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Abstract: Background

Reducing inequalities in physical activity (PA) and PA-associated health outcomes is a
priority for public health. Interventions to promote PA may reduce inequalities, but may
also unintentionally increase them. Thus, there is a need to analyze equity-specific
intervention effects. However, the potential for analyzing equity-specific effects of PA
interventions has not yet been sufficiently exploited. The aim of this study was to set
out a novel equity-specific re-analysis strategy tried out in an international
interdisciplinary collaboration.

Methods

The re-analysis strategy comprised harmonizing choice and definition of outcomes,
exposures, socio-demographic indicators, and statistical analysis strategies across
studies, as well as synthesizing results. It was applied in a collaboration of a
convenience sample of eight European PA intervention studies in adults aged ≥45
years. Weekly minutes of moderate-to-vigorous PA was harmonized as outcome. Any
versus no intervention was harmonized as exposure. Gender, education, income, area
deprivation, and marital status were harmonized as socio-demographic indicators.
Interactions between the intervention and socio-demographic indicators on moderate-
to-vigorous PA were analyzed using multivariable linear regression and random-effects
meta-analysis.

Results

The collaborative experience shows that the novel re-analysis strategy can be applied
to investigate equity-specific effects of existing PA interventions. Across our
convenience sample of studies, no consistent pattern of equity-specific intervention
effects was found. Pooled estimates suggested that intervention effects did not differ
by gender, education, income, area deprivation, and marital status.

Conclusions

To exploit the potential for equity-specific effect analysis, we encourage future studies
to apply the strategy to representative samples of existing study data. Ensuring
sufficient representation of ‘hard to reach’ groups such as the most disadvantaged in
study samples is of particular importance. This will help to extend the limited evidence
required for the design and prioritization of future interventions that are most likely to
reduce health inequalities.
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Response to Reviewers: Response to the editor comments on the manuscript IJBN-D-21-00016R1

Dear Ms. Stijnman,

dear Editors,

please find enclosed a revised version of our manuscript “Equity-specific effects of
interventions to promote physical activity among middle-aged and older adults: Results
from applying a novel equity-specific re-analysis strategy” (IJBN-D-21-00016R1).

Thank you very much for allowing us to submit a second revision of our manuscript.
We are very grateful for the careful re-review and constructive comments to further
improve our manuscript. Please find below our point-by-point response. The changes
in the revised manuscript are highlighted using yellow highlighter.

We hope that the revisions in the manuscript and our accompanying responses will be
sufficient to make our manuscript suitable for publication in the International Journal of
Behavioral Nutrition and Physical Activity.

We look forward to hearing from you.

Yours sincerely,

Dr. Gesa Czwikla, M.A.
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Editor:
I am satisfied with the authors' responses to the reviewers' suggestions, so the two
reviewers did not appraise the revised submission. I have some remaining minor
quibbles, which I encourage the authors to attend to:

ESSENTIAL REVISION
- Please include more information in the opening section of the Method regarding
*how* the strategy was developed. 'Meetings and online correspondence' describes
methods of communication between the research team, not how the strategy was
decided upon.

Response: As suggested, we have added more information to the opening section of
the Methods regarding how the strategy was developed (pages 8-9, lines 200-216):

“Plenary and bilateral meetings (face-to-face and online) and e-mail correspondence
were used to develop the re-analysis strategy and to define common criteria for
adopting it to the sample of studies included in the collaboration. First, the EQUAL
study team outlined ideas for the strategy to be developed, informed by: 1) available
evidence about equity-specific effects of PA interventions; 2) concepts and theories of
how interventions may affect health inequalities; and 3) existing approaches to equity-
specific re-analysis. The outline was sent to the collaborating researchers via e-mail
with a request for feedback and subsequently revised by the EQUAL study team
according to the feedback received. In a next step, the collaborating researchers were
invited to a one-day face-to-face workshop in Bremen, Germany, to find consensus
about the individual steps of the strategy based on the revised outline as well as to
discuss common criteria for adapting the strategy to the eight included studies. Based
on the results of the discussion, the EQUAL study team developed draft criteria for re-
analyzing equity-specific effects of the individual studies, which were revised after two
rounds of iterative discussion by e-mail. These criteria were applied by members of the
research group to their own data (i.e., there was no pooling of the studies’ individual
participant data) with or without assistance from the EQUAL study team. Finally,
criteria for combining the results from the individual studies were added. These criteria
were developed by statistician colleagues of the collaboration working with the EQUAL
study team and were agreed at an online meeting.

DISCRETIONARY REVISIONS
- Given that the most impactful contribution of this paper is in the strategy that it sets
out, the authors should consider treating the steps involved in the strategy as results in
themselves, so copying and pasting this material to the Results section. The (much
more lengthy) Results section would subsequently comprise two parts: a description of
the strategy (as the 'result' of the strategy development set out in the Method), and an
illustration of the strategy as applied to the eight interventions.

Response: Thank you very much for this suggestion. We have cut the text parts about
the steps involved in the strategy and the criteria for adopting it to the collaborating
studies from the Methods and pasted them to the Results. This also means that the
Results now contain references, but these are indispensable.
The Results now comprise the two sections “Equity-specific re-analysis strategy” and
“Application of the equity-specific re-analysis strategy”.

We have added the following introductory paragraph to the “Application of the equity-
specific re-analysis strategy” section (page 17, lines 420-422):

“The following sections illustrate the application of the equity-specific re-analysis
strategy. To do so, we present the results from applying the criteria for adapting the
strategy set out above to our convenience sample of PA intervention studies.”

- Please add indents to the start of each paragraph - I found it unnecessarily difficult to
identify paragraph breaks.

Response: As suggested, we have added indents to the start of each paragraph to
better identify paragraph breaks.
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Additional Information:

Question Response

<b>Is this study a clinical
trial?</b><hr><i>A clinical trial is defined
by the World Health Organisation as 'any
research study that prospectively assigns
human participants or groups of humans
to one or more health-related
interventions to evaluate the effects on
health outcomes'.</i>

No
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Abstract 51 

Background: Reducing inequalities in physical activity (PA) and PA-associated health 52 

outcomes is a priority for public health. Interventions to promote PA may reduce inequalities, 53 

but may also unintentionally increase them. Thus, there is a need to analyze equity-specific 54 

intervention effects. However, the potential for analyzing equity-specific effects of PA 55 

interventions has not yet been sufficiently exploited. The aim of this study was to set out a 56 

novel equity-specific re-analysis strategy tried out in an international interdisciplinary 57 

collaboration. 58 

Methods: The re-analysis strategy comprised harmonizing choice and definition of outcomes, 59 

exposures, socio-demographic indicators, and statistical analysis strategies across studies, as 60 

well as synthesizing results. It was applied in a collaboration of a convenience sample of eight 61 

European PA intervention studies in adults aged ≥45 years. Weekly minutes of moderate-to-62 

vigorous PA was harmonized as outcome. Any versus no intervention was harmonized as 63 

exposure. Gender, education, income, area deprivation, and marital status were harmonized as 64 

socio-demographic indicators. Interactions between the intervention and socio-demographic 65 

indicators on moderate-to-vigorous PA were analyzed using multivariable linear regression 66 

and random-effects meta-analysis. 67 

Results: The collaborative experience shows that the novel re-analysis strategy can be applied 68 

to investigate equity-specific effects of existing PA interventions. Across our convenience 69 

sample of studies, no consistent pattern of equity-specific intervention effects was found. 70 

Pooled estimates suggested that intervention effects did not differ by gender, education, 71 

income, area deprivation, and marital status. 72 

Conclusions: To exploit the potential for equity-specific effect analysis, we encourage future 73 

studies to apply the strategy to representative samples of existing study data. Ensuring 74 

sufficient representation of ‘hard to reach’ groups such as the most disadvantaged in study 75 
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samples is of particular importance. This will help to extend the limited evidence required for 76 

the design and prioritization of future interventions that are most likely to reduce health 77 
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Background 101 

Reducing health inequalities - defined as socio-demographic differences in life-102 

expectancy, morbidity, and mortality - has become an important public health priority (1). 103 

Socio-demographic differences have also been shown in health behaviors, including physical 104 

activity (PA), an important determinant of healthy ageing (2-4). The proportion of individuals 105 

with sufficient PA levels, however, declines with age, with particularly low levels of PA 106 

among middle-aged and older adults (5, 6). Furthermore, lower leisure-time PA levels have 107 

been associated with low socio-economic position (SEP), being female, belonging to an 108 

ethnic minority group, living in a deprived neighborhood, and not having a spouse (7-11). 109 

Because being physically active regularly has numerous beneficial effects on physical and 110 

mental wellbeing (12, 13), it is likely that inequalities in PA are an important contributor to 111 

health inequalities (14). 112 

Public health interventions have the potential to reduce existing health inequalities, but 113 

in particular interventions that aim at changing individual behavior (‘downstream 114 

interventions’) may also unintentionally increase them (‘intervention-generated inequalities’; 115 

(15, 16)). One major reason for this is that downstream interventions in contrast to policy-116 

change (‘upstream’) interventions usually require relatively more individual psychological, 117 

temporal, and material resources (‘individual agency’; (17)) to succeed. Such resources are 118 

unequally distributed between different population groups, favoring predominantly those at 119 

the upper end of the socio-economic spectrum (17-19). In this regard, it has also been found 120 

that the links between psychosocial determinants of health behavior, such as attitudes and 121 

intentions, and health behavior are more pronounced and have stronger effects on behavior 122 

among high- than among low-SEP individuals (20, 21). Thus, interventions based on these 123 

psychosocial determinants may unintentionally increase inequalities by benefiting high-SEP 124 

individuals disproportionally more. The relevance of individual agency for equity-specific 125 
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effects of behavioral interventions is empirically supported by systematic reviews of 126 

interventions in different areas, including tobacco control (22), obesity prevention (23), and 127 

healthy eating (24). Divergent perceptions between low-SEP individuals and health promoters 128 

regarding lifestyle, lifestyle change, and support for lifestyle change are a further possible 129 

explanation for interventions being less beneficial in low-SEP population groups (25). 130 

The effects of PA interventions may not only differ by SEP but also by gender and 131 

other relevant socio-demographic indicators associated with inequalities and PA, such as 132 

ethnicity and marital status (26-28). With regard to gender, there are differences between 133 

males and females in preferred PA domains and contexts, as well as in motivational factors 134 

and barriers to PA (29-31). Compared with males, females appear to be more motivated by 135 

the social aspects of PA (e.g., spending time with others and meeting friends), by losing or 136 

managing weight, and by improving appearance. They tend to be less motivated than men to 137 

participate in physical activities that are vigorous, require skill and practice, involve some 138 

kind of competition, and are done outdoors (30). Moreover, compared with males, females 139 

more often take over domestic and care responsibilities, not infrequently carried out in 140 

addition to paid work, leaving little time for leisure activities such as PA (31). With regard to 141 

ethnicity, minority ethnic groups may face additional barriers to PA engagement, for example 142 

due to differing perceptions about and attitudes towards PA as well as cultural expectations 143 

