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BACKGROUND: The incidence of cardiovascular disease among pregnant women is rising in the United States. Data on racial
disparities for the major cardiovascular events during pregnancy are limited.

METHODS AND RESULTS: Pregnant and post-partum women hospitalized from January 2007 to December 2017 were identified
from the Nationwide Inpatient Sample. The outcomes of interest included: in-hospital mortality, myocardial infarction, stroke,
pulmonary embolism, and peripartum cardiomyopathy. Multivariate regression analysis was used to assess the independ-
ent association between race and in-hospital outcomes. Among 46 700 637 pregnancy-related hospitalizations, 21 663 575
(46.4%) were White, 6 302 089 (13.5%) were Black, and 8 914 065 (19.1%) were Hispanic. The trends of mortality and stroke
declined significantly in Black women, but however, were mostly unchanged among White women. The incidence of mortal-
ity and cardiovascular morbidity was highest among Black women followed by White women, then Hispanic women. The
majority of Blacks (62.3%) were insured by Medicaid while the majority of White patients had private insurance (61.9%). Most
of Black women were below-median income (71.2%) while over half of the White patients were above the median income
(62.7%). Compared with White women, Black women had the highest mortality with adjusted odds ratio (@OR) of 1.45, 95% CI
(1.21-1.73); myocardial infarction with aOR of 1.23, 95% CI (1.06-1.42); stroke with aOR of 1.57, 95% CI (1.41-1.74); pulmonary
embolism with aOR of 1.42, 95% CI (1.30—1.56); and peripartum cardiomyopathy with aOR of 1.71, 95 % CI (1.66-1.76).

CONCLUSIONS: Significant racial disparities exist in major cardiovascular events among pregnant and post-partum women.
Further efforts are needed to minimize these differences.
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maternal mortality rate that increased from as

low as 9.8 per 100 000 live births at the start
of the cenury to 26.4 in 2015 then declined to 17.4
in 2018."® The Global Burden of Disease study esti-
mates that in 2015, the United States had a maternal
mortality rate of 26.4 per 100 000 live births which is
significantly higher compared with other high socio-
demographic index countries, with a mortality rate

The United States is witnessing an increasing

of 15.0 per 100 000 live births, close to 4-fold the
rate in Canada or Western Europe; 7.3, and 7.2 per
100 000 live births, respectively. Furthermore, it is
higher than East Asia and comparable with central
Asia with rates of 18.8 and 28.4 per 100 000 live
births, respectively.* Moreover, US maternal mortal-
ity has shown a startling rise with an annual percent
change of +1.8 compared with an observed decline
globally, in high-sociodemographic index countries,
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CLINICAL PERSPECTIVE
What Is New?

* There are known disparities in maternal morbid-
ity and mortality outcomes in the United States,
however, the maternal cardiovascular outcomes
have limited data evaluating racial disparities.

e Pregnant and postpartum women in the United
States of Black origin, as well as other minority
groups, have worse cardiovascular outcomes
compared with women of White origin even
when adjusting for socioeconomic factors and
medical comorbidities.

What Are the Clinical Implications?

e Compared with White women, Black women
had a higher risk of mortality, myocardial infarc-
tion, stroke, pulmonary embolism, and peripar-
tum cardiomyopathy with odds ratio of 1.45,
1.28, 1.57, 1.42, and 1.71, respectively.

Nonstandard Abbreviation and Acronyms

NIS Nationwide Inpatient Sample

and low- sociodemographic index counties; —1.5,
-2.1, and -1.0, respectively. Thus, a better under-
standing of the underlying etiologies causing this rise
is warranted to halt and potentially begin to reverse
the inclining trends.*

Multiple studies attempted to understand the per-
plexing numbers reported in the United States with
studies showing that maternal mortality and morbidities
with geographic and economic factors playing a signif-
icant role. Studies showed differences from one state
to another, with California reporting a decline while the
rates in Texas doubled, between different socioeco-
nomic groups, with Black women having considerably
higher rates compared with White pregnant women,
and based on the level of access to medical care with
studies showing that uninsured and rural populations
suffer from worse outcomes.>® A possible cause may
be related to data capturing and collection as some
states collect information related to pregnancy, child-
birth, and the puerperium in vital statistics related to
mortality while other states have not implemented rou-
tine collection of pregnancy-related information.®

Cardiovascular morbidity and mortality in pregnant
women are a matter of concern with heart disease,
stroke, and pregnancy-related complications ranking
amongst the top 10 leading causes of death in women
aged 20 to 44 years.® The US Department of Health
and Human Services set a goal of eliminating health
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disparities and achieving equity as a part of healthy
people 2020 initiative, and understanding the dispar-
ities in cardiovascular pregnancy-related health out-
comes plays a pivotal role in alleviating the healthcare
disparities and achieving equity between different
groups, most importantly different racial groups.'!

