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Abstract 

Objectives  To identify the modifiable determinants targeted in interventions involving older adults, and to deter‑
mine which of these interventions effectively increased physical activity (PA) and/or reduced sedentary behaviour 
(SB). Additionally, to explore whether the effects of these interventions vary based on the implementation setting.

Methods  A search of randomized controlled trials (RCTs) and controlled trials (CTs) was performed in Medline, APA 
PsycArticles, SPORTDiscus, and Web of Science. Risk of bias assessment was performed with Cochrane’s tool. Modifi‑
able determinants were narratively synthesized, and random-effects models were performed to meta-analyse studies 
reporting device-measured physical activity or sedentary behaviour. Moderator analyses were performed to investi‑
gate the role of implementation setting. Standardized between-group mean difference (SMD) with 95% confidence 
interval (CI) was used to indicate effect sizes.

Results  From 31,727 individual records, 52 eligible studies published between 2012–2022 were identified, 30 and 22 
studies from community and health care settings, respectively. Determinants within the category physical health 
and wellbeing (n = 23) were most frequently reported while only one study reported determinants within a social 
or cultural context. Eighteen studies were included in the meta-analysis. Interventions targeting physical health 
and wellbeing revealed an increase in steps (SMD = 0.46; 95%CI: 0.15 to 0.77) and minutes of moderate-to-vigorous 
intensity physical activity (SMD = 0.41; 95%CI: 0.19 to 0.64) among intervention participants compared to controls, 
whereas interventions targeting psychological or behavioural determinants showed no between-group differences 
in steps (SMD = 0.10; 95%CI: -0.12 to 0.32) and moderate-to-vigorous intensity physical activity (SMD = 0.26; 95%CI: 
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-0.24 to -0.75). Interventions targeting physical health and wellbeing showed significant heterogeneity (p < 0.0001; 
I2 = 73.10%). Subgroup analyses showed a significant effect on device-measured physical activity for the eight 
community-based interventions (SMD = 0.42; 95%CI: 0.07 to 0.77), while no significant effect was found for the eight 
studies performed in healthcare settings (SMD = 0.26; 95%CI; -0.10 to 0.62).

Conclusion  Interventions targeting physical health and wellbeing may increase PA in older adults, with community-
based studies appearing more effective than studies in healthcare settings. The significant heterogeneity of study 
findings indicates that further research is needed to fully understand the influence of PA and SB determinants 
across settings, particularly those related to psychological, behavioural, social, and cultural factors.

Systematic review registration  PROSPERO: CRD42022287606.

Keywords  Exercise, Inactive, Interventions, Randomized controlled trials, Controlled trials, Community-dwelling older 
adults, Seniors, Settings, Self-reported physical activity, Device-measured physical activity, Self-reported sedentary 
behaviour, Device-measured sedentary time

Introduction
Physical inactivity and excessive sedentary behaviour 
(SB) increases the risk of premature death and disease 
and adverse health conditions, including cardiovascular 
diseases, cancer, chronic respiratory diseases and diabe-
tes [1]. A recent study, which analyzed self-reported PA 
data from 507 population-based studies, estimated that 
the global prevalence of insufficient PA among older 
adults is 43.5% [2]. When considering population-based 
studies providing device-measured PA findings, less than 
10% of the older adults adheres to the PA guidelines [3–
5]. Moreover, despite an insufficient evidence to define 
a threshold for sedentary behaviour (SB) [6], to prevent 
age-related falls, osteoporosis, and decline of functional 
ability and fitness (e.g., strength, balance, flexibility) older 
adults would benefit from sitting less, breaking up their 
sitting time, and moving more [7, 8].

A modifiable determinant for physical PA and/or 
sedentary SB refers to any factor that can be altered or 
influenced through interventions to promote healthier 
behaviors. For example, enhancing access to recrea-
tional facilities and encouraging active transportation 
can boost PA, while increasing awareness of the nega-
tive health effect and fostering supportive social envi-
ronments can reduce SB. However, there are still gaps 
in understanding the most effective strategies for vari-
ous populations and contexts, especially in older adults. 
For instance, while many interventions have been 
designed to modify PA and SB, their effectiveness var-
ies widely. To develop interventions for increasing 
PA [9] and reducing SB [7, 10] it is necessary to iden-
tify non-modifiable (e.g., genetics, age) and modifiable 
(e.g., muscle strength, sport facilities, intrinsic motiva-
tion, social support) determinants [11], the latter need-
ing a public health and policy special focus [11, 12]. The 
European Determinants of Diet and Physical Activity 
(DEDIPAC) Knowledge Hub was the first action taken 
by the ‘Healthy Diet for a Healthy Life’ European Joint 

Programming Initiative [13]. DEDIPAC aimed to provide 
insight into the determinants of diet, PA and SB across 
the life course. Analyses of systematic literature reviews 
revealed several knowledge gaps regarding behavioural, 
biological, physical-environmental, policy, psycho-
logical, socio-cultural, and socio-economic PA and SB 
determinants [13]. Further, methodological issues such 
as lack of studies with device-measured PA and SB and 
a predominance of cross-sectional studies were also 
reported [13]. A DEDIPAC study on sedentary time and 
PA surveillance of older adults and obese individuals 
across four European countries concluded that there is 
an urgent need to provide new knowledge on modifiable 
PA and SB determinants in various settings to reduce the 
prevalence of unhealthy behaviours in these populations 
[14].

