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Objectives: Few adults adhere to muscle-strengthening exercise guidelines (≥2 days/week), showing an urgent 
need to increase this physical activity mode in the general population. We aimed to evaluate the effectiveness 
of real-life interventions in pr omoting muscle-strengthening exercise among healthy adults.
Design: A systematic review (PROSPERO CRD4202014 6423).
Methods: Studies were eligible if they reported behavioral outcomes of a ‘real-life’ intervention promoting mus-
cle-strengthening exercise in healthy, community-dwelling adults. Study selection, data extraction, and quality 
assessment were com pleted, and behavior change techniques were coded.
Results: Sixty-nine unique studies (10 to 3507 participants) were included; 36were randomized controlled trials. 
Five studies were rated as strong, 12 asmoderate, and 52 asweak. Of the 54 studies providing session attendance, 
rates rangedbetween10 and 100%,with only seven studies showing rates below60%. Only nine studies assessed 
and reported actual engagement in muscle-strengthening exercise. Most randomized controlled trials (70.0 %) 
showed an improvement in functional performance. Moderate evidence was found for no change in blood pres-
sure and body-mass index. However, conflicting evidence was found for other outcomes. The most commonly 
used behavior change techniques (51 were reported) were instruction on how to perform the behavior (91.3 %),
behavioral practice/rehearsal (76.8 %), and demonstration of the behavior (76.8 %).
Conclusions: This review suggests that participation in real-life interventions promoting muscle-strengthening 
exercise is substantial. However, behavioral outcomes related to the actual engagement in muscle-strengthening 
exercise were hardly reported. As such, from a public health perspective, there is limited evidence on how to best 
promote muscle-strengthening exercise in healthy populations and more high-quality intervention studies are
needed.
© 2025 Sports Medicine Australia. Published by Elsevier Ltd. All rights are reserved, including those for text and 

data mi ning, AI training, and similar technologies.
Practical implication s

• Participation in community-based interventions promoting muscle-
strengthening exercise in healthy populations i s substantial.

• Themost commonly usedbehavior change techniqueswere instruction, 
practice/rehearsal,  and  demonstra tion.
oie). 

y Elsevier Ltd. All rights are reserved
• Few studies reported actual engagement in MSE, leaving limited 
evidence on how to increase uptake and m aintenance of MSE.

1. Introductio n

Current global physical activity (PA) guidelines for health recom-
mend adults aged 18 years and above to engage in moderate-to-
vigorous-intensity aerobic PA for at least 75–150 min/week, and in 
muscle-strengthening activities inv olving major muscle groups on two
or more days a week.1 Research on public health surveillance,2,3 

epidemiology,4,5 and public health promotion6,7 regarding aerobic PA 
has been well documented. However, muscle-strengthening exercise
, including those for text and data mining, AI training, and similar technologies.
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(MSE) has received comparatively less attention and seems to be 
the ‘forgotten’ part of the PA guidelines for public health.8 Clinical evi-
dence at the meta-analytical level shows that participation in struc-
tured, progressive MSE leads to better physical func tioning, including
strength and performance,9 improvements in cardio-metabolic health 
outcomes,10 and reduced chronic disease risk.11 However, it was only 
recently that population-based epidemiological and public health re-
search started to focus on MSE.12 Emerging observational population-
based research shows that MSE is, independently from aerobic PA, asso-
ciated with various health outcomes, includi ng cardio-metabolic
biomarkers,13 reduced prevalence of chronic health conditions includ-
ing diabetes, coronary heart disease, hypertension, and depression,14 

lower risk of all-ca use15 /cancer morta lity,16 and lower prevalence of de-
pressive symptom severity.17–19 

Despite the multiple health benefits of MSE, the number of adults 
engaging in sufficient MSE is low. Population-based data show that 
70–96 % of adults do not meet MSE recommendations.8,13,14,20–22 

From a public health perspective, this suggests a clear need to increase 
the uptake and adherence of MSE. To do so, there is a need for effica-
cious programs that successfully translate into “real-life” sett ings (i.e.
beyond controlled laboratory conditions),23 such as the home environ-
ment, the workplace, or other community settings. An understanding of 
the effectiveness (i.e. degree of bene ficial effects under real-world
settings24 ) of interventions promoting MSE is crucial for the develop-
ment of successful PA behavior change programs and policies to im-
prove public health.

Current evidence on the effects of MSE interventions in the gen-
eral population is limited. Review studies of randomized controlled 
trials (RCTs) in multiple settings (including clinical trials) s howed
positive effects on cardio-metabolic outcomes in adults10 and physical 
disabilities in older adults.9 However, few reviews synthesize the 
effects of real-life (i.e. non-clinical or non-lab based) MSE programs 
in healthy populations. Review-level evidence on home-based resis-
tance training has shown improved strength and functional ability
in older adults.25,26 Notably, resistance training interventions in 
older adults have specific age-related objectives, such as enhancing 
muscle strength to reduce fall risk, indicating that these results can-
not be transferred to the general adult population. Also, other types 
of real-life MSE interventions in healthy adults have not been 
synthesized. In addition, to our knowledge, no evidence is available 
for PA-related and/or behavioral outcomes. Therefore, this system-
atic review aims to summarize the evidence of real-life PA interven-
tions promoting MSE in healthy adult populations. This re view will
assess interventions in terms of PA behaviors (primary outcome) and
health-related outcomes (secondary outcome) and identify behavior
change techniques (BCTs) to better understand underlyingmechanisms
of change.

2. Method s

The PRISMA guidelines were used for conducting this systematic 
review and meta-analysis. The protocol was registered i n PROSPERO
CRD42020146423 (April 2020).
Table 1 
Search strategy.a 

Search terms 

Population [adult* OR men OR women OR employee* OR aged OR eld
Type of activity promoted [“Muscle strengthening” OR “Muscle training” OR “Muscle

OR “Strength and toning” OR “Strength/toning” OR “Stren
“Weight bearing training” OR “Weight bearing strengthen

Type of study [Program OR Programme OR Strateg* OR Intervention OR
Context/setting [Lifestyle OR Home OR Workplace OR Worksite OR Comm
Outcomes [Adher* OR Participation OR Attend* OR Behav* OR “Behav
Design/method [Evaluation OR Effect* OR Randomi* OR Controlled OR Tria
a Search blocks were used in AND-combination in t he full search.
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2.1. Search strategy for identification of studies

Studies were identified by searching eight electronic databases: 
CINAHL, Health Source: nursing/academic edition, PsychInfo, PubMed, 
ScienceDirect, Scopus, SPORTDiscus, and We b of Science. The search
strategy developed is presented in Table 1. Details of the strategy for 
each single database are provided in Supplementary Table S1. The 
search for studies was conducted on April 21st 2025. The results were 
dow nloaded to EndNote and duplicates were removed.

