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This systematic review synthesizes research published from January 2010-July 2022 on the social deter-
minants of ideal cardiovascular health (CVH) carried out around the world and compares trends in high-
income countries (HICs) to those in low- and middle-income countries (LMICs). 41 studies met inclusion
criteria (n = 28 HICs, n = 13 LMICs). Most were from the United States (n = 22) and cross-sectional
(n = 33), and nearly all evaluated associations among adults. Among studies conducted in LMICs, nearly
all were from middle-income countries and only one was carried out in low-income country. Education
(n = 24) and income/wealth (n = 17) were the most frequently examined social determinants in both
HICs and LMICs. Although most studies assessed ideal CVH using reliable and valid methods (n = 24),
only 7 used criteria pre-defined by the American Heart Association to characterize ideal levels of each
CVH metric. Despite heterogeneity in how outcome measures were derived and analyzed, consistent
associations were evident between multiple markers of higher social status (i.e. greater education, in-
come/wealth, socioeconomic status, racial/ethnic majority status) and greater levels of ideal CVH across
both country contexts. Gaps in the literature include evidence from LMICs and HICs other than the United
States, longitudinal research, and investigations of a wider array of social determinants beyond education

Systematic review
and income/wealth.

© 2022 Elsevier Inc. All rights reserved.

Introduction

Cardiovascular disease (CVD) can be challenging to avoid among
individuals with multiple risk factors [1], highlighting the impor-
tance of primordial prevention strategies that guard individuals
against developing risk factors by supporting positive cardiovascu-
lar health (CVH) [2]. In an effort to advance the tracking and study
of positive CVH in the population, the American Heart Association
(AHA) defined a composite measure of ideal CVH as being disease-
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free and meeting recommendations for three biological and four
behavioral risk factors for CVD (also termed Life’s Simple 7): total
cholesterol, blood pressure, blood glucose, body mass index, non-
smoking, physical activity, and diet [1,3]. Unlike most other indica-
tors used in cardiovascular research, ideal CVH provides a holis-
tic assessment of health beyond the clinical absence of disease
[1]. Since the concept was introduced in 2010, research on ideal
CVH has demonstrated robust associations with better cardiovas-
cular outcomes [4-6]. However, studies find that it is remarkably
rare among adult populations, with prevalence estimates ranging
from 0.3% to 15% [6,7]. Consequently, identifying and intervening
on the factors that help individuals sustain ideal CVH through the
life course is a critical public health priority.

The social determinants of health - or the conditions in which
people are born, grow, live, work and age [8] - play a pivotal role
in shaping population patterns of health and disease. With respect
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to cardiovascular outcomes, higher rates of CVD are commonly
observed among groups with lower social status, including those
with low levels of education and income, working class individuals,
and racial/ethnic minorities [9]. Although less work has explored
social differences in ideal CVH, studies increasingly find similar
patterns with respect to education and income/wealth, [7] as well
and race/ethnicity [10,11]. Since health disparities are driven by
an unequal distribution of money, power, and resources in society,
[8] it is possible that efforts to build a more equitable social struc-
ture can substantially improve ideal CVH levels in the population
[9].

To date, most cardiovascular research on the social determi-
nants of health is carried out in high-income countries (HICs),
[6] even though low- and middle-income countries (LMICs) ac-
count for more than 75% of cardiovascular deaths worldwide [12].
Over the last decade, CVD rates declined steadily in HICs [13] but
CVD-related disability-adjusted life-years grew by 9%-12% in most
LMICs, [14] suggesting a greater need to enhance ideal CVH in
these settings. Although the lack of research from LMICs reflects
broader publication trends that favor work from HICs, [15] it may
also be a historical artifact of a time when the prevalence of CVD
was low in LMICs and malnutrition and infectious diseases were
more common [16]. This trend shifted in the last century, as indus-
trialization sparked an epidemiologic transition to a greater burden
of non-communicable diseases in many LMICs [16,17], as reflected
in the low levels of ideal CVH recorded in many of these coun-
tries today [6,18-22]. Furthermore, globalization created a “per-
fect storm” for CVD risk factors in many LMICs, [23] where cheap,
energy-dense foods are widely available and urbanization con-
tributes to sedentary lifestyles, greater tobacco and air pollution
exposure, and heightened psychosocial stress [12,17,23].

Since scant research has studied ideal CVH in LMICs [6,7], it
is unclear whether associations with social determinants of health
noted in HICs are generalizable to lower income settings that have
experienced rapid development in recent years. Therefore, the goal
of this systematic review is to compare findings on the social
determinants of ideal CVH in HICs and LMICs. Our review ad-
vances previously published work that summarized research on
socioeconomic inequalities in ideal CVH in a few key ways [7].
First, we compare findings from an expanded set of studies con-
ducted in both HICs and LMICs that explored associations with
education and income/wealth, as well as a wider array of deter-
minants related to an individual’s standing in society [9,24], in-
cluding employment, occupation, and socioeconomic status (SES).
We also considered race/ethnicity as a social determinant since
they represent socially derived identities shaped by societal forces
and therefore reflect underlying social hierarchies. Second, we ex-
panded our focus beyond adult populations to include studies of
children and adolescents to gain greater insight into the ways so-
cial environments shape CVH starting early in life. Lastly, since pre-
vious work highlighted limitations of meta-analyses that pool re-
sults across studies that use heterogeneous CVH measures [6,7],
we conducted an in-depth narrative synthesis, which allowed us
to summarize key findings and explore methodological inconsis-
tencies in the evidence base (e.g. regarding CVH measurement). In
doing so, we hope to determine whether social determinants are
viable global targets for primordial prevention while also highlight-
ing approaches to improve the quality of epidemiologic research on
ideal CVH moving forward.

Consistent with past work from HICs [7,9] and emerging evi-
dence from LMICs, [25] we hypothesized that ideal CVH would be
associated with indicators of high social standing across both HICs
and LMICs. Because we were interested in the potential causal role
social determinants play in shaping population patterns of CVH, we
focused on community samples and carefully distinguished stud-
ies that are cross-sectional from longitudinal ones that provide a
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stronger basis for causal inference. We also limited our search to
epidemiologic investigations that used multivariable methods, and
minimally adjusted for age and sex, both of which can influence an
individual’s CVH [7] and their likelihood of developing CVD [26,27].
Lastly, given our interest in ideal CVH as a uniquely informative,
multidimensional measure of positive health, we excluded studies
that did not adhere to AHA guidelines for quantifying ideal CVH
using a composite measure, and those that only examined associ-
ations with individual CVH metrics.

Methods
Search strategy

We searched the PubMed (https://pubmed.ncbi.nlm.nih.gov),
Embase (https://www.embase.com/login), and LILACS (https://
lilacs.bvsalud.org/en/) databases in November 2019 for studies pub-
lished after 2010, which was the year the AHA defined their cri-
teria for ideal CVH. Due to the global focus of our work, we
conducted a broad search that included any studies published in
languages in which our team had proficiency (i.e. English, Span-
ish, and Portuguese). We also reviewed reference lists from in-
cluded studies and conducted two refresher searches (in Febru-
ary 2021 and July 2022) to ensure the results presented in our
review are comprehensive and up to date. Search terms included
CVH (or Life’s Simple 7) and keywords related to education, in-
come/wealth, employment and occupation, SES, and race/ethnicity
(full search terms provided in Supplemental Material). We selected
these indicators of social standing because they were recently
highlighted in Scientific Statements from the AHA on the social
determinants of CVD [9,24]. Our search protocol was designed in
accordance with the Preferred Reporting Items for Systematic Re-
view and Meta-Analyses Protocols (PRISMA-P) [28] and Standards
for Systematic Reviews, [29] and we pre-registered it with the In-
ternational Prospective Register of Systematic Reviews (PROSPERO;
CRD42020154018).

Three co-authors carried out the review, including conducting
all study screening, data extraction, and quality assessments (F.Q.,
K.B.S., and S.S.0.). After removing duplicates, two reviewers inde-
pendently screened unique abstracts for study inclusion. We ob-
tained full text manuscripts for studies that met eligibility cri-
teria or if eligibility was unclear from the information provided
in the abstract. Thereafter, two reviewers independently evaluated
each manuscript. When reviewers disagreed about whether a study
should be included, a third reviewer who was previously unfamil-
iar with the study in question resolved the disagreement. Eligibility
criteria for inclusion were if the study:

1 Was conducted in a healthy sample (i.e. not recruited on the
basis of a diagnosed medical condition);

2 Examined ideal CVH as a composite outcome defined as meet-
ing recommendations for total cholesterol, blood pressure,
blood sugar, smoking, body mass index, physical activity, and
dietary intake;

3 Examined associations between ideal CVH and >1 of the previ-
ously defined social determinants; and

4 Evaluated associations between social determinants and ideal
CVH using multivariable statistical methods that adjusted for
age and sex at minimum.

