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Abstract

Background Sedentary behaviour is considered to contribute to sarcopenia when combined with physical inactivity.
Whether sedentary behaviour is independently associated with sarcopenia remains controversial. The aim of this
study is to explore the association between sedentary behaviour and sarcopenia in older adults in community and
long-term care facility settings.

Methods Eight electronic databases including MEDLINE, PsycINFO, Wanfang were searched from inception until
August 2023. The review included cross-sectional and longitudinal studies concerning the association between
sedentary behaviour and sarcopenia among participants over 60 years old. Evidence was pooled by both random-
effects meta-analysis and narrative synthesis. Subgroup analyses explored variation according to adjustment

of physical activity, settings, and measurements of sedentary behaviour and sarcopenia. Quality assessment for
individual studies was performed with the Joanna Briggs Institute (JBI) Critical Appraisal Checklist.

Results Seventeen articles (16 cross-sectional studies and 1 longitudinal study) of 25,788 participants from
community or long-term care facility settings were included. The overall quality of the included studies was rated
high. Meta-analysis of 14 cross-sectional studies showed that sedentary behaviour was independently positively
associated with sarcopenia: pooled odd ratio 1.36 (95% confidence interval, 1.18-1.58). The independent positive
association remained in subgroup analyses by adjustment of physical activity, settings, and measurements of
sedentary behaviour and sarcopenia. The narrative analysis corroborated the findings of the meta-analysis and
provided additional evidence suggesting that interruptions in sedentary periods were linked to a decreased likelihood
of developing sarcopenia.

Conclusions The findings support the hypothesis that sedentary behaviour is independently positively associated
with sarcopenia in older adults, providing vital indications for the development of strategies to prevent sarcopenia.

Systematic review registration The systematic review protocol has been registered with the PROSPERO database
(CRD42022311399).
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Background

Sarcopenia is defined as age-related loss of skeletal mus-
cle mass plus loss of muscle strength and/or reduced
physical performance [1]. The prevalence of sarcope-
nia worldwide is 10% among community-dwelling older
adults while it is 38% among nursing home residents [2].
Sarcopenia is a strong predictor of a range of adverse
clinical outcomes and is therefore an important public
health concern. For example, it increases the risk of falls
and fractures by approximately 90% in older people [3]
and increase the risk of cognitive impairment two-fold
[4]. It also increases the risk of disability, morbidity and
mortality, and reduced quality of life for older adults [5—
8]. Along with other risk factors, sedentary behaviour has
been found to contribute significantly to sarcopenia when
combined with physical inactivity [9, 10], and has been
recommended to be an independent part from physical
inactivity to achieve optimal musculoskeletal health [11,
12].

Sedentary behaviour is defined as any waking behav-
iour in a sitting, reclining or lying posture with low
energy expenditure of <1.5 metabolic equivalent units
(METs) [13, 14] while physical inactivity is when an
individual does not perform a sufficient amount of
physical activity to meet current age appropriate recom-
mendations [11, 15]. Findings from systematic reviews
suggest that greater sedentary time was related to an
increased risk of all-cause mortality in older adults [16]
and reduced cognitive function over the lifespan [17]. A
meta-analysis provided support for the hypothesis that
sedentary lifestyles are strong predictors of falls among
older adults [18]. Some studies also indicated a relation-
ship between sedentary behavior and metabolic syn-
drome, waist circumference, and overweightness/obesity
[16]. An umbrella review reported that older adults (>60
years) with physical inactivity are at an increased risk of
all-cause and cardiovascular mortality, breast and pros-
tate cancer, fractures, recurrent falls, disability in activi-
ties of daily life, functional limitation, cognitive decline,
dementia, Alzheimer’s disease, and depression [19]. In
addition, lower objectively measured sedentary behav-
iour and higher physical activity were reported to be
associated with a better ability to complete activities of
daily life and instrumental activities of daily life [20].

An important question is whether sedentary behav-
iour is independently associated with sarcopenia. Studies
to date have reported inconsistent findings [21, 22], and
the benefits of reducing sedentary time alone without
increasing physical activity for people with sarcopenia
remains unknown. This is largely because most exer-
cise-based interventions only focus on increasing physi-
cal activity (e.g., resistance exercise training) with less
consideration of reducing peoples’ sedentary behaviour
[23-29]. The relationship between sedentary behaviour
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and sarcopenia has begun to be explored in recent stud-
ies. Some studies suggest that sarcopenia is an adverse
outcome of sedentary behaviour [9, 30], whilst others
suggest that sedentary behaviour is caused by sarcopenia
and is a product of declining muscle mass and physical
function [10, 31, 32].

Nevertheless, conflicting results are found across stud-
ies and positive association between sedentary behaviour
and sarcopenia are not always found [22]. This paper is
aimed to systematically examine the association between
sedentary behaviour and sarcopenia among older adults.

Materials and methods

Protocol registration

We followed the principles of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses 2020
statement (PRISMA 2020) [33] (Supplementary material
1) and registered the protocol with the PROSPERO data-
base of systematic reviews (CRD42022311399).

Search strategy and eligibility criteria

Eight bibliographic databases were searched, including five
English language databases (MEDLINE via Ovid, Excerpta
Medica (Embase) via Ovid, PsycINFO via Ovid, CINAHL
via EBSCOhost, Web of Science) and three Chinese lan-
guage databases (Chinese National Knowledge Infrastruc-
ture, Wanfang and SinoMed). Electronic searches were
performed from their inception to 8th August 2023. The
electronic search terms were designed to be broad and
inclusive of sarcopenia and its components. The following
text words were applied: “sarcopenia” “sedentary” “sitting’,
as well as the Medical Subject Heading (MeSH) terms if
applicable. Detailed search strategies for each database were
presented in supplementary material 2. Search strategies
were adapted for the eight different databases. There were
no restrictions on publication date or language. We supple-
mented the electronic searches by checking the reference
lists of included studies and by consulting experts to identify
potentially eligible studies.

