T

b =d “(81'€ 03 19°0 1D %S6) 6€'1 = 4O

0S=u (D ¥l IS=u(z) 9=u(1D9
0S =u(g¥1) £ 1S =u(951) 9l S9 =u(091) 1T
84 = u (89) 8T €5 =u () T S9=u(gp) I€
8 = u (06) €% €S = u (€8) +¥ S9 = u (£8) #S

€S
8y =u(0L¥€) €961 =u(TLTE) 1811 §9 =u (£9°€€) 8TE|

8y = U (0°6S1) €5€ €S =u (0681) TZE $9 = U (+'8S1) 80€
8F = U (8£17) 956 €S =U (SISE) ¥€06 S9 = U (49€7) ST98

8% = u (8¢) 8| €5 = u (0€) 91 §9 = u (57) 91

19=u(e0) 8
19 =u(I'el) 91

u (9%) 8T

O
1

19 = u (z8) 0§

19 =u (€T%0) U6
19 =u (4'851) 66C
19 = u (+81¢€) 0058

19 =u (00) Tl

qwleemysinoy ‘Aisusiul-snoao3iA :OVd|
»2[P3M/SIN0Y ‘vd [B30] :OVdI

(%) U

S[PaM/sUIW OOE < ‘SaUIPPING YdAIW OHM
40 1wy 4addn ays Suiasiyoe uonaodoud

(%) U SPamysuiwQg| 2 ‘ssulpping

VdAW OHM §0
Jwi| Jamo| 3unssw uoniodo.y

>2IPPM/SUIL “YdA YdDIBDY
>lPIM/SUIL YA YdDISIDY
qAep/sdais jo uaquinu ydo.SYy

»e(%) U “Aep/sdaas 000 01 < Suimaiye
uonJodoud :dwomnno Asewlld

suljeseq .oy paasnlpy
‘9ounJpylg dnouny-usemisg

UORUIAIIU| [043Uu0D UONUSAISIU| duljeseg
dn-mojjog Yauoy-¢  dN-mojjo4 YIuO-€

|oJ3u0D) auleseq

‘anfeA-d YUAA (1D %S56) YO o sdnous ussmiaqg adusiayi Ues|| Se paaussald s199)3 dnoun-ussmiaq pue ‘dn-mojjo4 pue

sujpeseq 1e sdnouo jo (gS) uesy T d1qel



308

American Journal of Health Promotion 36(2)

outcomes. However, at follow-up intervention, participants
reported significantly more vigorous PA compared to controls
on the questionnaire-based /PAQ (1.04 hours, 95% CI 0.24 to
1.85, P = .01), a difference which was not significant when
device-measured via the Actigraph (Table 2). Also, 14% more
intervention participants achieved 300 mins/week of MVPA?
when device-measured (baseline/follow-up change = 10%
intervention, —4% control, OR =1.98, 95% CI 0.89 to 4.36, P
=.09) but this between-group difference did not reach sta-
tistical significance.

Fifty-three (82%) intervention participants gave feedback
about their intervention engagement. Of these, 48 (91%) at-
tended the information session, 31 (60%) used an activity
tracker, and 10 (19%) investigated the workplace fitness fa-
cility. The most popular strategy used to support PA was
‘technology-delivered’, such as websites, smartphone appli-
cations, activity trackers and fortnightly study emails and
investigated by 41 (79%) participants and adopted by 32
(62%). Other adopted strategies included exercising with
others (25, 48%), structured PA (21, 40%), setting a PA goal
(39, 74%), and making future PA plans (53, 100%).

Exploratory subgroup analysis of participants lost to
follow-up showed lower average device-measured PA com-
pared to participants with completed measures (Supplemental
Material, Table 3).

Discussion

Summary

The AWo50 program significantly improved self-reported
vigorous PA and showed a trend for participants to achieve
the upper limit of the WHO MVPA guidelines when device-
measured. There were no statistically significant between-group
differences for primary and other secondary outcomes. The lack
of impact on trial outcomes may be explained by participants’
higher baseline PA compared to the national average PA® and
insufficient intervention dosage. Technology and goal-setting
were favoured by participants to support their PA.

Limitations

Despite efforts to recruit insufficiently active participants, a
high proportion in the sample met the lower limit of the WHO
MVPA guidelines at baseline when device-measured. This
was possibly because (1) participants may have been more
conscious of their PA being tracked while wearing the Acti-
graph device and felt more intrinsically motivated to increase
their usual PA levels at baseline, (2) the sample of partici-
pants recruited from the university and health service are
more likely to be highly educated and professional women
for whom previous population studies have reported higher
physical activity levels compared to the general population’
and (3) the recruitment screening method underestimated
baseline self-reported PA measured by /PAQ. Additionally,

high survey-measured vigorous PA reported by intervention
participants may have contributed to self-report bias which
has been previously reported.'® Participant attrition was
relatively high (20%) in this study which may have biased the
results. On average, participants lost to follow-up were less
physically active compared to other study participants, so it is
possible the effect of the intervention was overestimated. Yet,
since there was no baseline difference between dropouts and
those with completed datasets meeting the upper limit of the
MVPA guidelines, the validity of this outcome is increased.
Our sample size calculation assumed a 30% between-group
difference on the primary outcome, which, in hindsight, was
too large an assumption for such a low-intensity intervention.
A retrospective power calculation for the 8% observed effect
size indicated the need for a larger sample of 1400
participants.

Significance

This pragmatic trial uniquely targeted women at an important
time in the lifespan for healthy ageing, with a theoretically
driven intervention and rigorous methodology. The inter-
vention supported behaviour change by giving participants a
range of PA resources and autonomy over their PA behaviour.

Being physically active at more vigorous intensity and
longer duration than the minimum weekly guidelines are
associated with additional health benefits with no clear upper
limits for benefits.!! This intervention helped those who were
already reasonably active to be more active with potential
additional health benefits.

So What? What Is Already Known on
This Topic?

Establishing regular PA habits in middle age is recommended
for healthy older age.

What Does This Article Add?

A resource-efficient low-dose intervention increased self-
reported vigorous PA.

What Are the Implications for Health
Promotion Practice or Research?

Relatively small effects may be important at a population level
given the minimal resources needed to implement this in-
tervention in workplaces. A more intense intervention de-
livered digitally could incorporate goal-oriented tailoring to
enhance engagement.
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Preamble to Chapter 5

A comprehensive understanding of physical activity interventions requires the integration
of both quantitative and qualitative evaluation. While quantitative evaluation provides
insight into the extent and amount of change, qualitative evaluation helps to uncover
contextual factors that explain why or how outcomes were achieved or not achieved. This
chapter presents the qualitative evaluation of the randomised waitlist-controlled trial

presented in Chapter 3 and Chapter 4, focusing on participants’ perspectives.
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BACKGROUND

Physical inactivity is a pressing global public health prob-
lem [1-3], accounting for 5.3 million deaths annually and
costing health systems an estimated INT$67.5 billion [4].
One in four adults worldwide are physically inactive and
for women this proportion increases to one in three [5].
Regular physical activity commenced in middle age years
is associated with longevity benefits [6, 7] and can delay
physical disability by up to 15 years in women [2]. Physi-
cal activity programs that target inactive people, and
specifically middle-aged women, not only ameliorate the
risks of inactivity but can promote healthy and indepen-
dent ageing.

Physical activity programs need to be effective and
appealing. While effective physical activity interventions
have been reported for middle-aged and older popula-
tions [8—10], intensive resources needed can be a barrier
to implementation at scale [11]. Programs also need to be
compelling and address unique barriers to regular physi-
cal activity for women over 50, such as juggling carer and
work responsibilities [12, 13], or low confidence with
being active particularly if they were inactive in younger
years [14].

Researchers at the Institute for Musculoskeletal Health,
Sydney, Australia, conducted the Active Women over
50 trial in response to the need for a scalable solution
for physical activity[15, 16] Active Women over 50 was
underpinned by behaviour change theory and tested the
effect of a resource-efficient, “low-dose” information and
support intervention on physical activity in women aged
50+in the workplace setting[17].

The Active Women over 50 trial

In brief, Active Women over 50 trial aimed to increase
physical activity participation among female univer-
sity or local health service employees, aged 50+, Eng-
lish speaking and physically inactive by self-report. One
hundred and twenty-six trial participants were recruited
and randomly allocated to the intervention group or to
a 3-month waitlist control. The intervention was based
on behaviour change principles, informed by the Theo-
retical Domains Framework and the Capability, Oppor-
tunity, Motivation, Behaviour (COM-B) framework [18].
Intervention was: (1) a face-to-face information session
held at the workplace discussing physical activity ben-
efits, overcoming barriers and strategies for being more
active, and viewing peer video interviews. The interven-
tion provided access to (2) a study-loaned Fitbit activity
tracker; (3) physical activity resource book; (4) fortnightly
motivational-based email messages; (5) online Yammer
platform attendee discussion group; (6) workplace sports
facility free trial. Intervention participants planned and
chose their preferred physical activity type, amount and
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strategies. Control participants received the intervention
after the follow-up assessment.

Compared to controls at follow-up, the intervention
group reported significantly more vigorous-intensity
weekly physical activity (1.04 h, 95%CI 0.24 to 1.85,
p=0.012 measured by International Physical Activ-
ity Questionnaire [19]) and were more likely to achieve
upper limits of the World Health Organization physical
activity guidelines for moderate-vigorous physical activ-
ity (300 min per week [20]) (OR1.98, 95%CI 0.89 to 4.36,
p=0.093). There was no significant between-group differ-
ence on the primary outcome of taking 10,000 daily steps
(1.39, 95%CI1 0.61 to 3.18, p=0.438).

It was considered essential to explore participants’
perspectives and contexts during trial evaluation to
inform future iterations. Previous qualitative studies have
described physical activity barriers and facilitators for
middle-aged women [21-23] and participant experiences
of physical activity programs [24, 25]. Yet, there is a need
for qualitative work that synthesises the broader factors
shaping physical activity with participant experiences of a
physical activity program to better understand the popu-
lation and guide program design.

The overall aim of this study was to explore factors to
consider when designing a physical activity intervention
for women aged 50+. Specific research questions were:

1. What were participants’ experiences of physical

activity in general?
2. What were participants’ experiences of the Active
Women over 50 program?

3. What are the implications for future iterations of this
and other physical activity programs targeting this
population?

METHODS

Study design and context

We used a qualitative design through semi-structured
one-on-one interviews, taking a pragmatist-oriented
approach. This approach is atheoretical, socially situated
and generates applied knowledge to address the study
aims, research questions and adequate action to address
the problem [26]. This research study informed the
evaluation of the Active Women over 50trial[17]. Ethical
approval was granted by the Ethics Review Committee
at the Sydney Local Health District Research Ethics and
Governance Office (X17-0316 & LNR/17/RPAH/473).

Recruitment and data collection

Women who had completed the Active Women over
50 trial from both the intervention and waitlist control
groups were purposively recruited and invited to partic-
ipate in this study. Participants were targeted for maxi-
mum variation in age, hours worked, work area, carer
responsibility, medical conditions and pre-trial physical
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activity. Potential participants were invited via email dur-
ing November 2018-January 2019 and interviews were
conducted at least three months after the women had
completed the Active Women over 50 trial when waitlist
control participants had received the intervention.

Recruitment was a staged process where additional
participants were invited to participate following lack of
response or declined invitations from earlier rounds of
invitations. This process was concurrent with data col-
lection and early analysis and we stopped at the point
when data adequacy had been reached i.e., we judged
during our analysis that we had sufficient rich data across
our sample with which to answer our research ques-
tions [27, 28]. Of the 61 women contacted, 18 women
(30%) declined the invitation and 23 (38%) did not reply.
Twenty women (33%) provided written or verbal con-
sent to participate in the study. GW and AH conducted
face-to-face semi-structured interviews at the univer-
sity research centre, the participant’s workplace, or by
telephone according to participant preference. Only the
interviewer and participant were present at the inter-
views. No repeat interviews were conducted.

GW was a PhD candidate with a physiotherapy back-
ground, the study manager for the Active Women over 50
trial[17], and had training in interview techniques and
qualitative research. While GW had attended some of the
workshops in the trial, to minimise the potential impact
this may have had on participants’ perspectives, GW only
interviewed participants who attended workshops where
GW was not in attendance. AH was an experienced
qualitative researcher with a background in social work
and program evaluation and had not been involved in
the Active Women over 50 trial. To minimise the poten-
tial impact that GW may have had with participants, AH
interviewed participants from the workshops where GW
was in attendance. GW and AH were aged in their 40 and
50 s and had not previously collaborated.

GW and AH generated the interview guide in consulta-
tion with the research team, informed by interpersonal-
level program theory such as Social Cognitive Theory.
This theory emphasises the dynamic interaction between
people, an individual’s prior behaviour and the social and
physical environment in influencing future behaviour
[29, 30]. Participants were probed on their perspectives
of physical activity in general, aspects of the trial such as
recruitment, program components and levels of support
and suggestions for future iterations. GW and AH com-
pleted memos after interviews and met regularly to dis-
cuss the data, emergent codes and themes and whether
more participants needed to be recruited. Recruitment
ceased when ‘data adequacy’ was reached,

Interviews took 36 min on average (range 22—60 min).
Interview audio recordings were professionally

Page 3 of 14

transcribed and transcripts were corrected by the inter-
viewer. Transcripts were not returned to participants.

Data analysis

Data were coded by GW using an inductive analyti-
cal approach with codes relevant to understanding the
participant perspectives and experiences as described
by Braun, Clarke and Rance[31]. The initial codes were
iteratively grouped into higher level headings by one
researcher (GW) and tested for coherence and mean-
ing given the research questions. Coding was discussed
with two researchers familiar with the data (AH, AG)
early in the analysis for how well the codes captured
the participant perspectives and agreement on the cod-
ing scheme achieved. One researcher (GW) coded the
remainder of the data. Recurrent themes and subthemes
were generated from the raw data and were considered
in consultation with the wider research team to increase
dependability [32]. Themes and subthemes were itera-
tively reviewed to ensure they reflected the whole dataset,
and interpretations were refined. We used [33] software
to manage the data. The criteria for reporting qualitative
research (COREQ) was used as a guideline[34].

RESULTS

Participant characteristics

All twenty participants were female employees at the uni-
versity or health service, as per trial eligibility. Participant
characteristics are summarised in Table 1. Two were col-
leagues and four worked in the same department. Par-
ticipants had a median age of 56 years (IQR 53.8 to 58.0)
and worked 35 h per week (IQR 28.0 to 40.0) in the fields
of administration, architecture, design and planning,
arts and social sciences, business and finance, human
resources, library, medicine and allied health, offices of
General Counsel and the Vice-Chancellor, science and
veterinary science. Four participants worked in a health-
related field. Nine had carer responsibilities and nine had
participated in regular, structured individual or group
physical activity when they were younger. Participants
spent a median of 348.5 min/week (IQR 202.2 to 477.0)
doing moderate-vigorous physical activity measured by
accelerometer pre-intervention. We did not find any sys-
tematic divergence of the themes based on participant
characteristics.

Main findings

Participants were positive about physical activity. They
felt that exercise was good for health and many enjoyed
it, and had experienced activity-related physical and psy-
chological benefits. All participants wanted to be more
active but felt factors unique to women of their age chal-
lenged their ability to enact this desire.
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Table 1 Participant characteristics
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Participant Age, Weekly Career type Carer Regular physical  Workshop mode Pre-trial mod-
years hours responsibilities activity when attended erate-vigorous
worked younger (< 50yrs physical activity,
old) mins/week
1 57 35 Academic No No In-person 337
2 56 35 Professional, research No Yes In-person 530
3 53 28 Professional, administration  No No In-person 126
4 57 35 Professional, research No No In-person 480
5 54 35 Professional, administration ~ Yes No In-person 563
6 51 65 Professional, administration  Yes Yes In-person 712
7 60 24 Professional, administration ~ Yes No In-person 487
8 55 28 Professional, administration  No Yes Video conference 185
9 56 35 Professional, administration  No Yes In-person 187
10 68 40 Academic No Yes In-person 180
11 50 45 Academic Yes Yes Video conference 221
12 58 28 Professional, administration  Yes No In-person 360
13 53 50 Academic Yes No In-person 476
14 50 21 Professional, administration ~ Yes Yes In-person 202
15 60 35 Professional, administration  No Yes In-person 202
16 56 36 Professional, research No No In-person 380
17 58 35 Professional, administration  No No Recording 471
18 54 22 Professional Yes Yes In-person 475
19 57 40 Professional, administration ~ Yes No Recording 319
20 65 40 Professional, administration  No No Recording 234

We generated four themes from the narratives which
described how participants viewed their capacity to be
physically active and how this intersected with the Active
Women over 50 program. These were: (1) “Age and gender
matters’, (2) “Physical activity is social’, (3) “Strategising
for physical activity’, and (4) “Self-responsibility dis-
course”. The themes address research questions 1 and 2.
[lustrative quotes for each theme are included in Table 2,
deidentified to conceal the identity of participants and
their workplaces and identified by “P” and participant
number only.

Theme 1 - Age and gender matters

A common thread in the narratives was how age and
gender shaped physical activity. We identified contex-
tual and personal factors related to age and gender and
summarised these under three subthemes: Life-stage
demands, Invisibility and hypervisibility, and Bodily
changes.

Life-stage demands

Life demands which typically came with participants’ age,
gender, and stage of career/family life, were often unpre-
dictable and took priority, leaving them with little time
for themselves and limited opportunities to be physi-
cally active. One such demand was family responsibili-
ties where primary caring duties were typically carried
out by women. As members of the “sandwich generation”
(P19), participants found that inter-generational caring

roles necessitated responding to the needs of ageing par-
ents and children, often at the expense of looking after
themselves.

Participants described family responsibilities were
unpredictable and changeable and since caring duties
took priority, physical activity options that required a
set time commitment such as gym classes, were not
compatible. A similar sentiment was expressed about
career-stage demands. Participants reported being of an
age where they were working more hours and holding
more senior roles which entailed greater responsibility
than previously. This included workplace expectations to
attend meetings during personal lunchtimes when they
could possibly be active.