In the last four years, the European COST Action 
CA19101 “Determinants of Physical Activities in Set-
ting (DE-PASS) focused on identifying, understanding 
and measuring modifiable determinants which promote, 
maintain or inhibit PA and SB across the lifespan and in 
different settings (https://​depass.​eu/) [15–18]. The influ-
ence of settings is critical as context shapes intervention 
effectiveness, influencing factors such as accessibility, 
motivation, and support. For instance, whilst commu-
nity settings typically focus on preventive measures and 
address broad social determinants of health, healthcare 
settings generally prioritize direct medical care and indi-
vidual treatments. However, context is seldom taken into 
account when intervention studies are planned [19]. To 
explore and address a number of different health behav-
iours including PA and SB, ecological models have been 
developed [20, 21]. Despite the growing recognition of 
these multiple levels of influences, to date no system-
atic literature reviews with or without meta-analyses 
have identified the most commonly studied modifiable 
determinants of PA and SB from randomized controlled 
trials (RCTs) or controlled trials (CTs) in older adults. 

https://depass.eu/
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Furthermore, there is a need to assess the effectiveness 
of these determinants in relation to different settings. 
Moreover, device-based measurements are particularly 
sensitive to changes in both PA and SB [22], suggesting 
that meta-analyses should ideally separate studies using 
self-reported data from those using device-based meas-
urements to maintain consistency and accuracy of the 
results. In considering the variability in the existing liter-
ature, an exploratory approach without specific hypoth-
eses is needed.

Therefore, the main objectives of the present DE-PASS 
Systematic Review and Meta-analysis (SRMA) study 
on RCTs and CTs including older adults are to identify 
the modifiable determinants targeted in interventions 
involving older adults, and to determine which of these 
interventions effectively increased PA and/or reduced 
SB. Additionally, to explore whether the effects of these 
interventions vary based on the implementation setting 
(community versus healthcare).

Material and methods
This study was conducted according to the updated Pre-
ferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA 2020) guidelines [23]. The protocol of 
this review was registered in the International Prospec-
tive Register of Systematic Reviews (PROSPERO ID: 
CRD42022287606).

Eligibility criteria
To ensure clarity, consistency, and relevance in address-
ing the research objectives, the research methodology 
integrated the following five elements: Population, Inter-
vention, Comparison, Outcomes Context (PICOC).

Population (old* OR elder* OR adult* OR aged people 
OR ageing* OR senior* OR veteran* OR mature*…)
To be eligible for inclusion studies had to include adults 
aged ≥ 65 years. However, to reduce study heterogeneity 
exclusion criteria encompassed studies targeting indi-
viduals 1) diagnosed with dementia, encompassing all 
dementia subtypes (e.g., Lewy body dementia, Alzhei-
mer’s disease, Vascular dementia, Mixed dementia, Fron-
totemporal lobe dementia); 2) currently hospitalized due 
to surgical or medical treatments (e.g., cancer treatment); 
3) receiving terminal or palliative care; and 4) undergoing 
pre- and post-operative orthopaedic investigations of the 
spine or lower extremities. In fact, PA and SB in persons 
with dementia is highly dependent on support and influ-
ence from family and professional caregivers [24], fur-
ther, specific medical diagnoses and medical treatment 
(e.g., of the musculoskeletal system) may cause pain, dis-
comfort, and the need for practical assistance and sup-
port provided from others.

Intervention (Physical activ* OR exercise OR sport* OR play 
OR recreation OR training…)
Interventions were considered for inclusion when their 
primary outcome was metrics of PA (e.g., total PA, lei-
sure-time PA, or MVPA), and/or SB (e.g., sedentary 
time) obtained either through device-based measure-
ments (e.g., pedometers, accelerometers, etc.), or self-
reported data collected via validated questionnaires. The 
included studies had to report pre- and post-intervention 
measurements of determinants, as well as of PA and/or 
SB within the framework of controlled intervention trial 
designs. Therefore, only RCTs and CTs were included, as 
these trials sit at the top of the research hierarchy and are 
considered the most appropriate study designs for devel-
oping a best evidence statement.

Comparison (old* OR elder* OR adult* OR aged people 
OR ageing* OR senior* OR veteran* OR mature*…)
Considering the PA and SB self-report and device-based 
measurement methods, matching of control groups, 
or other active intervention groups to the experimental 
groups for the selected studies were examined. In addi-
tion, a comparative synthesis of findings across outcomes 
resulting from the respective measurement methods, 
with special attention to the settings of the selected mod-
ifiable determinants was implemented.