Eligibility criteria were (1) Study design: Observational
studies (cross-sectional studies and cohort studies) and
baseline data of experimental studies (randomised con-
trol trials, quasi-randomised control trails, case-control
studies); (2) Settings: Community or long-term care
facility setting; (3) Population: Adults aged 60 years or
older, without a neurological (e.g., motor neuron disease,
stroke) or wasting condition (e.g., liver disease) affecting
skeletal muscle health; (4) Sarcopenia: Widely accepted
diagnostic criteria for sarcopenia, including the European
Working Group on Sarcopenia in Older Persons (EWG-
SOP) [9, 34], EWGSOP2 criteria [9], the Foundation for
the National Institutes of Health (FNIH) criteria [35], the
Asian Working Group for Sarcopenia (AWGS) criteria
[36] or the strength, assistance in walking, rising from a
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chair, climbing stairs, and falls questionnaire (SARC-F)
[37]; (5) Sedentary behaviour: Objective or subjective
measures of sedentary behaviour, recorded using any
parameter, including sitting time, lying time, reclining
time, counts per minute (CPM)-based intensity threshold
values, and sedentary break times. Measurement tools
could be self-reported questionnaires or any objectively
physical devices (e.g., GT3X+accelerometers, activPAL
device, etc.).

Data management and selection process

Search results were imported into EndNote 20.2, dupli-
cates were removed, and then imported into Covidence
software (http://www.covidence.org) to screen and iden-
tify eligible publications. Two reviewers (YM, YZ) inde-
pendently screened and reviewed a random sample of
20% of all titles and abstracts. At this stage of the process,
regular reviewer meetings were held to compare deci-
sions on eligibility, discuss any uncertainties, and reach
consensus. At the end of this process, the two reviewers
reached agreement on all the 20% of the studies. Finally,
one reviewer (YM) screened the remaining 80% of the
titles and abstract independently. Records that appeared
to meet the criteria or with any uncertainty were further
screened in full text. Full text records were reviewed by
both reviewers (YM, YZ) independently and discussed
when there was any disagreement on eligibility. A third
reviewer (CE or MM or HC) was invited when the dis-
agreement was unresolved.

Data extraction and outcomes of interest

Data from included articles were extracted by two reviewers
independently (YM, YZ) with the guidance of a data extrac-
tion template designed for the study. This form included
the following information: (1) Article title, authors, year
of publication, country; (2) Study design; (3) Participant
description, including age, sex, ethnicity and medical con-
ditions; (4) Setting, such as community or long-term care
facility; (5) Sedentary behaviour definition and measure-
ment method; (6) Sarcopenia definition and measurement
method; (7) Main results — outcome of sarcopenia and
explanatory variable of sedentary behaviour, and potential
confounders such as age, sex, physical activity, nutritional
status, and chronic diseases. When a study provided several
adjusted models, the fully adjusted model was extracted;
(8) Brief conclusion and limitations of the study. Corre-
sponding authors of the articles were contacted in cases
of missing information or data. The primary outcomes
were the adjusted associations between sedentary behav-
iour and sarcopenia, expressed as Odd Ratio (OR) value
or Relative Risk (RR) value or Hazard Risk (HR) value and
95% confidence intervals (CI). The secondary outcomes
were (1) the relationship between sedentary behaviour and
sarcopenic obesity, and/or components of sarcopenia, (2)
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sedentary break times and sarcopenia (sarcopenic obesity),
and (3) sub-group analysis by adjustment of physical activ-
ity, setting, measure of sedentary behaviour, and measure of
sarcopenia.

Quality assessment of included studies

Two reviewers (YM, YZ) independently conducted the qual-
ity assessment of included studies using assessment tools
accordingly. For cross-sectional studies, the Joanna Briggs
Institute (JBI) Critical Appraisal Checklist for Analytical
Cross-Sectional Studies (8 items) was used [38]. For cohort
studies, the JBI Critical Appraisal Checklist for Cohort
Studies (11 items) was used [38]. Each item was scored as
0 or 1 or 2 points; 0=the aspect does not meet the require-
ments (No), 1=the aspect has been mentioned but without
a detailed description (Uncertain), 2=the aspect has been
described in detail comprehensively (Yes). The summary
score, obtained by dividing the total score by the maximum
possible score, was used to classify studies as high qual-
ity=>70%, medium quality 40-69%, or low quality<40%.
Both reviewers (YM, YZ) recorded the score process and
classification. When there was any unresolved disagreement
on the quality of studies between the two reviewers after
discussion, a third reviewer (CE or MM or HC) was invited
to discuss to reach an agreement.

Data synthesis

Data were synthesised using meta-analysis when studies
presented (1) sedentary behaviour/time and dichotomous
classifications of sarcopenia, and (2) were sufficiently
homogenous from a clinical (i.e., population, outcome)
and methodological (i.e., study design) point of view. The
random-effect model was used to determine the pooled
OR value for the association between sedentary behav-
iour and sarcopenia. Subgroup analysis was performed
based on (1) adjustment of physical inactivity, (2) study
setting, (3) measures of sedentary behaviour, (4) mea-
sures of skeletal muscle mass, muscle function, and
(5) diagnostic criteria of sarcopenia. Narrative analysis
was performed for data that did not meet the criteria for
meta-analysis.

The statistical heterogeneity of the included studies was
examined by the chi square-based Cochran’s Q statistic
test and I* statistic [39, 40]. p<0.1 or ?>50% indicates
significant heterogeneity [38]. Sensitivity analyses were
used to test the effect of including different studies. For
studies which were judged to be too clinically or meth-
odologically heterogeneous, a narrative approach was
used to synthesis the data [41]. To assess publication bias,
funnel plots were inspected visually, and the Egger’s test
was used. Statistical analyses were performed using the
metan and metainf packages in the STATA v 15 (Stata
Corp, College Station, TX). Two-tailed p values<0.05
were considered statistically significant.
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Results

Retrieval

A total of 4765 articles were identified through an initial
literature search. After removing duplicates and screen-
ing of titles and abstracts, 196 full-text articles were
assessed for eligibility. The main reason for ineligibility
was the study not reporting the association between sed-
entary behaviour and sarcopenia. Finally, 17 articles [8,
10, 21, 22, 30-32, 42-51] were included (Fig. 1).

