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Abstract
Background: Health inequalities are to a substhdégree due to socioeconomic status
(SES) related differences in health behaviors sischhysical activity. However, little is
known about the role SES plays in the self-regoitatf physical activity.
Purpose: This systematic review with meta-analgséanines whether a comprehensive set
of indicators of SES (income, education, occupaiatatus) impacts on the behavioral self-
regulation by moderating the relationships betwsmsial cognitions in the Theory of
Planned Behavior (TPB) and physical activity.
Methods: A systematic literature search identiidastudies from 83 articles that provided
information on sample SES and correlations betwidd variables and physical activity.
Random-effects meta-analyses were used to poalatians corrected for sampling and
measurement error. Random-effects meta-regressasruged to examine moderating effects
of study-level SES on these correlations.
Results: Education moderated the relationship batviigtentions and physical activity, such
that studies with better educated samples repsttedger intention-physical activity
relationships.
Conclusions: These results suggest that educatigint play a major role in the self-
regulation of physical activity, with better edusditsamples more likely to translate
intentions into behavior. This can both help tolakpheterogeneity in the relation between
intentions and physical activity as well as supploetdevelopment of more effective

interventions targeting intentions and physicaivitgt

Key words
Physical activity; Socioeconomic status; Meta-asigtySystematic review; Theory of

Planned Behavior; Meta-regression
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Regular physical activity has countless benefitofw’s health — for example,
engaging in moderate physical activity substatis@buces the risk for breast cancer (risk
reduced by 75%), cardiovascular and heart dise@8é)( diabetes (35%), and colorectal
cancer (22%) (Kruk, 2007). However, representada from industrialized countries
indicates that for example in Australia, 60% of lggltail to meet activity recommendations,
and 30% engage in more sedentary behavior thamraeaded (Australian Institute of
Health and Welfare, 2012). This data and similavesys from other industrialized nations
such as the US (Centers for Disease Control anceRtien, 2014) and from emerging
nations such as China (Chen et al., 2015) howdsereanphasize the fact that physical
activity/inactivity is not equally distributed algrihe spectrum of socioeconomic status (SES)
(Gidlow, Johnston, Crone, Ellis, & James, 2006).

Socioeconomic status is usually conceptualizett@sacial standing or class of an
individual or group in the social hierarchy (AmencPsychological Association, 2007).
Differences in SES indicate the difference in as¢esesources which affect individuals’
ability to engage in different healthy (or unhewgjthehaviors, in particular physical activity
(Gidlow et al., 2006). In addition, SES can inflaeran individual’'s social cognitions related
to health behaviors, such as intentions, self-aéfycor perceived behavioral control, attitudes
or even executive functioning (Blair & Raver, 2013ES can be measured at both an area
(for example, composite are indicators of deprowatior at an individual (for example
education, occupation and income) level (Shaw.e2@07). Individual-level measures might
be more sensitive in examining SES effects on behaas they show greater association
with health outcomes than area-based measuredhwiag mask significant heterogeneity
amongst populations (Pardo-Crespo et al., 20133%. §ystematic review with meta-analysis
aims to summarize the role of individual level mgas of SES in the self-regulation of

physical activity within the framework of the Thgaf Planned Behavior (Ajzen, 1991).
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Facets of Individual Socioeconomic Status and Physil Activity

Different aspects or facets of socioeconomic statugarticular education, income,
and occupational status have been shown to aféadthhvia different pathways and to
different extents (Geyer, Hemstrom, Peter, & Vagaanes).

Regardingncome, reviews suggest that disposable income cancestriacilitate
access to physical activity opportunities (GilestC& Donovan, 2002). Further, income
determines where people live — areas with high gntagns of low-income residents often
have less access to, and poorer overall, facilili@smight encourage people to be physically
active (Evans, Jones-Rounds, Belojevic, & Vermeyhi?2).

Higher levels oeducation will enhance a person’s ability to search for, enstend,
and interpret health-related information (Goldmam;ra, Rosero-Bixby, Weir, & Crimmins,
2011). Individuals with higher levels of educatimmght be able to make better informed
decisions about benefits or risks associated wWigsigal activity, and make better structured
and more realistic plans for activity (Allan, Sni#¢iap & Johnston, 2013). Higher levels of
education will also enable individuals to gain beticcess to resources that might facilitate
physical activity and thus indirectly influence gigal activity (Goldman et al., 2011), and
accordingly individuals with higher educationale@timent seem to engage in higher levels of
physical activity (e.g., Murakami et al., 2011).

