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Abstract
Background: Socioeconomic differences in health-related behaviesanajor cause of
health inequalities. However, the mechanisms (mediatiardéenation) by which
socioeconomic status (SES) affects health behawioa &wpic of ongoing debate.
Purpose: Current research on SES as moderator of the healtiitioos - health behavior
relation is inconsistent. Previous studies are limitedibgrse operationalizations of SES and
health behaviors, demographically narrow samples, and befpezean designs addressing
within-person processes. This paper presents two studiessiddréhese shortcomings in a
within-person multi-behavior framework using hierarchica¢sr models
Methods: Two online studies, one cross-sectional and one 4-leegitudinal, assessed
1,005 (Study 1; Amazon MTurk; US only) and 1,273 participants (Stuyaffic;
international). Self-reports of multiple SES indaat (education, income, occupation status
ZIP code in Study 1), health cognitions (from the Thexdrylanned Behavior) and measures
of 6 health behaviors were takévultiievel models with cross-level interactions tested
wither the within-person relationships between healgnitmns and behaviors differed by
between-person SES .
Results: Education significantly moderated intention-behavior atitlde-behavior
relationships in both studies, with more educated indiNgdslzowing stronger positive
relationships. In addition, ZIP-level SES (Study 1) motetattitude-behavior effects such
that these relationships were stronger in participantggliii areas with higher SES.
Conclusions. Education appears to be an important resource for théetiansof intentions
and attitudes into behavior. Other SES indicators shoegsdconsistent effects. This has
implications for interventions aiming at increasing inkemg to change health behaviors, as
some interventions might inadvertently increasetheaéqualities.

Key words: Lifestyle; health behavior; SES; attitudes; education;rshebplanned behavior
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Socioeconomic status moder ates the effects of health cognitions on health behaviors

within participants: Two multi-behavior studies

Health-related behaviors are widely recognized as key rabtifrisk factors for the
leading causes of death in industrialized countries (1). Bdiftidual socioeconomic status
(SES) (2) and health cognitions (3) have received corditieattention as determinants of
the type and frequency of individual health behaviors. Hewdess attention has been given
to the relationship between the three and whether the relagtween health cognitions and
health behavior varies as a function of SES (4)

Existing studies report mixed evidence (5, 6) and suffer frointaliimns such as
varying SES measures, selective health cognitions (maitdytions and perceived
control/self-efficacy), relatively homogeneous sampled, l@etween-person research designs
which are limited for examining within-person processes sadtealth behavior self-
regulation (7,8). Thus, this study applies a multi-behawitrin-person research paradigm
that tests SES effects on within-person associatiamgeka health cognitions and health
behaviors.

SES represents the social standing of an individualaupgin the social hierarchy (9,
10). Lower SES is consistently associated with increagetidity and mortality rates
compared to higher SES (at least in industrialized countrigs 11, 12). These morbidity
and mortality differences are at least partially due tieihces in behaviors (1). Health risk
behaviors such as smoking (13) and alcohol abuse (14)oaeeprevalent in lower compared
to higher SES groups, whereas health protective behaviorasuyattysical activity (15) and
healthy eating (16) are less prevalent (Th)s suggests SES effects on health are most likely
due to differences in multiple rather than single behavib)

In disentangling SES effects on health behaviors, msrtant to acknowledge that
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there are different facets of SES which may impackiead health behavior via different
pathways. Failing to differentiate SES facets or using timenchangeably is likely to
disguise the more specific health impacts of diffefacets of SES (19). Often, measures of
SES are broadly split into area-level and individualdleiega (20). Area-level measures
describe multiple facets of SES such as local housingtyjaad income, e.g., the UK index
of multiple deprivation (21)indicators of individual SES include income, educatiow, an
subjective SES (20, 2Z)he pathways via which these facets affect behaviotkaaly to

differ: area-level SES indicators might affect indivitdb@havior, for example by providing
environmental resources and constraints as well as sociaks about behavior (4pn the
other hand, individual indicators are more likely to tapspeal resources. For instance, more
disposable income will facilitate access to healthier footiime for physical activity,
perceived standing within society or peer group (subjecta®) $night provide better access
to social resources and social support for health-relateaviogs, and higher educational
attainment could facilitate information processing and acyyf further resources for
health.