(32).  144 

Results of an equity-focused systematic review by Attwood and colleagues (27) 145 

indicate that the effects of primary-care-based PA interventions may differ by gender, but 146 

there was no consistent pattern regarding the direction of these differences. This is in line with 147 

the results of another equity-focused systematic review of interventions to promote PA among 148 

adults aged ≥50 years by Lehne & Bolte (28). As reported by Humphreys & Ogilvie (26), the 149 

effects of environmental and policy interventions to promote PA may differ by ethnicity and 150 

gender, whereby members of the majority population seemed to benefit more from the 151 
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interventions than members of ethnic minority populations. Like Attwood et al. (27) and 152 

Lehne & Bolte (28), this review also found no consistent pattern regarding the direction of 153 

gender-specific intervention effects. All three reviews concluded that, because of the paucity 154 

of studies that actually report equity-specific effect analyses, it is difficult to draw 155 

implications for the design of future interventions that could effectively reduce PA 156 

inequalities according to SEP, gender, and other relevant socio-demographic indicators (e.g., 157 

ethnicity, marital status) (26-28). Such indicators are frequently measured in studies, but only 158 

a minority of studies explicitly analyze equity-specific intervention effects. The potential for 159 

assessing intervention effects on inequalities in PA has not yet been fully exploited (26-28). 160 

Analyzing equity-specific intervention effects requires interaction or subgroup 161 

analyses that compare intervention effects across different population subgroups defined by 162 

socio-demographic characteristics (33). A criticism of this approach is that few studies are 163 

designed with adequate sample sizes to run such interaction or subgroup analyses, so that 164 

many of the current findings are based on potentially underpowered post-hoc analyses with 165 

limited credibility (33, 34). However, given the importance of better understanding whether, 166 

how, and why interventions affect health inequalities, and the plausibility of differential 167 

intervention effects, equity-specific re-analyses of data of existing intervention studies are 168 

arguably a valuable approach (35-41). One particular reason is that the consistent conduct and 169 

reporting of such analyses allows for pooling effect estimates across studies, which increases 170 

statistical power and improves the credibility of the findings (42). As re-analyses require 171 

access to complete primary data (including individual participant data) and detailed 172 

knowledge of the individual studies going beyond the information usually given in 173 

publications, a collaborative approach involving researchers from the primary studies seems 174 

necessary. 175 

The aim of this study was to set out a novel strategy for re-analyzing equity-specific 176 

intervention effects and to try out its application in an international interdisciplinary 177 
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collaboration between existing individual-level PA intervention studies in middle-aged and 178 

older adults. 179 

Methods 180 

This study was conducted as part of the project “EQUAL - Equity impacts of 181 

interventions to increase physical activity”, a subproject within the prevention research 182 

network “AEQUIPA - Physical activity and health equity: primary prevention for healthy 183 

ageing” (43). EQUAL aimed to develop and try out a strategy for re-analyzing equity-specific 184 

effects of PA interventions in an international interdisciplinary collaboration (44). The 185 

collaboration was initiated based on researchers representing eight published European PA 186 

intervention studies in middle-aged and older adults (45-52) (a convenience sample of 20 187 

eligible studies), as well as experts on equity-specific data analysis. In accordance with 188 

previous studies (53, 54), middle-aged and older adults were defined as individuals aged 45 189 

years and older. As well as using the AEQUIPA intervention study PROMOTE (52), studies 190 

were identified through a literature search (44). Inclusion criteria were: studies reporting the 191 

effects of individual-level PA interventions; targeted at community-dwelling adults aged ≥45 192 

years; with a randomized or non-randomized controlled longitudinal study design in which 193 

the control group received no intervention; and reporting on participants’ age, gender, as well 194 

as on at least one measure of SEP (i.e., education, income, occupation, composite SEP). The 195 

collaborating researchers represent various disciplines, including (social) epidemiology, 196 

biostatistics, health psychology, primary care research, sport and human movement sciences. 197 

 Plenary and bilateral meetings (face-to-face and online) and e-mail correspondence 198 

were used to develop the re-analysis strategy and to define common criteria for adopting it to 199 

the sample of studies included in the collaboration. First, the EQUAL study team outlined 200 

ideas for the strategy to be developed, informed by: 1) available evidence about equity-201 

specific effects of PA interventions; 2) concepts and theories of how interventions may affect 202 
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health inequalities; and 3) existing approaches to equity-specific re-analysis. The outline was 203 

sent to the collaborating researchers via e-mail with a request for feedback and subsequently 204 

revised by the EQUAL study team according to the feedback received. In a next step, the 205 

collaborating researchers were invited to a one-day face-to-face workshop in Bremen, 206 

Germany, to find consensus about the individual steps of the strategy based on the revised 207 

outline as well as to discuss common criteria for adapting the strategy to the eight included 208 

studies. Based on the results of the discussion, the EQUAL study team developed draft 209 

criteria for re-analyzing equity-specific effects of the individual studies, which were revised 210 

after two rounds of iterative discussion by e-mail. These criteria were applied by members of 211 

the research group to their own data (i.e., there was no pooling of the studies’ individual 212 

participant data) with or without assistance from the EQUAL study team. Finally, criteria for 213 

combining the results from the individual studies were added. These criteria were developed 214 

by statistician colleagues of the collaboration working with the EQUAL study team and were 215 

agreed at an online meeting. 216 

Characteristics of studies included in the collaboration 217 

Details of the eight intervention studies are presented in Additional file 1. Three 218 

studies were conducted in the United Kingdom, three in the Netherlands, one in Belgium, and 219 

one in Germany. Seven studies were (cluster-)randomized controlled trials, and one was a 220 

controlled before and after study. Baseline sample sizes varied between 298 and 2140 221 

participants. Two studies (GALM, PACE-UP) recruited exclusively physically inactive 222 

participants. Study participants were either recruited via the community (Active Plus I, Active 223 

Plus II, Every Step Counts!, GALM, PROMOTE) or through primary care (PACE-Lift, 224 

PACE-UP, ProAct65+). While all eight studies aimed to increase PA, three (PACE-Lift, 225 

PACE-UP, Every Step Counts!) had a particular focus on promoting walking, and one 226 

(GALM) on promoting recreational sports activities. Three studies (Every Step Counts!, 227 
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PACE-Lift, PACE-UP) delivered individual-level pedometer-based walking programs, three 228 

personalized PA advices without (Active Plus I, Active Plus II) or with community-based 229 

group meetings (PROMOTE), one (GALM) group-based PA sessions in a gymnasium in the 230 

neighborhood, and one (ProAct65+) a home- or class-based exercise program. Intervention 231 

length ranged between ten and 26 weeks. 232 

Results 233 

Equity-specific re-analysis strategy 234 

The equity-specific re-analysis strategy comprises harmonizing the choice and 235 

definitions of outcomes (step 1), exposures (step 2), socio-demographic indicators (step 3), 236 

and statistical analysis strategies (step 4) across studies by defining common criteria; as well 237 

as synthesizing the results (step 5). The following sections provide detailed descriptions of the 238 

individual steps of the strategy and how to adopt them to existing study data. To do so, we 239 

present the criteria for harmonization and synthesizing results as defined for our convenience 240 

sample of PA intervention studies. 241 

Step 1: Harmonizing the choice and definition of outcome measures across studies 242 

The first step includes choosing an outcome measure which adequately measures the 243 

objectives of the kind of intervention under study and which can be defined across studies as 244 

similar as possible. Health promoting behaviors such as PA need to be maintained for long-245 

term health benefits (55, 56). Moreover, it has been shown that inequalities may initially 246 

increase after implementation of new interventions before decreasing again as time passes 247 

(57). Therefore, in order to make conclusions about inequalities in long-term health benefits, 248 

where data permit, both short-term and long-term outcomes of the interventions should be 249 

considered. 250 
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For our sample of PA intervention studies, we identified weekly minutes of moderate-251 

to-vigorous PA (MVPA) at the post-intervention follow-up time point closest to the 252 

intervention end point (T1) as primary outcome because it could be defined in a similar 253 

manner across the studies and the beneficial effects of MVPA on health are well documented 254 

(58). Considering the data of five studies, weekly minutes of MVPA at the next follow-up 255 

assessment (T2) was chosen as secondary outcome to investigate potential changes in equity-256 

specific intervention effects over time. This was eight months post-intervention for Active 257 

Plus I and Active Plus II, nine months post-intervention for PACE-Lift and PACE-UP, and 258 

six months post-intervention for ProAct65+. Due to better precision and accuracy (59), we 259 

decided to prefer objective PA measures over subjective measures, when both were available 260 

in a study. In Active Plus I, Active Plus II, Every Step Counts!, GALM, and ProAct65+ that 261 

measured PA exclusively subjectively, physical activities of at least three metabolic 262 

equivalents (MET) were defined as MVPA, following recommendations by guidelines (60). 263 

In PACE-Lift, PACE-UP, and PROMOTE that measured PA objectively, the standard 264 

Freedson cut-point of 1952 counts per minute (61), equivalent to three METs, was used to 265 

define MVPA. In addition to the main outcome total weekly minutes of MVPA, sensitivity 266 

analyses were conducted for PACE-Lift and PACE-UP using weekly minutes of MVPA in 267 

bouts of at least ten minutes. 268 

Step 2: Harmonizing the choice and definition of exposure measures across studies 269 

Studies of interventions may differ with regard to the number of intervention and 270 

control groups. Step two includes choosing an exposure measure which can be defined across 271 

studies as similar as possible. 272 

For our sample of PA intervention studies, any versus no intervention was defined as 273 

exposure. In Active Plus I, Active Plus II, PACE-UP, ProAct65+, and PROMOTE which 274 

included several intervention groups, intervention groups were combined to create a single 275 
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pair-wise comparison in order to avoid double-counting. The Cochrane Handbook for 276 

Systematic Reviews of Interventions recommends this approach for including studies with 277 

several intervention groups in a meta-analysis (62). 278 

Step 3: Harmonizing the choice and definition of socio-demographic indicators across 279 

studies 280 

Step three includes harmonizing the choice and definition of socio-demographic 281 

indicators which should be based on existing theories and evidence of equity-specific 282 

intervention effects. There are several different socio-demographic indicators that might be 283 

relevant to consider. The PROGRESS-Plus framework (63), proposed by the Campbell and 284 