Regardingoccupation, people in full-time employment are more physigaittive
than those employed part-time or unemployed (Van &emet al., 2011). There is also
evidence that being employed in a higher-statusmatton is associated with more leisure-
time physical activity (Kirk & Rhodes, 2011; Tro&wen, Bauman, Sallis, & Brown, 2002).
Higher-status occupations could both be associatidhigher incomes, and with more
flexible time arrangement that facilitate peoplatsess to leisure facilities and opportunities

to engage in physical activity.



SES, SOCIAL COGNITIONS AND PHYSICAL ACTIVITY 5

While there is good evidence for SES gradiengshiysical activity, most research to
date does not explore pathways linking SES to ghysictivity. This review aims to examine
whether SES might affect individual behavioral seljulation, that is, in the relations
between social cognitions and physical activityjcllcould help explain the different levels
of activity according to SES.

Social-Cognitive Determinants of Physical Activity ad Socioeconomic Status

The Theory of Planned Behavior (TPB) (Ajzen, 19849 the Reasoned Action
Approach (RAA) (Fishbein & Ajzen, 2010) incorpora@ny of the key determinants of
health behaviors such as physical activity and mepbat behavior is directly predicted by
behavioral intentions, whereas the influence oéottognitions, in particular attitudes,
subjective norm, and perceived behavioral congroheédiated through intentions (with a
residual direct effect of perceived behavioral coindn behavior). Both the TPB and RAA
have been widely used to examine physical actiHggger & Chatzisarantis, 2009;
McEachan, Conner, Taylor, & Lawton, 2011; McEachkaal., 2016), which provides a
substantial database of studies that have empkiy@thr means to measure key health
cognitions, ideal for review purposes.

The key assumption of the present review is th& &8l€ets act as moderators of the
relations between TPB variables and physical agtithat is, as factors that determine the
degree to which these variables are associatedpintbical activity. In particular the
relationship between intentions and physical asting likely to be affected by SES. As
noted above, income and occupational status magtiitate access to activity, which could
lead to greater effects of intention on activithiSfassumption is supported by at least two
previous studies that found higher intention-atfivelations in participants with higher
income (Amireault, Godin, Vohl, & Pérusse, 2008naal., 2009), but see Vasiljevic et al.

(2015) as an example to the contrary. With regareducation, higher educational attainment
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has been linked to more stable intentions for gaysctivity (Godin et al., 2010), which in
turn have been associated with higher intention-nehaelations. Two recent studies report
conflicting findings on moderating effects of ocatipnal status on the intention-activity
relation. Conner et al (2013) find the relationdbgtween intentions and physical activity to
be closer in individuals with higher-status profess, whereas Vasiljevic et al. (Vasiljevic et
al., 2015) found no moderating effects of occupetitatus.

With regard to perceived behavioral control, asteone study suggests moderating
effects of income (Amireault et al., 2008): Heles effects of control on activity are higher
in participants with higher incomes. One study (&cét al., 2012) further found the relation
between attitudes and physical activity to be mater by area-level SES. Taken together,
these studies suggest that SES might moderateltteon between social cognitions as
outlined in the TPB and physical activity, butla¢ same time report heterogeneous findings
that warrant a more thorough examination of the odISES in the relationship between
social-cognitive predictors of physical activitydaactivity.

Aims and Research Questions

The aims of the present review therefore are tdoegghe moderating role of the SES
facets of income, education, and occupational statubehavioral self-regulation as
indicated by the relations between TPB variablesghysical activity. Conducting a
systematic review based on the Theory of Planné®er will allow us to utilize the
information from the numerous existing studies répgrthe associations between social-
cognitive predictors of physical activity and adgwvhile at the same time retaining a
homogeneous set of social-cognitive predictors watmparable assessments. The meta-
analytic approach of this study which combines ragtalysis with meta-regression will
allow us to find out whether differences betweemnlss in the associations between TPB

variables and physical activity can be accountedyahe different facets of socioeconomic
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status the samples in the studies.
Method

A systematic review with meta-analysis was coneldicThe reporting of the review is
based on the PRISMA (Moher et al., 2009) statenfempiglemental Material 1).
Literature Search

The literature search for this study focused oratipd the most recent systematic
review on the prediction of health-related behaviaging the Theory of Planned Behavior
(McEachan et al., 2011), which included studiesaup010. Eighty-eight [88] studies from
McEachan et al.’s (2011) review examined physicalay and therefore were used in the
current review. We then applied the same searafstas those used in McEachan et al.’s
(2011) review to search for literature from 2010(o@asing in August 2016). We added
search terms specifying any kind of physical attignd searched two interdisciplinary
electronic databaseSdoppus andWeb of Science) for combinations of these terms: (1)
attitude* and norm* and control and intention*; (#)eory of planned behavi*”; (3)
“planned behavi*” and Ajzen; (4) activity or exesef or walk* or run* or jog* or golf* or
tennis or swim* or soccer or sport or athlet* oradmec*, and (5) published 2010 or after.
This search yielded 1,235 hits$nopus and 489 in\eb of Science. After the removal of
duplicates, 1,459 articles remained. Combined Wi¢éh88 studies in McEachan et al.
(McEachan et al., 2011), 1,547 studies were availimio review. The full search syntax is
available as supplement 2.
Inclusion Criteria

