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Abstract

This systematic review synthesizes research published from January 2010-July 2022 on the social
determinants 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 (2= 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 (12 = 24) and income/wealth (2= 17) were the
most frequently examined social determinants in both HICs and LMICs. Although most studies
assessed ideal CVH using reliable and valid methods (1= 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, income/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
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United States, longitudinal research, and investigations of a wider array of social determinants
beyond education and income/wealth.

Keywords

Social determinants of health; Ideal cardiovascular health; Race and ethnicity; Socioeconomic
status; Education; Income/wealth; Occupation; Employment; Systematic review

Introduction

Cardiovascular disease (CVD) can be challenging to avoid among individuals with multiple
risk factors [1], highlighting the importance of primordial prevention strategies that guard
individuals against developing risk factors by supporting positive cardiovascular 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-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
indicators used in cardiovascular research, ideal CVH provides a holistic 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 cardiovascular
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 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 structure can substantially
improve ideal CVH levels in the population [9].

To date, most cardiovascular research on the social determinants of health is carried out in
high-income countries (HICs), [6] even though low- and middle-income countries (LMICs)
account 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 industrialization sparked

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.
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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
countries today [6,18-22]. Furthermore, globalization created a “perfect storm” for CVD
risk factors in many LMICs, [23] where cheap, energy-dense foods are widely available and
urbanization contributes 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 advances 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 conducted in both HICs and LMICs
that explored associations with education and income/wealth, as well as a wider array of
determinants related to an individual’s standing in society [9,24], including 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 expanded our focus beyond
adult populations to include studies of children and adolescents to gain greater insight
into the ways social environments shape CVH starting early in life. Lastly, since previous
work highlighted limitations of meta-analyses that pool results 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 inconsistencies 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
highlighting approaches to improve the quality of epidemiologic research on ideal CVH
moving forward.

Consistent with past work from HICs [7,9] and emerging evidence 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 studies that are cross-sectional from longitudinal

ones that provide a 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 associations with individual CVH metrics.

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.
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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 published after 2010, which was the year the AHA defined their
criteria 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, Spanish, and Portuguese). We also reviewed reference lists from included studies
and conducted two refresher searches (in February 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, income/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
Review and Meta-Analyses Protocols (PRISMA-P) [28] and Standards for Systematic
Reviews, [29] and we pre-registered it with the International 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 independently screened unique abstracts for study inclusion. We obtained full
text manuscripts for studies that met eligibility criteria 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 unfamiliar 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 meeting
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 previously 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 composite measure that included
information on all 7 individual metrics (for the exact ideal CVH criteria proposed by the

AHA, see Table 1). We also imposed no age restrictions and included studies of both adult
and pediatric populations. Only empirical articles were included; systematic reviews, meta-
analyses, commentaries, editorials, book chapters, and conference abstracts were excluded.

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.


https://pubmed.ncbi.nlm.nih.gov/
https://www.embase.com/login
https://www.embase.com/login
https://lilacs.bvsalud.org/en/

1duosnuely Joyiny 1duosnuely Joyiny 1duosnuely Joyiny

1duosnuely Joyiny

Qureshi et al.

Page 5

The unit of analysis for synthesizing findings was at the survey level. Since many studies
presented similar findings from common 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 common 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 social determinants were
examined in a single manuscript, each finding was considered separately in our narrative
synthesis.

Risk of bias assessment

We evaluated the quality of each study using a risk of bias assessment 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 respect 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 analyzed 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 thresholds 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 characteristics and
evaluated differences between HICs and LMICs using y? tests and ¢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 associations according to the direction and magnitude of point
estimates (when measures of association were provided) or by adjusted mean ideal CVH
scores/prevalence estimates. Findings were described as: 1) in the expected direction (i.e.
higher social status 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 estimates were reported), or 4) mixed (i.e. associations differed by subgroup or
by exposure).

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.
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Figure 2 depicts a flowchart of our manuscript screening process, 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 (1= 4) and Brazil (n=2). Nearly all
studies included in the LMIC category were conducted in upper-middle-income countries;
two were conducted 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 (7= 38) examined associations between social determinants and ideal
CVH measured in adulthood whereas only 3 studied ideal CVH in children or adolescents.
Most were also cross-sectional (7= 33; 80%). Among the 8 studies that were longitudinal
(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; )(2 =1.27, P=.26) and included >1000 participants (86% HICs, 100% LMICs;
/1/2 =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 were evident when
comparing findings from HICs and LMICs (e.g. HIC mean = 9.9; LMIC mean = 10.2; ¢=

0.68, P=.50).

Studies generally used reliable and valid methods to assess both social determinants and
ideal CVH, but there was substantial variability in how individual ideal CVH metrics

were defined (for a description of how measures were evaluated, see the complete quality
assessment tool provided in the Supplemental Material). In total, 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 entirely on
self-reported data. Different criteria were frequently used to assess dietary intake (57%
HICs, 69% LMICs; ;(2 =0.55, P=.46) and physical activity (42% HICs, 38% LMICs;

/1/2 =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 inconsistent. Many studies used binary
measures of either ideal CVH (yes/no) or poor CVH (yes/no) as the primary outcome (2=
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 (2= 4; 10%). Among those that analyzed associations with categorical or
binary outcome measures, thresholds used to differentiate participants with ideal levels were

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.
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highly variable, but cut-offs of 5 (n=10) and 6 (2= 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 Supplemental 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="17) or SES measured using a composite measure that included information on income/
wealth, education, or other related socioeconomic characteristics (= 6). Figure 3 compares
main findings from HICs and LMICs.

High-income countries

Education (7= 13) and race/ethnicity (n= 13) were the most commonly studied social
determinants in HICs, followed by income/wealth (7= 10), occupation and employment (n
=17), and SES (n=15). Findings indicated a robust relationship between 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 studies 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 relationship of
adult CVH with social determinants measured in adolescence but did find evidence for
concomitant associations with social determinants measured in adulthood [37,38].

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 individuals 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 between

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 (1= 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 occupational
categories as reflecting levels of professional prestige [37,40,42], while others did not
articulate how occupational categories reflected underlying social structures [43,44], making

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.
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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. longitudinal) were somewhat mixed. Investigations
among adults examining social determinants measured at one time point in relation to
repeated measures of ideal CVH over a decade found associations 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 factors measured
in childhood and adult ideal CVH [37,38,46] were inconsistent. Two U.S.-based studies
found no evidence of associations [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 mobility 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 settings 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 determinant (n= 11), followed by income/wealth (n= 7) and composite
SES (n=3). Few studies explored associations with occupation or employment (2= 3)

or race/ethnicity (7= 2). Associations between education and ideal CVH were in the
expected direction in studies from Bosnia, [47] Brazil, [48] China [49,50,51], and Serbia
[52]. However, two studies found no relationship 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. Similarly, 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 examined 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 carried out across the entire country found that living in a
lower SES area was associated with a greater likelihood of ideal CVH [48]. Furthermore,

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.
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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 (2= 3) or race/ethnicity (n=2)

were understudied in LMICs and findings were somewhat mixed. While one study from
Bosnia found expected associations with respect to employment status, [47] studies from
Malawi [54] and Bhutan [55] indicated no apparent associations. 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 studies from HICs, there was no evidence
that the relationship between social determinants and patterns in ideal CVH were related to
differences in study quality.

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 considerably 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 examined 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, associations were largely consistent across studies of most
social determinants, 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 LMIC:s, 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 multiple social determinants of health, but particularly
education and income/wealth. These factors are widely considered to be “fundamental
causes” of disease because they reflect an individual’s access 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 individuals’ 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 distribution 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.
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Gaps in the literature

Given the highly skewed geographic distribution of the studies 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 conducted in LMICs, nearly all were from upper-middle-income countries and only
one examined associations in a low-income country. 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 considering included studies conducted in HICs, geographic representation
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 East Asia (e.g.
Japan, Singapore) or Australia. Therefore, our comparative findings should be interpreted
with caution.