2.2. Inclusion and exclusion cr iteria

Peer-reviewed studies published in English, Dutch, German, French, 
Chinese, and Portuguesewere included. No restrictionswere set regard-
ing publication dates. Participants had to be healthy, community-
dwelling adults (mean age ≥18 years). We excluded studies that in-
cluded the following population subgroups: clinical populations, patient 
groups, injured or disabled individuals, athletes, pregnant or postpar-
tum women, institutionalized people, and children or adolescents. 
RCTs, cluster RCTs, cross-over trials, quasi-experiments, comparative 
and case–control studies were included. Protocol papers, cross-
sectional designs, process evaluations, PhD theses, and review articles 
were excluded. The included studies had to provide a real-life interven-
tion (implemented in “real-life” settings, such as at home, work, and the 
community) aimed at promoting MSE, excluding clinical trials/lab stud-
ies, rehabilitation programs, or interventions only promoting aerobic 
PA, balance, flexibility or stretching activities. All articles had to report 
the effects of the intervention on at least one of the following P A behav-
iors: frequency, duration, or adherence to PA outcomes, whether or not
in combination with physical and mental health-related outcomes (e.g.
strength, fitness, quality of life, and cognitive outcomes).

2.3. Study select ion

After the removal of duplicates, screening was based on the article 
title and abstract for the inclusion or exclusion of studies, by at least 
two independent reviewers (EVR, IV, KDC, JS, JvU, SJHB). After that, a 
full-text screening was conducted by at least two independent re-
viewers (EVR, IV, KDC, L M, JS, JvU, SJHB). In case of disagreement or
doubt, a third reviewer was consulted.

2.4. Data extraction and quality of as sessment

The following details were extracted from each paper: study loca-
tion, study design, participant characteristics (sample size, age, sex), 
intervention description (e.g. duration, conditions, context, super-
vised or not), outcomes and measurement methods, and the main
study results.

In this systematic review, behavioral outcomes (=primary 
outcome) refer to indicators of engagement in and changes to PA 
and/or MSE behaviors. These outcomes encompass both direct 
measures of behavior change – such as participation in MSE, 
moderate-to-vigorous intensity PA, walking, daily step counts,
er* OR senior*]
 toning” OR “Muscular strengthening” OR “Strength training” OR “Strength or toning” 
gth / toning” OR “Strength building” OR “Weight training” OR “Weight lifting” OR
ing” OR “Weight bearing exercise” OR “Resistance training” OR “Circuit training”]
Promotion OR Education]
unity OR “Free-living” OR “Real-world”]
* change ” OR Frequency OR Duration OR Outcome? OR Time]
l OR Test OR “Control group” OR RCT OR Quasi-experiment]
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total PA volume, and the proportion of individuals meeting the 
aerobic PA and MSE guidelines – and proxy measures of behavior, 
such as adherence to the intervention protocol (e.g., session
attendance).

To ascertain the ‘active ingredients’ of interventions and better un-
derstand underlying mechanisms of change, we coded the BCTs identi-
fied in each intervention. Two researchers undertook coding (IV, LM), 
with another (SJHB) checking and helping re solve discrepancies. BCTs
were coded according to the BCT Taxonomy (v1) instructions.27 BCT 
coding instructions state that “exercise classes” can generally be as-
sumed to include all three of the BCT instruction, demonstration, and re-
hearsal, thus we coded these for any indication of group training 
sessions. In addition, BCTs can only be counted when they are part of 
a behavior change strategy and not, for example, as part of a data collec-
tion procedure. However, the distinction between being employed as a 
behavior change strategy and as an implicit part of th e study design is
not always clear. Where BCTs appeared inherent in the design, we left
these out of the calculations but noted them separately as “incidental
BCTs”.

To appraise the methodological quality of the included studies, 
we  used  the  Effective  Public  Health  Practice  Project  (EP  HPP) Qual-
ity Assessment Tool for Quantitative Studies.28,29 This tool was se-
lected based on its specific relevance to public health research and 
its capacity to assess a wide range of study designs,28,30 which 
aligns with the heterogeneity of studies included in our systematic 
review. Importantly, the EPHPP tool exhibits acceptable inter-rater 
reliability – with fair to excellent agreement across do mains – and
excellent agreement for the global quality rating.28 Risk of bias as-
sessment was conducted independently by two reviewers for each 
study (EVR, KDC, LM, JS, JvU). Based on the EPHPP protocol, six 
components (‘selection bias’, ‘study design’, ‘confounders’, 
‘blinding’, ‘data collection methods’,  and  ‘withdrawals and drop-
outs’) were rated (‘strong’ vs ‘moderate’ vs ‘weak’). The overall 
quality rating was defined for each study based on the following 
rules as defined in the protocol: ‘strong ’when no ‘weak’ sub ratings
were given, ‘moderate’ when only one ‘weak’ sub rating was given,
and ‘weak’ when two or more sub ratings were ‘weak’.

2.5. Data synthesis and an alysis

When clinical and/or methodological heterogeneity is substantial, 
choosing not to pool data across studies is appropriate.31 Both the clin-
ical heterogeneity and methodological heterogeneity were too exten-
sive within our systematic review to conduct a meta-a nalysis. For
example, the nine studies32–42 that included explicit behavioral out-
comes for MSE (i.e., primary outcome) were a mixture of RCTs and 
quasi-experimental studies (one or multiple groups); participants 
ranged from young adults to elderly; intervention duration ranged 
from 2 weeks to 5 years with exercise sessions performed once weekly 
up to daily, either supervised or unsupervised, group-based or individ-
ualized, using body weight exercises, in- or outdoor gym equipment, 
or resistance bands; MSE was performed as a single intervention or in 
combination with moderate-to-vigorous PA and/or flexibility exercises; 
and behavioral outcomes were highly diverse (e.g., participation in MSE 
or the proportion of individuals meeting the MSE guidelines). Details of 
the interventions and all outcomes wer e therefore reported descrip-
tively. As the study populations, interventions, and settings were also
heterogeneous, we summarized the results and described the level of
evidence. In accordance with previous systematic reviews on the effec-
tiveness of PA interventions,43–45 the following rating was used for each 
outcome: ‘no evidence’ (no RCTs available), ‘limited evidence’ (one RCT 
available), ‘conflicting evidence’ (inconsistent findings in multiple 
RCTs), ‘moderate evidence’ (generally consistent findings in one high-
quality RCT and one or more low-quality RCTs, or in multiple low-
quality RCTs), or ‘ strong evidence’ (generally consistent findings in
multiple high-quality RCTs).
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3. Result s

3.1. Search results and study s election

Fig. 1 presents an overview of the study selection process using the 
PRISMA flowchart. In total, 76 papers met the inclusion criteri a, describ-
ing 69 unique studies.32–42,46–110 All studies were published in English. 
Some studies were reported in multiple papers, including two papers 
from the study of Devreede et al.,60,61 five papers from the study of 
Jakobsen et al.,73–77 and three papers from the study of Kamada
et al.34–36 Throughout this systematic review, we refer to the number 
of studies rather than papers.