A better understanding of the socioeconomic de-
terminant, traditional cardiovascular risk factors in
pregnancy, and racial factors are warranted as policy-
makers attempt to implement interventions to counter
the stern trends noted.” The current study aims to
explore disparities in cardiovascular disease in preg-
nancy and its associations with race, socioeconomic
status, or medical comorbidities. The findings from this
study may shed further light on actionable plans that
can be targeted by policy makers as well as healthcare
administrators to improve healthcare systems, equity,
and access to health care, and reduce financial and
social burden of pregnancy-related cardiovascular
morbidity and mortality in the United States.

METHODS

Data Source and Study Population

Using the Nationwide Inpatient Sample (NIS) database
between January 2007 and December 2017, we identi-
fied any pregnancy or post-partum-related hospitaliza-
tion. The NIS is made publicly available by the Agency
for Healthcare Research and Quality for the Healthcare
Cost and Utilization Project.'”® The NIS represents the
largest publicly available all-payer database and con-
tains discharge-level administrative data on inpatient
diagnoses and procedures from a stratified sample of =
20% of US hospitals through 2012. Starting from 2012,
the NIS represents a sample of 20% of discharges from
all hospitals. The NIS provides a weight variable for es-
tablishing an estimate of national statistics in the design
of a complex survey sample using a stratum variable
and a clustering variable. Women who were hospital-
ized during pregnancy, labor, and the post-partum pe-
riod for pregnancy-related causes were identified by
using the appropriate administrative codes (Table S1).
The need for an institutional review board approval was
waived for this study because of the anonymized and
de-identified nature of the publicly available data.

Patient and Hospital Characteristics

Baseline characteristics included demographics (age,
race, length of hospital stay, elective admission to
the hospital, patient disposition, primary payer infor-
mation, and percentile of home income by residen-
tial zip code as provided by Healthcare Cost and
Utilization Project), and medical/pregnancy-related
comorbidities were identified with the corresponding
International Classification of Diseases, Ninth Revision,
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Clinical Modification (ICD-9-CM) (until September
2015) and International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD-10-CM)
codes (starting from October 2015) (Table S1). The
hospital-related characteristics included bed size, lo-
cation, hospital region, and teaching status.

Outcome Measure

The primary outcome of the study was the differ-
ence in in-hospital mortality and cardiovascular
events, defined as acute myocardial infarction (AMI),
stroke, pulmonary embolism (PE), and peripartum
cardiomyopathy between the different racial group.
Cardiovascular events were chosen as they could be
fatal and catastrophic for the mother and the fam-
ily and play a major role in maternal mortality rates.
The null hypothesis of the current study was that no
difference in mortality and cardiovascular morbidity
existed between pregnant women of different ethnici-
ties in the United States. The secondary pre-specified
outcomes included the temporal trends of in-hospital
mortality and cardiovascular morbidity by race, and
adjusted odds ratio of adverse events by race. Further
subgroup analyses were performed based on patient
baseline comorbidities and socioeconomic status.

Statistical Analysis

The patient baseline characteristics and demograph-
ics, as well as outcomes, were compared between
different races/ethnicities. Categorical variables were
compared with the Mantel Haenszel Chi-square test,
and continuous variables were compared with ANOVA
testing. The linear Chi-square test was used to evalu-
ate current temporal trends of outcomes and risk fac-
tors. The rates were expressed as a percentage, or per
100 000 pregnancy-related hospitalizations, as appro-
priate. We used bivariate and multivariate regression
models to estimate odds of outcomes by race, and
adjusted for insurance information and socioeconomic
status. All statistical analyses were performed by using
the weighted values, hospital clusters, and strata of ob-
servations as provided by the NIS to measure national
estimates. Statistical analyses were conducted using
RStudio software (RStudio, Boston, Massachusetts).
P values were corrected using Bonferroni correction
to avoid multiple comparisons causing type | error. A
2-sided value of P<0.05 was set for statistical signifi-
cance. Odds ratios and the 95% Cls were used.

RESULTS

Population Demographics

Among 46 700 637 hospitalizations of pregnant or
post-partum women, 46.4% were White, 13.5% were
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Black, 19.1% were Hispanic, 4.8% were Asian/Pacific
Islander, 0.7% were Native American, 4.3% other
races/multiple races, and 11.2% unknown race (results
not shown). Black and Hispanic pregnant and post-
partum women were younger with 39.9% and 34.8%,
respectively aged between 18 and 24 years compared
with 25.9% of White women. Approximately 1 in 200
pregnancies in Hispanic and Black women were aged
<18 years compared with 1 in 500 pregnancies in
White women.

Further information on demographics for each
race is shown in Table 1.

Black women had higher prevalence of cardio-
vascular risk factors including hypertension, heart
failure, cardiomyopathy, atrial fibrillation, diabetes
mellitus, and obesity compared with White women
while Hispanic women tended to have lower preva-
lence. Further information on baseline comorbidities
for each race is shown in Table 1. Table S2 provides
further information about hospital and demographics
characteristics.

Hospital Complications and
Cardiovascular Events

Black women had a higher risk of bleeding, cardiac
tamponade, cardiac arrest, acute kidney injury, and
sepsis compared with other races/ethnicities.