Studies were eligible for inclusion in the presemiew if they met the following
inclusion criteria: (a) reporting at least one etation between the TPB factors (attitudes,
subjective norm, perceived behavioral control,ntitsn) and behavior; (b) outcome measures

were frequency measures of any kind of physicaviggt (c) participants were adults (over
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18 years), and (d) providing information about sheioeconomic status of the sample of the
study as either education, income, or occupatistals. If more than one article was
published from the sample of participants, the stuily the longer time frame was included
in the meta-analysis.

Abstracts were independently coded by SLW and Aith @ satisfactory inter-rater
reliability of « = .73. Applying the inclusion and exclusion crigeto study abstracts, 1060
studies were excluded, and full-texts of 342 aetickere retrieved. Differences were resolved
through discussions between BS, SLW, and AH. Fext-articles were further screened for
inclusion and exclusion criteria, with a furthed2&udies excluded (mainly for not providing
SES information). The corresponding authors ofistithat met inclusion criteria but did not
report all correlations required for the meta-as@lyvere contacted via email and received
up to three reminders. After these steps, a fimad@e of 88 articles (50 of those sourced
from McEachan et al., 2011) wik+= 99 studies met all inclusion criteria and acaogtiy
was included in the meta-analysis. SupplementabN&t3 contains a list of all studies in the
meta-analysis and key study characteristics.

Figure 1 about here
Coding and Data Extraction

Means, standard deviations, reliability, type séessment (self-report vs.
accelerometer/attendance data) and intercorrefabetween Theory of Planned Behavior
variables and physical activity were recorded alaith the sample sizes for these
correlations. In longitudinal studies and studiethnepeated assessments of either variables,
length of follow-up (if applicable) was recordede\lso extracted the country of the study,
age, and sex composition of the sample.

Extraction of Socioeconomic Status Data

Socioeconomic status information about the studypses was extracted regarding
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education, income, and occupational status. Tdleeta compare socioeconomic status both
within categories and between categories, the nm¢ion on each SES facet of the study
sample was transformed into a point score usingtbeng system developed by the German
Federal Robert Koch Institute (Lampert, Kroll, Mi&e& Stolzenberg, 2013). This system
operationalizes SES as education, income and ottonpbstatus. These dimensions are then
ranked on metric scales with a weighting betweand. 7 based on their predictive value for
income categories. Importantly, we coded study $ai8gS based on the majority or modal
value of the sample, i.e., a sample with 51% usisestudents was coded as “university
students” and awarded the respective score.

The scoring of education in this system is basethercategories of the Comparative
Analyses of Social Mobility in Industrialized Nat®@CASMIN) (Brauns, Scherer, &
Steinmann, 2003), and each CASMIN category is atkxt a point score (e.g., a sample
consisting of majority current university studemss awarded as 4.8, and a sample with a
majority of university graduates was coded as 6.1).

In order to be able to code income, the mean incointiee study sample into a
percentile rank based on archival national incors&idutions. This means that for example
a study that was conducted in Canada in 2008,aheeptile rank of the sample was
determined by comparing the average study incontleet@anadian household income
distribution from 2008. These percentiles were tbeted in points according to the Lampert
et al. scoring system — for example, a sample gesircome on the S7percentile of the
archival national income distribution was awardetB3oints.

Occupational status was coded according to thenatienal Socio-Economic Index
of Occupational Status (Ganzeboom & Treiman, 1996i).example, a sample consisting of
a majority of clerical and workers was awardedpbits.

As the indicators used in this coding system haenlxriticized for a lack of
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equivalence between countries (Schneider, 201d)aarnhe points are based on a relatively
arbitrary criterion, we additionally coded studymgdes as high/low education, income and
occupational status categories based whether dllegbiove or below the median of the
overall distribution of this variable across studynples.

