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Abstract

Background Older adults are the fastest-growing and most sedentary group in society. As sedentary behaviour
is associated with deleterious health outcomes, reducing sedentary time may improve overall well-being. This
mixed-methods systematic review aimed to systematically review quantitative and qualitative studies examining
interventions to reduce sedentary behaviour in community-dwelling older adults (aged > 65 years).

Methods Medline, Embase, Cochrane Central Register of Controlled Trials, Web of Science, Cinahl, SportDiscus,

and PEDRO were searched from inception to July 2025. We included quantitative studies (randomised-controlled
trials (RCTs) and cluster RCTs), qualitative studies (semi-structured interviews or focus groups), and mixed-method
studies exploring interventions to reduce sedentary behaviour in community-dwelling older adults. Studies were
appraised using the Mixed Method Appraisal Tool. Quantitative evidence was meta-analysed; qualitative evidence
was thematically synthesised, with both combined in a mixed-method synthesis. The Behaviour Change Techniques
employed were charted and analysed.

Results Fifty-six studies (16 RCTs, 30 qualitative, and 10 mixed-method studies) were included. When pooled,
interventions reduced sedentary behaviour by 27.53 min/day (95% Cl: —57.43 to 2.37), with greater reductions
observed via self-report (-83.65 min/day) than device measures (-11.61 min/day). Using > 11 BCTs (-24.01 min/day)
was more effective than using 1-10 (9.24 min/day). Analytical themes included what sitting means to older adults,
expectations of ageing, and social influence in older adults. The mixed-method synthesis identified that existing
interventions are limited by recruited samples that are not representative of the wider population of older adults, and
intervention design and outcome measurement selection that is not consistent with older adults’ priorities.
Conclusions Interventions to reduce sedentary behaviour in community-dwelling older adults are somewhat
effective at reducing sedentary time. Future research should focus on inclusive recruitment strategies to recruit
underrepresented populations, incorporate outcome measures valued by older adults, and align intervention content
with their preferences.
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Introduction

Sedentary behaviour (SB) is defined as “any waking
behaviour characterized by an energy expenditure < 1.5
METs while in a sitting or reclining posture” [1]. SB is
associated with adverse health outcomes, including poor
self-reported health, decreased physical function, and
higher healthcare usage [2, 3]. Older adults are the fast-
est-growing demographic, and with approximately 67%
of older adults spending >8.5 h per day sedentary, they
are also the most sedentary [4, 5]. As such, the World
Health Organisation highlighted the importance of limit-
ing SB in adults (including older adults), replacing sed-
entary time with physical activity (PA), and performing
moderate-vigorous intensity physical activity (MVPA)
to reduce the detrimental effects of prolonged sedentary
behaviour on health and wellbeing [6].

Several quantitative reviews have explored interven-
tions to reduce SB in older adults. A 2018 review was
the first to explore interventions to reduce SB in non-
working older adults, and their findings suggest that
behavioural interventions can potentially reduce sitting
time [7]. With only six studies included, meta-analyses
could not be completed due to a small sample size. A
review by Shrestha et al. [8] explored the effectiveness of
interventions for reducing non-occupational sedentary
behaviour in adults and older adults, but did not find any
randomised controlled trials (RCTs) where the mean age
of participants was above 60 years. A scoping review by
Petrusevski et al. [9] narratively explored interventions to
reduce SB in this population, highlighting the importance
of multi-component interventions (including compo-
nents such as education and activity monitoring) and the
underrepresentation of adults aged > 75 years.

A later review by Chase et al. [10] reported that inter-
ventions to reduce SB can reduce SB, but the overall
effect size was small. This review included PA interven-
tions and did not conduct subgroup analyses, and conse-
quently, the effects of interventions that aimed to reduce
SB cannot be discerned from interventions that aimed to
reduce SB and increase PA. Similarly, a 2021 Cochrane
review explored this topic [11], but four of the seven
interventions included aimed to increase PA and reduce
SB [12-15]. Without subgroup analysis, the effective-
ness of interventions to reduce SB in older adults remains
unclear. Ahmed et al. [16] systematically reviewed the
behaviour change techniques (BCTs) in interventions
that aimed to increase PA or reduce SB in community-
dwelling older adults aged 50-70. This review focused
primarily on interventions which aimed to increase PA
and did not target the oldest old.

Similarly, several qualitative reviews focus on SB in
older adults. Previous reviews have explored older adults’
experiences with PA interventions [17], and adults’ expe-
riences of interventions to reduce SB [18], with four of
the 30 included studies conducted with older adults. A
thematic synthesis by Compernolle et al. [19] explored
the perception of older adults towards SB and described
the habitual nature of SB and the importance of enjoy-
ment and convenience when attempting to reduce SB in
this population. Ramalho et al. [20] provided an updated
review of the qualitative literature in 2023, and explored
perspectives of SB, daily routines, advantages and dis-
advantages surrounding SB, barriers and facilitators to
reducing SB, and perceptions of interventions to reduce
SB. However, their review did not focus solely on commu-
nity-dwelling older adults, including studies conducted
with people in assisted living facilities [21-24]. Older
adults in assisted living facilities may be more sedentary
due to limited need for engagement in light-intensity
physical activities (LIPA) such as cleaning or preparing
meals [25]. As such, they may be more sedentary and less
active than older adults living in the community [26-28].
Additionally, their review did not include mixed-method
studies, which can provide valuable insights into older
adults’ perceptions of interventions to reduce SB. As
such, the perceptions of community-dwelling older
adults aged >65 years towards SB and interventions to
reduce SB have yet to be fully elucidated.

These reviews provide an understanding of SB and
interventions to reduce SB in community-dwelling older
adults. However, given the rapidly expanding nature of
the literature, updates on the current state of the research
can help guide evidence-based practice. Mixed-method
reviews combine studies from different research tradi-
tions that focus on the same topic [29], integrating the
quantitative estimate of benefit and harm with the quali-
tative understanding of people’s lives [30]. Furthermore,
mixed-method reviews provide a novel interpretation
of the data that would not have been achieved had the
reviews been completed separately [31]. This mixed-
method review aimed to:

i. Synthesise the effectiveness of interventions to
reduce SB in community-dwelling older adults
aged > 65 years.

ii. Chart and analyse the effectiveness of BCTs of
included interventions.

iii. Explore the effect of interventions to reduce SB on
secondary outcome measures including health-
related quality of life (HRQoL), MVPA, LIPA,
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physical performance, body composition and
cardiometabolic biomarkers.

iv. Explore sedentary activities and barriers and
facilitators to reducing SB in this population.

v. Explore older adults’ attitudes towards SB and
interventions to reduce SB.

vi. Integrate quantitative and qualitative findings to
explore the suitability of existing interventions to
reduce SB in community-dwelling older adults.

Methods

A protocol detailing the search strategy and review meth-
odology was registered on Prospero (www.crd.york.
ac.uk/prospero/) in June 2021 (Identification number:
CRD42021264954). The review followed the Preferred
Reporting Items of Systematic Reviews and Meta-analy-
sis (PRISMA) guidelines [32].

Eligibility criteria

Research type

Quantitative, qualitative, and mixed-method studies
were considered. Randomised controlled trials (RCTs)
and cluster RCTs were eligible. Qualitative studies using
qualitative research methodologies, including semi-
structured interviews or focus groups were eligible.
Qualitative data gathered and analysed through quantita-
tive methodologies were excluded (e.g., surveys analysed
quantitatively). Mixed-method studies were considered
if the qualitative and quantitative components could be
separately extracted and warranted inclusion in their
respective syntheses.

Phenomenon of interest

Studies that explored interventions to reduce SB, or older
adults’ attitudes towards SB and interventions to reduce
SB were included. SB was defined as any waking behav-
iour characterised by an energy expenditure of <1.5
METS whilst sitting or lying down. Studies that aimed to
increase PA and reduce SB were also included but anal-
ysed and reported separately.

Population

This review included studies that recruited community-
dwelling older adults aged >65 years. Community-dwell-
ing was defined as older people who live at home, with
studies in residential/nursing homes excluded. Studies
conducted in older adults with multiple comorbidities or
specific clinical populations (e.g., older adults with obe-
sity) were eligible.

Outcome of interest (quantitative studies)
Sedentary time, measured using devices such as acceler-
ometers or inclinometers or self-reported using validated
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questionnaires such as the Measure of Older Adults’ Sed-
entary Time [33].

Comparator
Controls without interventions or interventions which
did not target SB were eligible.

Electronic searches

A search strategy (supplemental) was developed in col-
laboration with an Information Specialist (DA). Search
strings were developed for the following databases: Med-
line, Embase, Cochrane Central Register of Controlled
Trials, Web of Science, Cinahl, SportDiscus and PEDRO.

Data management and selection

Following the search, references were deduplicated and
uploaded to the online systematic review tool, Covi-
dence (www.covidence.org). One reviewer screened all
titles and abstracts (RT), with a second reviewer screen-
ing approximately 20% of titles (#=10,100), during which
there 141 conflicts, a proportional agreement of 98.60%.
The full texts of potentially eligible studies to determine
eligibility for inclusion were screened by two review-
ers (RT and CQ/PA), with disagreements were resolved
through discussion until an agreement was reached.

Data extraction and appraisal

Data were extracted using a modified version of the
Cochrane data extraction tool [34] by one assessor (RT).
Extracted data included the publication year, country,
research design, age, sample size, gender, and popula-
tions recruited. The data collection and analysis method,
and descriptions of the intervention and control were
extracted for qualitative and quantitative articles,
respectively. Methodological quality of included articles
was assessed using the Mixed-Method Appraisal Tool
(MMAT) by one reviewer (RT) and discussed with the
other reviewers [35].

Quantitative synthesis

Included studies were synthesised narratively. Total sed-
entary time was identified by pooling device-measured
and self-reported sedentary time; however, subgroup
analyses were conducted to enable separate reporting.
Time spent in specific sedentary activities (e.g., televi-
sion viewing), sit-to-stand transitions, sedentary breaks,
and time spent in different sedentary bout lengths were
also pooled where possible. The following outcomes were
also meta-analysed where possible: MVPA, LIPA, physi-
cal performance, HRQoL, body composition, blood pres-
sure, and cardiometabolic blood markers. Analyses were
stratified according to the type of intervention (SB ver-
sus PA and SB) and measurement of SB (self-rated versus
device-measured). Pooled effects were based on mean
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between-groups difference for the end-of-intervention
final endpoint and a random-effects meta-analyses were
conducted using the software Review Manager (RevMan)
[36]. Where possible, missing values (e.g., standard devia-
tions (SDs)) were calculated from available data (confi-
dence intervals or standard errors) [34]. Study authors
were contacted to obtain missing data. Effect sizes were
assessed using 95% confidence intervals, with attention
to the direction and magnitude of effects to determine
whether they were positive or negative. Statistical signifi-
cance was set at p < 0.05. Heterogeneity was determined
using I? values, with values approaching 25%, 50%, and
75%, representing low, moderate, and high proportions
of variability due to between-study heterogeneity, respec-
tively [37]. Publication bias was assessed using Egger’s
test, Duval and Tweedie’s trim and fill analysis and funnel
plots using Comprehensive Meta-Analysis [38].