Characteristics of included studies

Sixteen cross-sectional studies [8, 10, 21, 22, 30-32, 43—
51] and one longitudinal study [42] were included. The
17 included articles comprised 25,788 participants with
the age ranging from 60.0 to 92.7 years. The proportion of
male and female participants in the total included sample
were 45.6% and 54.4% respectively. In terms of the targeted
population, 14 studies included community populations
[8, 10, 21, 22, 32, 42-48, 50, 51], and three studies [30, 31,
49] recruited residents living in long-term care facilities.
Regarding sarcopenia diagnostic criteria, nine studies [10,
21, 30-32, 42, 43, 45, 48] used the EWGSOP criteria [34],
three studies [22, 44, 49] used EWGSOP2 criteria [9], and
the remaining four articles diagnosed sarcopenia separately
using the SARC-F questionnaire (n=2) [47, 50], the AWGS
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criteria (n=2) [46, 51] or FNIH criteria (n=1) [8]. For the
measurement of skeletal muscle mass, dual-energy X-ray
absorptiometry (DXA) (n=5) [8, 22, 32, 43, 48], bioelectrical
impedance analysis (BIA) (n=6) [30, 31, 44, 46, 49, 51], and
anthropometrics and equations (n=4) [10, 21, 42, 45] were
used. Another two studies [47, 50] used SARC-F question-
naire to diagnose sarcopenia without a direct measurement
of skeletal muscle mass. For measurement of skeletal muscle
strength, hand grip strength (HGS) were used in most of the
included studies except one study using leg muscle strength
[32] and two studies not measuring this aspect [47, 50]. The
assessment tools for sedentary behaviour were mainly self-
reported questionnaires (n=12) [10, 30-32, 42, 43, 45-48,
50, 51], such as the International Physical Activity Ques-
tionnaire [52] (IPAQ) [30, 31, 43, 45, 47, 48], and five studies
adopted objective measurement of physical activity by using
ActiGraph accelerometer [8, 21, 22, 44, 49]. All studies were
classified as high-quality with scores ranging from 81.25 to
100%. Detailed study characteristics and the quality assess-
ment results are shown in Tables 1 and 2 respectively.

Meta-analysis results

Fourteen cross-sectional studies [8, 10, 21, 30-32, 43-47,
49-51] with a total of 21,989 participants were pooled in
the meta-analysis. In five studies [10, 46, 47, 50, 51] that

[ Identification of studies via databases and registers J
c
) Records removed before
§ Records identified from: screening:
& Databases (n = 4765) »| « Duplicate records removed
k= Registers (n = 0) (n=750)
3
Records screened »| Records excluded
(n =4015) (n =3819)
Reports sought for retrieval Reports not retrieved
= (n =196) ’ (n=0)
=
|
®
Reports excluded:
Reports assessed for eligibility * Not reporting primary outcomes
(n=17) > (n=124)
* Wrong form of article (n = 21)
« Participants were < 60 years
old (n = 16)
* Presenting primary neurological
diseases, or paralysis (n = 10)
) « No full text (n = 7)
A4 « Conducted in hospital (n=1)
- Total excluded (n=179)
3 Studies included in review
i (n=17)
2

Fig. 1 Flowchart for study selection process



Page 5 of 14

(2023) 23:877

Mo et al. BMC Geriatrics

suo1dwiAs
oAISsaIdap
'SUOI}PUOD (1) P31RIS 10U 1SUOPUOI [DIIPIN (€v)
J1uoIyd ‘Bupulp 071 deuadodies (SD) uelsesned 9001 A2iuyig S91815
‘Bupjouws ‘awodul (07) 901 Duad  dd710 (SOH) (%0V) 781 (%) U ajoW Apnis panun
‘uonesnpa Ovdl Woy  -0d1esJoN(kep  ST+(¥XQ) (Puwioy 8GFrr/9by  |euondas ‘070z 4N
IWg 'x8s 9By suonsenD /4) (@S) uesy WA dOSOMI %601 1e) Anunwwod $0€ 2215 9|dwns -$S0ID ISISN
IN4g [e30}
‘qof Aleyuspas (ONL) dd1 2IN1oeJ) PU S|[e) 10J XSl Je ‘aseasip
‘Bupjows ‘suon I'ZF 19:Aepyy 1o (Ypbuais DIUOIYD PUIY BUO 1SB3| 18 YUM 960/ SUOLIPUOD [DIIPAY (2€)
-ed|paul ‘aseas|p ‘dwiy bumis [plo]  dpPsnw ba) Pa3e1S 10U AN2IUYIT (%9T) £ (%) U /o)y Apnis  eljensny
SluoIyd “AlAnde  alleuuonsanb OLFLTAep/Y SNT+(VXA) (Puwioy 09F /9 2by [euondes ‘sLoz'r
[e21sAyd ‘xas ‘aby |[e>a) Aep-/  ‘auwll} BUIMBIA A WA dOSOM3I %91  1B) Ayunwwod 791 :2zIs 9jdwips -$501)  slpnoueln
ybiyi-piw e 219 'S9190BIP YHUM 989 ‘UOISSIdIP YIM 989 ‘ABO
(3N ‘Mobse|n -|oyied JeIpIed YIM 95777 ‘BIIUSLISP YLIM 045 7E ‘UOISUS)
“py] soIBOjOU 96| € BUIY B30} (vI9) -190AY YIM 96GT€ :SUOIPUOD [D2Ipayy PaIeIS 10U Aloiuyig (6v) ureds
-U23] Tvd) 103 Ul 9S8 <aWll T+ (SDH) (%E8L)61 (%) U 3opy Apms  ‘zzoz v
adAyawoy  -juowl AAIDe inolneysq SINT+4 Ayj1oey '3/ F9pg: by  |euondas SueAles
puisinu xas 9By N1 ETVdAIROR Kleyuapas -OYVS 7d0OSOM3 €8l 9led Wlis-buo Y01 :2zIs 9jdwps -5501) -eqds3
wsiydiowA|od
auab @/ 3DV pue
'UOI}RIIUIDUOD
@ UIWRYIA WINJISS
‘9yeyul uyoud
Aj1ep ‘@3 Ul dLo| ®nL) P31e3S 10U SUOIPUOD [DIIPY
-ed Ajiep ‘Ajise %9€L  dd110 (SDH) pa1e3s Jou ADIuLIT (%8 L) 8E (%) U djopy Apnis  (p) |izeig
[ea1sAyd ‘Bupjouls Ovdl woly  :Aepy/y/Iauwy SN+ (Uon (dwoy plosieak 09Z 26y |euondas ‘8107 ‘Qyr
‘snyjjjaW sa1aqelq SUONSaND bumis  -enb3) WA dOSOM3I 0%1°€7  1e) AunwiuioD) 101 :2zIs 9jduwins -5501D) eA|IS eQ
s99m Joud
ay1 Ul saniAn TETYoL<
uoiednd0 e Bunyis 691 N0 Q-8 SAPIGIOWOD 7 T YUM 9%E S :UOHIPUOD (DI
‘swodul‘uon  Jo uoleinp LLEY LG pa3els 10U Iy (9%97) S8E (%) U Do Apnis  (0) |1zeig
-eJNPa ‘sniels 3y} Inoge 88T Yt > alleuuonsanb (awoy [ULLF/L'89:00  |euondas ‘€207 dd
[P}IRW ‘X3S '9by  uonsanb auQ 9 ‘2Wn bumis SUON +OYVYS %l/1  1e) Alunwiuiod) 78| 9zis ojdwins -ss01) eIsneg
9oUIYUWINDIPD
1stem ybiay
‘loyod|e ‘bupjows
'SUOIPUOD skep %S
oluoIyd jodaq 7 Jojdiy ayy %719 (SD-W€) ‘ejuadoodies P31e3S 10U SUORIpUOD (12)
-WNU ‘SSBJD [BIDOS  JDAO J9}BWO  :RlUadodIeS 6019 dd710 (SOH) 219A9S  (92noeid aled [DIIPAYY SNYM 900 | AN2IUYIT (9%001) 9871 (%) U ‘3joWy Apnis uleilg
‘Uolbal ‘uoseas  -I9jPdde XE1D  eluadodies-UoN SN+ (Uon %L ey Atewud woly) plo s1eak z6-0/ (gS) Uupawi ‘abyy  |euondas ‘910z 'va
'SW Jeam '2by ‘ydesbnoy  :(Aepyuiwd) uealy  -enb3) NN dOSOM3I -adooieg Aunwiwod 987 | :22Is 2jdwips EXel) olbby
awn Kieyusapas
inoiAeyaq 10 InolAeyaq ejuadodies ejuadodies
Kieyuspas A1eyuspas jo  ejuadodies JO eLIBID JLERITE] ubisap
SI9pUNojuU0)  JO SdINSed DUSeARId JO SaINSed Jnsoubeiq -eAdid pumas uondudsap sjuedpiyed Apms Apms