Outcomes (Physical activ* OR exercise OR sedentar* 
OR screen time OR computer use OR determinant*…)
PA and SB are the main quantitative outcome meas-
ures targeted in the present research. PA is defined as 
any bodily movement produced by skeletal muscles that 
requires energy expenditure, thus including any modal-
ity of movement at any intensity [25]. PA are also catego-
rised as sedentary, light, moderate and vigorous intensity 
PA and SB as any waking behaviour characterised by an 
energy expenditure of 1.5 METs or lower while sitting, 
reclining or lying, while SB [26]. Measurement tech-
niques for PA and SB encompassed validated self-report 
(e.g., questionnaires, diaries, recall) and device-based 
(e.g., accelerometers, pedometers) methods [22]. In stud-
ies where both device-based and self-report measures 
are reported, the data for both measurement methods 
will be extracted and analysed separately. For this review, 
the categories of modifiable determinants were based on 
a framework from the DEDIPAC consortium, consisting 
in six clusters (i.e., Physical Health and Wellbeing, Social 
and Cultural Context, Built and Natural Environment, 
Psychology and Behaviour, Politics and Economics, and 
Institutional and Home Settings) obtained through an 
international transdisciplinary consensus framework for 
the study of determinants, research priorities and poli-
cies on sedentary behaviour across the life course [27].
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Context (mediator* OR moderator* OR exposure*…)
Settings were retrospectively considered in this system-
atic review as a contextual factor potentially influencing 
the association between modifiable determinants and 
PA or SB of older adults. To examine how these environ-
ments moderated the effectiveness of interventions, stud-
ies were categorized based on their primary setting. This 
categorization allowed for the evaluation of context-spe-
cific variations in determinants, ensuring that the find-
ings reflect the potential impact of different settings on 
PA and SB outcomes.

Information sources and search strategy
Based on the collaboration of the DE-PASS Team and 
with the support of professional librarians (K.H., L.S., 
T.Z.), a systematic literature search was conducted in 
September 2022. Studies published since 2012 have been 
included as this timeframe is sufficient to capture rele-
vant and contemporary published research, it aligns with 
important WHO publications related to physical activ-
ity and health, and with the publications of key guide-
lines and SLRs on the topic of physical activity and the 
older adult [28–31]. To ensure the inclusion of the most 
recent articles, alert notifications of new publications 
were activated until August 2024. In addition, the snow-
balling technique was applied to the reference lists of the 
included articles to identify any possible missed scien-
tific contribution. The search was performed in MED-
LINE via PubMed, APA PsycArticles and SPORTDiscus 
via EBSCOhost, and Web of Science (Core Collection). 
Adapted to the specific features of each database, the 
search strategy included a combination of subject head-
ing terms and keywords related to the outcome vari-
ables (i.e., PA and SB), the study designs (i.e., CTs and 
RCTs), the determinants addressed by the intervention, 
the target older adult population, and the measurement 
methods for PA and SB. The search was limited to peer-
reviewed academic articles published within the past 
decade and written in languages in which members of the 
review team have an advanced level of proficiency (i.e., 
Dutch, French, Greek, Italian, Norwegian, Polish, Roma-
nian, Spanish, Turkish). Details on the search strategy 
–– are presented in Supplementary File 1. Results of the 
search were uploaded to the online tool Covidence (Veri-
tas Health Innovation, Melbourne, Australia) supporting 
the screening, study selection, data extraction of system-
atic literature reviews (SLRs), and duplicates removal.

Selection and data collection processes
The screening process was conducted by a large multi-
disciplinary review team (n = 28) of DE-PASS members. 

To ensure a homogenous procedural proficiency and 
agreement among the reviewers, prior to screening ini-
tiation the core group (S.Ci., L.E., S.Co., M.L., F.P., G.T., 
F.F.) provided several workshops and tutorials on vari-
ous aspects, including inclusion and exclusion criteria, 
data extraction forms and risk of bias assessment tools. 
Then, the review team was divided into pairs, and Covi-
dence facilitated a random and equitable distribution of 
studies. Utilizing a pre-tested decision tree with inclu-
sion/exclusion criteria outlined in Supplementary File 2, 
each reviewer pair independently evaluated the eligibility 
of the assigned studies based on the titles and abstracts 
(stage 1), followed by full-text examination (stage 2). Any 
discrepancies were resolved by a third reviewer from the 
core group. The reviewers identified if the same studies 
were included in different reviews by comparing authors, 
demographics, ethical committee approval, intervention 
content and design, sample size, study locations, and set-
tings [32]. At the end of Stage 2, in case of duplicates the 
inclusion was based on the study reporting the highest 
number of measurement timepoints or the longest fol-
low-up periods [33].

Data items and extraction
The first author (SCi) drafted a data extraction form, 
which underwent pilot-testing by the core group. Sub-
sequently, the included studies were distributed among 
review pairs from the multidisciplinary review team for 
an independent data extraction. To ensure accuracy and 
consistency, a consensus procedure was applied through 
bilateral online meetings to resolve any disagreements by 
comparing the results, discussing the possible differences 
and diverse interpretations, retrieving the relative source 
of discrepancies, and reaching an agreement. If con-
sensus was not reached, a third reviewer from the core 
group was consulted to provide an independent evalua-
tion and make a final decision. Data extraction included 
source description (e.g. author, year of publication, and 
country of publication), sample characteristics (e.g. sam-
ple size, demographic characteristics), intervention and 
control condition description (e.g. intervention[s] and 
control group activity[-ies] including modifiable determi-
nants, intervention duration, implementation setting(s]), 
and study measures (e.g. PA and/or SB, self-reported vs 
device-measured). Additionally, information on the study 
outcomes, both in terms of determinants and PA/SB, was 
extracted. In case of missing data or need of clarifica-
tions, the reviewers contacted the corresponding author 
of the respective studies allowing a reasonable period of 
two weeks for complete reporting before finalizing data 
extraction.
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Risk of bias
The modified version of Cochrane’s Risk of Bias 2 tool for 
randomized trials (RoB 2) [34] was used for the assess-
ment of risk of bias. To ensure familiarity with the stud-
ies, the same two independent reviewers who extracted 
the data also performed the risk of bias assessment using 
forms based on templates aligned with the RoB 2 tool. 
In case of conflicts and to ascertain the correctness of 
assessment, the two reviewers performed a consensus 
procedure.