We also identified gaps in the literature that relate to the social determinants of health

that most studies investigated. In both HICs and LMICs, the majority of included studies
focused on education 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 multiple factors that capture different socioeconomic domains
can offer a more comprehensive understanding of differences by social standing. Studies
examining occupational class are valuable because they can tap into relational dimensions of
social position that may provide insight into underlying power dynamics that create social
stratification in society [66,67]. Given the dearth of studies 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 defined exposure measures that
did not clearly articulate how occupational categories reflect underlying social structures.
Future work in this area should draw on theory-driven approaches to examining 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 manifestations of historical and ongoing structural racism against
marginalized racial/ethnic groups [69,70]. Despite the fact that disparities are documented
in societies around the world, the vast majority 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 importance 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
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to ascertain causal relationships because the assessment of social determinant exposures
and ideal CVH occurs at the same time. As a result, findings from these studies may

reflect reverse causal associations, namely individuals’ health status influencing their social
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 examining the impact of socioeconomic indicators, which have robust bidirectional
relationships with health across the life course [60]. Longitudinal studies that evaluate
associations using socioeconomic 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 determinants 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 developmental
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 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 fostering 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 noting. Although the AHA established clear
guidelines for the definition of each metric in their ideal CVH measure, we found substantial
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, numerous
studies assessed diet based solely on fruit and vegetable consumption [10,38,44,53,78,79],
and physical activity using simplified measures of the number of activities individuals
engaged in during 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 particularly beneficial for studies conducted in
low-resource, LMIC settings.
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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 primary 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 heterogeneity, our results
indicated fairly robust relationships between several makers of social status and ideal CVH,
suggesting that differences 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 consider conducting sensitivity analyses to verify that similar
associations 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 handled 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 associations 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 defined as meeting
recommended levels without the aid of medication) or included them as adjustment variables
in statistical analyses. In doing so, these studies mitigate the threat of identifying 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 biased estimates. To improve the rigor of
studies moving forward, we recommend that future work uniformly accounts for prior CVD
diagnoses and medication use following established AHA guidelines.

Finally, we also observed some variability in the covariate adjustment procedures used
across studies. In general, authors rarely reported associations minimally adjusted for age
and sex, likely because most results were from exploratory studies focused on multiple
social determinants rather than a single exposure of interest. Relatedly, fully adjusted
associations reported in many studies often 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 socioeconomic factors may provide a uniquely informative
estimate by describing associations over and above potential confounding effects 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 inequities since race/ethnicity
is often strongly correlated with socioeconomic 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 conservative.
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Limitations and strengths

This review has some limitations. Due to the varied measures authors used to characterize
both ideal CVH and social determinants of health across studies, we did not carry out a
formal meta-analysis. Instead, we summarized findings in a narrative synthesis. Doing so
afforded us more latitude in interpreting results from studies that examined ideal CVH using
different outcome measures, including count scores, categories of CVH, or binary measures
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 direction, null, or mixed. Informed by recent guidance, [80] we interpreted
findings based on the direction and magnitude of point estimates 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 criteria were used to define healthy levels of each
individual CVH metric, we were able to include more studies from LMICs, where ideal
CVH metrics were rarely characterized using the exact criteria defined by the AHA. This
resulted in differences in operationalizations 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 measurement may have contributed
to the variation we observed in results, 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 environments 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-level industrialization, and prior epidemiologic
research has found that as countries become more industrialized, the leading causes of death
transition from nutritional deficiencies and communicable diseases to chronic conditions
related to aging, like CVD [16,17]. While our review provides preliminary evidence that
social determinants of health shape ideal CVH similarly across multiple contexts, 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 determinants of health, we also reviewed studies published in
multiple languages, including English, Spanish, and Portuguese. Although we were limited
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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
proficient in. PubMed and Embase house the bulk of biomedical research published in
English around the world. The LILACs database includes over 500,000 scientific articles
published in Latin America and the Caribbean. While it is possible that regions not
represented by the studies we reviewed may have been excluded due to our language
limitations, our work represents the most comprehensive review of the literature to date.
Another strength of our review was our focus on community-based studies. While such
research provides a comprehensive overview of patterns in ideal CVH globally, it is
important to note that our findings may not be generalizable 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 determinants 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 processes 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
LMIC:s 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 education and income/wealth — may be a global phenomenon. This work
highlights the critical role social policy aimed at reducing inequality can play in improving
CVH around the world.
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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].
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Fig. 2.

Screening process to identify studies for inclusion.
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(c) Occupation

m Expected Direction
OMixed Findings

OUnexpected Direction or
No Relationship

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).*.
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Table 2
Geographic distribution of studies (N=41)

Country by region Studies

High-Income Countries (1= 28)

United States 22
Canada 1
European Union (EU) * 1
Finland 1
France 1
Israel 1
Spain 1

Low- and Middle-Income Countries (7= 13)

China 4
Brazil 2
Bhutan 1
Bosnia & Herzegovina 1
Jamaica 1
Malawi 1
Nepal 1
Peru 1
Serbia 1

#
One study was conducted in 9 EU countries: Austria, Belgium, France, Germany, Greece, Hungary, Italy, Spain, and Sweden

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.

73

Page 25



Page 26

Qureshi et al.

uonepeisap HAD Jo pooyra|

1018013 M PIJEIOOsse

snje)s JIom

Ay9—G SO8V «
SHYM % 3oeld »

(£9)

[v€]

€1 JuSWIUTE}IE [BUOIIBONP JOMO] ‘Owooul ‘9del ‘xas 93y (1/8<) 189P1 Jlewdf 29 J.A « 67011 TeurpmiSuo] (Ondv) vsn 20T “Te 19 ‘Qresse]
$9100S HAD [89p1 10yS1y
Uilm PIJRIO0SSE JuatuIee (L £91—¢] sV » (VNATIH) [eL] 810C
1 [BUOIIBONDA [BUIDIBW J)BIID) X8 98y —()) 2109S [B)0], Jlewoj 29 S[RIA « LE9  [BUONISS-SSOID) SALNUNOd NA 6 I 39 ‘UoSSNLIUSH
S9100S HAD £G9—81< S93VY
[B9p1 JOYSIY YIIM PIIBIOOSSE (L suoydoouer « [s8]
6 JUSWIUTE)IE [BUOIIBONDS 19)BIIN) X8 98y —()) 21098 [B)0], Jlewoj 29 SR « LLL ~ [euonoes-sso1r)  (99genQ) epeue) 10T <[ 19 ‘UOSLLRH
HAD [eap! Jo pooylax]
108313 YIM PIJRIOOSSE Isn 2IBdYI[BAY “YIBIY KQ1< S8V « [¥8]
01 JUSWIUIE)IE [RUOIIBONDS 19)BIID) PIjRI-J[9s XS 9Ty (L/9<) 189P] Jrewoj 29 SR « SOF 11 [BUONDIS-SSOID) OISty AD) uteds €107 “IB 19 ‘TUBIORID
HAD Iood Jo pooyroyi| SO)SLIAJORIRYD
1018313 YIIM PIIRIOOSSE [9AJ[-278)S “QUIOdUT AQ1< S8V « [o1]
L JUSWIUTE)IE [BUOIIBONPS JOMOTT  ‘AJIDIUYI9/0.1 ‘X3S 03y (L/S >) 1004 Jlewd) 2 JRN »  861°18C [BUOI}03S-SS0I)) (SSId9) vSn S10T 1B 19 ‘qeaigan
$91098 HAD
B3PI 1OYSIY YIIM PIJRIOOSSE
UONBINPS [9A3] POOYIOquIIoU
10JB210) 591098 HAD [8op! Ay9—G SO8V «
ToySIy yim pajeoosse (1 oeld - (e8]
01 JUSWIUTE)IE [BUOIIBOND 19)BAID) Xos 98y —()) 21098 [B)0], Jlewoj 29 S[BIAN « L99°€  [BUOI}OIS-SSOID) (SHI) VSN 610T “Te 10 ‘1eIo]
(HAD Iood
'SA) HAD [B9P! JO pooyr[a1| IeoK A9AINS ‘QUIOdUT K< S8y «
1018313 [)IM PIJRIOOSSE ‘ooueInsur Yyeay  (y[/F> SA Q1<) Xune| 2 yoerg ‘ONyA o [zs]
01 JUSWIUTE)IE [RUOTIEONDI IOJRAID  “AJIOTUL)o 00kl ‘Xas Ty [eo10591e) o[ewoy 29 SR « €08°CE  Teuonods-ssor)  (SANVHN) VSN 0202 “Te 10 ‘uedyg
Ap8—Gt S8V «
X98 % l-dAD »
ooe1 Aq HAD Jood Jo pooyrayiy o1s Apmys ‘uorednooo Wy 9saury)
pue justiuIene [euoeonpa ‘SHS pooytoqysiou 2 Xune Yoelg ONyYM o [sel 6102
6 USIMII(Q SUOIIBIDOSSE PIXIIA ‘owoour a3y (#1/L>) 1004 JewWdJ 29 JRIA « 76L°9 [BUOI}03S-SS0I)) (VSAW) VSN “e 19 ‘SaRION 2
HAD [89p1 JO pooyIaNI| uonednoso ‘snyeys Ap/—GT 9BV »
19)B213 B Y)IM PIIBIOOSSE [E3Lew ‘SUIPpMOID ueqin) « [6€]
01 uoneINpa Jo s1edk 71< ‘Kyrotuye o3y (L/9<) 189P1 Jlewdy 29 JBA « Y011 [BUOI}0IS-SSOI)) (e1opeH) [9BIS] 10T <[ 1 ‘A1opuog
HAD [#9p! Jo K7< s98Y «
POOYI[NI] JOMO] [}IM PR)BIOOSSE Ayaneu ‘WY UBISY o [18]
0l JudwIulB)IR [RUOIIBONPS JOMO ] ‘owoour ‘xas A3y (L/9<) 189P1 J[eWdJ 29 S[RIA « YE9°T [euonods-ssor)  (SANVHN) VSN 120T “Te 19 ‘wrely
SaLIuUNO))
Qwodul-ysIy
.w,v.sum JNo.:z.“.eE Gumpos
£1end Suipuy urepy judunsnipe erieao) HAD 183p] uondrisap sjdwesg N udisag Apmy§  /Apmis) Anuno) ERLIENEIEN |