Meta-analytic strategy

The effect sizes most frequently reported in tiielisis or data received from
corresponding authors were zero-order correlatibhese correlations were transformed
using the Fisher z-transformation, with weightsk=t from the sample size of each test. A
random-effects meta-analysis was run in order towaat for the notion that the true effect
size in the underlying population might differ aiaction of study heterogeneity. In order to
examine this heterogeneity between studies, Coh@aandI® statistics were examined.
SignificantQ statistics Q follows axz distribution) indicate significant heterogeneitythe
effect sizesl? indicates the percentage of variability in theeeffsizes (correlations) that are
due to true differences rather than chance. Weu@t tentative cut-offs fdf (Higgins,
Thompson, Deeks, & Altman, 2003) by interpretin§®&s low, 50% as moderate, and 75%
as indicating high heterogeneity.

The meta-analytic strategy involved three stepsst; transforming all effect sizes
into a common metric using Fisher’s z-transformat®acond, a random-effects meta-
analysis was performed on all correlations witlhi@ TPB to obtain overall effect sizes and
estimates of heterogeneity between studies. The skep examined moderating effects of
SES by conducting meta-regressions to estimateftaets of study-level SES indicators on
the pooled relationships between each TPB variadsphysical activity. In these analyses,
the intercepts of the study-specific effect sizeg.( correlation between intentions and
behavior) were regressed on study-level indicatbedl SES facets (education, income,

occupational status). As the effect sizes per studyestimates based on the specific study
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populations, meta-analytic models with random éff@gere estimated using restricted
maximum likelihood estimation. We adjusted the nratte analyses for Type | error and
power by using the Knapp and Hartung adjustmerti¢standard error (Viechtbauer, Lopez-
Lépez, Sdnchez-Meca, & Marin-Martinez, 2015). Riskias due to small samples in all
analyses was examined by testing for funnel plgtnasetry, where significant asymmetry
would indicate a relationship between sample simkedfect size (in particular overly large
effect sizes in smaller studies). All analyses wadormed in R (R Development Core

Team, 2010) usingetafor (Viechtbauer, 2010).

Results

Study characteristics

Overall, 88 articles witthk = 99 studies provided relevant information andever
included in the meta-analysis (Complete refereisten online supplemental material 3).
Sample sizes ranged between 35 (Taut & Baban, 204?),280 (Chaney, Bernard, &
Wilson, 2013). The studies originated from 11 déf& countries, with the UKn(= 31,
31.3%), Canadan(= 28, 28.3%) and the U& € 23, 23.2%) accounting for the vast majority
of studies. Ninety studies (90.9% of the total skengb studies) provided information on the
educational status of the sample, income informatias available from 19 (19.2%) studies,
and occupational status of the sample was reporteéatudies (5.1%). Overall, 14 studies
(14.14%) provided information on more than one Sttfcator. Regarding education, 63 out
of the 99 studies (63.63%) were conducted in urrddrgate students, thus the overall
distribution of educational status of the samplas skewed towards better educated and
younger samples. Regarding income, most study ssmyre above the income median of
their countries in the year of study, indicatingkew towards more affluent samples.

Regarding occupation, most studies reported nafgpeccupation of their samples, but
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provided information on the employer, which allowesito refer back to the skills performed
by employees.

Risk of bias assessments were conducted by exantimengfudies on key quality
characteristics for correlational studies: Sampledivity, i.e., the degree to which the
sample was based on a single population group €higsk of bias, 63.6% of studies) or
based on a community or representative sample (lagleof bias, 36.4% of studies); Study
design (longitudinal vs. cross-sectional, with stsdover 8 weeks lag deemed lower risk of
bias (McEachan et al., 2011) (25% of studies),isgibdetween 1 and 7 weeks deemed
medium risk of bias (59.78% of studies), and cremstional studies deemed higher risk of
bias(15.21% of studies); and assessment of thendepevariable (physical activity), with
objective measures deemed as lower risk of biad ¥d bf studies), validated self-reports
deemed a medium risk of bias (61.6% of studies),rmmdvalidated self-reports deemed a
higher risk of bias (27.3% of studies). See supplaiary material 4 for a summary graph on
risk of bias.

Theory of Planned Behavior Variables and Physical Ativity

In the first step of the meta-analysis, the relagibetween attitudes, subjective norm,
perceived behavioral control as well as intentiang behavior were examined. All TPB
variables were significantly and positively asstamiawith physical activity. Consistent with
TPB assumptions, intention had the strongest assoas with physical activity,,= .50, a
large effect size according to Cohen (Cohen, 19B&.association between perceived
behavioral control and behavior has a medium effeetr,= .36, as has the association
between attitude and physical activitys .30. Subjective norm had the weakest associations
with physical activityy,=.17. All tests for funnel plot asymmetry were s@hnificant, with
the largesk (-1.86) for the relation between norms and physacaity, indicating a low risk

of bias due to small sample size and no needifarand-fill-analyses. More detail as well as
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Forest and funnel plots for these associationdediound in Supplemental Material 5. All
associations showed significant heterogeneity betvatudies, with all Q statistics being
significant. Thd? statistics suggested that the associations betale&RB variables and
physical activity showed high heterogeneity acangdp (Higgins et al., 2003).