The degree to which SES interacts with health cognitiodstiermining health
behaviors however is less clear and underspecified @3t Mealth behavior theories position
health cognitions as proximal and readily modifiable deteaints of behavior, compared to
SES as a more distal and fixed factor. Prototypicalfisrapproach is the Theory of Planned
Behavior (TPB; 25), which combines intentions, attitudes, stitagenorms, and self-
efficacy/perceived behavioral control (PBC). The TPB am®suthat the effects of distal
factors such as SES on behavior are mediated by thé lcegihitions in the model, and a
number of studies support this notion (24, 26). However, SHf etso moderate the impact
of health cognitions on behavior. Previous studies reponta@ healthy eating intentions

and behavior in higher SES groups (e.g., 27, 28), but only attelies formally tested
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whether the impact of health cognitions on health beswviaries as a function of SES, and
the findings are heterogeneous (5, 6, 24, 29-33). While somess{t¢d29-33) found that
indicators of SES moderated the relationships betweethleainitions and health behaviors
such that these relationships are stronger in indivsdwéh higher SES, others (6, 24) find
no such effects. This heterogeneous picture could also ke the fact that the between-
person research paradigms used in previous studies asaitadde to examine individual
processes (7,8) and potentially confound SES with health coggitessentially, such
designs examine rardongruences, e.g., whether the persons with the highest icogratre
also those with the highest levels of behavior and theekigevel of SES. Therefore,
potential interactions between SES and health cognitiomsedicting behavior could be a
function of congruent ranks, rather than testing whetteestrength and direction of
relationships between health cognitions and behavior wayfanction of SES. The present
research applies a within-person perspective that examtheeslationship between multiple
health cognitions and health behaviors within persons,remdtests whether these
relationships vary between individuals as a functio8©B$. In principle, this is similar to
analyses that repeatedly assess within-participant couplfragggnitions and behavior across
time (e.g., 38), but we extend this to couplings across behaviitiia participants. This
allows the modeling of within-participant processes toa@rmifferences in these processes
with variations between the SES indicators.

The aims of the present research therefore are tWadpra more comprehensive test
of whether individual and subjective measures of SES madgmatrelationship between
health cognitions and health behaviors. In doing so, wendxrevious research in four
important ways. First, we test the moderating impact ofiddal (income, education,
occupational prestige), subjective (social standing inioglabd overall society), and area-

based (% unemployment in participant ZIP code area) nesaeliSES. This is the first test
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of a comprehensive set of SES indicators as moderdtbesatth cognition-behavior
associations. Second, we test moderation effects fok&uhealth cognitions on behavior:
intention, self-efficacy/PBC, attitudes, and subjectiven® which extends previous studies
that have mainly focused on intentions and self-effica@§/PThe TPB assumption of
intentions mediating the effects of attitudes and sulbgciorm on behaviour might be too
optimistic, with recent reviews suggesting residual dirffetts of norms and attitudes (34)
Therefore, we examine the full set of social-cognitiveljters outlined in the TPB. Third,
we test SES moderator effecswithin-participant relationships of health cognitions and
behaviors. This nested approach avoids confounding of siefievior analyses by sample
characteristics (35-37), as essentially a regressionlnsoestimated for every participant
and between-participant differences in parameters of thiélsie-person regressions
(intercepts of health behaviors and slopes of health cogsitn predicting behaviors) are
explained by between-participant SES. Fourth, we test thedels in two large online
samples based in the USA (Amazon MTurk; Study 1) and mtierrally (Prolific; Study 2).
This approach yields larger samples with a broader ran§E® than typical convenience
sampling (e.g., 39), but these essentially remain convengaroples. Both studies are
reported in accordance with the STROBE statement (4@pfervational studies.

Study 1

M ethod
Study 1 was a cross-sectional online study using Amazon MTueksflialy received ethical
approval from the University of California Santa Barbaranidn Subjects Committee (1D
15-0244). Participants were recruited through MTurk and paid $1 whd) in previous
research has been identified as sufficient paymentsiarernigh data quality (39). On
entering the start page, participants read an informatieat about the study aims and

procedures and then provided informed consent.



SOCIOECONOMIC STATUS AND HEALTH BEHAVIOR 7

Participants

Participants were eligible for the study if they livedhe US and were aged 18 years
or over. The study was set up to recruit a sample of appradinia00, based on the
assumption of small interaction effects between SEShaalth cognitions. In total, 1,005
participants completed the study, of which 473 (47.1%) weraléerRarticipants were M
33.6 (SD = 12.06) years old, with age ranging between 18 and 77.

Measures

Participants completed an online questionnaire that &ssesesiodemographic
measures followed by TPB constructs for six differezaltin behaviors (eating five portions
of fruit and vegetable per day; engaging in at least 30 miditgsenuous exercise five or
more times per week; consuming a low-fat diet; consumingore than the daily
recommended limit of alcohol; flossing daily; and performiegticular (males) or breast
(females) self-examination). The selection of healtelb®rs was guided by
recommendations for health and by behaviors frequenttijest in the domains of behavioral
medicine and public health (37)

Participants were provided with a definition of each Ieladthavior under study on
each page. For example, the instruction for drinking acerthan the recommended daily
limit of alcohol was specified for females and malesjpesate targeted information based
on initial demographics: “Below you will find a list of statements relating to drinking NO
more than the daily recommended limits of alcohol okermext four weeks, which for
women is one bottle of beer OR one glass of wine OR hetsof liquor” (shown to
females) or “Below you will find a list statements relating to drinking NO more than the daily
recommended limits of alcohol over the next four weeks¢hvfar men is: two bottles of
beer OR two glasses of wine OR three shots of liqustrdwn to males). In order to reduce

participant burden, single items were used for most constapart from attitudes, and all
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items apart from behavior were answered on 7-point sedifferential scales (37)

Past behaviowas assessed by awkek recall, for example, “In the last four weeks, |
have eaten a loit diet.” These items were answered on a 7-point scale from never (19
always (7). Forced-choice entry was programmed to avosingislata. Single-item recall
measures reduce participant burden but have lower reliambtyalidity; however, several
studies suggest that single-item measures of physical gadj, alcohol consumption (42)
diet quality (43), and flossing (44) have satisfactory viglidihen compared with objective
or more comprehensive assessments of health behavior.