The demands and unpredictability of family/career
responsibilities were so high some participants felt
opportunities to be active were not available. Some
reported their pattern of physical inactivity persisted
when they were no longer in caring roles.

Invisibility and hypervisibility

Participants described their willingness to be active
was impacted by how they felt their age group and gen-
der were perceived in physical activity settings. They
reported that age-specific exercise classes for people aged
50+at gyms were often scheduled within working hours
and made them feel unseen because it assumed their age
group did not work.
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Table 2 lllustrative quotes for the Themes “Age and gender matters’,“Physical activity is social’,"Strategising for physical activity”and
“Self-responsibility discourse” by subtheme and subtheme definition

Age and gender matters

Subtheme

Life-stage
demands

Invisibility and
Hypervisibility

Bodily changes

Subtheme
description

Age and gender-spe-
cific demands on life.

Perceived a systemic
lack of inclusion due
to being a woman
or ageing woman or
both.

Perceived bodily
constraints of being
a woman or ageing
woman or both.

Physical activity is social

Subtheme

Social connection

Social
comparison

Subtheme
description

Physical activity pro-
vided opportunities to
interact with others.

Physical activity
provided opportuni-
ties to appraise oneself
against the norm of
peers.

Strategising for physical activity

Subtheme

Accountability

Monitoring

Active Women
over 50 as a cata-
lyst and resource

Subtheme
description

Adopting a strategy for
being physically active
supports the capacity
to be active by being
accountable to others.

Adopting a strategy for
being physically active
supports the capac-

ity to be active by
monitoring one’s own
physical activity.

Adopting a strategy for
being physically active
supports the capacity
to be active through
Active Women over 50
program components
(e.g. motivational email
messages, information
session).

“Particularly in this decade | think where, you know, you're pressing in from both ends of the generation. You're
caught in the middle, and you've still got to try and think about yourself, and your health, and how you're
going to get through.(P3)

“Because I'm over 50 and I'm inactive. . .but the life changes, menopause happens. I've got a very big job, busy
as we all are... [exercise was] just a waste of time. . .| can’t spend an hour going for a walk’(P13)

"It's great if | was 20 years younger, but they [gyms] are not catering for the older person unless they do it [dur-
ing] work hours, and most older people between 60 and 70 are now working. . ..They need to fix something. ..
to show gyms or exercise places that there are older people who need to do it, but they work."(P15)

“When I first started swimming, actually, | must have had time off and | was a bit overweight and { was shy,
embarrassed or shy about my body. So | went to a pool that wasn't near work. Which was inconvenient ...so |
didn't feel as self-conscious."(P4).

“Often people over 50, in particular, women, are silently ignored and it’s really nice to feel special and that we
were worth putting a study together like this.(P6)

"I realise the benefits to your health. . . trying to support my mum and dad.. .| can see that I'm going to

have similar issues if | don't now do something about it in my earlier years. .| don't want to end up in that
situation.(P3)

“Just life’s just a bit complicated, and...| want to shift that weight again and that 5, 10 kilos that wasn't there
before. Yeah, and now going into my 50s, /'ve got a different metabolism and body than | had when | was
younger, so ... It's working with what I've got now.” (P14)

"l used to walk with friends and we always just walked and talked. Finding people that you can relate to that
you don't feel you have to be competitive with.” (P14)

“I'think just hearing other people’s experience was good. .. The sort of lifestyles that people have and the way
that they can build exercise, whether they're working or still have family lives. .. and the way that | could do it. |
think that was really motivating."(P14)

“I remember joining a Yammer [social media] group, and ask if anyone was interested in other people who
were walking, and | actually didn’t get any response to that/(P10)

"How are you traveling against other 55 year-olds? Not as a competitive thing, but just for you to kind of go,
‘Okay, I need to up the ante a little bit, or | need to... You know?... Or 'm doing okay. I'm traveling okay.” (P18)
“One thing I really liked about the workshop was the videos. .. For me, that was much more relatable and | was
really glad to see that it wasn't just all these extraordinary woman. It was much more kind of real!(P11)

“And they [women in video case studies] were highly disciplined people in their jobs. Yeah. So | think [you need]
some more realistic type people..."(P15)

“Being accountable on a team is a big deal for me, to not let people down, so yeah. Then in my own day-to-
day, | don't feel as accountable to myself. And yet it's probably the most important thing."(P14)

"It was basically left to your own devices. Whether you did what was recommended, there was no one to really
put you to the task. ... There was no one to really report back to and say “How are you tracking, how are you
going?”. .You feel like you've achieved something if someone is saying “How are you going? Is it working?” You
know!(P3)

"It was a good reminder that every time | did a little bit of extra walking it was gonna get recorded. You know?
And acknowledged. And it was a good measure of days where things hadn’t gone so well and you go, 'Why
didn't| get my steps in?"(P6)

“...the following Monday, | come back, and | review what I've done, and | can tick off if {'ve managed to do
those things, and then | set myself new, kind of, goals, for the next week... | just, kind of, thought, ‘Okay. I've got
to be accountable to myself"(P19)

‘I just never quite got back into that reqgular exercise pattern and it bothered me. And then when | saw the
target group, women 50 or over or something | thought “Okay | should do this." Because Id been casting around
looking for an impetus to get me going.(P4)

“I'think I've got far more perspective on it all... | also like the fact that the evidence was that it didn't all have to
be hardcore gym....and so that was very good to know that it didn’t have to be costing you a fortune in fees
and gear, and what have you....| wanted to be able to not have to rely on other people. Just rely on myself (P6)
“Initially it was motivating, but after a while it was obviously, because it’s self-directed, and you're self-motivat-
ing, then yeah. ! find that peters out a bit, that se{f-motivation and encouragement to keep things going."(P3)
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Table 2 (continued)
Self-responsibility discourse
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“It's so easy to think, and this is my problem, | guess, is that there’s 70 other things that | need to do that will just have to wait. So | guess prioritising, 'm not very

good at prioritising.” (P12)

", it's probably more my failure to not use Yammer more and to talk to the other participants online.” (P12)

“The participation in the study was really, really powerfu! for me. . ./t gave me the opportunity to sit and think and look at this stuff and reassess where { was
putting activity and fitness into my priorities and | thought, “No, you're worth it | want to five fong.” (P6)

Participants reported some practices at gyms sent them
a message that the “gym is more for younger people”(P16).
Noting the progressive replacement of gentler class types
with high intensity classes, gyms seemed better suited to
younger people. Contributing to the suggestion of youth
bias in this setting were encounters with gym staff with
limited knowledge about age-related bodily changes or
age-appropriate exercises. The impression that women
aged 50+were invisible was extended to experiences
with other gym patrons. A participant reported oth-
ers’ assertive use of gym equipment and larger physical
build meant “..you just fade into the background” (P19),
felt ignored or excluded and reluctant to return to the
gym. The experience of invisibility in the gym setting as
a woman over 50 was expressed as the norm rather than
an exception, the contrast which was highlighted by men-
tions of a participant’s gym being inclusive of older peo-
ple or the sense of greater visibility and support for being
active when attending a women-only gym.

Physical activity also made some participants feel
hypervisible and self-conscious about their body shape,
fearing it drew unwanted attention and negative reac-
tions. Hypervisibility drove one participant to exercise
at a swimming pool in an alternate but inconvenient
location.

Participants were discouraged by what they saw as a
systemic lack of inclusion of older adults, women, or
both, and so tended to reject gyms as a physical activity
option. Noting the scarcity of physical activity options
suited to women aged 50+, they welcomed the opportu-
nity to contribute to a study that brought greater visibility
to their demographic and offered a program to support
their physical activity appropriately. This sentiment was
not shared by all women aged 50+. A few participants
mentioned that the age and gender specific targeting of
Active Women over 50 made their peers feel uncomfort-
able, hypervisible and ‘@ bit kind of resistant...[to]the age
thing” (P5), targeting which flagged them as older and
drew unwanted attention.

Bodily changes

Another factor impacting participants’ physical activ-
ity was their perceived bodily constraints. Participants
felt they had reached an age where exercise was crucial
to their health. Many wanted to “get in early” and be
more active to prevent physical decline and maintain

independence having witnessed the physical deteriora-
tion and dependence of their ageing parents.

However, there was a tension between recognising the
need for physical activity to resist decline and feeling the
decline had already commenced which made physical
activity hard to do. Participants described the awkward-
ness of having an ageing body which lacked “resilience”
(P13), energy, experienced disrupted sleep, or gained
weight more easily than earlier years. Participants attrib-
uted these bodily changes to menopause, being more
sedentary, or being older and made it more difficult to be
active.

Participants envisaged Active Women over 50 would
help them lose weight and resolve their problem of physi-
cal inactivity. But most participants felt the potential
benefit of Active Women over 50 for losing weight was not
met conceding that weight loss was difficult at their age
and having to “..work with what I've got now”(P14).

Overall, the theme “Age and gender matters” captured
a range of contextual and personal factors that challenged
participants’ desire to be more physically active. The
age- and gender-specific targeting of Active Women over
50 seemed to address some of those challenges by recog-
nising women aged over 50 were a group for whom were
worth catering.

Theme 2 - Physical activity is social

Participants felt that physical activity in general not only
benefitted physical health, but it also provided opportu-
nities to interact with other people. In particular, they
hoped to be with those who had similar interests which
would in turn, provide social support and motivation to
be active. We identified two subthemes: Social connec-
tion and Social comparison.

Social connection

Participants reported physical activity provided oppor-
tunities for social interaction and gave a sense of being
“..part of something”(P18). Participants felt a connection
to others gave them the impetus and support to main-
tain being active, a desire which was felt acutely by a
participant who lived alone. However, the mere presence
of others was not sufficient to motivate physical activ-
ity. Participants cited having mutual interests and simi-
lar exercise goals and physical capabilities as providing a
supportive social physical activity environment.
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Some participants wanted to connect with workplace
peers to help support their physical activity but found
this difficult due to a predominance of younger employ-
ees. Therefore, Active Women over 50 was valued as an
opportunity to meet a “community” of “like-minded”(P5)
women who shared a “common goal’(P12) of being active.
Participants felt meeting others at a face-to-face work-
shop at their workplace was particularly appealing. Par-
ticipants were also attracted to Active Women over 50 as
an age-appropriate and/or family/career-stage-specific
modelled solution to being more active within their busy
lives.

Participants’ anticipation of connecting with oth-
ers at the Active Women over 50 workshop was fulfilled.
They described how peer case study videos shown at the
workshop prompted attendees to share physical activ-
ity ideas and experiences specific to their life-demands.
However, many participants reported not feeling con-
nected with other attendees beyond the workshop. Par-
ticipants reported wanting more opportunities for social
connection than Active Women over 50 offered. One par-
ticipant explained, the term “workshop” used in recruit-
ment suggested to her the program would facilitate such
interactions.

Active Women over 50 gave attendees access to a private
online discussion group via Yammer social media to con-
nect beyond the information session. While participants
saw the benefits of connecting online with the group
conceptually, they reported Yammer did not help them
because they were neither used the platform, or were
comfortable posting comments online. The difficulty of
connecting with other attendees through Yammer was
further described by one participant, whose invitation to
shared physical activity time was met with silence. There-
fore, an online platform intended to support social con-
nections did not essentially assist participants.

Social comparison

Physical activity was social but did not necessarily
involve directly interacting with others. Participants
were curious to compare themselves against the norm
of their peers and reported observing others to appraise
their own health as they seemed unsure what was “nor-
mal” physical activity for their age. Participants hoped to
find a peer group through Active Women over 50, feeling
it would provide them with a benchmark for making or
modifying physical activity plans.

Participants compared their physical activity to peers
through viewing the Active Women over 50 case study
videos. Yet, these comparisons seemed to depend on
how closely participants identified with the exemplars.
Participants who saw they had similar physical activ-
ity levels as the exemplars felt the videos were affirming
and “relatable”(P11). Some who reported they were less
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active than the exemplars felt the stories were eye-open-
ing and were empowered to be strategic about making
firm physical activity plans for themselves. Another par-
ticipant viewed the exemplars as impressive, but unreal-
istic and unrelatable comparators.

The theme “physical activity is social” illustrates intra-
personal and interpersonal factors were key in shaping
participants’ capacity and motivation to be active. While
Active Women over 50 attracted participants with the
anticipation of social supports, the reality fell short of
their expectations with too few face-to-face meetings.

Theme 3 - Strategising for physical activity

Participants felt it was important to have a strategy for
being active to provide structure for accomplishing their
goals. Importantly, participants reported the strategy
needed to fit with their life-demands and preferences.
The theme Strategising for physical activity is conveyed
through three subthemes: Accountability, Monitoring,
and Active Women over 50 as a catalyst and resource.

Accountability

Overlapping with Theme 2 (“Physical activity is social”)
was the concept of accountability. Participants val-
ued social connections through physical activity partly
because they wanted to be accountable to other people.
They described an implicit commitment when exercis-
ing with others that set a “level of expectation” (P20) for
attendance which they did not have when exercising
alone. This sense of obligation validated participants’
efforts and motivated them to keep being active. Yet
accountability required shared physical activity abili-
ties and attitudes for it to be supportive. Participants
described that a mismatch of these attributes undid their
plans to be active with colleagues.

The expectation of accountability was part of the
attraction of Active Women over 50 for some participants.
Participants hoped to be “put to task”(P9) and be answer-
able to the program for their physical activity. Program
accountability did not come to fruition for these partici-
pants who found the program to be “self-directed” and
did not recognise their physical activity efforts.

Monitoring
Another strategy participants described was monitoring
physical activity, via a range of methods such as pedom-
eters, activity trackers, mobile phone applications, or
charting activity and goals on a spreadsheet. Through
receiving quantified physical activity information partici-
pants felt affirmed as their efforts were substantiated, but
also caused some ‘Self-reflection”(P6) and a motivation to
continue being active.

This was also expressed by many who took the oppor-
tunity to borrow an Active Women over 50 pedometer or



Wallbank et al. BMC Public Health (2022) 22:1855

activity tracker having not using one previously, who felt
monitoring their physical activity made them aware of
their perceived physical activity levels compared to mea-
sured data. A participant reported the fortnightly Active
Women over 50 email messages also acted as a prompt to
monitor her physical activity. The messages served as a
“reminder of my intention for going to the workshop origi-
nally” (P4) and cued her to evaluate her physical activity
over the past fortnight. Monitoring was therefore a strat-
egy for physical activity that was related to accountability
but directed accountability towards the self.

Active Women over 50 as a catalyst and resource

For many participants, the program was a tipping point
for getting on track with physical activity. They described
how the opportune timing of the program at their life
stage, conveniently held at their workplace, catalysed
them to finally act on ideas they had been contemplat-
ing. An important contributing factor was the credibility
of the Active Women over 50 program which participants
deemed to be trustworthy, authoritative and non-com-
mercial, attributed to the reputable team and organisa-
tion behind it.

Participants described program features of Active
Women over 50 gave them resources for being active. Tar-
geted messages in the workshop and emails about physi-
cal activity strategies and options provided awareness,
dispelled misconceptions and information to know how
to apply it in practice. Despite this, participants reported
wanting more program facilitation and external account-
ability to sustain the motivation they had for being active
when they enrolled.

“Strategising for physical activity” involved having
a structure for being active. The program came at an
opportune time for participants and functioned as a cat-
alyst to be more active. Yet, overall participants wanted
more structure than what the program offered to sustain
their initial desire to be more active and to provide them
with accountability.

Theme 4 - Self-responsibility discourse

Participants’ narratives about their physical activity and
experience of Active Women over 50 revealed a strong
discourse of personal responsibility. Despite many
describing life-demands which were often outside their
control, at the same time, participants viewed their inac-
tivity through a lens of self-blame and defeatism. This
discourse was typified by sentiments that physical activ-
ity “really is down to me”(P10) and thus inactivity was
considered a personal failure.

In relation to Active Women over 50, some participants
attributed their failure to be active to poor choices they
had made about program features sooner than deficien-
cies with the program or wider systemic issues. Many
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felt they would have been more active if they had simply
prioritised physical activity or if they had engaged with
program emails or the Yammer online discussion group.
Ultimately, this discourse attributes personal responsibil-
ity for success or failure to be active and seemed to mask
the role of any broader contributing factors that may have
challenged participants’ physical activity. Yet notably, this
narrative revealed a sense of agency in some participants
who felt participation in the program drove them to reas-
sess their priorities and to take charge of their health and
physical activity.

Themes 1 to 4 analysed participants’ experiences with
physical activity in general and how these intersected the
program. The narratives also identified gaps where Active
Women over 50 could have better supported their physi-
cal activity and suggestions for addressing ways the pro-
gram could be improved in each of the themes (Table 3).
Suggestions centred on program initiation and facilita-
tion of additional opportunities to meet other attend-
ees for physical activity and ideas for additional content
and delivery options for program features. The sugges-
tions and implications of the findings together address
research question 3.

DISCUSSION

This study explored how participants viewed physical
activity in general, the factors that influenced their abil-
ity to be active and how these factors intersected with
their attraction to and experience of a physical activity
information and support program Active Women over 50.
Our analysis identified four themes: (1) Age and gender
matters, (2) Physical activity is social, (3) Strategising for
physical activity, and (4) Self-responsibility discourse.
Below we contextualise these findings in the broader
physical activity promotion literature and draw out the
implications for designing appropriate physical activity
interventions for women aged 50 and over.