Table 1 about here
Moderator Analyses: Meta-Regressions with Socioecomic Status Indicators

In the following steps, we conducted meta-regoesswith the different
socioeconomic status indicators (income, educatiooypational status, overall SES
indicators) as study-level predictors of the eff@zes obtained in the random-effects meta-
analyses.

Income

In the first set of meta-regressions, we regretisedtudy-level effect sizes (z-
transformed correlations between intentions, as asgberceived behavioral control, attitude,
subjective norm and physical activity) on incometfarse studies that provided income
information k= 19). These studies had a mean score of &HBX(0.92) income points
(Lampert et al., 2013). Table 1 shows that incomdendt significantly predict the size of the
correlation between any of the TPB variables angighl activity, and further, that income
did not significantly reduce the heterogeneity ewthe studies (non-significa@f
statistics), nor explain any variation in the riglas between the TPB variables and behavior,
as indicated by the®values of zero.

To test this moderator effect independent of trairgpsystem used, we also
regressed the study-level correlations on an inalicz low/high income based on the
median split of the sample income distribution. §¢analyses produced essentially identical
results, with no significant moderator effectsrfame and no significant reduction in the

heterogeneity between studies (Figure 1; suppleatherdterial 6). None of the tests for
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forest plot asymmetry emerged significant, indiegtho undue influence of studies with
small samples and no need for trim-and-fill-anasyse
Education

In the second set of meta-regressions, we examvhether the educational status of
the study samples predicted the size of the cdivaembetween the TPB variables and
physical activity. In totalk = 90 studies provided information on the educatistetus of the
sample, with a mean of 4.580 = 0.65) points (Lampert et al., 2013). Table 1 shtmat
sample education significantly moderated the matakietween intentions and behavior, with
studies with better educated samples showing strocgrelations between intention and
behavior. The meta-regression coefficienBef 0.16 indicates that a study with a sample
that had an educational status one unit highempnedicted to have a .16 units higher
Fischer’'s z-transformed correlation between intergiand behavior. Education significantly
reduced the heterogeneity between studies (signifi@,, statistic) and explained 21.99% in
the between-studies variance. Note that the estiofahe intercept (population average) of
the correlation between intentions and behaviestsnated at, = -0.27, because the lowest
point score awarded to any study sample was 2.8.

Education did not significantly moderate any of thkationships between physical
activity and perceived behavioral control or attéadnon-significan@y statistics), but was a
marginally significant moderator of the subjectn@m — activity relationship, explaining
3.43% of the heterogeneity in this relationshipsualojective norm. However, on inspection,
this effect was mainly due to one outlier studyyHdsu, & Lin, 2016) that reported a very
high correlation (0.72) between subjective norm lagldavior together with relative low
educational attainment of the sample.

Similar to the analyses on income, we also examntegther a median-split based

dichotomous indicator of high (coded 1) vs. lowded 0) sample education status
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significantly moderated the correlations betweealthecognitions and physical activity
(supplemental material 6) and found that this iatticalso moderated the intention-physical
activity relation with Fischer’s z-transformed agation between intention and physical
activity being estimated at .54 in samples withhleigeducation and .29 in samples with
lower education (Figure 1). Similar to the analyssifig education points, we also found
education to moderate the subjective norm — phlyatavity relationship, but this moderator
effect was reduced to non-significance after remgw¥he Hsu et al. (2016) study. None of
the tests for forest plot asymmetry emerged asfgignt, indicating no undue influence of
studies with small samples and no need for trim{fdhdnalyses.

As the majority of the studies reporting educati@re conducted in undergraduate
students, we ran an additional analysis to rulelmattthis moderator effect was carried by
third variables that might also characterize timug rather than education. We ran a
multiple random-effects meta-regression controlfimgboth age and sample heterogeneity to
control for effects of lower-age and homogeneoudestt populations. In this analysis,
education remains a significant moderator of thention-physical activity relation (B = .13,
p =.01), with neither sample age (B = .65 .59) nor sample homogeneity (B = .p6;

.09) significantly moderating the intention-actwitelation.
Figure 2 about here
Occupational status

Occupational status was not examined as stand-aldi@ator of SES, as only 5
studies provided information on occupational statith 4 studies being coded with identical
scores (Lampert et al., 2013), which renders madeemalyses uninterpretable. The studies
with higher occupational status reported correlatioatween intentions and activity ranging
betweerr = .08 and = .84, whereas the one study with lower occupatistadus reported