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.

* UOIEINPS 03 uone[dl ul (HAD) Y33y Je[NOSLAOIPIR [BP! SUIUIIEXD SIIPNYS WOLJ SHNSY

€ ajqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 27

Qureshi et al.

01

01

01

4!

It

0t

4!

1T

21008

i
Liend

%28 0 HAD
[BapI pue JUSWUIR)IE [BUONBONPS
U99M)3q SUOIBIOOSSE PIXIIA

oouareadrd HAD
[B9PT JOMO] [}IM PI)BIOOSSE
JUSWIUIE}}E [EUOT)EONPI JOMO]

HAD [eap! Jo pooylaxI]
1018013 )M PIJEIOOsse
JUSLIUIE}IE [EUOT)EONPA IOJEIID)

$0100S HAD
[eap! JOYSIY [IIm PIJeIoosse
JUSLIUIE}IE [EUOT)EONPA JOJEIID)

HAD [edpr jo
POOYI[YI] JOMO] M PIJRIO0SSE
JUSLIIUIE}IE [EUOT)EONPA JOJEIID)

HAD [€9p1 30 pooyrayi
1018013 )M PIJEIOOSSE
JUSLIUIE}IE [EUOT)EONPA JOJBAID)

(HAD Iood

'SA) HAD [E9PI JO poOyI[ayI]
10)82I3 )M PIIRIOOSSE
JUSWIUTEYIE [RUOTIRONDI I9)BAID)

HAD [eap! JO pooyljeyI] pue
JUSWIUIE}JE [BUOHEONPI USIMIOq
UONBID0SSE JO 90UAPIAD ON

$9109S HAD
[eopt 10ySIY Y)IM PAJEIdoSSe
uoneONPa Jo 180k QIO

HAD [e9p1 JO pooyIayI]
10)BAI3 1M PoJRIOOSSE
JUSWIUTE)IE [RUOTIRONDI 19)BAID)

HAD [e3pl JO pOOI[oYI] Tomo]
YIIM PIJRIDOSSE JUSUIUIE)e
[euoneonpa Tejuared 10jea1n)
“HAD [©9p! JO pooyr[ay1]
10)BAI3 1M PIIRIOOSSE
JUSWIUTEYIE [RUOTIRONDI 19)BAID)

JudwdAoxdwr
HAD 30 pooyrayI] 1omo] pue

Suipuy urepy

yeam 93y

15 Apnys ‘Kyoruyid
/9081 ‘Quooul ‘xas 93y

yeam adK) yuowaas
‘snye)s [ejLIewl ‘xos 08y

yiream ‘adKy Juowonas
‘sne)s [ejLIew
Quowko[dwo ‘xos 03y

Kyrorueqan ‘snyejs
[eaIRW ‘QU0Z [89130]092
‘KoTuyIo xos 03y

JBOA AoAIns
‘OuIoour ‘Xas ‘08

uopneZIuBqIN ‘9dUBINSUI
yreay quawdolorap
SIWIOU093 ‘X3s ATy

Ayoueqn
‘qeom xas oy

Ay1otu)o/00er xas o8y

Ayotuya/eoer ‘xos 98y

510108}
[B100S pUE AWOUI J|NpE
Suno£ ‘s10308} Y)rEoY
JUSOSI[OPE ‘duIodul
AJiurey Juoosajope
K)191UTI0/9981 X3S ATy

judunsnipe derieso)

(L/$<) 1e9p1

(L
—()) 91098 [€10],

(L/9<) 1e9p1

(1

—()) 91098 [€10],

(L/$<) 1e9P1

(L/9<) 189p1

(L/15 "sA
9<) [eoLI08918)

(L/$<) Te9PT

(L
—()) 9109s [eI0],

(L/9<) Te9P1

(L/9<) Te9PT

dJanseduwr

4
HAD 1e9p1

K< s8V
ueqin »
J[eWR) 29 SN

A/ —G¢ S8V »
RG-AAD
SJUBAIOS [IALD) o
J[BWY 29 SNl o

KO7< S8V «
RIY-JAD »
J[eWaf 29 O[BIA «

KG7< S8V «
Q[eWJ 29 S[CIAl o

£69—G1 893V »
J[eWdJ 29 I[N «

AQ1—9 SOTY »
ueqi) .
J[eWay 29 O[BIA «

K< S8V «
S[ewWa) 29 JRIA

KGg< S8V «

o[ewoy 29 ORI »

ALT-C1 893V »
ary

UBDIXIN 23 YOUIE “ONYM

J[eWdJ 29 J[RAl «
AGG—1¢ 893y »
pakojdwy «
J[eWdJ 29 I[Nl »

Ape—7 $93Y »
J[eWdJ 29 I[Nl «

uondridsap sjdwesg

ST0°1

9s€'el

9pLTT

109°¢

8€T'E

60€y

12196

850°¢

7€8°8

950°6

00T‘T1

N

[BUOT}09S-SSOI)

[BUOT}OIS-SSOI)

[BUOT}OIS-SSOI))

[BUOT}OIS-SSOI))

[BUOT}OIS-SSOI))

[BUOT}OIS-SSOI))

[eU01)d3s-SS0I)

[eU01)d3S-SS0I)

[eU01)33S-SS0I)

[eU01)d3S-SS0I)

(4s1)
TeurpmiSuo

udIsa(q Apms

(SHN) eorewef

(jiserg
-VST4) [1zeig

(SHN) e1q108

(SHN) etusog

(Sd9.LS) 1edoN

(Surltogy) eury)

(aON) eury)

(SYDINO¥D)
nRJ

(SANVHN) VSN

(Turery) VSN

(presq
PPY) VSN

(Burpos
/Apms) A1puno))

[61] 0z0T
e 39 “QIZUdMIN

[8y] 810C
“1e 10 ‘opeyory

[zs]
610T “Te 30 “oraoyuef

[Ly]
S10T “Te 1 ‘o1aouef

[12]
0T0T “[e 10 ‘aamuiyn

[os]

L10T “'[e 3 ‘Suoq
[6¥] sTOT “Te 30 ‘19
[es]

8107 “Te 10 ‘1081ZU0G

SOLIUNOY) dWOdU]
-9IPPIA pue -mo]

[ep]
$10T “Te 30 ‘Suex

[1v] L10T
“Ie 39 ‘norouwrunsQ

[Lel 810C
e 19 “oudIme ]

UIYIY

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.



