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BACKGROUND: Suboptimal cardiovascular health (CVH) and social determinants of health (SDOH) have a significant impact 
on maternal morbidity and mortality. We aimed to evaluate the association of SDOH with suboptimal CVH among pregnant 
women in the United States.

METHODS AND RESULTS: We examined cross- sectional data of pregnant women aged 18 to 49 years from the National Health 
Interview Survey (2013– 2017). We ascertained optimal and suboptimal CVH based on the presence of 0 to 1 and ≥2 risk 
factors (hypertension, diabetes, hyperlipidemia, current smoking, obesity, and insufficient physical activity), respectively. We 
calculated an aggregate SDOH score representing 38 variables from 6 domains (economic stability; neighborhood, physical 
environment, and social cohesion; community and social context; food; education; and healthcare system) and divided into 
quartiles. We used Poisson regression model to evaluate the association of SDOH with suboptimal CVH and risk factors. Our 
study included 1433 pregnant women (28.8±5.5 years, 13% non- Hispanic Black). Overall, 38.4% (95% CI, 33.9– 43.0) had 
suboptimal CVH versus 51.7% (95% CI, 47.0– 56.3) among those in the fourth SDOH quartile. Risk ratios of suboptimal CVH, 
smoking, obesity, and insufficient physical activity were 2.05 (95% CI, 1.46– 2.88), 8.37 (95% CI, 3.00– 23.43), 1.54 (95% CI, 
1.17– 2.03), and 1.19 (95% CI, 1.01– 1.42), respectively among those in the fourth SDOH quartile compared with the first quartile.

CONCLUSIONS: Over 50% of pregnant women with the highest SDOH burden had suboptimal CVH, highlighting the public 
health urgency for interventions in socially disadvantaged pregnant women with renewed strategies toward improving modifi-
able risk factors, especially smoking and insufficient physical activity.
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Maternal mortality in the United States has in-
creased steadily from 7 per 100 000 live births 
in 1987 to nearly 17 per 100 000 live births in 

2016.1 Cardiovascular disease (CVD) accounts for 
about one third of all pregnancy- related deaths and re-
mains the leading cause of death during pregnancy.1,2 
Additionally, over the past 2 decades, maternal 

cardiovascular risk factors such as hypertension,3 dia-
betes,4– 6 and obesity7 have also increased, suggesting 
a higher at- risk birthing population. Concurrently, there 
has been a proportional increase in adverse pregnancy 
outcomes (APOs) such as preeclampsia,8 gestational 
diabetes,9 preterm delivery,10 and small- for- gestational 
age infants11 with growing evidence suggesting their 
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strong association with severe maternal morbidity and 
premature coronary artery disease, heart failure, and 
stroke.12– 17

There are well- recognized racial and ethnic dis-
parities in maternal outcomes, with non- Hispanic 
Black women being 3 to 4 times more likely to die 
from pregnancy- related causes as compared with 
White women.18 Sociodemographic disadvantage— 
measured collectively as social determinants of heath 
(SDOH) burden— is strongly associated with poor 
maternal health and is a major driver of disparities in 
maternal outcomes.17,19– 21 SDOH encompass income, 
education, occupational status, neighborhood envi-
ronment, food insecurity, and a variety of health sys-
tem factors that are tied to poor maternal outcomes; 
their inclusion into existing care delivery paradigms has 
provided unique opportunities for personalized medi-
cal care, improved the spectrum of patient care, and 
advanced health equity.22– 24

Socioeconomic factors are potent determinants of 
cardiovascular risk and contribute to the poor outcomes 
in patients with existing CVD.25,26 The American Heart 
Association and the American College of Obstetricians 
and Gynecologists have recognized the importance 
of preserving women’s cardiovascular health (CVH) 
across the life course.27 The state of disparities in CVH 
has been studied extensively in the general US popu-
lation.28,29 However, few studies have examined the link 
between SDOH and CVH during pregnancy.30

To date, studies conducted in pregnant women on 
the association of CVD risk factors focus on only 1 de-
terminant or 1 class of determinant such as lower so-
cioeconomic status, rural location, or immigrant status 
and/or their influence on pregnancy outcome (when 
considered, the other determinants are treated as po-
tential confounding variables).31,32 So, the distribution 
of SDOH and how they aggregate and how they poten-
tially accumulate in the population of pregnant women 
is still largely unknown. Considering simultaneously all 
of SDOH could help define a descriptive approach was 
never conducted in a large population- based study of 
pregnant women. Based on prior studies on CVD risk 
factors in pregnant women with lower socioeconomic 
status, we expect to find higher prepregnancy hyper-
tension, obesity, and smoking.30 To date, the associa-
tion of cumulative SDOH burden on CVH has not been 
evaluated in pregnant women. Accordingly, we sought 
to examine the association between SDOH and sub-
optimal CVH in a nationally representative sample of 
pregnant women in the United States.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon request.