Cochrane Equity Methods Group, may help researchers in identifying socio-demographic 285 

indicators relevant for their specific research question. SEP should be considered a 286 

multidimensional construct comprising diverse socio-economic indicators at the individual, 287 

household, or contextual level (64-67). Because different indicators of SEP operate through 288 

different causal pathways and may have different relevance among individuals of varying age 289 

and gender (64-67), the choice of SEP indicator may affect findings about the presence and 290 

extent of equity-specific intervention effects. It is therefore important to consider, and clearly 291 

differentiate between, various relevant SEP indicators instead of focusing on one indicator 292 

only or using several SEP indicators interchangeably. Moreover, potential intersections 293 

between several socio-demographic indicators (68, 69), such as gender and SEP, should be 294 

considered. Putting such an intersectionality lens to the re-analysis of data of intervention 295 

studies, where sample size and diversity permit, could yield even more comprehensive 296 

insights on the impact of these interventions on health inequalities. 297 

For our sample of PA intervention studies, education as a measure of SEP (64-67) and 298 

gender (only defined as female versus male) as a social construct (70, 71) were selected as 299 

main socio-demographic indicators because both characteristics have previously been shown 300 
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to moderate the effects of PA interventions (26-28), information on both were available in all 301 

collaborating studies, and both can be operationalized in a similar manner across studies from 302 

different countries. Education was defined according to the International Standard 303 

Classification of Education (ISCED) 2011 (72). Based on the highest level of educational 304 

qualification or age at leaving full time education, individuals were grouped into the 305 

categories “Low” (at most lower secondary education (ISCED 0-2) or leaving full time 306 

education at ≤16 years), “Medium” (upper secondary and post-secondary non-tertiary 307 

education (ISCED 3-4) or leaving full time education at 17-18 years), or “High” (tertiary 308 

education (ISCED 5-8) or leaving full time education at ≥19 years). 309 

In a secondary analysis, income and area deprivation as measures of SEP (64-67) were 310 

considered. Information on household income was available in two (ProAct65+, PROMOTE) 311 

and information on area deprivation (index of multiple deprivation [IMD] score (73)) was 312 

available in three studies (PACE-Lift, PACE-UP, ProAct65+). For both of these indicators, in 313 

each study, tertiles were defined in terms of the distribution in the study’s specific data set. 314 

This resulted in two variables with the categories “Low”, “Medium”, and “High” each for 315 

household income and area deprivation (see Additional file 2 for details). Additionally, 316 

marital status (defined as having versus not having a partner) was considered as a socio-317 

demographic indicator because the presence or absence of a spouse has been shown to be 318 

associated with health inequalities and PA (10, 74). 319 

Although the effects of PA interventions my also differ between individuals of 320 

different ethnic backgrounds, we did not consider ethnicity as a socio-demographic indicator 321 

due to differing ethnic compositions in the study populations and data availability. Potential 322 

intersections between several socio-demographic indicators were also not considered because 323 

of small sample size and insufficient diversity. 324 
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Step 4: Harmonizing the choice and definition of statistical analysis strategies across 325 

studies 326 

Step four comprises to specify the statistical methods and modeling strategies for the 327 

equity-specific effect analyses. Not only intervention effects, but also intervention reach, 328 

adherence, and dropout may also differ by socio-demographic characteristics and therefore 329 

should be considered for a comprehensive assessment of equity-specific intervention benefits 330 

(15, 75). 331 

Equity-specific intervention reach 332 

In our sample of PA intervention studies, the majority lacked information on socio-333 

demographic indicators for non-participants. This precluded the calculation of socio-334 

demographic group-specific response rates (76, 77), so it was not possible to investigate 335 

equity-specific intervention reach. We originally aimed to consult census data and to compare 336 

the study population with the targeted population of each study, considering the studies’ 337 

specific eligibility criteria. However, as no suitable census data could be identified, we 338 

decided to calculate an overall response percentage, defined as the number of persons who 339 

completed the baseline (T0) questionnaire and were assigned to the intervention conditions, 340 

divided by the number of persons invited to participate. For Every Step Counts! and 341 

PROMOTE, only estimations of response percentages could be made because the recruitment 342 

strategies comprised advertising. For each study, the distribution of gender, education, 343 

income, are deprivation, and marital status groups as well as the mean age in the intervention 344 

and control groups at T0 were calculated. 345 

Equity-specific intervention adherence and dropout 346 

We calculated percentages and means to describe adherence and dropout stratified by 347 

socio-demographic indicators. Information on intervention adherence was available in Active 348 

Plus II, GALM, PACE-UP, and PROMOTE, relating to the use of intervention materials 349 
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and/or attendance at group meetings. We defined dropouts as individuals with valid 350 

information on MVPA at T0 but without valid information at T1. Additionally, we calculated 351 

mean values and corresponding standard deviations (SD) of weekly minutes of MVPA at T0 352 

for each subgroup of interest, stratified by intervention and control group, as well as by 353 

completers and dropouts. 354 

General and equity-specific intervention effects 355 

The general intervention effect was defined as the difference between the intervention 356 

and control groups in minutes of MVPA per week at T1 (main analysis) or T2 (secondary 357 

analysis). For this purpose, post-intervention values of weekly minutes of MVPA were 358 

regressed on intervention versus control group and minutes of MVPA per week at T0 without 359 

(minimally adjusted model) and with adjustment for age in years, gender, and education (fully 360 

adjusted model). Due to the nature of the data, in four studies, the models were additionally 361 

(multilevel-)adjusted for practice (PACE-Lift, PACE-UP, ProAct65+); household (PACE-362 

Lift, PACE-UP); or community, valid wear-time, and season (PROMOTE). All analyses were 363 

conducted by intention-to-treat, analyzing participants according to the group to which they 364 

were originally assigned, restricting the models to individuals with complete data on all 365 

variables included (i.e., complete case intention-to-treat analysis).  366 

Equity-specific intervention effects were investigated by adding intervention*socio-367 

demographic indicator interaction terms to the regression models. For analyzing equity-368 

specific intervention effects by gender, for example, post-intervention values of weekly 369 

minutes of MVPA were regressed on intervention versus control group, MVPA per week at 370 

T0, age in years, gender, and the intervention*gender interaction without (minimally adjusted 371 

model) and with adjustment for education and the intervention*education interaction (fully 372 

adjusted model). Because age is associated with most of the socio-demographic indicators and 373 

with PA levels, we decided to include it as a covariate in all models. For each model, the p-374 
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values for the interaction terms and effect estimates with corresponding 95% confidence 375 

interval (CI) for each subgroup of interest were computed. Following Greenland et al. (78), 376 

precise p-values were reported. 377 

Step 5: Synthesizing the results 378 

The last step includes synthesizing the results from the individual studies. Meta-379 

analysis is the preferable method because it can increase the power for detecting equity-380 

specific intervention effects which is often limited in post-hoc analysis (33, 34). If the number 381 

of studies permit, meta-regression (79) should be used to investigate possible sources of 382 

heterogeneity (e.g. study quality, study design). If the sample of studies is highly 383 

heterogeneous and data can hardly be harmonized to enable meta-analysis, there are 384 

alternative approaches to synthesize and visualize the equity-specific results of individual 385 

studies, such as the harvest plot (80). 386 

In our homogeneous sample of PA intervention studies, after data had been 387 

harmonized, the estimates for the regression coefficients of the intervention*socio-388 

demographic indicator interactions from the individual studies were pooled using random-389 

effects meta-analysis. To be able to assess the direction of these interaction effects, in 390 

particular for any disadvantage experienced by the most disadvantaged groups, regression 391 

models were slightly modified. Education, income, and area deprivation were considered as 392 

variables with two (low versus medium/high education and income, high versus medium/low 393 

deprivation) instead of three categories resulting in one regression coefficient for each 394 

intervention*socio-demographic indicator interaction. This means that for all studies, the 395 

socio-demographic indicators were comparable in measurement and levels. 396 

Analyses were conducted in R using the metafor package (81). As effect size, we 397 

chose the point estimates of the intervention*socio-demographic indicator interactions in 398 

minutes. A random effects model was fitted using the DerSimonian and Laird method. The 399 
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extent of heterogeneity was measured by the I² index. Following Higgins et al. (82), I2-values 400 

of 25%, 50%, and 75% were considered low, moderate, and high heterogeneity, respectively. 401 

The intervention*socio-demographic indicator interaction effect estimates and their 402 

corresponding 95% CI were presented in forest plots. Since some studies used different 403 

numbers of predictors, a sensitivity analysis was conducted estimating partial correlation 404 

coefficients (83). Meta-regression was deemed inappropriate due to the low number of 405 

studies. 406 

Risk of bias assessment 407 

Whichever method to synthesize the results is chosen, a risk of bias assessment should 408 

be conducted. There is no specific tool for assessing the risk of bias in a result from equity-409 

specific effect analysis. For our sample of studies, we therefore decided to assess the risk of 410 

bias regarding the general intervention effects, using the revised Cochrane risk-of-bias tool for 411 

randomized trials (RoB 2.0) (84) and the ROBINS-I risk-of-bias tool for non-randomized 412 

studies of interventions (85). The assessment of each study was performed by at least one 413 

researcher from the contributing study (FB, TH, SI, RM, SM, DP, MS, JV) and one researcher 414 

from the EQUAL project team (GC) independently. Journal article(s), the published re-415 

analysis strategy (44), and internal knowledge about the study were used to help inform the 416 

assessment. Any discrepancies were resolved through discussion and, where necessary, 417 

consulting the last author (GB). 418 

Application of the equity-specific re-analysis strategy 419 

The following sections illustrate the application of the equity-specific re-analysis 420 

strategy. To do so, we present the results from applying the criteria for adapting the strategy 421 

set out above to our convenience sample of PA intervention studies. 422 
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Risk of bias within studies 423 

Regarding the general intervention effects, the randomized studies PACE-Lift and 424 

PACE-UP were judged to be at low risk of bias, and Active Plus I, Active Plus II, GALM, 425 

ProAct65+, and PROMOTE at high risk (Table 1). The non-randomized study Every Step 426 

Counts! was judged to be at serious risk (Table 2). The high/serious risks resulted from non-427 

concealed randomization sequences, differing proportions of missing outcome data in the 428 

intervention and control groups, and/or participant-reported outcome measures. Further details 429 

are available in Additional file 3.  430 
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Table 1 Risk of bias assessment using the revised Cochrane risk-of-bias tool for randomized trials (RoB 2.0) 431 

Study  Risk of bias domain 

 Randomisation process Deviations from 

intended interventions 

Missing outcome data Measurement of the 

outcome 

Selection of the 

reported result 

Overall risk of bias* 

Active Plus I High Low High High Low High 

Active Plus II High Low Low High Low High 

GALM High Low High High Low High 

PACE-Lift Low Low Low Low Low Low 

PACE-UP Low Low Low Low Low Low 

ProAct65+ Low Low Low High Low High 

PROMOTE Low Low High Low Low High 

* Low risk of bias: The study is judged to be at low risk of bias for all domains; Some concerns: The study is judged to raise some concerns in at least one domain, but not to be at high risk of bias 432 
for any domain; High risk of bias: The study is judged to be at high risk of bias in at least one domain. 433 
 434 
Table 2 Risk of bias assessment using the ROBINS-I risk-of-bias tool for non-randomized studies of interventions 435 

Study Risk of bias domain 

 Confounding Selection of 

participants into 

the study 

Classification of 

interventions 

Deviations from 

intended 

interventions 

Missing data Measurement of 

outcomes 

Selection of the 

reported result 

Overall risk of 

bias* 

Every Step Counts! Moderate Low Low Low Moderate Serious Low Serious 

* Low risk of bias: The study is judged to be at low risk of bias for all domains; Moderate risk of bias: The study is judged to be at low or moderate risk of bias for all domains; Serious risk of bias: 436 
The study is judged to be at serious risk of bias in at least one domain, but not at critical risk of bias in any domain; Critical risk of bias: The study is judged to be at critical risk of bias in at least one 437 
domain. 438 
 439 
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Response percentages and baseline socio-demographic characteristics 440 

Calculated response percentages ranged from 6% in ProAct65+, over 10% in PACE-441 

UP, 12% in GALM, 16% in Active Plus II, 23% in Active Plus I, to 30% in PACE-Lift. 442 

Response percentages of PROMOTE and Every Step Counts! were estimated to be 7% and 443 

80%, respectively. Some differences existed between the studies regarding the socio-444 

demographic composition of their baseline samples (Table 3). Most studies had slightly 445 

higher percentages of females, ranging from 51% in Active Plus I to 68% in Every Step 446 

Counts! (mean = 58%). There was a great variation in the proportion of low-educated 447 

participants, ranging from 2% in PROMOTE to 56% in Every Step Counts! (mean = 38%). 448 

The percentages of participants without a partner ranged from 18% in Active Plus II to 42% 449 

in ProAct65+ (mean = 26%).450 
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Table 3 Baseline socio-demographic characteristics 451 

 Active Plus I Active Plus II  

 

Every Step 

Counts! 