Studies were included if ideal CVH was assessed using a com-
posite measure that included information on all 7 individual met-
rics (for the exact ideal CVH criteria proposed by the AHA, see
Table 1). We also imposed no age restrictions and included stud-
ies of both adult and pediatric populations. Only empirical articles
were included; systematic reviews, meta-analyses, commentaries,
editorials, book chapters, and conference abstracts were excluded.
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Table 1
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The American heart association guidelines for ideal cardiovascular health*.

Metric Ideal

Intermediate Poor

Adults (>20y)

Current smoking
Body mass index
Physical activity

Never or quit >12 mo

18-25 kg/m?

>150 min/wk moderate or
>75 min/wk vigorous or
>150 min/wk moderate + 2x
vigorous

4-5 components

<200 mg/dL untreated

Healthy diet'
Total cholesterol

Blood pressure SBP <120 mmHg and

DBP <80 mmHg untreated

Fasting plasma glucose
Children and Adolescents (<20y)
Current smoking

<100 mg/dL untreated

Never tried; never smoked
whole cigarette

<85th percentile

>60 min/d of moderate or
vigorous

4-5 components

<170 mg/dL untreated
<90th percentile untreated
<100 mg/dL untreated

Body mass index
Physical activity

Healthy diet’

Total cholesterol

Blood pressure

Fasting plasma glucose

Current smoker
>30 kg/m?
None

Former <12 mo

25-30 kg/m?

1-149 min/wk moderate or
1-74 min/wk vigorous or
1-149 min/wk moderate + 2x
vigorous

2-3 components

200-239 mg/dL or

treated to goal

SBP 120-139 mmHg or
DBP 80-89 mmHg or
treated to goal

100-125 mg/dL

0-1 components
>240 mg/dL

SBP >140 mmHg and
DBP >90 mmHg

>126 mg/dL
- Tried >30 d ago

85th-95th percentile
0-59 min/d of moderate or vigorous

>95th percentile
None

2-3 components 0-1 component

170-199 mg/dL or treated to goal >200 mg/dL
90-95th percentile or treated to goal >95th percentile
100-125 mg/dL or treated to goal >126 mg/dL

* Binary measures of ideal CVH defined as having all 7 metrics in the ideal range. Count scores can be defined as either the total number
of metrics in the ideal range (0-7), or alternatively by summing the total number of metrics in the ideal (scored as 2 points), intermediate

(scored as 1 point), or poor ranges (scored as 0 points).

T Diet scores based on consumption of >4.5 cups/day of fruits and vegetables, >2 servings/week of fish, >3 servings/day of whole grains,
<36 oz/week of sugar-sweetened beverages, and <1,500 mg/day of sodium.

The unit of analysis for synthesizing findings was at the sur-
vey level. Since many studies presented similar findings from com-
mon data sources, we implemented a protocol to ensure that
only unique (i.e. non-duplicative) results were reported. If multiple
manuscripts evaluated the same social determinant using a com-
mon data source, we only reported findings from studies with the
largest sample of non-overlapping study populations, or those that
spanned the longest study period. If associations with multiple so-
cial determinants were examined in a single manuscript, each find-
ing was considered separately in our narrative synthesis.

Risk of bias assessment

We evaluated the quality of each study using a risk of bias as-
sessment adapted from the Newcastle-Ottawa Quality Assessment
Scale for cohort studies [30]. Two independent reviewers assessed
each study, and disagreements were resolved following the same
procedure described previously. We evaluated each study with re-
spect to 11 criteria; responses were summed to create a 13-point
study quality score, with higher values reflecting higher quality
(i.e. lower risk of bias). A full description of our quality assessment
tool is provided in the Supplemental Material.

Data extraction and synthesis

During the full-text review of included studies, one reviewer
extracted relevant data from each into a standardized spreadsheet,
and a second reviewer checked this work for accuracy. We ana-
lyzed study findings thematically after organizing results by type
of social determinant and country income level. Figure 1 shows
a map differentiating HICs from LMICs based on income thresh-
olds established by the World Bank [31]. HICs were defined as
those with a Gross National Income (GNI) per capita >$12,536,
middle-income countries as between <$12,536 and >$1045, and
low-income countries as <$1045 [31]. Following standard practice,
low- and middle-income levels were grouped into a single LMIC
category [17]. We calculated descriptive statistics by key study
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characteristics and evaluated differences between HICs and LMICs
using x? tests and t tests.

Associations between individual social determinants and ideal
CVH were narratively summarized by country income level based
on the fully adjusted results reported in each study. Results
were presented stratified by gender and/or race/ethnicity if the
manuscript reported evidence of effect modification or if only
stratified results were reported. We interpreted evidence of asso-
ciations according to the direction and magnitude of point esti-
mates (when measures of association were provided) or by ad-
justed mean ideal CVH scores/prevalence estimates. Findings were
described as: 1) in the expected direction (i.e. higher social sta-
tus was related to better CVH), 2) in the unexpected direction (i.e.
lower social status was related to better CVH), 3) not apparent (i.e.
point estimates overlapped with the null value or no statistical
evidence of differences in mean ideal CVH scores/prevalence es-
timates were reported), or 4) mixed (i.e. associations differed by
subgroup or by exposure).

Results

Figure 2 depicts a flowchart of our manuscript screening pro-
cess, which yielded a total of 41 studies. Among these, 28 studies
were from HICs and 13 from LMICs. Both overall and among those
from HICs, most studies were conducted in the United States (U.S.;
n = 22). Among studies from LMICs, most came from China (n = 4)
and Brazil (n = 2). Nearly all studies included in the LMIC category
were conducted in upper-middle-income countries; two were con-
ducted in lower-middle income countries (Bhutan, Nepal) and only
one in a low-income country (Malawi). A full list of the countries
represented by the studies are provided in Table 2.

Study characteristics
Nearly all studies (n = 38) examined associations between so-

cial determinants and ideal CVH measured in adulthood whereas
only 3 studied ideal CVH in children or adolescents. Most were also
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Fig. 1. Global map of high-income and low- and middle-income countries, based on classifications by The World Bank [31].

Table 2
Geographic distribution of studies (N = 41)

Country by region Studies

High-Income Countries (n = 28)
United States
Canada
European Union (EU)*
Finland
France
Israel
Spain
Low- and Middle-Income Countries (n
China
Brazil
Bhutan
Bosnia & Herzegovina
Jamaica
Malawi
Nepal
Peru
Serbia

S}

=1

S NG Y NG VU I ]

* One study was conducted in 9 EU countries: Aus-
tria, Belgium, France, Germany, Greece, Hungary, Italy,
Spain, and Sweden”>.

cross-sectional (n = 33; 80%). Among the 8 studies that were lon-
gitudinal (all but one from HICs), 3 examined life course processes
by testing associations between social determinants measured in
childhood or adolescence and ideal CVH assessed in adulthood.
The other five studies used repeated measurements of ideal CVH
to evaluate associations between social determinants and changes
in health over time [32-34].

Most studies were based on random samples of their target
population (68% HICs, 85% LMICs; x2=1.27, P = .26) and included
>1000 participants (86% HICs, 100% LMICs; x2=4.36, P = .23). Risk
of bias assessments indicated a mean study quality score of 10.0
(range=7-13; SD=1.5). No substantial differences in study quality
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were evident when comparing findings from HICs and LMICs (e.g.
HIC mean=9.9; LMIC mean=10.2; t = 0.68, P = .50).