S3IPN1S PapN|dUl 3Y3 JO SONsLAIRIRYD) | djgeL



Page 6 of 14

(2023) 23:877

Mo et al. BMC Geriatrics

S9 ‘SOH 'WINSY
‘%IN4 "HHM
DM 'IWg b1y (S9) Pa1e1s Jou 1SUoBIPUOD (8v) 11zeig
1ybram ‘uonouny %671 ddT110 (SOH) Jp2ipayy eloquiolinb 96001 AUIUYIT (%E ) LE (9) U ‘9Ip Apmis ‘91071
SAUBOD ‘uon AS-Ovdl  Alejuspas+anil ST+ (v¥XQ) (dwioy [99F85G9: 90y |PUOIDRS  OISN BAJIS
-eanpa ‘abe 'xag J0 21035 -de Ajpusanbaijul N dOSOM3I 18) AJUnwwod 0/ :22Is 9jdwips 5501 olsauIs
1IUN BRUSWSP 31ND3S e Ul BUIpISaJ BIRUSWSP
(9ddS) yum ajdoad 1o ‘a1ed ybiy ‘a1ed Mo [SsUoipuo [D2Ipapy 0€)
(0€)67LAS)  dd140 (SDH) pae3s Jou AuoIuyIF (%.£°0€) LE (%) U 9oy Apmis  eljeasny
sniels [euol Ovdl woy uealy (kep/y)  SW1+(vIg) Ayjioey C8FGY8 @by |euondss  'S107 ‘IH
-1INU ‘9ddS IWg suopsenD - awi bunys [elol AT dOSOHM3I % 0F 216D Wia-Huo 201 w0215 3)dwivs -$501D) lojuas
(€51 ©nL
§'6G eluadodes  dd1+(SOH)
(8TlL) L85 SWT+(¥XQ)
VAW PUB V41 skep  ejuadodies UON WINT ejuadodles %0135 Yim syuedidnied aWos suopuod (z0)
uojuads awly  / JojI919UWo (@s)  :pswlyuod pawIyuod D213y PRYRIS 10U AUDIUYIT (%' 6%) /191 (%) U 21y Apnis ysipams
‘snjeys Bupjows  -19[R20e XE1D US| (SAep /) (SOH)SW1  pue ajgeqoid- (dwoy LOFL0L2by  [euondas ‘leoe
IINg 19pueD ‘ydeibpoy - awn bunys [ejol ‘9|qeqoid 7 dOSOHM3I 1e) AHunwiwod YEEE 19215 9jdwns -ssoi) ‘g Rods
(€91)
€6/ eluadodies (xapul uomeT) 1av|
(/571) 289 10} Aouapuadap Ylm 9%¢ 1S ‘snijjjlsW saiaqgelp z adA|
skep  eluadodies UoN (SO) YHM 95677 'UOIRUSLISAAY YHUM 9417 GO [SUOIIPUOD [DIIPY
£ 1o} J919Wo (@s)  dd1+(SOH) (pa1e3s Jou payels Jou Ay (% St) 612 (%) U d1oW Apnis  (g) ureds
-J9[eDoe X€1D ues|y (kep/y) ST+ (YXQ) [1e32p JaYINy) L/SF808, @by [euondas ‘6107 I
VdAW PUe vd1 ‘ydesbnoy  swi bunys |exo) WA HINA Ajunwiwod 16V :32Is 9jdwps -0 Zaydues
(S9) Pa1€15 10U 1SUONIPUOI [DIIPIN %8| L “URISY ‘%C 7T 28|
dd1+(SDH) JUMOIG %079 BUYM AUDIUYIT (%0'8T) 6 (%) U DIy (2¥) 11ze)g
alleuuonsanb ST+ (uon (dwoy 09< :2by Apnis  ‘0Z0Z 'AS
X35 pue aby podal-|as paieIs1oN  -enb3) WA dOSOM3I 1e) AJUnwwod G6¢ 27/s ojdwins 1o0yod ollaq1y
1IUN BRUSWSP 31NJ3S e Ul BUIpISaI BRUSWSP
INg pue (o) (9ddS) Unm 91doad 10 ‘212 YBIy ‘213 MO SUORIPUOD [DDIPa (1€)
snjejs [euontinu 6'CL:(Aas) uesN  dd140 (SOH) Pa1e1S J0U AUIUYIT (%+'0€) LE (%) U D)y Apnmis  eljensny
‘Aaoe |esisAyd OVd| woly (Rep/y)awn  SWI+(v19) A6y 78FSP8 by  |euondas '‘310C
X35 pue aby uonsanND Bumis [e1o] WA dOSOMI 2Jed Wi-buo 201 :az1s ojdwips -5501D) ‘N ploy
%6y Y y<
%L /7Y P—C uolsuapadAy
Ainnoe WLET YT (S9) (1usD AuAndy YUM 91 € ‘S18GRIP YUM 9E°G | [SUOIPUOD [DIIpajy
[ea1sAyd ‘Ausianip > uoledyisseld  dd140 (SOH) Aapi3 Anu (96001) MOJIBA AIDIUYIT (%0'EE) L€ (%) U Doy Apnis (9y) euiyd
Aeyaip ‘snyess ISWd WOy SfeaIq Inoyum ST+ (vig) -NUWIWOD) Woy) §/Fe0L by |puoidSS ‘teoe
[epew ‘IWg by suonsanD awn buns AT SOMY Aunwwod 0501 :221s 3jdwips -$501D) "HA OW
awn Lieyuapas
InoiAeyaq 10 Inoineyaq ejuadodies
Kieyuapas A1eyuapas jo  ejuadodies JO eLIBYLID ubissp
SI9punojuo) Jo sainseapy dUd|eAdld JO SdUNSES|\ Jnsoubeiq pumas uondudsap s,juedpiyed Apms Apms

