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Maternal Coronary Heart Disease, Stroke,
and Mortality Within 1, 3, and 5 Years of
Delivery Among Women With Hypertensive
Disorders of Pregnancy and Pre-Pregnancy
Hypertension

Angela M. Malek “=/, PhD; Dulaney A. Wilson "/, PhD; Tanya N. Turan “', MD, MSCR; Julio Mateus, MD, PhD;
Daniel T. Lackland 27, DrPH; Kelly J. Hunt, PhD

BACKGROUND: Pre-pregnancy hypertension and hypertensive disorders of pregnancy (HDP; preeclampsia, eclampsia, gesta-
tional hypertension) are major health risks for maternal morbidity and mortality. However, it is unknown if racial/ethnic differ-
ences exist. We aimed to determine the impact of HDP and pre-pregnancy hypertension on maternal coronary heart disease,
stroke, and mortality risk <1, 3, and 5 years post-delivery and by race/ethnicity <5 years.

METHODS AND RESULTS: This retrospective cohort study included women aged 12 to 49 years with a live, singleton birth be-
tween 2004 to 2016 (h=254 491 non-Hispanic White; n=137 784 non-Hispanic Black; n=41 155 Hispanic). Birth and death
certificates and International Classification of Diseases, Ninth and Tenth Revision, Clinical Modification (ICD-9-CM and ICD-
10-CM) diagnosis codes in hospitalization/emergency department visit data defined HDP, pre-pregnancy hypertension, in-
cident coronary heart disease and stroke, and all-cause mortality. During at least 1 pregnancy of the 433 430 women, 2.3%
had pre-pregnancy hypertension with superimposed HDP, 15.7% had no pre-pregnancy hypertension with HDP, and 0.4%
had pre-pregnancy hypertension without superimposed HDP, whereas 81.6% had neither condition. Maternal deaths from
coronary heart disease, stroke, and all causes totaled 2136. Within 5 years of delivery, pre-pregnancy hypertension, and HDP
were associated with all-cause mortality (hazard ratio [HR], 2.21; 95% Cl, 1.61-3.03), incident coronary heart disease (HR,
3.79; 95% ClI, 3.09-4.65), and incident stroke (HR, 3.10; 95% ClI, 2.09-4.60). HDP alone was related to all outcomes. Race/
ethnic differences were observed for non-Hispanic Black and non-Hispanic White women, respectively, in the associations of
pre-pregnancy hypertension and HDP with all-cause mortality within 5 years of delivery (HR, 2.34 [95% ClI, 1.58-3.47]; HR,
211 [95% Cl, 1.23-3.65]; P interaction=0.001).

CONCLUSIONS: Maternal cardiovascular outcomes including mortality were increased <5 years post-delivery in HDP, pre-
pregnancy hypertension, or pre-pregnancy hypertension with superimposed HDP. The race/ethnic interaction for all-cause
mortality <5 years of delivery warrants further research.
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Hypertensive disorders of pregnancy (HDP) includ- are associated with increased morbidity and mortality
hypertension, affect ~10% of all pregnancies and sion usually experienced after 20 weeks of gestation
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CLINICAL PERSPECTIVE

What Is New?

¢ |n this retrospective cohort study among women
aged 12 to 49 years with a live, singleton birth
in South Carolina between 2004 to 2016, those
exposed to hypertensive disorders of pregnancy
(HDP) without pre-pregnancy hypertension
(“HDP alone”), and pre-pregnancy hyperten-
sion with superimposed HDP (“both conditions”)
were at greater risk of incident stroke, incident
coronary heart disease, and all-cause mortality
within 5 years of delivery.

e Non-Hispanic Black women with both con-
ditions and HDP alone, non-Hispanic White
women with both conditions, and Hispanic
women with pre-pregnancy hypertension alone
experienced increased all-cause mortality risk
within 5 years of delivery (P interaction=0.001);
there were no significant differences for incident
coronary heart disease or stroke.

What Are the Clinical Implications?

e These patients should be watched more closely
after delivery during the high-risk period and
monitored for cardiovascular risk factors.

e Qur data suggest that HDP persist after preg-
nancy and may lead to changes possibly increas-
ing the risk of cardiovascular events later in life.