Qualitative synthesis

A thematic synthesis was conducted by one reviewer
(RT) with the research team engaging in regular discus-
sions throughout the analytical process, which helped
shape the interpretation of data and provided alterna-
tive perspectives. The thematic synthesis of participant
quotes was guided by the three-stage process outlined
by Thomas and Harden [39]: (i) line-by-line coding of
text; (ii) development of descriptive themes; (iii) gen-
eration of analytical themes. The text was coded, and
themes were developed using QSR NVivo 14. A deduc-
tive approach was adopted to categorise the activi-
ties performed in sitting to the ecological model of SB
according to leisure-related, occupation-related, house-
hold-related or transport-related SBs [34]. A similar
approach was adopted to: (i) extract and categorise the
barriers and facilitators present to reducing SB accord-
ing to the capability, opportunity, and motivation model
of behaviour (COM-B) [40] and (ii) extract and match the
intervention components described with the reported
BCT [41]. Where BCTs were not reported, the interven-
tion descriptions were extracted and charted to the most-
appropriate BCT by one reviewer (RT) and checked by
another reviewer (JW). The lead author had undertaken
certified training in the BCT taxonomy (available at
www.bct-taxonomy.com).

Mixed-method synthesis

Following a parallel-results convergent design, quantita-
tive and qualitative findings were reported separately and
integrated narratively in the discussion [29]. Quantita-
tive and qualitative findings were juxtaposed through a
matrix table.
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Results

Screening

Qualitative and quantitative searches were run in Janu-
ary 2021, rerun in July 2025, and identified 90,729 arti-
cles. When retrieved articles were deduplicated, 51,541
unique articles were identified and assessed for eligibility.
Full texts of 142 articles were screened to determine eli-
gibility, with 86 ineligible and 56 articles included (Fig. 1).

Study characteristics

The characteristics of the included studies are outlined
in Table 1. A total of 56 articles were included. The stud-
ies represent a total sample of 2793 older adults, of which
63.69% were female (1 = 1779) with a weighted mean age
of 72.15 years (SD 8.57). This review included 16 RCTs
[13, 15, 42-55], 30 qualitative studies [55-84], and ten
mixed-method studies [14, 85-93].

Twenty-one studies [13-15, 42-55, 85, 86, 91, 92]
were included in the quantitative synthesis and repre-
sented 1937 older adults (66.49% female; n = 1288). The
weighted mean age of participants was 71.62 years (SD
8.57 years). Included studies originated from eight coun-
tries, with ten conducted in America [15, 42, 43, 45, 47,
49-52, 91], four in the United Kingdom [14, 85, 86, 92],
and one study conducted in each remaining country
(Table 1). Fourteen studies were classified as interven-
tions to reduce SB [42-46, 49-53, 85, 86, 91, 93], and
seven studies were classified as interventions to increase
PA and reduce SB [13-15, 47, 48, 54, 55].

Forty studies [14, 55-93] were included in the qualita-
tive review and represented 1078 older adults (56.78%
female; n = 619). The weighted mean age of participants
was 72.48 years (SD 7.91 years). Included articles origi-
nated from six countries, with 20 studies conducted in
the United Kingdom [14, 57, 58, 62, 65, 66, 69-72, 76, 77,
79, 80, 85, 86, 88—90, 93], and six in Canada [60, 68, 78,
81, 82, 84]. Remaining studies were conducted in Amer-
ica [63, 67, 75, 91], Sweden [61, 64, 73, 74], Australia [59,
83], Belgium [87], Sweden [64], or Singapore [55], and
one multi-centre study conducted in several European
countries [56].

Quality appraisal

MMAT scores are reported in Table 2. Except for three
studies [58, 66, 91], the remaining articles in the quali-
tative review scored 5/5 for their respective criterion.
Three quantitative articles [46, 52, 54] scored 5/5, with
the blinding of outcome assessors (13/21 studies) and
participant adherence to the intervention (11/21 studies)
being the lowest met criterion.
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Fig. 1 Flow diagram of studies screened for eligibility

Quantitative synthesis: interventions which aimed to
reduce sedentary behaviour

Interventions to reduce SB were pooled versus control
(Fig. 2). Statistical heterogeneity was high for total sed-
entary time (I = 82%), the device-measured SB subgroup
(I* = 74%), and the self-reported SB subgroup (I* = 90%).
As such, a random-effects meta-analysis was performed.
A total reduction of -27.53 min/day (95% CI -57.43 to

2.37, P = 0.07, I* =82%) was observed. A reduction of
-11.61 min/day (95% CI -38.33 to 15.10, P = 0.39, I
=74%) was observed when device-based measures were
pooled. A reduction of —-83.65 min/day (95% CI -193.37
to 26.06, P = 0.14, I* = 90%) was observed when self-
reported measures were pooled. There was an apparent
mismatch between device-measured and self-reported
SB, and when six studies [42, 45, 46, 85, 91, 92] that used



Page 6 of 28

(2025) 22:141

Tadrous et al. International Journal of Behavioral Nutrition and Physical Activity

1591 3|eM INUIW-9
QU1 Ul W 05T dem
‘S/u /0 paads 1eb

N9IMNIAN  uons|duwod ¥oeqpasy pasijeuosiad pue uoneanp3  ‘tw/bBY 6'6£-0'GT JEBE}
JjouluQgl  uonusAlaul ¥ :UOIUSAISIUI SION A0 JORISIU| ‘SSIT NS :GS ING - 90RISAMD  %0STh  SF 901 (€1) 69 1DY eouswy 170z UIpA]
‘Bujuueld uojde pue ‘buines
|eob ‘Buiajos wa|goid ‘uoisircid uonewIojul —
SU0Iss3s dnolb JO BuSISUOD UOKUSAIRIUI [BINO] 104 Al
doysyiom usw  uonajdwod -AR3g Sa103U} SARIUDO? [e1d0s pue uone|nbai SYNPY J2P|0 1Se24 :po JIBE
-9beUPW $S243G  UOIUAIRIU| ¥ -J|95 UO paseq 20|\ A0 pue dn puels:gs  UedLRWY UedLyyY dN 4N 8l (L06)SL0L -YWRW-PaXIN BOURWY 707 Jejazia]
uoljewlioju Aysaqo
vd [elausab |euluiopge pue
‘uoiuanIRUl  UOR3|dwod (syauow 9) °gs uluads awiy 2onpas 0} pabeinodus ANAnoe (cw/6% o pue JERE}
ANISUSIUI-MOT  UOIUBAISIU 9¢ 4oy uondudsaid uspM ‘Bul|[Bsunod :gs + vd GCUSIMISG ING  %0¥' LS 8S 10l (UN) 529 DY uspams  600¢ sbuljey
LaNd (syuow 9) "SINOIARYSQ Bunis budeidal uo  (sieak G9<) synpe BIRES
buiby AyiesH, syiuow 9 9z uolewojul papiroid 'sgAQ 951249x3 g5 + Vd 19p|O 2AldRUL %0F'LL  LLL Lz (L) L90L 104 eouswy 9107 Buiuuey
Buiyoyew uon uonessad
-Uaje 1 Jusw Buimoyjoy 2low JIBE}
-9|ddns wnided SoIM | [/ 9AOW 'SS3| S :SUOISSSS BUI||9SUNOD) INO4 :gS SIONIAINS DONS  9%0F6E €1 €€ (£L71)699 1Dy eleasny 910z ysibu3
‘Buruueld uonoe pue ‘bulIas
|e0b ‘BuIAj0S Wiajgoid ‘Uoisircid uoljeudiopul —
uona|dwod suoIssas dnoib Jo BunsISUOd UORUSAISIUI [BINOI synpe
Buimoloy -ABYDg "S9L03Y1 SAINUDOD [e1D0S pue uonenbal  1ap|o buljjamp-A} 839
|03UOD) ISI[BAN SHooM 8 ¥ |95 UO P3seq ;210N SAOW pue dn puelS s -lunwwiod AYyesH  %05/8 61 95 (lTH)Tovs 104 eduswy  |Z0¢ L[lquion
snje3s gS UO 3DeQPa3) SWill-[eal pue buiss sjeob geyay Aseu
yieay Jjoyuow  uons|dwod papInb ‘uoiredNpa ybnoiys sysidersypoisAyd &g -owing buiieme 839
O3 5][ed 9U0Yd  uonuUSAISIU| 9 palanilop uonusAIRiul aBueYD [eINOIARYSG :9S  OdOD YHM SHNPY %0805 €€ S9 (8r6)8res 1Dy elensny  gzoz  Busyd
Buiddais pue bulpuels yim
uon|dwod au} A1ejuspas aoejdal pue 1dn.aiul 0} UORUSA SIOAIAINS 13D e
|0J3UOD) 35! UOIJUSAJIIU| €1 -2l (Y}esHW) Y} eay I0ow paseq-aWoH |gS  -UBDSHNPR ISPIO  %09'SS  OF S (8%) 969 1DY eduRWY |Z0z  12dielg
JERE
NOIMNIAN  uoie|dwiod gs bupnpal p|O Sieak Nele[l5)
JOUIW QG| UORUAI| 71 Bunsbiey uonusAISIUl 9BURYD [RINOIARYDG :GS 09 X SYNPRJSPIO %0L'L. /T 8¢ (#S9)6'£9 1Dy eduRWyY 9|07 uoleg
1oddns J2ad pue buiydeod yijeay ‘9o1Aap Ayjreuy 104 AU wop
aiedyyeay  uopadwod (SYIUOW Q) 3|geIeaM 4DegPI) PIO|IE] HOOGHIOM UOI}  PlIl IO Plitl AISA -|lgisead :po -bury §IBE
plepuelS  UOIJUSAIRIU| 97 -e2NPa0oydAsd B YIM UOIJUSAISIUI 910WRY :gS  YHM SYNPe Jsp|O %.9  OF 09 (9) VL -YRW-PaXIN  pauun +zoc  AS|leg
's|eob |einoineysq Jo K12bins 22Uy
Bues ‘BuimalrISUl [eUORAIIOW Bulpnpul 1O diy 9A11D9|9 10y 1OY AN wop
aieddipaed  A1ebins-1sod '9G 9oNnpal 03 sanbjuysay pajonul ‘A1osy | pa3sIp|O SIeak 15894 :pO -bury e3e
-0yl0 Je|nbay SH9aMm 9 9 UOREBUIULLISJ-[SS UO poseq UORUSAILIUL -GS 09< SHNPEISPIO %0L'LS  OC SE (8LS)PLEL -YWW-PXIN  pauun 0Z0z  49buny
sopIIY
(1P9M)  (9}99M) uoneing 3715 ((as) steak) aAnein
Jouoy  dn-mojjo4 uonuUAAINU| uonuIAIU| uonejndod  (4) 49puan ojdwes by ueayy ubisag Anuno) Jes) -uend

S92 PapN DUl JO SDIISHRIDRIRYD APNIS | djgeL



(2025) 22:141 Page 7 of 28

Tadrous et al. International Journal of Behavioral Nutrition and Physical Activity