 

GALM 

 

PACE-Lift 

 

PACE-UP 

 

ProAct65+ 

 

PROMOTE 

 IG 

(n=1384) 

CG 

(n=582) 

IG  

(n=1710) 

CG 

(n=409) 

IG 

(n=468) 

CG 

(n=154) 

IG  

(n=163) 

CG 

(n=152) 

IG 

(n=150) 

CG 

(n=148) 

IG 

(n=685) 

CG 

(n=338) 

IG 

(n=704) 

CG 

(n=400) 

IG 

(n=376) 

CG 

(n=164) 

 n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) 

Gender 

Males 601 (44) 251 (43) 828 (49) 204 (50) 141 (30) 58 (38) 72 (44) 73 (48) 69 (46) 69 (47) 252 (37) 115 (34) 261 (37) 149 (37) 165 (44) 70 (43) 

Females 780 (56) 329 (57) 873 (51) 205 (50) 327 (70) 96 (62) 91 (56) 79 (52) 81 (54) 79 (53) 433 (63) 223 (66) 443 (63) 251 (63) 211 (56) 94 (57) 

Education 

Low 634 (47) 293 (52) 785 (46) 199 (50) 256 (55) 90 (59) 64 (39) 47 (31) 67 (46) 54 (32) 177 (26) 85 (26) 330 (48) 158 (40) 6 (2) 6 (4) 

Medium 267 (20) 103 (18) 451 (27) 107 (27) 152 (33) 41 (27) 53 (33) 70 (46) 25 (17) 20 (14) 142 (21) 83 (25) 218 (32) 135 (34) 187 (50) 93 (57) 

High 462 (34) 170 (30) 465 (27) 90 (23) 56 (12) 22 (14) 46 (28) 35 (23) 55 (37) 71 (48) 351 (52) 165 (50) 143 (21) 104 (26) 183 (49) 65 (40) 

Income 

Low NA NA NA NA NA NA NA NA NA NA NA NA 200 (33) 92 (26) 103 (30) 57 (36) 

Medium NA NA NA NA NA NA NA NA NA NA NA NA 158 (26) 114 (33) 111 (32) 43 (27) 

High NA NA NA NA NA NA NA NA NA NA NA NA 244 (41) 141 (41) 131 (38) 57 (36) 

Area deprivation* 

High NA NA NA NA NA NA NA NA 50 (33) 57 (39) 224 (34) 108 (33) 295 (42) 105 (26) NA NA 

Medium NA NA NA NA NA NA NA NA 50 (33) 45 (30) 223 (34) 108 (33) 165 (23) 193 (48) NA NA 

Low NA NA NA NA NA NA NA NA 50 (33) 46 (31) 214 (32) 111 (34) 244 (35) 102 (26) NA NA 

Marital status 

No partner 272 (20) 99 (17) 288 (17) 82 (20) 166 (36) 36 (23) 29 (18) 27 (18) 27 (18) 30 (20) 227 (34) 119 (36) 294 (42) 167 (42) 94 (25) 50 (31) 

With partner 1089 (80) 467 (83) 1412 (83) 325 (80) 301 (64) 118 (77) 134 (82) 125 (82) 123 (82) 117 (80) 445 (66) 213 (64) 407 (58) 233 (58) 275 (75) 113 (69) 

Age in years 

Mean (SD) 63 (±9) 64 (±8) 62 (±8) 64 (±9) 69 (±7) 70 (±6) 60 (±3) 59 (±3) 67 (±4) 66 (±4) 59 (±8) 59 (±8) 73 (±6) 73 (±6) 70 (±3) 70 (±3) 

IG = intervention group. CG = control group. NA = not applicable. 452 
* area deprivation based on index for the clusters, not individual participants in ProAct65+. 453 
 454 
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Equity-specific intervention adherence 455 

Results of Active Plus II, GALM, PACE-UP, and PROMOTE with information on 456 

intervention adherence indicated no or only slight differences across gender and education 457 

subgroups, with no consistent pattern regarding the direction of differences (Table 4). For 458 

example, in GALM, slightly higher mean attendance rates of the 15 intervention sessions 459 

were observed among low educated participants. In PACE-UP, PA diary return and 460 

pedometer use were slightly higher among medium educated individuals. In PROMOTE, 461 

females attended the group meetings more often than males. We also found only marginal 462 

differences across income, area deprivation, and marital status subgroups. Further details are 463 

available in Additional file 4.464 
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Table 4 Gender- and education-specific intervention adherence 465 

Study Measure of adherence 

Gender Education 

Males Females Low education Medium education High education 

n(/N) % n(/N) % n(/N) % n(/N) % n(/N) % 

Active Plus II  Tailored advice 1 completely read 405/442 92 452/477 95 395/425 93 212/229 93 250/267 94 

Tailored advice 2 completely read 334/440 76 368/473 78 326/422 77 177/228 78 200/265 76 

Tailored advice 3 completely read 281/332 85 328/369 89 274/314 87 150/175 86 184/211 87 

GALM Mean attendance rate of 15 intervention sessions 36 83 43 77 34 85 23 76 22 77 

PACE-UP PA diary returned after 12-week intervention 201/236 85 339/400 85 137/165 83 121/132 92 271/327 83 

Pedometer used at every day or most days 191/214 89 312/364 86 125/150 83 116/125 93 254/295 86 

PROMOTE Web-based PA diary used  84/97 87 101/121 83 2/2 100 86/99 87 97/117 83 

Group meetings attended 67/98 68 101/125 81 2/2 100 79/102 77 87/119 73 

 466 
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Equity-specific intervention dropout 467 

Dropout rates from T0 to T1 varied considerably between the studies, ranging from 468 

6% in PACE-Lift to 45% in Active Plus II. In half of the studies (Active Plus I, Active Plus II, 469 

GALM, PROMOTE), intervention group participants were more likely to drop out of the 470 

study (Table 5). This bias was mainly the same across gender and education subgroups. In the 471 

other half of the studies (Every Step Counts!, PACE-Lift, PACE-UP, ProAct65+), dropout 472 

rates were comparable between intervention and control groups, for the total sample, as well 473 

as for the gender and education subgroups. Moreover, dropout rates in the intervention and 474 

control groups were generally comparable or differed only slightly across gender and 475 

education subgroups. For example, in GALM and PROMOTE, dropout rates in the control 476 

group slightly differed by gender, with a higher dropout among males (GALM) and females 477 

(PROMOTE), respectively. 478 

Patterns of dropout in intervention and control groups were also similar across income, 479 

area deprivation, and marital status subgroups. Only slight differences in dropout rates in the 480 

intervention and control groups were found across these subgroups (Additional file 5). 481 

Information on equity-specific dropout at T2 and baseline MVPA levels can be found 482 

in Additional files 5 and 6. 483 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



25 

 

Table 5 General, gender-, and education-specific dropout at T1 484 

Study 

Intervention group 

Total sample 
Gender Education 

Males Females Low education Medium education High education 

Completers* 

n (%) 

Dropouts** 

n (%) 

Completers 

n (%) 

Dropouts 

n (%) 

Completers 

n (%) 

Dropouts 

n (%) 

Completers 

n (%) 

Dropouts 

n (%) 

Completers 

n (%) 

Dropouts 

n (%) 

Completers 

n (%) 

Dropouts 

n (%) 

Active Plus I 925 (67) 459 (33) 410 (68) 191 (32) 514 (66) 266 (34) 425 (67) 209 (33) 170 (64) 97 (36) 313 (68) 149 (32) 

Active Plus II  860 (50) 850 (50) 414 (50) 414 (50) 444 (51) 429 (49) 386 (49) 399 (51) 229 (51) 222 (49) 240 (52) 225 (48) 

Every Step Counts! 300 (64) 168 (36) 94 (67) 47 (33) 206 (63) 121 (37) 167 (65) 89 (35) 102 (67) 50 (33) 28 (50) 28 (50) 

GALM 79 (48) 84 (52) 36 (50) 36 (50) 43 (47) 48 (53) 34 (53) 30 (47) 23 (43) 30 (57) 22 (48) 24 (52) 

PACE-Lift 142 (95) 8 (5) 64 (93) 5 (7) 78 (96) 3 (4) 61 (91) 6 (9) 25 (100) 0 (0) 53 (95) 2 (4) 

PACE-UP 636 (93) 49 (7) 236 (94) 16 (6) 400 (92) 33 (8) 165 (93) 12 (7) 132 (93) 10 (7) 327 (93) 24 (7) 

ProAct65+ 422 (60) 282 (40) 154 (59) 107 (41) 268 (60) 175 (40) 177 (54) 153 (46) 148 (68) 70 (32) 89 (63) 54 (38) 

PROMOTE 226 (60) 150 (40) 100 (61) 65 (39) 126 (60) 85 (40) 2 (33) 4 (67) 102 (55) 85 (45) 122 (67) 61 (33) 

 485 

Study 

Control group 

Total sample Gender Education 

 Males Females Low education Medium education High education 

Completers 

 n (%) 

Dropouts 

 n (%) 

Completers 

 n (%) 

Dropouts 

n (%) 

Completers 

 n (%) 

Dropouts 

 n (%) 

Completers 

n (%) 

Dropouts 

n (%) 

Completers 

n (%) 

Dropouts 

n (%) 

Completers 

 n (%) 

Dropouts 

n (%) 

Active Plus I 484 (83) 98 (17) 208 (83) 43 (17) 275 (84) 54 (16) 244 (83) 49 (17) 87 (84) 16 (16) 139 (82) 31 (18) 