3.2. Study characteristics and methodological stud y quality

The descriptive characteristics and main results of the 69 studies
are shown in Table 2. Sixteen studies were from 
Australia,38,50,52,53,58,59,65,70–72,79,82,86,104,109,110 15 from the 
USA ,33,39–41,47,64,80,83,88,98–103 eight from Jap an,34–36,42,68,87,90,96,107,108 

four from Denmark,57,66,73–77,93 three from the UK,32,85,95 two from 
Finland,46,106 Canada,37,92 Taiwan,56,84 China,55,62 Korea78,81 and 
Ita ly,54,63 ,61 , and one from Iran,105 Spain,97 Norway,69 Sweden,48 

Portugal,91 Singapore,89 Germany51 and Switzerland67 (in one 
study the country was not stated49 ). One multi-country study was 
performed across four countries (i.e., Spain , Germany, UK,
Denmark).94 Two studies were published before 2000, nine between 
2000 and 2010, and 58 after 2010. Sample sizes ranged from 10 to 3819 
participants, with a total of 18962 participants for all studies included in 
this systematic review. The mean age of the participants ranged from 
19.6 to 79.7 years (average mean age: 57.8 ± 15.9). Thirty-four studies 
(49.3 %) were conducted in adults aged ≥60 years only (in 31, themean
age was >65 years). Thirteen studies included only females (18.8 %)
and three included only males (4.3 %) (overall average proportion of
men: 31.2 %).

Thirty-six studies were RCTs (two-group s: n =
2532,37,38,47,52,55,62,63,66,67,80,82,83,85,86,90,92,95,97,99,103,105–107,109 ; three-
groups: n = 560,61,72,78,94,100 ; four-groups: n = 534–36,56,65,69,87 ; five-
groups: n = 157 ), 12 had a (non-)randomized multiple-groups pre–post 
design (comparing two40,51,54,64,71,73–77,81,89,91,96,98 or three41 intervention 
conditions) and 21 had a one-group pre–post 
design.33,39,42,46,48–50,53,58,59,68,70,79,84,88,93,101,102,104,108,110 In 35 studies, a 
‘no program’ condition was included (Table 2). 

The methodological quality of the included studi es is presented in
Table 3. Overall, four studies were rated as strong,55,92,94,105 12 as 
mode rate32,34–36,39,41,60–62,69,73–77,80,87,97,106 and 53 as 
wea k.33,37–40,42,46–54,56–59,63–68,70–72,78,79,81–86,88–91,93,95,96,98–104,107–110 

In most studies, selection bias and blinding issues resulted in the weak
ratings.

3.3. Muscle-strengthening exercise interven tions

3.3.1. Intervention characteris tics
Details of the intervention characteristics are p resented in

Table 2. In 25 studies, the intervention focused on MSE only; the 
other interventions also promoted aerobic activities and/or high-
intensity interval training (n = 17), flexibility, balance, mobility, co-
ordination and/or weight-bearing impact activities (n = 15), or a 
combination of multiple intervention components (n = 12). The 
majority of the interventions were delivered in community settings 
(n = 27), suc h as senior centers, public hospitals or healthcare cen-
ters, fitness centers, or outdoor spaces.

The duration of the interventions ranged between two weeks and 
2.3 years,with themajority lasting for 10–12weeks (n=26). The inter-
ventions mostly consisted of three sessions a week (n = 227). In the 
other interventions, sessions were offered twice a week (n = 19),
once a week (n = 7), or in a variety of three to nine sessions weekly



Fig. 1. PRISMA flow diagram of search process and study selection.
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(n = 6), or one to four sessions daily (n = 6). In most interventions, the 
duration of the sessions was 60 min (n = 17); in the other interven-
tions, the duration varied between 1 and 120 min per session. In 19 
studies, the program was non-supervised, while it was supervised by 
at least one person in 33 studies. In 17 studies, supervision was offere d
in some groups, while not in others, or supervisionwas offered in only a
specific number of weeks.

3.3.2. Behavior change techni ques
Of the 93 BCTs listed in the BCT taxonomy,27 we found the presence 

of 51 (54.8 %) among the 69 reviewed studies. The majority of these 51 
BCTs (n = 36, 70.6 %) were used in five studies or less, while only eight 
(15.7 %) were used in more than 10 studies. The most commonly used 
BCTswere instruction on how to perform the behavior (used in 63 studies, 
91.3 %), behavioral practice/rehearsal (53 studies, 76.8 %), and demon-
stration of the behavior (53 studies, 76.8 %) (Supplementary Table S2).

The nextmost commonly occurring BCTs were used in 12 (17.4 %) to 
19 (27.5 %) studies each (Supplementary Table S2). These included 
adding objects to the environment (e.g., providing free training equip-
ment such as resistance bands); social support (unspecified) (e.g. en-
couraging significant others to be supportive); restructuring the social 
environment (e.g., organizing training sessions in the workplace); feed-
back on behavior ( e.g., providing feedback about proper execution);
and information about health consequences (e.g., education sessions on
265
the health effects of strength training). The majority of the incidental 
BCTs concerned graded tasks, goal setting (behavior),  a  nd self-
monitoring of behavior.

The use of a large number of BCTs within a study was not common 
(Supplementary Table S3). Only 10 out of 69 studies (14.5 %) included
10 or more BCTs.38,39,41,42,47,53,64,94,101,105 The majority of studies (n = 
50, 72.5 %) included five BCTs or less, with most of these (n = 46) not 
including more than two BCTs beyond instruction, demonstration, and 
practice, the three BCTs coded for providing a MSE or fitness class. It is 
noteworthy that the studies that used the most BCTs made explicit ef-
forts to encourage attendance and/or adherence over time, sometimes 
using theoretical perspectives to frame or guide their interventions,
and occasionally including behavior change as an add-on in one of the
intervention groups.

Examples of theoretical frameworks used were the Transtheoretical 
Model of Change with its associated processes of change,64,105,109 Social 
Cognitive Theo ry,38,40,47,88,94,109 Theory of Planned Behavior,39 bio-
psychosocial framework ,73–77 Health Action Process Approach 
(HAPA)38 and Social Marketing Framework.34–36,42 Four recent studies 
used the Behavior Change Wheel/COM-B model in their design53,88,94 

or evaluatio n51 of the intervention. Several studies that did not use the-
oretical frameworks nevertheless used various BCTs to try to promote 
adherence to the intervention,50,54,69,80,84,106 though less than the stud-
ies that did use theoretical frameworks.
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Table 3 
Quality assessment of the selected studies.

Author(s), year of publication Selection bias Study design Confounders Blinding Data collection methods Withdrawals and drop-outs Overall rating 