Nonstandard Abbreviations and Acronyms

HDP  hypertensive disorders of pregnancy
NHB non-Hispanic Black
NHW non-Hispanic White

characterizes gestational hypertension. New-onset
hypertension with proteinuria and/or significant
end-organ dysfunction characterizes preeclampsia,
whereas eclampsia is characterized by new-onset
seizures (ie, tonic-clonic, focal, or multifocal) without a
causative condition(s).>® Preeclampsia occurs among
3% to 5% of all pregnancies.* Risk factors identified
for preeclampsia include: advanced age (>40 years),®
Black race,®’ gestational diabetes mellitus,® history
of preeclampsia,® certain preexisting medical condi-
tions (eg, preexistent hypertension),>¢° and high pre-
pregnancy body mass index (BMI) (>29.0 kg/m?).%
Preexisting hypertension, which is known to increase
the risk of superimposed preeclampsia, occurs in 1%
to 4% of all pregnancies.'o-12

Significant maternal and perinatal morbidity and
mortality have included preterm delivery (16—36 weeks
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gestational age) in =11% of women with preeclamp-
sia, increasing the risk of premature-related compli-
cations for the neonate.'® In severe preeclampsia and
HDP, respectively, 16.4% and 15.0% of women ex-
perienced iatrogenic preterm delivery (22-36 weeks
gestational age).'”* Additional maternal outcomes as-
sociated with HDP include stroke, seizure, coagulop-
athy, renal failure, hemorrhage, and death.'>"°

A significant proportion of maternal deaths in de-
veloped countries (16.1%) and developing countries
(25.7% in the Caribbean and Latin America) are at-
tributed to HDP.2° Compared with White women in
the United States, Black women experience a 2.7-fold
higher case-fatality rate for preeclampsia,' and a 2-
fold higher case-fatality rate for preeclampsia or ec-
lampsia.?? Racial/ethnic differences in cause-specific
pregnancy-related mortality were observed during
2007 to 2016 with a higher proportion of deaths at-
tributed to HDP for Black (8.2%) and Hispanic (9.7%)
women than White women (6.7 %; P<0.05).%® Preexisting
hypertension without superimposed preeclampsia has
also been associated with maternal complications,
such as end-organ complications,?* delivery at <37 or
<34 weeks of gestation,?® cesarean delivery,?® post-
partum hemorrhage,?® and stroke.?’

More recently, preeclampsia and HDP have been
linked to long-term morbidity and mortality. A recent
meta-analysis reported associations between maternal
risk of coronary heart disease (CHD), stroke, and death
from CHD and cardiovascular disease (CVD) with pre-
eclampsia following covariate adjustment.?® However,
parity, length of follow-up time, and risk factor adjust-
ment (eg, sociodemographic and clinical characteristics)
were inconsistent among the studies.?® There are signif-
icant gaps in the literature as evidence is lacking on the
role of established risk factors (eg, BMI, family history of
CVD, smoking) as potential confounders in the relation-
ship between HDP and CVD.?3° Furthermore, previous
studies'?? assessing long-term outcomes have been
unable to examine racial health disparities in stroke,
ischemic heart disease, venous thromboembolism, or
mortality among women with preeclampsia.!30-33

We hypothesized that HDP regardless of preex-
isting or chronic hypertension before pregnancy (re-
ferred to hereafter as “pre-pregnancy hypertension”)
is associated with increased maternal risk of all-cause
mortality, incident CHD, and incident stroke, and
the increased cardiovascular risks associated with
HDP are greater in non-Hispanic Black (NHB) and
Hispanic women than in non-Hispanic White (NHW)
women. The objectives of the current study were to
investigate the association between HDP and pre-
pregnancy hypertension and maternal cardiovascu-
lar outcomes specifically CHD, stroke, and mortality
within 1, 3, and 5 years of delivery as well as any time
across the follow-up period (up to 14 years). We also
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examined potential racial/ethnic differences in these
cardiovascular outcomes and mortality within 5 years
of delivery.

METHODS

Because of policies of the South Carolina (SC) Revenue
and Fiscal Affairs Office and the SC Department of
Health and Environmental Control, it is not possible to
share the data used in this study.

Study Design

A retrospective cohort study was conducted using
data from statewide birth certificates, death certifi-
cates, and hospitalization and emergency department
(ED) visits in SC to examine the relationship between
HDP and the risk of maternal cardiovascular outcomes
including mortality. Hospital discharge records and
ED visit data were obtained from the SC Revenue
and Fiscal Affairs, Health and Demographics Section.
Birth and death certificate data were obtained from the
SC Department of Health and Environmental Control.
Institutional review board approval was received from
the Medical University of South Carolina, and no in-
formed consent was required.