Active Plus II  305 (75) 104 (25) 144 (71) 60 (29) 161 (79) 44 (21) 148 (74) 51 (26) 82 (77) 25 (23) 68 (76) 22 (24) 

Every Step Counts! 95 (62) 59 (38) 35 (60) 23 (40) 57 (59) 39 (41) 54 (60) 36 (40) 24 (59) 17 (41) 13 (59) 9 (41) 

GALM 102 (67) 50 (33) 44 (60) 29 (40) 58 (73) 21 (27) 34 (72) 13 (28) 46 (66) 24 (34) 22 (63) 13 (37) 

PACE-Lift 138 (93) 10 (7) 65 (94) 4 (6) 73 (92) 6 (8) 49 (91) 5 (9) 19 (95) 1 (5) 68 (96) 3 (4) 

PACE-UP 318 (94) 20 (6) 109 (95) 6 (5) 209 (94) 14 (6) 82 (96) 3 (4) 78 (94) 5 (6) 155 (94) 10 (6) 

ProAct65+ 255 (64) 145 (36) 95 (64) 54 (36) 160 (64) 91 (36) 98 (62) 60 (38) 87 (64) 48 (36) 68 (65) 36 (35) 

PROMOTE 124 (76) 40 (24) 60 (86) 10 (14) 64 (68) 30 (32) 4 (67) 2 (33) 66 (71) 27 (29) 54 (83) 11 (17) 

* individuals with information on MVPA at T0 (baseline) and T1 (post-intervention follow-up time-point closest to intervention end point). ** individuals with information on MVPA at T0 only. 486 
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General and equity-specific intervention effects 487 

The general intervention effects as well as the gender- and education-specific 488 

intervention effects at T1 derived from the fully adjusted models are shown in Table 6. 489 

Results of the minimally adjusted models are available in Additional file 7. In Active Plus II, 490 

Every Step Counts!, PACE-Lift, PACE-UP, and PROMOTE, the intervention groups did 491 

more weekly minutes of MVPA at T1 than the control groups. In Active Plus I, GALM, and 492 

ProAct65+, no differences between the groups were found. 493 

Overall, we found no consistent pattern of differential intervention effects across the 494 

studies. For Active Plus I, an intervention*gender interaction was found, suggesting that the 495 

intervention was more effective in increasing weekly minutes of MVPA in females than in 496 

males. For PACE-UP, an intervention*education interaction was found, suggesting that the 497 

intervention was more effective among medium than high or low educated individuals. 498 

There was no evidence of differential intervention effects by household income, area 499 

deprivation, and marital status (Additional file 7). For Active Plus II, at eight months post-500 

intervention, as well as for PACE-Lift and PACE-UP, at nine months post-intervention, the 501 

intervention groups continued to have higher MVPA levels compared to the control groups, 502 

although the differences between the groups were less pronounced when compared to the 503 

main analysis (Additional file 7). For Active Plus I, at eight months post-intervention, and 504 

ProAct65+, at six months post-intervention, the intervention groups tended to engage in more 505 

MVPA than the control groups. There was no evidence of differential intervention effects by 506 

any of the socio-demographic indicators examined. For PACE-Lift and PACE-UP, sensitivity 507 

analyses of MVPA in bouts of at least 10 min had little impact on the effect estimates and did 508 

not change the interpretation (Additional file 7).509 
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Table 6 General, gender-, and education-specific intervention effects at T1 (fully adjusted models) 510 

Study General intervention effect* 

Gender-specific intervention effects** 

Males Females 
P-value 

intervention*gender interaction 

 n Estimate (95% CI) n Estimate (95% CI) n Estimate (95% CI)  

Active Plus I 1370 5.3 (-53.6; 64.3) 603 -113.5 (-203.7; -23.3) 767 104.8 (19.9; 189.7) <0.001 

Active Plus II  1150 196.3 (113.1; 279.4) 554 151.7 (30.7; 272.7) 596 215.3 (92.5; 338.2) 0.465 

Every Step Counts! 389 17.4 (6.1; 28.8) 128 24.2 (4.0; 44.4) 261 18.2 (1.7; 34.7) 0.624 

GALM 181 28.3 (-43.9; 100.4) 80 71.7 (-37.2; 180.5) 101 -22.3 (-122.5; 77.9) 0.213 

PACE-Lifta 275 74.4 (43.7; 105.1) 125 93.7 (50.6; 136.9) 150 58.6 (19.2; 98.0) 0.195 

PACE-UPa 939 48.0 (30.5; 65.4) 341 45.7 (17.4; 74.0) 598 48.0 (26.9; 69.1) 0.958 

ProAct65+b 667 -4.8 (-48.9; 39.2) 245 -38.6 (-102.5; 25.4) 422 14.1 (-36.9; 65.1) 0.142 

PROMOTEc 350 7.6 (2.6; 12.6) 160 14.7 (-0.2; 29.6) 190 8.6 (-4.9; 22.2) 0.245 

 511 

Study 

Education-specific intervention effects*** 

Low education Medium education High education 
P-value 

intervention*education interaction 

 n Estimate (95% CI) n Estimate (95% CI) n Estimate (95% CI)  

Active Plus I 666 -19.6 (-104.5; 65.2) 254 5.6 (-130.8; 142.0) 450 1.0 (-103.7; 105.8) 0.933 

Active Plus II  533 225.4 (103.5; 347.2) 309 213.1 (53.0; 373.1) 308 112.1 (-57.5; 281.6) 0.546 

Every Step Counts! 222 17.6 (2.0; 33.3) 126 12.9 (-8.6; 34.4) 41 33.1 (1.2; 65.0) 0.581 

GALM 68 87.6 (-28.4; 203.5) 69 29.2 (-92.6; 150.9) 44 -42.7 (-186.9; 101.6) 0.378 

PACE-Lifta 110 105.6 (58.4; 152.8) 44 30.1 (-43.0; 103.2) 121 62.5 (17.9; 107.0) 0.164 

PACE-UPa 247 14.2 (-19.9; 48.3) 210 87.5 (52.5; 122.6) 482 46.5 (22.2; 70.8) 0.012 

ProAct65+b 275 -35.8 (-97.4; 25.7) 235 21.4 (-43.8; 86.6) 157 8.3 (-68.2; 84.9) 0.339 

PROMOTEc  6 19.7 (-18.7; 58.2) 168 5.8 (-1.4; 13.0) 176 9.5 (2.3; 16.8) 0.633 

* models adjusted for minutes of MVPA per week at T0, age in years, gender, and education. ** models adjusted for minutes of MVPA per week at T0, age in years, education, and the 512 
intervention*education interaction. *** models adjusted for minutes of MVPA per week at T0, age in years, gender, and the intervention*gender interaction. a models additionally adjusted for 513 
practice, and multi-level adjusted for household as a random effect. b models additionally multi-level adjusted for practice as a random effect. c models additionally adjusted for community, valid 514 
wear-time, and season. 515 
 516 
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Meta-analyses 517 

Figures 1 and 2 show the estimates for the moderated effects of the interventions 518 

through gender and education at T1 for each study (fully adjusted models). The detailed 519 

results of the meta-analyses can be found in Additional file 8. The pooled estimates indicated 520 

no differences in intervention effects either by gender (5.1 (95% CI: -20.7 to 31.0), 5321 521 

participants, 8 studies) or by education (-1.5 (95% CI: -28.9 to 25.9), 5321 participants, 8 522 

studies). Between study heterogeneity was moderate to high (I2=64%) for the moderated 523 

intervention effects through gender and low to moderate (45%) for the moderated intervention 524 

effects through education. 525 

The pooled estimates for the moderated intervention effects through income, area 526 

deprivation, and marital status at T1 indicated no differences in intervention effects by these 527 

indicators (income: 0.5 (95% CI: -10.6 to 11.6), I²=0%, 933 participants, 2 studies); area 528 

deprivation: -27.9 (95% CI: -58.5 to 2.7), I²=0%, 1802 participants, 3 studies); marital status: 529 

6.9 (95% CI: -3.3 to 17.1), I²=0%, 5341 participants, 8 studies).  530 

At T2, the pooled estimates indicated no differences in intervention effects by gender 531 

(17.2 (95% CI: -14.6 to 49.1); I²=18%; 4348 participants; 5 studies), education (-13.4 (95% 532 

CI: -54.3 to 27.5); I²= 38%; 4348 participants; 5 studies), area deprivation (-21.8 (95% CI: -533 

50.4 to 6.9); I²=0%; 1887 participants; 3 studies), and marital status (-1.7 (95% CI: -36.8 to 534 

33.5), I²=15%; 4366 participants; 5 studies) (Additional file 8). The sensitivity analysis using 535 

partial correlation coefficients lead to comparable results (Additional file 9). 536 

Discussion 537 

This study sets out a novel equity-specific re-analysis strategy tried out in an 538 

international interdisciplinary collaboration. The collaborative experience shows that the 539 

novel strategy can be applied to investigate equity-specific effects of existing PA intervention 540 
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studies in community-dwelling middle-aged and older adults. Across our convenience sample 541 

of eight studies we found no consistent pattern of differential intervention adherence, dropout, 542 

and efficacy by gender, education, income, area deprivation, and marital status. 543 

Strengths and limitations 544 

By applying an equity lens to the analysis of data from PA intervention studies, our 545 

strategy offers an approach to filling the gap in knowledge about the impact of these 546 

interventions on health inequalities. In contrast to other approaches of equity-specific re-547 

analysis, our strategy proposes the consideration of several SEP indicators instead of focusing 548 

on education only (40, 41) or using several SEP indicators interchangeably (38, 39). 549 