Page 28

Qureshi et al.

*2sBASIp

9IqeorunuwIoduou Jo AdAIns sdays = SJALS ‘A9AINS yi[eay [eUONRU = SHN ‘A9AINS UONBUIWEXS UONLIINU PUB ()[eaY [RUONRU = SHNVHN :SISOI9[0S0IdYIe JO APNIs O1Uy)a-Nnul = YSHIN ‘0107 9OUB[[IOAINS

9SEASIP A[qEIIUNIUIIOd-UOU BUIY)) = (JON Aprus J1eay uosyoel = SHf ‘9ousossjope ur uontynu £q adong ur 9[A1soy1] Ayieay = NATHH ‘Uedy Jnpe Jo Apnys [eurpnyrSuo| uerjizerg=[iseig-y ST
[SLI JE[NOSBAOIPIED PUE UONLINU U0 APNIS = JSIY A D ‘APNs SOSeasIp OTUOIYO UT dUI[[IXA JO IAUAD = SYIINOYD WoISAS 99UE[[I0AING 10308, JSIY JOIABYQ = SSIY (SONIUNMWIWIO)) UT STy

SISOIO[ISOIIYIY = DYV ‘YIEAY JUdSA[OPE JO Apnys [BUIPMISUO| [eUONEU = YI[EOH PPV "(SIq JO YSLI Jomo[ *o'1) Ayjenb 1oyS1y Suesrput sanjea 1oysiy yim ¢] o) () woiy paguer sa100s Ayjenb Apmg
i

*(7) 1eapr 10 (1) Arerpaunigiul () 100d se soLow palods Jey) aInseaw Jurod-f | & Fuisn J0 SOLAW [BIPI JO Joquinu [e10) sjuedronted Sunosyyor aseow jutod-/ € Juisn A D [BOPI PISSISSe saIpnyg

7l

"ZS 91qe], [eyuswarddng oos ‘symsar [[ng Surpnjour ‘Apnys yoes JNOqe UONBULIOUT 910U 10,
*

0l

It

21008

i
Liend

HAD [9p! JO pooylay]
10)82IS M POIRIOOSSE
JUSWUIE}IE [BUONBONPI JOJBAIN)

x3s KQ HAD
[e9pI pue UoOHEONPI JO SIedk

U99MJ2q SUOTJBIO0SSE PAXIA
HAD [€3p! Jo pooytjayl] pue

JUSUIUTE}IE [BUOTIEONPS USOMIOq
UOIJBIOOSSE JO 90UIPIAD ON|

Suipuy urepy

snje)s [ejLew

‘Kroys1yy yrjeay AJruey
‘SuoOnIpuod Yeay
pasouserp ‘osn joyoo[e
‘qeam xas oy

Ayorueqin ‘snjejs

Juowkordurd ‘0z1s
pIoyasnoy xas a8y

Ayorueqin ‘snje)s
juowkorduwe ‘xas 98y

judunsnipe derieso)

(L/9<) Te9p1

(L/$<) Te9P1

(L/$<) Te9p1

dJanseduwr

4
HAD 1e9p1

KO8—0T S3V
ey .

o[ewoy 29 9B «
£69—0T 93V «

RY-AAD »
o[ewoy 29 S[RA »

£69—871 S8V «
o[ewoy 29 9B «

uondridsap sjdwesg

€69°C  [BUONIIS-SSOI)
TIL'6 [eUOT}09S-SS0I)
199 [eUOT}09S-SS0I)

N ugisaq Apmg

(Suoyzuey)
BUIYD

(SdA.LS) uemyg

(Sd4Ls
OHM) IMe[EN

(Burpos
/Apms) A1puno))

[15]
910T “Te ¥ ‘oryZ

[ss] zzoz
‘102394 29 prdSuog

[¥s] 1202
‘102394 29 prdSuog

UIYIY

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.



Page 29

jnpe SunoX ‘s1030ef
[I[eaY] JUIISI[OPE
‘owooul A[rurey
JU0ISO]OPE ‘UOTBONPD

pootnpe uf
HAD [83P1 JO pOOyI[a1] 1918213
YIIA PIJRIOOSSE POOY[NpE Ul
Oﬁ—ﬁh m—UUQA\TOunDEOOGM HQHNOHO

Qureshi et al.

pooyynpe ut HAD [esp!
JO pooy1[ay] 10Jea18 Yum

AIOTUT}9/2081 ‘x9S O3y
10108} [I[eaY

PAIBIOOSSE 9OUIISI[OPE Ul JUIISI[OPE ‘UOIIBINPD Apc—7 o8V » (£g1) (ypresy [Lgl 810T
11 OI7eI SPISU-0)-9WOIUI 19JBAID)  “AJIOIUYI9/008I “Xas Ty (L/9<) 1eap1 S[eWR) 29 [N « 00Z°T1 [eurpmiSuo PPV) VSN “Te 39 ‘QoudImer]
JuawaAoxdwr A D JO pooyIjayI|
Iomo] pue uonepeIsop HAD Ap9—Gp so3V «
JO PoOUI[oYI[ 1918213 IM SNJe)s YIoM ‘UonBINpa AUYM 29 oeld » (A9) [ye]
€1 PAJEIO0SSE WU TOMO'] ‘001 *Xas 08y (+1/8<) Ieap1 oJewdy W O[eN « 64011 [eurpnyISuo] (ONIV) VSN TTOT “[e 10 ‘oesse]
S9109S HAD [e9p1
pue ddudn[je ey usam1dq @ A91—¢[ 598V » (VNAT4H) [eL] 8102
1 UOIJBIDOSSE JO 9OUIPIAD ON xas 93y —()) 21008 [B10], J[ewd 29 [N « LE9  [BUONDIS-SSOID) SaLNUNOd N 6 I 19 ‘UosSNLIUSH
L5981 $93Y «
§21008 HAD [op! 10431y L auoydoouer] [s8] 610
6 M POIRIOOSSE WIOJUT J9JBAID) xas 93y —()) 21008 [B10], J[ewd 29 [N « LLL ~ [eUOnOds-ssol)  (99gonQd)) epeue)) “Ie 39 ‘uosLLeH
SON)SLIdJORIRYD
HAD 100d Jo pooyI[ayI] 19JeaIS  [9AJ]-0)IS ‘AJIOTUY)Q /0081 AQ1< S33V [o1] sT0T
L ()M PIJRIDOSSE QWIOOUL IOMO'] ‘uoneonps xos w3y (#1/S>) lood Jewd) @ I8N«  861°18C [BUOI}03S-SSOI)) (SS9 vSn “Ie 19 ‘qeaIqan
$91098 HAD [8dp1 JoyS1y
M PI)BIOOSSE JWOIUT [9AI]
-pooy10qUSIou J9JBIIL) {SO100S Ap9—G S8V »
HAD [eapT 10431 giim (41 Joeld « (e8]
01 PAIBIO0SSE QWIOJUT 191BAID) X3s a8y —()) 21008 810, J[ewdJ %9 BN « L99°€  [BUOIIIS-SSOI) (SHIN VSN 6107 “Te 10 ‘1)RIoq
K< sa8V »
(HAD 100d 'sA) 180K AoAIns ‘doueInsur 201-dAD «
HAD [29p! JO POOYI[OYI] 1018215 Weay ‘Kroruyio/eoer  (yI/4> A 01<) Xune Yoelg NYM o [z8]
ol ()M PIJRIDOSSE SWOOUL 19)BIID) ‘uoneonps xos w3y [eoL103018) d[ewd) 2 J[BIA » €08°CE [BUOI}03S-SS0I)) (SANVHN) VSN 020C “Te 30 ‘uedyg
Ap8—Gp 93V «
R-dAD «
X9s pue 90e1 A HAD s Apmys ‘uonednooo wy 9saury)
100d Jo pooyrjadI[ pue dSwoout ‘SHS pooyroqysiou Xune oelg MM « [sel 6102
6 U20M12q SUOIBIDOSSE PIXIA ‘uoneanpa 08y (#1/L>) 1004 J[ewdJ %9 BN « T6L9  [PUONIIS-SSOI) (VSaN) VSN “Ie 19 ‘SRIOIN 9
£8/—89 $93Y «
(HAD 100d "sA) HAD [eap! Jo 93h-dAD »
POOYI[AYI] I9MO] [IIM PIJBIOOSSE Kyroruya (L/€> 'sA s[euo1ssajold a1eoyI[edH o [98] 6107 “Te
L ure)s [eIoUBUL 19)BIID) /o081 ‘uoneonpa 98y 9<) [eoLI03Ae) o[ewWd o 870°TT  [BUONISS-SSOI) (SHM) VSN 10 ‘@oRg 9P BZOQRD)
SaLIuUNO))
Qwodul-ysIy
ﬂvhSm JN2:23.: Gumpos
Aynend) Suipuy urej\ judunsnipe erieso) HAD 183p] uondrrdsap jdueg N ugdisop Apmy§ /Apms) Anpuno) ERLIENEIEN |

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.

