
Research article

DE-PASS best evidence statement (BESt) – Modifiable 
determinants of physical activity and sedentary behaviour in 
adults aged 20-64 years: A protocol for systematic review and 
meta-analysis

Pascal Izzicupo a,1 , Simone Ciaccioni b,1 , Sofia Serafini a , Flavia Guidotti b,c , 
Andrea Michele Ciorciari d , Chiara Corvino e , Chiara D'Angelo e , 
Angela Di Baldassarre a , Andrea Di Credico a , Andrea Fusco f , 
Caterina Gozzoli e , Linda Ernstsen g , Fiona Chun Man Ling h , 
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A B S T R A C T

Purpose: Physical inactivity among adults remains a public health concern, despite the extensive 
efforts of researchers and policymakers to promote physical activity (PA) and reduce sedentary 
behaviour (SB). Challenges arise when attempting to translate research on modifiable de
terminants of PA and SB into effective policies. Recently it has been emphasized the need to 
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Evidence-based determinants
Literature review

consider key settings at the individual, social, and environmental level to maximize the likelihood 
of effectiveness. The present protocol outlines a comprehensive approach that includes systematic 
reviews (SLRs) and meta-analyses (MAs) to generate a best-evidence statement (BESt) regarding 
the modifiable determinants of PA and SB within specific settings during adulthood.
Methods and analysis: The search strategy will be performed through MEDLINE (PubMed), Psy
cINFO (EBSCO), Web of Science, SPORTDiscus and Cochrane Central Register of Controlled Trials 
(CENTRAL) platforms. Randomized controlled trials (RCTs), controlled trials (CTs) and longitu
dinal studies analysing the effects of modifiable determinants on PA and/or SB of male and female 
adults will be considered. At least two measurement time-points of both modifiable determinants 
and outcomes related to PA and/or SB are mandatory prerequisites. Risk of bias of RCTs, CTs, and 
longitudinal studies will be performed through a modified RoB 2.0, a modified ROBINS-I, and an 
adapted version of the National Institutes of Health tool, respectively. Identified setting- 
dependent modifiable determinants will be discussed narratively using the SWiM tool and, 
where possible, MA will be performed using both frequentist and Bayesian statistical inference 
approaches. Both self-reported and device-based PA measurements will be considered.
Systematic review registration: PROSPERO [Reg. Nr. CRD42023412964]

1. Introduction

According to the World Health Organization (WHO) guidelines of the recommended physical activity (PA) levels, adults should 
dedicate 150–300 min per week to moderate-intensity aerobic physical activity or 75-150 min per week to vigorous-intensity aerobic 
physical activity or an equivalent combination to obtain healthy benefits [1,2]. Failure to comply with these recommendations defines 
inactive people who are at high risk of developing non-communicable chronic diseases (e.g., cancer, diabetes, and respiratory and 
cardiovascular diseases) [3]. Latest global estimates indicate an alarming prevalence of physical inactivity among adults, ranking as 
the fourth leading cause of death worldwide: in fact, about 27.5% of the world's adult population does not meet the recommended 
levels of physical activity (PA) [4,5], especially in high-income countries and in women living in the Americas and Eastern Medi
terranean Regions [4]. In addition, sedentary behaviour (SB) is as an independent risk factor for non-communicable chronic diseases 
and mortality, although the links among SB, disease, and mortality are still poorly understood [6]. Whilst PA refers to any bodily 
movement, produced by skeletal muscles, that results in energy expenditure [7], SB represents the lowest intensity level of the PA 
spectrum and is commonly defined as an energy expenditure below 1.5 metabolic equivalents of task (METs) in a sitting or reclining 
posture during waking hours [8]. Despite they belong to the same energy expenditure continuum, PA and SB are often considered 
different outcomes because the way they are measured is not comparable (e.g., PA intensity/volume/frequency vs screen time). On the 
other hand, SB and physical inactivity definitions clarify that these are not just interchangeable terms, as sedentary individuals may be 
physically active, while inactive people may not be sedentary. At this regard, WHO recommends limiting SB throughout the day, 
substituting it with PA at any intensity (from light to vigorous), including also muscle-strengthening activities, that involve all major 
muscle groups, at least two days a week [2]. In the present work, the term PA behaviours (PABs) is used as an umbrella term which 
include the full range of PA levels, from sedentary, to light, moderate and vigorous activities [9].

Current projections suggest that, if the secular trend of PABs continues according to the estimations, a significant proportion of 
adults will not meet the 2018-2030 global action plan on PA target, which aims to reduce physical inactivity by 15% worldwide [4]. 
This shortfall highlights an urgent need for effective strategies to counteract inactivity trends and promote active lifestyles. To achieve 
this objective, it is essential to identify the key factors influencing PA and SB at the individual, social, economic, and environmental 
levels. Moreover, translating this evidence into policies and public health interventions, that effectively encourage PA and reduce SB, 
should be a priority for both researchers and policymakers. Over the years, numerous efforts have been made to understand what 
makes individuals more or less physically active. Various theoretical approaches have attempted to explain these behaviours, each 
emphasizing different determinants. Some have focused on individual psychological factors, such as motivation, self-efficacy, and 
decision-making processes, while others, such as ecological models, have highlighted the importance of contextual influences, 
considering how social, environmental, and policy-related factors shape PA behaviours [10,11]. Meanwhile, Condello et al. (2016) 
adopted a systematic concept mapping methodology to classify the determinants of PA into two broad categories: (1) the ‘Person’, 
including ‘Intra-Personal Context and Wellbeing’ and ‘Family and Socioeconomic Status' clusters, and (2) the ‘Society’, which en
compasses ‘Policy and Provision’, ‘Cultural Context and Media’, ‘Social Support and Modelling’, and ‘Supportive Environment’ clusters 
[12]. Therefore, in recent years, the impact of contextual factors has received increasing attention in the study of PABs, with a growing 
focus on the role of settings in shaping the effects of modifiable determinants [13–16].