Data synthesis and analysis
The extracted data of all included studies were narratively 
synthesized with a special focus on the modifiable deter-
minants of PA and SB. Modifiable determinants were 
categorized based on a previously published DEDIPAC 
study [27]. The settings where the intervention took place 
were classified into community and healthcare settings. 
A conceptual model outlining the relationships between 
groups of determinants, settings and outcomes is illus-
trated in Fig. 1. Each study was summarized based on the 
outcome measure, and P values and confidence intervals 
(CIs) were analysed to determine the significant effects 
of the intervention. A two-tailed p-value of less than 0.05 
was considered statistically significant. Between-group 
interactions were analysed, and the presence/absence 
of statistical significance and the direction (increase/
decrease) of the outcome changes have been highlighted 
(see =, ↑ and ↓ symbols in Table  1). Given our priority 
to evaluate the effects of interventions on determinants 
of PA and SB through a meta-analysis of studies using 

device-measures of PA/PB and due to article length con-
siderations, the included studies were narratively synthe-
sized without applying the recently developed Synthesis 
Without Meta-analysis (SWiM) methodology [35] for 
self-reported data.

Meta‑analyses
Meta-analyses were conducted exclusively for stud-
ies using device-based measurements of PA and/or SB. 
This approach was chosen to strengthen the validity, 
as devices like accelerometers or pedometers provide 
precise data and reduce the risk of recall and report-
ing biases. Meta-analyses were conducted using R, ver-
sion 4.3.2 (R Foundation for Statistical Computing) and 
included only studies reporting means or standard devia-
tions and outcome data for device-measured PA (steps/
day and MVPA/min/day) and SB (sedentary time/min/
day) at the end of the intervention. Given the continu-
ous nature of the outcome variables, the standardized 
between-group mean difference (SMD) with correspond-
ing 95% confidence interval (CI) were used as effect sizes 
and was calculated by comparing the outcome variables 
between the intervention and control groups at post-test. 
To re-express the SMD in steps per day, and minutes of 
MVPA/SB, we multiplied the pooled SMD by the pooled 
standard deviation (SD), yielding an estimate of the abso-
lute difference in steps per day and minutes of MVPA/SB 
between the groups [36]. We assumed that there were no 
significant differences in PA and SB between the inter-
vention and control groups at baseline, as the included 
studies were RCTs. Subsequently, random effects models 

Fig. 1  Conceptual model of the relationship between groups of modifiable determinants, settings and PA/SB outcomes
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(using the Hartung-Knapp method) were performed to 
calculate pooled estimates due to the expected hetero-
geneity. Our conceptual model initially proposed con-
ducting three separate random effects models for each 
outcome variable (steps/day, MVPA/min/day, sedentary 
time/min/day): one for interventions focusing on physical 
health and wellbeing determinants, one for interventions 
targeting psychological and behavioural determinants, 
and one for interventions focusing on social and cultural 
context. However, due to the inclusion of only a single 
study targeting the social and cultural context, we were 
unable to conduct random effects models for this cat-
egory. Forest plots were generated to visualize the results 
of the meta-analyses.

Test of heterogeneity and moderation analyses
The existence of heterogeneity was assessed using the 
Cochran’s Q test, and the Higgin and Thompson’s I2 sta-
tistics to determine whether moderation and subgroup 
analyses would be meaningful. A Q-value with a p ≤ 
0.05 was considered indicative of significant heteroge-
neity, while I2 values of 25%, 50% and 75% were consid-
ered indicative of low, moderate and high heterogeneity, 
respectively [37]. If moderate or high heterogeneity was 
present, moderator analyses using a mixed-effects model 
with maximum likelihood estimation were conducted to 
test whether the heterogeneity could be explained by dif-
ferences in settings (healthcare vs community).

Sensitivity analyses and publication bias check
Sensitivity analyses were carried out to investigate the 
robustness of the statistical analysis. Concretely, main 
analyses were repeated without potential outliers, which 
were defined as studies whose 95% CI did not overlap 
with the aggregated effect size’s 95% CI [38, 39]. Main 
analyses were also repeated without low-quality stud-
ies. Studies were considered to be of low quality if their 
overall risk of bias, as assessed using the revised version 
of the RoB 2 tool, was determined to be high [40] (see 
Supplementary File 6). The presence of publication bias 
was assessed using visual examination of the funnel plot 
symmetry and by interpreting the results of the Egger’s 
regression test.

Results
Study selection
Overall, 31,727 records were identified after remov-
ing duplicate results, 30,308 studies were entered in the 
screening process. The Fig.  2 shows the PRISMA flow 
diagram [23]: title and abstract screening resulted in 553 
full-text articles, of which 52 RCTs [41–92] were included 
in the narrative synthesis. None of them contained 
studies that we would consider for further inclusion. 

Moreover, 18 studies using device-based measurements 
of PA and/or SB were included in the meta-analyses [41, 
44, 49, 50, 52, 56, 60, 61, 66, 68, 71, 72, 76, 77, 80, 81, 85, 
92]. No CTs were included. Included studies were pub-
lished between January 2012 and September 2022.