"PISIWIUIW S|
awn Aeyuspas

(Kep 1ad Bunyis
SINoY 2INs|a| [eI0}

1eyy uonsabbns ‘BuloyUOW-|3s ‘'gS  9) AIrIUSPIS pue 1204 190|ld wop
pue yd Jusw 95B2103pP PUP Yd 95ea1oul 03 5d1} 1900 e painal Ajpajiodal HeloEI] -bury JERE
-UIRAOB YN 7L Yeem Y 8 -U0EdNP3 :UOHUSAIUI PISEC-IGeH g5 +Vd |95 's1eak £/ 0109 %0€'SS /S €0l (8£°€)CE89 SPOXING pRlUN Z10C  RUYM
gS 4O S1099
[njuiiey bupes  uons|dwod gS 9onpais 03 poddns suoyds|sy pue Ayjreiq e
-NP3 SUOISSIS ¢ UOUSAIRIY| 9L 'uoEINP3 Y)[eay 'sasio1oxe BUIPURIS :GS +d  YUM SHNPRISPIO %0098 /€ ey (¢59) 08 124 llzelg 1c0oCc 19 IsoL
uopa|dwod ‘SH3e ANARDeU (1) pue JEBE}
[OJJUOD ISIHeAN  UOUSAIIU] ¢S [eob Auanoe Ajiep (1) uaxel AuANdY igs + vd SoaINRY  %0LC8 L6l Lec (') Ts9 104 puejul4 ¢coc  esions
das)s ‘bulies "SYIUOW 9 J9AO 0€—G | JO S|jed auoyd bul
Ayyjeay ‘uonuan -U2e0> yijeay dn-mojjoj 3yb1a pue 1ede yaam ‘e
-aid |jej — bur  uonsjdwod (syyuow 9) | Ulw 09-0€ JO SUOISSas bulyoeod yijeay 19 Blag
-Uoe0d YijesH  UoRuUSAISIU| 9¢  uOsiad-ul OM} ‘s|eliDleu USRI \NVLS 85 SHNPRISPIO %0259 981 €8¢ (€9) 889 104 edlswy  $¢0¢  -Ussoy
(Slres
Bupuansid pue "UOIIUSAIDIUL B} JO SH2am (| Buluiewas
Juswabeuew 9U3 J9A0 UIW 0€—G | 4O S||ed auoyd buiyoeod
ssalys ‘bupes yijeay dn-mo||oj Jnoy pue Jiede yaam | ‘e
Ayyeay) |ey  uonajdwod Ulw 09—0€ JO SUOISSas BulydeOD Y3jeay "A)1saqo 19 Biaq
-BW [BUOIIEONPT  UOIUSAISIU| 71 uosiad-ur omy ‘sjepalewd USRLA :ANVLS-1:9S  YUM SYNPeRISPIO %0¥69 ST o¢ (67) 89 1Dy edusWyY Q707  -ussoy
(syauow ) JJe3s 2ued p|o sieak spue| ‘e sk
2IBD PIEPURS 76 MOIM Jy 6€  swoy bunsbie} UOIIUSAISIUL [BINOIARYSG S GOZ SYNPe BP0 %08/9 6/1 97 #69)1'78  1DY49snD  -_BYIBN  1Z0T -pefiooy
synpe Japjo
10} saulPpinb
Vd pue 35219%3
WSDV 1esw SaUIPPING Vd YHY PUe INSDY 139W AAD Jo sl
0} paubisap 0} 351249X3 0 UOINPPE Ul d ANSusiul-yb| ybiy -axesapowl
Sy9am g oy uonadwod Buiseanu; pue gs buidNpal U0 pasndojjeyy  ‘(sieak g9< pabe §IRE
Buulen asDI9X]  UOUSAISIUY 0¢ Buijjasunod |einoireyag-anniubo) 1gs + vd SHNPe SAldRUl %0009  ¥C (04 ooz 104 edlswy  610¢ sHegoy
“UoleUIWLEXD 'gS buidnpal Jo s1ysauaqg ayl
EVENCPIEN! 0} P33E[3J SJUSWINDOP [BUCIIPPE PUB (£107) synpe
josynsaiayy  uopadwod 2JBJ|AA PUB INOCET 'Y3eaH JO ANSIUlN 2Yd 1apjo buljemp JIBE
Ajuo paaeday  uonusAIRI| ¢S Aq paysiignd a1ny20iq 9PIND AANIY, :GS + Vd -AHunwwio) %0159 95 98 (¢S5 €gLsL 104 ueder gloz  UemQ
S|oAd] AU Juawedwl 9AR
-Al}De buiseanul Buiyoeod yyeay ‘buiyoeod  -ubod pliud Yym
JO S3yauaq ayy 3UJ|UO ‘}9]400Q [eUOEINPS ‘UOIIUSAIS}UI sieak +0g pabe 1D A wop §ERE
uo uolewojul  uond|dwod 40 KI9AI|9P 230Wa4 ‘BuIdND ‘UoIIeINPS ‘SUoI} synpe buljeomp 15894 :pO -bury| nfemal
USHLA - uonuUSAISIU| cl -esuds Jueseajdun Buissaippe ‘Buijiep :gs -AHunwwio) 9% 1'6¢ 6 €C (S9YL -WSW-PaXIN - paun ZcoZ  -uejo
UO[1e|0S! [BIDOS Bumss [eob [einoineyaq ‘Butuued uonde “Aoedyye
Bupnpasinoge  uonajdwod -J|9S 92URYUS ‘SSDURIEME 213D ‘gS SULSP ‘SUOIS §IBE
uoledNP3  UOIUSAIIU| 7 -s9sdnoin:uopuanisiul abuel [einoineyag :gs SYNPeIAPIO  %/LT6  8E I (T6) 69/  1DYJasND ed_dWY /107 JoYel
sopPNIY
(S193M)  ($93M) uoneing az15 ((as) steak) aAnei
Joauoy  dn-mojjo4 uoUdAIRU| uonuaAIU| uonejndod  (4)49puan ojdwes aby ueayy ubisag Anuno)y Jes) -uend

(ponunuod) | 3jqelL



(2025) 22:141 Page 8 of 28

Tadrous et al. International Journal of Behavioral Nutrition and Physical Activity

sdnoib sNJ04SMaA

SISA[PUR JUSIUOD)  -12JUI PAINIDNIIS-ILIDS S} npe Jap|o pabebua A|[ePos 9008 0z o4 (58) v/ dAIRYEND epeued /107 ‘B 12 UBMIDN
sisAjeue djewayl SM3IAIUL
SAIDNP3P puR 2ARNPU| P2JN1ONAS-IWSS ANsago Yum synpe 1aplo - %9€9 vl w669 SAEHEND  BdURWY  810T ‘e 32 uosie|
SMB3IAIUL [eL} pajjoUOdUN  wopbury
sisAjeue dlewsay | P2INIONIIS-IWSS  S}NPE J3PJO Bulj[ePMp-ANuUNnWwuwo) 9%t LS 8l SE (PEY) ¥£99 “POYISI-PXIN pauun - s10¢ 019 191ey
104 A
N sdnoib sndo4 S}NPE J9P|O UBDLISWY UedLy 0 8 8 W8S/ lL B9 :POUIBIN PIXIN eolBWY 707 {EREPLIEralEy
sdoysyiom wopbury
SISA|eue JUlU0D PaJN1DNIIS-IWS  SHNPE J9P|O BUl[MP-AHUNWWOD)  %G+HS 9 Ll (S°9) ¥/ 9AIR}END pauun /10T ‘|e 19 ¥sea
wopbury
sisAjeue dieway | sdnoib snoo4 - synpe Japjo Buljlemp-ANunwwo) %98 Ll Gl (UN) 82 SAle)eND pauun - 910¢ ‘e 19sean
ASEIEVIEY
SISAeUB JUS}UOD SAIRHEND sdnoub snoo4 0} Bbujuonisuel} synpe Jap|0 %S/ 1z 74 677 699 aAeHeND Uspams 207 ‘|B 39 UBWNH
SM3IAIUI ‘|B 19 UBWDIH
SISA[eue Dl1eWaY} AIIDNPU| PaINIDNIIS-IWUSS  SHNPE. ISP|O 3S3GO pur IYBIDIMIAD  9%/°99 9l ¥ #9) L'1L aAlRYeND eoUsWyY 9107 -poOMUIIID
sisAjeue djewayl SMBIAIDUL wopbury
SAIIONPIP pue SARDNPU| Painidnis-IWes 515010003350 Yim 9|dosd %001 Ll Ll (99) 789 aAllellenQ p=11un Lc0C ‘e 18 Apein
‘poyawl (d43) |eatbojoydAsd SMIIAIDIUI synpe
|ed160jouawouayd jesniduw3 PaINIONAS-IWSS  J9P|O Buljlpmp-Ajunwwod paiay  9%1'/S 8 vl (SI'E)9E0L SANENEND  UIPAIMS 70T 833 punpy3
SMIIAIUL [BUOID3S-SS01)  Wopbupy
sisAeue deWay3 SARdNPU| PaINIONIIS-IWSS  S}NPE JSPJO Buljeomp-ANunwuwio)  9%€E'e/ 144 0€ (€9 v "POYISI-PXIN psuun - 810¢ ‘e 19 ahuoQ
SMBIAIDUL
siskjeue aAdNPaQ P2INIINIIS-IWSS  S}NPE J3p|o Bulj|emp-Ajunwiwio) dN dN 99 (UN) ¢L POYyIaW-paxiiN wnibjeg  Szoz  [e38 9|I9gofRQ
SISOYIUAS
Jl3eWSY3 9AdNPaJ sdnoJb snoo4 S)NpPe Japjo BuljeMp-AIUNUWWOD %40/ 61 /T HN)96EL dAIRYEND epeued 1707 ‘|B 33 Sulj|0D
SMIIAIRIUI
siskleue anONPUI pUe SAPNPRQ PRANPNASHWSS 40D S1.ISpOoW YIM SYNPe paillsy  9%/¥'8¢ S €l (lceve sAlellenp  eleasny  $Z0C e33 busyd
SMIIAIUI wopbury
sisAjeue siomauleld PaINIONIIS-IWSS  S}NPE JPJo Buljjemp-Ajunwiwio) %001 6 6 (SL0veL SAIeY[eND p=1iun 710¢ ‘le o unseyn
dn-punoib aAdNpu| sdnoib sndo4 adOD Yum synpy %00 0 9 ) zL oAnelenD  alodebuls  7z0T e 32 bueyd
sdnoib SNDO4SMIIA eljUaWLP yum sjdoad pue wopbury
sisAjeue D1jeWaY} SAIRDNPU|  -JS3UI PRINIDNIIS-IUIDS  SIOAIAINS OIS ‘SISUNJOA AYNBSH  %/'T/ 91 44 s1eak 09< aARHEeND psjuUN  Sl0Z B39 plaLooig
%0065 €C 6¢ €v/ puelal N
%000/ 43 9% €€l uteds
sdnoJb snd0{smala leuy %0087 €l LT 9L Auewan
SISAjeue deWaY ] -13)U] PRINIDNIIS-IWSS SSTLIS Ul Med %003 ‘synpe Jspjo - %00'S /1 8¢ 69/ sAlelllenD  pewue(d LZ0Z  ‘[eIs uIngpoelg
Aty pjiu 1o pjiw Aty 1Oy Aig wopbury
SMBIAISIUL PRINIONIIS-IWSS  AJ9A YLIM SYNPE ISP PlI JO Piw AJSA YUM SYNPeISPIO  %/9 or 09 (9) ¥/ -Iseaq :pOYIBN-PIXIN psaun - $70C 212 A3]leg
sisAleue SM3IAIIUI A196ans 93Uy Jo diy 9ARD 1DY Aujiqisead  wopbupy
oljewsyl isiieal oARdNPaJ PRINIONIIS-IWSS  10j PAISITPIO SIBA 09< SHNPRISPIO %617/ 0c¢ Ge BL9vleL POYISN-PaXIIN p=1iun 0¢0¢ ‘e 39 Jobuny
azis S9PIMY
sisAjeuy ejeq uol1329]|0) eleq uone|ndod (4) 49puan ajdwes (sieak) aby ubisag  Asiunoy  ueap aAlelenp