Studies generally used reliable and valid methods to assess both
social determinants and ideal CVH, but there was substantial vari-
ability in how individual ideal CVH metrics were defined (for a de-
scription of how measures were evaluated, see the complete qual-
ity assessment tool provided in the Supplemental Material). In to-
tal, only 7 studies (all but one from HICs) used the exact criteria
established by the AHA to characterize ideal levels of each metric
whereas 4 studies used ideal CVH measures that were based en-
tirely on self-reported data. Different criteria were frequently used
to assess dietary intake (57% HICs, 69% LMICs; x2=0.55, P = .46)
and physical activity (42% HICs, 38% LMICs; x2=0.07, P = .79).
There was also some variability in how composite measures were
operationalized, with 29 studies (71%) assessing ideal CVH using
a 7-point sum score of total metrics in the ideal range, compared
to 12 (29%) that used a 14-point score that combined information
on metrics in the ideal, intermediate, or poor ranges. Approaches
used to analyze composite ideal CVH measures were also incon-
sistent. Many studies used binary measures of either ideal CVH
(yes/no) or poor CVH (yes/no) as the primary outcome (n = 23;
56%), but a sizeable proportion of studies used continuous sum
scores (n = 14, 34%) or categorical measures of ideal, intermediate,
or poor CVH defined using different thresholds for each category
(n = 4; 10%). Among those that analyzed associations with cate-
gorical or binary outcome measures, thresholds used to differenti-
ate participants with ideal levels were highly variable, but cut-offs
of 5 (n = 10) and 6 (n = 7) ideal metrics out of 7 were the most
common.

Social patterning in Ideal CVH in HICs and LMICs

Tables 3 ,4 ,5,6,7 describe key characteristics of studies from
HICs and LMICs and summarize findings by social determinant
(more detailed characteristics of each study are provided in Sup-
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Fig. 2. Screening process to identify studies for inclusion.
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Table 3
Results from studies examining ideal cardiovascular health (CVH) in relation to education*.
Reference Country Study Design N Sample description Ideal CVH Covariate adjustment Main finding Quality
(study/setting) measure’ score’
High-Income Countries
Alam, et al.,, 2021 [81] USA Cross-sectional 1,634 - Male & female Ideal Age, sex, income, nativity Lower educational attainment 10
(NHANES) « Asian Am. (=6/7) associated with lower likelihood of
« Ages >20y ideal CVH
Benderly, et al., 2017 [39] Israel Cross-sectional 1,104 + Male & female Ideal Age, ethnicity, crowding, >12 years of education associated 10
(Hadera) + Urban (=6/7) marital status, occupation with a greater likelihood of ideal
. Ages 25-74y CVH
De Moraes, et al.,, 2019 [35] USA Cross-sectional 6,792 + Male & female Poor (<7/14) Age, income, neighborhood  Mixed associations between 9
(MESA) « White, Black, Latinx & SES, occupation, study site educational attainment and
Chinese Am. likelihood of poor CVH by race & sex
« CVD-free
« Ages 45-84y
Egan, et al., 2020 [82] USA Cross-sectional 32,803 + Male & female Categorical Age, sex, race/ethnicity, Greater educational attainment 10
(NHANES) + White, Black & Latinx (=10 vs. <4/14) health insurance, income, associated with greater likelihood of
« Ages >20y survey year ideal CVH (vs. poor CVH)
Foraker, et al., 2019 [83] USA Cross-sectional 3,667 + Male & female Total score Age, sex Greater educational attainment 10
(JHS) - Black (0-14) associated with higher ideal CVH
« Ages 45-64y scores; Greater neighborhood level
education associated with higher
ideal CVH scores
Gebreab, et al., 2015 [10] USA Cross-sectional 281,198 + Male & female Poor (<5/7) Age, sex, race/ethnicity, Lower educational attainment 7
(BRFSS) « Ages >18y income, state-level associated with greater likelihood of
characteristics poor CVH
Graciani, et al.,, 2013 [84] Spain Cross-sectional 11,408 + Male & female Ideal Age, sex, self-rated health, Greater educational attainment 10
(CV Risk) « Ages >18y (=6/7) healthcare use associated with greater likelihood of
ideal CVH
Harrison, et al., 2019 [85] Canada Cross-sectional 777 - Male & female Total score (0-7) Age, sex Greater educational attainment 9
(Quebec) « Francophone associated with higher ideal CVH
« Ages >18-65y scores
Henriksson, et al., 2018 [73] 9 EU countries Cross-sectional 637 + Male & female Total score Age, sex Greater maternal educational 11
(HELENA) - Ages 13-16y (0-7) attainment associated with higher
ideal CVH scores
Lassale, et al., 2022 [34] USA Longitudinal 11,049 + Male & female Ideal (>8/14) Age, sex, race, income, Lower educational attainment 13
(ARIC) (6y) + Black & White work status associated with greater likelihood of
- Ages 45-64y CVH degradation and lower
likelihood of CVH improvement
Lawrence, et al., 2018 [37] USA Longitudinal 11,200 + Male & female Ideal Age, sex, race/ethnicity, Greater educational attainment 11
(Add Health) (15y) « Ages 24-34y (=6/7) adolescent family income, associated with greater likelihood of
adolescent health factors, ideal CVH; Greater parental
young adult income and educational attainment associated
social factors with lower likelihood of ideal CVH
Ogunmoroti, et al., 2017 [41]  USA Cross-sectional 9,056 » Male & female Ideal Age, sex, race/ethnicity Greater educational attainment 9
(Miami) « Employed (=6/7) associated with greater likelihood of
« Ages 31-55y ideal CVH

(continued on next page)
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Table 3 (continued)

Reference Country Study Design N Sample description Ideal CVH Covariate adjustment Main finding Quality
(study/setting) measure’ scoret
Yang, et al., 2014 [42] USA Cross-sectional 8,834 + Male & female Total score Age, sex, race/ethnicity More years of education associated 12
(NHANES) « White, Black & (0-7) with higher ideal CVH scores
Mexican Am.
« Ages 12-17y
Low- and Middle-Income Countries
Benziger, et al., 2018 [53] Peru Cross-sectional 3,058 + Male & female Ideal Age, sex, wealth, No evidence of association between 10
(CRONICAS) « Ages >35y (=5/7) urbanicity educational attainment and
likelihood of ideal CVH
Bi, et al., 2015 [49] China Cross-sectional 96,121 + Male & female Categorical Age, sex, economic Greater educational attainment 11
(NCD) « Ages >20y (=6 vs. <1/7) development, health associated with greater likelihood of
insurance, urbanization ideal CVH (vs. poor CVH)
Dong, et al., 2017 [50] China Cross-sectional 4,309 + Male & female Ideal Age, sex, income, survey Greater educational attainment 10
(Beijing) + Urban (=6/7) year associated with greater likelihood of
- Ages 6-18y ideal CVH
Ghimire, et al., 2020 [21] Nepal (STEPS) Cross-sectional 3,238 - Male & female Ideal (=5/7) Age, sex, ethnicity, Greater educational attainment 12
« Ages 15-69y ecological zone, marital associated with lower likelihood of
status, urbanicity ideal CVH
Jankovic, et al., 2015 [47] Bosnia Cross-sectional 3,601 « Male & female Total score Age, sex, employment, Greater educational attainment 10
(NHS) + Ages =25y (0-14) marital status, settlement associated with higher ideal CVH
type, wealth scores
Jankovic, et al., 2019 [52] Serbia Cross-sectional 11,746 + Male & female Ideal Age, sex, marital status, Greater educational attainment 10
(NHS) « CVD-free (=6/7) settlement type, wealth associated with greater likelihood of
« Ages >20y ideal CVH
Machado, et al., 2018 [48] Brazil Cross-sectional 13,356 + Male & female Total score Age, sex, income, Lower educational attainment 9
(ELSA-Brasil) « Civil servants (0-7) race/ethnicity, study site associated with lower ideal CVH
« CVD-free prevalence
« Ages 35-74y
McKenzie, et al., 2020 [19] Jamaica Cross-sectional 1,025 - Male & female Ideal Age, wealth Mixed associations between 10
(NHS) + Urban (=5/7) educational attainment and ideal
« Ages >20y CVH by sex
Pengpid & Peltzer, 2021 [54] Malawi Cross-sectional 3,441 + Male & female Ideal (=5/7) Age, sex, employment No evidence of association between 11
(WHO STEPS) « Ages 18-69y status, urbanicity educational attainment and
likelihood of ideal CVH
Pengpid & Peltzer, 2022 [55] Bhutan Cross-sectional 9,712 « Male & female Ideal (>5/7) Age, sex, household size, Mixed associations between years of 10
(STEPS) + CVD-free employment status, education and ideal CVH by sex
- Ages 20-69y urbanicity
Zhao, et al., 2016 [51] China Cross-sectional 2,693 « Male & female Ideal Age, sex, wealth, alcohol Greater educational attainment 11
(Hanzhong) * Rural (=6/7) use, diagnosed health associated with greater likelihood of