Contextual factors and tensions with personal
responsibility

Our participants experienced individual and systemic
level constraints to physical activity which was the con-
text shaping their ability to be active. At an individual
level, our findings align with National survey workforce
and primary carer data where women comprise 69% of
primary carers aged 45—64 years and 10% more women
work full-time compared to 20 years ago [12]. Also, the
2018 Australian Institute of Health and Welfare report
62% of women aged 45-64 years live with at least one
chronic condition and may experience physiological
changes such as (peri)menopausal symptoms or higher
prevalence of urinary incontinence [22, 35]. This data
suggests that middle-aged women who hold family/carer
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Table 3 Summary of participant suggestions for improving Active Women over 50 against themes

Themes / Participant suggestions for Active Women over 50 program relevant to theme Identified gap and recommendation to
Subthemes improve Active Women over 50
Age and gender ‘Maybe some information around menopause and how you cope with that...” (P2) Need: Wider information and solutions for

matters / Life-stage
demands

Age and gender
matters / Invisibility
and hypervisibility

Physical activity is
social /
Social connection

Strategising for
physical activity /
Accountability

Strategising for
physical activity /
Monitoring

"..Except, just like related to having time cause that’s sometimes a big thing. | could
go for a 15 minute walk, or | could do something in 15 minutes. Actually, I've got an
hour, I can probably go to the gym and it won't be a problem or I've only got a quick 30
minute lunch break and Id like to do something. .. Id like to squeeze in something in
the evening between making dinner and the washing up or whatever.... And maybe
things you can do with your family, that involve your family as well” (P5)

[In response to a previous gym experience where staff provided little assistance which
was perceived as due to her gender] I know we had somebody come and talk to us,
but it might've been nice if wed gone there, because I've never been over to the gym. Id
probably feel a bit intimidated about going for the first time” (P14)

‘I think being able to talk to the participants after the workshop would have been ...
Yeah, it [would] have been nice just to see what other people’s experience was. .. Yeah,
certainly being able to exchange ideas maybe in a more physical ... more sort of face-
to-face experience. . .With the participants and the facilitators, | guess.(P14)

“And | want you [program facilitator] to be there and say, ‘come on [names self], let’s
run around the park today, you've got half an hour break, | want to see you out there.
Other women are going to be there.” So | would do more of that. | would do more of
that.... (P9)

“But it might've been nice to, you know just thinking in a brainstorm kind of a way,
maybe to have been invited to come along to do a lunchtime workout together or
something like that. Just to connect doing some kind of physical activity together.(P5)
“Not just give you information but actually maybe provide a class so a lot of people can
do it and have a feeling and then maybe they’ll start to join.” (P16)

“I'think it would be helpful if you actually went out into the community and sort of
found groups and shimmied them along. .. go to their church group or their social
group, their book club, their whatever it might be. ..so you want to build on that
emotional requirement/(P19)

“And possibly following up with you [program facilitator] and checking your progress
instead of an email, a phone call with a bit of a discussion from the person who does
have your baseline, to check in how you're going, | would have found it very helpful.”
(P6)

“Yeah, that digital thing [pre-intervention accelerometer]. But | never actually found
out anything from it. I never actually found out any results from it. So ... | guess, |
would've had a position to, “Okay, well | need to improve on this” Yeah.” (P19)

“Like I said before, if you gave me an exercise physiologist and said okay this exercise
physiologist is going to give you a program and then follow you every week or every
fortnight or month or whatever, Id probably be more motivated than | would be, cause
I'm scared of it because | now have to live up to his expectation of what I'm meant to
be doing. If somebody else is expecting me to do something then | tend more to do it”
(P20)

“Well, there’s an exercise physiologist who works here at the hospital, but ...| don't have
any medically limiting conditions, so really, it’s just motivation | need. So, | don't need
anyone physically ... | don't need anyone to, kind of, show me how to do things. | just
need someone behind me, pushing me.” (P19)

“So I think something where you can maybe add in your steps, or add in three types

of exercise that you've done during the week. ..and that builds into a graph or some-
thing... You have a weekly goal. You strive to get to your weekly goal, you get Frequent
Flyer points. | have worked out that it’s probably worth, | don't know, like $30 a year in
Frequent Flyer points that you're getting. So it’s nothing, you know what | mean?” (P18)

women aged 50+

Recommend: Adapt and integrate physical
activity information with wider age/gender-
related matters. These could include physi-
cal activity solutions for people with time
constraints or information on broader health
topics such as menopause or nutrition.

Need: Support attendees'reticence to use
gyms as a physical activity option.
Recommend: Program facilitation of at-
tendee group visits to the workplace gym
and health facility.

Need: Opportunities for attendees to share
physical activity information/ideas.
Recommend: Program initiation and facili-
tation of face-to-face meetings with other
attendees beyond the information session.
Need: Physical activity opportunities for
attendees.

Recommend: Program initiation and
facilitation of face-to-face physical activity
opportunities with other attendees beyond
the information session.

Need: Established social connections to
provide support for physical activity.
Recommend: Leverage established social
connections for supporting physical activity
by implementing program in community
groups.

Need: Accountability to someone for being
physically active.

Recommend: Provide accountability to

the program via (e.g.) regular ‘check-in"
with attendees; personalisation of program
through tailoring, personalised outcomes-
focused feedback, and facilitate individual
physical activity planning.

Need: Someone to be accountable to for
physical activity

Recommend: Be accountable to a health
professional who can provide physical activ-
ity personalisation.

Need: Support motivation by linking physi-
cal activity to incentives.

Recommend: Link activity tracker output to
a web-based personalised dashboard with
set goals. The dashboard could be linked

to an incentive program that rewards the
attainment of goals.
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Themes /
Subthemes

Participant suggestions for Active Women over 50 program relevant to theme

Identified gap and recommendation to
improve Active Women over 50

Strategising for
physical activity /
Active Women over
50 as a catalyst and

resource ‘I think videos are always a good thing. Short videos.” (P5)

“And you file it [the email], you categorise it, and then you forget about it... . Text? A text
might've been better. It might've been more ding, you know like you kind of get a mes-
sage and you go, ‘okay:".. Yeah, a text might be better.(P9)

Need: Flexibility for receiving messages.
Recommend: Provide alternate formats
other than email to receive motivational
messages.

Need: Engagement with email messages.
Recommend: Incorporate video content
into motivational email messages.

responsibilities have less leisure time, poorer physical
health and enjoyment of physical activity [36, 37].

We found cultural attitudes towards older people
had a negative impact on physical activity participa-
tion. This has been similarly reported by UK Active case
reports [38] which identified systemic barriers for physi-
cal activity among older age groups at health facilities.
These included inaccessible schedules, an atmosphere
of exclusivity, or a workforce lacking sufficient knowl-
edge about age-related health conditions. Other studies
have reported women with “fat” body shapes experience
explicit negativity when exercising in public places or
feeling judged as lazy which meant they avoided exer-
cising publicly [22, 39, 40]. Potentially, a cultural bias
towards youth and idealised female bodies may mean the
age- and gender-specific targeting of the Active Women
over 50 program could act as a discouragement for some
women where the entrenched cultural attitude is per-
petuated amongst those whom it biases. For our partici-
pants, the program’s specific targeting seemed to address
some of those challenges by catering for women over 50.
While cultural and systemic factors may influence physi-
cal activity, Active Women over 50 trial outcomes demon-
strate that an individual-level program is acceptable and
effective among this population.

The strong discourse of self-responsibility was in ten-
sion with these cultural and contextual barriers. Despite
feeling responsible for physical activity, the time and
effort involved for physical activity was often undermined
by women’s demanding life circumstances. Waller (2005)
explains that despite recognising that these circum-
stances were often beyond their control, some engaged
in self-blame, describing under activity as failure to pri-
oritise or personal inadequacy[41]. Therefore, the per-
sonal responsibility discourse motivated women to seek
support for physical activity by enrolling in the Active
Women over 50 program but also masked the role of the
broader context in following through with being active.

Active Women over 50 was a behavioural program tar-
geted at an individual level which Adams et al. (2016)
reports depends on individual agency to sustain behav-
iour change[42]. Specific to health, agency is the “indi-
viduals’ ability to achieve health goals they value and act
as agents of their own health”[43] influenced by broader

external conditions[41] . Social and environmental con-
ditions supporting in low individual agency for physical
activity are ideal. Yet, our study describes the negative
influence that external cultural and systemic attitudes
can have on physical activity and together with Active
Women over 50 trial outcomes demonstrating acceptabil-
ity and effectiveness, an individual-level program among
this population is warranted. Clearly, behaviour change is
complex and requires a multi-faceted approach at indi-
vidual and systemic levels.

The role of social factors

Our findings highlight the role social factors play in moti-
vating physical activity for participants. Holt-Lunstad
(2018) defined social connection as connecting with oth-
ers physically, behaviourally, cognitively, and emotionally
and for our participants this conferred a sense of belong-
ing[44]. Participants valued face-to-face opportunities
that provided a mechanism for sharing contextualised
knowledge about how to be active and for motivation.
Participants were also motivated by social factors not
requiring interaction but through comparison with oth-
ers of their age and gender and this reference group was
used for self-evaluation [45]. Yet for our participants, the
motivation to be active through social comparison was
also determined by the extent of identification with the
reference group.

Heaney and Israel (2008) describe social support hav-
ing dimensions of emotional, appraisal, instrumental and
informational support which our participants reported
were provided by a number of program components[46].
Emotional support was provided through encouragement
and reassurance of watching peer video case studies and
seeing other “like-minded” women at the workshop;
appraisal support via the email messages prompted self-
reflection and physical activity planning; instrumental
support through loan of the Fitbit activity tracker; and
lastly, the workshop content provided informational
support.

Despite the value of the program components, partici-
pants expected and wanted more social opportunities. In
particular, participants identified that program-driven
face-to-face physical activity sessions and further oppor-
tunities to interact with other women of their age would
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have been more supportive (Table 3). Previous studies
describe the unique role that peers play in promoting
health behaviours, including program attendance, and
emotional, appraisal and informational support which is
often based on experiential knowledge [47, 48]. These are
compelling reasons to strengthen social factors in future
iterations of the program. However, it is noted this study
was conducted prior to the COVID-19 pandemic so pref-
erences for face-to-face physical activity interactions may
have diminished since. Having adapted to social restric-
tions, people may be more willing to consider other
options, such as via remotely delivered programs.

Building in a strategy

The Active Women over 50 program combined a defined
program with set components and was designed to give
women sufficient flexibly to accommodate their priori-
ties. However, the program was self-driven which disap-
pointed participants who anticipated and wanted some
accountability for physical activity — either as a pro-
gram component or a side-effect of social interaction
with peers. ‘External accountability’ and the motivator
of “checking in” with research staff was a similar find-
ing reported by Lindgren et al. (2019)[25]. Accountabil-
ity refers to motivation that arises from the expectation
of giving an account and being held responsible for an
intention or goal by another person [49].[25] Previous
literature suggests that among middle aged populations
accountability is heightened by relationship proximity.
Within pre-existing social relationships, accountability
increased physical activity in both face-to-face and online
contexts [50-52]; however between strangers account-
ability was less likely to increase physical activity [53,
54]. Our study found accountability to health profession-
als motivated physical activity through their provision of
physical activity information, personalisation of physical
activity programs, and follow-up reassessment [55, 56].
So, while accountability is a substantial force in motivat-
ing behaviour, to whom one is being held accountable has
a strong bearing on physical activity.

Another motivating strategy for being active was
monitoring also described as “internal accountability”
by Lindgren et al. (2019)[25]. The act of observing and
recording physical activity seemed to substantiate efforts
and provided participants with self-accountability. How-
ever, many wanted their physical activity data to be inter-
preted, evaluated and contextualised against normative
values and a peer group through the personal touch of
external feedback [25][57]. Among people aged 55 years
and over, feedback is a strategy that has been associated
with long-term effectiveness of interventions [58] and is a
key consideration for future iterations.

Finally, many participants decided to enact their desire
to be active and enrol in Active Women over 50 because
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of the organisation leading the program. Ranney et al.
(2018[59]) and Avery (2010)[60] describe the credibil-
ity of an organisation can be integral to whether people
heed or ignore health messages. The public evaluate an
organisation’s trustworthiness by scrutinising the integ-
rity, competence, motives, public portrayal. Therefore,
such trusted organisations need to take advantage of
their reach and influence on stimulating and supporting
change in health behaviours.

Behaviour change is complex, so to be effective, strate-
gies to tailor an intervention at an individual level need
to be addressed. Tailoring an intervention to suit an indi-
vidual’s circumstances and preferences, underpinned
by behaviour change theory and frameworks have been
found to be cost-effective [61]. Effective health behav-
iour interventions could therefore be scalable, that is, be
potentially “delivered to an increasing number of partici-
pants or through an increasing number of settings, while
retaining effectiveness” [15] cited in [16], as a solution for
the problem of physical inactivity.

Implications

Considerations for designing future physical activity
interventions to ensure relevance to women aged 50+are
highlighted in this study. First, programs need to adopt
an integrative approach to promoting physical activity as
a part of overall health and life. By drawing on a range of
health and life topics, such as menopause, nutrition and
stress management, programs may be able to communi-
cate greater relevance and embed physical activity sup-
port strategies within the complex life context described
by our participants (Table 3). A broader holistic approach
to health may also appeal to a wider variety of people in
the target population who may not otherwise consider
accessing physical activity support.

Second, the diversity of individual circumstances and
motivators for physical activity suggests the need to offer
a range of flexible program strategies that appeal to indi-
viduals’ situations and preferences, and include solutions
that account for time constraints, local resources and
physical limitations or disabilities (Table 3). A guided
group-visit to the workplace gym, or provision of vouch-
ers to trial facilities could support visibility and attend-
ees’ hesitancy to access unfamiliar physical activity
settings. Also, partnerships between program designers
and agencies that provide and influence physical activity
options (e.g., health facilities, local councils) could help
to address barriers to accessing these options.

Third, the benefits of social relationships for physi-
cal activity implies the need to facilitate existing or new
physical activity social networks (Table 3). Social net-
works could be leveraged for face-to-face physical activity
opportunities, sharing of information and resources and
for accountability. Forging new social networks through
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popular online platforms such as Facebook could be
feasible. Since adults aged 50+tend to use Facebook for
communication [62], the platform could be used to host
private discussion groups and physical activity resources
such as walking maps and activity logs. The resources
required by a program to facilitate a social network
among working women in this age group are unknown.
Further research is needed to determine for example, the
level of input needed from program staff to impact physi-
cal activity and studies of cost-effectiveness [48, 63].

Fourth, programs could build in accountability and
feedback for physical activity via free government health
services such as a telephone health coaching service
(e.g. [64] or health/exercise professionals [65] (Table 3).
Future iterations could incorporate audit and feedback
throughout the program by communicating baseline and
periodic physical activity measurements. Tailored feed-
back could also be provided by digital platforms. A web-
based dashboard with an online physical activity diary
could track personal trajectories and send messages of
praise or suggestions such as “if you've set some SMART
goals, tell someone”[66].

Fifth, contextual factors and the self-responsibility
discourse implies program framing is critical. Establish-
ing the program as a way to support women to combat
the pressures of life circumstances and systemic barriers
might be a way to engage them in a positive journey of
taking responsibility that avoids self-blame. The program
needs to adopt motivational, empowering language that
explicitly counters the self-blame discourse and recog-
nises the powerful cultural attitudes and practices that
make it difficult for women over 50 to be active. Support
for realistic goal setting needs to be part of this as failure
to meet goals can quickly spiral downwards to a sense of
being a failure. Program designers can also work in part-
nership across sectors that influence physical activity
options (e.g., health facilities, local councils) to provide
the right conditions for women to be active (Table 3).

Finally, providing the right conditions through sys-
temic change is also important for sustainable behaviour
change at a population level, especially given the nuanced
interplay of individual, social and wider contextual fac-
tors. This is beyond the scope of behavioural programs
such as Active Women over 50, but it is a reminder that
public health researchers have a broader responsibility
to advocate for changes in damaging cultural attitudes
and practices. In relation to women over 50 and physical
activity, our analysis highlights changes in working hours,
the division of labour in the home and greater cultural
acceptance of ageing women with less-than-perfect bod-
ies. Such long-term and significant societal change can
only be addressed by sustained supportive policy, gover-
nance and resource allocation across a range of sectors
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to build a supportive context that encourages people to
engage in physical activity[38, 42, 67].

Strengths and limitations of study

A strength of this study was the exploration of the
broader factors facing women over 50 and how these fac-
tors shape experiences of a physical activity program. A
better understanding of the wider contextual factors for
women aged 50+can guide the design of behavioural
interventions to better support this population to be
active. A limitation was that while the study drew on a
range of participants with differing ages and employ-
ment/carer responsibilities as far as the overall sample
allowed, study participants were all meeting or exceed-
ing the WHO guidelines for physical activity. Inactive
women were not represented in this sample so hearing
from those who chose not to participate in the inter-
views could have provided further perspectives and dif-
ferent views. Another limitation was that one interviewer
(GW) had been the study manager of the trial, which
may have impacted the willingness of some women to
participate, or biased sharing feedback with a trial team
member. Other limitations of this study included possible
recall bias of the program which was experienced at least
3 months prior and that recruitment occurred during a
season where people are typically on summer holidays in
Australia (November to January) resulting in a low con-
sent rate.

Conclusion

Women aged 50 and over face challenges that limit their
capacity to be physically active. We identify key chal-
lenges described by participants in the Active Women
over 50 program which operate at individual, social and
systemic levels. We argue that future physical activity
promotion programs targeting this population should
offer a range of strategies and structural supports that
address different circumstances and levels of agency. We
malke five suggestions, which do not need to be resource
intensive, that could be feasible within a scaled program
structure.
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Preamble to Chapter 6

This chapter describes in detail the study protocol for the pilot randomised waitlist-
controlled trial reported in Chapter 7, strengthening the rigor of the thesis. Building on the
work presented in Chapter 3, Chapter 4 and Chapter 5, this chapter presents an
intervention that was iteratively developed with multi-disciplinary collaborators and again
guided by the principles of pragmatism, efficiency and scalability. This pilot trial
broadened the target group to include community-dwelling women aged 50 years and over

who resided across NSW, Australia.
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Abstract

Background: Physical activity has many physical and mental health benefits and can delay the development of
disability in older age. However, uptake of this health behaviour is sub-optimal in women in their middle and older
age. This trial aims to establish the acceptability and feasibility of the Active Women over 50 programme involving
online information, telephone health coaching and email or SMS support to promote physical activity behaviour
change among women aged 50 years and over.