(Ponunuod) | 3jqelL



(2025) 22:141 Page 9 of 28

Tadrous et al. International Journal of Behavioral Nutrition and Physical Activity

(Aep/Buniis sinoy ainsia|

SMB3IAIRIUI |BIO} 9=) AJeIUspPas pue paliial 1DY10lld  wopbury
sisAjeue dpeway | PaIN1ONIS-IWSS Alpayiodal jjos 'sieak 4/ 0309 %E'SS LS €0l (8/€)TE89 “POYIBIN-PIXIN pauun /10t 119 UYM
Ayseidoiyye
SIsK|eue dleWaY} SAIONPUY| sdnoib sN204 93U Pue SIILYHEOSISO YNM SYNPY  9%9°€9 7l 44 (€9) G629 aAlelenQ epeue)  610¢ AEREREIele L/
SM3IAIRIUI e19
SISAeUR Dl1RWDYY SAIIDNPU| PaJN12NJIS- WSS BWIYISE 219A3S YIIM 3]doad %29 €l 1z (6) £9 SAIRYEND  BlRASNY  $207  OJauaNDzolN
SISSUIUAS DlleWSY} 9AldNPaJ sdnoub sndo- SIOAIAINS J9DUBD 3)RISOId %00 0 Va4 (1'9)5es aARHEND epeued)  Gl0C 239 Ul
sIsAjeue Jus3uod pa3dalQg sdnoib sndo4  synpe Japjo buljlemp-Aunwiwod %001 [oY4 ot (58) ¥ dAIRYeND epeued) 9|07  ‘|e 12 01xS-We|
SiSAeue djjewayy wopbury
9AONPIP pue SANdNPU| sdnoib snoo4  s3Npe Jap|o buljeMp-AuNWWo)  9%/99L L 9 (680) €8 aAlRH[END pauun  9qszoz ‘e 12 snoipeL
SisAjeue djewayy wopbury
SAIDNPSP pue SAIRdNPU| sdnoib snd04  synpe Japjo BuljlemMp-ANUNWWOD  %/991 L 9 (68°0) €8 SAREH[END PSNUN  BSZOZ e 39 snoipel
SM3IAIRIUI
S|SAjeuR JUIUOD dlRWRY | PaJN12NIIS- WSS SYNpPe J9pP|O |Iel) pue |1elj-3id %29 ¢l 4 €neL dAIRYEND epeuR) €707 |19 sonbuapoy
SM3IAIDIU| wopbury
sisAjeue djeway | PaINIONIIS-IWSS  S}NPE JSPJO Buljemp-Aunwuwod 9%/ /i X o WN) 9L aAeNeND psaun  1z0¢ ‘e 39 Jowied
SMIIAIIUL wopbury
sisAjeue deway PaINIONAS-IWLSS S} NPE JSP|0 Buljamp-ANunwWo) 9%/ Ly 1z v (N) 9L SAIREH[END psuun - 8107 219 JaW|ed
“Vd Ausuaaul-ybi| ur aredpipied
SMaIAIRIUL 01 9|ge AjjedisAyd ‘sisoubelp adoD 1OYANIg  wopbupy
sisAjeue dpjewsy | pain1oNAs-lwes PaWIYUOD 's1esk 68 01 0F PIBY  9%/'69 €C €e (00) L4 -Isea4 ;POYISIN-PXIN p=11un 810¢ AEREEEINN@)
Jusuedwil
SMIIAIIUI SAINUBOD pliw Y1m s1eak +05 wopbury
SISAjeue JUS3U0D 1S3jIUBIA paInNdNiis-lWas  pabe synpe buljjamp-Ayunwiuiod) %St 9 L1l (S2) 9%/ Au)qises) pasiuopuey pajun 7oz |e 19 nfemaiue|n
SISOUIUAS dl1ewayl sAdNPaJ sdnoib sndo4  SyNpe Jap|o buljeMP-AJUNWWOD) %68 Iy of 8195/ dAIRYeND eOlBWY 7707 |B 19 21I9MNN
SM3IAIRIUI
sisAeue dpeway | PaINIINAS-ILDS SHNPR BP0 %EY 9 vl (W9 sTes SARNeND  USPAMS  $707 [P 33 UOSSBPYIN
[E21INSUSWISH SM3IAIRIUI
|ed16ojousWOoUayd P3IN3ONIIS-IUSS synpe 1ap|0 995 6 91 ($79) SsTes aAIeHeND USpPaMS €707 '|B 12 UOSSEPIN
SM3IAIRIUI wopbury
sisA[eue dlleway) SAIX3RY PaINIINAS-IWLDS SHNPE JOP|0 BSIDAIP AJ[B2IUYIT 9656 Ll 0T 9 v/ aAneleND psuun  SZ0T e 38 lueybay
sdnoib
SN0} pUB SMIIAISIUI wopbury
sisAjeue dieway | Pa1N312N.3S- WSS sinpe Jap|0 %Y Lc 6v (Oxa4 aAle)eND pauun €20z |l lueybapy
SM3IAIIUL Ajjigeydandy  wopbury
sisAjeue ylomawield PRINIONIIS-IUISS eluadodies YIM syNpe Jap|0 %E'E/ Il Sl (9) ¥/ POYIBN-PEXIN paNUN #2707  |B 12 UBMODDW
SMIIAIRIUI wopbury
sisAjeue dljeWaY} 9AIRdNPU| P2INIONIS-IWISS  SHNPE J9P|o BuljlomMp-AJUNWWo)  9%9'€9 Pyl 4 (UN) S'2/ aARHEND paluUN 0207 |38 UBMODD
SM3IAIIUL wopbury
sisAJeue dleway) SAdNPU| P2INIONIIS-IWSS  S}NPE JPJO BuljePMP-ANUNWWOD)  %9°€9 vl 144 (4N) 9/ aAnelenD PSNUN 6107 [e32 UBMODI
azis S9PIMY
sisAjeuy ejeq uol1329]|0) eleq uone|ndod (4) 49puan ajdwes (sieak) aby ubisagq  Anunoy  Jesp aAljeyjenp

(Ponunuod) | 3jqelL



Page 10 of 28

(2025) 22:141

Tadrous et al. International Journal of Behavioral Nutrition and Physical Activity

S//S LrLr L L2 rr aAeNeND 810¢ JIEREPETVII 13
S//S Y Y rr aAelenD zeoe el aemMnN L€
S//S Y Y rr aAleNenD ¥20C eI UOSSePIN  9€
S//S LrLr L L2 rr aAeNeND €20t 012 UOSSEPIN - S€
S//S Y Y Y rr aAeyeND 14014 1o ueyboy  pE
S//S s Lr L L2 rr aAeNenD €20t e ueybay €€
S//S Y Y rr aAelenD 610C e1o uemod  Z€
S//S Y Y Y rr dARe)[END 610¢ 019 uBMoOod  LE
S//S LrLr L L2 rr aAlRYEND £10C e uemPY  0€
S//S Y Y rr aAelenD 810¢ o192 UoSIeN 6T
S/ , X £ L 2 rr SAeNeND £10C leoseal 8¢
S//S LrLr L L2 rr aAeNeND 910¢ leyoysea] LT
S//S Y Y rr aAeeND Y20 e ueunny 9z
S//S LrLr L L2 rr aAleenD 9107 '[e12 UBUWDPIH-POOMUSRID 6T
S//S Y Y ’rr aAnelenD Lz0C e Apern vz
S//S Y Y Y rr aAnelenD (K404 ew@punp3 €2
S//S s L L2 rr aAlRYEND Lzoe ewsuyod Tz
S/ , X A r 2 ’rr aAelenD ¥10T leunseyd L
S//S Y Y rr SAeNeND ¥20T ebusyd ot
S//S LrLr L L2 rr aAeNeND 4] e bueydy 6L
S//S Y Y ’rr aAeeND s10¢ e pppoolg 8L
S//S LrLr L L2 rr anlefenD Lzoc e uwngdelg L1

s/ X A2 — L 2 rr 104 Lz0C e1wisol 9l
s/S s Lr L L2 rr 104 ceoe eyeesions G|
S/S / / / Va / I, 124 20 leje buaquasoy i
/€ — , X £ 2 ’rr 104 0c0t e1o Bisquasoy €L
s/€ X — £ L 2 rr 104 Lzoc e siyeliooy 7l
4 ,r 2 X £ 2 rr 104 610C e sueqoy Ll
4 X A L L2 rr 104 610¢ e uemMO 0l
s/€ , X A2 - 2 rr 1o £10C JIEREPETVIN 6
Sy , X A L 2 rr 104 1202 019 UspA] 8
/1 - = = 7 X rr 104 600¢ ‘e 19 sbuijjey L
/1 - = X £ X rr 104 01 ‘e 12 Bujuuey 9
/S s L L2 rr 104 910¢ ‘e 32 ysijbug S
/€ , X £ L2 rr 104 Lzoe ‘e 32 BIquoI) v
4 X £ L L2 rr 104 4] o1 busyd €
s/€ X X £ L 2 rr 104 (K404 ‘e121eig 4
s/¢ , X £ 2 X rr 104 9102 ‘e 12 sqqID auoleg |
€ C L S v A 4 L S v € 4 L
Aiend POYIB N -pPaXIN aAnelend pasiwopuey aAljelyuend  suonsanpbulusadg adAL e\ |apnIy

SIPN3IS PaPN|DUL JO 1USWISSISSE |00) [esieidde poylsw-paxiy g ajqel



(2025) 22:141 Page 11 of 28

Tadrous et al. International Journal of Behavioral Nutrition and Physical Activity

19W eI} JI JB3dUN sD10Udg—

19W J0U eI sd10UdJ X

J2W elLld sajouag £

2|qedyjdde Jou e1IS3ID S330USP BIIR PIPRYS

/ - / — /
v Y Y VA / / / / p3siwopuel-uou dAieyuend '/ POYIBIN-PXIN Gloc e RIe 98
Sl/cl Vs Vs / - /S / Vs Ve / /S - / - Va ’rr POYISN-PaXIN Srdvr4 e 12 UeMODHON QS
SL/zL Y Y / Lr L2 Ve S Va // POYIBIN-PXIN 810¢ ewafuog  bS

S — S — a
SL/zL YV VA / S L L aandudsaq aaneyuenpd // POYISIN-PaXIN Y44 e3e3lRqolea €S
SL/CL /S Vs / / /S /S Va / / X X X Va Va A POYISIN-PaXIN £10¢ ‘e 32 a)IYM (4]
SL/0l Va Vs / / / Vs Vs Ve / X X X - Vs A POYISN-PaXIN 810¢ ‘|e 19 WO LS
SL/LL LS 2 VA / LrLr L / X — - / '/ POYIBIN-PIXIN ceoe ‘e nlemaiuely 0§
Sl/L X X / / /S - - / / / - - X - ’rr POYISN-PaXIN ¥¢0C ‘e 32 Jejezylen 6t
SL/EL S L VA / VA X X / a a // POYIBN-PaXIN 20T el hoeg 8y
SL/LL VRV VA / VY Y X X / Va '/ POYIBIN-PXIN 0zot e usbuny /b
S//S /S Va Va Vs Ve ’rr oAllelllenD 610¢ REREREIele *14
S/S , , Y Y 2L SAlRYeND 20T eI ousNDZONN S
S//S /S /S Va Vs / ’rr oAlle}l[enD SlL0¢ ‘lee yuup 1474
S//S Vs Vs Vs Vs / Vs oAllelllenD 910¢ ‘lelo 019S-we| 134
S//S / / LrLr 2 11 |AeNenD  gseoc ‘e snolpel gy
S//S Vs Va Va / / ’rr oAlle}l[enD eGC0C ‘le 1o snolpe| R4
S//S Vs /S Va Ve / ’rr SAIeY[END £¢0c ‘e 38 sanbuspoy or
S//S / / VA ’rr anljelen Lot eI oWed  6€