*, JI[BIM/QWIODUT 0} UOR[AL U (HAD) YI[EAY JB[NOSBAOIPIRD [IPI SUIUIIEXS SAIPNJS WOLY SNSY

v alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 30

Qureshi et al.

"Aprys

)[eay S, udwom = SHM AAINS yj[eay [euoneu = SHN ‘A9AINS UONBUIIEXD UONLIINU PUR [)[eay [euoleu = SANVHN :SISOI[0S0IdyIe Jo Apm)s SIuyie-ninu = YSHIA ‘Apnis 1edy uosyoel = SH[ 90uadsajope
ur uontynu £q adoing ur 9[K1say1| Ayyeay = VNATAH U3eay ynpe Jo Apnys [eurpmiSuo] uelfizelq = [1ISeig-y ST ‘ApnIs SOSBISIP OIUOIYD UL SOUI[[IXA JO JAUD = SYIINOYD WAISAS 90UR[[IOAINS J0JOBY
JSLEI0IARYDG = SSAY ‘YI[EAY JUSOSI[OPE JO APus [EUIPNIISUO] [BUONEU = 3[edH PPV (SEIq JO YSLI 1omo[ o°T) Ajijenb 1oySiy Junesrpur sonjea JOUSIY yitm ‘g 0) () wolj paguel sa100s Ayjenb Apmg

*(7) 1eopr 10 (1) Syerpountayul ‘() Jood se soLow Paloos jey) dInseaw Juiod- ] & Juisn Jo soLnow [eapl Jo Joquinu [2jo) syuedionted Junoarjar amseows jutod-/ € Suisn A D [BOPI PISSISSe SAIpNIS

L
'€ 91qe], epuswarddng 99s ‘synsar [ng Surpnjour ‘Apnys Yo JNoqe UOTJEWLIOFUT dI0UI 10,
*
snje)s
[eyLrewr ‘K103S1Y (I[eay
AJ1uuey ‘suonrpuod
HAD [e9p! Jo yireoy pasouserp K08—0T 593V «
POOYTONI] PUL YI[BIM UIIM)Oq ‘uondunsuoo [oyoo[e ey « (Suoyzuey) [1s]
11 UOIJBIJOSSE JO Q0UIPIAD ON ‘uoneonps xas A3y (L/9<) 189P1 J[ewd) 29 SBIA « €69C [eUOI1103S-SSOID) BUIYD 910T “Te 19 ‘oryZ
x3s A HAD K< so8V «
[E9p1 JO POOYT[I] PUE [3[eom onfea ueqif) « [61] 0Z0T
01 U2IM)2q SUOIBIOOSSE PIXIIA pue| ‘uoneonpa 93y (L/S<) 189P1 J[ewd) 29 SBIA « ST0°T [eUOI1103S-SSOID) (SHN) eorewef B 19 “QIZUINON
Ap/—GE S8V »
-AAD *
doud[eadrd HAD [BOPI JoMO]  9JIS ApnJs ‘AJIDTUIO/d08] (L SIUBAIQS [IALD) o (11sexg [8+] 810C
6 )M PIIBIOOSSE SWOJUT JOMO] ‘uoneonpa ‘xas 93y —()) 91098 [€10], J[ewd) % JBIA » 96€°€CT [BUOIOIS-SSOID) -VSTA) N1zexg “1e 10 ‘opeyorN
od£) yuowdrpnas K< so8V «
HAD [E9p1 JO pooyI[ay] 10)ea1d ‘sme)s [ejLeut 9-AAD * [zsl 6102
o1 1M PIIBIDOSSE [[)[BOM I9)BAID) ‘uoneonpa ‘xas 93y (L/9<) 189p1 J[ewd) % JBIA » L1 [BUOIOIS-SSOID) (SHN) ®1919S “Te 10 ‘oraoyuef
$9100S odA) yuowd[yas ‘smyess
HAD [eap! PUB [}[BIM UOM)Oq eyrew quowAordud 1 KG7< sa8V » [L¥] sT0T
o1 UOIIBIOOSSE JO d0UIPIAD ON ‘uoneonpa ‘xas 98y —()) 91098 [€10], J[ewd) 2 JBIA » 109°€ [BUOI}D3S-SSOID) (SHN) erusog “Te 10 ‘oraoquef
£81—9 S93V «
HAD [B9p! JO pooyIay1] 19)ea1d 180K AoAains ueqQiq) « [os]
01 M POIRIOOSSE UIOJUT J9JRAIn) ‘uoneonpa ‘xas 98y (L/9<) 189p1 Jlewd) 29 OBIA « 60€y [eu01309S-SS01) (Buifiog) eury) L10T “Te 30 ‘Suoq
HAD [83p! JO POOYI[Y1] 19Mm0] Lyorueqm A< sa8Y » (SVDINOY¥D) [es] 810T
01 )M PIIBIOOSSE I[BAM IOJBID) ‘uoneonps xas A3y (L/S<) 189P1 J[ewId) 29 JBIA « 850°¢ [eUOI1103S-SSOID) ng “Ie 19 ‘1931ZU0g
SOLIUNOY) SWOOUT-I[PPIA PUe -MO]
KL1-71 598V «
‘wy
$9109S HAD [89p1 Joys1y uoneonpd (L UBDTXOIN “Yor[g QYA o [zp]
41 )M PIJBIOOSSE JWOOUT 10JeaID)  ‘AJIOTUYI9/Q08T “Xas 08y —()) 21008 B10], o[ewoy 29 eI « $€8° [euono9s-sso1)  (SANVHN) VSN $10T “Te 30 ‘Suex
S10}0B}
[BID0S pue dWooul
ﬂoucum xouzmmui (Bunyos
£1end) Surpuy urep\ judunysnipe erieao) HAD 189p1 uondridsap djdureg N ugisop Apmy§ /Apms) A1puno) ERLIENEIEN |

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.



Page 31

Qureshi et al.