Methods: Sixty community-dwelling women who are insufficiently active according to national guidelines, will be
recruited and randomised to 1) receive the Active Women over 50 programme or 2) a wait-list control. Active Women
over 50 is a 3-month physical activity programme guided by behaviour change science, providing access to a
website, one telephone-delivered health coaching session from a physiotherapist and 8 email or 24 SMS messages.
The primary outcome is the proportion of participants at 3 months post-randomisation who would recommend
participation in the programme to another person like themselves. Secondary outcomes are feasibility measures:
rates of recruitment, retention, completeness of outcome data and uptake of telephone support; and intervention
impact measures: accelerometer-assessed average steps/day, proportion of participants meeting national guidelines
on moderate to vigorous physical activity; and questionnaire-assessed quality of life, exercise perceptions, mood,
physical functioning and self-reported physical activity. Intervention participants will also complete a follow-up
survey to assess impressions of the intervention and adoption of strategies for physical activity participation. Data
will be analysed descriptively to guide the design of a larger trial. Between-group differences in secondary
outcomes will be used to estimate effect sizes for sample size calculations for a fully powered randomised
controlled trial.
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an under-active group at risk of future disability.

protocol, Pilot trial

Discussion: This feasibility pilot trial of an efficient eHealth and health coaching intervention guided by user input
and behaviour change theory, will inform future interventions to address low physical activity participation among

Trial registration: ANZCTR, ACTRN12619000490178, registered 26 March 2019
Keywords: Physical activity, Exercise, eHealth, Website, Health coaching, Feasibility, Behaviour change, Study

Background

Physical inactivity is a significant but modifiable public
health problem. Globally, it is associated with 5.3 million
deaths [1] and has an economic cost of INT$67.5 billion
per year [2]. Physical inactivity is as important a risk fac-
tor for developing chronic disease and disability as
smoking and obesity [3].

There is compelling evidence of the benefits of phys-
ical activity for physical and mental health at all ages [3]
and maintenance of independence in older age [4].
Regular physical activity can prevent or help manage
some health conditions and has been reported to delay
disability by up to 15years in older women [4]. The na-
tional guidelines for physical activity recommend Aus-
tralian adults to accumulate 150 to 300min of
moderate-intensity or 75 to 150min of vigorous-
intensity physical activity, or an equivalent combination
of both moderate and vigorous activities each week, and
to do muscle-strengthening activities on at least 2 days
each week [5]. Achieving the national guidelines for
physical activity in middle age has longevity benefits re-
gardless of baseline physical activity [6].

Physical activity participation is sub-optimal in women
in their middle age and very low in older women. Sixty-
five per cent of women over the age of 55 years and 80%
of women over the age of 75 years do not participate in
sufficient regular physical activity to gain health benefits
[7]. While some women become more physically active
with retirement [8] this may be too late to prevent dis-
ability in older age. By 2023, Australian women will be
retiring at an older age with access to the senior pension
age increasing to 67 years [9]. Commencement of suffi-
cient regular physical activity before retirement therefore
needs to be a priority and maintained in the long term
to promote independent and healthy ageing.

Barriers to physical activity participation for women
are unique. The 2014 national survey showed that
women have higher sedentary time and greater carer re-
sponsibilities than men [10, 11]. These barriers, coupled
with the demands of paid work and low confidence for
participating in physical activity in the absence of a pre-
vious habit, place women in their middle-age years par-
ticularly at risk of being insufficiently physically active to
maintain good health. This population would benefit

from a targeted and supported evidence-based approach
to increase their physical activity in a way which is
achievable and sustainable.

Health psychology uses a variety of tools and behav-
iour change techniques that can be made available to
middle-aged women to support them to increase their
levels of physical activity and to maintain these levels in
the long term. A theoretical basis incorporating the self-
determination theory (SDT) [12] and Behaviour Change
Wheel and COM-B system model of behaviour [13] shed
light on key factors necessary for the initiation and
maintenance of physical activity [14]. SDT considers an
individual’s motivation behind the choices they make by
addressing competence, autonomy and psychological re-
latedness, and the COM-B system model of behaviour
considers an individual’s capability, opportunity and mo-
tivation to achieve behaviour change. Key factors of SDT
and COM-B include plentiful resources (psychological
and physical), effective self-regulation, maintained mo-
tivation to be active, positive habits and positive environ-
mental and social influences. Effective behaviour change
interventions often include techniques that tap into
these behavioural factors. For instance, resources in the
form of health information and programme information
provides an individual with physical capability and com-
petence; goal setting, self-monitoring, action and coping
planning support self-regulation and opportunities for
behaviour change; relatable peer role models stimulate
motivation; using habit formation techniques help to de-
velop automaticity forming positive responses to con-
textual cues; and supporting development of positive
habits, i.e. increasing physical activity and reducing sed-
entary behaviour [15-17].

Behavioural interventions can be delivered digitally, via
web and smartphone, in order to increase scalability for
population-level impact [18]. eHealth online interven-
tions using web, email and SMS-based platforms have a
number of advantages over face-to-face interventions,
especially where they can be delivered to mobile phones:
they have wide reach, comparatively low cost of imple-
mentation and delivery, and flexibility of intervention
use at times and location convenient for the user [19,
20]. Mobile phone access to websites, video, email and
short message service (SMS) provides a portable,
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everyday use context for receiving eHealth messages,
promoting higher engagement and adherence [21, 22].
There is emerging evidence supporting the use of SMS
to promote health behaviour [23], and including email
reminders to prompt participants’ health behaviour
change [24]. One disadvantage of online interventions is
potential disengagement as people prefer the persona-
lised nature of face-to-face interactions. To address this,
effective interventions often include phone or video ses-
sions with a health coach who guides the participants,
provides social support and tailors behaviour change
techniques to participants’ abilities and preferences, sup-
porting participants’ autonomy, in line with SDT. A re-
view of health coaching has shown a beneficial effect on
physical activity [25], so including a skilled health coach
with an online intervention is likely to increase engage-
ment and consequently the effectiveness of the interven-
tion. To date, there are limited programmes that flexibly
support middle-aged women in becoming more active
and staying active for life which can be implemented at
scale. Online behavioural interventions augmented by
health coaching provide a potential scalable solution to
the current problem of inactivity among this age group.

This trial aims to establish the acceptability and feasi-
bility of the Active Women over 50 programme, a 3-
month programme comprising online information, tele-
phone health coaching and follow-up email or SMS sup-
port to promote physical activity behaviour change
among women aged 50 years and over.

Methods/design

Trial design

We will conduct a feasibility pilot study using a rando-
mised controlled trial (RCT) with wait-list control. The
CONsolidated Standards Of Reporting Trials (CON-
SORT) flow diagram is illustrated in Fig. 1. This trial has
been designed according to the CONSORT statement
[26] and will be reported according to the Standard
Protocol Items: Recommendations for Interventional
Trials (SPIRIT) statement [27], and with reference to the
Template for Intervention Description and Replication
(TIDieR) checklist [28] in Table 1.

Eligibility criteria

Women are eligible for inclusion in the trial if they
are aged 50years and over, and community-dwelling
residents in New South Wales, Australia. Potential
participants will be excluded if they have limited
English language skills, do not have access to the
internet, have a medical condition that precludes par-
ticipation in regular physical activity or are already
sufficiently active in accordance with Australian phys-
ical activity guidelines [5].
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Recruitment

Participants will be recruited through advertising in
newsletters and websites of community organisations,
university and local health districts, via the study recruit-
ment website, www.activewomenover50.org.au, word-of-
mouth and social media. Participation is cost-free and
no incentives are offered for participation. Potential par-
ticipants will be screened for eligibility via an online sur-
vey. Recruitment commenced 3 May 2019, and at the
time of submission of this manuscript, 66 participants
had been recruited, 56 randomised and O participants
had completed follow-up measures.

Randomisation

Following confirmation of eligibility and completion of
informed written consent and the baseline measures, par-
ticipants will be randomly allocated by a research assistant
to the intervention or control group in equal numbers
using computer-generated randomisation. Allocation will
be determined using concealed allocation, via a random-
isation schedule embedded in a secure web-based software
platform, REDCap (Research Electronic Data Capture)
[35, 36] hosted at The University of Sydney, Australia. A
variable block randomisation schedule will be prepared
from a computer-generated list of random numbers by a
researcher not involved in participant recruitment.

Intervention group
The intervention is described by the TIDiER checklist
(in Table 1). Intervention components and choice of be-
haviour change techniques were informed and under-
pinned through integration of the Behaviour Change
Wheel and COM-B system model of behaviour [13],
SDT [12] and user input from a convenience sample of
women in the target population. Examples of interven-
tion functions and behaviour change techniques (BCTs)
used in the Active Women over 50 intervention are
shown in Table 2. The Active Women over 50 interven-
tion was developed following our previous trial [38] in-
vestigating an information and support intervention with
a 3-month follow-up period to enhance physical activity
in university and health service-employed women over
50 years of age. The feedback from participants indicated
a need for more support (manuscript under prepar-
ation). The intervention group will receive access to the
Active Women over 50 website plus one telephone con-
sultation with a research physiotherapist trained in
health coaching, plus either 8 email or 24 SMS follow-
up motivational messages over a 3 month period.
Intervention participants will receive access to the Ac-
tive Women over 50 website (Fig. 2) via a web address
and will be asked not to share the website to avoid study
contamination. The website will deliver content via three
main webpages namely, “Why be Active?”, “How to be



Wallbank et al. Pilot and Feasibility Studies (2020) 6:91

Page 4 of 13

Invite participation through advertising via
community newsletters, websites and social media

ntify and screen potential

Excluded
participants

l

Participan

Baseline assessment: questionnaire, objective
physical activity measurement

ts eligible and provided consent

\4

Randomised (n=60)

Allocation

l

|

Intervention (n=30)

Access to Active Women over 50
website, 8 email or 24 SMS
messages, and 1 telephone health

Wait-list control (n=30)

coaching session
Follow-Up
3-month re-assessment:
questionnaire, objective physical
activity measurement

3-month re-assessment:
questionnaire, objective physical
activity measurement

Fig. 1 CONSORT flow diagram for the pilot and feasibility study Active
o

Women over 50

Active” and “Be Inspired”. The “Why be active?” web-
page will emphasise the importance of becoming active
from middle age for maintenance of health and physical
function and prevention of falls in older age. The Active
Women over 50 website content will include evidence-
based information about the impact of even small in-
creases in physical activity on health and longevity. The
“How to be active” webpage will include practical sug-
gestions on becoming more active and guidance on the
setting of SMART (Specific, Measurable, Achievable,
Realistic and Time-related) goals and self-assessment of
barriers to physical activity participation and solution
generation as key behaviour change techniques. The
website will link to external sources of support/

information, such as the NSW Ministry of Health-
funded Get Healthy free health coaching service [39]
and the Active and Healthy online directory [30] of
physical activity opportunities. The website will also pro-
vide suggestions of resources and internet applications
supporting behaviour change and habit formation, and
other links for information about physical activity for
different health conditions and services available.
The “Be inspired” webpage will include inspirational
video case studies of “success stories” of four “real-
life” women aged over 50 who have managed to in-
crease their physical activity levels in the face of mo-
bility, health or practical difficulties and the benefits
that they have experienced. To stimulate motivation
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Table 1 Intervention description using the Template for Intervention Description and Replication (TIDieR) checklist [28] for Active

Women Over 50 study

1. Brief name
2. Why

3. What materials

4. What procedures

5. Who provided

6. How

7. Where

8. When and how much

9. Tailoring

Active Women over 50 online physical activity information and support

Physical activity has many physical and mental health benefits, including the delay of developing disability in older
age. Yet the uptake of this health behaviour is particularly low in older women and sub-optimal in working women
in their middle age. While commencement of regular sufficient physical activity in middle-age years needs to be a
priority for healthy ageing, women over 50 years have unique barriers to becoming more active (e.g. higher sedentary
time, greater carer responsibilities, work demands). Behavioural interventions delivered remotely and digitally via web,
email and SMS platforms offer wide reach and provide flexibility of intervention use at times and location convenient
for the user. Telephone health coaching can also be delivered remotely and provides tailoring of the intervention to a
person'’s abilities and preferences. A theoretical basis incorporating the Behaviour Change Wheel and COM-B system
model of behaviour, Social Determination Theory has been used to design the intervention and choice of behaviour
change techniques. The intervention targets barriers unique to women over 50 and will incorporate the behaviour
change techniques including goal setting, problem-solving, action and coping planning, review of behavioural goals,
self-monitoring, social support and social comparison, information provision, persuasion about capability and habit
formation to facilitate and sustain behavioural change.

Participants will have access to the internet.

The website will be accessed by the internet and will provide 1) information for the benefits of physical activity
including links specific to women, different health conditions and ages; 2) resources and strategies for how to
become physically active including a pre-exercise screening tool and exercise intensity guidelines [29], guide on
getting started, internet-based programme resources such as the Active and Healthy website [30], parkrun website
promoting free, weekly community walk/runs [31], links to sporting groups and suggestions of smartphone
applications; 3) inspirational stories of people becoming physically active including professionally produced video
case study interviews of four real-life female women aged over 50 who have overcome barriers to increase their
physical activity; and 4) the opportunity for participants to share their own ideas and inspirational stories via the
website.

Participants will also receive their choice of either 8 email messages or 24 SMS messages embedded with behaviour
change techniques that will link back to and reinforce the website content and provide further motivation to increase
their physical activity. Participants will also receive one telephone health coaching session with a trained research
physiotherapist trained in physical activity behaviour change techniques.

Access to the intervention website will be provided to participants upon randomisation to the intervention group.
Participants will be asked not to share the website to avoid contamination. Participants will also be given the choice
to receive either 8 emails or 24 SMS messages over the 3-month study period, and a mutually agreed time will be
made for the health coach to contact the participants within 2 weeks of receiving access to the intervention. The
health coach will document behaviour change techniques used in the telephone session. All participants will have
email access to the trial manager for any further enquiries.

The study manager will provide participants with access to the website, regular messages and liaise appointment
times with the health coach.

Health coaching will be provided by a tertiary-trained physiotherapist employed by the study with research
experience delivering telephone-based health coaching. The coach will have completed courses through Wellness
Coaching Australia [32], HealthChange Australia [33] and Medicoach [34] in motivational interviewing and behavioural
intervention techniques.

Participants will be notified by email upon randomisation to the intervention group and will gain access to the
intervention website via a web address. Frequency of accessing the website will be at the discretion of the participant.
The email will also give participants the choice to receive regular messages via email or SMS and will ask for available
times when the health coach may contact them. The health coach will be provided with participants’ available times,
contact, demographic and current physical activity details by the study manager.

Participants will access the intervention via the internet and telephone at a location of their convenience.

After participants are given the intervention website address, they have access to the website at any frequency

they choose. The regular email or SMS messages link back to the website to support behaviour change with the
reinforcement of information and suggested strategies. The health coaching telephone call will be made within
2 weeks of accessing the intervention. There will be no cost to participate.

All participants will receive the same online resource (website and email or SMS messaging content), but the
opportunity to talk with a health coach will allow for tailoring to individual's preferences, needs and circumstances
so that physical activity can be adopted and maintained. Participants will be advised to seek individual advice from
a health professional if they are concerned about commencing physical activity or have an injury.

and provide an interactive element to the website,
there will also be the opportunity for participants to
share their own ideas and inspirational stories via
the website. Frequency of use of the Active Women
over 50 website will be at the discretion of the
participant.

Participants will receive one telephone health coaching
consultation, which will occur within 2 weeks of random-
isation. The consultation session will facilitate goal setting
and physical activity behaviour change, using evidence-
based theoretically informed behaviour change principles.
Health coaching will be provided by a tertiary-trained



Wallbank et al. Pilot and Feasibility Studies

(2020) 6:91

Page 6 of 13

Table 2 Examples from the Active Women over 50 intervention coded within the COM-B domains, intervention functions and
behaviour change techniques (BCTs)

COM-B domains Intervention BCTs Examples
function
Psychological capability Education Information about health Website:

consequences (5.1)

Training Instruction of how to
perform a behaviour (4.1)

Graded Tasks (8.7)

Enablement Goal setting (behaviour

and outcome) (1.1, 1.3)

Action planning (1.4)

Self-monitoring of behaviour (2.3)

"Why be Active?” section: “Regular physical activity can make you
feel good and improve your self-esteem and confidence creating
opportunities to socialise and meet new people”

SMS/Email:

Week 5: “Strength and balance exercises can help to prevent falls.
You can do these exercises while watching TV. Look under “Tips”
at www.[study website name].com/getting-started”

Health coaching:
Verbal education about physical activity for falls prevention

Website:
"How to be Active-Getting started-Tips & hints” section: Video
links, e.g. falls prevention exercises

SMS/Email:

Week 6: “Is something blocking your activity plans? Think of likely
solutions. Perhaps break down goals into easier steps. Or ask an
exercise professional for advice.”

Health coaching:
Instruction on balance exercises where appropriate

Website:

“How to be Active-Getting started-7 steps to getting started”
section: “Start small and gradually build up the amount of time
you are active, or the intensity you can be active, or your goals.
Use this pre-exercise questionnaire [link], and find out what light,
moderate and vigorous exercise intensity is for you.”

SMS/Email:
Week 1: “Every bit of exercise counts! Start small and gradually
build up.”

Health coaching:
Advice about gradual increase in physical activity

Website:

"How to be Active-7 Steps for Getting Started-Step 4" and
"How to be Active-Tools to keep going” section: refers
participants to scheduling and goal setting resources.

SMS/Email:

Week 2: “Work towards your activity goals! Write down your
when-where-how-action plan for the week. Put your plan &
goals on your fridge, or where you can see them.”

Health coaching:
Advice on setting Specific, Measurable, Achievable, Realistic,
Timely (SMART) goals, setting goals with the participant.