14 € [4 L S 14 € [4 L S 14 € [4 L
Ajjend POy -pPaxIN aAneMenD pasiwopuey aAneluend  suonsanpbuiuaaidg adA) 1eap JPIY

(PanuUnU0) Z3lqelL



Tadrous et al. International Journal of Behavioral Nutrition and Physical Activity

(2025) 22:141 Page 12 of 28

Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
11.1.1 Subjective
Aunger 2020 463.31 182.53 21 502.14 83.01 9 4.1% -38.83 [-133.89, 56.23] L
Barone Gibbs 2016 504 253.2 19 648 420 19 1.5% -144.00 [-364.51, 76.51] —
Crombie 2021 441.26 138.84 31 536.97 134.27 25 4.9% -95.71[-167.54, -23.88] -
English 2016 593 170 19 667 217 14 2.8% -74.00 [-210.98, 62.98] _
Leitzelar 2024 415.8 130.8 7 626.4 78.7 8 3.5% -210.60 [-321.79, -99.41]
Maher 2017 566.8 141.1 24 746.7 1333 17 4.4% -179.90 [-264.76, -95.04]
Olanrewaju 2022 526.7 617 8 408 4538 11 5.8% 118.70 [68.10, 169.30] -
Subtotal (95% CI) 129 103  27.0% -83.65 [-193.37, 26.06] -
Heterogeneity: Tau? = 18593.08; Chi? = 59.89, df = 6 (P < 0.00001); I> = 90%
Test for overall effect: Z = 1.49 (P = 0.14)
11.1.2 Device-Measured
Aunger 2020 575.23 84.27 19 562.08 83.01 6 4.8% 13.15[-63.32, 89.62] -
Bailey 2024 668 124.4 24 6762 1412 26 4.9% -8.20 [-81.84, 65.44] T
Barone Gibbs 2016 660 18 19 618 30 19 6.8% 42.00 [26.27, 57.73] -
Blair 2021a 604.6 120.03 18 552.9 106.28 9 43% 51.70 [-37.16, 140.56] T
Blair 2021b 575.6 109.42 18 552.9 106.28 9  4.4% 22.70 [-63.19, 108.59] -
Cheng 2022 624 106 30 618 124 34 5.6% 6.00 [-50.36, 62.36] T
Crombie 2021 551.39 120.51 31 643.66 133.12 25 5.1% -92.27 [-159.52, -25.02] -
English 2016 609.7 121 19 589.9 1115 14 4.6% 19.80 [-60.02, 99.62] I
Leitzelar 2024 668.1 108.1 5 7012 1114 10 3.4%  -33.10[-150.34, 84.14] -1
Lyden 2021 624 126 51 647 130 50 5.8% -23.00 [-72.94, 26.94] /T
Olanrewaju 2022 4916 436 8 518.1 46.5 11 6.1% -26.50 [-67.34, 14.34] -
Rooijackers 2021 808.6 257.42 133 827.6 24263 131 5.4% -19.00 [-79.33, 41.33] T
Rosenberg 2024 610.04 1179 140 64589 1155 143 6.5% -35.85 [-63.05, -8.65] -
Rosenburg 2020 528 137 29 600 104 31 5.3% -72.00[-133.86, -10.14] -
Subtotal (95% Cl) 544 518 73.0% -11.61 [-38.33, 15.10] L 3
Heterogeneity: Tau? = 1587.76; Chi? = 49.69, df = 13 (P < 0.00001); I? = 74%
Test for overall effect: Z = 0.85 (P = 0.39)
Total (95% CI) 673 621 100.0% -27.53 [-57.43, 2.37] L
Heterogeneity: Tau? = 3365.63; Chi2 = 113.39, df = 20 (P < 0.00001); I = 82% 5_500 _2i50 5 2g0 500’

Test for overall effect: Z = 1.80 (P = 0.07)
Test for subaroup differences: Chi? = 1.56. df = 1 (P = 0.21), I = 36.0%

Fig. 2 Forest plot of interventions to reduce sedentary behaviour vs. control

Table 3 Effects of interventions on secondary outcome measures

Favours Intervention Favours Control

Outcome Measure Number of Studies; Mean Difference 95% Cl P Value 1? References
(Participants)

Sit-to-Stand Transitions (n) 5 studies; n=438 —0.61 [-3.07 to 1.84] 062 14% [43,44, 47,51, 55]

Sedentary Breaks (n) 5 studies; n=165 157 [-244t0 5.57] 0.44 37% [45, 85, 86,91, 92]

Sedentary Bouts Durations >30 mins 7 studies n=245 —6.15[-29.78 to 17.48] 061 0% [43, 44, 46, 85, 86, 92]

LIPA (mins/day) 6 studies; n=227 —10.97 [-25.76 t0 3.81] 0.15 62% [42-45,91]

MVPA (mins/day) 8 studies; n=438 —1.04 [-11.48 to0 9.40] 0.85 79% [13,14,42-46,91]

Steps 10 studies; n=842 550 [160 to 950] 0.006 0% [13,43,44,48,49,51,
52,85, 86,92]

Short Physical Performance Battery 8 studies; n=552 0.08 [-0.23 to 0.40] 0.84 26% [15,42,43,51,53, 85,
86,91]

Body Mass Index 7 studies; n=698 —0.67 [-1.25 to —0.09] 0.02* 0% [13,48,49,51, 52,
85, 86]

Waist Circumference (cm) 5 studies; n=580 —0.61[-2.251t0 1.03] 046 0% [15,48, 49, 51, 52]

Systolic Blood Pressure (mmHg) 5 studies; n=512 —1.82 [-4.331t0 0.68] 0.15 65% [15,42,48,51,52]

Diastolic Blood Pressure (mmHg) 5 studies, n=512 —0.14 [-2.84 t0 2.56] 0.92 95%

*Significant at p<0.05

both device-measured and self-reported SB were pooled,
an additional 55.79-minute reduction in sedentary time
was observed when self-reported (-64.68 min/day, 95%
CI -181.50 to 52.14, P = 0.28, I = 89%) compared to
device-measured (-8.89 min/day, 95% CI -55.62 to 37.83,

= 0.71, ’= 79%). Age did not significantly moderate
the effectiveness of interventions on reducing sedentary

time, with older age showing a non-significant trend
toward greater reductions ( = —0.0273, SE = 0.0327, p =
0.4029). The model explained none of the between-study
variance (R* analog = 0.00). The effects of interventions
on secondary outcomes are summarised in Table 3, with
forest plots (including subgroup analyses according to
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intervention focus) and narrative summaries provided in
the appendices.

Intervention focus

The results of six interventions that aimed to increase
physical activity and reduce sedentary behaviour [13-15,
47, 54, 85] were compared against fourteen studies that
solely aimed to reduce sedentary behaviour [42—46, 49—
53, 55, 86, 91, 92]. When device-based measures were
pooled, interventions to reduce SB observed a slightly
greater reduction (-11.61 min/day, 95% CI -38.33 to
15.10, P = 0.39) than interventions that aimed to increase
PA and reduce SB (-10.78 min/day, 95% CI -34.20 to
12.65, P = 0.37, I =95%). Similarly, when self-reported,
interventions to reduce SB observed a greater reduction
(-83.65 min/day, 95% CI -193.37 to 26.06, P = 0.14, I* =
90%) than interventions which aimed to increase PA and
reduce SB (9.75 min/day, 95% CI -68.07, 87.57, p = 0.81).

Intervention length

Interventions that aimed to reduce SB ranged from 2
to 36 weeks in length. Six interventions [44, 45, 50, 85,
91, 93] were classified as short-term interventions (<
6 weeks); four [42, 43, 46, 51, 92] were classified as
medium-term interventions (7—16 weeks); and four [49,
52, 53, 86] were classified as long-term interventions
(>16 weeks). When interventions that used device-based
measures of SB were pooled, long-term interventions
observed the greatest reductions (-29.12 min/day 95% CI
-50.39 to ~7.86, P = 0.007, I* = 0%), followed by short-
term interventions (-25.55 min/day - 78.51 to 27.40, P
= 0.34, > = 50%); and medium-term interventions (4.70
min/day 95% CI -37.79 to 47.18, P = 0.83, I* = 75%). As
only three interventions to reduce SB included follow-up
timepoints after intervention cessation [45, 53, 85], there
is little indication if SB reductions are maintained.

Intervention components

The BCTs of included interventions are reported in Table
4. Only three of 14 SB studies provided the BCTs incor-
porated in their interventions [43, 44, 85], with the rest
coded. The most frequently included BCTs were as fol-
lows: Feedback on behavior (16/21), Goal setting (behav-
ior) (16/21), Self-monitoring of behaviour (15/21), Action
planning (13/21), and Adding objects to the environ-
ment (13/21). The effectiveness of the number of BCTs
incorporated in 13 interventions to reduce SB that used
device-based measures were examined [42-46, 49, 51—
53, 85, 86, 91]. Interventions that incorporated more than
10 BCTs observed greater reductions of sedentary time
(-24.01 min/day, 95% CI -46.90 to -1.11, P = 0.04, I* =
31%) than interventions which included 1-10 BCTs (9.24
min/day, 95% CI —31.41 to 49.89, p = 0.66, I* = 67%).
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Publication bias

The funnel pot (Fig. 3) appeared largely symmetrical,
and Egger’s regression test indicated no significant asym-
metry (p=0.29). Additionally, IDuval and Tweedie’s trim
and fill analysis did not identify any missing studies, with
adjusted effect sizes remaining unchanged. These find-
ings suggest a low risk of publication bias in the included
studies.

Qualitative synthesis

Activities performed in sitting The activities performed
by older adults were extracted [58, 59, 61, 63—65, 67, 68,
70-75, 77, 78, 80—84, 88, 92, 93] and charted to the rel-
evant domains of the ecological model of SB [94] (Table
5). Sitting activities were predominantly leisure-related
and occurred in older adults’ homes. Palmer et al. [76]
reports that sedentary activities did not vary according to
SB levels, but individuals with higher SB would perform
sedentary activities more frequently or for longer.

Barriers and facilitators to reducing sedentary behaviour
The barriers and facilitators to reducing SB as expressed
by participants were charted against the COM-B model
of behaviour (Table 6) and discussed narratively below:

Physical capability

Older adults reported that performing activities in stand-
ing was difficult due to physical health problems such
as pain, fatigue, and stiftness [56, 58, 63, 65, 67, 68, 70,
77, 80—84, 88, 92, 93]. Sitting was viewed as a means to
reduce pain and stiffness and manage fatigue [58, 61,
63-65, 67, 68, 70, 73-75, 77, 81, 82, 84, 88, 90, 93]. Some
older adults recognised that their sitting contributed to
their pain and stiffness and that interrupting their sitting
was an important way to reduce pain and stiffness and
manage their physical health and fatigue [56, 58, 63, 80,
82].