Ages 20-80y

conditions, family health
history, marital status

ideal CVH

* For more information about each study, including full results, see Supplemental Table S2.
T Studies assessed ideal CVH using a 7-point measure reflecting participants total number of ideal metrics or using a 14-point measure that scored metrics as poor (0), intermediate (1) or ideal (2).
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t Study quality scores ranged from 0 to 13, with higher values indicating higher quality (i.e. lower risk of bias).Add Health = national longitudinal study of adolescent health; ARIC = Atherosclerosis Risk in Communities;
BRFSS = Behavior Risk Factor Surveillance System; CRONICAS = center of excellence in chronic diseases study; CV Risk = study on nutrition and cardiovascular risk; ELSA-Brasil=Brazilian longitudinal study of adult health;
HELEN = healthy lifestyle in Europe by nutrition in adolescence; JHS = jackson heart study; NCD = China non-communicable disease surveillance 2010; MESA = multi-ethnic study of atherosclerosis; NHANES = national health
and nutrition examination survey; NHS = national health survey; STEPS = steps survey of noncommunicable disease.
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Table 4
Results from studies examining ideal cardiovascular health (CVH) in relation to income/wealth*.
Reference Country Study design N Sample description Ideal CVH Covariate adjustment Main finding Quality
(study/setting) measure’ score’
High-Income Countries
Cabeza de Baca, et al., 2019 [86] USA Cross-sectional 22,048 « Female Categorical Age, education, Greater financial strain associated 7
(WHS) + Healthcare (=6 vs. <3/7) race/ethnicity with lower likelihood of ideal CVH
professionals (vs. poor CVH)
« CVD-free
+ Ages 68-78y
De Moraes, et al.,, 2019 [35] USA Cross-sectional 6,792 + Male & female Poor (<7/14) Age, education, Mixed associations between income 9
(MESA) + White, Black, Latinx, neighborhood SES, and likelihood of poor CVH by race
Chinese Am. occupation, study site and sex
+ CVD-free
« Ages 45-84y
Egan, et al.,, 2020 [82] USA Cross-sectional 32,803 + Male & female Categorical Age, sex, education, Greater income associated with 10
(NHANES) + White, Black, Latinx (=10 vs. <4/14) race/ethnicity, health greater likelihood of ideal CVH (vs.
« CVD-free insurance, survey year poor CVH)
» Ages >20y
Foraker, et al., 2019 [83] USA Cross-sectional 3,667 « Male & female Total score Age, sex Greater income associated with 10
(JHS) + Black (0-14) higher ideal CVH scores; Greater
« Ages 45-64y neighborhood-level income
associated with higher ideal CVH
scores
Gebreab, et al., 2015 [10] USA Cross-sectional 281,198 + Male & female Poor (<5/14) Age, sex, education, Lower income associated with 7
(BRFSS) » Ages >18y race/ethnicity, state-level greater likelihood of poor CVH
characteristics
Harrison, et al., 2019 [85] Canada Cross-sectional 777 + Male & female Total score (0-7) Age, sex Greater income associated with 9
(Quebec) « Francophone higher ideal CVH scores
« Ages 18-65y
Henriksson, et al., 2018 [73] 9 EU countries Cross-sectional 637 + Male & female Total score (0-7)  Age, sex No evidence of association between 11
(HELENA) « Ages 13-16y family affluence and ideal CVH
scores
Lassale, et al., 2022 [34] USA Longitudinal 11,049 « Male & female Ideal (>8/14) Age, sex, race, education, Lower income associated with 13
(ARIC) (6y) + Black & White work status greater likelihood of CVH
+ Ages 45-64y degradation and lower likelihood of
CVH improvement
Lawrence, et al., 2018 [37] USA Longitudinal 11,200 + Male & female Ideal Age, sex, race/ethnicity, Greater income-to-needs ratio in 11
(Add Health) (15y) - Ages 24-34y (>6/7) education, adolescent adolescence associated with greater

health factors

Age, sex, race/ethnicity,
education, adolescent
family income, adolescent
health factors, young adult
income and social factors

likelihood of ideal CVH in adulthood
Greater income-to-needs ratio in
adulthood associated with greater
likelihood of ideal CVH in adulthood

(continued on next page)
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Table 4 (continued)

Reference Country Study design N Sample description Ideal CVH Covariate adjustment Main finding Quality
(study/setting) measure’ scoret
Yang, et al., 2014 [42] USA Cross-sectional 8,834 + Male & female Total score (0-7) Age, sex, race/ethnicity, Greater income associated with 12
(NHANES) « White, Black, Mexican education higher ideal CVH scores
Am.
« Ages 12-17y
Low- and Middle-Income Countries
Benziger, et al., 2018 [53] Peru Cross-sectional 3,058 + Male & female Ideal (>5/7) Age, sex, education, Greater wealth associated with 10
(CRONICAS) « Ages >35y urbanicity lower likelihood of ideal CVH
Dong, et al., 2017 [50] China Cross-sectional 4,309 + Male & female Ideal Age, sex, education, survey  Greater income associated with 10
(Beijing) + Urban (=6/7) year greater likelihood of ideal CVH
« Ages 6-18y
Jankovic, et al., 2015 [47] Bosnia Cross-sectional 3,601 + Male & femaleAges Total score Age, sex, education, No evidence of association between 10
(NHS) >25y (0-14) employment, marital wealth and ideal CVH scores
status, settlement type
Jankovic, et al., 2019 [52] Serbia Cross-sectional 11,746 + Male & female Ideal Age, sex, education, Greater wealth associated with 10
(NHS) + CVD-free (=6/7) marital status, settlement greater likelihood of ideal CVH
+ Ages >20y type
Machado, et al., 2018 [48] Brazil Cross-sectional 13,356 + Male & female Total score (0-7) Age, sex, education, Lower income associated with lower 9
(ELSA-Brasil) « Civil servants race/ethnicity, study site ideal CVH prevalence
+ CVD-free
« Ages 35-74y
McKenzie, et al., 2020 [19] Jamaica Cross-sectional 1,025 + Male & female Ideal Age, education, land value Mixed associations between wealth 10
(NHS) + Urban (=5/7) and likelihood of ideal CVH by sex
« Ages >20y
Zhao, et al., 2016 [51] China Cross-sectional 2,693 + Male & female Ideal Age, sex, education, No evidence of association between 11
(Hanzhong) + Rural (=6/7) alcohol consumption, wealth and likelihood of ideal CVH
+ Ages 20-80y diagnosed health

conditions, family health
history, marital status

* For more information about each study, including full results, see Supplemental Table S3.
T Studies assessed ideal CVH using a 7-point measure reflecting participants total number of ideal metrics or using a 14-point measure that scored metrics as poor (0), intermediate (1) or ideal (2).

¥ Study quality scores ranged from 0 to 13, with higher values indicating higher quality (i.e. lower risk of bias).Add Health = national longitudinal study of adolescent health; BRFSS = behavior risk factor surveillance
system; CRONICAS = center of excellence in chronic diseases study; ELSA-Brasil = Brazilian longitudinal study of adult health; HELENA = healthy lifestyle in Europe by nutrition in adolescence; JHS = jackson heart study;