Study characteristics
The characteristics of the included studies are sum-
marized in Supplementary Table  1. A total number of 
9,112 older individuals (58% female), participated in the 
included RCTs. Number of study participants in individ-
ual studies ranged from 26 [56] to 616 [67] participants. 
The RCTs were conducted in America (n = 18), Asia (n = 
7), Europe (n = 15) and Oceania (n = 12).

Determinants
Overall, 44 unique modifiable determinants were iden-
tified in the 52 RCTs. Following a DEDIPAC consensus 
framework [27] (see Fig.  1), these modifiable determi-
nants were classified as physical health and wellbeing (n = 
31), psychology and behaviour (n = 12) and social and 
cultural context (n = 1). For physical health and wellbe-
ing, the most frequently targeted determinants were 
physical functioning (n = 25 [41–50, 52, 60, 61, 64, 67–70, 
82–84, 86, 88–90]), quality of life (n = 27 [44, 45, 47, 49, 
53–55, 58–60, 62, 64–67, 69, 71–76, 79, 80, 86, 89, 90]), 
and body composition (n = 12 [41, 43, 44, 51, 59, 63, 65, 
66, 73, 77, 88, 92]). In the psychology and behaviour cate-
gory, self-efficacy was the most frequently targeted deter-
minant (n = 13 [46, 47, 50–52, 55, 59, 60, 65, 78, 79, 85, 
90]), while social support (n = 1 [86]) was the sole deter-
minant investigated within the social and cultural con-
text category. Detailed information about the modifiable 
determinants and the impact of interventions on these 
determinants is provided in Table 1.

Settings
The RCTs included in this study were conducted in a 
community setting (n = 30 [42–46, 48, 51, 52, 54, 56, 57, 
61–64, 67, 68, 70, 76, 77, 79, 82–85, 87–89, 91, 92]), or a 
healthcare setting (n = 22 [41, 47, 49, 50, 53, 55, 58–60, 
65, 66, 69, 71–75, 78, 80, 81, 86, 90]).

Risk of bias
The overall evaluation of the risk of bias is summarized in 
Fig. 3, whereas study-specific risk of bias results (n = 52) 
is available in Supplementary File 6.

A low risk of bias arising from the randomization pro-
cess was identified in 48 (92%) of the studies. Conversely, 
the deviation from the intended interventions intro-
duced bias in 26 (50%) of the studies (n = 24 and n = 2 
using “intention-to-treat” and “per-protocol” approaches, 
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respectively). A low risk of bias for 36 (69%) of the stud-
ies emerged for missing outcome data. In general, there 
was a low risk of bias for measurements of PA and SB 
outcomes (n = 39 studies; 75%) and determinants (n = 
36 studies; 69%), whereas only 8 studies (15%) had a high 
risk of selective reporting. Overall, 19 studies (37%), 18 
studies (35%), and 15 studies (29%) were judged to pre-
sent some concerns, high risk, and low risk of bias, 
respectively.

PA and SB outcomes
Twenty-three RCTs utilised exclusively device-meas-
ured PA and/or SB as outcomes [41, 49, 50, 53, 55, 56, 
60, 61, 64–66, 71, 72, 74–77, 81, 84, 85, 90–92], while 17 
RCTs relied solely on self-reported measures [42, 45–48, 
51, 57, 58, 62, 63, 67, 73, 78, 83, 86, 88, 89]. Addition-
ally, 12 RCTs utilised both device-based and self-report 

assessment methods [43, 44, 52, 54, 59, 68–70, 79, 80, 82, 
87]. None of the studies focused exclusively on SB.

Effects of interventions targeting modifiable determinants 
on device‑measured PA
Figure  4 shows the effects of 18 interventions aimed at 
enhancing device-measured PA (i.e., steps/day) by tar-
geting physical health and wellbeing determinants [41, 
44, 49, 50, 52, 56, 60, 61, 66, 68, 71, 72, 76, 77, 80, 81, 85, 
92]. The average effect size across all studies was signifi-
cant (SMD = 0.34; 95%CI: 0.11 to 0.57), indicating that 
interventions focusing on physical health and wellbeing 
determinants have the potential to increase device-meas-
ured steps in older adults. When re-expressing this SMD 
in terms of steps per day this finding corresponds to an 
average increase of 1,098 steps/day.

Fig. 2  PRISMA flow diagram showing the systematic literature review process
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Statistically significant heterogeneity was observed 
(Q(17) = 63.27; p < 0.0001; I2 = 73.10%). Although setting 
did not emerge as a statistically significant moderator 
(Q = 0.54; p = 0.46), subgroup analysis revealed statisti-
cally significant effects for interventions conducted in a 

community setting (SMD = 0.42; 95%CI: 0.07 to 0.77), 
whereas non- statistically significant effects were found 
for those in a healthcare setting (SMD = 0.26; 95%CI: 
−0.10 to 0.62). Sensitivity analyses showed that the effect 
sizes largely remained within the 95% CI after removing 

Fig. 3  Risk of bias summary across all studies included in the review (N = 52)

Fig. 4  Effects of interventions targeting physical health and wellbeing determinants (steps/day)
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potential outliers (SMD = 0.28; 95%CI: 0.10 to 0.47), and 
after removing low-quality studies (SMD = 0.34; 95%CI: 
0.06 to 0.61) (see Supplementary File 3). Visual inspec-
tion of the funnel plot and results of the Egger’s Test 
(t[16] = −0.08; p = 0.83) suggested that publication bias 
was unlikely to have influenced the results (see Supple-
mentary File 4).