Intentionwas measured by one item per behavior, for example “I intend to floss my
teeth over the next four weeks”; 1 (strongly disagree- 7 (strongly agree). Subjective norm
was measured as an injunctive norm using one item per behavior, for example “Most people
who are important to me think ... 1 (I should not eat a low-fat diet over the next four wgeks
... 7 (I should eat a low-fat diet over the next four weeks). Self-efficacyw&Cmeasured
with one item, for example “I have control over whether or not I engage in the recommended
levels of activity”; 1 (strongly disagre@¢— 7 (strongly agree). Attitudes were measured by
four items (Conner, McEachan, Taylor, et al., 20¥&)example “Eating a low-fat diet over
the next four weeks would be...” 1 (worthles$ — 7 (valuable), 1 (not enjoyable 7
(enjoyable), 1 (harmfiik- 7 (beneficial), 1 (unpleasgnt 7 (pleasant). The four attitude
items per beavior were aggregated to a mean score per behavior and person, and Cronbach’s
o over the six behaviors was .79.

Socioeconomic status

Income was assessed by asking participants to indicate theinaatghold income
during the last 12 months using catggofrom “less than $5,000” to “$200,000 or more”.
These categories increased by $2,500 up to a 12-month incé&#6,000 and then increased

by $10,000. Categorical indicators of household income havedbesvn to be more reliable
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and valid than open response formats (EScation was assessed by asking participants to
indicate the highest level of educational attainment Haelyachieved using the 10 categories
(from “no schooling completed, or less than 1 Year‘Doctorate Degree (PhD, EdD, ett.)
from the US Census Current Population Survey. These categ@riegshen converted into
the categories of the International Standard Classifin of Education (ISCED) (46)rea-
level SES was assessed by matching the ZIP-code area unempuldswreéof the labor force
aged 16 and over (in %) based on the 2011-2015 American ComrBumityy (47) to the
ZIP codes provided by participants. Subjective SES was assessgdhe 10-point ladder
format subjective SES scale (48). In this scale, partitspae asked to indicate on a 10-point
ladder where in comparison to the total US population (S&&fx they stand, following the
McArthur Research Network recommendations (22).
Analyses

The analyses modeled within-person associations betvesdth lsognitions and
health behaviors, and tested whether these associatidad by between-person indicators
of SES We used hierarchical linear models with HLM 7.03 software to irtbdevithin-
person relationships between four TPB predictors (intendittitude, subjective norms,
perceived behavioral control) and six health behaviovelde; behavior level). We then used
the different SES facets to test between-participantl{veifferences in the intercepts
(levels) of overall health behavior and the slopeseaith cognitions predicting health
behaviors (cross-level interactions; 36,.3A)t another way, we estimated the intercepts of
health behaviors and the associations (slopes) betwesdiin cognitions and health behaviors
for each participant, and then tested whether theseantis and slopes varied as a function
of participant- (level-2) level SES. Significant crossdl interactions in the hierarchical
linear models indicate that between-participants SEStaffle intercepts of health behaviors

or the slopes of health cognitions in predicting healtrab®rs. Note that this within-
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participant approach is fundamentally different to sumnragithe results of multiple linear
regressions of single behaviors on health cognitions, &ktheir interactions, as this
would model rank congruences between participants rathemtieaactions of within-person
processes and person-level SES. We report single-bemagm@ssions in Online Supplement
1 to highlight the different results between our main withirspe results and a between-
persons approach.
Results

Socioeconomic status

Median reported educational attainment was post-secondariertiary education
(ISCED level 4), with responses ranging from “pre-primary education” (0.1%) to “second
stage of tertiary education” (3.1%), and participants had an average annual household income
of $49,805 (SD = 36,736). Compared with 2014 data from the general UStmop(4®),
this indicates a sample with a slightly lower houselddme than the 2014 median of
$51,939, and somewhat higher educational attainthemthe 2014 US median (“High
school graduate”). The average unemployment rate in the ZIP code areas was 8.12% (SD =
3.74), ranging from 0% to 33.19%. This is roughly comparable tavéeage unemployment
rate (8.3%) of the labor force aged 16 and over projectdei011-2015 American
Community Survey 5-year estimates. Correlations betwedifferent SES facets were
moderate to low (Table 1), suggesting some overlap of tferatit SES facets.
Random-Effects Models for Health Behaviors