Further information on complications for each race
is shown in Table 2.

Compared with White women, Black women had
the highest in-hospital mortality with adjusted odds
ratio (@OR) of 1.45, 95% Cl (1.21-1.73); AMI with
aOR of 1.23, 95% CI (1.06-1.42); stroke with aOR of
1.57, 95% CI (1.41-1.74); PE with aOR of 1.42, 95%
Cl (1.30-1.56); and peripartum cardiomyopathy with
aOR 1.71, 95% CI (1.66-1.76) when adjusted for
socioeconomic status, access to health care, and
medical comorbidities. Hispanic women had aOR of
mortality 1.23, 95% CI (1.02-1.49); AMI with aOR of 1,
95% CI (0.84-1.19); stroke with aOR of 1.23, 95% CI
(1.10-1.38); PE with aOR of 0.66, 95% CI (0.58-0.74);
and peripartum cardiomyopathy with aOR of 0.69,
95% ClI(0.67-0.72). Pacific Islander/Asian women had
aOR of mortality 2.00, 95% CI (1.53-2.61); AMI with
aOR of 0.77, 95% ClI (0.56-1.07); stroke with aOR of
1.08, 95% CI (0.90-1.31); PE with aOR of 0.34, 95%
Cl (0.25-0.45); and peripartum cardiomyopathy with
aOR of 1.11, 95% CI (1.08-1.15) (Table 3).

Temporal Trends

Over the study duration, the incidence of in-hospital
mortality in Black women decreased (from 38.1 in
2007 to 21.9 in 2017 per 100 000 hospitalizations) as
well as the rates of stroke (from 85.5 in 2007 to 54.2
in 2017 per 100 000 hospitalizations). But the rates of
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Table 1. Baseline Demographics of Included Patients, Baseline Medical Comorbidities, and Pregnancy-Related Comorbidities

White Black Hispanic Asian/Pacific Islander
(n =21 663 575) (n =6 302 089) (n =8 914 065) (n=2251824)
46.4% 13.5% 19.1% 4.8% P Value
Age group, (%) <0.001
Under 18y 0.2% 0.5% 0.5% 0.1%
18-24y 25.9% 39.9% 34.8% 1.1%
25-29y 29.6% 27.4% 28.0% 26.3%
30-34y 27.9% 19.4% 221% 36.3%
35-39y 13.2% 10.0% 11.6% 21.1%
40-44y 2.8% 2.5% 2.8% 4.7%
245y 0.3% 0.3% 0.2% 0.4%
Income <0.001
0-25th percentile 21.4% 48.6% 36.8% 12.5%
26th—50th percentile 25.9% 22.6% 25.5% 16.2%
51st-75th percentile 26.6% 17.6% 231% 25.0%
76th—100th percentile 26.1% 11.3% 14.6% 46.3%
Primary payer <0.001
Medicare 0.9% 1.7% 0.5% 0.3%
Medicaid 31.9% 62.3% 63.6% 26.9%
Private insurance 61.9% 30.7% 28.3% 65.3%
Self-pay 1.9% 2.9% 5.4% 5.5%
No charge 0.1% 0.2% 0.4% 0.1%
Other 3.4% 2.2% 1.8% 2.0%
Comorbidities
Known cardiovascular risk factors 0.8% 1.2% 0.5% 0.6% <0.001
Hypertension 2.3% 5.8% 2.1% 1.8% <0.001
Heart failure 0.1% 0.4% 0.1% 0.1% <0.001
Cardiomyopathy 0.1% 0.2% 0.0% 0.0% <0.001
Congenital heart disease 0.1% 0.1% 0.1% 0.1% <0.001
Atrial fibrillation 0.0% 0.1% 0.0% 0.0% <0.001
Valvular disease 0.3% 0.3% 0.1% 0.2% <0.001
Dyslipidemia 0.2% 0.2% 0.2% 0.3% <0.001
Diabetes mellitus 1.0% 2.0% 1.5% 1.0% <0.001
Obstructive sleep apnea 0.1% 0.2% 0.0% 0.0% <0.001
Obesity 8.8% 14.6% 10.2% 4.5% <0.001
Smoking 4.9% 4.0% 1.7% 1.8% <0.001
Alcohol abuse 01% 0.2% 01% 0.0% <0.001
Drug abuse 3.2% 3.6% 1.3% 0.4% <0.001
Peripheral vascular disorders 0.0% 0.0% 0.0% 0.0% <0.001
Rheumatoid arthritis/collagen vascular diseases 0.4% 0.4% 0.3% 0.3% <0.001
Deficiencies anemia 6.9% 13.3% 9.4% 8.3% <0.001
Chronic blood loss anemia 11.6% 21.5% 15.2% 13.6% <0.001
Chronic pulmonary disease 5.0% 7.9% 3.7% 2.7% <0.001
Pregnancy-related complications
Gestational hypertension 4.3% 4.3% 2.8% 2.2% <0.001
Preeclampsia 3.7% 51% 3.8% 2.6% <0.001
Eclampsia 0.1% 0.2% 0.1% 0.1% <0.001
Gestational diabetes mellitus 2.3% 3.3% 3.3% 4.3% <0.001
Hospitalization during delivery and puerperium 90.1% 84.3% 88.7% 93.6% <0.001
C-section 30.2% 30.7% 29.9% 30.9% <0.001
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Table 2. Patients’ Complications and Cardiovascular Outcomes