MESA = multi-ethnic study of atherosclerosis; NHANES = national health and nutrition examination survey; NHS = national health survey; WHS = women'’s health study.
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Table 5
Results from studies examining ideal cardiovascular health (CVH) in relation to employment and occupation*.
Reference Country Study design N Sample description Ideal CVH Covariate adjustment Main finding Quality
(study/setting) measure’ scoret
High-Income Countries
Benderly, et al., 2017 [39] Israel Cross-sectional 1,104 + Male & female Ideal Age, education, ethnicity, Greater professional prestige 10
(Hadera) « Urban (=6/7) marital status, living associated with greater likelihood of
« Ages 25-74y arrangements ideal CVH
De Moraes, et al.,, 2019 [35] USA Cross-sectional 6,792 + Male & female Poor (<7/14) Age, education, income, Mixed associations between 9
(MESA) + White, Black, Latinx & neighborhood SES, study occupation and likelihood of poor
Chinese Am. site CVH by sex
+ CVD-free
+ Ages 45-84y
Estrella, et al., 2018 [45] USA Cross-sectional 11,840 + Male & female Ideal (>11/14) Age, education, income, Mixed associations between 12
(HCHS/SOL) + Latinx ethnicity, health insurance employment status and ideal CVH
« CVD-free coverage, years lived in prevalence by sex; Mixed
« Ages 18-74y the US/nativity associations between occupation
and ideal CVH prevalence by sex
Lassale, et al., 2022 [34] USA Longitudinal 11,049 + Male & female Ideal (>8/14) Age, sex, race, education, Mixed associations between work 13
(ARIC) (6y) + Black & White income status and likelihood of CVH
« Ages 45-64y improvement or degradation
Lawrence, et al., 2018 [37] USA Longitudinal 11,200 + Male & female Ideal Age, sex, race/ethnicity, No evidence of association between 11
(Add Health) (15y) « Ages 24-34y (=6/7) parent education, employment status in adulthood
adolescent family income, and ideal CVH prevalence in
and adolescent health adulthood
behaviors
Nriagu, et al.,, 2021 [43] USA Cross-sectional 67,656 + Female Poor Age, race/ethnicity, marital ~ Mixed associations between 9
(WHI) « CVD-free (=2]7) status, education, income occupation and likelihood of poor
« Ages 50-79y CVH
Shockey, et al., 2016 [44] USA Cross-sectional 66,609 + Male & female Poor Age, sex, education, Mixed associations between 7
(BRFSS) + Employed (=2/7) race/ethnicity occupation and prevalence of poor
- Ages >18y CVH
Low- and Middle-Income Countries
Jankovic, et al., 2015 [47] Bosnia Cross-sectional 3,601 + Male & female Total score Age, sex, education, Employment status associated with 10
(NHS) « Ages >25y (0-14) employment status, higher ideal CVH scores
marital status, settlement
type, wealth index
Pengpid & Peltzer, 2021 [54] Malawi Cross-sectional 3,441 + Male & female Ideal (>5/7) Age, sex, education, No evidence of association between 11
(WHO STEPS) « Ages 18-69y urbanicity employment status and ideal CVH
Pengpid & Peltzer, 2022 [55] Bhutan Cross-sectional 9,712 + Male & female Ideal (>5/7) Age, sex, education, No evidence of association between 10
(STEPS) + CVD-free household size, urbanicity employment status and ideal CVH
« Ages 20-69y

* For more information about each study, including full results, see Supplemental Table S4.
T Studies assessed ideal CVH using a 7-point measure reflecting participants total number of ideal metrics, or using a 14-point measure that scored metrics as poor (0), intermediate (1) or ideal (2).

t Study quality scores ranged from 0 to 13, with higher values indicating higher quality (i.e. lower risk of bias).Add Health = national longitudinal study of adolescent health; BRFSS = behavior risk factor surveillance system;

HCHS/SOL = hispanic community health study/study of latinos; MESA = multi-ethnic study of atherosclerosis; NHS = national health survey; WHI = women'’s health initiative.
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Table 6
Results from studies examining ideal cardiovascular health (CVH) in relation to composite measures of socioeconomic status (SES)*.
Reference Country Study design N Sample description Ideal CVH Covariate adjustment Main finding Quality
(study/setting) measure' scoret
High-Income Countries
Boylan, et al., 2017 [32] USA Longitudinal 1,012 * Male & female Total score Age, sex, race, baseline Greater SES associated with higher 11
(MIDUS) (9-10y) - Ages 35-86y (0-14) smoking, physical activity,  ideal CVH scores
hypertension, diabetes,
cholesterol medication
use, chronic health
conditions, neighborhood
SES
Age, sex, race, individual Greater neighborhood-level SES
SES, neighborhood SES, associated with higher ideal CVH
baseline smoking, physical scores
activity, hypertension,
diabetes, cholesterol
medication use, and
chronic health conditions
De Moraes, et al., 2019 [35] USA Cross-sectional 6,792 + Male & female Poor (<7/14) Age, education, income, Lower SES associated with greater 9
(MESA) + White, Black, Latinx & occupation, study site likelihood of poor CVH
Chinese Am.
+ CVD-free
« Ages 45-84y
Empana, et al., 2016 [79] France Cross-sectional 8,916 + Male & femaleAges Categorical Age, alcohol consumption, Higher levels of deprivation 10
(Paris) 50-75y (=5 vs. <2/7) depressive symptoms, associated with lower likelihood of
education, self-perceived ideal CVH
health
Matthews, et al., 2017 [38] USA Longitudinal 307 + Male Total score High risk screening status, No evidence of association between 11
(Pittsburgh) (17-28y) + White & Black (0-14) race, adult SES family SES in adolescence and adult
+ Ages 13-16y CVH scores; Higher SES in
adulthood associated with higher
CVH scores
Savelieva, et al., 2017 [46] Finland Longitudinal 697 + Male & female Total score (0-7) Age, sex, adult SES, Greater childhood SES associated 12
(Young Finns) (32y) « Ages 3-18y childhood CV risk factors, with higher ideal CVH scores in
chronic conditions adulthood; Upward socioeconomic
mobility from childhood to
adulthood associated with higher
ideal CVH scores in adulthood
Low- and Middle-Income Countries
Bi, et al., 2015 [49] China Cross-sectional 96,121 + Male & female Categorical Age, sex, education, Lower economic development 11
(NCD) « Ages >20y (=6 vs. <1/7) medical insurance, associated with greater likelihood of
urbanicity ideal CVH
Oliveira, et al., 2021 [57] Brazil Repeated 2,236 + Male & female Ideal Sex, skin color Mixed associations between 10
(Pelotas) cross-sectional - Age 18 (=4/7) socioeconomic position and
(4y) likelihood of ideal CVH by sex
Ren, et al., 2016 [56] China Cross-sectional 15,350 + Male & female Ideal Age, income, education Greater SES associated with greater 12
(Shandong) « Ages 18-69y (=5/7) likelihood of ideal CVH

* For more information about each study, including full results, see Supplemental Table S5.
T Studies assessed ideal CVH using a 7-point measure reflecting participants total number of ideal metrics, or using a 14-point measure that scored metrics as poor (0), intermediate (1) or ideal (2).
¥ Study quality scores ranged from 0 to 13, with higher values indicating higher quality (i.e. lower risk of bias).MESA = multi-ethnic study of atherosclerosis; MIDUS = midlife in the United States study; NCD = China
non-communicable disease surveillance 2010.

‘ID 32 0UOZNYQ 'S’S ‘Sojups-janbsnog ) ‘Wsainp o

86-0¢ (2202) 92 ASojonuapidg fo sppuuy



£9

Table 7
Results from studies examining ideal cardiovascular health (CVH) in relation to race/ethnicity*.
Reference Country Study design N Sample description Ideal CVH Covariate adjustment Main finding Quality
(study/setting) measure! score*
High-Income Countries
Bambs, et al., 2011 [78] USA Cross-sectional 1,933 + Male & female Ideal Age, sex, income Black individuals had a lower 10
(Pittsburgh) « Ages 45-75y (=5/7) likelihood of ideal CVH than White
individuals
Benderly, et al., 2017 [39] Israel Cross-sectional 1,104 + Male & female Ideal Age, education, crowding, Arab individuals had a lower 10
(Hadera) + Urban (=6/7) marital status, occupation likelihood of ideal CVH than Jewish
« Ages 25-74y individuals
Brown, et al., 2018 [11] USA Repeated 40,876 + Male & female Ideal Age, sex, education, Black, US-born Mexican Am., and 10
(NHANES) cross-sectional + White, Black, Mexican (>10/14) income-poverty ratio non-US born Mexican Am.
(26y) Am. individuals had a lower prevalence
+ CVD-free of ideal CVH than White individuals
« Ages >25y
Burroughs, et al., 2019 [40] USA Cross-sectional 25,062 + Female Total score (0-7) Age, education, income, Black and Asian Am. individuals had 8
(WHS) + Health professionals cumulative psychosocial lower ideal CVH scores than White
« CVD-free stress individuals; No evidence of
» Ages 68-78y difference between Latinx and
White individuals
Gebreab, et al., 2015 [10] USA Cross-sectional 281,198 + Male & female Poor (<5/14) Age, sex, education, Latinx individuals had lower 7
(BRFSS) « Ages >18y income, state-level effects likelihood of poor CVH than White
individuals; Black individuals and
those of other ethnicities had
greater likelihood of poor CVH than
White individuals
Lassale, et al., 2022 [34] USA Longitudinal 11,049 + Male & female Ideal (>8/14) Age, sex, education, Black individuals had greater 13
(ARIC) (6y) « Black & White income, work status likelihood of CVH degradation and
« Ages 45-64y lower likelihood of CVH
improvement than White individuals
Lawrence, et al., 2018 [37] USA Longitudinal 11,200 + Male & female Ideal (>6/7) Age, sex, education, No evidence of difference in 11
(Add Health) (15y) + Ages 24-34y adolescent family income, likelihood of ideal CVH Latinx and
adolescent health factors, White individuals; Black individuals
young adult income and and those of other ethnicities had
social factors lower likelihood of ideal CVH than
White individuals
Le-Scherban, et al., 2016 [33] USA Longitudinal 6,446 + Male & female Total score Age, sex, education, study Foreign-born individuals had higher 12
(MESA) (11y) « White, Black, Latinx, (0-14) site ideal CVH scores than US-born
Chinese Am. individuals at baseline, but
+ CVD-free experienced a larger decline in ideal
« Ages 45-84y CVH scores over time
Lee, et al., 2021 [87] USA Cross-sectional 1,948 + Male & female Total score Age, family health history, Black men and women had lower 11
(MIDUS) - Black, White (0-14) study sample ideal CVH scores than White men;