Data Source
We used the National Health Interview Survey (NHIS), 
a cross- sectional database that is updated annually 
by the National Center for Health Statistics/Centers 
for Disease Control and Prevention and is the principal 
source of information on the health of noninstitutional-
ized US population.33 The NHIS operationalizes com-
plex, multistage probability sampling, incorporating 
stratification, clustering, and oversampling, to provide 
representative estimates for the noninstitutionalized 
US population.34 The NHIS questionnaire is composed 
of 4 core sections: Household Composition, Family 
Core, Sample Child Core, and Adult Sample Core. The 
Household Composition file collects information on 
individuals living under the same household and the 
Family Core collects sociodemographic characteristics 
per family, such as general health indicators, physical 
limitations, injuries, and insurance coverage.

CLINICAL PERSPECTIVE

What Is New?
• Adverse social determinants of health (SDOH) 

are associated with maternal mortality and mor-
bidity. The association of cumulative SDOH with 
cardiovascular risk factors such as hypertension, 
smoking, obesity, dyslipidemia, and physical in-
activity during pregnancy is not well understood.

• We examined the association of aggregate 
SDOH risk across 6 domains with cardiovascu-
lar health during pregnancy in a large nationally 
representative sample and found that >50% of 
women with the most adverse SDOH profile had 
suboptimal cardiovascular health (≥2 risk factors) 
during pregnancy.

What Are the Clinical Implications?
• Adoption of a polysocial risk assessment tool 

can identify women during pregnancy with sub-
optimal cardiovascular health.

• Health policy and public health interventions need 
urgent implementation of strategies to mitigate 
the impact of SDOH on cardiovascular health 
of young women. This is critical for sustainable 
preventive efforts toward reducing cardiovascular 
risk factors burden in pregnant women.

Nonstandard Abbreviations and Acronyms

APO adverse pregnancy outcomes
CVH cardiovascular health
SDOH social determinants of health
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From each family, 1 child and 1 adult (Sample Child 
and Adult Core files, respectively) are selected ran-
domly for a more in- depth questionnaire to gain insights 
about the health behaviors and specific disease- 
related information, healthcare barriers, and associ-
ated financial constraints. We used the Sample Adult 
Core questionnaire as its base, further supplemented 
with information from the Household Composition and 
Family Core files. This study was exempt from the insti-
tutional review board given the de- identified and public 
availability nature of data.35

Study Design and Population
We performed a cross- sectional analysis of pooled 
data from the NHIS between 2013 and 2017. Our 
study population included pregnant women aged 18 
to 49 years (Figure 1).

Ascertainment of Pregnancy Status
Consistent with prior studies, pregnancy status was 
ascertained using self- report of pregnancy at the time 
of survey.36

Ascertainment of SDOH Aggregate Score
We designed a comprehensive measure of SDOH 
using a list of 38 individual subcomponents across 6 
domains based on Kaiser Family Foundation’s model 
and other variables published in literature that have 
been demonstrated to affect CVH (Table  S1).37 Final 
SDOH score included the following domains and vari-
ables: economic stability: employment, income, and 
financial burden (inability to adhere with treatment and 
delaying and/or foregoing health care because of cost); 
neighborhood, physical environment, and social cohe-
sion: house tenure and neighborhood quality; commu-
nity and social context: psychological distress (feeling 
sad, restless/fidgety, nervous, hopeless, worthless, 
and everything as an effort); education: English lan-
guage proficiency, highest education attained, and 
health literacy (use of health information technology); 
food: food insecurity; and health care: insurance sta-
tus, usual source of care, delayed/forgone care in ac-
cessing health care, and quality of health care. For 
factors with binary response, we assigned a value of 0 
if the response to a factor was favorable (eg, presence 
of health insurance) and 1 if otherwise (eg, absence of 

Figure 1. Flow diagram indicating total population of individuals eligible for study inclusion from 
the National Health Interview Survey between 2013 and 2017 and eligibility criteria for final sample 
of pregnant women 18 to 49 years of age.
NHIS indicates National Health Interview Survey.
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health insurance). For factors with multiple response 
and those assessed using multiple items (eg, 10- item 
questionnaire for food insecurity), we categorized the 
responses as favorable (factor value “0”) or unfavorable 
(factor value “1”) using cutoffs per previous studies.38