According to the WHO Glossary [17], a setting for health is “the place or social context in which people engage in daily activities, in 
which environmental, organizational and personal factors interact to affect health and well-being” and “[…] where people actively use 
and shape the environment and thus create or solve problems relating to health. Settings can normally be identified as having physical 
boundaries, a range of people with defined roles, and an organizational structure”. A settings perspective offers an opportunity to 
promote health and equity focusing on the interplay between individual, environmental and social determinants [18]. Despite the fact 
that the determinants of health through settings have been extensively investigated and reviewed [16,18], the contextualization of 
mechanisms leading to the adoption of an active lifestyle in PABs research is still at an early stage. More recent systematic reviews on 
the role of contextual factors across key settings or domains confirmed the limited and biased scientific evidence and urged scholars to 
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consider a range of factors at the individual, social, and environmental levels to maximize the likelihood of effectiveness [19,20].
Therefore, the current protocol will synthesize high-quality evidence on the role of key modifiable determinants in relation to PABs, 

considering the setting in which the interplay take place, and producing a Best Evidence Statement (BESt) that can inform future 
interventions and influence policymakers' decisions aimed at mitigating physical inactivity trends. Here, the term ‘modifiable de
terminants’ of PABs refers to the potentially modifiable factors (e.g., social environment, self-efficacy, body mass index, etc.) that drive 
and explain behavioural adaptations in specific contexts [21,22] and are of interest from a public health and policy perspective [13,
23]. Thus, ‘modifiable determinants’ are distinguished from those factors that are commonly considered unchangeable (e.g., age, sex, 
and genetic endowment) [24–26]. To ensure a structured approach in identifying modifiable determinants, we will adopt the 
framework developed by Condello et al. (2016), which categorizes a comprehensive list of physical activity determinants into different 
clusters. Based on this framework, we will establish an initial list of modifiable determinants, including psychological, social, and 
environmental factors. This predefined list will be further refined and expanded through the systematic review process to incorporate 
additional relevant determinants emerging from the literature [12].

Previous systematic literature reviews (SLRs), meta-analyses (MAs) or umbrella reviews claimed that the fragmented and incon
clusive evidence on the effectiveness of modifiable determinants of PABs is due to a large range of methodological approaches to PA 
and SB research and to a questionable quality and internal validity of the studies [23,24,27–32]. Among the various research designs 
and measurement methods that determine high-quality PABs studies, randomized controlled trials (RCTs) are considered the 
gold-standard approach, which allows for identifying causality [13,23,33]. As PABs studies randomization can be challenging, 
well-designed controlled trials (CTs) represent a credible alternative to RCTs in terms of quality of evidence [34]. Furthermore, 
longitudinal studies can also capture prolonged exposure to potential determinants [23,33]. Therefore, RCT, CT, and longitudinal 
studies will be considered as the most suitable high-quality studies to develop the BESt.

In general, PABs can be measured using self-report or device-based methods. Self-report methods rely on the individual ability or 
willingness to report storing information about multiple quantitative (e.g., duration, intensity, frequency) and qualitative (e.g., type of 
PA, domain) dimensions. Furthermore, this methodological approach is cognitively demanding and subjected to recall and social 
desirability biases, interpretation discrepancies, under-/overestimation, and under-/overreporting, which makes it less sensitive to 
behaviour changes compared to device-based methods [35,36]. On the other hand, self-report methods are relatively inexpensive, can 
be administered to large populations, and allow for the estimation of qualitative dimensions that would not be assessed by means of 
device-based methods [35,36]. Conversely, being able to continuously detect activity patterns and durations of PABs events (and even 
posture when applied to specific body sites) and to capture the number of transitions from one level to another, device-based methods 
are considered suitable for measuring and continuously monitoring behavioural changes over time. Despite such advantages, they are 
more expensive than self-report methods, do not account for work against resistance, do not allow to identify domains or types of 
behaviour, and present a high variability between devices and data processing leading to poor comparability between studies [35,37]. 
Hence, in considering the strength and weakness of self-report and device-based methods and the low level of agreement between them 
[38], the present study will apply separate SLRs and MAs.

To gather high-quality evidence on modifiable determinants of PABs from RCTs, CTs, and longitudinal studies, this protocol adopts 
a rigorous methodology by including only studies with validated measures of PABs (i.e., self-report questionnaires and device-based 
methods). Furthermore, a setting-based perspective is essential to provide policymakers with meaningful information for designing 
effective interventions aimed at promoting PA and reducing SB. This approach overcomes key limitations of previous systematic 
reviews and meta-analyses, specifically: (1) methodological heterogeneity, which has hindered the comparability of findings; (2) the 
predominance of cross-sectional studies, limiting causal inference; and (3) the lack of a setting-based approach, failing to consider how 
different environments (e.g., workplace, home, community) shape the influence of modifiable determinants. To address these gaps, 
this protocol proposes a rigorous and comprehensive approach, characterized by: (1) implementing a robust analytical strategy, 
incorporating frequentist and Bayesian meta-analyses, as well as the SWiM (Synthesis Without Meta-Analysis) approach where 
necessary, to synthesize heterogeneous evidence while ensuring methodological rigor; (2) focusing on high-quality study designs, 
restricting inclusion to RCTs, CTs, and longitudinal studies; and (3) applying a setting-based framework to contextualize the role of 
modifiable determinants in real-world conditions. By integrating these elements, this systematic review and meta-analysis will provide 
a (BESt) to inform evidence-based interventions and policy recommendations.

2. Objectives

The proposed protocol aims to identify modifiable determinants of PABs in adults (aged 20-64 years) and to assess the quality, 
strength, and relevance of the evidence. The main research questions are:

Which modifiable determinants are included in interventions targeting PABs in adults involved in RCTs, CTs, and longitudinal 
studies?

What is the quality of the included studies and strength of evidence supporting the potential of the identified determinants to affect 
PABs in adults?

What are the settings in which the determinants are investigated?