HAD [eap! (sdaLs
pue sneys Juowko[durd usamioq Aoueqin £69-81 S8V « OHM) [¥s] 1202
11 UOIIBIDOSSE JO JDUIPIAD ON| ‘uoneonpa xas A3y (L/S<) 1e9p1 S[eW) 29 BN 1+¥€ [BUO1}035-SS0ID) meelN  19z)[9d 29 prd3usg
Xopul [jjeam
‘ad Ay yuowarpes ‘smyeys
$9100S HAD [eop1 JoySIy (pim  [ejirewn ‘snye)s juowkojduro 1 KG7< S8V « [L¥] sTOT
01 pajeroosse snyes Juswkordwg ‘uonyeonpa ‘xas 93y —() 21098 [8I0], S[BWA) 29 [Nl 109°€ [euonoas-sso1)  (SHN) elusog “Ie 30 ‘orAodue[
SOLIUNO)) SWIOOU[-O[PPIJA PUB -MO']
HAD Iood AQT< ATV o
Jo ooudeadrd pue uonednooo Aroruyio pakordwy « (ss1d9) [++] 9102
L U99M]9Q SUOTJRIOOSSE PIXIIA /90BI ‘UoeONpa X3S 08y (L/7>) 1004 J[ewdy @ dJA « 60999 [BUOI}03S-SS0I)) vSn “Te 30 Kaxooyg
HAD 100d K6L—0G S8V «
Jo pooyray1| pue uonednodo 2WOdUI ‘UONEINP? ‘Snje)s I-JAD » [ev]
6 U9OM]AQ SUOTJBIOOSSE PIXIJ  [BILIRW ‘A)IoTUy)o/o0el 0y (L/T>) 1004 JeWd e  959°/9 [BUOI}03S-SS01)) (IHMA) VSN 1207 “Te 39 ‘n3euN
SI01ABYQq
pooynpe ur doudjesdrd )[83Y JUISI[OPE puL
HAD [e9p! pue pooyjnpe ur Quodul AJItey Juadsa[ope
snye)s Juowkojdwo uoamioq ‘uoryeonpa juared Ap¢—p7 S8V « (£g1) (|presH [L€]18T0T
11 UOIJBIOOSSE JO dOUOPIAD ON ‘Ka1urIo /08l Xas 98y (L/9<) 1eap] oleWRy W Q[N «  00TT1 [eurpmiSuo PPV) VSN “Te 39 ‘Qoudimer
uonepeIdop
10 Judwoaoxdwr HAD Jo Ap9—G S8V «
POOYI[AYI] PUE SNIEJS S10M awoout YA % oI (£9) [¥€l
€1 U99MJAq SUOTIBIOOSSE POXIJA ‘uoneonpa ookl ‘xos 93y (#1/8<) 189p1 olewo) W O[BN «  6+0°T 1 TeurpmiSuoy (ORIV) VSN 7T0T “Te 10 ‘opesse]
Xas
Aq 2ouaresard HAD [eop! pue
uonednodo usam}dq SUOTIRIOOSSE Aianew/sn Ay/—81 S8V «
POXIIA x0s Aq oouo[eadrd HAD  OU} UI PIAI] SIBA OFeI0A00 Q0IJ-JAD »
[eap1 pue snyejs JudwAo[dwo QOURINSUI YI[BAY AIOIUY)D XUneT « (10S [s¥]
71 U99M]9Q SUOTJRIOOSSE PIXIIA ‘QuIooul ‘uoneonpa oy (#1/11<) 189P1 J[ewdy @ dJN «  OVSTI [eUON3s-ss01)  /SHOH) VSN 810T “[B 19 ‘B[jonsy
Ap8—Gp STV »
I-JAD »
x9s AQ HAD 100d s wry asaury)
Jo pooy[a1[ pue uonednoso Apws ‘sgS pooyroqusou 2 XUupeT Yoelg ‘MYM « [sel 6102
6 U20M12q SUONBIDOSSE PIXIA ‘Quodul ‘uoyeanp? o8y (#1/L3) 1004 S[eWd) 29 Al T6L°9 euonoas-ssor)  (VSHIN) VSN “Ie 12 ‘saeIOIN 2
HAD [89p! JO pooyIjayI] syuowoueLre K/ —G7 S8V «
1018213 1M PAJRIOOSSE SuIA1] ‘snye)s [ejLrew ueqin) « (e10peRH) [6€] L10T
01 93nsaid Teuorssajord 10jeaIn) ‘KIoTuYIo ‘uoneonps A3y (L/9<) 189P1 S[ewd) 2 O[BIA « Y011 [BUO1309S-SS0I1) [9®IS| “Ie 10 ‘Aopuag
SALIUNO0Y) dWooul-y3IH
31038 JInseaw (Butos
# 4 /Apmys)
Liend Surpuy urey judunsnlpe sjeLieA0) HAD [83p] uondrsap sdweg N ugisap Apmy§ Anuno) UIINY

Author Manuscript

* uonednodo pue juswAo[dws 03 uone[ax ul (HAD) Y33y Te[OSLAOIPIE [BP! SUIUILIEXD SIIPNYS WOLJ SHNSIY

Author Manuscript

g ajqel

Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.



Page 32

Qureshi et al.

"QATJRIIIUT [)[ESY] S, USUIOM = [ ‘AOAINS [)[eaY [BUONEU = SHN ‘SISOIO[9s0IayJe JO APN)S TUR-Hnw = VSHIA ‘sourje] Jo Apnys/Apmgs yijeay Ajuntuod oruedsiy = TOS/SHOH WoIsAs 9oue[[1oAIns

10)08] YSLI I0IARYIQ = SS.IYF Y[Ry JUIISI[OPE. JO Aprys [eUIpmISUO] [eUOIBU = I[eAH PPV (Selq JO ySLI 1omo] 1) A1jenb 1oySiy Sunesipur sanjea 10yS1y ym ‘¢ 01 () woiy paguel sa109s Ajjenb Apmg

e
*(2) 1eap1 10 (1) Arerpaunul () 100d se solnow paIods Jey) aunseaut Jurod-4 | & Sursn Jo ‘soLndwW [BAPI JO Idqunu €30 syuedionied Suroojjor amsesw jutod-/ € Juisn HAD [BIPI pIssasse muzuamx
bS 9[qe], epuswarddng 2as ‘synsar [ng Surpnjour ‘Apnis yoes JNoqe UOHEWLIOFUT dIOW JO,]
*
HAD [eap! £690T s98 -
pue smeys juowkojdwo usamiaq Ayorueqan oz1s pjoyasnoy RI-AAD (SdALS) [ss] zzoz
01 UOIIBIOOSSE JO d0UIPIAD ON ‘uoneonpa ‘xas 93y (L/S<) 189P1 J[RWJ 29 JCIAl « TIL°6 [BUOI}03S-SS0I)) ueynyg ‘1023194 29 prdsuog
91038 Janseow (Bumas
¥ 4 /Apmys)
L1end) Surpuy urep\ judunsnipe jerieao) HAD 189p1 uondridsap sjdwesg N usIsop Apmy§ Anuno) ERLIENEIEN |

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.



Page 33

Qureshi et al.

HAD [espt jo Ayorueqin
pooyI[ay1] 1918213 )IM PoOjeIdosse 9ouBINSUI [BOIPAUL (L/15> sA KQ7< sV « [ev]
11 Juawdo[oAdp STUIOU09 TOMO ‘uonjeonpa ‘xos 93y 9<) [eorI03918) olewo) 2 O[BN «  121°06 [BUOT}O9S-SSOID) (@ON) eury) S10T “Te 1 ‘19
SOLIUNO)) SWIOJUJ-J[PPIJA PUB -MO']
pootnpe
ur $2100S HAD [89p!I JoyS1y yum
PRJBIOOSSE POOYI[NPE 0} POOYP[IYD
wolj AJ1[1qow JIWOU0dI0IO0S
premdn) ‘pooyjnpe ur so10os SUONIPUOD JTUOIYD
HAD [89p! 10431y grim 81008 S AD POOUP[IYd Ag1—¢ 5BV . (£z¢©) (suurg [ov] L10T
71 PoIeIoosse SHS POOYpIIYd 19)ealn) ‘SAS NNpe ‘xas 93y (L—() 21008 [B10], olewoj 2 SR « 169 [eurpnyiduo]  Sunoyx) puepurj “Ie 10 ‘BAQI[OARS
$91098
HAD 1oy31y ()1m pojerdosse
pooyjnpe ur S 1YY 591098
HAD }[Npe pue 90ua0sojope K91—€1 S8V »
ur SHS AJruuey Uamdq SHS Jnpe ‘doer (1 Joe[d % AMYM (A8T-L1) (ySmagsnid) [8€] L10T
1 UOIBIOOSSE JO 99UOPIAD ON ‘smye)s SuIudaIos YSu YSIH —()) 21008 [B10], Sl » LO€ Jeurpnyguo] vSn “Te 30 ‘SMayneN
ey
HAD 1eop! Jo PpaA1da1ad-J[os ‘uoneonpo
POOYI[YI] JOMO] J}IM PIIBIOOSSE ‘swoydwAs oarssardop (LTS sA KG/—0G S3Y [6L] 910C
01 uoneAlrdop Jo s[oAd] 10YSIH ‘uondunsuod [oyoo[e 93y G<) [eor105918) olewoj 29 9[eIN « 9168 [BUOT}O9S-SSOID) (sureq) ouer “Ie 30 ‘euedwyg
Ap8—GH STV
9Y-JAD «
Wy 9saury)
HAD 100d Jo pooyrjay| ans Apms ‘uonednooo 29 Xune Yoelg ‘ONyM o [sel 6102
6 1018013 yim pI)eIOOSSe SHS JOMO] ‘owooul ‘uonednpa 93y (#1/L5>) 1004 J[ewdy 29 OB « T6L°9 [eUOI}03S-5S01D) (VSAN) VSN “Te 19 ‘soeIo|N 2
SUONIPUOD e
SIUOIYD PUE ‘SN UONBIIPAW
[019)S9[0YD ‘s)oqRIp
‘uotsudlradAy ‘Ayianoe
[eo1sAyd ‘Sunyows surjaseq
‘SAS pooyioqusIau ‘SHS
[enprAIpur ‘0oel ‘xos 93y
SHS pooyioqysiou
$91008 ‘SUOIIPUOI Y)[8AY] OTUOIYD
HAD [e9p1 JoySIY [)IM PIJRIOOSSE  ‘OSn UOTBIIPIU [0I)SO[OYD
SHS [2A3]-pooyIoqySIou 19)ealn) ‘sajoqerp ‘uorsudpadAy
$21008 HAD [eopr 10ySiy  “Ajanoe [earsAyd ‘Suryouus (w1 £98—G¢ 893y » (K01 [zel Loz
11 )M PAJeIOOSSe SHS I9jealn qurjaseq ‘9deI Xas 08y —()) 91008 [B10], olewoj 29 SR « ZI0'T  —6) lewrpmiSuoT  (SNAIAN) VSN “Te 10 ‘uejhog
SOLIUNOY) dWOodU[-Y3IH
Ho..com JN2:23.: (Bumos/Apmys)
Ayend Surpuy urej judunsnipe erieso) HAD 183p] uondridsap sjdweg N ugisap Apms Anuno) ERLIENEIEN |