For each participant, an aggregate SDOH score 
was calculated, representing the total number of unfa-
vorable SDOH across the 6 domains with a minimum 
of 0 and a maximum of 38 (Table S1). To assess the 
distribution of our SDOH scores we constructed a 
histogram that is included as Figure S1. Owing to the 
largely positive skew of our data as shown in the his-
togram and the fact that a very small proportion of ob-
servations were found below SDOH score of 3 (2.24%) 
and above SDOH score of 20 (3.78%), we treated in-
dividuals below SDOH score of 3 as having an SDOH 
score of 3 and those above 20 as having a score of 
20. To assess for a linear relationship between SDOH 
score and our outcomes of interest, we constructed 
b- splines (Figure S2). For outcomes whose relationship 
with SDOH scores was not clear (high cholesterol) or 
were linear (suboptimal CVH, obesity, and insufficient 
physical activity), we modeled SDOH using quartiles for 
easy interpretation and better comparison. Conversely, 
for outcomes whose relationship with SDOH score 
was not linear (hypertension and smoking) we used 
the inflection points of our splines as cutoffs for the 
purposes of our regression models. Quartiles were 
created as follows: first (score 3 to 6); second (score 7 
to 9); third (score 10 to 13); and fourth (score ≥14). The 
first quartile was defined as the most favorable SDOH 
profile, whereas the fourth quartile was defined as the 
most unfavorable SDOH profile.

Ascertainment of CVH Status
CVH was determined using self- reported traditional car-
diovascular risk factors except diet.39 Diabetes, hyperten-
sion, and hypercholesterolemia were ascertained based 
on self- report. Current smoking status was self- reported 
and obesity was assessed based on body mass index 
≥30 kg/m2 during pregnancy. Women were determined 
to have insufficient physical activity during pregnancy 
if not engaging in ≥75  min/week of vigorous- intensity 
activity, ≥150  min/week moderate- intensity activity or 
combination, or a total combination of ≥150 minutes per 
week of moderate/vigorous- intensity aerobic physical 
activity. Diet was not included to determine CVH status 
because the NHIS survey did not collect dietary informa-
tion. Individuals were stratified into 2 mutually exclusive 
groups of CVH: suboptimal (≥2 cardiovascular risk fac-
tors) and optimal CVH (0– 1 cardiovascular risk factors).

Statistical Analysis
We used survey- specific descriptive statistics to ob-
tain weighted national estimates for SDOH, CVH, and 

other demographic/clinical participant characteristics. 
We reported categorical variables as numbers and 
proportions and continuous variables as means and 
SDs. We estimated age- adjusted prevalence of subop-
timal CVH and cardiovascular risk factors (except dia-
betes owing to small sample size), overall and across 
the SDOH aggregate score quartiles. We used direct 
age- adjustment using the standard US Census 2000 
population.40 We performed Bayesian regression with 
b- splines to assess linearity between SDOH scores 
and (1) cardiovascular risk factors and (2) CVH. We 
performed multivariable Poisson regression analyses, 
adjusting for age and race and ethnicity, to test the as-
sociation between SDOH and (1) cardiovascular risk 
factors and (2) CVH. We modeled the association be-
tween SDOH and individual cardiovascular risk factors 
or CVH using quartiles (for obesity, insufficient physical 
activity, high cholesterol, and suboptimal cardiovascu-
lar health) or cutoffs based on the inflection points from 
our b- splines (for hypertension and smoking).

All statistical analyses were survey- specific using 
person weights and variance estimation to account 
for complex survey design of NHIS. Variance estima-
tion for the entire pooled cohort was obtained from 
the Integrated Public Use Microdata Series (http://
www.ipums.org).41 All analyses were performed using 
Stata®, version 16 (StataCorp, LP, College Station, TX, 
USA).

RESULTS
Our study included 1433 pregnant women (mean age, 
28.8±5.5  years), representing 2.2  million pregnant 
women in the United States annually. Characteristics 
of the study participants by pregnancy status are de-
scribed in Table  S2. The unadjusted prevalence of 
suboptimal CVH was 33.6% among pregnant women, 
corresponding to 752 289 women in the United States 
annually. Overall, the unadjusted prevalence of insuf-
ficient physical activity (59.8% versus 46.7%) and obe-
sity (38.4% versus 31%) was higher in pregnant versus 
nonpregnant women. In contrast, prevalence of hyper-
tension (12.9% versus 8.7%), diabetes (3.5% versus 
1.6%), high cholesterol (10.7% versus 4.4%), and smok-
ing (15.4% versus 8.6%) were higher in nonpregnant 
women versus pregnant women. Pregnant women 
were more likely to be unemployed, have low family 
income, rent or make other arrangements for housing, 
and believe that people in the neighborhood did not 
help each other and cannot be trusted (Table S3).