Website:
"How to be Active-Tools to keep going” section: provision of
physical activity weekly planner and physical activity charting
templates

SMS/Email:

Week 1: "How do others keep motivated to be active? Many
find making a plan with firm goals helps. Have a look at
www.[study website name]/tools-to-keep-going”

Health coaching:
Advice on action planning, referring to the website for
physical activity weekly planner and charting templates

Website:

"How to be Active-Tools to keep going” section: provision
of templates to chart physical activity

"How to be Active-Mobile apps” section: suggestions of
mobile apps to assist self-monitoring

SMS/Email:
Week 3: “Hi [FirstName], Track your activity on a calendar,
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Table 2 Examples from the Active Women over 50 intervention coded within the COM-B domains, intervention functions and

behaviour change techniques (BCTs) (Continued)

COM-B domains Intervention BCTs

function

Examples

Problem-solving (1.2)

Reflective motivation Persuasion Feedback on behaviour (2.2)

Verbal persuasion
about capability (15.1)

Social comparison (6.2)

Credible source (9.1)

chart or phone app so you can see your progress. See
www.[study website name].com/mobile-apps for app
suggestions.”

Health coaching:

Refer participant to website physical activity planning
and charting templates; discussion/suggestions around
wearables and phone apps for tracking activity.

Website:

“How to be Active-Frequently Asked Questions (FAQ)”
section: responds to FAQs about how to be active. Eg.
“I've never really been active before. Where do | start?”
and "What do I do it | think physical activity is boring?”
and I have longstanding aches and pain. Is physical
activity safe?”

SMS/Email:

Week 3: “If lack of time stops you from being active, how
can you fit activity into your day? Replace some TV or
device time with activity? Or have a walking meeting?”

Health coaching:
Identify motivators and barriers to physical activity, advice
on action planning

SMS/Email:
Week 6: “It's 6 weeks since you committed to getting
active. Congratulations on your efforts so far!”

Website:

"How to be Active-Getting started” section: “For you, being
more physically active may be simply a matter of spending
more time doing the things you already enjoy doing such
as taking the dog for a walk or gardening. Or maybe it's
doing an activity with someone else. Pick something to do
that you enjoy - then you're more likely to stick at it.”

SMS/Email:

Week 11: “Things can get in the way of you keeping up your
activity. What strategies have you learnt to deal with difficult
situations? Do you want to share these? www.[study website
name]/contact”

Health coaching:
Motivational interviewing to increase self-efficacy

Website:

“Be Inspired” section: video case studies produced for the
website of real women and their experiences with physical
activity — why they do it and what keeps them going;
weblinks to articles from social media; opportunity for
participants to share their own physical activity story via
the website.

SMS/Email:
Week 1: "How do others keep motivated to be active?..
Have a look at www.[study website name].com/tools-to-
keep-going.”

Health coaching:
Provision of examples of what other women 50+ have
done to increase physical activity when appropriate

Website:

Investigator institution logos on website

“Be Inspired” section: Video case studies from women aged 50+
“How to be Active-Find an activity or sport” section: links

to larger reputable organisations, e.g. NSW Health,

parkrun Australia

SMS/Email:
Investigator contact details on each email footer, links to
website and larger reputable organisations, e.g. NSW Health,
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Table 2 Examples from the Active Women over 50 intervention coded within the COM-B domains, intervention functions and

behaviour change techniques (BCTs) (Continued)

COM-B domains Intervention BCTs
function

Examples

Modelling Demonstration of
the behaviour (6.1)

Automatic motivation Habit formation (8.3)
Social opportunity Enablement Social support (unspecified) 3.1
Physical opportunity Enablement Adding objects to the

environment (12.5)

Environmental Prompts/cues (7.1)
restructuring

parkrun Australia

Health coaching:

Study health coach will be a Physiotherapist trained in
behavioural intervention techniques and health coaching;
participants referred to study health coach by study manager

Website:
“Be Inspired” section: Video links, e.g. This Girl Can, Females
in Football

Health coaching:
Set goals with the participant; send links to balance
exercise videos

Website:

“Be Inspired” section: “Penny” video case study talking about
importance of routine;

"How to be Active-7 steps for Getting started-Step 2" section:
“Find out locations, times, costs of the activity or sport.” Location
and times will then act as cues to action.

"How to be Active-Tools to keep going” section: provision of
physical activity weekly planner and physical activity charting
templates

SMS/Email:

Week 7: "Activities that easily fit into your daily life are much
more likely to become a habit. Why not put a note on the
fridge, or set a phone reminder to be active?”

Health coaching:
Identify motivators for developing healthy habits

Website:
“Be Inspired-Your story” section: “Share your physical

activity story and read others” to share experiences
of physical activity

SMS/Email:
Week 4: "You're more likely to succeed if you tell someone your
plans to be active - a relative, friend, or even your GP."

Health coaching:
Identify social supports to support physical activity participation

Website:
Links on website for finding physical activity opportunities

SMS/Email:

Week 3: “See www. [study website name]/find-an-activity-or-
sport to pick an activity you may enjoy. While being active
you could listen to music, a podcast or invite a friend.”

Website:

"How to be Active-Tools to keep going” section: provision of
goal setting, physical activity planner, physical activity charting
templates participants can print out and put up.

“Be Inspired-Penny’s story” section: recommendations about the
routine of putting out clothes at night as prompt to go to gym
in the morning

SMS/Email:

Week 7: "Activities that easily fit into your daily life are much
more likely to become a habit. Why not put a note on the
fridge, or set a phone reminder to be active?”

Health coaching:
Provide suggested prompts/cues to activity, e.g. stick goals/
action plans on fridge

Note: In brackets BCT numbers in line with [37]
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Why be active? Howtobeactive Beinspired About Contact
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Why be active?

contact details for enquiries

As life changes, women need fo build activity info their daily routine to
maintain good health, both for now and for the future.

A Active

Women
OVER 50

How to be active ~ Beinspired  About

Be inspired

Here are some stories from real women and their experiences with physical activity - why they
do it and what keeps them going
Look for ideas to inspire you to be more active

ANNIE'S STORY

Does yoga, plays golf, walks and swims.

It's no longer about being able to run a marathon’

Fig. 2 Intervention screenshot examples—main subpages. Note: main subpages of the website intervention include (a) Why be Active, capability
and motivation; (b) How to be Active, opportunities and skills; (c) Be inspired, coping role models; (d) information about the programme; and (e)

Contact

physiotherapist with additional training in motivational
interviewing and behavioural intervention techniques, and
experience in delivering telephone-based health coaching
in the context of research studies.

Participants will receive either 8 email messages or 24
SMS messages depending on their preference. The mes-
sages will be similar in content and aim to support

physical activity using behaviour change techniques, in-
formed by the COM-B system model of behaviour [13]
and SDT [12]. Behaviour change techniques will include
providing practical tips, addressing barriers, providing mo-
tivation by social modelling and reminders of the benefits
of physical activity, assisting with action planning,
problem-solving and time management. These messages
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will also contain a link back to the Active Women over 50
website.

Control group

Participants randomised to the control group will be
waitlisted to receive access to the Active Women over
50 full programme after the 3-month follow-up data
collection period.

Outcomes

Primary outcomes

The primary outcome will be participant acceptability of
the intervention and study methods. A global measure
will assess whether participants would recommend par-
ticipation in the study to someone else like themselves.
Participants will be asked to select “yes” or “no/unsure”
to the question “Would you recommend the Active
Women over 50 study to another person such as your-
self?” at 3 months post-randomisation.

Secondary outcomes
Secondary outcomes will measure the feasibility of the
study methods and intervention and the impact of the
intervention. Feasibility will be evaluated with process in-
dicators at 3 months post-randomisation using study re-
cords to measure the 1) rates of recruitment assessed by
the proportion of people screened who met the inclusion
criteria and proportion of eligible people who agreed to
participate in the study; 2) representation of sociodemo-
graphic characteristics of participants screened and con-
senting to participate in the study; 3) retention of
participants assessed by the number of participants who
withdraw consent or participation; 4) mode by which
people heard about the study; 5) completeness of outcome
data assessed by accelerometer and survey questionnaire
outcome data; 6) uptake of telephone health coaching
consultation with the research physiotherapist, assessed by
the proportion of intervention participants who make an
appointment with the research physiotherapist health
coach; 7) uptake of the Active Women over 50 website re-
source, assessed by the proportion of intervention partici-
pants who used the website, the website content that was
accessed and the intensity of website usage, measured by
Google Analytics; and 8) engagement with the email mes-
sages, assessed by the proportion of intervention partici-
pants who open the automated email messages sent by
secure email marketing website Vision6 [40]. Records will
be kept when different aspects of the intervention are of-
fered, delivered and received by each participant.
Intervention impact will be measured via a question-
naire and Actigraph GT3X+ accelerometer, as detailed
below, at 3 months post-randomisation assessing 1) the
average number of steps taken per day (accelerometer
measured), 2) the proportion of participants taking part in
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at least 150 min of moderate-intensity physical activity per
week or at least 75 min of vigorous-intensity physical ac-
tivity per week (as recommended by the Australian Phys-
ical Activity Guidelines) [5] (accelerometer measured), 3)
exercise perceptions as measured by the Exercise Benefits
and Barriers Scale [41], 4) mood as measured with the
positive and negative subscales of the Positive and Nega-
tive Affect Schedule [42], 5) self-reported physical activity
as measured by the International Physical Activity Ques-
tionnaire [43], 6) physical functioning as measured by the
function component of the Late Life Function and Dis-
ability Instrument [44], and 7) health-related quality of life
as measured by the EQ-5D-5 L survey [45].

Data collection procedure

Both  the  questionnaire-based  measures  and
accelerometer-measured physical activity will be com-
pleted at baseline and repeated at 3 months post-
randomisation. Data will be assessed or extracted by a
research assistant blinded to group allocation. Question-
naires will take approximately 30 min to complete and
will be accessed via an online survey link (REDCap [36])
or sent in hardcopy by post, as preferred by the
participant.

The intervention group will complete an additional
questionnaire at 3 months post-randomisation to assess
their impressions of the intervention, perceived benefits
and barriers, adverse events, usage of goal setting and
their physical activity plans following the intervention.
The questionnaire will ask both open- and closed-ended
questions, for example “Did you set yourself a physical
activity-based goal during the study?” and “What, if any-
thing, helped you to achieve your goals?” An email or
phone call will be sent to any participants with incom-
plete outcome measures to improve data completeness
and participant retention.

Objectively measured physical activity

Actigraph GT3X+ is able to accurately estimate how
physically active a person is throughout the day by
measuring 3D body accelerations and is a valid instru-
ment that has been extensively researched in the phys-
ical activity and public health field [46]. Participants will
wear the Actigraph (GT3X+) for 7 consecutive days dur-
ing waking hours (except during water-based activities
or bathing). The accelerometer will be posted to partici-
pants with instructions for usage, along with an activity
calendar to complete over the 7-day period and a pre-
paid envelope for returning the device to the research
team. Activity counts will be collected at a sampling fre-
quency of 30 Hz and reintegrated to 60-s epochs for data
analysis. Accelerometer data will be manually checked
against participant activity calendars to verify wear time,
and erroneous data will be excluded prior to analysis.
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Data management

To ensure participant confidentiality, the final dataset
will contain re-identifiable information only. All study
data will be entered onto a password-protected database
and maintained on a firewall-protected local network
server at The University of Sydney. Paper files will be
stored in a locked filing cabinet in the Chief Investiga-
tor’s office. The database and paper files will only be
accessed by study staff. All publications associated with
the results of the study will involve de-identified data, so
participant confidentiality will be maintained.

Analysis of outcomes

Feasibility outcomes will be analysed descriptively to
guide the design of a larger trial. Accelerometer data will
be analysed using ActiLife 6 software with time spent in
different activity intensity levels calculated using the
Troiano 2008 cut-points [47]. Acceptable wear time will
be defined as at least 4 days with 10 h or more per day
of valid wear time. Periods of 90 min or more of con-
secutive zeros (indicating non-use) will be considered as
non-wear time.

Odds ratios will be calculated to assess the acceptabil-
ity and feasibility of the study on the dichotomously
scored primary outcome (the likelihood a participant
would recommend participation in the study to someone
else such as themselves) to assess the effect of group al-
location on the dichotomously scored secondary out-
come (proportion of people achieving physical activity in
accordance with national guidelines) [5], adjusting for
baseline scores. The study methods will be considered
feasible if at least 80% of all participants complete
follow-up measurements, or 80% of intervention partici-
pants access the intervention website or participate in
the telephone health coaching session. Intervention ver-
sus control group differences in secondary outcomes,
analysed with general linear models adjusting for base-
line scores, will estimate effect sizes for sample size cal-
culations for a larger trial and will provide an indication
of likely intervention effect. This will be the progression
criteria for proceeding to a fully powered randomised
controlled trial.

A p value of <0.05 will be considered statistically sig-
nificant. Analyses will be pre-planned, conducted while
masked to group allocation and will use an intention-to-
treat approach. Analyses will be conducted using the
Stata 14 software package.

Sample size justification

There will be 60 community-dwelling females aged 50
years and over recruited for the pilot trial [48], allocated
in equal numbers to the intervention and control
groups. This sample size will provide feasibility data and
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estimates for sample size calculations for planning a fu-
ture fully powered trial [49].

Ethics and dissemination

The trial protocol has been approved by the Human Re-
search Ethics Committee at The University of Sydney,
Australia (approval number 2019/075). The trial was
prospectively registered (ACTRN12619000490178, 26
March 2019). Results will be disseminated via peer-
reviewed journal articles and international conferences,
and a lay summary will be made available to all partici-
pants at the completion of the study.

Discussion

Active ageing is at the core of this highly innovative pro-
ject that targets women aged 50 years and older. To our
knowledge, there currently exists no other programme
that specifically targets physical activity information, re-
sources and support in a way that is relevant to the
needs of women aged 50 years and over who are insuffi-
ciently physically active.

This innovative programme takes a tailored and sup-
ported approach to the provision of physical activity in-
formation and follow-up support through health
coaching and email or SMS messaging and has the po-
tential to substantially increase physical activity partici-
pation in women people aged 50 years and over. End
user input has been used to design the website to pro-
vide relevance and familiarity to the target audience in
the delivery of information, resources, inspirational stor-
ies and suggestions. Participants are regularly referred to
the website via email or SMS messaging and provided
with health coaching to further tailor and support their
uptake of regular physical activity.

The Active Women over 50 programme also allows for
the targeting of key messages to a broad range of women
aged 50 years and over from different geographical areas
and sociodemographic backgrounds. If found to be feas-
ible and acceptable in this pilot RCT and effective in a
future planned, rigorously conducted RCT, the Active
Women over 50 programme has the potential to be easily
scalable and implemented widely to significantly impact
the lives of many people.
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Preamble to Chapter 7

This chapter describes the results of the prospectively registered pilot randomised
waitlist-controlled trial protocol described in Chapter 6. This trial tested the acceptability
and feasibility of a remotely delivered behaviour change physical activity support program

among community-dwelling women aged 50 years and over across NSW, Australia.
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Acceptability and feasibility of an online physical activity
program for women over 50: a pilot trial

Geraldine Wallbank,"** Catherine Sherrington,*” Leanne Hassett,"*> Dominika Kwasnicka,**
Josephine Y. Chau,®"® Philayrath Phongsavan,””® Anne Grunseit,”"® Fiona Martin,” Colleen G. Canning,

Marian Baird," Roberta Shepherd,” Anne Tiedemann*?

Abstract

Regular physical activity benefits health across the

lifespan. Women in middle-age often juggle carer and work
responsibilities, are often inactive, and may benefit from
tailored support to increase physical activity. Establish the
acceptability, feasibility, and impact on physical activity of a
scalable program for women 50+ years.

This pilot trial randomized participants to immediate program
access, or to a wait-list control. Active Women over 50 Online
program included: (1) study-specific website, (2) 8 emails or
24 SMS motivation-based messages, (3) one telephone health-
coaching session. Outcomes, at 3 months, were acceptability
(recommend study participation, intervention uptake),
feasibility (recruitment, reach, completion), intervention impact
(physical activity), intervention impressions. At baseline,

62 participants of mean (SD) age 59 (+7) years took 7459
(+2424) steps/day and most (92%) reported =2 medical
conditions. At 3 months, acceptability and impact data were
available for 52 (84%) and 57 (92%) participants, respectively.
Study participation was recommended by 83% of participants.
Participants mostly agreed to receive health coaching (81%)
and messages (87%: email = 56%, SMS = 44%), opened 82%
of emails and accessed the website 4.8 times on average.
Respondents reported the intervention supported their physical
activity. Intervention participants were more likely to increase
steps from baseline by 2000+/day (OR: 6.31,95% ClI: 1.22 to
32.70, p=.028) than controls, and trended toward more light-
intensity (p=.075) and moderate-vigorous intensity physical
activity (p=.11). The Active Women over 50 Online program
demonstrated acceptability and feasibility among the target
population, and effectiveness in some domains in the short
term. Results warrant further testing in a full-scale RCT.

Keywords

Physical Digital intervention, Health
coaching, Health promotion, Middle-age women

activity,

BACKGROUND

Regular physical activity benefits health at all ages
and people with varying health states. Functionally,
physical activity directly improves independent
living, reduces frailty and risk of fracture [1], and
delays disability by up to 15 years in older women
[2]. If commenced in the middle-age years (40—
65 years), physical activity can reduce the all-cause
risk for mortality irrespective of past physical activity
levels [3] or the intensity of physical activity [4]. The

Implications

Practice: An online, tailored physical activity pro-
gram using low-cost technology to ensure equity
of access is acceptable and feasible to deliver to
community-dwelling women aged 50 years and
over to support physical activity.

Policy: If the intervention is found to be ef-
fective in a definitive trial, current nationwide
disease prevention strategies implemented in the
middle age years could include the provision of
an online program using low-cost technology to
promote healthy aging through physical activity
participation.

Research: High acceptability and feasibility of
this intervention warrants further testing in a
fully powered trial, but further work is needed to
understand the motivators of those who are insuf-
ficiently physically active, culturally and linguis-
tically diverse populations, and those with fewer
resources to better reach and support them in the
uptake of this health behavior.