I. Randomized controlled trials
Arikawa et al., 2011 Weak Moderate Weak Weak Strong Strong Weak 
Biddle et al., 2022 Weak Strong Strong Strong Strong Moderate Moderate 
Brennan et al., 2024 Weak Strong Strong Weak Strong Moderate Weak 
Chan et al., 2024 Moderate Strong Strong Moderate Strong Moderate Strong 
Chang et al., 2023 Weak Strong Strong Weak Strong Strong Weak 
Dalager et al., 2015 Weak Strong Strong Moderate Strong Weak Weak 
De Vreede et al., 2005; 2007 Weak Strong Strong Moderate Strong Moderate Moderate 
Dun et al., 2022 Weak Strong Strong Moderate Strong Strong Moderate 
Ferrari et al., 2024 Weak Strong Strong Weak Strong Strong Weak 
Fyfe et al., 2022 Weak Strong Strong Weak Strong Strong Weak 
Gram et al., 2012 Weak Strong Strong Weak Strong Strong Weak 
Hars et al., 2024 Weak Strong Weak Moderate Strong Moderate Weak 
Heiestad et al., 2016 Weak Strong Strong Moderate Strong Moderate Moderate 
Hunter et al., 2021 Weak Strong Strong Weak Strong Strong Weak 
Jamrasi et al., 2024 Weak Strong Strong Weak Strong Weak Weak 
Jette et al., 1996 Weak Strong Strong Moderate Strong Strong Moderate 
Kamada et al., 2013; 2015; 2018 Strong Strong Strong Weak Moderate Moderate Moderate 
Keogh et al., 2022 Weak Strong Weak Weak Strong Moderate Weak 
Keshavarz et al., 2023 Weak Strong Weak Weak Strong Moderate Weak 
Kullman et al., 2020 Weak Strong Strong Weak Strong Weak Weak 
Liang et al., 2024 Weak Strong Strong Weak Weak Moderate Weak 
Lord et al., 1996 Moderate Strong Strong Weak Weak Moderate Weak 
Makino et al., 2021 Weak Strong Strong Moderate Strong Strong Moderate 
Michishita et al., 2017 Weak Strong Strong Weak Weak Strong Weak 
Mulla et al., 2018 Moderate Strong Strong Moderate Strong Strong Strong 
Olsen et al., 2024 Moderate Strong Strong Moderate Strong Moderate Strong 
Orange et al., 2019 Weak Strong Strong Weak Strong Strong Weak 
Plotnikoff et al., 2023 Weak Strong Strong Weak Strong Moderate Weak 
Prieto-Prieto et al., 2022 Weak Strong Strong Moderate Strong Strong Moderate 
Rogers et al., 2024 Weak Strong Strong Weak Moderate Weak Weak 
Rooks et al., 1997 Weak Strong Strong Weak Weak Strong Weak 
Seguin-Fowler et al., 2021 Weak Strong Weak Moderate Strong Moderate Weak 
Shirazi et al., 2007 Moderate Strong Strong Moderate Strong Strong Strong 
Sjogren et al., 2006 Moderate Strong Strong Weak Strong Strong Moderate 
Suzuki et al., 2024 Weak Strong Strong Weak Moderate Strong Weak 
Talevski et al., 2023 Weak Strong Strong Weak Strong Strong Weak 

II. Multiple-groups pre–post design
Brandt et al., 2024 Weak Moderate Moderate Weak Moderate Weak Weak 
Capodaglio et al., 2002 Weak Moderate Weak Weak Strong Strong Weak 
Fetherman et al., 2011 Weak Moderate Strong Weak Strong Strong Weak 
Hunter et al., 2018 Weak Moderate Strong Weak Strong Strong Weak 
Jakobsen et al., 2015a,b, 2017a,b, 2018 Moderate Moderate Strong Moderate Weak Strong Moderate 
Jin et al., 2023 Weak Moderate Weak Weak Strong Strong Weak 
Merchant et al., 2021 Weak Moderate Strong Weak Strong Moderate Weak 
Moreira et al., 2022 Weak Moderate Strong Weak Strong Weak Weak 
Osuka et al., 2017 Weak Moderate Strong Weak Strong Strong Weak 
Ransdell et al., 2003 Weak Moderate Weak Weak Strong Strong Weak 
Rogers et al., 2002 Weak Moderate Strong Weak Weak Strong Weak 
Schneider et al., 2011 Weak Moderate Strong Moderate Strong Strong Moderate 

III. 1-groups pre– post design
Aartolathi et al., 2020 Weak Moderate Weak Weak Strong Strong Weak 
Arkkukangas et al., 2020 Weak Moderate Weak Weak Strong Strong Weak 
Ashmead & Bocksmick, 2002 Weak Moderate Weak Weak Strong Strong Weak 
Bates et al., 2009 Weak Moderate Weak Weak Weak Weak Weak 
Brown et al., 2024 Weak Moderate Weak Weak Moderate Weak Weak 
Crespin et al., 2016 Weak Moderate Strong Weak Strong Moderate Weak 
Dalager et al., 2023 Weak Moderate Weak Weak Moderate Moderate Weak 
Daly et al., 2021 Weak Moderate Weak Weak Strong Strong Weak 
Hasegawa et al., 2019 Weak Moderate Weak Weak Moderate Moderate Weak 
Hill et al., 2007 Moderate Moderate Weak Weak Strong Moderate Weak 
Jansons et al., 2022 Weak Moderate Weak Weak Strong Strong Weak 
Liang et al., 2017 Moderate Moderate Weak Weak Strong Strong Weak 
Maxwell et al., 2024 Weak Moderate Weak Weak Moderate Moderate Weak 
Nielsen et al., 2025 Weak Moderate Weak Weak Strong Weak Weak 
Porter et al., 2022 Weak Moderate Strong Moderate Strong Moderate Moderate 
Sciamanna et al., 2021 Weak Weak Weak Weak Weak Strong Weak 
Seguin et al., 2012 Moderate Moderate Weak Weak Weak Weak Weak 
Sharp et al., 2023 Weak Moderate Weak Weak Moderate Weak Weak 
Takakura et al., 2015 Weak Moderate Weak Weak Strong Strong Weak 
Tsuzuki et al., 2024 Moderate Moderate Weak Weak Strong Strong Weak 
Vrantsidis et al., 2014 Weak Moderate Moderate Weak Weak Moderate Weak
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3.4. Outcomes of the interve ntions

Six studies reported behavioral outcomes only,32,33,42,47,72,88 while 
others additionally reported on other fitness/functional/physical, general 
health, psychosocial and/or cognitive health outcomes ( Supplementary
Table S4 and Table 4). 

3.4.1. Behavioral outco mes
Behavioral outcomesmainly included self-reported session adherence/ 

compliance (n = 54). Session attendance rates ranged between 10 and 
100 %, with only seven st udies showing rates below 60
%.46,57,81,89,91,94,109 Innine studies, adherence to specific attendance thresh-
olds was presented (Supplementary Table S4).50,53,62,66,97,103,104,108,109 

Only two studies reported compliance with the number of exercises, 
sets, repetitions and/or level of exercise.59,85 

Other behavioral outcomes were based on questionnaire data or 
accelerometry. There were measures of general PA and MSE outcomes 
(e.g. differences in weekly days or duration of exercise between condi-
tions), showing significant improvements for participation in MSE and 
mixed findings for moderate-to-vigorous intensity PA, walking, daily 
step counts, or total PA levels. Only nine studies included explicit 
behavioral outco mes for MSE, such as participation in MSE (days/
week, h/week, min/week) and/or the proportion of individuals
meeting the MSE guidelines.32–42 Moderate evidence was found for in-
creased participation in MSE, with eight out of nine studies (and three 
out of four RCT's) reporting an increase (Supplementary Table S4 and
Table 4).32,33,37–42 

3.4.2. Fitness/functional/physical outcom es
Muscle strength (n=39),muscle endurance (n=7), aerobic fitness 

(n = 17), balance (n = 23), flexibility (n = 11), and a variety of other 
functionality measures (n = 35) were additionally reported. Regardless 
of the study design, strength measures improved in 48.7 % of the stud-
ies, did not change in 25.6 %, and showed mixed results in 25.6 %. 
RCT findings (n = 19) showed conflicting evidence for muscular 
strength. Muscle endurance improved in all studies measuring 
this construct (n = 7); however, there was limited evidence to 
draw strong conclusions (only three RCTs). In terms of aerobic fitness, 
balance outcomes and flexibility measures,  c  onflicting evidence was
found based on fewRCTs. Themajority of RCTs showed an improvement
in other functionality measures (e.g., gait, sit-to-stand, stair climbing)
(Supplementary Table S4 and Table 4). 