Moreover, besides equity-specific intervention effects, the novel strategy includes 550 

investigating equity-specific intervention reach, adherence, and dropout, allowing for a 551 

comprehensive assessment of equity-specific intervention benefits. The strategy comprises 552 

harmonizing the choice and definition of outcomes, exposures, socio-demographic indicators, 553 

and statistical analysis strategies across studies as much as possible. Similar to an individual 554 

participant data meta-analysis with harmonized data (86), harmonizing each study’s 555 

individual participant data according to jointly developed criteria allows to examine 556 

interaction and subgroup effects in a setting that goes far beyond conventional meta-analyses 557 

of published data. Our experience shows that a collaborative approach bringing together 558 

researchers from primary studies and regular exchange within the collaboration is important 559 

as it allows discussing methodological issues and re-analysis findings in-depth. In this regard, 560 

the internal knowledge about the studies contributed by the responsible researchers is of 561 

particular importance as this far exceeds the information which can be extracted from 562 

publications. 563 

A limitation of our study is that we applied the equity-specific re-analysis strategy to a 564 

convenience sample of studies. Therefore, our re-analysis results cannot be considered 565 
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generalizable. To provide a comprehensive summary of the current evidence on equity-566 

specific effects of individual-level PA interventions among middle-aged and older adults, it 567 

would be relevant to apply our strategy to a larger, representative sample of studies identified 568 

in a systematic literature search. The small sample of eight studies also prevented us from 569 

conducting meta-regression (79) which we would recommend to take into consideration when 570 

applying our strategy to a larger group of studies. 571 

Our experience shows that there are certain limitations and challenges to using our 572 

strategy. First, data harmonization may result in a loss of data detail. For instance, in studies 573 

with several intervention groups, these groups were combined to create a single pair-wise 574 

comparison. Moreover, weekly minutes of MVPA was used as the outcome, without 575 

differentiating between different intensities, domains, or types of PA, and data 576 

transformations carried out in some studies’ original analysis were not used here. As a result, 577 

for some studies, the general intervention effects observed in the re-analysis diverged from 578 

the original study results. However, without data harmonization, no formal meta-analysis 579 

would be possible, thus losing the opportunity to gain precision in estimating effects of 580 

interest. It will be important for future studies to weigh the advantages against the 581 

disadvantages of data harmonization from a public health perspective. 582 

A second issue relates to the fact that, because information on socio-demographic 583 

indicators for non-participants is often not available in studies of health promotion 584 

interventions, assessing inequalities in intervention reach is not straightforward. Instead, 585 

census data could be consulted and the study population could be compared with the targeted 586 

population of each study, considering the studies’ specific eligibility criteria. Our experience 587 

shows, however, that finding suitable census data can be complicated. We would recommend 588 

at least calculation (or estimation) of overall response rates and investigation of the socio-589 

demographic characteristics of the study sample. In our convenience sample of eight 590 

intervention studies, most included rather equal numbers of females and males, with some 591 
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studies reaching slightly more women than men. The percentage of individuals with low 592 

education, however, varied considerably between the studies, partly as a result of different 593 

recruitment procedures. In one study, the percentage was particularly low (2%), suggesting 594 

that the intervention reached predominantly those at the upper end of the socio-economic 595 

spectrum. 596 

A third aspect involves the comprehensiveness with which equity-specific intervention 597 

effects can be analyzed. This depends particularly on the availability of information on 598 

relevant socio-demographic indicators, the comparability of socio-demographic indicators 599 

across studies, as well as the size and diversity of study samples. In our sample of PA 600 

intervention studies, information on gender, education, and marital status were available in all 601 

studies and could be defined in a similar manner, but information on income and area 602 

deprivation were available in only two and three studies, respectively. Ethnicity, which was 603 

assessed in three studies, was not considered as a socio-demographic indicator due to 604 

differing ethnic compositions in the study populations. The fact that not all studies were 605 

heterogeneous in terms of education might have limited the ability to identify education-606 

specific intervention effects. Moreover, gender could be defined only as female versus male 607 

without further operationalizing gender according to gender theoretical concepts (71). We 608 

were also only able to consider differential intervention effects with regard to a single 609 

dimension of inequalities, such as SEP, whereas potential differential intervention effects 610 

across intersections of multiple dimensions (68, 69), such as SEP and gender, were not 611 

considered.  612 

A fourth issue concerns the handling of missing data. For our sample of PA 613 

intervention studies, we did not address the risk of attrition bias through sensitivity analyses 614 

using multiple imputation (MI) methods which future studies applying the strategy may 615 

consider. Because MI methods would have varied between the studies posing problems for 616 

interpretation, we decided to not impute missing outcome data. Moreover, in half the studies, 617 
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MI sensitivity analyses were conducted in their original analyses providing evidence that their 618 

results were not biased by missing outcome data and dropout rates were found to be 619 

comparable across socio-demographic subgroups for most of the studies. In such cases, the 620 

risk of having under- or overestimated differential intervention effects due to differential 621 

dropout can be considered rather low. Fifth, in this regard, it also becomes clear that the high 622 

risk and serious risk of bias judgements of general intervention effect estimates, for example, 623 

due to differing proportions of missing outcome data in the intervention and control groups, 624 

must not necessarily apply to equity-specific intervention effect estimates. Existing risk of 625 

bias tools, such as the RoB 2.0 and the ROBINS-I, are designed to assess the risk of bias in 626 

estimates of general intervention effects, whereas estimates of equity-specific intervention 627 

effects are not considered. There is a need for tools that enable adequate assessments of the 628 

risk of bias in estimates of equity-specific intervention effects. 629 

A sixth point is that the ability to investigate potential changes in equity-specific 630 

intervention effects over time may be limited because few studies of PA interventions have 631 

evaluated long-term intervention effects (56). For our sample of PA intervention studies, we 632 

identified PA at the post-intervention follow-up time point closest to the intervention end 633 

point as the primary outcome as this criterion was met by all studies. Six, eight, or nine 634 

months post intervention, respectively, were used as a secondary outcome, considering the 635 

data of five studies. We strongly recommend, where sufficient data is available, to investigate 636 

equity-specific differences in intervention effects over a longer time period. 637 

Finally, a collaborative procedure such as ours requires temporal, personnel, and 638 

financial resources. Future studies that aim to apply the strategy to existing study data must 639 

take these resources into account and should rate the costs against the expected benefit from a 640 

public health perspective. 641 

Equity-specific re-analysis can help build the needed evidence base on the effects of 642 

public health interventions on health inequalities in the short term. However, there are some 643 
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limitations of post-hoc analyses (33). As discussed above, the comprehensiveness with which 644 

equity-specific intervention effects can be analyzed may be limited. Moreover, the probability 645 

of false-negative results (i.e., failing to detect a true differential intervention effect) may be 646 

increased due to insufficient statistical power (87). Therefore, planning equity-specific effect 647 

analysis a-priori should be the long-term objective. Future studies should ideally consider 648 

inequalities already in the planning of data collection tools and sample size calculations. 649 

Particularly the latter is an ambitious goal which may not always be feasible because the 650 

increase in sample size required to detect differential intervention effects may be considerable 651 

(87). 652 

Conclusions 653 

The collaborative experience shows that the novel re-analysis strategy can be applied 654 

to investigate equity-specific effects of existing PA interventions. We encourage future 655 

studies to exploit the potential for equity-specific effect analysis by applying the strategy to 656 

representative samples of existing study data ensuring sufficient representation of ‘hard to 657 

reach’ groups. Ability to share individual participant data in line with open science principles 658 

and willingness to share detailed knowledge of study characteristics among primary study 659 

authors is of particular relevance. This will help extend the limited evidence required for the 660 

design and prioritization of future interventions that will be most likely to reduce health 661 

inequalities. 662 
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Figure 2 Forest plot of moderated intervention effects through education at T1. 714 

Tables and captions 715 

See manuscript 716 

Supplementary information 717 

Additional file 1. Characteristics of intervention studies included in the collaboration. 718 

This file contains a table in which characteristics of the included intervention studies are 719 

summarized. 720 

Format: Microsoft Word (.docx) 721 

 722 

Additional file 2. Definition of variables on income and area deprivation. This file 723 

contains details of how the variables on income and area deprivation were defined. 724 

Format: Microsoft Word (.docx) 725 

 726 

Additional file 3. Results of Risk of Bias assessment. This file contains the detailed results 727 

of the risk of bias assessment. 728 

Format: Microsoft Word (.docx) 729 

 730 

Additional file 4. Equity-specific intervention adherence. This file contains the detailed 731 

results of the equity-specific intervention adherence analyses (main and secondary analysis). 732 

Format: Microsoft Word (.docx) 733 

 734 

Additional file 5. Equity-specific dropout. This file contains the results of the secondary 735 

analysis on equity-specific dropout. 736 

Format: Microsoft Word (.docx) 737 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



37 

 

 738 

Additional file 6. Equity-specific baseline MVPA levels. This file contains information on 739 

equity-specific baseline MVPA levels (main and secondary analysis). 740 

Format: Microsoft Word (.docx) 741 

 742 

Additional file 7. General and equity-specific intervention effects. This file contains the 743 

results of the secondary and sensitivity analyses on general and equity-specific intervention 744 

effects. 745 

Format: Microsoft Word (.docx) 746 

 747 

Additional file 8. Detailed results of the meta-analyses using raw coefficients. This file 748 

contains the complete output of the random-effects meta-analysis (main and secondary 749 

analysis) using raw coefficients. 750 

Format: PDF (.pdf) 751 

 752 

Additional file 9. Detailed results of the meta-analyses using partial correlation 753 

coefficients. This file contains the complete output of the random-effects meta-analysis (main 754 

and secondary analysis) using partial correlation coefficients. 755 

Format: PDF (.pdf) 756 

References 757 

1. Commission on Social Determinants of Health (CSDH). Closing the gap in a 758 

generation - Health equity through action on the social determinants of health. Final report of 759 

the Commission on Social Determinants of Health. Geneva: World Health Organisation; 760 

2008. 761 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



38 

 

2. Daskalopoulou C, Stubbs B, Kralj C, Koukounari A, Prince M, Prina AM. Physical 762 

activity and healthy ageing: A systematic review and meta-analysis of longitudinal cohort 763 

studies. Ageing Res Rev. 2017;38:6-17. 764 

3. World Health Organisation (WHO). Strategy and action plan for healthy ageing in 765 

Europe, 2012–2020. Copenhagen: World Health Organization; 2012. 766 

4. World Health Organisation (WHO). World report on ageing and health. Geneva: 767 

World Health Organization; 2015. 768 

5. European Commission. Special Eurobarometer 472: Sport and physical activity (Wave 769 

EB88.4). Brussels: European Commission, Directorate-General for Education, Youth, Sport 770 

and Culture; 2018. 771 

6. King AC, King DK. Physical activity for an aging population. Public Health Rev. 772 

2010;32:401-26. 773 

7. O’Donoghue G, Kennedy A, Puggina A, Aleksovska K, Buck C, Burns C, et al. Socio-774 

economic determinants of physical activity across the life course : A "DEterminants of DIet 775 

and Physical ACtivity" (DEDIPAC) umbrella literature review. PloS One. 776 

2018;13(1):e0190737. 777 

8. Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in insufficient physical 778 

activity from 2001 to 2016: a pooled analysis of 358 population-based surveys with 1·9 779 

million participants. Lancet Glob Health. 2018;6(10):e1077-e86. 780 

9. Marshall SJ, Jones DA, Ainsworth BE, Reis JP, Levy SS, Macera CA. Race/ethnicity, 781 

social class, and leisure-time physical inactivity. Med Sci Sports Exerc. 2007;39(1):44-51. 782 

10. Pettee KK, Brach JS, Kriska AM, Boudreau R, Richardson CR, Colbert LH, et al. 783 

Influence of marital status on physical activity levels among older adults. Med Sci Sports 784 

Exerc. 2006;38(3):541-6. 785 

11. Hillsdon M, Lawlor DA, Ebrahim S, Morris JN. Physical activity in older women: 786 

associations with area deprivation and with socioeconomic position over the life course: 787 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



39 

 

observations in the British Women's Heart and Health Study. J Epidemiol Community Health. 788 

2008;62(4):344-50. 789 

12. White RL, Babic MJ, Parker PD, Lubans DR, Astell-Burt T, Lonsdale C. Domain-790 

Specific Physical Activity and Mental Health: A Meta-analysis. Am J Prev Med. 791 