The intraclass correlation coefficient as an iattc of the degree of within-
participant variation compared to between-participant tlanavas above.10, which has
been suggested as medium clustering effectffs@)I variables in the model (intention p =
.10,norms p = .25, PBC p = .29, attitudes p = .19, pastbehavior p = .10). In subsequent

multilevel analyses, intention, PBC, attitudes and subgctorms emerged as significant
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independent predictors of past behaviors (Table 2). The witnticipant effects indicate
that higher intentions, self-efficacy/PBC, positive attisidad subjective norm were
associated with higher past health protective and loweihpadth risk behaviors. On the
between-participant level, we examined whether differencd®iSES facets could account
for differences in the within-participants intercept$ehavior and the within-participant
slopes of subjective norm, PBC and intentions in ptedj behaviors (Table 2). We found
that area-level unemployment had a significant cross-ietexaction with the intercepts of
behaviors such that health behaviors were less frequamdividuals living in postcode areas
with higher unemployment.

We also found significant cross-level interactions betw®ES facets and the slopes
of TPB variables in predicting past behavior (Table 2; Figyir& he within-participant
effects of attitudes increased from 0.84 (p <.001) in partitgpaith education below high-
school to 0.98 (p <.001) in those with at least high sobdwtation. Similarly, the effects of
intention on past behavior increased from 0.70 (p < .00thpise with less than high school
to .79 (p <.001) in those with at least a high school educagignificant cross-level
interactions were also found for area-level unemployn&mple slopes analyses suggest
that the effects of attitude on past behavior increase @.90 (p < .001) in areas with
unemployment 1 SD above the mean to 1.01 (p < .001) in @wraenemployment 1 SD
below the mean.

The significant residual variance in intercepts and theeslof intention and
subjective norm indicates that after considering SE®ators, there remain significant
differences between participants in the intercepts dflpsavior and in the effects of
intention and subjective norm on behavior within pgrtioits.

Discussion

Study 1 revealed that some of the differences in wplison associatiorsEtween
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Theory of Planned Behavior (TPB) variables and behavioe egplained by socioeconomic
status (SES), such that the associations between argr@tnd behaviowere stronger in
individuals with higher educational attainment. SES did nedipt differences in the within-
participant associations of self-efficacy/PBC and behaViois finding is in line with TPB
assumptions given that the control beliefs underlying BBCassumed to reflect both
external (such as SES) and subjective control facttugy3 further found that differences
in the within-person effects of attitudes on behaviorsevpeedicted by an area-level
indicator of SES (% unemployment) such that these oelstiips were closer in areas with
less unemployment. This is consistent with previous res€88) and suggests that
environmental indicators of socioeconomic differenrmmsd have unique contributions to
health cognition-behavior relationships, e.g., via the pravisfaesources in the
environment and potentially via social processes that mghtde modeling and other
facilitation processes (4)

Study 1 had several limitations. The cross-sectionagdesakes assumptions about
directional relationships impossible, and in partictifer discrepancy between the temporal
framing of health cognitions (“in the next four weeks”’), and the assessment of past behavior
could have led to biased estimates of the relationships &eteagnitions and behavior. The
assessment of a ‘low-fat diet” without clear definition could have led to highly subjective
definitions of this behavior, making comparisons between peliipieult. Further, the
structure and relative position of educational attainmaadteven income differs between
countries, but due to MTurk specifications, our sample esisicted to participants living in
the US. Thus, a replication in a broader internationallecd using a longitudinal design
would be a valuable test for convergent evidence.

Study 2

In order to overcome the limitations of Study 1, Study 2leyaa a longitudinal
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design (4-week follow-up) and recruited participants via feph crowdsourcing web
platform similar to Amazon MTurk based in the UK, thus pogdigtreaching more
participants internationally.
M ethod

Participants

The data for Study 2 were collected as part of a larger siidyaqd included other
measures not reported hefde study received approval from the human reseahitset
boards of the University of Leeds. Participants wereurestt through Prolific and paid the
equivalent of $5.24 (£4.30) for completing questionnaires orotwasions separated by one
month. After completing informed consent, participants waneleamized to one of six
different conditions that manipulated the order of quastand questions that were asked
[not reported here]. All analyses controlled for thie&t of question order and the
measurement of other variables. The study was set up tot rgproximately 1200
participants across the six conditions. A total of 1,278iddals completed the two
guestionnaires, age M = 31.57 years (SD = 11.21), and 50.5% wexle.fem
Measures

Participants completed an online questionnaire that wassirailar to the one
employed in Study 1. The six health behaviors examined gueded by the availability of
recommendations for health and the selection of betafrequently used in the domain of
behavioral medicine and public health (eating fruit and teddes, performing recommended
levels of physical activity, flossing daily, not drinking ovecommended levels per week,
not sitting for extended periods of time, not consuming urnteattacks), and were
accompanied with a brief definition and recommended lebaded on UK guidelines to
improve consistency compared to Study 1.