3.4.3. Body composition and general physical heal th outcomes
Twenty-nine studies included measures of body composition and/or 

general physical health outcomes, with th e majority reporting on a
Table 4 
Intervention effe cts.

Physical Activity 
(n=27) (n=107) 

Hunter 2021 
(n=85) 

Keshavarz 
(n=60) 

Shirazi 
(n=116)

11. Lord 
(n=179 

12. Suzuki 
(n=18) 

13. 
Plotnikoff 
(n= 245) 

14. Seguin-
Fowler 
(n=167) 

(non-)RT Ransdell 
(n=34) 

Hunter 2018 
(n=50) 

Schneider 
(n=332) 

1-group 

pre-post 
Crespin 

(n=2,972) 
Daly 

(n=20) 
Hasegawa 

(n=14) 
Hill 

(n=116) 

Muscle 
strengthening 

(n=9) 

RCT Biddle 
(n=107 

Keshavarz 
(n=60) 

Plotnikoff 
(n=245) 

Kamada 
(n=3,507) 

(non-)RT Ransdell 
(n=34)

Schneider

(n=332)

1-group 

pre-post

Crespin
(n=2,972)

Porter

(n=105)

Tsuzuki 
(n=3819)

Intervention effects on activity behaviours 
NUMBER OF S

OUTCOMES STUDY 
DESIGN 

1  2  3  4

RCT Biddle

273
range of measures (Supplementary Table S4 and Table 4). There was 
moderate evidence for no change in blood pressure (3 RCTs), and 
conflicting evidence for pain-related outcomes (3 RCTs). For body com-
position, in 75.8 % of the studies, no changes were reported, while waist 
circumference or the waist–hip ratio improved in three out of five stud-
ies. The evidence for no change in BMI is moderate (6 RCTs). However, 
four RCTs we re of low and two of moderate methodological quality.
Both fat mass and fat-free mass showed conflicting findings.

3.4.4. Psychosocial, cognitive and work-related ou tcomes
A variety of psychosocial (e.g. self-efficacy) (n = 13), mental health-

related (n = 11), quality-of-life (n = 11), cognition (n = 7), and work-
related (n = 5) measures were reported. Of all psychosocial measures, 
in more than half of the studies (57.4 %) no change was reported, 
while 19.1 % showed an improvement, and 21.3 % had mixed findings. 
For mental health-related measures, quality-of-life variables and 
work-related measures, in 70.4 % of the studies ‘no changes’ were 
reported. There was conflicting evidence regardin g mental health out-
comes (6RCTs), work-related outcomes (4RCTs), andquality of life out-
comes (5 RCTs) (Supplementary Table S4 and Table 4). 

3.4.5. BCTs and behavioral ou tcomes
The use of BCTs in the nine studies that measured MS E behavior

change (Table 4) was varied, with some studies using very few32,33,37 

and others using a considerable number38,39,41,42 of BCTs (Supplemen-
tary Table S3). The use of theoretical frameworks to guide the interven-
tion in these nine studies was also varied, though six out of the n ine
studies did make use of a theoretical framework.34–36,38–42 There is 
not enough information to compare more successful with less success-
ful interventions to say much abou t the effectiveness of certain BCTs
over others.

4. Discussi on

To the best of our knowledge, this systematic review is the first to 
provide an overview of community-based interventions aiming to pro-
mote MSE in the general population. The 69 unique studies (36 RCTs) 
meeting the inclusion criteria differed fromeach other in terms ofmeth-
odological quality, intervention characteristics, and the reported out-
comes. Overall, mostly proxy measures of behavioral outcomes, that is 
adherence to the intervention,were reported, suggesting that participa-
tion in the intervention was substantial (>60 % in 62 out of 69 studies). 
However, measures of actual behavioral (change) outcomes, such as 
MSE levels, were reported in only nine out of 69 studies, showing mod-
erate evidence for improvement. Overall, the evidence regarding the ef-
fectiveness on the other reported outcomes was mainly conflicting.
10  

(n=415) 
Michishita 
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Rogers 
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Liang 2024 
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Vrantsidis 
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Intervention effects on fitness/functional/physical outcomes 
NUMBER OF STUDIES 

OUTCOMES STUDY 
DESIGN 

1  2  3  4  5  6  7  8  9  10  

Muscle 
strength 
(n=39) 

RCT Brennan 
(n=16) 

Dalager 
2015 

(n=537) 

Dun 
(n=48) 

Ferrari 
(n=73) 

Jamrasi 
(n=79) 

Lord 
(n=179) 

Plotnikoff 
(n=245) 

Prieto-Prieto 
(n=44) 

Shirazi 
(n=116) 

Suzuki 
(18) 

11. De 

Vreede 
(n=98) 

12. Gram 
(n=67) 

13. Jette 
(n=102) 

14. Keogh 
(n=245) 

15. Makino 
(n=415) 

16. Orange 
(n=36) 

17. Rooks 
(n=131) 

18. Liang 
2024 

(n=90) 

19. Mulla 
(n=43) 

(non-)RT Brandt 
(n=68) 

Jin 
(n=48) 

Capadaglio 
(n=22) 

Fetherman 
(n=27) 

Hunter 2018 
(n=50) 

Jakobsen 
(n=200) 

Merchant 
(n=111) 

Ransdell 
(n=34) 

Rogers 
(n=22) 

Schneider 
(n=332) 

1-group pre-post Bates 
(n=110) 

Hasegawa 
(n=14) 

Hill 
(n=116) 

Liang 2017 
(n=58) 

Seguin 
(n=367) 

Takakura 
(n=65) 

Vrantsidis 
(n=35) 

Aartolahti 
(n=182) 

Ashmead 
(n=101) 

Sharp 
(n=113) 

Muscle 
endurance 

(n=7) 

RCT Dalager 
2015 

(n=537) 

Jamrasi 
(n=90) 

Prieto-Prieto 
(n=44) 

(non-)RT Ransdell 
(n=34) 

Rogers 
(n=22) 

1-group pre-post Ashmead 
(n=101) 

Sciamanna 
(n=24) 

Aerobic 
fitness 
(n=17) 

RCT Dun 
(n=48) 

Gram 
(n=67) 

Prieto-Prieto 
(n=44) 

Jamrasi 
(n=79) 

Mulla 
(n=43) 

Keshavarz 
(n=60) 

Plotnikoff 
(n=245) 

(non-)RT Fetherman 
(n=27) 

Hunter 2018 
(n=50) 

Ransdell 
(n=34) 

Schneider 
(n=332) 

1-group pre-post Bates 
(n=110) 

Liang 2017 
(n=58) 

Nielsen 
(n=465) 

Seguin 
(n=367) 

Vrantsidis 
(n=35) 