3. Methods and analysis

This protocol is part of a wider research project investigating modifiable determinants of PA and SB across the lifespan. The present 
protocol focuses on adults, whereas other research teams focus on children, adolescents and older adults [22,39–42]. Here we 
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developed a strategy according to the Preferred Reporting Items for Systematic review and Meta-Analysis Protocols (PRISMA-P) 
guidelines [43] and we registered the protocol on the International Prospective Register of Systematic Reviews (PROSPERO) on 
15/04/2023 (registration number: CRD42023412964).

Modifiable determinants investigated in the selected studies will be reported and analysed narratively in SLRs through the SWiM 
tool [44] suitable for studies that are not sufficiently homogenous. On the other hand, quantitative data related to PABs, in form of 
self-report and/or device-based data, from RCTs, CTs, as well as from longitudinal studies, will be submitted to meta-analytic methods 
focusing on specific adult settings (such as workplace, neighbourhood, universities).

4. Population

The target population will be adults aged 20-64 years, thus following WHO guidelines and ensuring consistency with international 
standards [45]. Studies including partially overlapping age ranges (younger or older) will be included only if the mean age of the 
groups satisfies the criterion or if data for the adult subgroup within the age range can be extracted. In particular, we will: a) Extract 
data separately for the adult subgroup whenever possible; b) Contact study authors to request stratified data if it is not directly 
available; c) Exclude studies where subgroup data cannot be obtained or inferred with reasonable certainty. Moreover, studies with i) 
adults not able to choose freely their own lifestyle (such as those affected by disabling neurological conditions), ii) hospitalized pa
tients, iii) people included in pre- and post-operative studies on the body (such as back, hip, knee, ankle joints) or iv) receiving terminal 
or palliative care, will be excluded.

5. Types of studies

RCTs, CTs, and longitudinal studies analysing the effects of modifiable determinants on PABs of adults will be considered. In RCT/ 
CT studies, the presence of control groups or, at least, of comparative groups for the intervention groups is required. Moreover, pre- and 
post-intervention measurements of both modifiable determinants and outcomes related to PABs are prerequisites. At least two time- 
points (at least one year apart) are required also in longitudinal studies, but control groups or comparisons are not compulsory. Both 
RCTs/CTs and longitudinal studies assessing the effects of modifiable determinants on PABs of adults during the transition from 
adolescence to adulthood, or from adulthood to older age, will be excluded if only one measurement point is left in the age range of 
interest (20-64 years).

Given the methodological differences between RCTs, CTs, and longitudinal studies, we will analyse them separately to minimize 
heterogeneity and ensure methodological consistency. This approach allows for a more accurate comparison within study designs, 
reducing potential biases introduced by methodological variability.

6. Outcomes

The main outcomes of the present protocol study are the quantitative assessment of changes in PABs of adults and the associated 
modifiable determinants within specific adult settings. As for PABs, four different intensity-based categories will be evaluated: 
sedentary (below 1.5 METs), light- (between 1.5 and <3 METs), moderate- (between 3 and <6 METs), and vigorous PA (≥6 METs); in 
addition, PA levels in various domains will be taken into account, such as: leisure-time, occupation, education, household and/or 
transportation [8]. Two different types of quantitative measurements of PABs of adult individuals will be considered: validated 
self-report (e.g., questionnaires, diaries, recalls), and device-based (e.g., accelerometers, pedometers) methods [35]. For consistency 
across studies, PA and SB will be extracted in terms of duration, typically expressed in minutes per day or per week. Where possible, all 

Table 1 
Selected search terms.

Domain Search terms

Determinantsb (determinant*) OR (antecedent*) OR (predictor*) OR (mediator*) OR (moderator*) OR (exposure*)
Outcome: Physical activity 

behavioura
(“Physical activ*") OR (exercise) OR (sport*) OR (play) OR (exertion) OR (recreation) OR (training) OR (“motor activit*") OR 
(“physical performance”) OR (“physical movement”) OR (“physical effort”) OR (exergaming) OR (homebased training)

OR
Outcome: Sedentary behavioura (sedentar*) OR (“screen time”) OR (gaming) OR (“computer use”) OR (sitting) OR (inactiv*) OR (“seated posture”) OR ((watch* 

or view*) AND (TV or television))
AND
Target populationa (adult*) OR (young adult) OR (middle age*) OR (old adult) OR (work*) OR (universit*) OR (college age*) OR (employ*) OR 

(unemploy*)
AND
Study designb (RCT) OR (“control* trial*") OR (quasi) OR (longitudinal) OR (intervention*) OR (prospective) OR (“follow up")
AND
Measurement methodsb (acceleromet*) OR (“activity profile”) OR (recall) OR (diary) OR (questionnaire*) OR (“activity monitor*") OR (“heart rate 

monitor*") OR (“direct observation”) OR (actigraph*) OR (“activity track*") OR (“self-report*") OR (survey) OR (pedomet*) OR 
(wearable*) OR (smartwatch*) OR (sportwatch*) OR (sport app*)

a Restricted search to title, abstract and keywords.
b Search in entire study.
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outcome measures will be converted to a common unit of measurement to facilitate comparability in the data synthesis process.

7. Comparators

Within each identified settings, PABs self-report and device-based data will be analysed by comparing experimental groups from 
selected CT and RCT studies with matching control groups or other active intervention groups. In CTs and RCTs, control groups refer to 
those participants who did not receive the intervention or were exposed to a standard condition, while active comparators involve 
groups receiving a different intervention. In longitudinal studies, the comparison will involve data obtained in two or more time-points 
of the study (e.g., baseline, first wave, and so on). Self-report and device-based measures will be analysed separately. A comparative 
synthesis, based on common modifiable determinants, will be eventually performed under the identified settings.

8. Search strategy

Following professional librarians’ indications from the universities involved in the project, the search strategy will be performed by 
means of several scientific databases, such as MEDLINE (PubMed), PsycINFO (EBSCO), Web of Science, SPORTDiscus and Cochrane 
Central Register of Controlled Trials (CENTRAL) databases, using the selected search terms listed in Table 1 (see also Supplementary 
file 1 for the putative search strings for each database). In particular, a combination of keywords related to the outcomes of the protocol 
study is considered, such as determinants and their synonyms, PA or SB and their synonyms, target population (adults and their 
synonyms), study designs (e.g., CTs, RCTs, longitudinal studies and their synonyms) and measurement methods for PA and/or SB (e.g., 
both self-reported and device-based).