Complications

Bleeding 0.7% 1.0% 1.0% 0.9% <0.001
Cardiac arrest 0.0% 0.0% 0.0% 0.0% <0.001
Acute kidney injury 0.1% 0.2% 0.1% 0.1% <0.001
Sepsis 0.2% 0.2% 0.2% 0.2% <0.001
Outcomes
In-hospital mortality 0.01% 0.03% 0.01% 0.01% <0.001
Acute myocardial infarction 0.01% 0.02% 0.01% 0.01% 0.015
Stroke 0.04% 0.07% 0.04% 0.03% <0.001
Pulmonary embolism 0.02% 0.04% 0.01% 0.01% <0.001
Peripartum cardiomyopathy 0.1% 0.3% 0.1% 0.1% <0.001

AMI (from 24.2 in 2007 to 36.4 in 2017 per 100 000
hospitalizations), PE (from 29.3 in 2007 to 60.7 in 2017
per 100 000 hospitalizations), and peripartum cardio-
myopathy increased (from 236.4 in 2007 to 296.2 in
2017 per 100 000 hospitalizations), P-trend <0.001
(Figure and Table S3).

Subgroup Analyses
Among women with diabetes mellitus, Black women
had mortality, AMI, stroke, and PE rates of 129.8,
171.0, 203.7, and 120.5 per 100 000 hospitalizations
compared with White women with rates of 67.6, 121.2,
131.1, and 65.3 per 100 000 hospitalizations, respec-
tively, P value <0.001.

Among patients with history of known cardiovas-
cular disease Black women had mortality, AMI, stroke,

and PE rates of 0.7%, 1.3%, 1.5%, and 0.6% compared
with White women with rates of 0.3%, 0.8%, 1.0%, and
0.3%, respectively, P value <0.001.

When comparing White women with below-me-
dian socioeconomic status to Black women with
similar socioeconomic status, Black women had
higher odds of AMI, stroke, and PE outcomes with
OR of 2.26 (2.08-2.46), 1.87 (1.78-1.96), and 1.74
(1.63-1.85), respectively. When Black women with
highest socioeconomic quartile status were com-
pared with White women of the lowest quartile, Black
women had persistently higher odds of AMI, stroke,
and PE outcomes with OR of 1.62 (1.34-1.97), 2.38
(2.18-2.6), and 1.35 (1.19-1.54), respectively. When
comparing White women with no affordable access
to health care, as defined by self-paying as insur-
ance, to Black women with private insurance, Black

Table 3. Baseline Comorbidities*, Socioeconomic Status, and Access to Health Care Adjusted Odds Ratio of Mortality and

Cardiovascular Morbidity

Race/ethnicity

White Reference Reference Reference Reference Reference

women

Black 1.45 <0.001 1.23 0.006 1.57 <0.001 1.42 <0.001 1.71 <0.001
women (1.21-1.73) (1.06-1.42) (1.41-1.74) (1.30-1.56) (1.66-1.76)

Hispanic 1.23 0.031 1 0.979 1.23 <0.001 0.66 <0.001 0.69 <0.001
women (1.02-1.49) (0.84-1.19) (1.10-1.38) (0.58-0.74) (0.67-0.72)

Pacific 2 <0.001 0.77 0.119 1.08 0.401 0.34 <0.001 1.11 <0.001
'Osr'aA”Saer: (1.53-2.61) (0.56-1.07) (0.90-1.31) (0.25-0.45) (1.08-1.15)

women

*Adjusted for comorbidities; including age, diabetes mellitus, cardiomyopathy, obesity, hyperlipidemia, heart failure, hypertension, smoking, pre-eclampsia/
eclampsia, gestational hypertension, gestational diabetes mellitus, and cesarean section, socioeconomic status (income levels), and access to health care

(healthcare insurance). OR indicates odds ratio.
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Figure. Temporal trends of incidence of mortality and cardiovascular
events in pregnant and post-partum women by race/ethnicity.

A, In-hospital mortality, B, acute myocardial infarction, C, stroke, D, pulmonary
embolism, and E, peripartum cardiomyopathy
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women persistently had worse AMI, and stroke out-
comes with OR of 1.32 (1.01-1.71), 1.61 (1.38-1.87),
but better PE outcome of 0.77 (0.66—0.90).