Takakura 
(n=65) 

Balance 
(n=23) 

RCT Chan 
(n=42) 

Dun 
(n=48) 

Hars 
(n=142) 

Liang 2024 
(n=90) 

Rooks 
(n=131) 

Shirazi 
(n=116) 

Suzuki 
(n=18) 

De Vreede 
(n=98) 

Ferrari 
(n=73) 

Fyfe 
(n=38) 

11. Makino 
(n=415) 

(non-)RT Rogers 
(n=22) 

Fetherman 
(n=27) 

Capodaglio 
(n=22) 

Schneider 
(n=332) 

Sharp 
(n=113) 

1-group pre-post Arkkukangas 
(n=79) 

Bates 
(n=110) 

Hill 
(n=116) 

Liang 2017 
(n=58) 

Seguin 
(n=367) 

Vrantsidis 
(n=35) 

Aartolahti 
(n=182) 

Flexibility 
(n=11) 

RCT Dun 
(n=48) 

Liang 
(n=90) 

Prieto-Prieto 
(n=44) 

Seguin-
Fowler 
(n=167) 

(non-)RT Fetherman 
(n=27) 

Ransdell 
(n=34) 

Rogers 
(n=22) 

Schneider 
(n=332) 

1-group pre-post Seguin 
(n=367) 

Bates 
(n=110) 

Liang 2017 
(n=58) 

Other 
functional 
outcomes 

(n=35) 

RCT Dun: agility 
(n=48) 

Ferrari: gait 
(n=73) 

Hars: gait, 
TUG, SPPB, 
STS (n=142) 

Jamrasi: 
STS, TUG 

(n=79) 

Liang 2024: 
SPPB, STS 

(n=90) 

Lord: sway 
(n=179) 

Mulla: SC 
(n=43) 

Keogh: 
SPPB 

(n=245) 

Kullman: 
FMS 

(n=17) 

Makino: 

STS, gait, 

TUG 

(n=415) 
12. Orange: 
gait, TUG, 

STS, SC 
(n=36) 

12. Plotnikoff 
(n=245) 

13. Prieto-

Prieto: STS 
(n=44) 

14. Rooks: 
SC, ReT, PP 

(n=131) 

15. Brennan: 
frailty, gait 

(n=16) 

16. Chan: 
FES, TUG, 
STS (n=42) 

17. De 

Vreede: DF 

(n=98) 

18. Olsen: 
SPPB, SF-

LLFDI, 
(I)ADL 

(n=1360)

19. Seguin-
Fowler: 

TUG, AC, 
STS, ST
(n=167)

20. Fyfe: STS
(n=38)

(non-)RT Brandt: FMS 
(n=68)

Jin: gait, 
STS, TUG, 

SPPB (n=48)

Capadaglio:
gait (n=22)

Merchant: 
gait, SPPB 

(n=111)

1-group pre-post Arkkukangas
: SPSS

(n=79)

Ashmead:
ability 

(n=101)

Bates: ability 
(n=110)

Hasegawa: 
STS, gait, 

frailty, step 
test (n=14)

Vrantsidis:
FPT (n=35)

Aartolahti: 
STS, gait, 

TUG 
(n=116)

Hill: gait 
(n=116)

Liang 2017: 
gait + EMS 

(n=58)

Daly: SPPB
(n=20)

Jansons: STS
(n=15)

11. Sharp
(n=113)
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Given the potentially far-reaching implications of regular MSE for indi-
viduals and public health,1 there is a need for more high-quality inter-
vention studies assessing this behavior/these activities and their 
outcomes to knowwhatworks to promote this mode of PA and improve 
ph ysical and mental health.

A  key  finding is that, despite the need to promote MSE in the preven-
tion of chronic diseases,12 limited interventional research is available on 
how to promote this type of PA in healthy populations. Since only nine 
studies (including two RCTs of low and two ofmoderate quality) assessed 
and reported on the engagement in MSE, we were unable t omake strong
conclusions regarding the effectiveness to change behavior.

Regarding the fitness, functional and physical outcomes, an interest-
ing finding was the conflicting evidence on muscle strength. One would 
expect that MSE interventions improve strength if done regularly. For 
example,meta-analy tic evidence shows that community andworkplace
274
PA (promoting more than MSE, such as walking) results in improved 
muscle strength in adults aged 40–65 years111 and meaningful but 
small improvements in handgrip strength in community-dwelling 
adults aged 60 years or older.112 However, despite the substantial adher-
ence rates and intervention durations, improvements in muscle strength 
were only found in ten of 19 RCTs in the present systematic review. It 
should however be noted that – in addition to the positive effects across 
all  muscle  strength  outcomes  in  these  ten  RCTs  – there also were seven 
RCTs reporting beneficial effects on several but not all included tests for 
muscle strength. Only two RCTs reported no significant effects. Further-
more, the RCTs withmixed or null findings were primarily based onmea-
sures of handgrip strength which may exhibit low responsiveness to
training interventions.113 According to the principle of training specificity, 
outcomes are typically more pronounced when the testing conditions 
closely resemble the training activities.114,115 This suggests that



Intervention effects on body composition and general physical health outcomes 
NUMBER OF STUDIES 

OUTCOMES STUDY 
DESIGN 

1  2  3  4  5  6  7  8  9  10  

BMI 
(n=14) 

RCT Chang 
(n=72) 

Dun 
(n=48) 

Gram 
(n=67) 

Keshavarz 
(n=60) 

Michishita 
(n=59) 

Prieto-Prieto 
(44) 

(non-)RT Fetherman 
(n=27) 

Hunter 2018 
(n=50) 

Rogers 
(n=22) 

1-group pre-post Bates 
(n=110) 

Hasegawa 
(n14) 

Sharp 
(n=113) 

Vrantsidis 
(n=35) 

Nielsen 
(n=465) 

Waist / waist 
hip ratio 

(n=5) 

RCT Prieto-Prieto 
(n=44) 

Chang 
(n=72) 

Keshavarz 
(n=246) 

(non-)RT Hunter 2018 
(n=50) 

Nielsen 
(n=465) 

Fat mass 
(n=7) 

RCT Dun 
(n=48) 

Chang 
(n=72) 

Ferrari 
(n=73) 

Keogh 
(n=245) 

Keshavarz 
(n=60) 

Plotnikoff 
(n=245) 

(non-)RT Ransdell 
(n=34) 

Fat-free mass 
(n=7) 

RCT Dun 
(n=48) 

Kullman 
(n=17) 

Suzuki 
(n=18) 

Jamrasi 
(n=79) 

Keogh 
(n=245) 

Keshavarz 
(n=60) 

Plotnikoff 
(n=245) 

Blood 
pressure 

(n=5) 

RCT Gram 
(n=67) 

Michishita 
(n=59) 

Keshavarz 
(n=60) 

(non-)RT Ransdell 
(n=34) 

1-group pre-post Nielsen 
(n=465) 

Cholesterol 
(n=2) 

RCT Chang 
(n=72) 

Keshavarz 
(n=60) 

Glucose 
(n=1) 

RCT Keshavarz 
(n=60) 

Pain-related 
(n=6) 

RCT Dalager 
2015 

(n=537) 