(panunuod) | 3jqey



Page 7 of 14

(2023) 23:877

Mo et al. BMC Geriatrics

ssew a]dsnwi [e19aYs Jejndipuadde ‘WINSY ‘@bejuadiad ssew 1ey ‘o4 ‘onel diy-01-1siem ‘YHAN ‘@duaiajwinduid 1siem DA (Aiande [edisAyd snoiobia-ol-a1esapow ‘YdAW ‘A1ianoe jedisAyd 1ybi| ‘yd1 ‘xapul ssew Apoq ‘NG
‘ssew 184 APoq ‘|49 ‘UonddQ/uoIHIasU| dwAZUd BuniaAuo)-uisualolbuy ‘a/| IOV ‘241euuonsanb Ananoe [esisAyd |eqolb ‘DydD ‘UoIsiaA Joys-asleuuolisanb Ajanoe |edisAyd [euoiieusaiul ‘AS-0Ovdl ‘A[19p|8 dy3 40y 3jeds
Auanoe |esisAyd ‘3syd ‘aa1reuuonsanb Ayianoe [eaisAyd jeuoneulalul ‘Qyd| ‘A1911eq aduewloylad jedisAyd 1oys ‘gdds ‘Anawoindiosqe Ael-x ABiaua-jenp ‘yXQ ‘siskjeue ad>uepaduwi [ed13d9901q ‘y|g ‘06 0} dn swiy ‘o | ‘paads
1eb ‘so ‘eouewioyad |edisAyd moj ‘dd ‘yibuans dub puey ‘SHH Yyibualls 3|SNW MO| ‘ST ‘SSew 3|Psnuw MO| “WINT ‘Y3 eSH JO S91N1lsuU| [euolleN 3yl Joj uoiepunod ay] ‘HIN4 ‘eluadodies 1oy dnoin buryjiop uelsy
‘SOMY ‘S|[e4 PUE ‘Si1e)s quul|D “Uleyd e wiouy 3siy ‘Buryjjem ul aouelsissy ‘Yibuails ‘4-OYvys ©9]doad 4ap|Q ul eluadodies uo dnoug Bupyiop ueadoing ‘dOSHMI ‘BulAI] A|led JO SS1IIAINDY [eIUSWINIISU| “TQV] ‘UOIIRIASP plepue)s ‘S

87y y< 95e35IP 1183y AIRUOIOD UM 949 | ‘S919qeIp
00€ Y ¥—¢ UM 96€°G| 'UOISUSHRAAY YIM 94 €F [SUOIHPUOD [BIIPBIN
89¢Yc¢ (S9) (1uD AnAdy pajess jou Auouyi3
9oUSI2JWNIID > uonedyIsse)d 44140 (SOH) Aapi3 Anu (96€€) L¥€ (%) U Iy Apnis (1) euiyd
JleD ‘Iwg ‘uon Sfeaiq noyim - SINT+(VI9) -NWIWOD Wioy)) 09 <2by  |euondas ‘zeoe
-eonp3 ‘aby awi bunus WA SOMY %0'SC Ajunwuwod 0501 :az/s jdwips -SS01)  'NIX OBA
IINg ‘snyess Bul
-l JuswAodwa (% +8) 106
‘Snye3s |eyiew (Kepyy /£ >) MO P31e3S 10U :SUORIPUOD [DIIPIY (2%
‘uoreINpPa ‘seale (%9°G1) /91 (pa1e3S 10U pa3els Jou Apnis uemie|
olydesboab en (Kepyy £ 2 Bun alleuuonsanb |1B12P JDYHNY) AUD1UYIT (%€ /1) SOS (%) U ‘2/ppy PIO SIeak 76 01 69 0By |euondas ‘0707 ‘1d
-UapIsal ‘obe xag -11s) ybIH SUON 4-D4VYS %</ Aunwiuiod 8901 :2z/s 2/dwips 5501 buaz|
Buibe buipiebal P3183S 10U UO1IPUOD [D2IPaYy SAIIBN BXSE|Y ()
suoledadxa (SD) (SonIUNWIWOD  /UBIPU| UBDUSWIY 9| ' 'UBDLISUWY URDLIJY 10 3209 9%/ 9| S91e1S
pue A5ediye-jos 8//F16lS dd140(SOH) JUSWIRIIISI 1eD  ‘UBISEIN.D) 10 SNYM %€ L8 AUDIUYIT (%6L°L 1) L1 (%) U 2o Apnis payun
‘WVdAIN ‘Vd T ‘o elul (Y)shep 210} SWT+(vId) Buinupuod) ¥/FG78aby  |euondas ‘1eoe
dlo[eD ‘ul10ld awin bupyis [ejo| INIAT ¢dOSOMI %S'L€E Aunwwod 96 :92Is 3|dWDS -Ss01D  'HW luee|
o
Auanoe AR $9111UN0Y
[ed1sAyd ‘ng %8LL:LL>-8 Swioou|
'35e3SIP JIUOIYD %80 ‘8> (SD-W %) P31e3S 10U SUORIPUO [DIIPIYY -3IPPIN
SJUUp ‘ows %E €Y ¥>-0  ddT140 (SDH) 65€ Hoelg 'sgee Diuedsiy Apnis  pue mo
‘uonednpa ‘() uonedyls ST+ (VI9) (BWOY  puB SUYM ‘L08L :MO|IRA ANIIUYIT (96SH)E959 (%) U 9D [BUORDDS ‘020 1
"yieam ‘xas ‘aby -se[2 dui} buis INIAT dOSOMA %/SL 18) Ayunwiwiod SLLF97LabY 5851 @Zis ajdwips -$501D Yylws
awn Aieyuspas
10 Inoiaeyaq ejuadodies ejuadodies
Aiejuspas jo  ejuadodies JO BLIDID JLERIE] ubisap
si9punojuod 2DUIeAdId JO SRINSed J13soubeiq -enald Buimes uondusap s,jueddiyed Apms Apms