DISCUSSION

In this nationwide analysis of pregnancy-related
hospitalizations from 2007 to 2017, we aimed to
characterize the racial and socioeconomic dispari-
ties among pregnant and post-partum women on
in-hospital mortality, and cardiovascular events.
We found that racial disparities that persisted after
adjusting for socioeconomic factors and access to
health care. Our study showed that Black women are
at a significant risk of mortality and cardiovascular
events with certain cardiovascular events, AMI and
PE increasing over the study duration disproportion-
ately compared with White women. Many studies
entreat socioeconomic differences as the leading
contributor to racial disparities as the average Black
female has a lower household income, educational
attainment, and access to health care.'*'® While our
findings substantiate those observations, we ob-
serve persistent disparities with further adjustment
for socioeconomic factors, which was observed in
studies evaluating racial disparities in pregnancy and
infant outcomes with documented racial differences
within the same socioeconomic strata. Our study
found startling worse pregnancy-related cardio-
vascular events among high socioeconomic status
Black women when compared with low socioeco-
nomic status White women. These disparities appear
to have been persisted since the 1990s with Singh
et al. reporting that infants born to Black women of
higher socioeconomic status suffered from worse
outcomes compared with White women of lower
socioeconomic status.”® Thus, those findings are
alarming as long-standing disparities appear to be
more complex and persistent than to be attributed
to socioeconomic factors. Another attributable fac-
tor was identified as a lack of access to affordable
health care resulting in delayed or inadequate medi-
cal care,? either prenatal or perinatal care, however;
our findings indicate that Black women remained at
higher risk when adjusted for insurance type, as a
proxy to access to health care, and found a star-
tling increase in myocardial infarction and stroke
in Black women with private insurance; OR of 1.32
and 1.60, compared with White women without in-
surance. Those findings are troubling and alarming
as they show persistently worse outcomes in Black
women with the highest income and insurance levels
when compared with White women with the lowest
levels. Our findings indicate that most Black preg-
nant women were of below-median income (71.2%)
and insured by Medicaid (62.3%) compared with
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White pregnant women who were of above-median
income (52.7%) and had private insurance (61.9%).
However, the percentage of uninsured Black women
significantly trended down over the study period from
4.3% in 2007 to 2.3% in 2017, highlighting increased
insurance access. However, those findings are not
without drawbacks, as private insurance coverage
for Black women declined from 33.1% to 29.9%, and
Medicaid insurance trended up from 57.9% to 64.0%
which sheds light at reduced and limited access to
employer-funded insurance yet highlight increas-
ing state efforts to provide coverage as 34 states
expanded Medicaid to improve eligibility criteria for
pregnant women increasing the income threshold for
Medicaid coverage from 134% of the federal poverty
level to >200%.2"2?

Our results show a disparity in the prevalence of
risk factors contributing to potential mortality and mor-
bidity during pregnancy. Significant risk factors previ-
ously associated with poor pregnancy outcomes are
trending up in Black women and significantly higher
than White women. Prior history of cardiovascular dis-
ease was found in 1.1% of Black women compared
with 0.7% in White women. Obesity in Black women
went up from 4.1% in 2007 to 13.8% in 2017 and was
overall 8.9% compared with 4.9% in White women.
Depression and smoking in Black women increased ~
3-fold and 11-folds over the study duration as well, high-
lighting significant differences in risky maternal behav-
iors, psychologic, and medical comorbidities that are
likely driving the persistent gap in outcomes. Further
studies highlighted similar findings and attempted to
understand the underlying causes that may cause
such disparities. A number of studies highlighted the
disparities in food access in Black women with more
food deserts in predominantly Black neighborhoods
and restricted access to healthy nutritional options
worsening obesity and malnutrition.?®2* Another inter-
esting study that focused on Black women of school
age found a disturbingly increased consumption of
sweetened beverages and low step count, particularly
in low-income women during summertime; no school
provided nutrition or mandated activities that high-
light a concerning increase in obesity prevalence.?® To
understand the potential reasons why Black women
may be at an increased risk of poor dietary habits,
Acheampong et al. conducted a study with that ques-
tion in mind and found that Black women had suf-
ficient awareness of healthy food options; however,
the most constant limitation was unaffordability of nu-
tritious food elements.?® Our results show increasing
depression in pregnant women, and poor outcomes
have been shown to be related to increased maternal
psychological distress, depression, and anxiety with
studies showing elevated norepinephrine and corti-
sol elevation in stress that may contribute to worse
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cardiovascular outcomes. Further studies have shown
that anxiety and stress were correlated with altered
immune function and increased risk of infections and
overall increased morbidity and mortality.?”