Psychological capability

Feelings of depression, anxiety, and reduced self-esteem
promoted SB [58, 69, 70, 77, 80, 81]. Contributing fac-
tors included the loss of role following retirement [69,
70, 77, 81], the bereavement of a spouse/friend [68-70,
77, 81], or fear of falling [57, 68, 69, 81, 84]. Older adults
were motivated to reduce their SB because of the benefi-
cial effects on their mental well-being, such as improved
sleep, mood, and confidence [14, 63, 67, 80, 90].

Physical opportunity

Barriers included a lack of space or stairs within the home
[63, 69, 80, 84, 92], limited public seating and recreational
facilities [69, 77], poor public transport [56, 58, 68, 69, 77,
81, 84, 88], financial constraints [69, 81], poor weather
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Funnel Plot of Standard Error by Std diff in means
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Fig. 3 Funnel plot of standard error by standardised difference in means

Table 5 Activities performed in sitting and standing
Activities in Sitting Activities in Standing
Leisure-Related Sedentary Behaviour

- TV, Reading - Walking

« Puzzles/Crosswords « Shopping

- Tablet/Computer « Exercise, dancing

« Resting/Relaxing - Gardening

« Knitting/Sewing « Community classes

« Playing games/cards « Socialising

- Socialising + Going to museums/libraries
Transport-Related Sedentary Behaviour

« Bus «Walking

«Train « Walking to/from public transport
« Driving « Cycling

Occupation-Related Sedentary Behaviour

«\olunteering

- Carer role (family members/spouse)
« Helping friends

« Employment requires sitting
- Computer usage

- Teaching

« Attending courses
Household-Related Sedentary Behaviour
- Eating

- Sorting medication
- Computer usage

« Resting/Napping

- Preparing meals

« Answering phone calls
- Getting dressed

« Chores/tidying up

« Getting medication

- DIY

[56, 58, 63, 68, 69, 77, 80—84, 90], community safety and
anti-social behaviour [69]. Facilitators included employ-
ment, volunteering, and interesting and appropriate
activities available for older adults to engage in [56, 68,
69, 88, 90]. The home also facilitated the reduction of
SB, with features like stairs or gardens encouraging the
reduction of sitting time [57, 58, 63, 64, 67, 69, 71, 80].

Social opportunity

Older adults described a social expectation for them to be
sedentary, with carers, family, and friends limiting their
activities by encouraging sitting [58, 63, 81, 84]. The loss
of role following retirement, accompanied by reduced
organisation or structure to their day, also promoted SB
[14, 64, 69, 80]. Reduced social support discourages older
adults from undertaking activities, and social norms to sit
whilst working or eating further promote SB [63, 65, 67,
68, 77, 84, 89]. Facilitators included employment, which
provided a sense of purpose, visits from family or friends,
and social support to reduce their SB [56, 58, 59, 63-65,
67-69, 71, 77, 80—84, 88-90].

Reflective motivation

Older adults were frequently unaware of their SB, the
detrimental effects of their sitting, or the benefits of
reducing their SB [56, 59, 63-65, 68, 70, 77, 79, 80, 82,
84, 90]. Fears of mobilising or falling further reduced
confidence in performing non-sedentary activities and
increased home-based SB [57, 58, 68, 69, 81, 84]. Some
older adults were aware of the benefits of reducing their
SB in managing their well-being and maintaining func-
tional independence [63-65, 70, 77, 80, 82].

Automatic motivation

Barriers included older adults being habitually seden-
tary [58, 63, 67-69, 77, 82, 84, 88], enjoying activities in
sitting [59, 67, 68, 82, 88, 90], and sedentary activities
being easier to perform than activities in standing [69].
Older adults often reported viewing sitting as a rest or
reward after a hard day’s work [58, 63, 67-70, 77, 84, 93].
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Table 6 Barriers and facilitators charted to COM-B model of behaviour
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Physical
Capability

Psychological
Capability

Pain

Fatigue

Physical Health Problems

Chronic Health Problems

Depression

Anxiety

Knowledge

Reduced Confidence

“It was very painful to walk and so
| got..to be very sedentary prob-
ably because it hurt to move!

“It is difficult to maintain the
healthy behaviour on your own,
especially at our age, you need a
lot of energy to get going, and |
must admit that it's getting more
and more difficult”

“It's a case of...the spirit is will-
ing, but the body is weak. The
thought of actually getting up
and going out and things like
that, you just know how the pain
is going to be, how tedious it

is, getting about and things, so
forget it"

“I knew | needed to start moving
more, without a doubt, and | - |
have arthritis in my knees and
my foot and my shoulders and
my back, and it’s really easy to sit
down and do nothing”

“When you're in my situation,
you are terribly lonely and as a
consequence the easiest thing...
didn't say it was the right thing,
the easiest thing to do is to sit
and watch that thing [television]
or put your feet up”

“If 've not like gone out for say
three or four days | actually get
more depressed and ill... | feel
stronger doing stuff’

“For me one of the..the big things
was after spending a few years
basically isolated, was the fear of
coming, of not fitting in, of... you
know, not belonging, um... It was
very scary for me to come here..”
‘I don't think people know [about
health risks and sedentary behav-
jour]. I never knew about them
until I came here!

“Well, | think people go into a rut
and lose their confidence about
just going out the front door”

[63]

[56]

[69]

[70]

[8

[84]

[69]

Reduce Pain

Reduce Stiffness

Manage Physical Health

Increase Energy

Improved Sleep

Improve Focus

Improved Satisfaction

Improve Mental Wellbeing

“If 'm not moving, it 67
puts a little stress on my
back and makes my back
sore, so I'm trying to find
more opportunities for
standing.’

"You're immediately [63]
rewarded when you stand

up and you're not so stiff

that you can't walk”

“Significantly better
well-being, | want to keep
that as long as possible”
(referring to effect of
intervention)

[56]

“So, | enjoy walking [63]
outside. And that made
me feel stronger. Yes, that
made it easier to stay up
more”.

“When | do the exercises,  [89]
| feel a bit tired, and then
by the evening...I go to
sleep. | do sleep well.
Before | couldn't [sleep],

| used to twist and turn,
had aches and pains... but
[since] then it's improved”
“Like when | clean the
house, | didn't get nearly
as exhausted as | have in
the past”

“| think it would be good
for it [mood] yes, yeah.
Because if you're sitting
down, you have more
time to think and you're
brooding!

“If  wasn't enjoying it, | [69]
wouldn't do it, you know

I'd come back home and

watch telly... It's the enjoy-
ment that would keep me

going”
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Table 6 (continued)
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Physical
Opportunity

Lack of Time

Lack of Space

Lack of Activities

Environmental Influences

Bad Weather

Financial Constraints

Poor Public Transport

“But lots of time | get up in the
morning and | find that | don't
have enough hours in the day
to do everything that | want to
get done...and | think that I'm
really busy, I think I'm really doing
something, you know?”

“This flat’s too small to do things
in, it's too small. Nothing in my
house | can do really is it [there].
Can't do much in your flat can
yer [you]”

“If I've got somewhere to go I'll
go. But I've nowhere to go, what
can | do? I got nothingtodo so |
watch television...nobody offers
anything around here”

“My husband and | would have
come down [a local walk] with
the dogs and we loved that but
now hills and things really restrict
me. More recently as I'm now on
my own, I'm even more restricted
due my health and no longer
driving has an impact on how
much | get out and about”

“I'think it's also seasonal because,
basically in the wintertime, there's
a tendency [for] the human to
kind of hibernate, sit down more
inside—you can't go out and do
a lot more. As the weather gets
right, everybody wants to get
outside... and enjoy the weather!

"And do you want me to tell you
another thing? Money. It costs a
lot to take part in almost every-

thing here!

"You've got to drive to [nearby
town] or that to get to the swim-
ming or the gym or whatever,
and you think, God, if it was only
nearer you could maybe walk
part of the way or whatever but,
no, there's not a great amount

of things locally that you could
goto!

[84]

[69]

[69]

[82]

[81]

[76]

Employment/Volunteering

Interesting Activities Available

Indoor Activities

Home Enabling Reduction of
Sedentary Behaviour

‘I think that the people [81]
that are volunteers at,
OSCC are a different,
different group of people
all together than you're
gonna find in a retirement
home or something like
that because we're busy
volunteering, we're doing
things we're a different
breed of people than
anything else”

“They're getting outta [68]
bed, they have to get
dressed, they have to
either you know, um...
Walk or take a bus or get a
taxi or get a ride or some-
thing. They gotta walk
through the parking lot
and walk in, you know....
We've had people huffing
and puffing by the time
they get in here with their
walkers, but | mean, that’s,
that's already more exer-
cise than they would have
had sitting at home”
“During the bad weather

I usually wouldn't get out
but having this centre has
meant that | can keep it
up without having to be
outside walking”

[56]

“Having a two-story [63]
house helps. | probably

do eight flights of stairs

a minimum a day. | teach

on one floor and live on

the other”

“Imean ldoliveina
house so I do have to go
upstairs..When you potter
round a house there's
always something you
can see to do really, you
know what | mean”

[69]
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Social Loss of Role
Opportunity
Social Isolation
Social Expectation
Reduced Social Support
Network
Reflective Not Aware of Conse-
Motivation quences of Sedentary

Behaviour

Unaware of Sedentary
Behaviour

Lack of Confidence

Fear of Falling

“Well, since retiring. | would've [80]
said. And | retired at 60. | had a

job where | was on their feet for

the full eight hours of work and

on an evening when the telly

goes on, Il sit, sit read all evening

and not move!

‘| lived here 14 years, and | can [76]
honestly say, I've no friends, I've
nowhere to go..So I've nothing to

do so I just sit about!

“You always have the kids who..  [84]
say you shouldn't be doing that

mom. You know, you shouldn't

be lifting that... or you might

hurt yourself. Yeah, careful you're

going to fall”

“It's awful if you've got to go on [69]
your own... so they shut the door

and stay in”

“I'm a fairly active person, even [63]
though | guess according to

the charts, I'm not. But as far as

I and my friends are concerned,

I'm pretty active..You have to

convince me that the way | spend

my life sitting and standing is
unhealthy.

“| was surprised that | didn't stand  [77]
more, because in my head I'm

standing more. And my friends all
think of me as somebody that's

always on the go doing stuff, so

I'was quite surprised that | didn't

have more standing in there, you
know.

“Well, I think people gointo arut ~ [69]
and lose their confidence about

just going out the front door”

“You don't wanna slip and falland  [68]
hurt yourself. It's not that easy to

get up again, you know"

Social Support: Family

Social Support: Friends

Maintain
Independence

Awareness of Health Benefits

Control over Health

“Son and his family up.. |
never sat down because
they were all around the
house moving about”

“Well, my daughter said to

me ‘'you're going to keep
it up, aren't you?'and of
course | am but she was
really glad that we were
doing it”

“Well, | had a bunch of
gals up here at the park
that I walk with. They all
thought it was a hell of a
good idea. They were real
proud of me”

"If you were going out

just for the evening, yeah,

for to do whatever, you
know, the theatre or just

meet friends. Because you

wouldn't be sitting"
“Then it is a motivation |

have to keep doing what |

learned. Because if it does
good to me, why stop?
Anyway, it is no effort..”