(penunuod) | ajqel



Mo et al. BMC Geriatrics

Table 2 Quality assessment results of results included studies using the JBI critical appraisal checklist

Cross-sectional studies (Author, year)

Aggio DA, 2016

Total (%)

Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11

Q1

100.00%

93.75%
87.50%

Batista PP, 2023

Da Silva JRD, 2018

100.00%
93.75%
93.75%
93.75%
93.75%
90.90%

Escriba-Salvans A 2022
Gianoudis J, 2015
Meier NF, 2020

Mo YH, 2022

(2023) 23:877

Reid N, 2018

Ribeiro SV, 2020

100.00%
100.00%
93.75%

Sanchez JL, 2019
Scott D, 2021

Senior HE, 2015

100.00%
93.75%

Sinesio Silva L, 2016

Smith L, 2020

100.00%
81.25%
93.75%

Taani MH, 2021

Tzeng PL, 2020
Yao XM, 2022

Q: question; Y: yes; U: unclear
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grouped participants according to sedentary time in sev-
eral categories, OR values from the group with the longest
sedentary time were used. After adjusting for confounders
including sex, age, BMI, education, physical activity, chronic
diseases, etc., the pooled adjusted OR value of the associa-
tion between sedentary behaviour and sarcopenia extract-
ing from 14 articles [8, 10, 21, 30-32, 43-47, 49-51] was
1.36 (95%CI, 1.18-1.58). There was significant heterogeneity
(p<0.001, ’=80.2%) across studies. The high heterogene-
ity may result from with or without adjustment of physical
activity, different settings, various measurements of seden-
tary behaviour and sarcopenia, different diagnostic criteria
of sarcopenia. We further conducted subgroup analyses
based on these factors.

Subgroup analyses showed a stronger association between
sedentary behaviour and sarcopenia without adjustment
for physical activity (OR 2.10, 95%CI 1.16, 3.82) than with
adjustment for physical activity (OR 1.29, 95%CI 1.12,
1.49). However, the difference was not statistically signifi-
cant ((between groups p=0.117) (Fig. 2). As to different
setting, studies enrolling community-dwelling older adults
(OR 1.39, 95%CI 1.18, 1.65) tended to find a similar asso-
ciation between sedentary behaviour and sarcopenia with
studies enrolling residents in long-term care facility (OR
1.38, 95%CI 0.83, 2.28) (between groups p=0.961) (Fig. 3).
In terms of measurement of sedentary behaviour, studies
using self-reported questionnaire showed higher OR value
(OR 1.66, 95%CI 1.29, 2.12) than the studies using objec-
tive physical measurement (OR 1.04, 95%CI 0.95, 1.15).
The difference was statistically significant (between groups
p=0.001) (Fig. 4).

Additional subgroup analysis for different muscle mass
and physical performance measurements also supported
the positive association between sedentary behaviour
and sarcopenia. The group not measuring skeletal muscle
mass nor physical performance (the two studies using
SARC-F questionnaire defining sarcopenia) demon-
strated a significant stronger association (OR 2.87, 95%CI
1.47, 5.60). In contrast, the group that measured muscle
mass using DXA (OR 1.17, 95%CI 1.00, 1.35) and the
group that measured physical function using SPPB (OR
1.18, 95%CI 0.98, 1.40) showed the lowest OR values in
the corresponding subgroup analysis (Table 3). As to dif-
ferent sarcopenia diagnostic criteria, we only conducted
a subgroup meta-analysis for EWGSOP criteria because
only it was used in more than three studies within the 14
studies included in meta-analysis part of this study, with
a pooled OR of 1.17 (95%CI 1.01, 1.34).

The association between sedentary behaviour and sar-
copenia was further confirmed by sensitivity analysis.
Sensitivity analysis was performed repeatedly by remov-
ing one study each time, with the pooled OR fluctuat-
ing between 1.22 (95%CI 1.08-1.36) and 1.51 (95%CI
1.22-1.85). Removing any single study did not change
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%

Physical activity adjusted and Study OR (95% Cl) Weight
Yes
Aggio DA (2016) + 1.01(0.92,1.12) 13.95
Batista PP (2023) b —— 3.93 (248, 6.22) 6.02
Da Silva JRD (2018) _— 1.44 (0.43, 4.87) 1.32
Gianoudis J (2015) — 1.33 (1.05, 1.68) 10.75
Mo YH (2022) -i—o— 1.96 (1.19, 3.25) 5.38
Reid N (2018) ot 1.17 (0.96, 1.42) 11.75
S'anchez JL (2019) ! 1.07 (0.88, 1.30) 1.77
Senior HE (2015) —f— 1.20 (0.78, 1.83) 6.57
Taani MH (2021) . 1.04 (1.01, 1.07) 14.81
Yao XM (2022) -E-o— 1.68 (1.17, 2.40) 7.84
Subgroup, DL (= 822%, p=0.000) [P 1.29(1.12,1.49)  90.17
'
No :
Escriba-Salvans A (2022) ' 14.14(2.03,98.74) 055
Meier NF (2020) —0—5— 1.08 (0.37, 3.15) 1.66
Smith L (2020) —_— 214 (1.06, 4.33) 3.35
Tzeng PL (2020) e E— 1.98 (1.09, 3.59) 4.29
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Overall, DL (12 = 80.2%, p = 0.000) é 1.36(1.18,1.58)  100.00
T T
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Fig. 2 Forest plot of the associations between sedentary behaviour and sarcopenia by subgroup analysis based on with or without adjustment for physi-

cal activity

Setting and Study

‘Community
Aggio DA (2016) + :
Batista PP (2023) '
Da Silva JRD (2018) X
Gianoudis J (2015)
Meier NF (2020)