", (SHS) smels dIWOU0301008 JO saImseaw 31sodwod 03 uoye[ar ur (HAD) YiEdY JB[NOSBAOIPIR) [P SUIUIIEXS SIIPNJS WO SINSY

Author Manuscript

Author Manuscript

9 ajqel

Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.



Page 34

Qureshi et al.

*(0 10T 9OUB[[IOAINS ISBISIP A[qROIUNWIWIOd-UOU BUIYD) = (ON
{Aprys saje)g pajIu() Sy Ul AJI[PI = SNIAIIA ‘SISOID[ISOIAYIE JO APIs Stuylo-N Nt = VSHIN (SEIq JO ysLI 10m0] 3°T) Aifenb 1oySiy Surjesrpur sonjea J0YSIY Ym ‘¢ 03 () woly paguer sa100s Ayjenb Apmg,
i

*(7) 1eapr 10 (1) Arerpaunigyul () 100d se sornow paiods Jey) anseaut Julod-f | & Sursn o ‘soLndwW [BIPI Jo 1dqunu [e10) syuedionted Surjoojjar amnsesw jutod-/ & Juisn HAD [BIPI PISSASse AP

7

*6S o1qe], [eruswayddng oos ‘symsar [y Surpnjour ‘Apnys Yoeo JNOqe UONBULIOUT 210U 10,
*

!

0l

91008

4
Lnend

HAD [89PT JO POOYI[aI] 101813
IM PIJEIOOSSE SHS 10Jealn)

Xas £q HAD [€9Pp! JO pooyI[ayI]

pue uonIsod SIuoUu0d01908
UQMJOq SUOIIBIOOSSE POXIIA

Suipuy urepy

uoneonpa ‘owoour 08y

J10]00 UIYS ‘XS

Judwsnipe derieao)

(L/$<) Te9P1

(L/¥<) TeapT

dJanseduwr

4
HAD 1e9p1

£69—81 S8V «
olewoj 29 S[eA «

T 98V
olewoj 29 S[eA «

uondridsap sjdwesg

0S€'ST

9€TT

[eUON09S-SS01)

(Ay) TeUOT}OS
-$s010 pajeadoy

ugIsap Apms

(Suopueys)
Uy

(se101od) [1ze1g

(Bumyas/Apmys)
Anuno)

[9s]
910T “[e 10 ‘uoy

[Ls] 120T
e 39 “BIRAIIQ

ERlIEYEIEN |

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.



Page 35

Qureshi et al.

UouI AIYA
uey) 21098 HA D [€9p! JoyS1y pey uowom

A/ —G7 S8V »

QMU ‘UDW ANYA Uey) $2100S HAD  d[dures Aprys ‘A1ostg (r1-0) YA orld « (SNam) (L8]
11 [e9PI JOMO] PEY USWOM PUE USW Yor[g ey Ajiurey 93y 91098 [©10], S[eW) 29 AN 876°1  [BUOIOIS-SSOID) vSn 1207 “Te 19 991
Ap8—Gp $93Y »
QI JIOAO S2I09S HAD [B9p! Ul I-QAD »
QuIdap Ia31e] B paoudLadxa Jnq ‘ourfeseq ury asaury)
Je S[enpIAIpUI UI0Q-S () UBY) S2109S HAD ayis Apms (r1-0) XUneT Yol ONyYM o (K11 [eelgt0z
41 [eop1 1oyS1y pey S[enpIAIpUI U10q-US1010,] ‘uoneonpo ‘xas 93y 91098 Te10], olewoj 29 S[RIA « 99 reurpmisuo]  (VSHIN) VSN [ 19 ‘UBQIOYIS-0
SI10)0BJ [RIO0S
S[enpIAIpul Y Ueys HAD pue swoout jnpe
[29PI JO POOYI[ONI] JOMO] Pey SaNIdIuY)d  Junok ‘s10)oej yjesy
100 JO 9SOY} puB S[ENpPIAIPUI YoB[g JUSISI[OPE. ‘QuI0dUl
‘S[ENpIAIPUL SNYA PUE XUIET HAD [€9P! Aqrurey jueosajope Ape—7 $93Y » (As1) (presH [Lel 10T
11 JO POOYI[IYI] UI dOUAIIIJIP JO OUIPIAD ON ‘uoneonpo ‘xas 93y (L/9<) 189P1 J[RWJ 29 JCIA « 00211 Teurpmiguo| PPV) VSN e 19 ‘9oudime ]
S[enpIAIPUT AIYAL UeY) Juswasoxdwr HAD Kp9—Gt STV «
JO pooyIaYI] JOMO] pue UOHEPLIOp HAD  SMIeIs JIom “dwodu ANYM % 3JovId - (49) [vel zzoe
€1 JO pOOYI[aYI] 10)ea1d pey s[enpIAIpuI Joelg ‘uoneonpa xas 98y (41/8<) [8dP] O[eUId) 79 S[BIN 6¥0°11 JeurpmyIsuo (Orav) vsn “Ie 19 ‘oesse]
S[ENPIAIPUL NI
uey) HAD Jood jo pooyrjay1| 10)ea1s pey
SINIOIUYJS ISYJO JO JSOY) pue S[enprAIpul $1091J9
Jor[g ‘S[enplAIpul YA\ Uey) HAD Jood [9A9]-218)s ‘QuIodul A< S8V » [o1]s10T
L JO pooyl[ayI] Iomo] pey S[enpIAIpul Xulye| ‘uoneonpa xas 98y ($1/¢>) 1004 oJewd) @ O[eN +  8GII8T  [eUONDAS-ss0I)  (SSAYE) VSN “Ie 12 ‘qeaIqan
S[ENPIAIPUI 9JIYA\ PUB XUIIRT USOM)Oq £8/—89 S8V «
QOUDIQJIIP JO SOUIPIAI ON] (S[enpIAIpUL ssans [e1oosoydAsd I-JAD «
YA\ UBY) S100S HAD [BIP! JomO[ QATE[NIND ‘QUIOOUT (L—0) sreuorssajoId y)[esy » [ov] 610T
8 pey S[enpIAlpul "Wy UeISY pue joe[g ‘uonjeonpo 93y 21098 [B10], J[ewd « 790°6T  [BUONIIS-SSOI) (SHM) VSN “Ie 30 ‘sySnoing
KGz< o8V «
S[enpIAIpul U-AAD «
AYM ueyl HAD [esp1 Jo @OCO—NNVQHQ Jomo| wy
© PEY S[ENPIAIPUL "UIY UBDIXIJA UI0q §()  Onel A1oAa0d-owoour F1/01<) UBOIXAN “YOr[d “ANIYM o (£97) TeuOnOS (SANVHN) (1l
01 -UuoU pue “"ury UedIXA UIoq-Sn “[oe[g ‘uoneanpa ‘xos o8y Teap] S[eWR) 29 [Nl 9.8°0F  -Sso1o pajeadoy VSN 8107 “[e 10 ‘umorg
uonednooo ‘smyejs A/ —G7 S8V «
S[ENPIAIPUL YSIMS[ Uel) HAD [e9p! [e)LIRW “FUIPAMOID ueqi) « [6€] L10T
01  JO pooyIayI] JaMO] & PeY S[eNpIAIPUI qeIy ‘uoneonpa o8y (L/9<) 1eap] Q[eWd) 29 J[BIAl $01‘]  [eUONO3S-sso1)  (BIOpeH) [OBIS] “Ie 10 ‘AIopuag
S[EnpIAIPUL YA B} HAD [23P! AG[—Gp STy « (y3maspid) (8L]
0T JO POOYI[aI] 1oMO] B Py S[BNpIAIPUL 3oB[g auI0dU[ XS 0Ty (L/$<) 1eop1 Q[eto) %9 S[EN « €€6°1  [BUONIIS-SSOID) VSN 110T “Te 1 ‘squeg
Raailiiitve}
Qwodul-ySry
31038 Janseaw (Butyos
k3 judunsnlpe 4 /Apnys)
£1end Surpuy urej JJeLIBAOD HAD 183p] uondridsap sjdweg N ugisap Apmg Anuno) ERIENEIEN |