Ages 25-74y

White women had higher ideal CVH
scores than White men

(continued on next page)
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Table 7 (continued)

Reference Country Study design N Sample description Ideal CVH Covariate adjustment Main finding Quality
(study/setting) measure’ score*
Mujahid, et al., 2017 [88] USA Cross-sectional 5,263 + Male & female Ideal Age, sex, education, Black and Latinx individuals had 10
(MESA) « Black, White, Latinx (=11/14) income, study site lower likelihood of ideal CVH than
+ CVD-free White individuals
« Ages 45-84y
Ogunmoroti et al., 2017 [41] USA Cross-sectional 9,056 + Male & female Ideal Age, sex, education Latinx individuals had greater 9
(Miami) « Employed (=6/7) likelihood of ideal CVH than White
« Ages 31-55y individuals; Black individuals and
those of other ethnicities had lower
likelihood of ideal CVH than White
individuals
Thomas, et al., 2019 [36] USA Cross-sectional 1,691 + Male & female Ideal Age, sex, education, Guyanese and Haitian individuals 7
(New York + Afro-Caribbean (=4/7) employment, health who lived in the US for >10y had a
City) » Ages >18y insurance, healthcare greater likelihood of ideal CVH than
access those who lived in the US for <10y;
No evidence of differences by
nativity among Jamaican individuals
Yang, et al., 2014 [42] USA Cross-sectional 8,834 « Male & female Total score (0-7) Age, sex, education, From 1999-2010, Black and Mexican 12
(NHANES) + White, Black, Mexican income individuals had lower ideal CVH
Am. scores than White individuals; No
« Ages 12-17y evidence of difference between
those of other ethnicities and White
individuals
Low- and Middle-Income Countries
Ghimire, et al., 2020 [21] Nepal Cross-sectional 3,238 + Male & female Ideal (>5/7) Age, sex, education, No evidence of difference in 12
(STEPS) « Ages 15-69y ecological zone, marital likelihood of ideal CVH between
status, urbanicity advantaged and disadvantaged
ethnic groups
Machado, et al., 2018 [48] Brazil Cross-sectional 13,356 + Male & female Total score (0-7) Age, sex, education, Black and Pardo* individuals had 9

(ELSA-Brasil)

Civil servants
CVD-free
Ages 35-74y

income, study site

lower prevalence of ideal CVH than
White individuals

* Classification in the Brazilian
National Census that indicates both
White and Black ancestry

* For more information about each study, including full results, see Supplemental Table S6.
T Studies assessed ideal CVH using a 7-point measure reflecting participants total number of ideal metrics, or using a 14-point measure that scored metrics as poor (0), intermediate (1) or ideal (2).

¥ Study quality scores ranged from 0 to 13, with higher values indicating higher quality (i.e. lower risk of bias).ADD health = national longitudinal study of adolescent health; BRFSS = behavior risk factor surveillance system;
ELSA-Brasil = Brazilian longitudinal study of adult health; MESA = multi-ethnic study of atherosclerosis; MIDUS = midlife in the United States Study; NHANES = national health and nutrition examination survey; NHS = national

health survey; STEPS = STEPS survey of noncommunicable disease; WHS = women'’s health study.
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Fig. 3. Summary of direction of association reported in studies examining associations between ideal cardiovascular health and (A) education (N = 24), (B) income/wealth
(N = 17), (C) occupation (N = 10), (D) socioeconomic status (N = 8), and (E) race/ethnicity (N = 15).*.

plemental Tables S1-S5). Because most studies reported findings on
>1 social determinant, studies may be listed in multiple sections.
Overall, education was the most frequently investigated factor
(n = 21), followed by income/wealth (n = 16), and race/ethnicity
(n = 14). Fewer studies examined associations with occupation and
employment (n = 7) or SES measured using a composite measure
that included information on income/wealth, education, or other
related socioeconomic characteristics (n = 6). Figure 3 compares
main findings from HICs and LMICs.

High-income countries

Education (n = 13) and race/ethnicity (n = 13) were the
most commonly studied social determinants in HICs, followed by
income/wealth (n = 10), occupation and employment (n = 7),
and SES (n = 5). Findings indicated a robust relationship be-
tween higher social status and ideal CVH in nearly every domain.
More specifically, higher educational attainment, income/wealth,
and composite SES were consistently associated with better CVH
in studies conducted in the U.S., Canada, and various European
countries. While no unexpected results were reported, some stud-
ies found evidence of mixed associations, which could be grouped
into two categories: 1) expected associations were found among
most individuals, but null or unexpected findings were apparent in
specific subgroups (e.g. by gender or race/ethnicity); [35,36] and
2) investigations that did not find evidence for a longitudinal rela-
tionship of adult CVH with social determinants measured in ado-
lescence but did find evidence for concomitant associations with
social determinants measured in adulthood [37,38].
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With respect to studies investigating racial/ethnic differences,
all were based in the U.S., with the exception of one study from
Israel that examined differences between Jewish and Arab adults
[39]. Overall, findings indicated that racial/ethnic groups with the
highest social standing (i.e. white individuals in the U.S., Jewish in-
dividuals in Israel) were more likely to have ideal CVH compared to
marginalized racial/ethnic groups (e.g. Black individuals in the U.S.,
Arab individuals in Israel). In the U.S., differences in ideal CVH be-
tween white individuals and members of other racial/ethnic groups
(e.g. Latinx, Asian American, or other) were mixed. While many
studies found that these latter groups had worse CVH [10,11,37,40-
42], some found that they were more likely to have ideal CVH than
white individuals [10,41] and others found no sizeable differences.
[37,40,42]

Few studies examined employment and occupation (n = 7).
Those that did were characterized by substantial heterogeneity,
both in regards to exposure measurement and study findings.
For example, some studies assessing occupation characterized oc-
cupational categories as reflecting levels of professional prestige
[37,40,42], while others did not articulate how occupational cat-
egories reflected underlying social structures [43,44], making the
interpretation of results challenging. Overall, only one study found
associations in the expected direction, [39] while others reported
mixed [34,35,43-45] or null [37] results.

Overall, no clear pattern in study quality was noted in findings
from HICs. However, studies with the strongest designs (i.e. longi-
tudinal) were somewhat mixed. Investigations among adults exam-
ining social determinants measured at one time point in relation
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to repeated measures of ideal CVH over a decade found associ-
ations with education, [45] income, [45] composite SES [32] and
race/ethnicity [33,34] in the expected direction. On the other
hand, prospective associations between family socioeconomic fac-
tors measured in childhood and adult ideal CVH [37,38,46] were
inconsistent. Two U.S.-based studies found no evidence of associa-
tions [28,29], while one Finnish study found robust evidence that
higher composite SES in childhood was associated with greater
likelihood of having ideal CVH [35]. Additionally, in this Finnish
study, individuals who experienced upward socioeconomic mobil-
ity from childhood to adulthood (defined as increases in SES over
time) had better ideal CVH at midlife compared to those whose
SES was stable from childhood to adulthood [35].