Our results show that the outcomes in Black
women seem to be improving over the study dura-
tion; however, the outcomes are consistently worse
compared with White women. However, Hispanic
pregnant women appear to have a persistent pattern
of poor cardiovascular outcomes and are projected
to overtake Black women as the population at the
highest risk of adverse cardiovascular morbidity and
mortality in the next few years. Those findings are
concerning as Hispanic women are the most sub-
stantial portion of minority births in the United States
with the highest birth rate and constitute the fast-
est-growing minority in the United States.?® Thus, fur-
ther understanding of potential causes and possible
interventions to reduce cardiovascular morbidity and
mortality are warranted. Several studies looked into
cardiovascular risk factors in Hispanic women and
found concerning findings of increased prevalence of
cardiovascular risk factors as the incidence of type 2
diabetes mellitus was increased in Hispanic women
as well as Hispanic women being at a higher risk of
entering pregnancy being overweight or obese, as
well as gain an excessive amount of weight during
pregnancy.?®3® More studies investigated those
findings and found significant differences in dietary
habits with increased levels of processed meats,
soft drinks, fatty food consumption in the Hispanic
population, which reinforce the importance of dietary
modifications and understanding of different nutri-
tional ingredients. Another identified concern was
food insecurity, which raises levels of anxiety and
depression in addition to the established poor nutri-
tional status.®' Those identifiable risk factors are es-
sential to intervene to lower cardiovascular morbidity
and mortality in the fastest-growing minority in the
United States.

The burden of pregnancy on the US economy and
healthcare expenditure increased by 67% over the
past 2 decades from 149.56 USD per capita in 2000
to 248.83 USD per capita in 2017.3% Thus, pregnan-
cy-related costs cause a significant burden on the US
economy, and as the Institute of Medicine estimates
that most of the pregnancy-associated expenses are
directly related to medical care, we underestimate the
financial burden associated with poor neonatal health,
long-term morbidity in mothers, and loss of productiv-
ity in the workforce in a young population. Moreover, in
light of an estimated burden of cardiovascular disease
on women to be 1.1 trillion USD in 2035,%3-3% interven-
tions directed at reducing cardiovascular events can
help alleviate immense indirect costs that burden the
US economy. Programs targeted at reducing racial
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disparities should consider cultural factors affecting
certain behaviors and disease prevalence as culturally
tailored interventions influence behaviors in a more fa-
vorable way preventing modifiable risk factors. Further
studies are needed to provide a cost-benefit analysis
demonstrating the impact of primary and secondary
preventive measures on direct and indirect financial
costs associated with cardiovascular events and mor-
tality in pregnancy.

The findings of this study should be interpreted with
certain limitations. This is a retrospective, non-ran-
domized study with inherent limitations intrinsic to the
retrospective nature of the study. Our study is derived
from an administrative database relying on /CD-9 and 1
ICD-10 codes. It is thus subject to coding errors, in ad-
dition to that, administrative codes were designed for
billing purposes and lack granularity of details in regard
to the severity of the disease. In addition to that, the
NIS database lacks crucial clinical and demographic
information such as patient educational level, size of
household, imaging data, and medications. NIS pro-
vides significant inpatient information; however, it lacks
follow-up beyond the index hospitalization, and that
limits peripartum follow up as well as the lack of tim-
ing of admission after delivery. In addition to that, ob-
taining further information on temporal follow-up of the
same patient through multiple hospitalizations during
1 or multiple pregnancies is not possible because of
the de-identified nature of the data set. Despite these
limitations, our study is derived from a national repre-
sentative sample and provides a large sample size with
generalizable results to the US population.

CONCLUSIONS

Significant racial disparities exist in regard to in-hospi-
tal mortality and major cardiovascular events among
pregnant and post-partum women. AMI and PE rates
are trending up significantly in all racial groups, par-
ticularly in Black women. Our current observations and
estimates provide policy makers as well as healthcare
administrators with needed evidence to allocate funds
to social and medical programs that can help reduce
health disparities and inequities in pregnant women.
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Table S1. Pregnancy related diagnosis codes.

with fifth code as ‘1’, ‘2, ‘4’, without
mention of a labor and delivery code.

Pregnancy, Unspecified time

640-679 with fifth code as ‘0’ OR with
both antepartum and post-partum
codes present without mention of a
labor and delivery code

Diagnosis ICD-9-CM code ICD-10-CM code
Antepartum V22.x, V23.x, V28.x, V30.x - V37.x, 000-008 - Pregnancy with abortive
V39.x, V91.x, 630-633, 638, 640-679 outcome
with fifth code as ‘3’, without mention | O09 - Supervision of high-risk
of a labor and delivery or post-partum | pregnancy
ICD-9 code. 010-016 - Edema, proteinuria and
Labor Procedure Codes: 72.x - 74.x Diagnosis | hypertensive disorders in
Codes: V27.x, V30.x00, V30.x01, pregnancy, childbirth and the
V31.x00, V31.x01, V32.x00, V32.x01, puerperium
V33.x00, V33.x01, V34.x00, V34.x01, 020-029 - Other maternal
V35.x00, V35.x01, V36.x00, V36.x01, disorders predominantly related to
V37.x00, V37.x01, V39.x00, V39.x01 pregnancy
Postpartum V24.x,V27.x,634-637, 639, 640-679 030-048 - Maternal care related to

the fetus and amniotic cavity and
possible delivery problems
060-077 - Complications of labor
and delivery

080-082 - Encounter for delivery
085-092 - Complications
predominantly related to the
puerperium