Mo YH (2022)
S’anchez JL (2019)
Smith L (2020)
Taani MH (2021) >
Tzeng PL (2020) .
Yao XM (2022)

Subgroup, DL (I? = 82.6%, p = 0.000)

1
T

Long-termc care facility

%

OR (95% CI) Weight

1.01(0.92,1.12) 13.95

3.93 (2.48, 6.22) 6.02
1.44 (0.43, 4.87) 1.32
1.33 (1.05, 1.68) 1075
1.08 (0.37, 3.15) 1.66
1.96 (1.19, 3.25) 5.38
1.07 (0.88, 1.30) 1.7
214 (1.06, 4.33) 3.35
1.04 (1.01,1.07) 14.81
1.98 (1.09, 3.59) 429
1.68 (1.17, 2.40) 7.84

1.39 (1.18, 1.65) 81.13

Escriba-Salvans A (2022)

Reid N (2018)

Senior HE (2015) —
Subgroup, DL (I? = 68.0%, p = 0.044) <

Heterogeneity between groups: p = 0.961
Overall, DL (12 = 80.2%, p = 0.000)

14.14 (2.03, 98.74) 0.55
1.17 (0.96, 1.42) 1.75
1.20 (0.78, 1.83) 6.57
1.38 (0.83, 2.28) 18.87

1.36(1.18,1.58)  100.00

T
5 1 15

NOTE: Weight

test are from

Fig. 3 Forest plot of the associations between sedentary behaviour and sarcopenia by subgroup analysis based on settings

the overall meta-analysis results indicating the finding as
robust and reliable. The asymmetric funnel plot indicated
a possible publication bias (Supplementary material 3),
supported by the Egger’s test (p=0.002).

Narrative synthesis results

Three studies [22, 42, 48] were only synthesised narratively
due to heterogeneity. Overall, these studies supported a
positive association between sedentary behaviour and

sarcopenia, and sarcopenic obesity. In a 24-month prospec-
tive study, older adults who presented slow gait speed dur-
ing the follow-up and with sedentary behaviour presented
a higher risk of sarcopenia, independent of physical activity
levels, age, and sex (HR 1.30, 95% CI 0.40, 4.24). At the same
time, older adults who remained sedentary at 24-month
follow-up also independently demonstrated a higher risk
of sarcopenic obesity [42]. The study enrolling Quilombola,
Afro-Brazilian residents, as participants found that older
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%

OR (95% Cl) Weight

1.01(0.92, 1.12) 13.95
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Subgroup, DL (I2 = 59.1%, p = 0.062)

Questionnaire
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3.93 (2.48, 6.22) 6.02
1.44 (0.43, 4.87) 1.32
1.33 (1.05, 1.68) 10.75
1.08 (0.37, 3.15) 1.66
1.96 (1.19, 3.25) 5.38
1.17 (0.96, 1.42) 11.75
1.20 (0.78, 1.83) 6.57
214 (1.06, 4.33) 335
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Fig. 4 Forest plot of the associations between sedentary behaviour and sarcopenia by subgroup analysis based on sedentary behaviour measurement

Table 3 Subgroup analysis of the associations between
sarcopenia and sedentary behaviour with different skeletal
muscle mass measures, and physical performance measures

The subgroups Stud- F,% OR Heterogeneity

ies, n value 959 (| P value
SMM measures
Equation 3 564 132 0.77-2.25 0.101
None 2 686 287 1.47-5.60 0.064
DXA 3 10 117 1.00-1.35 0.364
BIA 6 764 134 1.05-1.69 0.006
PP measures
GS 8 710 181 1.03-1.36 0.001
None 2 686 287 1.47-5.60 0.074
SPPB 2 0.0 1.18 0.98-1.40 0916
TUG 2 00 133 1.06-1.68 0.900

OR, odd ratio; Cl, confidential interval; SMM, skeletal muscle mass; DXA, dual-
energy X-ray absorptiometry; BIA, bioelectrical impedance analysis; PP, physical
performance; GS, gait speed; SPPB, short physical performance battery; TUG,
time up to go.

adults who were irregularly active or sedentary (not dis-
criminated) were at least six times more likely to develop
sarcopenia than those who were assessed to be active to
very active [48]. Only one study examining the relationship
between accelerometer-determined sedentary behaviour
and probable or confirmed sarcopenia (not discriminated)
in community-dwelling older adults demonstrated no asso-
ciation after multivariable adjustment [22].

Additional data from three studies included in the meta-
analysis [8, 21, 32] also contributed to the narrative analy-
sis, supporting the negative association between breaks in
sedentary time and risk of sarcopenia, and sarcopenic obe-
sity. Using an isotemporal substitution model, one study [8]
found that the reallocation of one hour per day of sedentary

behaviour with moderate-to-vigorous physical activity
(MVPA) lowered sarcopenia risk (OR 0.52, 95%CI 0.36—
0.75; P<0.001), and when moderate-to-vigorous physical
activity was substituted with sedentary behaviour, the sarco-
penia risk was raised (OR 1.92, 95%CI 1.33, 2.77; P<0.001).
A cross-sectional study in a community setting suggested
that self-reported breaks in sedentary time were associated
with a lower risk of sarcopenia (OR 0.26, 95%CI 0.05, 1.39)
[32]. Another cross-sectional study also found that for com-
munity-dwelling older men, sedentary breaks were margin-
ally associated with a reduced risk of sarcopenic obesity (RR
0.84:[95% CI 0.71, 0.99]). In addition, it also reported a mar-
ginal association between sedentary time and increased risk
of severe sarcopenia (RR 1.07 [95% CI 0.91, 1.26]) and sarco-
penic obesity (RR 1.18 [95% CI 0.99, 1.40]), independent of
physical activity levels [21].