Low- and middle-income countries

For the most part, findings from LMICs mirrored those from
HICs, in that higher social status was generally related to better
ideal CVH; however, only 11 studies were conducted in these set-
tings and all were cross-sectional. There was also slightly more
heterogeneity observed in findings compared to HICs. Overall,
education was the most commonly investigated social determi-
nant (n = 11), followed by income/wealth (n 7) and com-
posite SES (n = 3). Few studies explored associations with oc-
cupation or employment (n = 3) or race/ethnicity (n = 2). As-
sociations between education and ideal CVH were in the ex-
pected direction in studies from Bosnia, [47] Brazil, [48] China
[49,50,51], and Serbia [52]. However, two studies found no re-
lationship between education and ideal CVH in Peru [53] and
Malawi, [54] and some mixed and unexpected findings were also
reported [19,21,55]. In one study conducted in Bhutan, greater
education was associated with a greater likelihood of ideal CVH
among women, but no association was noted among men [55].
In contrast, a study conducted in Jamaica [19] found that lower
levels of education were associated with a lower likelihood of
ideal CVH for women but a greater likelihood for men. Simi-
larly, lower levels of education were also related to greater CVH
among adults in Nepal [21]. However, the confidence intervals for
the effect estimates reported in these studies included the null
value.

With respect to income/wealth, higher levels were related to
greater ideal CVH among adults in Brazil [48] and Serbia, [52] and
among urban youth in China [50]. However, no association was
noted among adults in Bosnia [47] or those residing in rural areas
in northern China, [51] despite both studies’ sizeable samples (e.g.
n>2,500) [51]. Mixed or unexpected findings were also reported
in Jamaica [19] and Peru [53]. Among the 3 studies that exam-
ined patterns by composite SES, results were inconclusive. While
one study of adults in Shandong, China found that individuals with
higher SES were more likely to have ideal CVH, [56] another car-
ried out across the entire country found that living in a lower SES
area was associated with a greater likelihood of ideal CVH [48].
Furthermore, one Brazilian study [57] found expected associations
between SES and ideal CVH among women but inverse associations
among men.

Relationships between ideal CVH and occupation (n = 3) or
race/ethnicity (n = 2) were understudied in LMICs and findings
were somewhat mixed. While one study from Bosnia found ex-
pected associations with respect to employment status, [47] stud-
ies from Malawi [54] and Bhutan [55] indicated no apparent asso-
ciations. Among the two studies that examined associations with
race/ethnicity, one conducted in Brazil [48] reported associations
with race in the expected direction, while another from Nepal
[21] reported no differences by ethnicity. As was the case in stud-
ies from HICs, there was no evidence that the relationship between
social determinants and patterns in ideal CVH were related to dif-
ferences in study quality.
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Discussion
Social disparities in ideal CVH: A global phenomenon?

Since ideal CVH was defined, studies from around the world
have found that very few adults meet recommendations for all 7
metrics, [6] including in LMICs where the burden of CVD is steadily
increasing [7]. In this review, we systematically evaluated research
on the social determinants of ideal CVH and we found consider-
ably more studies are conducted in HICs than LMICs. With respect
to specific social determinants, education and income/wealth were
commonly studied in both HICs and LMICs, but less work exam-
ined associations with employment and occupation or composite
measures of SES. There was also a dearth of research investigating
racial/ethnic disparities in ideal CVH outside of the U.S. Notably,
our results indicated that higher social status individuals are more
likely to have better CVH in both HICs and LMICs. In HICs, asso-
ciations were largely consistent across studies of most social de-
terminants, with the exception of studies examining employment
and occupation, which yielded mixed results. Findings from LMICs
were somewhat more heterogenous; however, given the scarcity of
studies from LMICs, it is unclear whether these findings reflect true
differences by country context.

Most studies we evaluated suggested that inequities in ideal
CVH are evident in both HICs and LMICs with respect to multi-
ple social determinants of health, but particularly education and
income/wealth. These factors are widely considered to be “funda-
mental causes” of disease because they reflect an individual’s ac-
cess to resources in society, including knowledge, financial capital,
social connections, and power [58]. Although the studies included
in this review describe overall patterns, a large body of research
has documented the direct and indirect pathways by which health
disparities are established [59,60], including through inequitable
social systems and structures [61] that increase low status individ-
uals’ exposure to societal, interpersonal, and individual-level risk
factors (e.g. material disadvantage, [60] environmental toxicants,
[62] discrimination, [63] and other forms of psychosocial stress
[64]). The associations we noted - particularly with education and
income/wealth - are reminders that where there is social inequity,
it is likely to play a robust role in shaping the population distri-
bution of ideal CVH. Therefore, unified efforts to redress existing
inequities through social policy [65] may help enhance health in
both HICs and LMICs and reduce the global burden of CVD.

Gaps in the literature

Given the highly skewed geographic distribution of the stud-
ies included in this review, our findings also highlight important
overlooked areas of research that warrant further attention. Most
notably, we found that empirical work documenting the impact of
social determinants of ideal CVH is predominantly carried out in
HICs, which represent nearly three quarters of the evidence base
but only 38% of countries worldwide. Of the reviewed studies con-
ducted in LMICs, nearly all were from upper-middle-income coun-
tries and only one examined associations in a low-income coun-
try. The scarcity of reviewed studies from lower-middle and low-
income countries - particularly in North Africa, Latin America, the
Caribbean, Oceania, and Asia - is noteworthy because global cases
of CVD will likely increase dramatically in these regions as their
aging populations are expected to double by 2050 [13]. When con-
sidering included studies conducted in HICs, geographic represen-
tation was also quite limited, as the overwhelming majority were
from the U.S. Although a few studies from HICs in Europe, other
parts of North America, and the Middle East were included, no
work examined the social determinants of ideal CVH in HICs in
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East Asia (e.g. Japan, Singapore) or Australia. Therefore, our com-
parative findings should be interpreted with caution.

We also identified gaps in the literature that relate to the so-
cial determinants of health that most studies investigated. In both
HICs and LMICs, the majority of included studies focused on ed-
ucation and income/wealth, while fewer examined ideal CVH in
relation to employment and occupation. Because no single factor
can fully encompass SES, [9] examining associations across multi-
ple factors that capture different socioeconomic domains can of-
fer a more comprehensive understanding of differences by social
standing. Studies examining occupational class are valuable be-
cause they can tap into relational dimensions of social position
that may provide insight into underlying power dynamics that cre-
ate social stratification in society [66,67]. Given the dearth of stud-
ies on employment and occupation in our review, it is difficult
to draw conclusions based on our results. However, we did find
that studies in this area were often characterized by poorly de-
fined exposure measures that did not clearly articulate how occu-
pational categories reflect underlying social structures. Future work
in this area should draw on theory-driven approaches to exam-
ining employment and occupation as indicators of social standing
[66,67,68].

Another social determinant that warrants further study is
race/ethnicity. Racial/ethnic differences in health are manifesta-
tions of historical and ongoing structural racism against marginal-
ized racial/ethnic groups [69,70]. Despite the fact that disparities
are documented in societies around the world, the vast major-
ity of research on ideal CVH came from the U.S., while only 3
studies explored this question in other countries. In many HICs,
increased international migration has contributed to both greater
racial/ethnic diversity [71] and higher levels of social inequity [72].
Examining racial/ethnic differences in ideal CVH in these settings
may shed new light on the ways in which structural racism and
other social forces may shape health globally, and highlight the im-
portance of primordial prevention among overlooked marginalized
groups.

We also noted some methodological gaps in existing literature
that related to study design. Most research included in our review
was based on cross-sectional data, which is insufficient to ascer-
tain causal relationships because the assessment of social deter-
minant exposures and ideal CVH occurs at the same time. As a
result, findings from these studies may reflect reverse causal as-
sociations, namely individuals’ health status influencing their so-
cial standing rather than vice versa. While this may be less of
a concern when studying social determinants that are fixed at
birth (like race/ethnicity), it is a substantial limitation when ex-
amining the impact of socioeconomic indicators, which have ro-
bust bidirectional relationships with health across the life course
[60]. Longitudinal studies that evaluate associations using socioe-
conomic factors measured prior to ideal CVH assessments provide
a stronger basis for causal inference; however, we only identified
8 of such studies, all but one of which were conducted in HICs. To
advance our understanding of the ways in which social determi-
nants prospectively shape an individual’s likelihood of having ideal
CVH and sustaining it over time - particularly in LMICs - more
longitudinal research is needed.

Finally, another important gap relates to the age group most
commonly examined. The vast majority of studies included in
our review evaluated the social determinants of ideal CVH among
adults, while only 3 focused on children and youth [42,50,73].
Since most children are believed to possess optimal CVH at birth,
which gradually declines over time [74,75], studying the social
determinants of ideal CVH early in life may help identify de-
velopmental windows when health deteriorative processes begin.
Among studies in our review that sampled younger populations,
all 3 were cross-sectional and found that lower social status has a
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bearing on ideal CVH during childhood and adolescence [42,50,73].
Notably, no work examined associations with ideal CVH measured
in both childhood and adulthood. Future research should explore
longitudinal associations starting early in life to identify periods
that may be high priority targets for social policy aimed at foster-
ing and sustaining ideal CVH across the lifespan [76,77].