To ensure feasibility and methodological consistency, only studies published in English will be included. Although the research 
team comprises members from different countries, it would not be possible to cover all languages comprehensively. Selecting only a 
subset of non-English languages based on available linguistic expertise could introduce a bias favouring certain languages over others. 
CTs, RCTs, longitudinal studies will be included if published after 2010, following the first global WHO publication on PA guidelines 
[46]. These guidelines provided standardized definitions and methodological recommendations that have shaped subsequent research 
on physical activity and sedentary behaviour. Furthermore, the conceptualization of sedentary behaviour as distinct from physical 
inactivity, recognizing that sedentary time has independent health effects regardless of physical activity levels, has been widely 
adopted mainly from this period onward [47]. Restricting the inclusion to studies published after 2010 ensures consistency in defi
nitions and methodological approaches, aligning the findings with contemporary scientific and public health perspectives. Other types 
of publications, such as grey literature (e.g., abstracts, conference papers and proceedings, expert opinion, posters, research reports, 
theses, working papers), ongoing studies, protocol papers, observational studies (e.g., analytical and descriptive studies, case-reports, 
cross-sectional), reviews (e.g., systematic, rapid, scoping, state of art, critical, mapping, meta-analysis) and secondary data analyses 
will be excluded, as these typology of literature often lacks peer review and standardized reporting, which may affect the reliability 
and comparability of findings.

9. Study records

Following the search strategy performed by members of the review team, the outputs will be merged and, after removal of grey 
literature records and duplicates, uploaded on the Covidence online platform [48]. Covidence is a tool able to assist researchers in the 
several steps (e.g., title and abstract screening, full-text screening, study selection, data extraction and risk of bias assessment) of a 
systematic literature review, through a blinded procedure, based on the PRISMA flow diagram [49]. Regular meetings among team 
members will be held throughout the whole process to discuss the procedures for each step, assure agreement and make sure that every 
member is proficient in the task at hand. To achieve mutual understanding amongst members, specific tutorials will be provided, as 
well as documents related to inclusion/exclusion criteria, definitions, decision tree files, risk of bias assessment, data extraction 
template. Both the core group and the review team are members in the COST Action “Determinants of Physical ActivitieS in Settings” 
(DE-PASS) (https://depass.eu/structure/).

10. Screening process

The screening processes (e.g., title and abstract screening, full-text screening) will take advantage from the Covidence feature that 
allows two blinded team members to review the same record. A pre-piloted decision tree (Supplementary file 2), based on the in
clusion/exclusion criteria, will assist each reviewer to complete the specific task. In particular, adult population (age range 20 – 64 
years), PA and/or SB as an outcome with at least two measurement time points, study design as longitudinal, RCT or CT, modifiable 
determinants with at least two measurement time points, and English language will be the inclusion criteria. The exclusion criteria will 
encompass: age range ≤20 and ≥ 64 years, lack of at least two measurement time points for both PABs outcomes and determinants, not 
modifiable determinants, study designs different from longitudinal, RCT, and CT, medical conditions which may hinder full decision- 
making autonomy with respect to PABs, grey literature and not revised studies, and languages different from English. In case of 
discordant evaluations, a third member will resolve the conflict. Each member will review a minimal number of records, randomly 
selected by the Covidence algorithm. For each record at each stage, a note will be added by the reviewers to justify the evaluation. Tags 
(e.g., CT, RCT, longitudinal, PA, SB) will be added to the records to help team members proceeding correctly toward the final stage. 
After full text screening is completed, the occurrence of putative duplicated studies (e.g., same data published more than once) or of 
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partially overlapping reports coming from the same study will be checked: in the former case duplicates will be removed, while in the 
latter case the inclusion will consider the reports with the highest number of measurements timepoints or the longest follow-up. 
Finally, to provide a comprehensive search of the relevant articles, the snowball technique will be applied [50].

11. Data extraction

A data extraction form (see Supplementary file 3) will be tested through a pilot phase before the data extraction stage to ensure 
consistency among researchers. Data extraction will be conducted in duplicate, with each study independently assessed by a pair of 
reviewers. Any discrepancies will be resolved through discussion within the pair, and if necessary, a third reviewer will be consulted. In 
case of missing or incomplete data, the reviewers will contact the corresponding author, waiting for the requested information for a 
reasonable period (about two weeks). If no response is provided, the study will be removed.

The following item will be included in data extraction. 

• Source description: author, year of publication, and country of publication.
• Study description: study design, sample characteristics (e.g., sample age, percentage of male and female participants, sample size, 

and demography), study duration, and type (e.g., non-hospitalized patients, disability/non-disability).
• Intervention description: intervention design, intervention content, control group activity/ies, implementation setting.
• Outcomes and modifiable determinants description: PA and/or SB method of assessment (i.e., self-report vs. device-based), in

strument (e.g., name of the questionnaire, device manufacturer and model) and setting specifications (e.g., number of item, recall 
period, and reported validity and reliability for self-report measurement, sampling rate, body site, wear time detection and re
quirements, metrics or activity counts algorithm, epoch length, cut points, days of recording, number of valid weekday and 
weekend days for device-based), modifiable determinant measurement instrument reported validity and reliability.

• Results data: PABs outcome data (mean, measures of variance) and modifiable determinant data (mean, measures of variance).