Jette 

(n=102) 
Kamada 

(n=3,507)

(non-)RT Brandt 
(n=68)

Jakobsen

(n=200)

Moreira
(n=49)

1-group pre-post Nielsen 
(n=465)

Dalager 
2023

(n=269)
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suboptimal or non-specific measurement methodologies may have con-
tributed to the lack of consistent findings. In addition, insufficient exercise 
dose and progression may have influenced the heterogeneity of results. 
Adhering to the intended dose and progression has previously been iden-
tified as a major challenge in real-life interventions am ong community-
dwelling older adults, especiallywhen no supervision is provided and lim-
ited equipment is available.25,116 Although supervision may potentially in-
fluence compliance, we were unable to confirm such an influence. The 
majority of the intervention programs within the RCTs in our systematic 
review (i.e., 13 out of 19) were supervised. More specifically, six out of 
ten RCTs with positive findings, six out of seven RCTs with mixed findings 
and one out of two RCTs with null findings were supervised. Furthermore, 
a mixture of training equipment was used across papers with either posi-
tive, mixed or null findings (e.g., body weight only, free weights, bands, 
tubes, boxes and machines). As only two studies in our systematic review 
reported compliance with the exercise dose, we can only speculate on the 
underlying reasons for mixed findings on muscle strength. In c ontrast to
our finding on muscle strength, all present studies, although only three
RCTs, reported improvements in muscle endurance. This is similar to
meta-analytic findings showing positive effects on muscle endurance in
workplace physical exercise training117 and community and workplace 
PA programs in 40–65 year-old adults.111 

Further, conflicting evidence was found for aerobic fitness, balance 
and flexibility, while moderate evidence was found for improvements 
in functional outcomes measured through a variety of tests. As the 
only (pilot) RCT that reported null findings in functional outcomes in 
our systematic review provided unsupervised exercise in a home-
based context, our results are in line with recent meta-analytic findings 
showing improvement s in physical function in older adults (≥60 years)
after supervised versus unsupervised exercise.118 
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Regarding body composition outcomes, our results showed moder-
ate evidence of no change in BMI and conflicting evidence for the 
waist/waist–hip ratio, fat mass, and fat-free mass. These results are in 
contrast with expectations as regular participation in MSE is ex pected
to result in improved body composition, in particular lean body
mass.119 Null findings on lean body mass in the four studies of our sys-
tematic review might partly be expl ained by the use of whole-body
assessments37,38,82 rather than muscle-specific measurements, which 
may overlook specific hypertrophic changes that regional assessments 
can more accurately detect.120 Also, greater muscle hypertrophy is typ-
ically reached with progressively higher weekly training volumes,121 

while exercise dose and progression were not described in sufficient de-
tail to interpret the findings. Similar to body composition outcomes, 
meta-analytic data suggest that MSE improves cardiometabolic health 
markers, although the quality of the evidence is rather low.10 In this re-
view, limited information was available on cardiometabolic health out-
comes, so we can neither confirm nor cont radict the existing evidence.

The conflicting level of evidence for the psychosocial, cognitive and 
work-related outcomes in this review is also in contrast to the meta-
analytic evidence (based on RCTs) showing that the promotion of resis-
tance training supports, for example, the improvement of health-relat ed
quality of life inmid-aged to older adults (i.e., 59.9 to 82.1 years).122 How-
ever, these findings should not be extrapolated to the general adult pop-
ulation, given the age-specific nature of the evidence. It is possible that the 
volume and intensity of MSE in our included studies were insufficient to 
improve the outcomes. In addition, little is known about the perceived 
quality of experienc e during the interventions, which is also important
for psychosocial outcomes.

Designing effective community-based MSE programs requires 
balancing accessibility, which may initially be more important from a



Intervention effects on psychosocial and cognitive health outcomes and work-related outcomes. 
NUMBER OF STUDIES 

OUTCOMES STUDY 
DESIGN 

1  2  3  4  5  6  7  8  9  10  

Cognition 
(n=7) 

RCT Keogh 
(n=245) 

Hars 
(n=142) 

Jamrasi 
(n=79) 

Chan 
(n=42) 

Makino 
(n=245) 

(non-)RT Merchant 
(n=111) 

1-group pre-post Brown 
(n=74) 

Mental health 
(n=11) 

RCT Michishita 
(n=59) 

Keogh 
(n=245)) 

Sjogren 
(n=90) 

Jette 
(n=102) 

Mulla 
(n=43) 

Plotnikoff 
(n=245) 

(non-)RT Jakobsen 
(n=200) 

Moreira 
(n=49) 

1-group pre-post Hill 
(n=116) 

Nielsen 
(n=465) 

Vrantsidis 
(n=35) 

Quality of life 
(n=11) 

RCT Jette 
(n=102) 

De Vreede 
(n=98) 

Heiestad 
(n=143) 

Keogh 
(n=245) 

Talevski 
(n=162) 

(non-)RT Fetherman 
(n=27) 

1-group pre-post Nielsen 
(n=465) 

Bates 
(n=110) 

Hill 
(n=116) 

Jansons 
(n=15) 

Vrantsidis 
(n=35) 

Work-related 
(n=5) 

RCT Michishita 
(n=59) 

Dalager 
2015 

(n=537) 

Mulla 
(n=43) 

Sjogren 
(n=90) 

(non-)RT Jakobsen 
(n=200) 

Other 
psychosocial 

outcomes 
(n=13) 

RCT Heiestad 

(n=143) 
Michishita 

(n=59) 
Rogers 
(n=29) 

Shirazi 
(n=116) 

Kamada 
(n=3,507) 

Dalager 
2015 

(n=537) 

Sjogren 
(n=90) 

(non-)RT Brandt 
(n=68)

Merchant
(n=111

Moreira
(n=49)

1-group pre-post Nielsen 
(n=465)

Brown 
(n=74)

Porter

(n=105)