Figure 5 presents the results of eight studies targeting 
psychological and behavioural determinants on device-
measured PA, expressed as steps/day, using a forest plot 
[50, 52, 60, 76, 77, 80, 85, 87].

The average effect size was not significant (SMD = 0.43; 
95%CI: −0.22 to 1.09), indicating that existing interven-
tions targeting psychological and behavioural determi-
nants were not able to increase the numbers of steps/day. 
Significant heterogeneity was found (Q(7) = 150.48; p < 
0.001; I2 = 95.3%), which was resolved after removing the 
one outlier study [87]. Sensitivity analyses were not per-
formed due to the low number of studies. Visual inspec-
tion of the funnel plot suggested that publication bias was 
unlikely to have influenced the results (see Supplemen-
tary File 4). The Egger’s Test could not be administered 

due to the small number of studies. Forest plots display-
ing the results of the meta-analysis with MVPA revealed 
similar results (see Supplementary File 5). Briefly, stud-
ies targeting physical health and wellbeing determinants 
were able to increase MVPA (SMD = 0.41; 95%CI: 0.19 to 
0.64). When re-expressing this SMD in terms of MVPA 
(min/day), we found an average increase of 12 min of 
MVPA/day. Subgroup analyses showed that significant 
effects were only found for studies conducted in the com-
munity setting (SMD = 0.53; 95%CI: 0.15 to 0.91). No 
significant effects were found for studies focusing on psy-
chological and behavioural determinants (SMD = 0.26; 
95%CI: −0.24 to 0.75).

Effects of interventions targeting modifiable determinants 
on device‑measured SB
Six of the included studies examined the effect of an 
intervention targeting physical health and wellbeing 
determinants on device-measured SB. Figure  6 presents 
the effects of these studies, as well as the average effect 
size by means of a forest plot.

Fig. 5  Effects of interventions targeting psychological and behavioural determinants (steps/day)

Fig. 6  Effects of interventions targeting physical health and wellbeing determinants on device-measured SB (minutes/day)



Page 15 of 22Ciaccioni et al. European Review of Aging and Physical Activity            (2025) 22:9 	

The average effect size was not statistically significant 
(SMD = −0.08; 95%CI:—0.32 to 0.17), meaning that the 
existing interventions targeting physical health and well-
being determinants were not able to reduce device-meas-
ured SB. No significant heterogeneity was found (Q(6) 
= 3.22; p = 0.67; I2 = 0.00%), and sensitivity analyses were 
not performed due to the low number of studies. Visual 
inspection of the funnel plot indicated that publication 
bias was unlikely to have influenced the results (see Sup-
plementary File 4).

Only three studies investigated the effect of interven-
tions targeting psychological and behaviour determinants 
on device-measured SB. Figure  7 displays the results of 
these studies, along with the average effect size repre-
sented in a forest plot.

The average effect size was not statistically significant 
(SMD = −0.17; 95%CI: −0.61 to 0.28), indicating that 
existing interventions targeting psychological and behav-
iour determinants did not lead to a reduction in device-
measured SB. There was no significant heterogeneity 
detected among the studies (Q(3) = 0.65; p = 0.72; I2 = 
0.00%), and sensitivity analyses were not conducted due 
to the limited number of studies. The funnel plot inspec-
tion suggested minimal likelihood of publication bias 
influencing the results (see Supplementary File 4).

Discussion
The present SRMA summarized existing evidence 
regarding modifiable determinants of PA and SB among 
older adults, with a particular focus on the settings in 
which the intervention took place.

The first objective of this study was to identify modifi-
able determinants that have been targeted in intervention 
studies with PA and/or SB outcomes. Most of the studies 
focused on physical health and wellbeing determinants, 
such as physical functioning and quality of life. This find-
ing is in line with the results of a scoping review of PA 
interventions in older adults suggesting that interven-
tions were predominantly structured exercise programs, 
including balance and resistance training, and physical 

recreation, such as yoga and tai chi [93]. Physical health 
and wellbeing are critical for older adults’ PA and SB 
[94–96], yet the focus on them may have overshadowed 
other potentially impactful modifiable factors, such as 
psychological, behavioural, social, and environmental 
determinants. The underrepresentation of these other 
determinants in RCTs intervention studies suggests a 
missed opportunity to adopt a holistic, system-based 
approach to promote PA and reduce SB [97]. In fact, a 
system-based approach could consider how different 
determinants interact synergistically to influence behav-
iour, rather than focusing solely on biological parameters 
of physical functioning, although more easily measur-
able [97, 98]. Therefore, to develop more comprehensive 
intervention strategies further research is needed to 
explore and integrate underrepresented determinants in 
RCTs.