12. Potential confounders

In this protocol, a confounder is defined as a variable that is associated with both the modifiable determinant and the outcome 
(PABs), potentially altering the true relationship between them. Confounders can introduce bias by creating spurious associations or 
masking true effects, leading to inaccurate conclusions. Potential confounders will be identified a priori based on existing literature 
and expert consensus. These may include, but are not limited to age, sex, socioeconomic status, pre-existing health conditions, other 
lifestyle behaviours (e.g., diet, smoking status, alcohol consumption). The selection of confounders will be refined based on the 
variables reported in the included studies. During data extraction, information on potential confounders will be systematically 
collected when reported in the included studies. Specifically, extracted data will include whether studies controlled for confounders 
statistically, the methods used for adjustment, and the specific confounders considered. If a study does not report adjustments for 
confounders, this will be noted. To account for potential confounders in the meta-analysis, different statistical approaches will be 
applied based on data availability. If sufficient studies report adjusted effect estimates, these will be prioritized in the primary analysis. 
In cases where both adjusted and unadjusted estimates are available, sensitivity analyses will be performed to assess their impact. 
Additionally, where data allow, we will conduct subgroup analyses to compare effect estimates in studies that adjusted for confounders 
versus those that did not, and meta-regression to explore the influence of specific confounders (e.g., age, sex, socioeconomic status) on 
the effect estimates, provided there are enough studies to ensure statistical power. If confounder adjustment is not possible due to 
insufficient data, this limitation will be acknowledged in the interpretation of the results.

13. Risk of bias

For RCTs and CTs, the Risk of Bias 2.0 tool (RoB 2.0) [51] and a modified versions of Cochrane's Risk of Bias in Non-randomized 
Studies of Interventions (ROBINS-I) [52] will be applied, respectively. For longitudinal studies, an adapted version of the National 
Institutes of Health quality assessment tool, based on the instrument used by Kontostoli et al. [53], will be used. Using Covidence forms 
based on templates aligned with the aforementioned tools, the same two reviewers will perform data extraction and risk of bias to 
ensure familiarity. In case of conflicts, the reviewers will perform a consensus procedure.

14. Data synthesis

A data file containing information on the included RCT, CT, and longitudinal studies, such as study design, sample characteristics 
(e.g., age, sex, sample size), modifiable determinants and measurement type, intervention, outcomes and measurement type, time
points, and settings will be created and summarized in a table. Results on the risk of bias assessment will be provided in a separate 
table. A narrative synthesis of the findings will identify and rate modifiable determinants in the identified settings in which they were 
investigated, considering the quality of evidence. Studies will be grouped based on study design (RCTs, CTs, and longitudinal studies) 
and measurement type (self-report or device-based). Patterns of association between determinants and PABs will be described, 
highlighting consistencies and discrepancies across studies. If conflicting results would emerge, potential sources of heterogeneity, 
such as methodological differences, population characteristics, or intervention types, will be explored [54].

Most data are expected to be continuous in nature; thus, meta-analytic methods will be applied if the conditions are satisfied. Meta- 
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analysis will be performed through the JASP statistics software (JASP Team. JASP - Version 0.17.2.1, 2023) using both frequentist and 
Bayesian statistical inference approaches to investigate the effect of the interventions on PABs and determinants for RCTs/CTs and the 
strength of the association between identified modifiable determinants and PABs for longitudinal studies. JASP was selected as it 
allows for both frequentist and Bayesian analyses, providing a robust implementation of Bayesian meta-analysis for probability 
estimation and publication bias adjustments. If more than one experimental group or modifiable determinant is found in the included 
studies, they will all be included in the MAs.

Direct effect will be investigated using frequentist pairwise comparisons. The standardized mean difference (SMD) and the 95% CIs 
will be calculated. Random effect model will be used due to the expected heterogeneity among included studies and the nature, settings 
or types of interventions. For intervention studies, the between-group difference will be calculated using the post-intervention data 
while the within-group difference between pre-, post-intervention, and follow-up data will be calculated when the latter are available. 
For longitudinal studies, the within-group difference will be calculated. According to Cohen, small (0.20 ≤ SMD <0.50), medium (0.50 
≤ SMD <0.80) and large (SMD ≥0.80) effect size values will be considered [55]. We will evaluate heterogeneity among observed 
effects using τ, the estimated standard deviation of underlying true effects across studies which measures the absolute magnitude of 
true heterogeneity [56,57]. Statistical significance will be set at α = 0.05t for frequentist analyses. To evaluate potential publication 
bias, we will employ visual inspection methods, depending on the number of studies included in the meta-analysis: If the number of 
studies is sufficient, we will use funnel plots to visually assess asymmetry. In addition to the frequentist meta-analysis, Bayesian 
meta-analysis will be performed by random effects models with a Bayesian methodological approach and by Robust Bayesian 
Meta-analysis (RoBMA) in JASP to calculate the probability for publication bias and to conduct state-of-the-art publication 
bias-adjusted MA [58,59]. As for RoBMA, it allows (1) the quantification of the evidence on a continuous scale, including for the null, 
(2) the avoidance of the accumulation bias, and (3) the reduction of estimation problems by using prior distributions. Finally, the 
mediation effects of determinants on PABs using frequentist meta-analytical structural equation modelling (meta-SEM) will be 
investigated if information about the covariance structure can be extracted [59]. If information about the covariance structure of the 
mediation is not present in the included study, the authors will be contacted. If the required data is unavailable, meta-SEM will not be 
conducted.

15. Conclusion and implications

By means of a rigorous and transparent methodology, this protocol outlines a way to identify and synthesize high-quality evidence 
on modifiable determinants of physical activity and sedentary behaviour in adults, within specific real-world settings. By applying 
both frequentist and Bayesian meta-analytical approaches and incorporating a setting-based perspective, this systematic review and 
meta-analysis will generate a Best Evidence Statement (BESt) that can guide the development of effective, context-sensitive in
terventions. The findings are expected to support researchers, practitioners, and policymakers in designing evidence-informed stra
tegies aimed at reducing physical inactivity and sedentary behaviour across adult populations.

16. Strength and limitations

• The study will describe modifiable determinants in adult settings, their interplay, and assess the effectiveness of interventions on 
both determinants and PABs, helping to contextualize their interaction.

• The summary of body of evidence from high-quality research will take into account differences in study designs, methodological 
quality, and measurement methods of physical activity behaviours in adults.