Lay summary

Regular physical activity benefits health at all ages. Women
in middle-age years often juggle carer and work responsibil-
ities. We investigated the acceptability, feasibility, and effect
of a scalable physical activity program targeting this group.
Participants were randomly assigned to immediate access to
the Active Wormen over 50 Online program or after a 3:month
wait. Active Women over 50 Online program included: (1)
study-specific website with information, case studies and
links to physical activity opportunities, (2) email or SMS
motivation-based messages, (3) telephone health-coaching
session. We recruited 62 participants, who were on average
aged 59 years, active, and had at least two medical conditions.
At the 3-month follow-up, 83% of participants would recom-
mend study participation. Participants who received the pro-
gram immediately agreed to receive health coaching (81%)
and messages (87%). They accessed an average of five web
sessions each in a 3-month period and reported the program
supported their physical activity. These participants were also
more likely to take an average of 2000+ daily steps more than
at baseline, and increased their physical activity at light, mod-
erate, and vigorous intensities more than those who had not
received the program. The high uptake, engagement, positive
recommendation, and promising impact on physical activity
warrants further program testing in a larger trial.
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World Health Organization (WHO) has set clear
guidance on the amount of regular physical activity
that is needed for health benefits across the lifespan
and for different health conditions, specifying the
duration, intensity, frequency, and different types of
physical activity required [5]. Yet, globally, one in
four adults do not meet these guidelines [6] and the
prevalence of physical inactivity is higher in women,
where one in three women globally do not meet the
guidelines for physical activity. This increases to
two in five women for the regions of Latin America
and the Caribbean, south Asia, and high-income
Western countries [6], and one in two aged over
80 years old [7].

There are unique challenges to being physic-
ally active for women in their middle-age years. In
Australia, women comprise 47% of the Australian
labor force [8] and compared to men, they juggle
employment with higher primary carer responsibil-
ities: 69% of carers aged 45—064 years are women [9].
Moreover, 62% of women in this age group live with
at least one chronic condition [10]. As a result, there
are fewer opportunities for women in this age group
to be physically active, particularly for those in re-
gional and remote areas [11]. The competing de-
mands and specific barriers to exercise that women
experience in middle age years necessitate targeted
support to ensure that they adopt and maintaining
physical activity for healthy aging.

Health promotion interventions that aim to
change lifestyle behaviors, which are delivered by
digital technologies offer an efficient, effective, and
scalable solution for preventing noncommunicable
diseases [12] and addressing physical inactivity.
A remote health intervention informed by theories
of behavior change could provide the basis for ad-
dressing behavioral factors through the design of
such interventions. Appropriate behavior change
techniques [13] such as goal setting and planning,
feedback and monitoring, social support, shaping
knowledge, and comparison of behavior can there-
fore be integrated as active components of health
promotion interventions. The inclusion of health
coaching in digital behavioral interventions can
also address the lack of personalization inherent
in technology delivered programs. A health coach
can tailor behavior change techniques and improve
physical activity outcomes [14]. Health professionals
acting as health coaches can improve adherence
and health outcomes potentially through building a
strong therapeutic alliance with their clients [15,16].

A simple intervention that uses low-cost tech-
nology to allow equity of access [17], is scalable for
reach, and offers flexibility for women who manage
many responsibilities, may be an effective way to
support community-dwelling but physically in-
active women aged over 50 years to increase their
physical activity. To the best of our knowledge,
there are no interventions that specifically target
community-dwelling women aged 50 years and over

across socio-geographic boundaries, that combine
remotely delivered, digital technology with tailored
health coaching to support physical activity. The aim
of this pilot study was therefore to establish the ac-
ceptability, feasibility, and likely impact of the Active
Women over 50 Online program, an innovative digital
3-month behavior change program to promote phys-
ical activity among women aged 50 years and over.

METHODS

The trial was designed according to the
CONsolidated Standards Of Reporting Trials state-
ment (CONSORT) for a pilot and feasibility trial
[18] with reference to the Template for Intervention
Description and Replication (TIDieR) checklist [19].
Figure 1 shows the CONSORT flow diagram. The
TIDieR checklist and trial protocol have been previ-
ously described [20] and are reported here in brief.

Participants

We recruited participants between May and
August 2019 in Sydney, Australia via advertising
in newsletters and websites of community organ-
izations, the University, local health districts, the
study recruitment website, word of mouth, and
social media. People registered their interest by
completing an online screen, and those eligible
were contacted by research staff to obtain in-
formed written consent. Eligibility criteria were fe-
male, aged 50 years or over, and living in NSW,
Australia. Exclusion criteria were: limited English
language skills, no access to an internet-connected
device, a health condition that precluded par-
ticipation in regular physical activity, or already
meeting the lower limit of the WHO guidelines for
moderate to vigorous physical activity of 150 min
per week [5]. Physical activity was assessed by
two screening questions that considered physical
activity in 30-minute bouts, one question asking
about moderate-intensity physical activity and the
other about vigorous-intensity physical activity. For
example: “How many times a week do you usually
do 30 min or more of moderate-intensity physical
activity, or walking that increases your heart rate,
or makes you breathe harder than normal? (eg,
carrying light loads, bicycling at a regular pace)”.
Participants were eligible if total weekly physical
activity was less than the lower limit of the WHO
guidelines for moderate to vigorous physical ac-
tivity of 150 min per week.

Trial design
We conducted a pilot randomized wait-list controlled
trial with follow-up three months postrandomization.
Consenting participants were individually random-
ized at a 1:1 allocation ratio to the intervention or
control group after completing baseline measure-
ments. The recruiting investigator (GW) carried
out the randomization using web-based random-
ization to achieve concealed allocation with a
TBM

220z Arenugad 0z uo 1senb Aq 0v12059/522/2/2 /2191 E/WA)/W00"dno"oiLepes.//:Sdny Woly papeojumod



ORIGINAL RESEARCH

TBM

{ Screened

Assessed for eligibility (n=162)

Not eligible (n=61)

v

v

Eligible (n=101)

[ Enrolment

v

\4

Lost contact after

Provided written
consent (n=66)

screening (n=35)

!

Baseline assessment:

device- measured physical activity, online
guestionnaire (n=66)

Baseline

assessment

\ 4

v

incomplete (n=4)

Randomised (n=62)

v

Intervention (n=31)

website, 8 email or 24 SMS
messages, and 1 telephone health
coaching session

l

Lost to follow-up (n=3)

l

3-month re-assessment:

device- measured physical activity,
online questionnaire

(n=28)

!

Post-intervention survey

(n=25)

Allocation
Access to Active Women over 50 Online

Follow-Up

v

Control (n=31)

Lost to follow-up (n=2)

l

3-month re-assessment:

device- measured physical activity,
online questionnaire

(n=29)

Fig. 1 | CONSORT diagram of participant flow.

computer-generated randomization schedule em-
bedded in a secure online database (REDCap) [21].
The schedule was prepared by an investigator not
involved in recruitment (LH) using randomly per-
muted block sizes of two to six and stratification
by metropolitan or regional NSW residential post-
code as defined by the Australian Government
Department of Home Affairs.

Intervention
The Active Women over 50 Online program was devel-
oped following our previous trial testing an infor-
mation and support intervention amongst female
university and health service employees aged 50
and over [22]. The intervention was designed with
efficiency, use of low-cost resources, and scalability
as guiding principles. Intervention components,
page 227 of 236
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including behavior change techniques, were in-
formed and underpinned by the Self-Determination
Theory [23], COM-B model and Behaviour Change
Wheel [24] with user input from a convenience
sample from the target population [20]. The inter-
vention period was 3 months.

The Active Women over 50 Online website contained
program content on three main pages: “Why be ac-
tive?”, “How to be active”, and “Be inspired”. The
“Why be active?” page included evidence-based
information about the effect of physical activity in
middle-age to maintain health, longevity, and pre-
vent disability in older age. The “How to be active”
page included practical suggestions for becoming
more active using behavior change techniques such
as SMART goal setting, self-assessment of barriers
to physical activity and solution-generation and in-
cluded links to resources supporting habit formation
and behavior change, and information for different
health conditions and services. The “Be inspired”
page included role modeling content to inspire par-
ticipant motivation to be physically active through
video case studies of “real life” women over 50, ex-
ternal podcasts, blog posts, and the opportunity to
share their own ideas and inspirational stories via
the website. This was a relatively static information
website, publicly available but not easily search-
able as the URL did not contain terms related to
the study name. Participants accessed the website at
their own discretion.

Over the 3-month period, participants received
either eight unidirectional email messages or 24
SMS messages, as preferred, which delivered similar
content informed by behavior change theories. The
messages aimed to build capability, opportunity,
and motivation to support physical activity using be-
havior change techniques. They included reminders
of the benefits of physical activity, social modeling,
ways to address barriers to activity, and help with
action planning. Secure marketing websites were
used to send the email messages (Vision6 [25]) and
SMS messages (BurstSMS [26]). Intervention partici-
pants received a one-off telephone health coaching
session within 2 weeks of randomization, delivered
by a tertiary-qualified physiotherapist trained in mo-
tivational interviewing with experience delivering
telephone-based health coaching [27]. The health
coach used behavior change elements of health
coaching, tailored to individuals to facilitate phys-
ical activity behavior change, including motiv-
ational interviewing and behavioral intervention
techniques, and had completed courses through
Wellness Coaching Australia [28], Health Change
Australia [29] and Medicoach [30]. At least two at-
tempts were made to contact participants who did
not reply to the invitation to receive the intervention.

At randomization, intervention participants were
given access to the Active Women over 50 Online web-
site and asked to select their preference for receiving
the Active Women over 50 Online motivational messages

(SMS or email), and to nominate available times for
a telephone health coaching session. No incentives
were offered or provided to participants.

Control participants were waitlisted to receive the
Active Women over 50 Online program after completing
all follow-up measures.

Study measures

Study measures assessed the acceptability, feasi-
bility, and likely impact of the Active Women over 50
Online program.

Primary outcome

The primary outcome was a global measure of
participant acceptability of the study, assessed by
whether participants would recommend study
participation to another person. At 3 months
postrandomization, participants were asked to select
“yes” or “no/unsure” to the survey question “Would
you recommend the Active Women over 50 Online study
to another person such as yourself?”.

Secondary outcomes

Secondary outcomes measured process evaluation
indicators namely, feasibility of implementation,
uptake of the intervention—a proxy measure of ac-
ceptability, and impact of the intervention. During
the recruitment period, study records were used
to measure the: (1) rate of recruitment, assessed
by proportion of eligible people who consented to
participation; (2) reach, assessed by the representa-
tion of sociodemographic characteristics of people
screened and who consented, and (3) the mode by
which people heard about the study. At 3-month
follow-up, study records were used to measure the:
(4) retention of participants, assessed by number
of participants who withdrew consent or participa-
tion; (5) completeness of accelerometer and survey
questionnaire outcome data; (6) uptake of telephone
health coaching consultation, assessed by proportion
of intervention participants making an appointment
with the research health coach; (7) uptake of the
Active Women over 50 Online website resource, assessed
by number of website entries, content accessed, and
time spent on the website in the first 3 months of
the study, measured by Google Analytics; and (8)
engagement with the email messages, assessed by
proportion of email messages opened.

Intervention impact was measured at baseline
and 3 months postrandomization, assessing the:
(1) average number of daily steps, measured by
ActiGraph GT3X+ accelerometer [31]; (2) proportion
of participants at least meeting the lower limits of the
WHO physical activity guidelines, 150 min/week of
moderate-intensity physical activity or 75 min/week
of vigorous-intensity physical activity or an equiva-
lent combination of both [5], measured by ActiGraph
GT3X+ accelerometer; (3) exercise perceptions,
measured by the Exercise Benefits and Barriers Scale
(EBBS) [32]; (4) mood, measured with the positive
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and negative subscales of the Positive and Negative
Affect Schedule (PANAS) [33]; (5) self-reported phys-
ical activity, measured by the International Physical
Activity Questionnaire (IPAQ) [34]; (6) physical func-
tion, measured by the function component of the
Late Life Function and Disability Instrument (LLFDI)
[35]; and (7) health-related quality of life, measured
by the EuroQuol EQ-5D-5L survey [36].

At follow-up intervention participants completed
an additional survey asking open- and closed-ended
questions to evaluate their impressions of the inter-
vention, perceived barriers, adverse events, usage of
goal setting, and physical activity plans. Participants’
responses were summarized. There was no further
follow-up for the control group after completing the
3-month follow-up measures.

Retention

Emails, phone calls, and letters were sent to partici-
pants with incomplete outcome measures to maxi-
mize data completion and retention.

Data collection and management

Data were collected via study records for recruitment
(screening for eligibility, consent, randomization)
and when intervention components were offered,
delivered, and received; via Google Analytics for the
website usage; and via Vision6 [25] for email message
activity. Intervention impact data were collected via
questionnaire and ActiGraph GT3X+ accelerometer
[31]. All questionnaires were accessed by an online
survey link via REDCap [21] or sent to the partici-
pant in hardcopy by post if preferred. Data were as-
sessed or extracted by a research assistant blinded
to group allocation. The accelerometer was posted
to participants with instructions for usage and an ac-
tivity log to complete over the 7-day wear period.
Participants wore the accelerometer on their right
hip for seven consecutive days during waking hours,
except during water-based activities or bathing.
Activity counts were collected at a sampling fre-
quency of 30 Hz and reintegrated in 60-s epochs for
data analysis [37,38]. A research assistant blinded
to group allocation manually checked data against
participant activity calendars to verify wear time and
erroneous data were excluded prior to analysis. All
study data were entered onto a password-protected
database and maintained on firewall-protected
local network server at the University, accessible
only by study staff. The final dataset contained
de-identifiable information to ensure participant
confidentiality.

Data analysis

Odds ratios were calculated to assess the accept-
ability of study participation on the dichotomously
scored primary outcome, and the effect of group
allocation on dichotomously scored secondary
outcomes using baseline scores as the covariate.
Feasibility outcomes were analyzed descriptively.

Criteria for study feasibility was set at 80% a priori
for the completion of follow-up measurements.
Criteria for study acceptability was set at 80% a
priori for the following acceptability outcomes: par-
ticipants recommending study participation, par-
ticipants electing to receive either SMS or email
messages, participants making an appintment with
the health coach. Accelerometer data were ana-
lyzed using ActiLife 6 software and Troiano 2008
cut-points for time spent in different activity inten-
sity levels [38]. Acceptable wear time was defined as
24 days with 210 hr/day of valid wear time. Periods
of 260 min of consecutive zeros indicating non-use
were considered nonwear time [38]. General linear
models using baseline scores as the covariate esti-
mated effect sizes for group differences for continu-
ously scored secondary outcomes to provide an
indication of likely intervention impact and the pro-
gression criteria for proceeding to a fully powered
randomized controlled trial. A p value of <.05 was
considered statistically significant. Analyses were
pre-planned, conducted while masked to group al-
location and used an intention-to-treat approach.
Analyses were conducted using Stata 74 software.
A sample size of 60 participants was recruited [39]
to provide feasibility and acceptability data and es-
timates for sample size calculations for a future fully
powered trial [40].

RESULTS

Sixty-two participants took part in the study
with an average age of 59 years old (SD 7, range
50-77 years). There were 31 participants in each
group. Sociodemographic and baseline characteris-
tics were similar for both intervention and control
groups (Table 1).

Acceptability

Global measure of acceptability

Overall, participation in the study was accept-
able regardless of whether the intervention was re-
ceived immediately or after 3 months. Of the 52
respondents, 43 (83%) participants (intervention:
22/25; control: 21/27) indicated they would recom-
mend participation to another person at 3 months

postrandomization with no between-group differ-
ences detected (” [1] = 2.95, p = .229).

Intervention acceptability
There was a median 3(IQR = 5.5) days [rom the
date of randomization to Intervention participants
responding by email with their preferred choice of
intervention delivery.

Active Women over 50 Online Website usage

Website usage was recorded for a 3-month period,
from when the first participant was random-
ized to when the first waitlist control participant
gained access to the intervention, to prevent
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Table 1 | Participant characteristics at baseline presented as n (%) (N= 62)

Baseline Characteristics Control, n=31 Intervention, n=31
Age in years, mean(SD) 58.5 (6.9) 60.0 (7.4)
Living in metropolitan areas 26 (84) 26 (84)
Language other than English spoken at home 3(10) 5(16)

2 or more medical conditions 26 (84) 31 (100)
Carer responsibilities 19 (61) 24 (77)
Currently working® 24 (77) 23 (74)
Working® hours/week, mean(SD) 30(12.7) 30(12.8)
Participated in structured PA” when younger® 19 (61) 25(81)
Accelerometer: number of steps/day 7658 (2531.1) 7261 (2337.2)
Accelerometer: MVPA mins/week, mean(SD) 219(133.8) 210(138.0)
Accelerometer: LPA hours/week 33(8.7) 31(7.1)
Accelerometer: sedentary hours/week, mean(SD) 56 (9.2) 56 (9.9)

Note: recruitment period 14.5 weeks
*Working = paid or unpaid work.

"Structured PA = structured physical activity; community-based exercise, sport or physical recreation program including but not limited to fitness or community centre exer-
cise programs, dance, tai chi, aqua aerobics, soccer, bush walking, school sport/PE, wheelchair basketball etc. These activities are done with other people (participants or

instructors).
‘younger = prior to current age.

MVPA, moderate to vigorous intensity physical activity; LPA, light-intensity physical activity.

cross-contamination of results. During this period,
28 intervention participants used 86 different
internet-connected devices (41% desktop com-
puter, 33% mobile smartphone, and 26% tablet
device) to access the website over 135 sessions
(Table 2) Participants accessing the website en-
gaged in, on average, 4.8 sessions each, and
during every session they spent 6 min viewing an
average of 5 webpages. Interaction with the web-
site was reasonably high. On an average, 80% of
visits to the website continued with further web-
site interaction. This was measured by a 20%
“bounce rate”, where 20% of visitors arrived at the
website and left without interacting with the con-
tent. The most viewed webpages were the home
page, “How to be active”, and “Getting started”
pages, and visitors tended to exit the website via
webpages providing information for action plan-
ning or finding an activity or strategy to keep ac-
tive (Table 2).

Active Women over 50 Online motivational messages
Twenty-seven intervention participants (87%)
chose to receive motivational messages. A slightly
higher proportion chose email messages rather
than SMS (15/27, 56%; SMS: 12/27, 44%) including
one participant who unsubscribed after the fourth
email. Participants opened 79% (95/120) of email
messages sent and clicked on 31% of the embedded
links that directed them to the Active Women over 50
Online website.