The age- adjusted prevalence of suboptimal CVH 
and cardiovascular risk factors by SDOH score quar-
tiles among pregnant women are demonstrated in 
Figure 2, respectively. Age- adjusted prevalence of sub-
optimal CVH was 38.4% (95% CI, 33.9– 43.0) in preg-
nant women. Suboptimal CVH was present in 51.7% 

http://www.ipums.org
http://www.ipums.org
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(95% CI, 47.0– 56.3) of the pregnant women in the 
fourth SDOH quartile when compared with 27.4% (95% 
CI, 23.1– 31.8) among those in the first SDOH quartile. 
Insufficient physical activity was the most common 
risk factor at 63.1% (95% CI, 58.5– 67.6) followed by 
obesity at 39% (95% CI, 34.1– 43.9), hypertension at 
16.4% (95% CI, 13.4– 19.4), smoking at 11.8% (95% 
CI, 8.6– 15), and hyperlipidemia at 9.9% (95% CI, 5.6– 
14.3). The prevalence of hyperlipidemia, smoking, obe-
sity, and insufficient physical activity was the highest 
among pregnant women in the fourth SDOH quartile 
when compared with those in the first SDOH quartile.

Figure 3 demonstrates the adjusted risk ratios (RRs) 
of cardiovascular risk factors and suboptimal CVH 
across SDOH quartiles. In adjusted Poisson regres-
sion models, there was a stepwise increase in the RRs 
of suboptimal CVH with increasing quartiles of SDOH 
score. Pregnant women in the third SDOH quartile had 
RR 1.82 (95% CI, 1.28– 2.60) and fourth SDOH quar-
tile had RR 2.05 (95% CI, 1.46– 2.88) compared with 
those in the first SDOH quartile. A similar stepwise in-
crease in the RR of smoking was noted with increas-
ing quartiles of SDOH scores; pregnant women in the 
third SDOH quartile had RR 5.37 (95% CI, 1.84– 15.62) 
and fourth SDOH quartile had RR 8.37 (95% CI, 3.00– 
23.43) compared with those in the first SDOH quartile. 

Pregnant women in the fourth quartile also had higher 
RR of obesity (RR, 1.54; 95% CI, 1.17– 2.03) and insuf-
ficient physical activity (RR, 1.19; 95% CI, 1.01– 1.42), 
compared with those in the first quartile.

DISCUSSION
We demonstrated that one third of pregnant women 
had suboptimal CVH. Among pregnant women with 
the most unfavorable SDOH score quartile, more than 
half had suboptimal CVH and 2.1- fold higher relative 
risk of suboptimal CVH compared with those in the 
most favorable SDOH quartiles. Those in the most un-
favorable SDOH score quartile had 8.4- fold, 1.5- fold, 
and 1.2- fold higher relative risk of smoking, obesity, 
and insufficient physical activity, respectively, com-
pared with those in the most favorable SDOH quartile.

To our knowledge, this is the first study to examine 
the association between SDOH, traditional cardiovas-
cular risk factors, and overall CVH in a large, nation-
ally representative sample of pregnant women in the 
United States. These data show an increasing prev-
alence of cardiovascular risk factors and suboptimal 
CVH with worsening SDOH burden. Given the rise in 
maternal morbidity and mortality in the United States,1 
these findings are relevant, underscoring the burden 

Figure 2. Age- adjusted prevalence of cardiovascular risk factors and suboptimal CVH among 
pregnant women in the United States, overall and by SDOH quartiles.
*Suboptimal CVH defined as ≥2 cardiovascular risk factors (hypertension, diabetes, hyperlipidemia, 
smoking, obesity, and insufficient physical activity). CVH indicates cardiovascular health; and SDOH, 
social determinants of health.
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of adverse risk factor profile during pregnancy and the 
impact of SDOH on overall CVH.