• In addition to frequentist meta-analysis, Bayesian meta-analysis will be performed to provide more robust results especially when 
there are limited studies that can be pooled for meta-analysis. Additionally, Bayesian meta-analysis can provide an interpretation of 
likelihood an intervention effect, instead of the all-or-nothing interpretation from the frequentist approach.

• Separating RCTs, CTs, and longitudinal studies ensures methodological consistency and enhances the reliability of findings by 
reducing biases associated with study design variability.

• While the present study focuses on specific modifiable determinants reported in study designs, it is important to note that other 
relevant determinants not included in our analysis might be overlooked. Exploring these unaddressed determinants in future re
views could provide additional insights into potentially effective interventions, highlighting a limitation of the current study.

• In instances of unclear data affecting the quantification of modifiable determinants, a narrative approach will be employed. This 
approach, while useful for qualitative understanding, may pose limitations in achieving precise quantitative assessments within the 
current study.

• While this approach improves internal validity, it may reduce the overall statistical power by limiting the number of studies 
included in each analysis, potentially affecting the generalizability of the results.
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zation, Methodology, Writing – review & editing. Mohammed Khudair: Conceptualization, Methodology, Writing – review & editing. 
Maximilian Maier: Conceptualization, Methodology, Writing – review & editing. Anna Marcuzzi: Conceptualization, Methodology, 
Writing – review & editing. Kwok Ng: Conceptualization, Methodology, Writing – review & editing. Gavin Tempest: Conceptuali
zation, Methodology, Writing – review & editing. Ciaran MacDonncha: Writing – review & editing, Supervision, Methodology, 
Conceptualization. Laura Capranica: Writing – review & editing, Supervision, Methodology, Conceptualization. Cristina Cortis: 
Writing – review & editing, Supervision, Methodology, Conceptualization. Stefania Orrù: Writing – original draft, Supervision, 
Methodology, Conceptualization.

Ethics and dissemination

The present protocol requires no ethical approval as this is a protocol for a systematic review and meta-analysis based on previously 
published data. Results will be disseminated through peer-reviewed publications and academic conferences. The BESt will be also 
shared with policy makers within and outside the Determinants of Physical Activities in Settings (DE-PASS) consortium.

Data availability statement

No new data were created or analysed in this study. Data sharing is not applicable to this article.

Statements and declarations:

The authors have no conflicts of interest relevant to this article.

Funding statement

This article is based on work from COST Action CA19101 Determinants of Physical Activities in Settings (DE-PASS), supported by 
COST (European Cooperation in Science and Technology). The content of this article reflects only the authors’ views and the European 
Community is not liable for any use that may be made of the information contained therein. COST (European Cooperation in Science 
and Technology) is a funding agency for research and innovation networks. Our Action helps connect research initiatives across Europe 
and enable scientists to grow their ideas by sharing them with their peers. This boosts their research, career and innovation. www.cost. 
eu.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to 
influence the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2026.e45226.

References

[1] F. Ricci, P. Izzicupo, F. Moscucci, et al., Recommendations for physical inactivity and sedentary behavior during the coronavirus disease (COVID-19) pandemic, 
Front. Public Health 8 (2020) 199, https://doi.org/10.3389/fpubh.2020.00199.

[2] WHO Guidelines on Physical Activity and Sedentary Behaviour, World Health Organization, Geneva, 2020.
[3] I.-M. Lee, E.J. Shiroma, F. Lobelo, et al., Effect of physical inactivity on major non-communicable diseases worldwide: an analysis of burden of disease and life 

expectancy, Lancet 380 (2012) 219–229, https://doi.org/10.1016/S0140-6736(12)61031-9.
[4] R. Guthold, G.A. Stevens, L.M. Riley, et al., Worldwide trends in insufficient physical activity from 2001 to 2016: a pooled analysis of 358 population-based 

surveys with 1⋅9 million participants, Lancet Global Health 6 (2018) e1077–e1086, https://doi.org/10.1016/S2214-109X(18)30357-7.
[5] J.F. Sallis, F. Bull, R. Guthold, et al., Progress in physical activity over the olympic quadrennium, Lancet 388 (2016) 1325–1336, https://doi.org/10.1016/ 

S0140-6736(16)30581-5.
[6] E. Stamatakis, U. Ekelund, D. Ding, et al., Is the time right for quantitative public health guidelines on sitting? A narrative review of sedentary behaviour 

research paradigms and findings, Br. J. Sports Med. 53 (2019) 377–382, https://doi.org/10.1136/bjsports-2018-099131.
[7] C.J. Caspersen, K.E. Powell, G.M. Christenson, Physical activity, exercise, and physical fitness: definitions and distinctions for health-related research, Publ. 

Health Rep. 100 (1985) 126–131.
[8] on behalf of SBRN Terminology Consensus Project Participants M.S. Tremblay, S. Aubert, et al., Sedentary behavior research network (SBRN) – terminology 

consensus project process and outcome, Int. J. Behav. Nutr. Phys. Activ. 14 (2017) 75, https://doi.org/10.1186/s12966-017-0525-8.
[9] The Action • DE-PASS | COST ACTION CA19101. https://depass.eu/the-action/(accessed 11 July 2023) .

P. Izzicupo et al.                                                                                                                                                                                                       Heliyon 12 (2026) e45226 

8 



[10] D.S. Buchan, S. Ollis, N.E. Thomas, et al., Physical activity behaviour: an overview of current and emergent theoretical practices, Journal of Obesity 2012 (2012) 
1–11, https://doi.org/10.1155/2012/546459.

[11] C.R. Nigg, B. Borrelli, J. Maddock, et al., A theory of physical activity maintenance, Appl. Psychol. 57 (2008) 544–560, https://doi.org/10.1111/j.1464- 
0597.2008.00343.x.

[12] G. Condello, F.C.M. Ling, A. Bianco, et al., Using concept mapping in the development of the EU-PAD framework (EUropean-Physical activity determinants 
across the life course): a DEDIPAC-study 16 (2016) 1–16, https://doi.org/10.1186/s12889-016-3800-8.