Telephone health coaching

Twenty-six intervention participants (84%) accepted
the offer to receive the health coaching session.
Four participants were either unavailable for their
session or did not reply to make an alternate time.

Twenty-two participants (71%) received a session
lasting a median of 41 (IQR15) min.

Postintervention follow-up survey

Twenty-five (81%) intervention participants provided
feedback on adverse events, their physical activity,
and impressions of the intervention via a survey with
open and closed questions. Adverse events resulting
from being more physically active were reported
by five participants: one serious (broken wrist),
five musculoskeletal injuries (flare up of chronic
hip bursitis, forearm muscle and hamstring injury,
sacroiliitis, plantar fasciitis) and one migraine. Four
participants required medical attention.

General comments

Overall, participants were positive about the inter-
vention and being physically active, commenting
that the intervention increased their awareness
and encouraged them to be physically active, and
could benefit other women in their age group. Yet,
the intervention did not suit all participants, for ex-
ample one participant wanted subsidized personal
trainer services, and another was seeking a program
offering social interaction.

Physical activity levels and strategies used
Eleven (44%) participants rated their physical activity
higher, 9 (36%) the same, and 5 (20%) lower following
the intervention. These responses are consistent
with follow-up accelerometer measures for the pro-
portion who met or exceeded their baseline number
of daily steps (16/28, 57%), time spent in moderate-
vigorous intensity physical activity (14/28, 50%),
and time spent in lightintensity physical activity
(17/28, 61%). Participants used a range of physical
activity strategies. Almost all participants accessed
TBM
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Table 2 | Active Women over 50 Online website usage and pages viewed over 3-month period by intervention group (n = 28)°

Website Usage Total New Users Returning Users
Participants, n 28 - -
Users, n 86 86 25
Users per participant, n 3.07 - -
Sessions, n 135 86 (63.7%) 49 (36.3%)
Sessions per user, 1.57 1 1.96
Average session duration (min:s)" 5:54 5:56 5:51
Bounce rate, % 20.0% 19.77% 20.41%
Pages viewed, n 669 445 224
Pages viewed per session, n 496 5.17 457
Pages Viewed Page Views Average Page Time (min)" Bounce Rate % Exit
Home page" 148 1:16 8% 9%
How to be active 99 1:28 10% 23%
Be inspired* 74 1:40 0% 4%
Why be active? © 76 3:34 0% 27%
Getting started’ 81 2:34 11% 21%
Find an activity or sport’ 54 12:54 54% 34%
Tools to keep going” 45 3:12 67% 41%
Mobile apps® 34 3:45 50% 21%
Tips and hints for getting started" 27 2:58 7% 7%
Notes:

* Website activity for first 3 months of study period before first waitlist control participant gained access to the intervention, recorded by Google Analytics.
" average values calculated by Google Analytics. Individual session information unavailable.

© Main webpage.
“ Subpage under a main webpage, or link within subpage.

User = a desktop, mobile, or tablet device used to visit the website; New users = first-time the desktop, mobile, tablet device was used to visit the website; Returning users = a
previously used device visiting the website; Session = period time a user is actively engaged with the website; Bounce rate = percentage of visitors who enter then leave the
page without interacting with the page. Higher percentage indicates higher number of visitors leaving the page without interaction. Entry to the page could be through an
embedded link in email/SMS messages or a bookmarked page. % Exit = percentage of users exiting from the website after viewing the page

structured physical activity options through local fit-
ness centers and programs (96%), followed by using
the Active Women over 50 Online website (80%), goal
setting (80%), exercising with others (72%), receiving
the Active Women over 50 Online motivational SMS or
email messages (64%), and using an activity tracker
(48%). Of those who set physical activity goals, 14
(70%) indicated these were achieved with the assist-
ance of an activity tracker or the telephone health
coaching session or due to a sense of accountability
to the research team. The most common barriers to
achieving physical activity goals were lack of time
(n = 10 participants, 40%), sickness or injury (n = 6,
24%), lack of energy (n = 5, 20%), lack of willpower
(n = 5, 20%), fear of injury (n = 2, 8%), and lack of
resources (n = 2, 8%).

Impressions of intervention components

(a) Website: Most participants indicated the website
was easy to access and navigate and commented that
it was a useful resource (n = 23, 92%); (b) Zelephone
health coaching: Almost all participants indicated the
telephone health coaching session supported their
PA (n = 22, 88%) and noted the initial discussion was
an encouragement, a prompt, and a good point of
contact with the research team; (c) Messages: Almost
two-thirds of participants indicated they used the
messages to support their physical activity (n = 16,

64%), and while some said the SMS messages
prompted them to get active, for one participant the
inconvenient timing of the SMS coming when ac-
tivity was not possible, was not helpful. The lack of
personalization of the intervention was mentioned
as another shortfall. Some participants had wanted
personalized feedback, individual barrier analysis,
and human interaction to support their physical
activity.

Physical activity plans

All but one respondent reported they had plans
to continue being physically active over the next
6 months. Of the 19 respondents who provided de-
tails of their plans, nine planned to continue with
their current physical activity arrangements, six
planned to schedule more individual physical ac-
tivity into their time, and four planned to start a
structured physical activity.

Feasibility

Recruitment and retention

Participant flow through the study is shown in Fig.
1. One-hundred and sixty-two women contacted
the research team to participate, hearing about
the study via advertisements seen on email (48%),
word of mouth (21%), social media (20%), advertise-

ments at workplace or health facility (11%). Potential
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participants were screened for eligibility including
27 (17%) who lived in regional NSW. Of 101 eli-
gible, 66 consented to participate, 62 (61%) com-
pleted all baseline measures and were randomized.
Nine (15%) participants lived in regional NSW, and
10 (16%) spoke a language in addition to English at
home. Reasons for ineligibility were already physic-
ally active (n = 56, 92%), living outside NSW (n = 4,
7%), or under 50 years old (n = I, 2%). Retention
was 96%: 3(4%) participants did not complete either
the survey or device follow-up measurements. No
participants withdrew their consent during the study
period.

Completion of outcome data

At 3 months postrandomization, primary outcome
measures were collected from 52 of 62 participants
(85%, control = 27, intervention = 25), accelerometer
outcomes from 57 participants (92%, control = 29,
intervention = 28), survey outcomes from 56 parti-
cipants (90%, control = 29, intervention = 27), and
intervention feedback from 25/31 intervention par-
ticipants (81%). Reasons for incomplete data were
family matters (n = 1) and no reasons given [or other
incomplete data.

Intervention delivery

Intervention participants received access to the
website at randomization, messages on the date
they replied to the intervention offer email, and
health coaching session a median of 6(IQR = 6.0)
days after replying to the intervention offer. All
telephone health coaching sessions primarily used
motivational interviewing techniques and discus-
sion of motivators for physical activity. Other health
coaching approaches used during the session in-
cluded a discussion of barriers to physical activity,
goal setting/evaluation, falls prevention/education,
experiential learning, modifications to program and
building social supports. The health coach made on
average 16 physical activity program recommenda-
tions and set an average 3.8(SD1.6) physical activity
goals with each participant.

Impact of Active Women over 50 Online program
Device- and survey-measured outcomes are shown
in Table 3. At baseline, participants took an average
7459(SD 2424) daily steps, spent 214(SD 135) min/
week in moderate-vigorous intensity physical ac-
tivity, and 32(SD 8) hr/week in light-intensity phys-
ical activity. Selfreported total physical activity
(IPAQ) was on average 570(SD 688) min/week,
and participants had high baseline physical function
(LLFDI), perceptions of exercise benefits/barriers
(EBBS), positive mood (PANAS), and quality of life
(EQ5DSL) (Table 3).

At 3 months postrandomization, device-measured
physical activity showed a significant between-group
difference in the proportion of participants taking

2000 or more daily steps than at baseline that fa-
vored the intervention group (OR: 6.31 95%CI:
1.22 to 32.70, p = .028, Table 3). There was also a
tendency for the intervention group to spend more
time in light-intensity physical activity (p = .075) and
be more likely to increase moderate-vigorous inten-
sity physical activity by at least 120 min/week com-
pared to controls (p = .11). There were no significant
between-group differences for the secondary out-
come measures (Table 3).

DISCUSSION

This three-month online physical activity informa-
tion and support program using low-cost technology
was acceptable and feasible among community-
dwelling women aged 50 years and over and showed
some promising results for the impact on physical ac-
tivity. The criterion for acceptability was exceeded
for study participation, irrespective of whether the
intervention was offered immediately or with a
3-month delay supports testing of the intervention
in a fully powered trial. Acceptability criteria for
the uptake of motivational messages and telephone
health coaching were exceeded for intervention par-
ticipants (>80%). The intervention group’s high up-
take of the intervention, level of engagement with
the website, messages, and positive feedback about
the telephone health coaching session supports fur-
ther intervention testing. Control participants were
given access to the intervention after all follow-up
measures were completed.

This study demonstrated feasibility across three
dimensions: the implementation process, interven-
tion delivery, and outcome measurement complete-
ness. Criteria for feasibility exceeded 80% for the
completion of primary outcome measures, acceler-
ometer and survey outcomes, and the intervention
feedback survey. The recruitment and retention rate
of participants were high. All but three participants
(96%) completed at least one aspect of the final as-
sessment. There was a variation in the response
rates for different outcome variables, which was out
of the study’s control. We have noted the individual
sample sizes in Table 3.

A key finding from this pilot trial was that despite
intending to recruit a physically inactive sample,
baseline physical activity measurements revealed
participants were already active. This may reflect
an unintended consequence of the online screening
process which asked for bouts of physical activity and
not the time spent in physical activity. It likely meant
that participants underestimated their total physical
activity and appeared less active at screening than
reality.

This finding has implications for the method of
screening and recruitment to reach those who are
physically inactive in a fully powered trial. Other
brief physical activity assessment tools have similar
limitations using bouts of physical activity [41].

TBM
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A screening tool that contained more descriptive in-
formation about physical activity levels at work and
leisure such as the Stanford Brief Activity Survey
[42] could be a possible solution.

This study recruited via the research team’s es-
tablished channels which may have inadvertently
limited the “reach” to the intended target group.
The recruitment method reached women living re-
gionally, but they were only nominally represented
in this study (16%) compared to higher proportions
(25%) in the NSW population in 2011 [43]. In future
trials, we recommend recruitment through organiza-
tions that are not associated with university or health
services but have broad reach across the state. These
may include the “Country Women’s Association”,
female-specific organizations, community groups, or
parent groups connected with high schools. Future
work is also needed to better understand how to
reach women aged 50+ who are physically inactive,
who have fewer resources, and who are least aware
about the benefits of physical activity, to better in-
form the design of a behavior change intervention
that reaches and supports those most in need.

This study’s recruitment of an active sample does
reflect however, the desire of women who are al-
ready physically active, to become more active, and
who seek support from an online intervention to
enact this. The rationale to deliver an intervention
to already active people is the evidence that add-
itional health benefits can be gained with exceeding
the upper limits of the WHO physical activity re-
commendations [5], particularly one that uses min-
imal resources such as this.

Social strategies to support physical activity in
this cohort were highlighted through feedback from
intervention participants, many of whom chose to
be physically active by exercising with others. There
is evidence that interacting within a social network
provides benefits and support for physical activity
[44], so future interventions of this type for women
over 50 years need to consider social components in
their design. Further study is required to determine
how this can be applied to a remotely delivered
intervention and the type and mode of social inter-
action which would be acceptable and effective for
our target group [45].

Study-related adverse events included one serious
injury. While physical activity has a protective effect
against injurious falls [46], being more physically
active also exposes one to greater risk [47], and re-
quires individuals to balance the benefits with the
risks as was shown in the results. Adverse events
were not measured in the control group but should
be in a fully powered RCT.

The impact of the intervention was demonstrated
by increased daily steps of 2,000 or more from base-
line. This was an interesting finding as this magni-
tude of change has been reported to be sufficient
to produce a health benefit [48]. This measure may
also be a more sensitive, meaningful reflection of

the uptake of physical activity than measuring the
proportions of those who meet or exceed WHO
recommendations. The trend to increase light-
intensity physical activity in this study was also an
encouraging finding, and may reflect increased time
spent in other aspects of physical activity such as
balance or strengthening, or reflect the WHO rec-
ommendation for physical activity capacity building
“starting small and building up” [5]. At the other
end of the spectrum, the tendency for moderate-
vigorous intensity physical activity to increase by
2 hr or more than baseline was also seen.
Unsurprisingly, this pilot study did not detect an
intervention impact in other outcomes for physical
activity, function, attitudes, and perceptions, but it
was not powered to do so. However, the high base-
line physical activity of the sample is a consideration
for a fully powered trial. Interestingly, the follow-up
IPAQ survey-measured physical activity recorded con-
trol participants reporting more physical activity than
intervention participants. While selfreported phys-
ical activity tends to overestimate physical activity
compared to device-measured physical activity [49],
this finding may reflect a cohort of participants who
were motivated to increase their physical activity as
the upshot of enrolling in a physical activity interven-
tion study as has been reported in other studies [50].

Strengths

A strength of this study was the flexibility of the inter-
vention that allowed convenient access to each inter-
vention component, reflected in high acceptability
and feasibility, and has positive implications for
testing the intervention in a larger trial in this target
population. Another strength of this study was the
intervention was designed with efficiency, equity of
access, and scalability. If found effective in a larger
trial, only minimal low-cost resources would be re-
quired to implement this intervention at a population
level to support physical activity regardless of baseline
physical activity levels. At a time when face-to-face
delivery of health promotion strategies are restricted
due to the COVID-19 pandemic and when there is
a greater interest in physical activity [51] such a re-
motely delivered intervention is particularly relevant.
Moreover, the pilot testing of this online intervention
was completed before the COVID-19 pandemic, so
testing in a fully powered trial is timely.

Limitations
There were limitations to this study. First, while at-
tempting to exclude potential participants meeting the
lower end of the WHO physical activity guidelines,
baseline measurements recorded already active partici-
pants who were inadvertently included via the screen,
which may limit the generalizability of the findings.
This is a common problem in physical activity research
where people who are interested in an intervention are
those who are likely to be recruited to participate in re-
search, resulting in a physically active sample at baseline.
TBM
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Second, the 3-month study period is a relatively short
duration for follow-up and is unable to assess mainten-
ance of physical activity, so a larger trial should include a
longer follow-up period to assess this. Third, these results
are not transferrable to people excluded from the study
such as those without English or access to the internet.
Further work is needed to better understand how to
reach these groups. Another limitation of this study was
the omission of fidelity checks on the content of health
coaching. Finally, this study did not consider adherence
to the balance and strengthening recommendations in
the WHO physical activity guidelines. Measurement of
these is needed in future work to better understand the
impact of interventions on all aspects of physical activity.

CONCLUSION

This behavior change intervention supported
women over 50 who were active to be more active.
High acceptability and feasibility of the Active Women
over 50 Online program was demonstrated, and the
impact on increasing daily steps warrant further
testing in a larger trial. Further work is needed to
better understand the motivators for people who are
physically inactive to better reach and support them

for healthy aging.
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8.2. Overview

The overall aim of this thesis was to investigate strategies for improving physical activity
participation among mid-aged women for promoting health, wellbeing and independence

in older age. This thesis used research methodology to:

1. Examine the current evidence for remotely delivered interventions to support
choice-based physical activity (Chapter Two),

2. Design and evaluate the effect on physical activity of a ‘low dose’ physical activity
support intervention among employed women aged 50 years and over (Chapters
Three and Four),

3. Evaluate the perspectives of women aged 50 years and over in designing a physical
activity intervention (Chapter Five),

4. Design and evaluate the effect on physical activity participation of a remotely
delivered intervention to support choice-based physical activity among community-
dwelling women aged 50 years and over across New South Wales (NSW), Australia

(Chapters Six and Seven).

8.3. Principal findings

Given the scale of the problems of physical inactivity (1) and chronic disease (2, 3) in an
ageing population (4), it is essential that strategies for addressing these challenges are
delivered in a sustainable way (5, 6). Remotely delivered strategies offer simplicity and
efficiency, but the applicability to mid-aged women was unknown. A review of the
literature presented in Chapter Two investigated the features and effectiveness of
remotely delivered physical activity interventions for supporting choice-based physical
activity. The review found a moderate volume of fair to low quality evidence for

interventions of this type, and it highlighted the scarcity of evidence specifically targeting
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women in their mid-age years in this field. Of the identified studies, interventions typically
included multiple delivery platforms or strategies, with content provided either in a
scheduled format (e.g., email messages) or made available for participants to access ‘on-
demand’. On-demand strategies which included ‘real-time’ interaction (e.g. pedometer,
online groups) trended to improve physical activity. No other trends regarding intervention
content, study design, participant characteristics were identified. The review found a need
for more evidence about the impact of multi-strategy choice-based physical activity
interventions that specifically targeted community-dwelling women aged 50 years and over

and where low baseline physical activity was an eligibility criterion.

To address the problems of physical inactivity and chronic disease in an ageing population,
rigorously tested interventions are essential (7). Chapter Three presented the study
protocol for a prospectively registered randomised waitlist-controlled trial of a ‘low dose’
Active Women over 50 physical activity support intervention. The study documented the
methodology for testing the intervention and included the template for intervention
description and replication (TIDieR) checklist (8). The population was employed women
aged 50 years and over who were insufficiently physically inactive. The workplace setting
was chosen due to the high amount of time spent at work in sedentary time (9, 10), the
possible time trade-off between working and physical activity (11), the possible benefits
that being physically active may have on worker wellbeing (11, 12) and the need to

incorporate physical activity into multiple settings including the work environment (1).

The intervention was underpinned by behaviour change science and included a range of
discrete strategies which could be delivered using readily available resources with

minimal technology. The strategies were presented together as a package from which
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participants could select their preferred support strategies. The intervention included 1) an
information session held near the workplace; 2) a handbook of physical activity resources;
3) motivational video case study stories of women aged 50 years and over who had
overcome challenges to become physically active; 4) fortnightly motivational messages
delivered by email over 3 months; 5) an online ‘Yammer’ participant discussion group for
sharing physical activity information and inspiration, 6) loan of a Fitbit activity tracker to
monitor daily step count. The comparator was a waitlist control group who received the
intervention after 3 months. Primary outcome was proportion of women achieving >10,000
daily steps, device-measured at 3-month follow-up. Secondary outcomes were the
proportion of people achieving national guideline-recommended physical activity levels,
self-reported hours of weekly physical activity, perceived benefits of and barriers to
exercise participation, physical functioning, and mood. The intervention group gave

program feedback at follow-up.