Intentionwas measured by three items per behavior, e.g., “I intend to eat 5 fruit and
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vegetables per day over thext four weeks”; 1 (strongly disagree- 7 (strongly agree) that
were aggregated (the average Cronbach’s a over the six behaviors was .88). Subjective norm
was measured by two items per behavior, for example “Most people who are important to me
think ... 1 (I should not eat 5 fruit and vegetables per day over the next fous)week(l
should eat 5 fruit and vegetables per day over the next four weaks)dfre aggregated (the
average correlation between the two items over thieediaviors was .58). Self-efficacy/PBC
was measured with two items, for example “If it were entirely up to me, | am confident that |
could eat 5 fruit and vegetables per day over the next four \ydefstrongly disagre¢— 7
(strongly agree) that were aggregated (average correlation Ipetiwesvo items over the six
behaviors was .57). Attitudesere measured by four items, for example “Eating five fruit and
vegetables a day over the next four weeks would.Bbe (worthles$ — 7 (valuable), 1 (not
enjoyablé — 7 (enjoyable), 1 (harmful- 7 (beneficial), 1 (unpleasgnt 7 (pleasant) (the
average Cronbach’s a over the six behaviors was .79).

Past behaviowas assessed using a single item for each behavior, e.g., “How often do
you eat five portions of fruit or vegetables per day3never) 2 (rarely) 3 (sometimesy
(often), 5 (always.

Behavior was assessed after four weeks (28 days) with onéoguest behavior
using the day recall method, e.g., “On how many days did you eat 5 portions of fruit and
vegetables over the gdour weeks”?

Socioeconomic status (SES)

SES was assessed as in Study 1. Due to the fact thaipaatiscwere recruited
internationally, no ZIP codes and accordingly no amsell SES indicator was assessed.
Analyses

Analyses were conducted analogously to those in Study 1, eke¢pd model

behavior change over time, baseline behavior was enter@da@variate in the multilevel
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regression analyses. Similar to study 1, results of con¢umatiple regression analyses can
be found in an online appendix (Online Supplement 2).

Results
Sociodemographic and socioeconomic status

The median educational attainment was post-secondarieriary education
(ISCED level 4), and the largest educational attainmentpgweas first stage of tertiary
education (completed undergraduate degree; ISCED level 5, 3ME#&N. annual household
income was equivalent to $32,652 (SD = 26,104). Table 1 shows tletations between
SES facets and health behaviors.

Random-Effects Models for Health Behaviors

The intraclass correlation coefficient for behavior in Study 2 was p = .13, suggesting
substantial clustering of behaviors within individualsni&r to Study 1, intention, attitudes,
self-efficacy/PBC, and subjective norm emerged as signtfjggedictors of follow-up
behavior on the within-participant level (Table 3). Diffieces between participants in the
within-person intercepts of behavior and the within-peessociations of health cognitions
and behavior were again predicted with SES indicatorsl P60 US$ household income
increase, participants engaged in the health behavioB2atays more over the 4-week study
period (controlling for baseline behavior). No SES faestides income significantly
predicted the intercepts of behavior.

Income also predicted between-participant differenceseinvithin-person
associations between attitudes and behavior. Simple slopggseanshow that the effect of
attitude increased from 0.3@ € 0.01) in those with income 1 SD below to 0.95 (p <.001) in
those with income 1 SD above the mean. Education signtficexplained differences
between participants in the within-person effects ohiriba (increasing from 0.38; p = .01

in those with less than high school to 0.66; p < .00hase with at least high school),
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attitude (increasing from 0.05; n.s. to 0.58; p <.001), and sulgewrm (increasing from
0.20; n.s. to 0.60; p <.001) on behavior. Finally, subjective i8&®rated the effects of
intention and attitude on behavior such that the withisqueeffects of intention and attitude
on behavior were larger in individuals with higher subjecB#S (Table 3, Figure 2).

Similar to study 1, there was significant residual variandée intercepts of
behavior, indicating between-participant differencelsaalth behavior.

Discussion

The longitudinal findings in Study 2 are consistent whiih ¢ross-sectional findings of
Study 1 in that within-person effects of attitude and imb@nbn behavior were stronger in
individuals with higher educational attainment and weakénase with lower educational
attainment. Study 2 also showed the within-person effectscilshorm on behavior to be
moderated by education. Study 2 also found that within-pessmt@ations between attitudes
and behavior were stronger in those with higher incontewaaaker in those with lower
incomes Similarly, within-person effects of intention and attituadebehavior were stronger
in people with higher subjective SES and weaker in thaibelower subjective SES. Study 2
corroborated the findings from Study 1 with SES effects lmngitudinal setting and an
international sample. However, the measurement of ghsivior (5-point scale) and
behavior at follow-up (number of days) were assessed d#fiegent metrics. While this
approach avoids shared method variance in behavior rep@nshibits interpreting the
residual effects as change in behaviour.