[13] on behalf of the DEDIPAC consortium J. Brug, H.P. Van Der Ploeg, et al., Determinants of diet and physical activity (DEDIPAC): a summary of findings, Int. J. 
Behav. Nutr. Phys. Activ. 14 (2017) 150, https://doi.org/10.1186/s12966-017-0609-5.

[14] C. Pesce, S. Vazou, V. Benzing, et al., Effects of chronic physical activity on cognition across the lifespan: a systematic meta-review of randomized controlled 
trials and realist synthesis of contextualized mechanisms, Int. Rev. Sport Exerc. Psychol. (2021) 1–39, https://doi.org/10.1080/1750984X.2021.1929404.

[15] K. Ball, A. Carver, K. Downing, et al., Addressing the social determinants of inequities in physical activity and sedentary behaviours, Health Promot. Int. 30 
(2015) ii8–19, https://doi.org/10.1093/heapro/dav022.

[16] L. Newman, F. Baum, S. Javanparast, et al., Addressing social determinants of health inequities through settings: a rapid review, Health Promot. Int. 30 (2015) 
ii126–i143, https://doi.org/10.1093/heapro/dav054.

[17] D. Nutbeam, Health promotion glossary, Health Promot. Int. 13 (1998) 349–364, https://doi.org/10.1093/heapro/13.4.349.
[18] M. Shareck, K.L. Frohlich, B. Poland, Reducing social inequities in health through settings-related interventions — a conceptual framework, Glob. Health 

Promot. 20 (2013) 39–52, https://doi.org/10.1177/1757975913486686.
[19] J.T. Evans, H. Phan, M.-J. Buscot, et al., Correlates and determinants of transport-related physical activity among adults: an interdisciplinary systematic review, 

BMC Public Health 22 (2022) 1519, https://doi.org/10.1186/s12889-022-13937-9.
[20] L. Garcia, G. Mendonça, T.R.B. Benedetti, et al., Barriers and facilitators of domain-specific physical activity: a systematic review of reviews, BMC Public Health 

22 (2022) 1964, https://doi.org/10.1186/s12889-022-14385-1.
[21] C. Keller, R.A. Ferrer, R.B. King, et al., Future directions of the national institutes of health science of behavior change program, Transl. Behav. Med. 11 (2021) 

1795–1801, https://doi.org/10.1093/tbm/ibab029.
[22] M. Khudair, A. Marcuzzi, K. Ng, et al., DE-PASS best evidence statement (BESt): modifiable determinants of physical activity and sedentary behaviour in 

children and adolescents aged 5–19 years–a protocol for systematic review and meta-analysis, BMJ Open 12 (2022) e059202, https://doi.org/10.1136/ 
bmjopen-2021-059202.

[23] A.E. Bauman, R.S. Reis, J.F. Sallis, et al., Correlates of physical activity: why are some people physically active and others not? Lancet 380 (2012) 258–271, 
https://doi.org/10.1016/S0140-6736(12)60735-1.

[24] K. Aleksovska, A. Puggina, L. Giraldi, et al., Biological determinants of physical activity across the life course: a “determinants of diet and physical activity” 
(dedipac) umbrella systematic literature review, Sports Med. Open 5 (2019) 1–18, https://doi.org/10.1186/s40798-018-0173-9.

[25] E.J.C. De Geus, Genetic pathways underlying individual differences in regular physical activity, Exerc. Sport Sci. Rev. 51 (2023) 2–18, https://doi.org/10.1249/ 
JES.0000000000000305.

[26] J.T. Lightfoot, E.J.C. De Geus, F.W. Booth, et al., Biological/genetic regulation of physical activity level: consensus from GenBioPAC, Med. Sci. Sports Exerc. 50 
(2018) 863–873, https://doi.org/10.1249/MSS.0000000000001499.

[27] A. Carlin, C. Perchoux, A. Puggina, et al., A life course examination of the physical environmental determinants of physical activity behaviour: a ?determinants 
of diet and physical activity? (DEDIPAC) umbrella systematic literature review, PLoS One 12 (2017).

[28] G. Condello, A. Puggina, K. Aleksovska, et al., Behavioral determinants of physical activity across the life course: a “DEterminants of DIet and Physical ACtivity” 
(DEDIPAC) umbrella systematic literature review, Int. J. Behav. Nutr. Phys. Activ. 14 (2017) 58, https://doi.org/10.1186/s12966-017-0510-2.

[29] C. Cortis, A. Puggina, C. Pesce, et al., Psychological determinants of physical activity across the life course: a “DEterminants of DIet and Physical ACtivity” 
(DEDIPAC) umbrella systematic literature review, PLoS One 12 (2017), https://doi.org/10.1371/journal.pone.0182709.

[30] L. Jaeschke, A. Steinbrecher, A. Luzak, et al., Socio-cultural determinants of physical activity across the life course: a “Determinants of Diet and Physical 
Activity” (DEDIPAC) umbrella systematic literature review, Int. J. Behav. Nutr. Phys. Activ. 14 (2017).

[31] G. O'Donoghue, A. Kennedy, A. Puggina, et al., Socio-economic determinants of physical activity across the life course: a “DEterminants of DIet and Physical 
ACtivity” (DEDIPAC) umbrella literature review, PLoS One 13 (2018).

[32] A. Puggina, K. Aleksovska, C. Buck, et al., Policy determinants of physical activity across the life course: a DEDIPAC’ umbrella systematic literature review, Eur. 
J. Publ. Health 28 (2018) 105–118.

[33] M.T. Elferink-Gemser, S.C. te Wierike, C. Visscher, 16 multidisciplinary longitudinal studies: a perspective from the field of sports. The Cambridge Handbook of 
Expertise and Expert Performance, 2018, p. 271.