=.65.
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Discussion

This systematic review and meta-analysis with meggiession explored whether the
relations between health cognitions and physic@iacwas moderated by socioeconomic
status. Based on a three-facet model of socioecarsgtatus (education, income,
occupational status), the socioeconomic statuseoamples of 99 studies on physical
activity and the TPB was coded, both using a 74padding system per facet (Lampert et al.,
2013) and a dichotomous high vs. low indicatorfpeet based on a median split. The main
findings were that education moderated the relatignisetween intention and physical
activity, with higher correlations found in studisg&h better educated samples. The SES
facet of income did not moderate model relationshiijg there were insufficient studies to
examine the moderating effects of occupationalistat
Education as Moderator of TPB — Physical Activity Relations

We found that education moderated relationshipsdsst intention and physical
activity when assessed both as a continuous armchatdmous indicator such that better
educated samples demonstrated stronger relationships suggests that better education
facilitates the translation of intentions into aati and that lower education poses a barrier for
this. We found no significant moderator effect®dtication for relations between physical
activity and attitudes, subjective norm, or peredibehavioral control. This finding could
suggest that the degree to which individuals tegagheir intentions for physical activity into
behavior could be one of the mechanisms linkingebetducational attainment to higher
levels of physical activity (Murakami et al., 20Xr)d ultimately to better health (Barboza
Solis et al., 2016). As the majority of the studigsorting education were conducted in
undergraduate students, we ran an additional asdtysule out that this moderator effect
was carried by third variables that might also abtarize this group rather than education.

We ran multiple random-effects meta-regressionsrotimg for both age and intention
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reliability (as a proxy indicator of the fact thatdergraduate students are more familiar with
filling in questionnaires; Online Supplemental M&k8). This analysis shows that education
remains a significant moderator of the intentiorygpbal activity relation even when
controlling for sample age and intention relialilit

Previous studies examining the impact of educatiothe relation between intentions
and physical activity have yielded conflicting rispwith two studies (Pan et al., 2009;
Vasiljevic et al., 2015) indicating no moderatirfieets of a dichotomous indicator of
education on the intention-behavior relationship.te other hand, a moderated mediation
analysis (Godin et al., 2010) found education gmisicantly moderate the intention-physical
activity relationship in the same manner as thegamereview. Godin et al. also provide a test
of a potential mechanism by which education migdfeca this relationship; in their study,
people with higher education formed more stablentibns, which in turn were more
predictive of behavior change. It has been arghatlintention stability is an indicator of the
resilience of intentions against external influentteat might impact on behavior in that
people with more stable intentions might have betbdities to shield their intentions against
competing cognitions (e.g., temptations, cues doiflecting behaviors), in turn increasing the
chance to act on intentions (Conner, McEachan, klayw& Gardner, 2015; Cooke &
Sheeran, 2004)

A further pathway via which education might affdu relation between intentions
and physical activity is the formation of implematin intentions or action plans. Previous
research has shown that better cognitive resoure@sch are likely to result from or at least
be associated from better education — predictdhmaifig of implementation intentions that
are more likely to result in behavior change thraplementation intentions formed by
individuals with poorer planning skills (Allan €t,a2013). Better educated individuals could

therefore be better suited to translate their tides to act into more feasible implementation
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intentions, which in turn would make behavior enaatt more likely. Educational
attainment also makes it more likely that peopli idve access to tangible and intangible
resources (Ross & Mirowsky, 2010), from disposabt®me to social support, which in turn
will facilitate the translation of intentions infihysical activity.

Education did not significantly moderate the relati between attitudes or perceived
behavioral control and behavior. The moderatingatfof education on the subjective norm-
physical activity relation was identified to be doeone outlier study (Hsu et al., 2016).
These overall non-significant moderator effectsean@ntrary to our assumptions that SES
might moderate these relationships based on effectdher SES indicators (Amireault et
al., 2008; Schuz et al., 2012; Vasiljevic et abl12). However, it is consistent with the
TPB/RAA view of intentions being the key proximatdrminant of behavior that mediates
other influences. It is also possible that suchaff are masked by assessing the educational
status of the study sample rather than individdakational status, as it is likely that these
relations are subject to considerable individualalality. Future studies should consider
reporting correlations between education and heaigimitions to further research in this
area.