General Discussion

The present research examined whether multiple faE&E® moderated the within-
person effects of social-cognitive factors on healtiab®rs in two large-scale studies using
a hierarchical perspective on within-person associatiebsden health cognitions and

multiple health behaviors (35-37)he within-person effects of intentions, attitudes (both
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studies) and subjective norm (Study 2) on behavior variddeducation such that these
effects were stronger in those with higher educationairsent and weaker in those with
lower attainmentin addition, an area-based measure of SES (Study 1) agsaetiome and
subjective SES (Study 2) moderated within-person attitude agwtion effects on behavior.
This approach overcomes many of the limitations of previessarch on the role of SES in
health cognition-health behavior relations in i) applyingrage of SES indicators, ii) testing
the full set of reasoned action predictors of behaviiprecruiting two large samples with
variation in SES, and iv) applying a within-person perspecin SES in the self-regulation
of health, which disentangles the confounding of healgmitions and SES in previous
between-person research designs

Overall, the effects of health cognitions (intentiorf-e&icacy/PBC, attitudes,
subjective norm) on behavior are consistent with prewiessarch in health behaviors (52)
SES as a Moderator of Within-Person Cognition—-Behavior Effects

Education was found to moderate the within-person effectgaition and attitudes
on health behavior in both studies, such that theseiatisos were closer in participants
with higher educational attainment and weaker in thoselaxtkr educational attainment.
These findings illustrate a mechanism that can potentigtiiagxthe well-established effects
of educational attainment on preventative health behaggogs, 17) and ultimately on health
(53). Individuals with higher educational attainment are blccess better informational
resources and understand the resources more fully, forpdxaegarding nutrition-related
information (e.g., 54). Individuals with lower educatioatihinment often display lower
levels of health literacy, which has been implicategraater difficulties in obtaining,
interpreting, and acting on health-related informatiog.(&5). In addition, better
educational attainment might enable individuals to fornreutadre realistic and therefore

more effective implementation intentions that faate behavior enactme(56).
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The few previous studies examining the effects of educataiteahment on the
relationships between social cognitions and health betsayielded conflicting results.
While Pan et al. (30) and Vasiljevic et al. (6) found no modeyaffects of education in the
relationship between intentions and behavior, Godin €24).found moderator effects
similar to those in the present studies. One previous $81d\also reports the effects of
attitudes on health behavior were moderated by educatidgaemmaént. The finding that
education moderated the effects of subjective norm oaviimhin Study 2 is novel, but can
be interpreted in line with the idea that education se®nie a key resource that allows
individuals to align their behavior more closely to tlmgnitions. Concerning household
income, findings from Study 2 (but not Study 1) reveal that higltamne is associated with
stronger effects of attitudes on behavior. This finding ine with the general idea that
more disposable income will facilitate the access touress to translate attitudes into
behavior, e.g., healthier food or access to facilities suipgquhysical activity such as a
gym. At the same time, a lack of income makes acceksypgomponents of health
behaviors more difficult. In particular higher costs for “healthier” foodstufts, low costs for
high-fat dietary items, and more competing interestéirfuted income (e.g., rent, electricity)
can be key barriers for the implementation of heladthaviors (e.g., 58). However, the lack
of previous research examining this moderating effect sugipesteed for replication.

Study 1 further revealed that the effects of attitude twavier are moderated by an
area-level indicator of SES (% unemployed per ZIP code), sutthdse effects are stronger
in participants living in areas with lower unemploymeéltis moderating effect is in line
with one previous study (33) that observed an attitude-bahanaderation effect for an area-
level measure of GDP. However, this finding suggests thatn3§® not only affect health
behavior through person-level resources such as educatiocome, but through the

embedding of people in environments that differ in socioacunstrength. Ideally, this
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would be examined in a multilevel framework that accountsifioiisgities between people
living in the same area (4), but the small cell sizes irZWScode areas (the maximum was 3
people living in the same ZIP code area) prevented us fiamg these analyses.

The findings that subjective SES (48) moderated intention-behavibattitude-
behavior effects in Study 2 suggest that these effecesaserwith increasing subjective
standing in society (Figure 2e and 2f). These findingedifbm those in Study 1 (cross-
sectional), suggesting a potential role of subjective Bp®edicting behavior change rather
than concurrent behavior. Subjective SES may measurgreedef availability of social
support if needed (e.g., 22), thus stressing that differenc®8$ are not limited to being
able to access tangible resources such as educatioomenklowever, this finding can also
be interpreted in line with the contingent consistemggothesis (59) that suggests that
attitudes may be more predictive of the decision to act a@imhaghen the social
environment is supportive of the proposed action. Numeragows studies (e.g., (60)
have shown that attitudes towards health behaviors arefavamable in those with higher
socioeconomic standing.