"I think when you sit a
long time you get stiff. |
think it's much better to

be active and move about

because if you've got an
ache or a pain and you
walk about, it goes away
whereas the longer you
sit, the stiffer you get”

“| can follow this pro-
gramme and keep myself
as mobile or as physically
able as possible. It gives
me hope and encourage-
ment, and that makes me

happy”

[65]

(80]

[76]
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Automatic
Motivation

Habitually Sedentary “It's also very easy to slip back
into old patterns. I mean, in our
705, we have pretty ingrained

patterns”

Enjoy Activities in Sitting  “Things like reading a book or

doing your knitting - getting up,

that wouldn't be fun, it would
spoil the enjoyment”

Sitting as Rest/Reward "I was looking forward to this
aspect of retirement that |, you
know—I'd be able to indulge
some of my other passions like

reading, studying, intellectual

pursuits... And | kind of resented
this idea of: What do you mean, |

can't sit down?”
“You need so much energy to

get through the day, it's difficult
when you get home, and you're
trying to recover and getting up

is sort of difficult then, you just
want to sit and relax and get
better”

[63] Habitually Non-Sedentary “And I had a job with [80]

the engineering where

| didn't sit down from

going in to coming

out. It was active all the

time. Now it's gardening,

cycling or walking!
[80] “| worked as a living, that
I was out every day and
I'had an elderly parent |
looked after...I would not
have liked to have to be
staying in all the time!"
[67] Activities of Daily Living "I do find myself moving  [88]
around quite a bit for

chores round the house'

“Well, some days the spirit  [65]
moves me, and I'll clean
the house”

[93] ‘I love my gardening so [81]
that takes care of the

spring time when you

have to dig up and, and,

and, and clean up your

garden and plant new

plants and stuff and then
cutting the grass every

week!

Conversely, some older adults reported being habitually
non-sedentary [58, 70, 76, 80] and having activities of
daily living (ADLs), such as preparing meals, taking med-
ication, that were performed in standing which facilitated
reducing their SB [58, 66-69, 77, 80—82, 84, 88, 93].

Intervention effects and desired components

The findings of 12 studies that explored older adults’
experiences with interventions to reduce SB were syn-
thesised [14, 56, 59, 63, 71, 85—-87, 90-93] and are sum-
marised in Table 7. Reported effects of interventions
included increased knowledge and awareness of their
sedentary behaviour [14, 56, 59, 63, 71, 85-87, 90, 93],
behaviour change and habit formation [14, 59, 63, 71,
86, 87, 90, 92], psychological benefits such as improved
mood and wellbeing [63, 71, 85, 86, 90], and physi-
cal health benefits such as improved strength, energy,
sleep and walking ability [14, 56, 59, 63, 71, 85, 86, 90].
Responses relating to older adults’ perception of inter-
vention components were extracted and grouped accord-
ing to the appropriate BCT domain [14, 56, 59, 63-66,
69-71,79, 82, 85-87, 89-93].

Analytical theme 1: what sitting means to older adults
Although SB can be defined, what sitting means to
older adults is highly individual. To some, sitting is

synonymous with self-management to remedy pain,
fatigue, or physical health problems [58, 61, 6365, 67,
68, 70, 73-75, 77, 81, 82, 84, 88, 90, 93]. To others, sit-
ting provides a sense of safety for those afraid to leave the
home [69] or falling [57], or those adapting to the loss
of role following retirement [8]. Sitting can be a means
for social interaction [63], a reward after a hard day’s
work [67], or an opportunity to complete activities to
stave off cognitive decline [76]. Older adults have also
described sitting as being “vegetating” or “stagnating”
[70], “lacking discipline” [84], or being “better off dead”
[70]. Additionally, participants often conflated SB with
being physically inactive, perceiving the two behaviours
as opposing points along a single behavioural spectrum
[70, 84]. When prompted about how they could reduce
their sitting time, older adults would frequently propose
strategies to increase their PA [70], indicating a tendency
to frame behaviour change through movement rather
than reduction. Many older adults did not appear to fully
recognise the health risks associated with SB, nor the
health benefits associated with reducing their sedentary
time. Even those aware of SB and the associated negative
health consequences reported excessive SB, which sug-
gests that education alone may not be sufficient to reduce
SB in this population.
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Table 7 Reported effects of interventions and desired
intervention components
Reported Effects of Interventions

Desired Aspects of
Interventions

Awareness and Motivation Goals and Planning

+ Goal setting and follow up
+ Health coaching
Feedback and Monitoring
- Self-monitoring of
behaviour

- Device-based monitoring
- Feedback on behaviour

«Increased awareness of SB

« Increased motivation to reduce SB
Behavioural Change

- Reduced sedentary behaviour

« Performing more activities in standing
«Increased physical activity (PA) levels

« Habit formation and lifestyle change
Physical Outcomes

+ Reduced pain and stiffness

- Weight loss

«Improved strength and balance

« Improved walking and mobility

« Improved ability to perform daily
activities

Social Support

« Group sessions

- Peer support

- Family/friend support
+ Health coaching
Shaping Knowledge

«Improved energy levels « Educational sessions

« Educational booklet/
pamphlet

- Instructions on how to
perform behaviour
Associations

- Prompting/Cueing

- Technological prompts

- Environmental
restructuring

«Improved sleep quality

Psychological Outcomes
« Improved mood

- Reduced stress

- Greater sense of control

Social & Broader Impact Comparison of Outcomes
« Increased social participation
«Improved overall health and wellbeing

- Sharing knowledge with others

« Receiving information
from credible source

Analytical theme 2: expectations of ageing

Ageing was frequently linked with an expected deterio-
ration in physical capability [57, 68, 80, 83], with many
experiencing problems such as pain, fatigue, and stiffness
[56, 58, 63, 65, 67, 68, 70, 77, 81-84, 88, 92, 93]. These
complaints were frequently remedied by sitting [58, 61,
63, 65, 67, 68, 70, 73-75, 77, 81, 82, 84, 88, 93]. How-
ever, few recognised that their SB may contribute to their
physical health problems [63, 70, 76, 82, 95]. This was
exacerbated by a reduced capability to undertake activi-
ties involving prolonged standing [58, 62, 68, 69, 72-74,
77, 81]. The loss of a structured routine post-retirement
was cited as a factor that encouraged sedentary habits
in later life [61, 64, 69, 76, 80, 81]. Retirement presents
older adults with the time and freedom to do what they
enjoy, which frequently involved sedentary activities
[61, 68, 89]. Additionally, the language used to describe
older adults, such as ‘senior citizens, was perceived as
stigmatising, reducing their willingness to participate in
activities [68]. There was a sentiment that the changes
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associated with ageing should be acknowledged, but that
ageing was not synonymous with decline [69, 81].

Analytical theme 3: social influences in older adults

Social influences can be both beneficial and detrimen-
tal to reducing SB. Family and friends can inadvertently
limit the activities of older adults out of respect, social
or cultural norms, or fear that the older adult may injure
themselves [58, 63, 81, 84]. This limitation of activity can
reduce older adults’ independence and activity by pro-
moting cautious avoidance [58]. Furthermore, bereave-
ments and diminishing social connections often led to
withdrawal from formerly valued activities, contributing
to increased sedentary time [68-70, 77, 80, 81]. When
combined with the loss of role following retirement,
older adults can often feel socially neglected and report
having few reasons to leave their homes [61, 68-70, 77,
81]. Social influence can also be beneficial in reducing
SB. Social engagement through caring for grandchildren
or visits from family or friends was seen as a motivating
factor in reducing sedentary time [56, 58, 62, 63, 66, 72,
77, 88]. Volunteering also provided social enrichment
and structure to mitigate the loss of role following retire-
ment [56, 68, 69, 88]. Other positive influences included
loved ones following up or supporting older adults to
reduce SB [59, 64, 67-69, 71, 77, 81-84, 89, 90].

Discussion

This review aimed to synthesise quantitative and qualita-
tive studies to explore the suitability of interventions to
reduce SB in community-dwelling older adults. Quantita-
tive and qualitative findings will now be narratively inte-
grated to identify complementarity and/or discrepancy
present regarding the study populations, outcome mea-
surement, and intervention design (Table 8).

Study population
With both syntheses predominantly recruiting white
females, the transferability of findings to wider popula-
tions of older adults is limited, particularly with minor-
ity ethnic communities. Similarly, the population of older
adults aged > 75 years is considerably underrepresented.
Of the 56 articles included, only nine qualitative studies
[58, 66, 69, 70, 73-75, 79, 80] and three RCTs [50, 53, 55]
recruited samples with a mean age of > 75 years. Con-
sequently, our understanding of SB and the appropriate-
ness of existing interventions has predominantly been
informed by a younger subset of older adults.
Progression through older adulthood is oftentimes
accompanied by a reduction in functional ability, with
Age UK reporting that the percentage of people experi-
encing difficulties with their ADLs increases from 15%
in those aged 65-69 to 1-in-3 people requiring some
level of care and support by age 85 [96]. Ageing is also
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Table 8 Overview of quantitative and qualitative findings and review recommendations

Quantitative

Qualitative

Review Recommendations/Findings

Study
Population

Outcome
Measurement

Intervention
Duration

Intervention
Level

Intervention
Content

- Predominantly white, female (66.49%
female; n=1288).

- Aged 65-74 (71.62 + 857 years)

- Western countries

- All included measure of Sedentary
Behaviour.

- 3/21 RCTs measured time in sedentary
activities.

- Potential self-report bias with subjec-
tive measurements of SB.

- Secondary outcome measures under-
utilised (e.g. 6GMWT used in 3 studies vs
step counts used in 11 studies.

- Evenly distributed intervention
lengths

- Long-term interventions (>16 weeks)
were more effective (—=29.12 mins/day)
than medium-duration (7-16 weeks)
interventions (+4.70 mins/day) and
short-term interventions (>16 weeks)
(—25.55 mins/day)

- Follow-up periods infrequently in-
corporated (2/14 sedentary behaviour
interventions)

- 20/21RCTs targeted individual level

- 1/21 targeted provider-level

- No system-level interventions

- Most incorporated BCTs: Feedback
on behavior (16/21), Goal setting
(behavior) (16/21), Self-monitoring of
behaviour (15/21); Action planning
(13/21) and Adding objects to the
environment (13/21).

- Interventions to reduce SB slightly
more effective than interventions
which aimed to increase PA and reduce
SB (=11.62 mins/day vs —10.78 mins/
day)

- Using >10 BCTs more effective than
1-10 BCTS (—24.01 mins/day vs —9.24
mins/day)

- Predominantly white, female (56.78%;
n=611).

- Aged 65-74 (7248 + 7.19 years)

- Western countries

- Not interested in reducing SB solely to
reduce their sedentary time.

- Value tangible health benefits associ-
ated with reducing SB such as reduced
pain, stiffness, improved HRQoL and
sleep.

- Need convincing that their sitting
time is detrimental, and that reducing
SB would improve their health.

- Concerned re habitual nature of sed-
entary behaviour and short durations
of interventions.

- Feel original behaviours may return
upon cessation of interventions.

- Follow-ups may promote intervention
adherence.

- Expressed interest in system-level and
provider-level interventions.

- System: Described how the home
and their communities contribute to
increased sedentary time.