The second objective of the present study was to assess 
which of these interventions effectively increased PA 
and/or reduced SB in older adults. The meta-analyses 
revealed mixed results, with interventions targeting phys-
ical health and wellbeing determinants showing a moder-
ate and statistically significant impact on increasing daily 
steps and MVPA, but not in reducing sedentary time. 
In contrast, interventions targeting psychological and 
behavioural determinants did not show significant effects 
on increasing PA or reducing SB behaviours, highlight-
ing the need further refinement of interventions target-
ing psychological and behavioural determinants in older 
adults. It should also be noted that a significant number 
of studies were excluded because lacking information on 
determinants, whereas none of the included interven-
tions had a primary focus on SB. Therefore, it is possible 
to speculate that this paucity of studies might have deter-
mined lack of evidence on modifiable SB determinants as 
an outcome. Additionally, the negative result from inter-
ventions targeting physical health and well-being deter-
minants on SB were mainly derived from two studies 
only. In the first study, patients with chronic obstructive 
pulmonary disease were included, but according to the 

Fig. 7  Effects of interventions targeting psychological and behavioural determinants on device-measured SB (minutes/day)
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authors, the study suffered from low response rate lead-
ing to loss of statistical power [80]. In the second study 
[68] including community-dwelling older men, the inter-
vention targeted PA and active transportation without 
specific focus on reducing sedentary time. The study by 
Rausch et al.[80] was also included in the meta-analyses 
as one of the three studies on determinants targeting psy-
chological and behaviour determinants of SB. Despite 
that the use of device-measured data makes it possible 
to measure a range of variables, the majority of studies 
on PA and SB do not use an evaluation framework [99]. 
Thus, the variability in reporting and the inclusion of 
numerous outcome measures complicate the interpreta-
tion and comparison of results across different studies.

The third objective of this work was to assess if setting 
(community versus healthcare) influences the association 
between modifiable determinants and PA and SB.

Most of the interventions were delivered in a com-
munity setting, with interventions focusing on physical 
health and wellbeing determinants resulting particularly 
effective in community settings, where a high accessi-
bility in neighbourhood environments, social interac-
tion, and social support could increase the participants’ 
motivation to active lifestyles. However, more research 
is needed to explore whether and why community-based 
interventions may be more effective because this find-
ing is inconsistent with previous research suggesting that 
delivery setting has no impact on the effectiveness of 
PA/SB interventions [100]. Clinical trials in older adults 
face challenges such as ageism, recruiting high-risk par-
ticipants, managing multiple comorbidities and poly-
pharmacy, ensuring protocol adherence, intervention 
compliance, safety, adverse event reporting, and stand-
ardizing geriatric-specific outcomes [101]. The RCT 
design in health care setting and evidence-based medi-
cine has been criticized for the limited applicability for 
older adults as they are often excluded from clinical tri-
als. In considering that a systematic review of 1,369 stud-
ies on RCTs in healthcare settings revealed that only 7% 
were specifically designed for older adults [102], thus, 
there is an urgent need for stronger evidence for increas-
ing PA and reducing SB in an aging population.

Strengths and limitations
This is the first study summarizing and evaluating exist-
ing and evidence on modifiable determinants of older 
adults’ PA and SB in community and healthcare settings.

The emphasis on intervention settings adds valuable 
insights. In fact, the effectiveness of specific determi-
nants may vary depending on the context, working in one 
environment but not in another one [103]. For example, 
while community-based interventions might benefit from 
enhanced social support and accessibility, interventions 

in healthcare settings might lack these advantages. This 
setting-specific focus is crucial for tailoring interventions 
to maximize their effectiveness across different contexts 
and can thus be seen as an important strength of this 
review. Another important finding from this review is 
the heterogeneity in PA measurement across studies. The 
lack of standardization in how PA and SB are measured 
complicates the comparison of results and the synthesis 
of evidence. This issue is highlighted in recent literature, 
which underscores the need for more consistent and 
reliable methods of measuring PA and SB to improve 
the validity of research findings. Standardized measures 
would not only facilitate better comparison across stud-
ies but also enhance the ability to draw generalizable con-
clusions that can inform practice and policy.

This study presents also several limitations. By restrict-
ing the review to CTs and RCTs, the highest quality 
of evidence was obtained at the cost of a narrow focus. 
This approach might have excluded studies that explored 
natural and built environmental determinants, or those 
investigating political and economic aspects, which are 
often not targeted in controlled trials because of feasibil-
ity reasons. Recent research has identified environmen-
tal factors, such as walkability, as major determinants 
of PA [104]. The absence of such studies in this review 
highlights a crucial gap in the literature that needs to be 
addressed to fully understand the multifaceted nature 
of PA and SB determinants. Additionally, although not 
the primary focus of the current study, the presence or 
absence of an implementation plan is suggested to influ-
ence the effectiveness of community-based physical 
activity interventions [105]. RCTs often have relatively 
short follow-up periods, limiting the ability to assess how 
changes in the lives of older and oldest adults impact the 
results. A recent observational study on determinants of 
PA engagement in older adults found that both concur-
rent health and longitudinal changes in physical health 
significantly predicted PA levels. Furthermore, concur-
rent low mood also predicted PA levels, especially in 
older women [106]. Therefore, it can be speculated that 
the findings from our SRMA, which only includes RCTs, 
may differ from those of a meta-analysis on modifiable 
determinants on PA/SB that incorporates observational 
data from prospective studies. Furthermore, the risk of 
bias assessment revealed varying methodological rigor. 
Most studies had a robust randomization process, ensur-
ing strong internal validity. However, deviations from 
intended interventions raised bias concerns in half of the 
studies, and consequently affected protocol adherence. 
Low risk of bias for missing data and outcome measure-
ment suggests reliable data handling. Selective report-
ing was less common, indicating transparency. Whilst 
many studies were methodologically sound, a significant 
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portion still faced issues affecting the reliability of their 
conclusions.

Regarding the research methodology, a limitation of 
this review is the absence of formal assessment of inter-
rater agreement between screeners at the title/abstract, 
and full-text screening stages, such as calculating total 
agreement or Kappa statistics. While a consensus proce-
dure was applied to resolve discrepancies, future reviews 
should include these measures to enhance methodologi-
cal rigor.