Underlying CVH is an important predictor of mater-
nal and fetal outcome.30 Traditional measures of so-
cioeconomic status, such as education, income, and 
occupation, have been explored extensively with re-
gard to their relationship to CVH. Lower socioeconomic 
status is associated with a greater prevalence of car-
diovascular risk factors and a higher mortality resulting 
from CVD among pregnant women.26 SDOH, including 
education, occupation, income, wealth, social class, 
ethnicity, family structure, or living arrangements are 
fundamental “upstream” determinants of health and 
disease. These characteristics create conditions or cir-
cumstances that shape “downstream” risk factors (eg, 
smoking, alcohol and drug use, unhealthy diet, lack of 
physical activity, obesity, hypertension, and diabetes), 
which can predispose to CVD morbidity and mortality.

We examined the association between SDOH and 
suboptimal CVH in a vulnerable population. Significant 
demographic and socioeconomic disparities continue 

to exist in maternal care and impact outcomes.21,42– 44 
Previous studies have established the association 
between unfavorable socioeconomic position or indi-
vidual factors as such as minority race and ethnicity, 
physical circumstances such as segregated neighbor-
hood environment, public or no insurance coverage, 
and lower education levels and increased incidence of 
maternal death and maternal morbidity.21 Nationally, 
the pregnancy- related mortality among non- Hispanic 
Black women is 42.8 deaths per 100 000 live births 
and is higher in rural areas as compared with urban 
areas.43,44

Maternal cardiovascular risk factors studied here 
such as hypertension, obesity, physical inactivity, and 
smoking are well- recognized risk factors for APOs.8,11,14 
Although we did not specifically examine racial or eth-
nic and place- based disparities as well as the impact 
of suboptimal CVH on APOs herein, prior studies have 
demonstrated a higher prevalence of gestational hy-
pertension, preeclampsia, and eclampsia1 in non- 
Hispanic Black women, compared with White women 

Figure 3. Associations of SDOH with cardiovascular risk factors and suboptimal CVH among 
pregnant women in the United States.
*Adjusted for age and race and ethnicity with first SDOH quartile as the reference; ǂSuboptimal CVH 
defined as ≥2 cardiovascular risk factors (hypertension, diabetes, hyperlipidemia, smoking, obesity, and 
insufficient physical activity). aRR indicates adjusted risk ratio; CVH, cardiovascular health; and SDOH, 
social determinants of health.
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(odds ratio [OR], 2.85; 95% CI, 1.38– 5.53).43 Future 
studies establishing the impact of SDOH, maternal 
CVH, and APOs are needed.

Previous studies have explored the impact of SDOH 
on CVH and health behaviors in pregnancy.45– 50 Self- 
reported birth certificate data have indicated that 7.2% 
of mothers smoked at one point during pregnancy, 
with the prevalence of smoking decreasing with in-
creasing education among women with a completed 
high school education or higher education.46 Some 
studies have linked 3 indicators of unfavorable SDOH 
such as low income, education, and unemployment 
with increased prenatal smoking behavior.45 Our study 
also demonstrates a higher prevalence of smoking 
(16.2%) in those with the most unfavorable (fourth 
quartile) of SDOH. Interventions on smoking cessa-
tion are multipronged and should incorporate recom-
mendations by American College of Obstetricians and 
Gynecologists.51 Clinicians should inquire about all 
types of tobacco or nicotine use, including cigarette 
smoking, use of e- cigarettes or vaping products, hoo-
kahs, snus, lozenges, patches, and gum, during the 
prepregnancy, pregnancy, and postpartum periods. 
They should also individualize care by offering psycho-
social, behavioral, and pharmacotherapy interventions, 
with the use of cessation- aid services and resources, 
including digital resources, aimed at education of 
women regarding the perinatal risks associated with 
tobacco use, including orofacial clefts, fetal growth re-
striction, placenta previa, preterm prelabor rupture of 
membranes, small for gestation age infant, increased 
perinatal mortality, ectopic pregnancy, and decreased 
maternal thyroid function.51

Physical activity during pregnancy has been re-
ported to be suboptimal in previous studies with a sig-
nificant decline in later trimesters.47 One study showed 
that higher educational level during pregnancy was 
associated with higher exercise (OR, 1.82; 95% CI, 
1.28– 2.60)48. Our study demonstrates that insufficient 
physical activity in pregnancy was a common risk fac-
tor (63.1%) in the overall population, with the highest 
prevalence (74%) among participants with the most 
unfavorable SDOH risk profile.