The effects of perceived behavioral control on behav&ne not moderated by any
SES indicator. The TPB (25) suggests that perceived behlsamtaol mediates the effects
of control beliefs and actual control (reflecting secionomic resources) on behavior. In line
with this, previous studies (24,26) suggest that the effectglmfitors of SES on behavior
are largely mediated by perceived behavioral contrahidfwas the case in our study, the
effects of PBC on behavior would be rendered identicalsadhe different levels of SES
indicators.

Consistent with our predictions, we found that within-per@ssociations between
health cognitions and health behavior were moderated byF#s8archers interested in

healthy lifestyle patterns benefit from examining multipddhaviors simultaneously, and self-
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regulatory processes are best understood as within-persmsges (38). In supplementary
analyses, we took an alternative approach to examine SESatwdsfects by running
multiple regression analyses separately for each bahiavGtudy 1 (Supplementary Table 1)
and 2 (Supplementary Table 2). Here, the moderating etie&ES on cognition-behavior
relationships appears to be much less consistent fmidodi behaviors, and the number of
significant interactions falls within the limits of what wd be expected by chance if the
conventional alpha error level of .05 was appliBdese additional analyses examine for each
behavior whether, across participants, for example tiwihemore positive attitudes are
more physically active, and whether these associatiofes b SES. However, these
analyses remain silent to within-participant processesldiiedences in these processes. The
seemingly inconsistent pattern of findings between the wiibiison analyses and the
between-person analyses may in part explain the incomsysseen in the literature that has
generally focused on individual behaviors. This also sugdestsiore research on both
within-person processes and between-person SES difesrénoeeded to fully understand
the influence of different indicators of SES on heakhavior.
Strengths and Limitations

The strengths of the present research include the exagonié multiple individual-
level SES measures (subjective SES for the first)tiened the inclusion of multiple health
cognitions in a within-person perspective with multiple titeeé€haviors. The current
research also benefits from examining SES moderatotgifebwo samples that are
potentially more diverse and display a broader range oftB&i8is typical in previous
research. By combining a cross-sectional and a longitudiia set, it also goes beyond the
cross-sectional designs employed in previous reseatbk erea (30, 57)

An important weakness of the present research is the ocsslf-reported health

behaviors. Relatively few studies in the area use obgateasures of health behavior and
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the evidence based on such measures in relation to theyaiog effects of SES is mixed (5,
6). The use of single-item measures for health behas@adlris a further limitation, although
some studies suggest at least satisfactory validity of seasures (41-44). A further
weakness of the present research is the failure to examaat ecological influences on
health behavior such as the availability and density af faglets on eating behavior (e.g.,
(61)), although these would be expected to be at least par&fiicted in individual SES
measures and subjective SES in particular. We assessell dvaisehold income and not
individual income or the fraction of household income aNdd to an individual, and
therefore effects might differ for individual incoma.Study 2, the fact that participants were
drawn from a number of countries complicates the compéayatilSES indicators, even
with standard international classifications such a=HIBNeither type of SES measure alone
may adequately capture the opportunities or barriers ob@ical factors that moderate
individuals' attempts to engage in health behaviors. Ttedegical opportunities and
barriers were identified as key facilitators of healthaxéors in early integration exercises
(62). Finally, the study samples remain convenience samplech limits their
generalizability. While MTurk samples tend to be more hetermmethan mere
convenience samples, they are not representativafional populations. On the other hand,
the main purpose of this study was to examine whetheretliifes in SES corresponded to
differential effects of health cognitions on behavior,alihinight rely less on
representativeness, and more on the finding that ckessial psychological phenomena are
reproducible using these online samples (39, 63).
I mplications and Conclusion

In summary, the present research demonstrates thatyltiePlanned Behavior
variables (25) and SES are both important determinanisadthhbehaviors across two

diverse sets of adults and in multiple health behaviMose importantly, this research
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highlights that the strength of the effects of the the@bgnitions outlined in the TPB is
moderated Y SES: here, mainly by educational attainment. This impliaisttaditional

health education programs that focus on increasing téetioh to engage in health
behaviors, e.g., by targeting attitudes and subjective noight ectually lead to an increas
in health disparities, as populations with lower educatiattainment may find the
translation of these cognitions into behavior moréadik. This poses a challenging
conundrum for those interested in reducing health inecembitross SES groups given that
many health promotion interventions designed to changlkhheehaviors attempt to target

subjective norms, attitudes, and intentions.
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Table 1. Study 1 and Study 2: Socioeconomic status facet medianssramgkecorrelations

Variable Mean/ Range 2 3 4
Median

Study 1

1. Education 4 (Median) 1-11 19** 24** -.05

(ISCED level)

2. Income (in 1,00C 49.81 (36.73) 5-200 49%* - 14%**
US$)

3. Subjective SES 4.92 1-10 - 10%**

4. Area-based 8.13 0-100
unemployment
(%)

Study 2

1. Education 4 (Median) 1-11 10** A7 5%
(ISCED level)

2. Income (in 1,00C 32.65 (26.10) 2.5 - 250 2% .08**
US$)

3. Subjective SES 5.43 (1.58) 1-10 .03

4. Personal 3 (Median) 1-3
employment

Note. *p< .05, * p<.01
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Table 2. Study 1: Unstandardized parameter estimates from randontsafégcession models with cross-level interactions.