Moreover, a DEDIPAC framework on key determi-
nants of physical activity behaviours exists [9], but it was 
decided to provide a unified categorization of the deter-
minants based on the Systems of Sedentary behaviours-
framework [27]. Thus, future research could consider 
integrating these two approaches to provide a more com-
prehensive categorization for modifiable determinants of 
PA and SB. Additionally, the lack of homogeneity among 
the studies precluded more rigorous subgroup analyses 
or quantitative evaluations of heterogeneity. A high level 
of heterogeneity is also a major barrier to inter-study 
comparison or to later scale-up efforts. Future interven-
tion studies on modifiable determinants should conduct 
contextual analyses prior to implementing complex inter-
ventions including older adults.

Another limitation of this study is that we focused 
solely on posttest differences to reflect the effects of the 
interventions, without incorporating baseline measure-
ments or analyzing interaction effects (time × group). 
This decision was driven by the inconsistent reporting 
or absence of pretest data across studies, which made it 
challenging to include baseline measures in the analysis. 
While we assume minimal pretest differences between 
groups due to randomization in the included RCTs, the 
lack of baseline data limits our ability to confirm this 
assumption or to fully account for potential baseline 
imbalances. This could introduce some uncertainty into 
the interpretation of the pooled effect sizes. Future stud-
ies should strive for consistent reporting of pretest data 
to enable a more comprehensive analysis of intervention 
effects over time.

Lastly, an important limitation of our SRMA was the 
inability to consistently determine whether certain fac-
tors, for example quality of life and body mass index, 
were treated as determinants or outcome variables in 
the included studies. In many cases, this distinction was 
not clearly defined in the papers, making the interpreta-
tion of the results challenging. This uncertainty limited 
our ability to confidently ascertain whether these fac-
tors played a causal role in influencing PA and SB, or if 
they were themselves influenced by these behaviours. 
This ambiguity could have introduced potential biases 
in the analysis and highlights the need for future studies 

to more explicitly define the role of such variables. One 
could also question whether determinants of PA and SB 
can be accurately assessed from studies where exercise 
or physical activity is the intervention. However, we posit 
that physical functioning and physical fitness, as evalu-
ated in intervention studies where PA/SB is the primary 
focus, can indeed be considered determinants of PA. 
This is because physical functioning and physical fitness, 
encompassing attributes such as strength, endurance, 
oxygen uptake, and flexibility, significantly influence an 
older adult’s capacity to engage in and maintain physical 
activity. These physical determinants can only be effec-
tively addressed through the implementation of exercise, 
resistance, and/or strength interventions. Conversely, 
if the primary objective is to ascertain whether baseline 
physical function or fitness levels in older adults can 
predict future PA/SB levels, this would be more appro-
priately examined through meta-analyses of prospective 
population-based studies.

Potential for policy development and complex 
interventions
Despite the limitations, the findings from this SRMA 
offer promising insights for the development of policies 
and complex interventions aimed at increasing PA and 
reducing SB. By focusing on the physical health and well-
being determinants identified in the review, policymakers 
can design targeted actions that address the root causes 
of PA/SB in older adults. This is particularly impor-
tant given the aging population and the growing public 
health challenge posed by high levels of inactivity. While 
community-based interventions could take advantage 
of targeted policies prioritizing accessibility and social 
engagement, programs in healthcare settings must inte-
grate tailored strategies into routine care, fostering inter-
disciplinary approaches for promoting active and healthy 
aging. However, our findings also highlight key gaps in 
knowledge, particularly in understanding how less fre-
quently studied determinants, such as psychological and 
social factors, contribute to PA and SB.

Conclusion
This SRMA suggests that physical health and wellbeing 
determinants could be relevant targets to increase PA in 
older adults, particularly in community settings. How-
ever, the underrepresentation of psychological, behav-
ioural, social, and cultural determinants suggests a need 
for a more holistic approach. Future research should 
explore these underrepresented factors to develop com-
prehensive intervention strategies. Additionally, under-
standing the varying effectiveness of interventions across 
different settings remains crucial for optimizing out-
comes in an aging population.
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Appendix
List of acronyms
APA: American Psychology Association
COST: Cooperation in the Field of Science and Technol-
ogy Research (Europe)
COVID-19: Coronavirus Disease 2019
CT: Control Trial
DEDIPAC: Determinants of Diet and Physical Activity 
Knowledge
DE-PASS: Determinants of Physical Activities in Settings
EBSCO: Elton B. Stephens CO (company)
JASP: Jeffreys’s Amazing Statistics Program
MA: Meta Analysis
MCMC: Markov Chain Monte Carlo (algorithm)
Meta-SEM: Meta-Analytical Structural Equation Modelling
METs: Metabolic Equivalent of Tasks
PA: Physical Activity
PRISMA: Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses
PROSPERO: International Prospective Register of Sys-
tematic Reviews
RCT: Randomised Control Trial
RoB 2.0: Revised Cochrane risk of bias tool for rand-
omized trials
ROBINS-I: Risk Of Bias In Non-randomized Studies - of 
Interventions
RobMA: Robust Bayesian Meta-Analysis
SB: Sedentary Behaviours
SLR: Systematic Literature Review
SMD: Standardized mean difference
SRMA: Systematic Review and Meta-analysis
WHO: World Health Organization
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