Discussion

This systematic review and meta-analysis highlighted the
independent positive association between sedentary behav-
iour and sarcopenia, regardless of adjustment of physical
activity, community or long-term care facility settings, or
different measurements of sedentary behaviour and sarco-
penia. Our findings align with recent studies. For instance,
a systematic review demonstrated that sedentary behaviour
and physical inactivity is strongly associated with reduced
skeletal muscle strength and diminished muscle power,
which are critical characteristic of sarcopenia [53]. A 2-year
longitudinal cohort study also suggested that older adults
who maintained sedentary behaviour and exhibited low gait
speed during the follow-up were at a greater risk of sarcope-
nia [42].
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Lower gait speed of older adults with sarcopenia may be
a possible factor which explains the association between
sedentary behaviour and sarcopenia. It has been found that
low gait speed is associated with high sedentary behaviour
[54]. On the one hand, older adults with a slower gait speed
are more likely to have poorer functional status and over-
all health [55], and to experience multiple falls [56], there-
fore, they are prone to choose sedentary behaviour in their
daily life. On the other hand, accumulating sedentary time
for prolonged time is independently related to the disuse of
muscle and tendon [57, 58]. Severe muscle disuse induces
rapid muscle atrophy [59, 60], leading to a vicious circle.
Several plausible physiological mechanisms could also offer
insight into the association. First, high level of sedentary
behaviour may result in diminished muscle protein syn-
thetic response by reducing muscle anabolic sensitivity [11].
The decreased sensitivity of muscles to anabolic signals is
likely a significant factor in the muscle loss and decline in
physical function (i.e., sarcopenia) [11]. Second, prolonged
sitting time could enhance the levels of chronic low-grade
inflammation [61] and increase deep adipose tissue and
visceral adiposity [29], which have been shown to promote
muscle wasting, ultimately stimulating protein catabolism
and suppressing muscle synthesis [62].

The subgroup analysis demonstrated the adjustment of
physical activity do not result in statistically significant dif-
ference on the independent association between sedentary
behaviour and sarcopenia. Former studies also suggested
that prolonged involvement in sedentary activities detri-
mentally affects skeletal muscle mass and functional abilities
among older adults, regardless of their engagement in physi-
cal activity [31, 32]. Hence, it is recommended to consider
sedentary behaviour and physical inactivity as two distinct
risk factors, each requiring targeted interventions to attain
optimal musculoskeletal health [11, 63, 64]. Results of nar-
rative analysis found that breaks in sedentary time and
replacing sedentary time with physical activity contribute
to reduced risk of sarcopenia [8, 21, 32]. This is supported
by the study that found breaking-up sedentary time is asso-
ciated with physical function in older adults [65]. Further
research also indicates that breaking up sedentary time reg-
ularly with a sufficient level of movement that goes beyond
a simple muscular contraction (such as walking instead of
merely standing) could potentially be effective in maintain-
ing skeletal muscle anabolic sensitivity, muscle mass, and
physical function in older adults [66].

The findings from subgroup analysis indicated that seden-
tary behavior raised the risk of sarcopenia by around 40% in
both community-dwelling older adults and long-term care
facility residents. Studies have indicated that individuals
over the age of 60 spend around 80% of their waking hours
engaged in sedentary activities, equating to approximately
8 to 12 h each day [67-69]. Particularly among residents in
long-term care facilities, a significant 85% of their waking
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hours are occupied by sedentary activities [70]. The preva-
lence of sarcopenia among long-term care facility residents
(38%) is also higher than in the community-dwelling older
adults (10%) [2]. Given the functional limitations and mul-
timorbidity of the majority of residents in long-term care
facilities, interventions that target the reduction of sed-
entary behavior rather than demanding physical exercise
might be a more significant, practical and approachable
approach to combat sarcopenia. This is also well reflected
in recent recommendations and guidelines which make it a
priority to reduce sedentary behaviour among all long-term
care facility residents [63, 64]. Notably, we only identified
three cross-sectional studies conducted in long-term care
facilities, more studies with diverse study design are war-
ranted to explore sedentary behaviour and sarcopenia in
long-term care facilities.

Results of subgroup analysis showed that sedentary
behaviour significantly increased the risk of sarcopenia by
66% in the group using self-reported questionnaires, which
is almost sixteen-fold higher than that of the group using
objective physical devices measurement (4%). The differ-
ence may be attributed to recall bias and a low correlation
between subjective and objective measures of sedentary
time [71, 72]. Some included studies using self-reported
questionnaires to measure sedentary time only used a single
question “how much time did you usually spend on sitting
during the last 7 days” [30, 31, 47, 73]. However, this broad
question without detailed prompts could be difficult for
older adults to recall [74], and tends to misestimate their
sedentary time compared to objective measures [75, 76].
To increase the validity of self-reported questionnaires,
additional detail of types or examples of activities on a daily
basis and a visual analogue scale are recommended [71, 76].
Ecological momentary assessment (EMA) gathering real-
time self-reports of behaviours, contexts, emotional states,
and perceptions in naturalistic setting may also be an effec-
tive way to reduce recall bias [77]. On the other hand, the
potential motivational effect of sedentary behaviour mea-
surement devices may diminish the association between
sedentary behaviour and sarcopenia. Wearing a device
that monitors activity time are used to enhance interven-
tion effect and compliance [78, 79]. The feeling of novelty
and being supervised with a physical device may motivate
older adults to increase their activity, termed reactivity [80].
From this perspective, objective measurement instruments
of sedentary behaviour can also serve as a part of sedentary
behaviour intervention.

Strengths and limitations

There are some strengths of this review. First, the strict
inclusion of studies which used validated sarcopenia defi-
nitions, taking confounders into consideration enhanced
the rigour of our results. Besides, searching across three
widely used Chinese bibliographic databases provided
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greater coverage of possible related studies. Several limita-
tions of our review should be addressed. First, only one lon-
gitudinal study meeting our eligibility criteria was included.
Due to the heterogeneity, only cross-sectional studies were
included in the meta-analysis. More longitudinal stud-
ies focusing on this topic are warranted. Second, almost all
the included studies only reported the OR/RR/HR value
between sedentary behaviour presented in terms of cat-
egorical format and sarcopenia, rather than continuous
sedentary time. This may have caused some bias of differ-
ent cut-off points when synthesising. Furthermore, most
studies included in the meta-analysis were adjusted for age,
chronic diseases and physical activity when exploring the
association between sedentary behaviour and sarcopenia,
but nutritional status, which is a key risk factor for sarcope-
nia [9, 81], was not commonly adjusted for. A standard set of
confounders covering the main risk factors of sarcopenia is
recommended in further studies. Finally, even though stud-
ies which comprised populations from both the commu-
nity and long-term care facility settings were included, only
three studies from long-term care facilities were identified.
This limits the generalizability of the findings across settings
and reveals the priority for future research in long-term care
facilities.

Conclusion

In conclusion, sedentary behaviour is independently
positively associated with sarcopenia in older adults,
regardless of adjustment of physical activity, settings,
measurements of sedentary behaviour and sarcopenia.
The findings provide vital indications for the develop-
ment of strategies to prevent sarcopenia.
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