094-09A - Other obstetric
conditions, not elsewhere classified

Gestational Hypertension 642.3x 013.x
Pre-eclampsia/ Eclampsia 642.4x, 642.5%, 642.6x, 642.7x 014.x, O15.x
Gestational Diabetes 648.0x 024.4x
Cesarean Section Procedure Codes: 74.x, Diagnosis 082, 10D00Z0, 10D00Z1, 10D00Z2
Codes: 669.7
Other comorbidities diagnosis codes:
Diagnosis ICD-9-CM code ICD-10-CM code
AMI 410 121, 122
STEMI 410.0, 410.1, 410.2, 410.3, 410.4, [121.0,121.1,121.2,121.3, 122.0, 122.1, 122.8, 122.9
410.5, 410.6, 410.8
NSTEMI 410.7 121.4,122.2
Unspecified AMI 410.9 121.9, 121.A1, 121.A9
Prior myocardial infarction [412 125.2
Prior PCI \/45.82 Z95.5, 798.61

125.700, 125.708, 125.709, 125.71, 125.72, 125.73,

Prior CABG \V45.81, 414.02, 414.03, 414.04,  |125.76,
414.05 125.79, 125.810, 125.812, 795.1
Prior pacemaker \V45.01 Z795.0
Prior cerebrovascular
disease 438, V12.54 1699.1, Z86.73

Mitral valve disease

394.0, 394.1, 394.2, 746.5, 746.6

105.0, 105.1, 105.2, 134.0, 134.2, Q23.2, Q23.3




Tricuspid valve disease

397.0, 424.2, 746.1

107.0, 107.1, 107.2, 136.0, 136.1, 136.2, Q22.4

Atrial fibrillation

427.31

148.0, 148.1, 148.2, 148.91

Atrial flutter

427.32

148.3, 148.4, 148.92

Chronic pulmonary disease

From the Elixhauser comorbidities provided by the AHRQ comorbidity measures

Carotid disease

433.1

165.2

Peripheral vascular disease

From the Elixhauser comorbidities provided by the AHRQ comorbidity measures

Renal failure

From the Elixhauser comorbidities provided by the AHRQ comorbidity measures

Liver disease

From the Elixhauser comorbidities provided by the AHRQ comorbidity measures

Malignancy

140-165, 170-176, 179-195, 199-
209

C00-C97

Rheumatoid
arthritis/collagen

vascular disease

From the Elixhauser comorbidities provided by the AHRQ comorbidity measures

Hypothyroidism

From the Elixhauser comorbidities provided by the AHRQ comorbidity measures

Coagulopathy

From the Elixhauser comorbidities provided by the AHRQ comorbidity measures

Deficiency anemia

From the Elixhauser comorbidities provided by the AHRQ comorbidity measures

Chronic blood loss anemia

From the Elixhauser comorbidities provided by the AHRQ comorbidity measures

Depression From the Elixhauser comorbidities provided by the AHRQ comorbidity measures
290, 294.10, 294.11, 294.20,
Dementia 294.21, FO01, FO2, F03, G30, G31

330.8, 330.9, 331.0, 331.1, 331.2,

331.6, 331.7, 331.82, 331.83,
331.89,

331.9

Hypertension

401.1, 401.9, 642.00, 642.01,
642.02,

642.03, 642.04, 401.0, 4372,
642.20,

642.21, 642.22, 642.23, 642.24,
402.00, 402.10, 402.90, 405.009,
405.19, 405.99, 402.01, 402.11,
402.91, 403.00, 403.10, 403.90,
405.01, 405.11, 405.91, 642.10,
642.11, 642.12, 642.13, 642.14,
403.01, 403.11, 403.91, 404.00,
404.10, 404.90, 404.01., 404.11,
404.91, 404.02., 404.12, 404.92,
404.03., 404.13, 404.93, 642.70,

113.0, 113.2, 113.10, 113.11, 1129, 115.0, 115.1, 1120,
110,

010.011, 010.012, 010.013, 010.019, 010.02, 010.03,
010.911, 010.912, 010.913, 010.919, 010.92, 010.93,
1160, 1161, 1169, 1674, 010.111, 010.112, 010.113,
010.119, 010.12, 010.13, 010.211, 010.212, 010.213,
010.219, 010.22, 010.23, 010.311, 010.312, 010.313,
010.319, 010.32, 010.33, 010.411, 010.412, 010.413,
010.419, 010.42, 010.43, O11.1, 011.2, O11.3, O11.4,
011.5, 011.9, 1110, 1119, 115.2, 115.8, 115.9