- Provider: Value education from
healthcare professionals, unaware of
sedentary time, poor understanding of
sedentary behaviour and its' effects.

- Most desired BCTs: self-monitoring,
social support, information about
health consequences, prompting/
cueing.

- Technological interventions divisive.

- Pros: provides information re sed-
entary bouts and objective sedentary
time

- Cons: bulky, irritating, uncomfortable,
attracts attention

- Adults aged =75 years underrepresented.

- Predominantly Western countries - cannot
identify cultural differences.

- More inclusive recruitment strategies, recruit
underrepresented subsets of older adults. Target
adults > 75 years.

- Mismatch between research and older adults’
priorities present.

- Older adults valued receiving information
about health benefits associated with reducing
SB and consequences of prolonged SB from
credible sources as intervention components.
-To do so, interventions must include second-
ary outcome measures that measure effects of
SB on outcomes valued by older adults e.g. pain,
stiffness, to further develop the evidence-base.
- Combination of device-measured (accuracy)
and self-reported measurements (context) of SB
recommended.

- Long-term interventions (>16 weeks) appear
to be most effective currently.

- Need to incorporate follow-up periods in inter-
ventions to explore maintenance of behaviour
following intervention cessation

- Explore system-level and provider-level
interventions:

- Provider-level: would target healthcare
providers interacting with older adults. Focus on
education and screening to identify sedentary
individuals.

- System-level: Improving local services and
facilities (e.g. public transport, community
services, activities, public seating) and home to
reduce SB.

- Slight mismatch re intervention components.
Social support was the most requested yet only
used in half of the included RCTS.

- More accurate reporting of intervention
components necessary 3/14 SB interventions
provided BCTs).

- Incorporate older adults’ preferences in inter-
vention content.

associated with reduced social support networks and
social isolation, which can lead to increased sedentary
behaviour [97] and poorer physical and mental wellbe-
ing [98], as highlighted by the thematic synthesis. Given
these challenges, and the increased frailty [99], balance

impairments [100], and cognitive decline present [101],
tailored strategies to reducing sedentary behaviour in
this subsection of older adults may be warranted. Future
research should explore the effects of interventions to
reduce SB in adults aged > 75 years, as this population is
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expected to double over the next 30 years [102]. Broader
recruitment strategies should also be employed to ensure
underrepresented communities are recruited.

Outcome measurement

Considerable mismatches exist between self-reported
and device-based measurements of SB. When measured
subjectively, an additional 72.03-minute reduction is
observed. When six interventions that employed both
subjective and device-based measures of SB were pooled
[42, 45, 46, 85, 91, 92], an additional 55.79-minute reduc-
tion in SB was observed. Despite this difference not being
statistically significant (p = 0.38), this mismatched reduc-
tion of SB determines if the minimal-clinically important
difference (MCID) is reached, with reductions of 30—60
min/day associated with improvements in cardiometa-
bolic health, HRQoL, and reduced mortality [103—105].
Relying solely on self-reported measures of SB may
therefore overestimate intervention effectiveness and
distort the perceived impact on secondary outcomes.
Self-report bias must also be considered when subjec-
tively measuring SB in older adults, as an international
consensus statement on SB in older adults reported that
self-reported measures of SB have limited validity and
reliability [106]. However, self-report measures can con-
textualise sedentary activities (e.g., reading or watching
television). Future research should incorporate device-
based and self-reported measurements of SB to accu-
rately measure SB and contextualise sedentary activities,
respectively.

Beyond measurement discrepancies, a further mis-
match was observed between the outcome measures
used in existing interventions and the outcomes that
older adults valued. Qualitatively, older adults frequently
expressed that they did not want to reduce their sitting
time for the sole purpose of reducing their SB, and that
interventions must be meaningful [56, 63, 64, 69, 70].
This may partly reflect that some sedentary activities
such as socialising, computer-use or reading, are men-
tally engaging and can be beneficial [107]. Furthermore,
few interventions investigated secondary outcomes as
highlighted in the quantitative review. From the mixed-
method studies, older adults valued the tangible ben-
efits they observed from participating in interventions
such as reduced pain and stiffness [14, 56, 63, 67, 89],
and receiving education from credible sources, such as
healthcare professionals [66, 67]. However, the omission
of wider outcome measures limits the evidence base by
which we can educate older adults about the health ben-
efits of reducing their SB. For example, only six RCTS
included HRQoL measures [42, 43, 45, 85, 91, 92]. With
cross-sectional studies suggesting an inverse relationship
between sedentary time and HRQoL, particularly among
the oldest old [108], future research should incorporate
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measures of HRQoL to determine if reducing sedentary
time can improve HRQoL in this population.

Intervention efficacy

When compared to the review by Chastin et al. [11],
we observed a smaller reduction of total sedentary time
(-27.53 min/day, 95% CI -57.43 to 2.37, P = 0.07, I* =82%
vs. —44.91 min/day, 95% CI -93.13 to 3.32, P = 0.58; I
= 73%) although our results offer greater precision. We
observed similar reductions in self-reported SB (-83.65
min/day, 95% CI -193.37 to 26.06, P = 0.14, I* = 90% vs.
-84.29 min/day; 95% CI —270.14 to 101.56, P = 0.001, I?
= 90%). The smaller reductions in device-measured sed-
entary (-11.61 min/day 95% CI -38.33 to 15.10, P = 0.39
vs. — 30.45 min/day; 95% CI — 72.68, 11.77; P = 0.06; I
= 57%) may be attributable exclusion of interventions
conducted in clinical populations in the review by Chas-
tin et al. [11], as we included studies in populations such
as those awaiting surgeries [85], cancer survivors [43],
stroke survivors [46], chronic kidney disease [49] and
chronic obstructive pulmonary disease [44]. The lower
reduction of device-based SB may also be attributable to
the lower age of inclusion in the review by Chastin et al.
[11], as studies were predominantly conducted in west-
ern countries where retirement commonly occurs at > 65
years. As the qualitative review suggests, retirement con-
tributes considerably to SB due to the associated loss of
role, organisation, and structure. Although the mean par-
ticipant age for certain studies included by Chastin et al.
[11] was = 60 years, the eligibility criteria for the individ-
ual studies, and as such, the resulting sample may capture
adults below this threshold and inflate the effectiveness
of included interventions.

Intervention level

Interventions typically operated at an individual-level,
except for the provider-level intervention by Rooijack-
ers et al. [53]. From the qualitative synthesis, older adults
expressed how system-and-provider-level interventions
could act. System-level interventions could restructure
the home and communities to promote the reduction of
SB [109]. Additionally, providing affordable and enticing
activities may reduce SB through providing opportunities
for social interaction, peer support, and increased com-
munity involvement. Provider-level interventions could
target healthcare professionals who interact with older
adults such as physiotherapists. Older adults are unaware
of their SB, the health consequences of SB, and the bene-
fits of reducing their SB [63, 70, 76, 82]. With older adults
valuing receiving information from credible sources [66,
67], provider-level interventions could target screening of
SB to identify older adults with excessive SB and provide
education.
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Intervention duration

Interventions to reduce SB were evenly distributed with
regards to intervention duration and ranged from 2 to 36
weeks. Long-term interventions were more effective than
short-term and medium-term interventions, however,
there was little indication of whether intervention effects
were maintained as only three SB interventions incorpo-
rated medium or long-term follow-ups following inter-
vention cessation [45, 53, 85]. From the qualitative review,
older adults expressed the deeply ingrained nature of SB,
and that meaningful change may not be maintained [58,
63, 67-69, 77, 84, 88]. Including follow-ups following ces-
sation can provide information on whether interventions
effects are maintained, and the act of following up can
promote further adherence [66, 67, 89].

Intervention content

This review identified that interventions to reduce SB
were slightly more effective at reducing SB than interven-
tions also aimed to increase PA when device-measured
(-11.61 min/day vs. —-10.78 min/day) and self-reported
(-83.65 min/day vs. 9.75 min/day), echoing the findings
of previous reviews in adults [110, 111]. This may be
attributable to increased compensatory sedentary time
in SB due to completing more MVPA, or varying levels
of emphasis placed on reducing sedentary behaviour in
interventions that aimed to increase PA and reduce SB.

Additionally, the needs of older adults were also under-
represented in intervention content. Social support was
frequently requested by older adults (Table 4) yet was
incorporated in less than half of the included interven-
tions. Similarly, receiving information from credible
sources, such as healthcare professionals, was valued,
but only seven interventions included this BCT. Using >
10 BCTs appeared more effective than using 1-10 BCTs,
supporting the findings of a review by Curran et al. [112],
which explored interventions to reduce SB in healthy
adults, and the theory of additive effects through combin-
ing BCTs [41]. More precise descriptions of interventions
are needed, as only three of the included interventions to
reduce SB [43, 44, 85], provided their incorporated BCTs.
Future research should incorporate intervention compo-
nents valued by older adults and clearly document the
intervention components employed.

Evidence from Crombie et al. [45] and Maher et al. [50]
suggests that domain-specific reductions of SB are pos-
sible, with considerable reductions in television viewing
time (self-reported) achieved while maintaining levels
of mentally active activities such as computer use. In the
wider literature, engaging in mentally active sedentary
behaviours such as socialising, computer-use or reading
is associated with fewer difficulties with ADLs and higher
cognitive functioning than older adults who engaged in
mentally passive activities such as watching television
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[107]. Targeting reductions in mentally passive SB may
therefore be both a more acceptable and a more effective
strategy for older adults.

Strengths

This was the first mixed-method review conducted on
interventions to reduce SB in older adults, and through
the integration of the qualitative and quantitative find-
ings, a novel interpretation of the appropriateness of
existing interventions is provided. Secondly, the chart-
ing intervention of BCTs incorporated can further our
understanding of the approaches taken and provide a
preliminary exploration of the efficacy of these inter-
ventions. Finally, this review employed a rigorous meth-
odology, a large search strategy that yielded over 50,000
articles for screening and included articles that had a low
risk of bias.

Limitations

Only studies published in English were eligible for inclu-
sion. The resulting sample consisted mainly of white
females aged 65-74, limiting the generalisability of
review findings across the wider older adult population,
particularly the oldest old. The qualitative synthesis is a
secondary interpretation of quotes provided in the pri-
mary studies which may introduce bias. The decision to
include studies conducted in specific populations, such
as cancer survivors, may have introduced heterogeneity.
However, this inclusion may provide a more represen-
tative view as two-thirds of community-dwelling older
adults live with chronic conditions [113]. Lastly, active
controls may have inflated the pooled control results,
limiting the effect size. Active controls were also incor-
porated in the review by Chastin et al. [11], who reasoned
that physical activity interventions have been shown to
not change SB in older adults [110]. However, the results
from our review suggest that interventions to increase PA
and reduce SB resulted in comparable reductions in sed-
entary time (-11.27 min/day vs. —-10.78 min/day).

Conclusion

Interventions to reduce SB in community-dwelling older
adults can achieve their intended purpose but may not
reach the MCID to achieve important effects on key
outcomes when device-measured SB data is used. Exist-
ing trials are characterised by limited information on
medium-long term outcomes, and outcomes important
to older people, such as HRQoL or pain, which have not
been routinely measured. Further research should adopt
inclusive recruitment strategies to target underrepre-
sented groups such as adults aged > 75 years, incorporate
older adults’ views in intervention design and outcome
measurement selection, and explore provider-level and
system-level interventions.
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