Predictors

Income (in 1,000 US$)

Education

Subjective SES

Parameter Estimates (SE)

Area-based SES

Fixed Effects (Behavior Level)

Intercept
Intention (INT)

Perceived Behavioral Control (PBC)

Attitudes (Att)

Subjective Norms (SN)
Fixed Effects (Person Level)

4.03 (0.04)***
0.76 (0.01)**
0.37 (0.03)***
0.95 (0.02)***
0.42 (0.03)***

4.04 (0.04)**
0.77 (0.01)**
0.37 (0.03)***
0.95 (0.02)***
0.42 (0.02)***

4.04 (0.04)**+
0.75 (0.01)***
0.37 (0.03)***
0.95 (0.02)***
0.42 (0.03)***

4.04 (0.04)**+
0.75 (0.01)***
0.38 (0.03)***
0.95 (0.02)***
0.42 (0.03)***

Intercept on SES facet 0.00 (0.001) -0.01 (0.03) -0.01 (0.02) -0.02 (0.01)**

Slope INT on SES facet -0.0002 (0.0003) 0.02 (0.01)* -0.01 (0.01) -0.00 (0.00)

Slope PBC on SES facet -0.0004 (0.0007) -0.02 (0.02) -0.01 (0.01) 0.00 (0.01)

Slope Att on SES facet 0.0005 (0.0007) 0.04 (0.02)* 0.01 (0.01) -0.01 (0.00)**

Slope SN on SES facet -0.001 (0.0007) -0.02 (0.02) -0.02 (0.01) -0.00 (0.01)
Random Effects

Residual Variance Intercept (6uc®) 0.58** 0.58** 0.58*** 0.85***

Residual Variance Slope (ING,1?) 0.02*** 0.06*** 0.02%** 0.03***

Residual Variance Slope (PBC, 6u2°) 0.04 0.06* 0.03 0.03

Residual Variance Slope (Att, 6us) 0.03 0.03 0.03 0.03

Residual Variance Slope (SN, 6us’) 0.10*** 0.10*** 0.17%** 0.11**

Note. *p < .05, ** p < .01, *** p < .001
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Table 3. Study 2: Unstandardized parameter estimates from randontsafégcession models with cross-level interactions.

Predictors

Income (in 1,000 US$)

Education

Subjective SES

Parameter Estimates (SE)

Employment

Fixed Effects (Behavior Level)
Intercept
Intention (INT)
Perceived Behavioral Control (PBC)
Attitudes (Att)

9.03 (0.13)***
0.50 (0.08)***
0.67 (0.09)***
0.66 (0.12)***

9.01 (0.14)***
0.49 (0.08)***
0.67 (0.08)***
0.64 (0.12)***

9.03 (0.14)***
0.50 (0.08)

0.67 (0.08)***
0.65 (0.12)***

9.02 (0.14)***
0.50 (0.08)***
0.68 (0.09)***
0.66 (0.12)***

Subjective Norms (SN) 0.66 (0.11)*** 0.65 (0.11)*** 0.66 (0.11)*** 0.66 (0.11)
Fixed Effects (Person Level)
Intercept on SES facet 0.02 (0.00)*** 0.13 (0.09) 0.07 (0.08) -0.01 (0.06)
Slope INT on SES facet 0.00 (0.00) 0.14 (0.05)** 0.09 (0.04)* -0.04 (0.03)
Slope PBC on SES facet 0.00 (0.00) 0.05 (0.06) 0.03 (0.05) -0.05 (0.04)
Slope Att on SES facet 0.01 (0.00)* 0.27 (0.08)** 0.14 (0.07)* 0.01 (0.05)
Slope SN on SES facet 0.00 (0.00) 0.20 (0.08)** 0.08 (0.07) 0.01 (0.04)
Random Effects
Residual Variance Intercept (6uc®) 5.42%** 5.65*** 5.64*** 5.67***
Residual Variance Slope (INT, 6u1%) 0.13 0.13 0.14 0.14
Residual Variance Slope (PBC, 6u2°) 0.16 0.15 0.15 0.16
Residual Variance Slope (Att, 6us) 0.98 0.80 0.89 0.91
Residual Variance Slope (SN, 6us’) 0.66 0.59 0.66 0.66

Note. All analyses controlled for condition (on persoreleand past behavior (on behavior level); * p < .05, ® @1, *** p < .001
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Figure 1. Study 1: Simple slopes of significant cross-lenteractions between education and

intentions (1a), education and attitude (1b), and area- 338 and intention (1c)
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Figure 2. Study 2: Simple slopes of significant cross-lenteractions between income and
attitudes (2a), education and intention (2b) as well asi@¢éti2c) and social norm (2d), and
subjective SES and attitude (2e) as well as intention (2f).
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