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.

 K)I0IUY}9/9081 03 UOHE[AI UT (HAD) YI[BAY JE[NOSBAOIPIED [BIPI SUIUIWEXD SAIPNIS WO S)NSIY

LajqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 36

Qureshi et al.

J10)9®J YSLI JOIABYQQ = SSAYd YIBAY JUS0SI[OPE JO Apns [euIpmIFuo| [euoneu = }edy qV (Se1q Jo JSu 1omo] o°1) Ayfenb 1oy3iy Jureorpur sanfea 10yS1y yum ‘¢ 03 () wotj pasuel sa100s Ayjenb Apmg

"Aprys [)[eay S, UOWOM = SHA\ $OSEOSIP 9[qEOTUNIITIOIUOU JO AOAIS SJALS = SIALS ‘AoAIns [3[edy [euoneu = SHN A9AINS UONRUTIIEXD UONLINU pUL
1eay [euoneU = SGNVHN ApPmS sorel§ pajrun o) ul JI[piut = SOIIA SISOIIs0IdYIe JO Apms dTuiIe-nnw = VSN <Yi[eay ynpe jo Apnis [eurpmisuo] ueljizeld = [Iselg-y ST WI)SAS QOUB[[IOAINS

pa

*(7) 1eapt 1o (1) derpaunrdiul () Jood se soLoWw palods Jey) dansedw jurod-4 | & Juisn Jo ‘SOLIOW [BPI Jo Joquinu [ej0) syuedroned Sunoopjor arnseaw jurod-/ & Suisn HA D [BIPI POsSIsSe sAaIpmg J
4

‘9§ o[qe], [eyudwolddng 9os ‘synsax [[n Surpnjour ‘Apnis Yoed Jnoqe UOBULIOJUI dIOW IO,
*

4!

4!

01

91008

i
Lyend

Ansaour

Yoe[q pue A §10q SoIRIIPUI Y] SNSU3,)
JeuoneN URI[IZeIg Y} UI UOIRIIISSE)
S[enprarput

AIYA UBY) HAD B3PI Jo ooudjesdrd

JOMO] PRy S[enPIAIPUI OPIed pue Joe[g

sdnoi3 oruyjo padejueapesip
pue pagejueApe Udamiaq HAD [Bdp! Jo
POOYI[YI] UI SOUSIIJIP JO SIUIPIAD ON

S[ENPIAIPUL AIYA PUE SONISIUD

IOY}0 JO dSOY) USIMIOq JOUSIIPIP JO
90UAPIAD ON] ‘S[ENPIAIPUT YA UL}
$0100S HA D) [€9PI JOMO] Pey S[enpIAIpUI
UBOIXIIA| PUB YOI ‘01076661 WOL]

S[enprarput

uedrewe[ Juowe AJANRU AQ SOOUIPIP JO
Q0U9PIAS ON A T> J0J S OY} Ul PIAI|
oy 30t uey) HAD [eapt JO poOyII
1018218 ® pey AQ[< 10J SN Y Ul PaAL|
oYM S[ENPIAIPUI UBIIEH PUE 9sduBAND)

S[ENpIATPUT AU
uey) HAD [63p! JO POOUTINI] 10m0] pey
SONIdIUY)Q JOYIO JO ASOY) PUB S[ENPIAIPUT
You[q {S[ENPIAIPUL YIYA\ UET) FHAD [29P!
JO pooyI[ayI] Jojea1d pey S[enprAIpul Xune|

S[enpIAIpul
AMYM U} HAD [B9p! JO poOyIay]
JIOMO] PeY S[ENPIAIPUL XUI)E Pue Jor[g

Suipuy urely

A)Is Apmys ‘owoour
‘uorjeonpa ‘xas 98y

Kyorueqin

‘snje)s [ejLew

auoz [e2130[099
‘uoneonps xas @3y

swooul
‘uoneonpo ‘xas 93y

§50008
9180} [BAY ‘QoUBINSUL
ey ‘yuawsordurd
‘uoneonpo ‘xas 93y

uoneanpa ‘xas 93y

9)1s Aprys ‘owoour
‘uoneonpo ‘xas 93y

judunsnipe
JJBLIBAOD)

(L-0)
I03S [e10],

(L/$<) 1e9p1

(L-0)
31098 [B10],

(L/¥=) 1e9p1

(L/9<) 1e9p1

F1/112)
[e3p]

dJansedwr

4
HAD [#9PI

A/ —G¢ S8V «

QI-JAD »
SIUBAISS [IALD (11sexg [8v] 810
olewoj 29 SR « 0GE‘€]  [eUONORS-ssOI)  -YSTH) [1zeig “Ie 30 ‘opeyoRA
K69—G1 598V « (Sd4Ls) [12] 020z
olewoj 29 S[EA « Q€T [BUONIIS-SSOI) TedoN I 39 ‘@Iruryn)
SOLIUNO)) dWOdU]
-9[PPIA Pue -MO
KL1—C1 S8V «
wy
UBOIXOIN ORI MU o (SANVHN) [zr]
J[eWJ 29 I[N « €8S [BUOIDIS-SSOI) VSN 10T “Te 10 ‘Suex
AQ1< S8V «
UBaqqLE)-OYY (K10 yrox [o€l 610
J[eWJ 29 I[N « 1691 [BUO01)03S-SS0ID) MIN) VSN “le 19 ‘sewioy ],
KGG—1¢ S8V «
pakorduryg « [1¥] L10T
olewoj 29 S[EA « 960°6  [BUOI)OS-SSOI) (Twery) vsn “Ie 30 norowun3Qo
Ay8—G 93V «
I-AAD
XuneT ‘M Noelq o [88] L10T
S[eto) 79 S[eIN « €97 [euondas-ssor)  (VSHN) VSN “Ie 10 ‘pryemy
(Sumos
/Apms)
uondridsap sjdwesg N ugisap Apms Anuno) ERLIENEIEN |

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Ann Epidemiol. Author manuscript; available in PMC 2023 February 15.



	The Social Determinants of Ideal Cardiovascular Health: A Global Systematic Review
	The Social Determinants of Ideal Cardiovascular Health: A Global Systematic Review
	Comments
	Creative Commons License
	Copyright

	Authors

	Abstract
	Introduction
	Methods
	Search strategy
	Risk of bias assessment
	Data extraction and synthesis

	Results
	Study characteristics
	Social patterning in Ideal CVH in HICs and LMICs
	High-income countries
	Low- and middle-income countries

	Discussion
	Social disparities in ideal CVH: A global phenomenon?
	Gaps in the literature
	Methodological inconsistencies
	Limitations and strengths

	Conclusion
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7