Methodological inconsistencies

We also identified several methodological issues in ideal CVH
measurement, operationalization, and analysis that are worth not-
ing. Although the AHA established clear guidelines for the defi-
nition of each metric in their ideal CVH measure, we found sub-
stantial variability in how some metrics were assessed, with diet
and physical activity frequently measured using different criteria
than what was originally proposed. In many cases, there were only
minor differences in the criteria that were used (e.g. some but
not all dietary categories were assessed, or different thresholds
for physical activity were used). However, some deviations from
proposed guidelines were quite substantial. For example, numer-
ous studies assessed diet based solely on fruit and vegetable con-
sumption [10,38,44,53,78,79], and physical activity using simplified
measures of the number of activities individuals engaged in dur-
ing the course of a week [36,37,42,47,79]. Since these variations
likely reflect different constraints facing researchers who conduct
large-scale epidemiologic studies, it is important for future work
to determine whether these different operationalizations of ideal
CVH may influence study findings. Furthermore, the validation and
standardization of abbreviated behavioral measures may be partic-
ularly beneficial for studies conducted in low-resource, LMIC set-
tings.

While all studies included in our review used healthy levels of
individual metrics to construct a composite measure of ideal CVH,
scores often differed with regard to scale (e.g. 7-point vs. 14-point),
and there was no consistency in how scores were analyzed. While
some authors examined continuous ideal CVH scores as their pri-
mary outcome, others used count scores, categories of CVH (e.g.
ideal, intermediate, high), or binary measures (e.g. ideal CVH, poor
CVH). To further complicate matters, no universal threshold was
used to define ideal (or other) levels of CVH. Despite this hetero-
geneity, our results indicated fairly robust relationships between
several makers of social status and ideal CVH, suggesting that dif-
ferences in the way ideal CVH was operationalized perhaps had
little bearing on identifying associations with social determinants.
However, to ensure that this is the case, researchers should con-
sider conducting sensitivity analyses to verify that similar asso-
ciations are observed when using different operationalizations of
ideal CVH.

We also noted inconsistencies in how individuals with prior
CVD diagnoses or those currently receiving treatment were han-
dled in analyses. Among the studies included in this review, many
excluded individuals with a history of CVD or those who reported
taking medication altogether, thereby providing estimates of asso-
ciations among a healthy sample. In other studies, authors often
accounted for these factors when constructing ideal CVH scores
(i.e. individuals with a history of CVD were defined as having poor
CVH, or those with ideal levels of individual CVH metrics were de-
fined as meeting recommended levels without the aid of medica-
tion) or included them as adjustment variables in statistical anal-
yses. In doing so, these studies mitigate the threat of identify-
ing reverse causal associations between social determinants and
ideal CVH but are inconsistent with the AHA’s definition of CVH
as only present in the absence of manifest disease [1]. In many
instances, information on prior CVD history or treatment was not
accounted for [10,19,36,41,48,56], possibly contributing to more bi-
ased estimates. To improve the rigor of studies moving forward, we
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recommend that future work uniformly accounts for prior CVD di-
agnoses and medication use following established AHA guidelines.

Finally, we also observed some variability in the covariate ad-
justment procedures used across studies. In general, authors rarely
reported associations minimally adjusted for age and sex, likely be-
cause most results were from exploratory studies focused on mul-
tiple social determinants rather than a single exposure of interest.
Relatedly, fully adjusted associations reported in many studies of-
ten included other related social determinants as covariates, which
can have important implications for the interpretation of results
depending on a study’s primary research question. For example,
when considering racial/ethnic disparities, adjustment for socioe-
conomic factors may provide a uniquely informative estimate by
describing associations over and above potential confounding ef-
fects of those factors, pointing to the potential role of structural
and interpersonal forms of racism and discrimination that may
not be captured by socioeconomic factors alone. At the same time,
such a measure would underestimate the true extent of racial in-
equities since race/ethnicity is often strongly correlated with so-
cioeconomic conditions [70]. With respect to the studies included
in this review, most fully adjusted associations also adjusted for
the other social determinants, and therefore may be overly conser-
vative.

Limitations and strengths

This review has some limitations. Due to the varied measures
authors used to characterize both ideal CVH and social determi-
nants of health across studies, we did not carry out a formal meta-
analysis. Instead, we summarized findings in a narrative synthe-
sis. Doing so afforded us more latitude in interpreting results from
studies that examined ideal CVH using different outcome mea-
sures, including count scores, categories of CVH, or binary mea-
sures of either ideal CVH or poor CVH. However, this approach also
presented some challenges. Since thresholds used to define ideal
levels of CVH varied between studies, findings may not be directly
comparable. As a result, we were unable to report a single estimate
of the magnitude of associations pooled across studies, and instead
summarized overall trends by subjectively evaluating associations
as being either in the expected direction, in the unexpected direc-
tion, null, or mixed. Informed by recent guidance, [80] we inter-
preted findings based on the direction and magnitude of point esti-
mates rather than strictly adhering to P-value cutoffs. Other factors
are also important to consider when interpreting research findings,
so we also provided the full results reported in each study to allow
readers to reach their own conclusions.

Since our review included any work that assessed a composite
measure of ideal CVH without considering whether different crite-
ria were used to define healthy levels of each individual CVH met-
ric, we were able to include more studies from LMICs, where ideal
CVH metrics were rarely characterized using the exact criteria de-
fined by the AHA. This resulted in differences in operationaliza-
tions of ideal CVH across studies, but also a wide variation in how
studies defined healthy levels of each individual CVH component.
Thus, it is possible that non-uniform approaches to ideal CVH mea-
surement may have contributed to the variation we observed in re-
sults, particularly in LMICs. Although we were not able to account
for this directly in our review, it is worth noting that we formally
evaluated the quality of ideal CVH measures used in each study in
our risk of bias assessment and found no systematic differences.

Considering our synthesis of findings across HICs and LMICs, it
is worth noting that our comparisons were premised on grouping
countries with very different social, cultural, and political environ-
ments based on a somewhat crude measure of national income.
We chose to use the World Bank’s classification of countries based
on GNI per capita because it is a widely-used measure of country-
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level industrialization, and prior epidemiologic research has found
that as countries become more industrialized, the leading causes
of death transition from nutritional deficiencies and communica-
ble diseases to chronic conditions related to aging, like CVD [16,17].
While our review provides preliminary evidence that social deter-
minants of health shape ideal CVH similarly across multiple con-
texts, grouping countries as either HICs or LMICs likely obscured
potentially important sources of between-country variation that
may be informative for understanding population patterns in ideal
CVH. Future work would benefit from using more nuanced country
classifications to inform global comparisons.

This review also has numerous unique strengths. In addition to
carrying out a wide search that spanned multiple social determi-
nants of health, we also reviewed studies published in multiple
languages, including English, Spanish, and Portuguese. Although
we were limited by conducting our review in only three research
databases, we believe that our searches covered the majority of
work published in the three languages our research group was pro-
ficient in. PubMed and Embase house the bulk of biomedical re-
search published in English around the world. The LILACs database
includes over 500,000 scientific articles published in Latin Amer-
ica and the Caribbean. While it is possible that regions not repre-
sented by the studies we reviewed may have been excluded due
to our language limitations, our work represents the most compre-
hensive review of the literature to date. Another strength of our
review was our focus on community-based studies. While such re-
search provides a comprehensive overview of patterns in ideal CVH
globally, it is important to note that our findings may not be gen-
eralizable to patient populations. Notably, our review also has the
unique strength of including a detailed analysis of the methods and
measures used to examine associations between various social de-
terminants and ideal CVH, which we hope will help enhance the
quality of evidence in this area moving forward.

Conclusion

Devising transnational strategies to tackle the underlying pro-
cesses that create social inequities in ideal CVH is critical to reduce
the burden of CVD-related morbidity and mortality globally. In this
study, we reviewed and synthesized research from HICs and LMICs
that explored the impact of these factors on positive CVH using
the AHA’s proposed measure of ideal CVH. Findings suggested that
the inequitable distribution of ideal CVH - particularly by educa-
tion and income/wealth - may be a global phenomenon. This work
highlights the critical role social policy aimed at reducing inequal-
ity can play in improving CVH around the world.
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