[34] D.A. Grimes, K.F. Schulz, An overview of clinical research: the lay of the land, Lancet 359 (2002) 57–61, https://doi.org/10.1016/S0140-6736(02)07283-5.
[35] R.P. Troiano, K.K.P. Gabriel, G.J. Welk, et al., Reported physical activity and sedentary behavior: why do you ask? J. Phys. Activ. Health 9 (2012) S68–S75, 

https://doi.org/10.1123/jpah.9.s1.s68.
[36] M.N.M. Van Poppel, M.J.M. Chinapaw, L.B. Mokkink, et al., Physical activity questionnaires for adults: a systematic review of measurement properties, Sports 

Med. 40 (2010) 565–600, https://doi.org/10.2165/11531930-000000000-00000.
[37] K.Y. Chen, K.F. Janz, W. Zhu, et al., Redefining the roles of sensors in objective physical activity monitoring, Med. Sci. Sports Exerc. 44 (2012) S13–S23, https:// 

doi.org/10.1249/MSS.0b013e3182399bc8.
[38] J. Gorzelitz, P.E. Peppard, K. Malecki, et al., Predictors of discordance in self-report versus device-measured physical activity measurement, Ann. Epidemiol. 28 

(2018) 427–431, https://doi.org/10.1016/j.annepidem.2018.03.016.
[39] A. Kolovelonis, I. Syrmpas, A. Marcuzzi, et al., DE-PASS best evidence statement (BESt): determinants of adolescents' device-based physical activity and 

sedentary behaviour in settings: a systematic review and meta-analysis, BMC Public Health 24 (2024), https://doi.org/10.1186/s12889-024-19136-y.
[40] F.C.M. Ling, M. Khudair, K. Ng, et al., DE-PASS best evidence statement (BESt): determinants of self-report physical activity and sedentary behaviours in 

children in settings: a systematic review and meta-analyses, PLoS One 19 (2024) e0309890, https://doi.org/10.1371/journal.pone.0309890.
[41] M. Khudair, A. Marcuzzi, G.D. Tempest, et al., DE-PASS best evidence statement (BESt): a systematic review and meta-analysis on the effectiveness of trials on 

device-measured physical activity and sedentary behaviour and their determinants in children aged 5–12 years, Sports Med. 55 (2025) 419–458, https://doi. 
org/10.1007/s40279-024-02136-8.

[42] S. Ciaccioni, S. Compernolle, M. Lerfald, et al., Modifiable determinants of older adults' physical activity and sedentary behavior in community and healthcare 
settings: a DE-PASS systematic review and meta-analysis, Eur Rev Aging Phys Act 22 (2025) 9, https://doi.org/10.1186/s11556-025-00373-y.

[43] L. Shamseer, D. Moher, M. Clarke, et al., Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015: elaboration and 
explanation, Br. Med. J. 349 (2015), https://doi.org/10.1136/bmj.g7647 g7647–g7647.

[44] M. Campbell, J.E. McKenzie, A. Sowden, et al., Synthesis without meta-analysis (SWiM) in systematic reviews: reporting guideline, Br. Med. J. l6890 (2020), 
https://doi.org/10.1136/bmj.l6890.

[45] WHO. https://www.who.int/news-room/fact-sheets/detail/adolescents-health-risks-and-solutions. (accessed 8 April 2025).
[46] World Health Organization, Global Recommendations on Physical Activity for Health, 2010.
[47] N. Owen, P.B. Sparling, G.N. Healy, et al., Sedentary behavior: emerging evidence for a new health risk, Mayo Clin. Proc. 85 (2010) 1138–1141, https://doi.org/ 

10.4065/mcp.2010.0444.
[48] Veritas Health Innovation, Covidence systematic review software. www.covidence.org.
[49] M.J. Page, J.E. McKenzie, P.M. Bossuyt, et al., The PRISMA 2020 statement: an updated guideline for reporting systematic reviews, Br. Med. J. 71 (2021), 

https://doi.org/10.1136/bmj.n71.
[50] C. Wohlin, Guidelines for snowballing in systematic literature studies and a replication in software engineering. Proceedings of the 18th International 

Conference on Evaluation and Assessment in Software Engineering, ACM, London England United Kingdom, 2014, pp. 1–10.

P. Izzicupo et al.                                                                                                                                                                                                       Heliyon 12 (2026) e45226 

9 



[51] J.A. Sterne, M.A. Hernán, B.C. Reeves, et al., ROBINS-I: a tool for assessing risk of bias in non-randomised studies of interventions, Br. Med. J. (2016) i4919, 
https://doi.org/10.1136/bmj.i4919.

[52] J.P.T. Higgins, D.G. Altman, P.C. Gotzsche, et al., The cochrane Collaboration's tool for assessing risk of bias in randomised trials, Br. Med. J. 343 (2011), 
https://doi.org/10.1136/bmj.d5928 d5928–d5928.

[53] E. Kontostoli, A.P. Jones, N. Pearson, et al., Age-related change in sedentary behavior during childhood and adolescence: a systematic review and meta-analysis, 
Obes. Rev. 22 (2021), https://doi.org/10.1111/obr.13263.

[54] H.J. Schünemann, J.P. Higgins, G.E. Vist, et al., Completing ‘Summary of findings’ tables and grading the certainty of the evidence, in: J.P.T. Higgins, J. Thomas, 
J. Chandler, et al. (Eds.), Cochrane Handbook for Systematic Reviews of Interventions, Wiley, 2019, pp. 375–402.

[55] J. Cohen, Statistical Power Analysis for the Behavioral Sciences, second ed., L. Erlbaum Associates, Hillsdale, N.J., 1988.
[56] M. Borenstein, J.P.T. Higgins, L.V. Hedges, et al., Basics of meta-analysis: i 2 is not an absolute measure of heterogeneity, Res. Synth. Methods 8 (2017) 5–18, 

https://doi.org/10.1002/jrsm.1230.
[57] G. Rücker, G. Schwarzer, J.R. Carpenter, et al., Undue reliance on I(2) in assessing heterogeneity May mislead, BMC Med. Res. Methodol. 8 (2008) 79, https:// 

doi.org/10.1186/1471-2288-8-79.
[58] Q.F. Gronau, D.W. Heck, S.W. Berkhout, et al., A primer on bayesian model-averaged meta-analysis, Adv. Methods Pract. Psychol. Sci. 4 (2021) 

251524592110312, https://doi.org/10.1177/25152459211031256.
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