Income as Moderator of TPB — Activity Relations

Income did not moderate any relationships betweef Tariables and physical
activity, neither entered as points scored accgrtbnLampert et al., 2013) nor entered as a
dichotomous variable. Previous studies examinieghioderating role of income on the
relation between TPB variables and physical agtivdve found that higher income predicts
closer associations between intentions (Pan 2@09) as well as perceived behavioral
control and physical activity (Amireault et al.,d8). This inconsistency could both be due to
the income distributions of the samples in the ssiédixamined in the review and to

substantial within-studies heterogeneity accordangncome, but also to a less important role
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of disposable income in realizing physical actifitym social cognitions as outlined in the
TPB. Future studies are needed that examine patemtiderating effects of individual
income on intention-activity relations in ordertte able to draw conclusions on whether
there is a moderator effect or not. Further, astsioslies that reported income used the
Godin Leisure Time Exercise Questionnaire (Godinh&@hard, 1985) or similar
instruments that measure total time spent in dgtraeither than providing scores for specific
activities, participants might have engaged in plajsactivities that are less dependent on
financial resources such as running, which in tuoild suggest that income could not
moderate this relationship.
Occupation as Moderator

We had assumed, in line with previous studies (€oehal., 2013; study 3), that
occupational status could moderate the relationséiywveen TPB variables, in particular
intention, and physical activity. However, the s#engf studies for this review were too
limited in the descriptions of the occupationatisteof the sample to conduct valid and
interpretable moderator analyses. While it is ehtipossible that features of specific
occupations, e.g., less fixed time constraintsctviaillows participating in activity, could
facilitate the translation of intentions into bel@aKirk & Rhodes, 2011; Panter, Griffin,
Jones, Mackett, & Ogilvie, 2011), better reportaighe occupational status in future studies
is required in order to allow for such analyses.
Individual vs. context-based socioeconomic status

As mentioned above, there were no moderator effeciadividual income in the
relationship between any TPB variable and physcavVity, which seems to suggest that
deprivation (or access to resources) might bess importance for the translation of social
cognitions into behavior. However, several previsuglies examining the relation between

socioeconomic status and health behavior (Conredr,2013; Giles-Corti & Donovan,
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2002; Godin & Shephard, 1985; Vasiljevic et al.12Dhave in fact examined area-level
deprivation that was matched to individuals viatpagles. This procedure does not account
for the fact that people are nested within thestkat they live in, and thus clustering needs
to be accounted for in random-effects models (Scimiaress). Indeed, previous research
examining area-level deprivation taking into accazlustering has found that area-level
indicators of SES moderate the relationships betvgeeial cognitions and physical activity
(Carlson et al., 2012; Schiz et al., 2012). Thistsdo the importance of barriers and
facilitators of behavior in one’s direct surroungsn(see also the concept of risk regulators
(Glass & McAtee, 2006) or environmental press (lawtl983)), but so far, only relatively
few studies have examined direct interactions betwmedicators of socioeconomic status and
individual social-cognitive determinants of hedd#haviors (Schiiz, in press). However, this
review could not examine the role of environmentgburces and barriers as moderators of
TPB-activity relations, as no study provided infatron that would have allowed coding this
indicator of socioeconomic status.
Limitations and Directions for Future Research

As for all systematic reviews, this review is subj® potential limitations arising
from its search strategy, but it was crucial to etiks research comparable to a previous
systematic review (McEachan et al., 2011) in otddyuild on this evidence base. Second,
although substantial efforts were made to obtarnetation matrices from studies that had
not provided these matrices in the article, notadlbw-up attempts were successful, which
might have led to a biased sample. Third, evenghdhere was a substantial number of
studies available for analysds=99), these studies were predominantly drawn from
undergraduate student populations, which limitsgieeralizability of the findings in this
review. In addition, most studies came from EngBplkaking countries that share some

societal characteristics, which also limits theegatizability of our findings beyond this
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cultural background.

One limitation of this review is the potential riskbias resulting from study
selectivity, design and assessments. Most studezbsedf-report assessments of physical
activity, which has substantial limitations withgegd to recall and validity, although the
majority of the studies used well-validated seffad instruments. As most of the studies
used summative physical activity measures suchea&odin Leisure Time Exercise
Questionnaire (Godin & Shephard, 1985), no furthedenator analyses examining different
types of physical activity could have been condiictdis means that the implications drawn
are subject to the limitations arising from an eased risk of bias due to study quality. The
samples in the studies were mostly homogeneousnastiof the samples were drawn from
undergraduate student populations. However, wealidrol for homogeneity and age (as a
proxy for student status) and still found signifitanoderator effects. The non-student
populations in the review were partly drawn frorhakilitation samples, which further limits
the generalizability of our findings. While thegmitations are tied to the samples of the
studies reviewed, there are also potential linotaiarising from the methods used. The
operationalization of socioeconomic status in tHeeets (income, education, occupational
status) ignores potential additive or interactiffecs such as those captured in measures of
multiple deprivation (Fairburn, Maier, & Brauba@)16). The studies reviewed mainly
reported education as only one possible indicat&E&S with limited range, as the majority
of the studies were conducted in undergraduateestyzbpulations. This suggests that better
reporting of more SES facets in future studies walllow a more complete picture on the
role of SES facets in behavior self-regulationadidition, the classification system used in
this review (Lampert et al., 2013) might be biaaad an oversimplification of the
relationships of different SES facets, but at theetof writing was the only comprehensive