2017;52(5):653-66. 792 

13. Lear SA, Hu W, Rangarajan S, Gasevic D, Leong D, Iqbal R, et al. The effect of 793 

physical activity on mortality and cardiovascular disease in 130 000 people from 17 high-794 

income, middle-income, and low-income countries: the PURE study. Lancet. 795 

2017;390(10113):2643-54. 796 

14. Petrovic D, de Mestral C, Bochud M, Bartley M, Kivimäki M, Vineis P, et al. The 797 

contribution of health behaviors to socioeconomic inequalities in health: A systematic review. 798 

Prev Med. 2018;113:15-31. 799 

15. White M, Adams J, Heywood P. How and why do interventions that increase health 800 

overall widen inequalities within populations? In: Babones SJ, editor. Social inequality and 801 

public health. Bristol: Policy Press; 2009. p. 65-81. 802 

16. Lorenc T, Petticrew M, Welch V, Tugwell P. What types of interventions generate 803 

inequalities? Evidence from systematic reviews. J Epidemiol Community Health. 804 

2013;67(2):190-3. 805 

17. McLaren L, McIntyre L, Kirkpatrick S. Rose's population strategy of prevention need 806 

not increase social inequalities in health. Int J Epidemiol. 2010;39(2):372-7. 807 

18. Adams J, Mytton O, White M, Monsivais P. Why Are Some Population Interventions 808 

for Diet and Obesity More Equitable and Effective Than Others? The Role of Individual 809 

Agency. PLoS Med. 2016;13(4):e1001990. 810 

19. Backholer K, Beauchamp A, Ball K, Turrell G, Martin J, Woods J, et al. A framework 811 

for evaluating the impact of obesity prevention strategies on socioeconomic inequalities in 812 

weight. Am J Public Health. 2014;104(10):e43-50. 813 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



40 

 

20. Schüz B, Brick C, Wilding S, Conner M. Socioeconomic status moderates the effects 814 

of health cognitions on health behaviors within participants: Two multibehavior studies. Ann 815 

Behav Med. 2020;54(1):36-48. 816 

21. Hilz LK, Conner M, Schüz B. Social inequality, health behaviour determinants and 817 

health behaviour: A Systematic Review. Psychology & Health. 2019; 818 

doi:10.31234/osf.io/te9uz 819 

22. Hill S, Amos A, Clifford D, Platt S. Impact of tobacco control interventions on 820 

socioeconomic inequalities in smoking: review of the evidence. Tob Control. 2014;23:e89-97. 821 

23. Beauchamp A, Backholer K, Magliano D, Peeters A. The effect of obesity prevention 822 

interventions according to socioeconomic position: a systematic review. Obes Rev. 823 

2014;15(7):541-54. 824 

24. McGill R, Anwar E, Orton L, Bromley H, Lloyd-Williams F, O'Flaherty M, et al. Are 825 

interventions to promote healthy eating equally effective for all? Systematic review of 826 

socioeconomic inequalities in impact. BMC Public Health. 2015;15:457. 827 

25. Bukman AJ, Teuscher D, Feskens EJ, van Baak MA, Meershoek A, Renes RJ. 828 

Perceptions on healthy eating, physical activity and lifestyle advice: Opportunities for 829 

adapting lifestyle interventions to individuals with low socioeconomic status. BMC Public 830 

Health. 2014;14(1036). 831 

26. Humphreys DK, Ogilvie D. Synthesising evidence for equity impacts of population-832 

based physical activity interventions: a pilot study. Int J Behav Nutr Phys Act. 2013;10:76. 833 

27. Attwood S, van Sluijs E, Sutton S. Exploring equity in primary-care-based physical 834 

activity interventions using PROGRESS-Plus: a systematic review and evidence synthesis. Int 835 

J Behav Nutr Phys Act. 2016;13(1):60. 836 

28.  Lehne G, Bolte G. Impact of universal interventions on social inequalities in physical 837 

activity among older adults: an equity-focused systematic review. Int J Behav Nutr Phys Act. 838 

2017;14(1):20. 839 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



41 

 

29. Luten KA, Dijkstra A, Reijneveld SA, de Winter AF. Moderators of physical activity 840 

and healthy eating in an integrated community-based intervention for older adults. Eur J 841 

Public Health. 2016;26(4):645-50. 842 

30. van Uffelen JGZ, Khan A, Burton NW. Gender differences in physical activity 843 

motivators and context preferences: a population-based study in people in their sixties. BMC 844 

Public Health. 2017;17(1):624. 845 

31. The Lancet Public Health. Time to tackle the physical activity gender gap. Lancet 846 

Public Health. 2019;4(8):e360. 847 

32. Koshoedo SA, Paul-Ebhohimhen VA, Jepson RG, Watson MC. Understanding the 848 

complex interplay of barriers to physical activity amongst black and minority ethnic groups in 849 

the United Kingdom: a qualitative synthesis using meta-ethnography. BMC Public Health. 850 

2015;15:643. 851 

33. Petticrew M, Tugwell P, Kristjansson E, Oliver S, Ueffing E, Welch V. Damned if you 852 

do, damned if you don't: subgroup analysis and equity. J Epidemiol Community Health. 853 

2012;66(1):95-8. 854 

34. Inglis G, Archibald D, Doi L, Laird Y, Malden S, Marryat L, et al. Credibility of 855 

subgroup analyses by socioeconomic status in public health intervention evaluations: An 856 

underappreciated problem? SSM Pop Health. 2018;6:245-51. 857 

35. De Bourdeaudhuij I, Simon C, De Meester F, Van Lenthe F, Spittaels H, Lien N, et al. 858 

Are physical activity interventions equally effective in adolescents of low and high socio-859 

economic status (SES): Results from the European Teenage project. Health Educ Res. 860 

2011;26(1):119-30. 861 

36. Magnée T, Burdorf A, Brug J, Kremers SP, Oenema A, van Assema P, et al. Equity-862 

specific effects of 26 Dutch obesity-related lifestyle interventions. Am J Prev Med. 863 

2013;44(6):e57-66. 864 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



42 

 

37. Lien N, Haerens L, te Velde SJ, Mercken L, Klepp KI, Moore L, et al. Exploring 865 

subgroup effects by socioeconomic position of three effective school-based dietary 866 

interventions: The European TEENAGE project. Int J Public Health. 2014;59(3):493-502. 867 

38. Tinner L, Caldwell D, Hickman M, MacArthur GJ, Gottfredson D, Lana Perez A, et 868 

al. Examining subgroup effects by socioeconomic status of public health interventions 869 

targeting multiple risk behaviour in adolescence. BMC Public Health. 2018;18(1):1180. 870 

39. Love R, Adams J, van Sluijs EMF. Are school-based physical activity interventions 871 

effective and equitable? A meta-analysis of cluster randomized controlled trials with 872 

accelerometer-assessed activity. Obes Rev. 2019;20(6):859-70. 873 

40. Coenen P, Robroek SJW, van der Beek AJ, Boot CRL, van Lenthe FJ, Burdorf A, et 874 

al. Socioeconomic inequalities in effectiveness of and compliance to workplace health 875 

promotion programs: an individual participant data (IPD) meta-analysis. Int J Behav Nutr 876 

Phys Act. 2020;17(1):112. 877 

41. Robroek SJW, Oude Hengel KM, van der Beek AJ, Boot CRL, van Lenthe FJ, 878 

Burdorf A, et al. Socio-economic inequalities in the effectiveness of workplace health 879 

promotion programmes on body mass index: An individual participant data meta-analysis. 880 

Obes Rev. 2020;21(11):e13101. 881 

42. Moore GF, Littlecott HJ, Turley R, Waters E, Murphy S. Socioeconomic gradients in 882 

the effects of universal school-based health behaviour interventions: a systematic review of 883 

intervention studies. BMC Public Health. 2015;15(1):907. 884 

43. Forberger S, Bammann K, Bauer J, Boll S, Bolte G, Brand T, et al. How to Tackle 885 

Key Challenges in the Promotion of Physical Activity among Older Adults (65+): The 886 

AEQUIPA Network Approach. Int J Environ Res Public Health. 2017;14(4).  887 

44. Czwikla G, Boen F, Cook DG, de Jong J, Harris T, Hilz LK, et al. Equity-Specific 888 

Effects of Interventions to Promote Physical Activity among Middle-Aged and Older Adults: 889 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



43 

 

Development of a Collaborative Equity-Specific Re-Analysis Strategy. Int J Environ Res 890 

Public Health. 2019;16(17):3195. 891 

45. van Stralen MM, de Vries H, Mudde AN, Bolman C, Lechner L. Efficacy of two 892 

tailored interventions promoting physical activity in older adults. Am J Prev Med. 893 

2009;37(5):405-17. 894 

46. Peels DA, van Stralen MM, Bolman C, Golsteijn RH, de Vries H, Mudde AN, et al. 895 

The differentiated effectiveness of a printed versus a Web-based tailored physical activity 896 

intervention among adults aged over 50. Health Educ Res. 2014;29(5):870-82. 897 

47. Pelssers J, Delecluse C, Opdenacker J, Kennis E, Van Roie E, Boen F. “Every Step 898 

Counts!”: Effects of a Structured Walking Intervention in a Community-Based Senior 899 

Organization. J Aging Phys Act. 2013;21:167-85. 900 

48. de Jong J, Lemmink KA, Stevens M, de Greef MH, Rispens P, King AC, et al. Six-901 

month effects of the Groningen active living model (GALM) on physical activity, health and 902 

fitness outcomes in sedentary and underactive older adults aged 55-65. Patient Educ Couns. 903 

2006;62(1):132-41. 904 

49. Harris T, Kerry SM, Limb ES, Victor CR, Iliffe S, Ussher M, et al. Effect of a Primary 905 

Care Walking Intervention with and without Nurse Support on Physical Activity Levels in 45- 906 

to 75-Year-Olds: The Pedometer And Consultation Evaluation (PACE-UP) Cluster 907 

Randomised Clinical Trial. PLoS Med. 2017;14(1):e1002210. 908 

50. Harris T, Kerry SM, Victor CR, Ekelund U, Woodcock A, Iliffe S, et al. A primary 909 

care nurse-delivered walking intervention in older adults: PACE (pedometer accelerometer 910 

consultation evaluation)-Lift cluster randomised controlled trial. PLoS Med. 911 

2015;12(2):e1001783. 912 

51. Iliffe S, Kendrick D, Morris R, Griffin M, Haworth D, Carpenter H, et al. Promoting 913 

physical activity in older people in general practice: ProAct65+ cluster randomised controlled 914 

trial. Br J Gen Pract. 2015;65(640):e731-8. 915 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



44 

 

52. Muellmann S, Buck C, Voelcker-Rehage C, Bragina I, Lippke S, Meyer J, et al. 916 

Effects of two web-based interventions promoting physical activity among older adults 917 

compared to a delayed intervention control group in Northwestern Germany: Results of the 918 