The results of this ‘proof-of-concept’ randomised wait list-controlled trial testing the effect
of the low-dose Active Women over 50 physical activity support intervention on physical
activity participation were presented in Chapter Four. One hundred and twenty-six
physically inactive employed women in Sydney, Australia participated in the trial. The

PEDro Score assessing risk of bias in this randomised controlled trial, downloaded from

the PEDro database (https://www.pedro.org.au/), was 7 out of 10. This score represents
‘good’ methodological quality (13), losing 1-point for 20% participant attrition, from a
maximum score of 8/10 for a physical activity trial due to two ineligible items that assess

participant and therapist blinding.
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This randomised wait list-controlled trial showed a trend of increased daily steps following
this well-received, simple, low-intensity intervention. At follow-up, all intervention
participants had investigated or adopted one or more of the suggested intervention
strategies and had made physical activity plans for the next 6 months. Thirty-one
intervention participants (58%) adopted technology to support their physical activity (e.g.
activity trackers, website resources, mobile phone applications, study email messages to
support their physical activity), 39 (74%) set physical activity goals, of which 35 people
(90%) partially or fully achieved them. Intervention participants took 510 more steps/day
(95% CI -69.9 to 1090, p = 0.08). No statistically significant between-group differences at
follow-up on primary and secondary outcomes were detected. It was concluded that a
more intensive intervention perhaps using technology with greater follow-up support was

likely needed to impact physical activity and health outcomes in this population.

Understanding the target population for which an intervention is intended is crucial to
ensure its relevance and effectiveness (14). The qualitative study presented in Chapter
Five aimed to understand the perspectives of women aged 50 years and over in relation to
physical activity in general, their experiences of the Active Women over 50 physical activity
program and their recommendations for future programs. The study found that an
interplay of several factors shaped participants’ capacity to be active. Physical activity and
program participation was affected by personal, life-stage, cultural factors and the tension
between those factors and a self-responsibility discourse. Social support and finding a
suitable strategy for generating and sustaining motivation were deemed integral to being
active. The study concluded that future programs could facilitate social networks,
accountability, an integrative approach and positive framing to support women’s agency in

being active.
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Chapter Three, Chapter Four and the qualitative evaluation in Chapter Five were the
foundation for further refining a remotely delivered behaviour change intervention. This
intervention incorporated tailored input and supported choice-based physical activity and
was framed to empower women aged 50 years and over. Chapter Six presented the study
protocol for a prospectively registered pilot randomised controlled study and included the
template for intervention description and replication (TIDieR) checklist (8). The aim was to
test the acceptability and feasibility of the online Active Women over 50 intervention to
support choice-based physical activity. The population was broadened from the preceding
trial to community-dwelling physically inactive women aged 50 years and over across
NSW, Australia. The online intervention required access to a telephone and an internet-
connected device and included 1) telephone health coaching; 2) website with information,
resources and stories from peers as sources of inspiration; 3) choice of receiving
motivational messages via email or SMS messages. Self-determination theory(15) and the
Behaviour Change Wheel and COM-B system model of behaviour (16) were used to
understand factors related to initiating and maintaining physical activity. These factors
were operationalised using behaviour change techniques that were embedded in the
content of each of the intervention strategies (17). Input from end-users ensured the
content was relevant and appropriate. The comparator was a waitlist control group who
received the intervention after 6 months. The primary outcome was a global measure of
acceptability, the proportion of participants at 3 months post-randomisation who would
recommend participation in the program to another person like themselves. Secondary
outcomes were 1) feasibility measures (rates of recruitment, retention, completeness of
outcome data and uptake of telephone support); 2) intervention impact measures
(accelerometer-assessed average steps/day, proportion of participants meeting national

guidelines on moderate to vigorous physical activity; and questionnaire-assessed quality of
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life, exercise perceptions, mood, physical functioning and self-reported physical activity);
and 3) intervention participant impressions of the intervention and adoption of strategies

for physical activity participation.

The Active Women over 50 online intervention was tested in a pilot randomised waitlist-
controlled trial, with results presented in Chapter Seven. The PEDro Score assessing risk
of bias in this randomised controlled trial, downloaded from the PEDro database

(https://swww.pedro.org.au/), was 8 out of 10, from a maximum score of 8/10 for a physical

activity trial due to two ineligible items that assess participant and therapist blinding,
representing ‘high’ methodological quality (13). Sixty-two participants were on average 59
(£7.1) years old, metropolitan-living (84%), had two or more medical conditions (92%), and

took 7459 (+2424) daily steps at baseline.

Global acceptability was high, with 83% of participants reporting that they would
recommend study participation to others. Intervention acceptability was met, with over
80% uptake of each intervention strategy achieved. The relatively fast recruitment and high
retention rates (14.5 weeks for 62 participants, and 96% respectively), as well as the high
uptake of each intervention strategy reflected a sample of participants who were motivated

to receive support for physical activity.

Study processes and intervention delivery were found to be feasible. The telephone health
coaching session was delivered a median of 6 days from the invitation for a median
duration of 41 minutes. The trial found a potential impact on physical activity for the

proportion of intervention participants increasing daily steps by 2,000 or more relative to
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baseline compared with control (OR: 6.31, 95% CI 1.22 to 32.70, p = 0.028). Intervention
participants also tended to do more light-intensity physical activity (p = 0.075) and weekly
moderate-vigorous physical activity by at least 120 minutes (p = 0.11) compared to the

control following the intervention.

The study highlighted that a remotely delivered intervention was acceptable to mid-aged
women across NSW, Australia, was feasible to deliver, and that mid-aged women in NSW,
Australia, were receptive to receiving support for becoming more physically active. The

findings warranted further testing in a fully powered trial.

8.4. Implications for practice

8.4.1 Prioritise interventions that make it easier for mid-aged women to choose a physically
active lifestyle.

8.4.1.1 Accessibility enhances autonomy.

Given the complexities of their life stage responsibilities, mid-aged women need accessible
supports that help them engage with and maintain physical activity amid their often-
changing circumstances. Interventions that are remotely delivered enable midlife-aged
women to choose when they access the support, and from where they access the support
for physical activity. Accessible support aligns with the principle of offering women choice
which enhances autonomy. As emphasised by Self-Determination Theory (15), this fosters

intrinsic motivation, empowerment and a stronger sense of agency.
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8.4.1.2 Resource-efficiency and inclusivity.

Accessibility and sustainability are important practical considerations in program
planning. Support can be delivered without requiring high-cost or high-dose resources.
Resources with minimal, readily available technology requirements ensure access for all
population groups. When inherent costs for participation are minimised, more people,
including those from low socio-economic backgrounds, may be more willing to consider,
and to participate, and to remain in a program. Minimising participant expense broadens
the program’s reach, enhances inclusion of diverse population groups, and increases
overall population impact. Additionally, programs with low inherent costs may be
positively regard by the public as authentically concerned with promoting health, rather

with any alternative motives (18).

8.4.1.3 Flexibility is central.

Flexibility allows people to adapt choices to suit their needs, preferences and
circumstances. This can enhance autonomy and control, overcome barriers and improve
engagement. Programs can offer women flexible options for receiving physical activity
support by providing a range of strategies to choose from. These may include scheduled
elements (e.g., email messages), on-demand resources (e.g., a website), ‘real-time’
interactions (e.g., an online group), and personalised support such as health coaching -

each appealing to different preferences and needs.

Programs can also provide women with the flexibility to choose their preferred type of
physical activity rather than a prescribed one that may not suit different abilities or
schedules or interests. Emphasising choice and enjoyment in physical activity increases

motivation, participation, the likelihood of habit formation, and long-term adherence. A
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variety of physical activity options such as structured activities (e.g., sports, exercise
classes), unstructured activities (e.g., cycling, walking) and suggestions for low-cost and
free options can be presented to women to enable them to choose the activities that best

suit their circumstances.

8.4.2 Include the three key features that support physical activity among mid-aged women.
This thesis identified three key intervention features for supporting mid-aged women to be
more physically active: flexibility, accountability, and social support. Flexibility of an

intervention as described above, supports autonomy and motivation by enabling women to

align the support they receive and activities they engage in with their situation.

Accountability for physical activity refers to the sense of responsibility to be active when
one is answerable to another person or supported by a structured system.
Programmatically, this could be a health coach, strategies for accountability to a significant
other, or self-accountability through tracking physical activity using a chart or wearable

activity tracker.

Social support plays an important role in being physically active and staying physically
active. Enjoyment and satisfaction is greater when being physically active with friends (19)
and exercising in group settings (20), and this connection with others provides social
support, motivation and may influence exercise adherence. Strategies for harnessing one’s
own existing social networks to support being physically active and facilitated online
platforms have the potential to socially connect women who have a shared purpose of

being more physically active.
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8.4.3 Empower mid-aged women to be physically active through program framing.

This thesis highlights that being physically active can be complex for mid-aged women as
there is an interplay of factors that can influence their capacity to regularly participate.
Women may view contextual challenges such as health conditions (21, 22), lack of time
(23), carer responsibilities (24, 25), attitudes towards older people (26) or different body
shapes (27, 28) as personal shortcomings, even though these factors can often be outside
their control. These can lead to a sense of personal failure for not being sufficiently active
and can result in a cycle of physical inactivity (29, 30). Interventions that adopt positive
program framing which emphasises responsibility and avoids self-blame is essential for
supporting women to be more active. By emphasising the health benefits of being
physically active and providing support to set realistic goals, women may have
opportunities to experience success, be empowered and motivated to increase their

physical activity and be supported to form long-term physical activity habits.

8.4.4 Consider the role of health professionals in promoting physical activity.

This thesis highlights that women in midlife represent an untapped group eager to
maintain health as they age, and a group who is willing to receive support to be more
physically active. Health professionals such as general practitioners, physiotherapists,
exercise physiologists are the first point of contact for individuals seeking healthcare and
are well-placed to support people in adopting healthier lifestyles to reduce the risk of

chronic disease.
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However, health professionals report that constraints on their clinical time and a lack of
access to quality resources (31) makes it difficult to promote physical activity in addition to
treating health conditions. If found effective in a fully powered trial, the Active Women over
50 program could be a resource that health professionals can recommend for empowering
women in midlife to be more active, and in the longer-term helping to reduce the burden on

health services.

8.4.5 Widen the appeal for support through an integrative approach to physical activity.
Life complexities described by participants in Chapter Five could be in part addressed
through physical activity interventions taking an integrative approach. By incorporating
various health topics in an intervention, physical activity could be recognised as more
relevant, and women may be more willing to embed physical activity into their lives. Taking
an integrative approach could also appeal to a wider range of women who might not

typically seek support for physical activity.

8.5. Implications for future practice, research and policy

This thesis has implications for the WHO Global Action Plan on Physical Activity objective
‘creating active people’ (32). Specific implications include shaping future practice,
research and policy aimed at promoting physical activity participation among mid-aged

women.

8.5.1 Build partnerships that advocate for mid-aged women.
Programs could advocate for mid-aged women to help address barriers and improve
access to physical activity opportunities. By partnering across sectors that influence

physical activity (e.g. health facilities and local councils), resource-efficient suggestions
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could be incorporated into a scaled program. Examples are organising a group visit to a

local health facility, or the provision of vouchers to trial physical activity opportunities.

8.5.2 Identify research and policy priorities.

The 2025 initiative by the Australian Government to invest $573m in a women’s health
package, which includes funding for menopause health assessments and contraception, is
a promising step towards prioritising accessible healthcare for women (33). This thesis
emphasises the importance of building on such preventive care initiatives by advocating
for policies that prioritise practical, targeted solutions to address physical inactivity among
women in midlife. The ultimate goal of future policies would be to prevent future health

conditions and minimise the demands on healthcare services.

Engagement with stakeholders must convey that solutions for promoting physical activity
in mid-aged women need not be resource-intensive, but they do need to be tested for
effectiveness and implemented at a population level. Physical activity support strategies,
programs and resources need to be developed and widely implemented to engage

individuals, health professionals and communities.

8.5.3 Deliver physical activity support where it’s needed most.

The World Health Organization emphasises universal and equitable health care in its
commitment to Universal Health Coverage (UHC), ensuring everyone receives necessary
health services without suffering financial hardship (34). Australia performs well with UHC
at a primary health level (35), providing low-cost services to all citizens and permanent

residents.
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However, some populations in Australia still face challenges to accessing health services.
For example, people from culturally and linguistically diverse backgrounds, indigenous
populations, living in rural and remote areas, and those with socioeconomic disadvantage
(36). Multiple complex reasons contribute to the disparities experienced by each group in
seeking, reaching and receiving healthcare (37). These reasons include low health literacy,
language barriers, sociocultural factors, provider’s behaviours and communication, health

workforce management, models of care, and evidence use in planning and monitoring (36).

It was beyond the scope of this thesis to explore strategies for all population groups,
therefore future research is needed to address the needs and preferences of specific
population groups. Physical activity interventions must be designed with a clear
understanding of the needs and preferences of these populations, which requires
consultation with both program users and those involved in delivery to ensure its

relevance and impact (37-40).

8.5.4 Demonstrate cost effectiveness of remotely delivered physical activity interventions.
Physical activity has been described as the 'best buy in public health' due to its wide-
ranging benefits (41). Although public health interventions can save costs (42), allocating
health budgets to both prevention and the treatment of illness remains a persistent
challenge (43). There is limited evidence on the cost-effectiveness of physical activity
programs (44), and even less evidence for promotion-focused programs, particularly those

targeting adults in midlife (45, 46).
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Itis crucial to collect economic evidence on effective remotely delivered physical activity
promotion interventions, including their impact on health service usage and the costs of
program delivery (44). This evidence is essential to inform policies that support the
investment in these interventions (43, 47) and to help ensure that limited resources are

targeted towards those who would benefit most.

8.5.5 Consider implementation and scale-up.

This thesis has examined evidence-based strategies for promoting physical activity
participation in midlife women. However, formative evaluation and effectiveness testing is
one of many steps toward improving health at a population level (48). Future work is
needed to identify strategies to promote the uptake and integration of effective programs
into real-world settings (49, 50), and to expand their reach into broader practice and
policies to achieve population-level impact (51). Implementation requires the involvement
of multiple stakeholders such as community groups, funding bodies, policy makers, and
professionals who are responsible for delivering the program and ongoing support, so that
programs can be sustained. Stakeholder groups have their own constraints and priorities,
so a consultation process is crucial to enable them to partner alongside the research

system to embed programs into real-world settings (52).

8.6 Methodological strengths and limitations

8.6.1 Strengths

The overall strength of this research was the rigorous methodology used to test the
interventions. By employing the ‘gold standard’ prospectively randomised controlled trial
study design and incorporating a waitlist control group, the studies aimed to minimise bias

and strengthen the internal validity of the findings so that differences between groups
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could be confidently attributed to the intervention. Additionally, device-measured physical
activity outcomes were used to minimise measurement biases and the trials presented in

Chapter Four and Chapter Seven achieved a PEDro score (https://www.pedro.org.au/) of

7/10 and 8/10 indicating high methodological quality (13).

Another strength of the research was the rigorous yet pragmatic design of the
interventions. Behaviour change theory and frameworks underpinned the intervention
content which was delivered with an emphasis on efficiency and scalability. The
intervention also drew on widely available resources with low technology requirements
that could be easily adapted to a range of settings and would potentially expedite future
implementation. Additionally, interventions in this research were designed with qualitative
views and experiences of midlife women (Chapter 5) which enhanced the relevance and

potential uptake within the intended population.

8.6.2 Limitations

There were some general limitations of this research. Firstly, it was difficult to reach
participants with low physical activity levels, those most in need of physical activity
support, which is a limitation common to many studies in this field. Self-reported low
physical activity was a pragmatic decision due to limited resources for the inclusion
criterion, yet baseline device-measured physical activity often revealed physical activity
levels that met the physical activity guidelines. In future, additional resources would need
to be allocated to ensure the intended population is included, such as through individual
interview procedures that verified eligibility or by implementing a recruitment strategy that

targeted sedentary or low physical activity settings (e.g., craft groups, book clubs).
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Secondly, the intervention required participants to have internet access and proficiency in
English to engage with the program, which excluded those who could benefit from the
intervention but did not have regular internet access or who had culturally and
linguistically diverse backgrounds. However, physical activity research among the midlife
women is formative and this limitation raises the opportunity to adapt or co-design the

intervention in future work.

Another limitation of the research was the short duration of the interventions tested.
Whilst there were encouraging results, the impact on the maintenance of physical activity
and other health-related outcomes is unknown. Future studies could include a follow-up

physical activity measurement timepoint for maintenance.

Finally, although the use of device-measured physical activity outcomes helps address
self-report bias, this approach also has limitations and may not provide a fully accurate
picture of physical activity. Participants may increase their physical activity simply
because they are aware of being monitored (the Hawthorne effect), and the Actigraph
devices that were used are limited to detecting land-based physical activity, thereby

potentially underestimating total physical activity.

8.7 Conclusion

Physical inactivity and an ageing population contribute to rising chronic disease and
disability worldwide, highlighting the need for scalable solutions to increase physical

activity before reaching older age. The mid-aged years represent a critical window for
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promoting and supporting physical activity behaviour change especially among women,

and for addressing this broader public health challenge.

New and rigorously tested formative work presented in this thesis contributes to
establishing efficient solutions for the problem of physical inactivity among midlife women.
The strategies outlined were theory-informed, designed with user-input, inclusive, and had
flexibility at their core. The intervention that was developed, established that a remotely
delivered, choice-based physical activity intervention was acceptable and feasible among
mid-aged women across NSW Australia. This thesis offers clear recommendations for
future research, inter-sectoral partnerships, policy development, and applicability to

underserved populations.
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