Obesity— in the form of prepregnancy body mass 
index and gestational weight gain is associated with 
poor pregnancy outcomes such as cesarean sec-
tions and preeclampsia.7 Prepregnancy obesity is 
associated with lower maternal socioeconomic sta-
tus.49 Recent data show that one half of women who 
gave birth in the United States were significantly over-
weight or had obesity before becoming pregnant.50 
Mothers who were older; had less education; were 
non- Hispanic Black, non- Hispanic American Indian, 
or Alaska Native; and had Medicaid as the principal 
source of payment for the delivery were more likely 
to have obesity before pregnancy.7 Our study found 

that approximately 2 in every 5 pregnant women were 
obese. Our findings are especially important consider-
ing the growing prevalence of obesity and its impact 
on pregnancy outcomes.

Implications for Patient Care and Public 
Policy
Detailed discussion on the health policy changes is 
outside the purview of this article but we would like 
to briefly address the domains of the SDOH and hope 
that they are recognized at clinician level with improved 
educational curricula aimed at medical school level. 
Addressing the various domains of SDOH requires a 
broad range of actions that involve collaboration of mul-
tiple sectors (eg, education, justice, and employment) 
and local, provincial, and federal levels of government, 
physicians and other allied healthcare workers.

We examined the burden of SDOH on individ-
ual cardiovascular risk factors and suboptimal CVH, 
providing insights into their potential impact on CVH 
of young mothers. The impact of poor maternal CVH 
lasts beyond pregnancy. A study of 2302 multinational 
mother– child dyads showed that poorer maternal CVH 
at a mean of 28 weeks’ gestation was significantly as-
sociated with higher risks for poorer offspring CVH at 
ages 10 to 14 years.52 Although the approach to ad-
dressing these inequities on maternal and child health 
is complex and multipronged, it is important to rec-
ognize the broad pillars of interventions at the patient, 
provider, health system, and public health policy levels.

First, regionalization of health care is critical toward 
large institutions expanding their outreach and pro-
viding high- value and high- quality health services to 
underserved and high- risk populations, including ma-
ternal and child health services for vulnerable pregnant 
women.19– 21 Second, there is a need for expansion 
of prepregnancy assessment of cardiovascular risk 
factors, such as implementing cholesterol screening 
during the first trimester before expected changes in 
lipid metabolism and their management during preg-
nancy.36,52,53 Additionally, there needs to be improved 
education of clinicians about racial and ethnic dis-
parities and impact of SDOH on maternal outcomes, 
cultural competency, and better reporting of the out-
comes and quality of care in those with unfavorable 
SDOH through electronic health records.17,54,55

Third, state policy efforts should target opportuni-
ties for improved access to preventive services in the 
postpartum period, so all women and especially those 
with unfavorable SDOH continue to have follow- up for 
interpregnancy care.19– 21,26,56 Lastly, nationwide efforts 
should address the challenge of maternal mortality and 
morbidity in the context of SDOH, which are intercon-
nected and have cascading downstream effects that 
require multisector interventions to improve health. 
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Prioritizing improving healthcare access and quality, 
education, and adverse social and community con-
texts such as discrimination and economic stability 
can lead to big structural changes.

Study Strengths
Our study has several strengths. First, the NHIS is 
the nation’s largest in- person household survey and 
presents a unique opportunity to study SDOH exten-
sively in a nationally representative sample of non- 
institutionalized US adults. Second, NHIS data allow 
for examining the association among various SDOH 
and a variety of clinical and nonclinical outcomes. 
Third, this is the first population- based study to exam-
ine the intersection of SDOH and CVH among preg-
nant women, which is an important area of study in the 
field of CVH.17– 21

Study Limitations
Our study has a few limitations. First, the NHIS is based 
on self- reported information; hence, there is a potential 
for recall bias of unfavorable SDOH. Further, although 
we adjusted for all possible confounders, the risk for re-
sidual confounding is ever present. The cross- sectional 
nature of our study and lack of APOs data precludes us 
from establishing causality and examine the impact of 
SDOH on APOs directly. Causality may be bidirectional 
(ie, individuals with cardiovascular risk factors have 
worse SDOH or given an unfavorable SDOH profile, 
there is an increased risk for developing cardiovascular 
risk factors). Second, the SDOH domains studied are 
reported as aggregate sums and divided into quartiles. 
Although this approach maybe statistically adequate, 
we acknowledge that it may lack granularity. However, 
the components of SDOH are interconnected and con-
sidering social conditions in isolation would generate 
limited results.57 Third, we included a number of self- 
reported components of American Heart Association- 
designed Life Simple’s 7 construct except diet (not a 
part of NHIS survey questionnaire) to ascertain subop-
timal CVH; however, age- adjusted prevalence of diabe-
tes by SDOH quartiles was not performed because the 
numbers for diabetes were too low to be statistically 
relevant while performing individual analysis. Future 
analyses should include information on diet and diabe-
tes and their association with SDOH. Fourth, although 
the association of worsening SDOH burden with sub-
optimal CVH may differ across race and ethnicity, we 
did not perform analysis stratified by race and ethnic-
ity because of limited sample size. However, our formal 
interaction testing did not suggest differential impact 
across different racial or ethnic groups. Future larger 
studies are needed to confirm these findings across 
specific racial/ethnic groups. Lastly, because we in-
cluded only pregnant women aged 18 to 45 years, the 