study providing comparisons over different SES facke addition, it allowed for more fine-
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grained moderator analyses which go beyond theanesjilits often used in meta-regression.
An additional limitation lies in the sample sizetle moderation analyses (apart from
education). Simulation studies suggest that sefficpower can only be assumed in meta-
regressions that include> 40 studies (Lopez-L6pez, Marin-Martinez, Sandieza, Van
den Noortgate, & Viechtbauer, 2014), which wasthetcase for the moderator analyses
using income. Future studies in this domain coukh@ne in how far indicators of
socioeconomic status are related to differentizlleand dispersion of social cognitions, thus
allowing examination of the sufficiency hypothesighe TPB in more detail. However, this
would also require better reporting of both SES emmelations between SES indices and
physical activity in future studies. A further litation might lie in the focus of the study on
studies assessing variables from the TPB. The nationale for this was to limit
heterogeneity due to inconsistent assessment of&egbles such as intention, but at the
same time this limits our findings (and the studietuded) to those using TPB-based
operationalizations of key variables. It would het be useful to extend the range of
cognitions beyond the TPB which has been seenaniiatcritical comment, mostly for
oversimplification (Head & Noar, 2014; Sniehottae$seau, & Araujo-Soares, 2014).
Implications

Notwithstanding these limitations, this systematiaew with meta-analysis has some
significant implications. This is the first integixae review examining the role of facets of
socioeconomic status in the self-regulation of thelaéhavior, in this case, physical activity.
It suggests that in particular individuals with leweducational attainment would profit from
interventions that facilitate the translation akintions into physical activity such as e.g.,
implementation intentions (Bélanger-Gravel, GodirAmireault, 2011). The review further
points to the notion that current theories of hebihavior could be improved by a better and

specific integration of the role socioeconomic gotentially socio-structural variables play
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in understanding health behavior. It further deni@tss that different indicators of
socioeconomic status have different effects onrélagion between social cognitions and
behavior, which suggests that future studies shibellchore explicit and careful in measuring
and describing the different aspects of socioecanagtatus of their sample. The review is
limited by the quality of the studies it is baseqd but findings suggests that education is a
key factor in health behavior self-regulation, @mat in particular measures to promote

health in disadvantaged populations may need tothakeénto account.
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Table 1. Mixed model meta-regression of effectsie SES indicators
r, (TPB variable-behavior) k N Intercept B(SE)  95% ClI p Qe(df)  Qu (df) 1? R

Income
Intention — behavior 17 3,906 0.36 (ggi) -822 48 (ZIT57)33 0.52 (1) 77.68% 0.00%
PBC — behavior 19 4,285 0.25 (88; -ggg .73 (157?*,14 0.12 (1) 87.96% 0.00%
Attitude — behavior 19 4,285 0.28 (882) ggg .79 (11%;3*5 0.07 (1) 82.82% 0.00%
Subjective norm — behavior 15 3,684 0.13 (88:13) 88: a7 ?122;3 0.08 (1) 42.05% 0.00%
Education

Intention — behavior 87 24,867 -0.27 ( O(.)dé?** %gi <.0001 %8055)236 (21?*?*0 92.17%  21.99%
PBC - behavior 85 24,148 0.47 ('g"gj) '8: éé’ .56 ggﬁfg 0.33(1) 91.16%  0.00%
Attitude — behavior 81 22,744 0.34 (’g_'g;) ’8_‘8;' 74 (572?;?*7 0.10 (1) 83.74%  0.00%
Subjective norm — behavior 73 21,404 0.44 ('g.'gg) '8: éi .09 (‘;Z?;ff 2.99 (1) 82.34%  3.43%
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Note. * p< .05, * p< .01, ** p<.001; PBC — Perceived Behavioral Contf@t.= Q statistic for residual between-studies varialggge= Q
statistic for the moderator. No moderator analysesccupation due to insufficient variation inghmoderator.
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Figure 1: PRISMA Flow Chart
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Figure 2: Estimates of the pooled correlation doigfiits in samples with high/low income and edwati
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Highlights
- Socioeconomic status (SES) is underrepresented in psychosocial theoriesoafl phys
activity
- First systematic review to explore whether SES moderates the effects of social
cognitions on activity

- Educational attainment moderates the effectatehtion on physical activity