Green box = significant improvement in the outcome as reported in the individual papers; Blue box = combination of improvement andno change; gray box=no change; Orange box = 
significant deterioration in the outcome. AC: arm curl test; EMS: elderly mobility scale; FES: falls efficacy scale; FMS: functional movement screen; FPT: physical performance tests; PP: pen 
pick-up; RCT: randomized controlled trial; RT: randomized trial; ReT: reaction time; SC: stair climb; ST: step test; STS: sit to stand; TUG: timed-up-and-go. The overall quality rating, as
described in Table 3, was indicated as follows: Bold = strong; Normal = moderate; Cursive = weak.
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public health perspective, with sufficient training stimulus to elicit 
meaningful physiological adaptations, which is essential from a struc-
tured exercise perspective. Current international guidelines for healthy 
adults – and by extension older adults – recommend performing MSE at 
least twice weekly using moderat e-to-high loads (i.e., ≥60 % of the one-
repetition maximum (1-RM)) to maximize gains in muscle mass and
strength.114,123 While the use of lower loads (i.e., <60 % 1-RM) has 
been identified as less effective for strength development, comparable 
hypertrophic responses can be achieved if exercises are performed to
volitional failure.124 Although the inclusion of specific MSE guidelines 
underscores the importance of MSE for public health, it is a major chal-
lenge to ‘translate’ the ‘optimal dose and progression’ of these training 
guidelines to clear public health messages. The absence of specific 
guidelines for dosing and progression, however, is likely to limit impact. 
For optimal impact for both individuals and society, public health guide-
lines and initiatives should provide details on trainingdose and progres-
sion, and on how to operationalize them, to align with the international 
training guidelines. If not, underdosing is likely. The considerable het-
erogeneity in program design and the absence of detailed data on ad-
herence to the training dose in the studies included in this systematic 
review preclude adequate dose–response analyses, limiting our ability 
to confirm or rule out the presence of underdosing. In addition to the
challenge of achieving appropriate training stimuli and progression in
community-based settings, many community programs lack the equip-
ment, individualization, and progression needed for sustained
benefits.25 Despite these challenges, there is a clear need for the promo-
tion of adequate MSE, with sufficient stimulus, from a public health per-
spective.
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Besides examining the outcomes, we also coded the BCTs used dur-
ing the interventions.27 The most commonly used BCTs were instruction 
on how to perform the behavior, demonstration of the behavior, and behav-
ioral practice/rehearsal, as MSE requires learning to use weight training 
equipment or body weight exercises in conjunction with new motor 
skills. These BCTs are commonly employed in interventions to improve
strength training participation.125 When it comes to instruction as an in-
tervention component, however, merely assessing its presence or ab-
sence would appear to be too general to ascertain its function in 
affecting behavior change. The role of many specific  aspects  of  delivery  
(e.g. mode, instructor credentials, frequency) needs to be considered. 
The indication of presence versus absence of demonstration would also 
seem too generalized to tease out any behavior change effects on MSE, 
and more specific aspects (e.g. mode, characteristics) may need to be 
assessed or manipulated. Finally, practice/rehearsal is a vital aspect of 
muscle-strengthening skill acquisition, and only assessing its presence 
or absence may not do justice to the variety of factors (e.g. supervision, 
peer support, intensity) that may affect how practice/rehearsal influ-
ences behavio r change. Social support, adding objects to the environment,
restructuring the social environment, feedback on behavior, and informa-
tion about health consequences were also somewhat commonly used,
which is in line with the findings of Ma et al.125 The latter study also in-
dicated that goal setting, self-monitoring of behavior, and using a cred-
ible source were common BCTs, which were less common in the 
included studies of our systematic review. While we cannot make firm 
suggestions regarding effective behavioral change, a recent review on 
mediators of resistance training behavior showed that interventions
that incorporated a greater number of BCT clusters appeared to have a
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may also be important issues. As 70–96 % of adults do not meet MSE
recommendations,8,13,14,20–22 there is an urgent need to embed 
evidence-based behavior change techniques into public health efforts 
to effectively motivate, support, an d reinforce MSE participation.

more positive impact on behavior; however, no specific BCT cluster 
emerged as particularly crucial.126 The number of BCTs used did not 
seem to be of great relevance in our systematic review, as some studies 
showed improvements in MSE behavior with only a minimal number of 
BCTs. It may be that the choice of relevant BCTs for a given population
and context ismore important than the number of BCTs.127 The delivery 
of the BCTs, including their frequency and intensity (rather than mere 
presence), and how well pa rticipants engage with the techniques,

4.1. Directions for future re search

The inclusion ofMSE in theWHOguidelines is a clear indication of its 
importance for individual and public health. However, much work re-
mains to be done to increase our understanding of the promotion of 
MSE in healthy populations. Overall, well-designed, controlled trials of 
high quality, assessing MSE and clearly reporting the (active) compo-
nents of the interventions are needed to examine true behavior change. 
At this stage, there is no evidence on the most eff ective intervention
strategies for particular population groups. Strain and colleagues8 

highlighted three key groups for intervention, that is, women, partic-
ularly in the youngest age groups; those over the age of 75; and those 
already undertaking some but not sufficient MSE. Our results show 
that 18.8 % of the studies included women only, 49.3 % of the inter-
ventions were done in adults aged over 60, and only 7.2 % of the stud-
ies included a sample with a mean age over 75 ye ars. As such, from a
public health perspective, more interventions are needed in women
and older adults.

Overall, including explicit assessments of MSE behavior pre- and 
post-interventions should be encouraged in all studies aiming to exam-
ine MSE, even if a study's main focus is on health outcomes. Ideally, 
follow-up assessments of engagement in MSE behavior at different 
points in time post-intervention would be includ ed. Self-enacted
change techniques should also be considered and documented.128 

Deliberate inclusion and explicit assessment of the effectiveness 
of behavior change support strategies in future studies is also en-
couraged.While the BCT taxonomy27 provides a useful range of tech-
niques to consider, more specific work on the role of strategies that 
are particularly relevant to MS E behavior (for particular popula-
tions) is needed.128 Features that deserve attention include location 
(e.g. home, fitness club, work/school, community center); aspects of 
instruction (e.g. ratio of instructor-to-participant; length, duration, 
and frequency of instruction sessions); aspects of demonstration 
(e.g. mode; characteristics of the demonstrator); education about 
health consequences and injury risks; the provision of equipment 
to encourage home practice; the use of psychological support strate-
gies (e.g. goal setting and action planning, decision balance, self-
monitoring, feedback on outcomes); and social support. We f ound
that studies that frame the intervention in behavior change and/or
social theories appear to include more psychologically-orientated
BCTs, and this may help in the design of future studies.

Apart from considering these aspects in the design of interventions, 
some way of assessing the impact of these features on MSE behavior is 
encouraged. Studies may systematically vary aspects of delivery to test 
their importance to adherence and/or health outcomes. Few studies so 
far have varied psychological behavior change strategies as an interven-
tion arm, co ntrolling for the effectiveness of adding specific psycholog-
ical behavior change support.

4.2. Strengths and limita tions

The key strength of this study is that it appears to be the first re-
view to synthesize the existing p eer-reviewed evidence on real-life
277
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interventions promoting MSE in healthy populations. In addition, 
we used a comprehensive search strategy across multiple data-
bases and all screening, quality assessment and data extraction 
were done by tw o independent reviewers. Finally, the identifica-
tion of BCTs using the BCT Taxonomy v127 may provide important 
information on the intervention strategies, which could be infor-
mative for future intervention development and implementation. 
Nevertheless, other factors should be considered when trying to 
link BCTs to intervention effectiveness. The present review is also 
subject to some limitations. The main limitation is that no meta-
analyses were conducted due to the high heterogeneity of the in-
tervention characteristics, reported outcome variables, and mea-
surement methods between the included studies. Hence, we 
analyzed the data in a descriptive narrative way. Secondly, the
methodological quality of the included studies was, in general,
weak. Moreover, as we only identified published articles, the possi-
bility of publication bias cannot be excluded.

5. Conclusi on

This systematic review of 69 community-based interventions pro-
motingMSE inhealthypopulations showed a lack of uniformity in inter-
vention elements and reported outcomes. Behavioral outcomes related 
to the actual engagement in MSE were hardly reported. As such, from a 
public health promotion perspective, at this stage, there is limited evi-
dence on how to best increase the uptake and maintenance of th is
mode of PA. More well-designed intervention studies are needed on
how to promote MSE in healthy populations.
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