study findings may not be generalizable to pregnant 
women under the age of 18 years.

CONCLUSIONS
Aggregate unfavorable SDOH risk score is associated 
with suboptimal CVH in pregnant women. Our findings 
suggest that women with the most unfavorable SDOH 
profile have 2.1- fold higher relative risk of suboptimal 
CVH, 8.4- fold higher relative risk of smoking, 1.5- fold 
greater relative risk of obesity, and 1.2- fold higher rela-
tive risk of insufficient physical activity. Suboptimal CVH 
is common and more than half of pregnant women with 
the highest risk of SDOH inequities have suboptimal 
CVH, highlighting the public health urgency for inter-
vention in high- risk women. Knowledge of SDOH must 
inform clinical decision making and policy- making pro-
cess to enhance quality of care, mitigate cardiovas-
cular risk factors especially smoking and insufficient 
physical activity, and improve health outcomes in this 
vulnerable population.
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Introduction 
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Methods 
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and simplifications made.  

6 

Risk of bias in individual 12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this 6-7



studies was done at the study or outcome level), and how this information is to be used in any data synthesis. 

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 7 

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of 
consistency (e.g., I2) for each meta-analysis.  

7-8

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, 
selective reporting within studies).  

8 

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, 
indicating which were pre-specified.  

7-8

Results 

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for 
exclusions at each stage, ideally with a flow diagram.  

8-9, Figure
1

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up 
period) and provide the citations.  

9, Table 1 

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 9, Table 1, 
eTable 3 

Results of individual 
studies  

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  

Figure 2 

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. 9, Figure 2 

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 9-10,
Figure 2,

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 
16]).  

9-10,
eFigure 1,
eFigure 2,
Figure 3

Discussion 

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their 
relevance to key groups (e.g., healthcare providers, users, and policy makers).  

10-14

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete 
retrieval of identified research, reporting bias).  

15 

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future 
research.  

16 

Funding 

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders 
for the systematic review.  

16 



Table S2. Outcome definitions 

Study CVD CHD Stroke fatal CVD 

45&Up I20-I25, I61-I67, I69 - - I20-I25, I61-I67, I69 

CKB I00-I99 (fatal), I20-I25, I60-I69 I20-I25 I60-I69 I00-I99 

EPIC I00-I99 I20-I25 I60-I69 I00-I99 

Gallagher 410-414, 421, 434 410-414 431, 434 410-414, 421, 434

HUNT2 I00-I99 - - I00-I99

JPHC I20-I52, I60-I69 I20-I52 I60-I69 I20-I52, I60-I69 

NHS - MI or fatal CHD - - 

WHI 
CHD, stroke, CHF, angina, PVD, 

CAD, or coronary revascularization 
MI, fatal CHD, 

CABG, or PTCA 
ischemic or 

hemorrhagic stroke 
- 

Codes correspond to the International Classification of Diseases (ICD) version 9 or 10. Abbreviations: 
CABG, coronary artery bypass graft; CAD, coronary artery disease; CHD, coronary heart disease; CHF, 
chronic heart failure; CVD, cardiovascular disease; MI, myocardial infarction; PTCA, percutaneous 
transluminal coronary angioplasty. Full study names are provided in the footnote of Table 1. 



Table S3. Variables in the adjustment of the primary analysis. 