PROMOTE community-based intervention trial. Prev Med Rep. 2019;15:100958. 919 

53. Lee WC, Ory MG. The engagement in physical activity for middle-aged and older 920 

adults with multiple chronic conditions: findings from a community health assessment. J 921 

Aging Research. 2013;2013:152868. 922 

54. Caban-Martinez AJ, Courtney TK, Chang WR, Lombardi DA, Huang YH, Brennan 923 

MJ, et al. Leisure-Time Physical Activity, Falls, and Fall Injuries in Middle-Aged Adults. Am 924 

J Prev Med. 2015;49(6):888-901. 925 

55. Reiner M, Niermann C, Jekauc D, Woll A. Long-term health benefits of physical 926 

activity-a systematic review of longitudinal studies. BMC Public Health. 2013;13:813. 927 

56. Hobbs N, Godfrey A, Lara J, Errington L, Meyer TD, Rochester L, et al. Are 928 

behavioral interventions effective in increasing physical activity at 12 to 36 months in adults 929 

aged 55 to 70 years? A systematic review and meta-analysis. BMC Med. 2013;11:75. 930 

57. Tabuchi T, Iso H, Brunner E. Tobacco Control Measures to Reduce Socioeconomic 931 

Inequality in Smoking: The Necessity, Time-Course Perspective, and Future Implications. J 932 

Epidemiol. 2018;28(4):170-5. 933 

58. Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT, Lancet Physical 934 

Activity Series Working Group. Effect of physical inactivity on major non-communicable 935 

diseases worldwide: an analysis of burden of disease and life expectancy. Lancet. 936 

2012;380(9838):219-29. 937 

59. Prince SA, Adamo KB, Hamel ME, Hardt J, Connor Gorber S, Tremblay M. A 938 

comparison of direct versus self-report measures for assessing physical activity in adults: a 939 

systematic review. Int J Beh Nutr Phys Act. 2008;5:56. 940 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



45 

 

60. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al. Physical 941 

activity and public health: updated recommendation for adults from the American College of 942 

Sports Medicine and the American Heart Association. Med Sci Sports Exerc. 943 

2007;39(8):1423-34. 944 

61. Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science and 945 

Applications, Inc. accelerometer. Med Sci Sports Exerc. 1998;30(5):777-81. 946 

62. Higgins JPT, Eldridge S, Li T, editors. Chapter 23: Including variants on randomized 947 

trials. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al., editors. 948 

Cochrane Handbook for Systematic Reviews of Interventions version 60 (updated September 949 

2020). Cochrane. 2020. www.training.cochrane.org/handbook. Accessed 30 Nov 2020. 950 

63. O'Neill J, Tabish H, Welch V, Petticrew M, Pottie K, Clarke M, et al. Applying an 951 

equity lens to interventions: using PROGRESS ensures consideration of socially stratifying 952 

factors to illuminate inequities in health. J Clin Epidemiol. 2014;67(1):56-64 953 

64. Galobardes B, Shaw BA, Lawlor DA, Lynch JW, Smith GD. Indicators of 954 

socioeconomic position (part1). J Epidemiol Community Health. 2006;60(1):7-12. 955 

65. Galobardes B, Shaw M, Lawlor DA, Lynch JW, Smith GD. Indicators of 956 

socioeconomic position (part 2). J Epidemiol Community Health. 2006;60(2):95-101. 957 

66. Braveman PA, Cubbin C, Egerter S, Chideya S, Marchi KS, Metzler M, et al. 958 

Socioeconomic Status in Health Research. One Size Does Not Fit All. JAMA. 959 

2005;294(22):2879-88. 960 

67. Liberatos P, Link BG, Kelsey JL. The Measurement of Social Class in Epidemilogy. 961 

Epidemiol Rev. 1988;10:87-121. 962 

68. Mena E, Bolte G, on behalf of the AdvanceGender Study Group. Intersectionality-963 

based quantitative health research and sex/gender sensitivity: a scoping review. Int J Equity 964 

Health. 2019;18(1):199. 965 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



46 

 

69. Bauer GR. Incorporating intersectionality theory into population health research 966 

methodology: challenges and the potential to advance health equity. Soc Sci Med. 967 

2014;110:10-7. 968 

70. Krieger N. Genders, sexes, and health: what are the connections--and why does it 969 

matter? Int J Epidemiol. 2003;32(4):652-7. 970 

71. Hammarström A, Johansson K, Annandale E, Ahlgren C, Aléx L, Christianson M, et 971 

al. Central gender theoretical concepts in health research: the state of the art. J Epidemiol 972 

Community Health. 2014;68(2):185-90. 973 

72. UNESCO Institute for Statistics. International standard classification of education: 974 

ISCED 2011. Montreal: UNESCO Institute for Statistics; 2012. 975 

73. Noble M, McLennan D, Wilkinson K, Whitworth A, Barnes H. The English Indices of 976 

Deprivation 2007. London: Communities and Local Government; 2008. 977 

74. Manzoli L, Villari P, Pirone GM, Boccia A. Marital status and mortality in the elderly: 978 

a systematic review and meta-analysis. Soc Sci Med. 2007;64(1):77-94. 979 

75. Lehne G, Voelcker-Rehage C, Meyer J, Bammann K, Gansefort D, Brüchert T, et al. 980 

Equity Impact Assessment of Interventions to Promote Physical Activity among Older 981 

Adults: A Logic Model Framework. Int J Environ Res Public Health. 2019;16(3):420. 982 

76. Kerry SM, Morgan KE, Limb E, Cook DG, Furness C, Carey I, et al. Interpreting 983 

population reach of a large, successful physical activity trial delivered through primary care. 984 

BMC Public Health. 2018;18(1):170. 985 

77. Bayley A, Stahl D, Ashworth M, Cook DG, Whincup PH, Treasure J, et al. Response 986 

bias to a randomised controlled trial of a lifestyle intervention in people at high risk of 987 

cardiovascular disease: a cross-sectional analysis. BMC Public Health. 2018;18(1):1092. 988 

78. Greenland S, Senn SJ, Rothman KJ, Carlin JB, Poole C, Goodman SN, et al. Statistical 989 

tests, P values, confidence intervals, and power: a guide to misinterpretations. Eur J 990 

Epidemiol. 2016;31(4):337-50. 991 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



47 

 

79. Viechtbauer W, López-López JA, Sánchez-Meca J, Marín-Martínez F. A comparison 992 

of procedures to test for moderators in mixed-effects meta-regression models. Psychol 993 

Methods. 2015;20(3):360-74. 994 

80. Ogilvie D, Fayter D, Petticrew M, Sowden A, Thomas S, Whitehead M, et al. The 995 

harvest plot: a method for synthesising evidence about the differential effects of interventions. 996 

BMC Med Res Methodol. 2008;8:8 997 

81. Viechtbauer W. Conducting Meta-Analyses in R with the metafor Package. J Stat 998 

Softw. 2010;36(3):1-48. 999 

82. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-1000 

analyses. BMJ. 2003;327:557–60. 1001 

83. Aloe AM, Thompson CG. The Synthesis of Partial Effect Sizes. J Soc Soc Work Res. 1002 

2013;4(4):390-405. 1003 

84. Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a 1004 

revised tool for assessing risk of bias in randomised trials. BMJ. 2019;366:l4898. 1005 

85. Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, et al. 1006 

ROBINS-I: a tool for assessing risk of bias in non-randomised studies of interventions. BMJ. 1007 

2016;355:i4919. 1008 

86. Riley RD, Lambert PC, Abo-Zaid G. Meta-analysis of individual participant data: 1009 

rationale, conduct, and reporting. BMJ. 2010;340:c221. 1010 

87. Brookes ST, Whitley E, Peters TJ, Mulheran PA, Egger M, Davey Smith G. Subgroup 1011 

analyses in randomised controlled trials: quantifying the risks of false positives and false 1012 

negatives. Health Technol Assess. 2001;5(33):1-56. 1013 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Figure 1 Click here to access/download;Figure;Figure_1.PNG

https://www.editorialmanager.com/ijbn/download.aspx?id=95303&guid=a8b4f62f-8ea1-4fc8-9ea3-72ca4225f3b2&scheme=1
https://www.editorialmanager.com/ijbn/download.aspx?id=95303&guid=a8b4f62f-8ea1-4fc8-9ea3-72ca4225f3b2&scheme=1


Figure 2 Click here to access/download;Figure;Figure_2.PNG

https://www.editorialmanager.com/ijbn/download.aspx?id=95304&guid=3778a831-8f8c-436a-a317-bc2ab3a0879b&scheme=1
https://www.editorialmanager.com/ijbn/download.aspx?id=95304&guid=3778a831-8f8c-436a-a317-bc2ab3a0879b&scheme=1


  

Additional file 1

Click here to access/download
Supplementary Material
Additional_file_1.docx

https://www.editorialmanager.com/ijbn/download.aspx?id=95305&guid=6479ea72-399f-450a-b531-98b4ae7f9caa&scheme=1


  

Additional file 2

Click here to access/download
Supplementary Material
Additional_file_2.docx

https://www.editorialmanager.com/ijbn/download.aspx?id=95306&guid=0f48a098-d0f5-4657-ad50-12416554278d&scheme=1


  

Additional file 3

Click here to access/download
Supplementary Material
Additional_file_3.docx

https://www.editorialmanager.com/ijbn/download.aspx?id=95307&guid=f9825d42-61a1-4710-90c8-5be1422e3d05&scheme=1


  

Additional file 4

Click here to access/download
Supplementary Material
Additional_file_4.docx

https://www.editorialmanager.com/ijbn/download.aspx?id=95308&guid=aafa9d10-323d-41ca-9dc9-fb67a18b8a4f&scheme=1


  

Additional file 5

Click here to access/download
Supplementary Material
Additional_file_5.docx

https://www.editorialmanager.com/ijbn/download.aspx?id=95309&guid=d32d026a-8479-4dba-a662-bbb4a1c10f95&scheme=1


  

Additional file 6

Click here to access/download
Supplementary Material
Additional_file_6.docx

https://www.editorialmanager.com/ijbn/download.aspx?id=95310&guid=1c70b491-2492-4269-bb8f-0eabc4f9f6c4&scheme=1


  

Additional file 7

Click here to access/download
Supplementary Material
Additional_file_7.docx

https://www.editorialmanager.com/ijbn/download.aspx?id=95311&guid=dcbbc1cc-8108-4b86-bf7e-446f5431abb8&scheme=1


  

Additional file 8

Click here to access/download
Supplementary Material

Additional_file_8.pdf

https://www.editorialmanager.com/ijbn/download.aspx?id=95312&guid=8a06534a-82c4-4d2d-a094-ea5bee60745d&scheme=1


  

Additional file 9

Click here to access/download
Supplementary Material

Additional_file_9.pdf

https://www.editorialmanager.com/ijbn/download.aspx?id=95313&guid=813e22cc-c4af-497f-afd0-4944c00ae0b6&scheme=1