642.71, 642.72, 642.73, 642.74,
642.90, 642.91, 642.92, 642.93,
642.94
Diabetes mellitus From the Elixhauser comorbidities provided by the AHRQ comorbidity measures
Dyslipidemia 272.0,272.1,272.2,272.3,272.4 |E78.0, E78.00, E78.01, E78.1, E78.2, E78.3, E78.4,
E78.5,E78.81, E78.89, E8889, E78.9
Obesity From the Elixhauser comorbidities provided by the AHRQ comorbidity measures
Z87.891, F17.200 to F17.229,F172.90, F172.93,
Smoking history \V15.82, 305.1 F172.98,
F172.99
Acute heart failure 428.21, 428.23, 428.31, 428.33, 150.21, 150.23, 150.31, 150.33, 150.41, 150.43
428.41, 428.43
Cardiogenic shock 785.51 R57.0
430, 431, 432, 433.01, 433.11,
Stroke 433.21, 160, 161, 162, 163, 164
433.31, 433.81, 433.91, 434.01,
434.11, 434.91, 997.02
Acute kidney injury 584 N17
D62, G97.32, G97.52, 197.410, 197.411, 197.418,
Bleeding 998.11, 998.12, 285.1 197.42,
197.610, 197.611, 197.618, 197.620, T82.837, T82.838,
T85.838

ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification; ICD-10-CM = International
Classification of Diseases, Tenth Revision, Clinical Modification; TAVR = transcatheter aortic valve replacement; SAVR
= surgical aortic valve replacement; PCI = percutaneous coronary intervention; CABG = coronary artery bypass grafting;
AMI = acute myocardial infarction; STEMI = ST-segment elevation myocardial infarction; NSTEMI = non-ST-elevation
myocardial infarction; AHRQ = Agency for Healthcare Research and Quality.



Table S2. Hospital-related characteristics of the included cohort.

White African American Hispanic Asian/Pacific P
(n=21,663,575) (n=6,302,089) (n=8,914,065) Islander value
46.4% 13.5% 19.1% (n=2,251,824)
4.8%
Hospital ownership <.001

Government, 11.05% 15.47% 17.93% 11.33%
nonfederal

Private, not- 76.09% 69.15% 61.31% 75.91%
profit

Private, invest- 12.86% 15.39% 20.76% 12.76%
own
Hospital bed-size <.001

Small 14.75% 10.74% 12.25% 10.78%

Medium 28.07% 29.54% 27.78% 29.43%

Large 57.18% 59.72% 59.96% 59.80%
Hospital teaching <.001
status

Rural 13.49% 6.22% 4.57% 2.98%

Urban 36.60% 26.68% 38.52% 34.70%
nonteaching

Urban teaching 49.91% 67.10% 56.91% 62.32%
Hospital region <.001

Northeast 19.15% 17.43% 13.19% 20.35%

Midwest 22.48% 16.82% 6.66% 9.48%

South 38.16% 57.06% 38.41% 21.40%

West 20.22% 8.68% 41.74% 48.77%

Patient disposition <.001
Routine 97.51% 96.28% 98.33% 98.12%
Transfer to Short- 0.43% 0.49% 0.33% 0.27%

term Hospital

Skilled Nursing 0.11% 0.21% 0.08% 0.06%
Facility (SNF)

Home Health Care 1.70% 2.34% 1.02% 1.43%

(HHC)

Against Medical 0.23% 0.66% 0.23% 0.11%

Advice (AMA)



Table S3. Sensitivity analysis of temporal trends of outcomes by race in females of known risk factors
for cardiovascular disease.

200 200 200 201 201 201 201 201 201 201 201
7 8 9 0 1 2 3 4 5 6 7
White
Mortality 046 0.45 045 038 055 040 0.30 0.18 0.09 0.11 o0.16
% % % % % % % % % % %
AMI 1.28 080 140 1.03 099 1.06 090 0.65 0.95 0.32 0.53
% % % % % % % % % % %
Stroke 146 | 1.84 200 2.06 167 146 149 133 0.71 0.25 0.37
% % % % % % % % % % %
PE 041 0.31 033 032 059 035 0.34 0.36 0.36 0.30 0.28
% % % % % % % % % % %
African
American
Mortality 1.32 1 062 1.82| 1.30| 055 0.81 | 0.89 0.48 0.54 0.28 | 0.38
% % % % % % % % % % %
AMI 261 148 215 1.30 202|131 1.18 1.26 | 1.01 | 0.80| 1.06
% % % % % % % % % % %
Stroke 355|225 247 289|239 | 201 | 237 | 251 1.15| 0.38 0.51
% % % % % % % % % % %
PE 0.90| 0.74| 059 0.86| 1.25| 0.60 | 0.20| 0.39  0.34 | 0.59 0.38
% % % % % % % % % % %
Hispanic
Mortality 1.05 092 0.25 1.29 042 0.21 0.18 0.33  0.11 0.18 0.08
% % % % % % % % % % %
AMI 1.27 1 049 050 155 0.38 187 1.09 0.49 0.77 0.27 0.49
% % % % % % % % % % %
Stroke 200 233 232 352 265|353 3.64| 260 | 0.88| 0.14 | 0.29
% % % % % % % % % % %
PE 0.28| 0.24 | 045 0.21 | 0.00| 0.00 | 0.18 | 0.00  0.11 | 0.28  0.08

%

%

%

%

%

%

%

%

%

%

%