Study acronym 

4
5
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[Ref] [7] [8] [9] [10] [11] [12] [13] [14] [16] [15] [17]

Demographics 

Age x x x x x x x x x x x 

Country of birth/ethnicity x - - - - - - - x x - 

Study center/area - x x x x - - - x - - 

Extension study inclusion - - - - - - - - x - - 

Socioeconomic status x x x x - x x - x x - 

Socioeconomic status score x - - - - - - - - - - 

Income - x - - - - - - - x - 

Education x x x x - x - - x x - 

Job status - - - - - - x - - - - 

Living arrangement - - - - - - x - - - - 

Marital status x - - - - x - - - - - 

Cardiovascular risk factors 

Body mass index x x x x - - - x x x - 

Birthweight of subject - - - - - - - x - - -

Smoking status/history/duration x x x x - x x x x x x

Alcohol intake x x - - - - x x - - -

Systolic blood pressure - x - - - - - - - - x

History of hypertension/antihypertensive 
treatment 

x x - x - - x - - - x

History of diabetes/antidiabetic treatment x x - x - - x - - - x

Aspirin use x - - - - - - x - x -

Total cholesterol - - - x - - - - - - -

High-density lipoprotein cholesterol - - - x - - - - - - -

Dyslipidemia - - - - - - - - - - x

Omega 3 fatty acid use x - - - - - - - - - -

Multivitamin use x - - - - - - x x x - 

Diet - - - - - - x x x x - 

Physical activity x x x - - x x x x x - 

Family history of CVD/diabetes/hypertension x - - - - - - x x x - 

Reproductive factors 

Parity x - - - - x x x x x - 

Number of livebirths - - - x x - - - - - - 

History/number of stillbirth/s - - - - - - - x - - x

Number of miscarriages - - - - - - - - - - x

Age at first child x - - - - - - - - - x

Age at last child x - - - - - - - - - -

Age at menarche - - - - - - - - x - -

Age at menopause - - - - - - - - - x - 

Menopausal status - - x - - - - x - - -

Total fertility span - - - - - - x - - - - 

Hormone intake x - - - - - x x - - -

Level of adjustment ++ + ++ ++ ○ ++ ++ ++ ++ ++ ++ 

○, adjusted for demographics and reproductive factors; +, adjusted for demographics and cardiovascular
risk factors; ++, adjusted for demographics, reproductive factors, and cardiovascular risk factors.
Abbreviations: CVD, cardiovascular disease. Full study names are provided in the footnote of Table 1.



Table S4. GRADE summary of findings. 

CVD CHD Stroke Fatal CVD 

Certainty assessment 

No. of studies 7 6 5 6 

Study design observational studies observational studies observational studies observational studies 

Risk of bias not serious not serious not serious not serious 

Inconsistency very serious 
(I2=79.4%) 

very serious 
(I2=79.7%) 

very serious 
(I2=79.6%) 

not serious  

Indirectness not serious not serious not serious not serious 

Imprecision not serious not serious not serious not serious 

Other considerations publication bias 
strongly suspected 

(PEgger=0.003),  
dose response 

gradient 

dose response 
gradient 

dose response 
gradient 

dose response 
gradient 

Relative effect (95% CI) 
HR 0.89 

(0.83-0.95) 
HR 0.86 

(0.78-0.95) 
HR 0.88 

(0.79-0.99) 
HR 0.83 

(0.76-0.92) 

Certainty ⨁◯◯◯ 
VERY LOW 

⨁◯◯◯ 
VERY LOW 

⨁◯◯◯ 
VERY LOW 

⨁⨁⨁◯ 
MODERATE 

Abbreviations: CHD, coronary heart disease; CVD, cardiovascular disease; CI, confidence interval; HR, 
hazard ratio. 



Figure S1. Funnel plots for each cardiovascular outcome. 

Abbreviations: CHD, coronary heart disease; CVD, cardiovascular disease. Full study names are 

provided in the footnote of Table 1.  



Figure S2. Subgroup analyses according to mean age at baseline, median 

duration of follow-up, and mean parity.  

Abbreviations: CHD, coronary heart disease; CVD, cardiovascular disease. Sizes of the circles are 
proportional to the variance of the effect estimates. Solid lines indicate fitted meta-regression lines and 
shaded areas their 95% confidence interval. P-values are derived from meta-regression. 



Figure S3. Subgroup analyses according to level of adjustment and Newcastle-

Ottawa Scale. 

○, adjusted for demographics and reproductive factors; +, adjusted for demographics and cardiovascular
risk factors; ++, adjusted for demographics, reproductive factors, and cardiovascular risk factors. *P
value for heterogeneity. Abbreviations: CHD, coronary heart disease; CVD, cardiovascular disease;
NOS, Newcastle-Ottawa Scale.



Figure S4. Leave-one-out meta-analysis for each cardiovascular outcome. 

Abbreviations: CHD, coronary heart disease; CI, confidence interval; CVD, cardiovascular disease. Full 
study names are provided in the footnote of Table 1. 