Study Population

Live births between 2004 to 2016 in SC were identified
by birth certificates. Maternal procedure and diagnosis
codes were available from hospital discharge records
and ED visit data. Maternal mortality data were avail-
able from death certificates and included the primary
(ie, underlying) cause of death and comorbid causes
of death. Deliveries identified through birth certifi-
cates were linked to hospital discharge records for the
mother by the SC Revenue and Fiscal Affairs using a
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unique identifier; 97.5% of deliveries had a correspond-
ing record in the hospitalization data.

Inclusion and Exclusion Criteria

Figure 1 displays delivery and maternal-level inclusion
and exclusion criteria for the study. Our inclusion crite-
ria were live, singleton births as reported on the birth
certificate identified through December 2016 to allow at
least 1 year of follow-up through 2017. Exclusion crite-
ria included data entry errors (ie, multiple death records
and negative time to death), newborn deaths the day of
delivery, and births of multifetal gestations. We excluded
mothers with missing age or <12 and >49 years of age,
residing outside of SC, with a history of kidney or other
transplants, pre-pregnancy weight of <92 or >320 lbs, or
pre-pregnancy BMI of <16.0 or >52.8 kg/m?. Deliveries
with implausible size for gestational age or birth weight
<500 g or >6000 g according to the national fetal growth
curve developed by Alexander et al** were also excluded.

Definitions
Sociodemographic characteristics included mater-
nal age at delivery, race/ethnicity, education, and
urban/rural residential status based on Rural-Urban
Commuting Area codes. Median household income
per year (<$36 000; $36 000-<$54 000; >$54 000)
was based on US Census zip code residential level
data. Eligibility for the Women, Infants, and Children
(WIC) program was during pregnancy. Primary payer
during pregnancy was available from birth records.
Based on self-report of race and ethnicity, women were
categorized into NHW, NHB, or Hispanic. Women self-
reporting as “Other race/ethnicity” were excluded from
the analysis because of low numbers.

The birth certificate data contained information on
pre-pregnancy smoking, smoking during pregnancy, and

‘Women with hospital deliveries in South Carolina between 2004-2016, n=462,428

A,

Study population for analysis
(n=433,430):

Women with deliveries of
singleton, live births in South
Carolina hospitals between 2004-
2016 with matched birth
certificate and hospital discharge
records

Maternal exclusions (n=28,792):

462, newborn deaths the day of delivery

870, plural births

289, maternal kidney or other transplant

5070, mothers residing out of state

29, maternal age missing, <12, or >49 years
5768, pre-pregnancy weight <92 or >320 lbs
4947, pre-pregnancy BMI <16.0 or >52.8 kg/m?
219, birth weight <500 or >6000 g

84, implausible size for gestational age

22, multiple death records or negative time to death
2, invalid data on previous other pregnancies
11,236, other race/ethnicity

Figure 1.

Flowchart of study inclusion and exclusion criteria.

BMI indicates body mass index; and HDP, hypertensive disorders of pregnancy.
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clinical characteristics including pre-pregnancy or ges-
tational diabetes mellitus, and pre-pregnancy BMI (kg/
m?). Gestational diabetes mellitus was also defined using
hospitalization/ED visit data based on the International
Classification of Diseases, Ninth and Tenth Revision,
Clinical Modification (ICD-9-CM and ICD-10-CM) codes.
The Revised-Graduated Prenatal Care Utilization Index
(R-GINDEX) was used to classify adequacy of prenatal
care based on the total number of visits for prenatal care,
as well as the gestational age (weeks) and the trimester
at which prenatal care was initiated.3%:3¢

The exposures and maternal outcomes of interest
between 2004 to 2017 were identified from birth cer-
tificates and hospital/ED visit discharge data based on
ICD-9-CM and ICD-10-CM diagnosis and procedure
codes (Table S1). The 4 exposure groups consisted of
women: (1) without pre-pregnancy hypertension or HDP
(referred to throughout as “neither condition”), (2) with
pre-pregnancy hypertension without superimposed HDP
(referred to throughout as “pre-pregnancy hypertension
alone”), (3) with HDP without pre-pregnancy hypertension
(referred to throughout as “HDP alone”), and (4) with pre-
pregnancy hypertension with superimposed HDP (re-
ferred to throughout as “both conditions”). The exposure,
HDP, was defined as reported on the birth certificate or
a diagnosis in the hospitalization/ED visit data based on
ICD-9-CM/ICD-10-CM codes for gestational hyperten-
sion, preeclampsia or eclampsia (642.3-642.7; O11.x,
013.x-016.x), or gestational hypertension (also used for
preeclampsia or eclampsia) as reported on the birth cer-
tificate. Pre-pregnancy hypertension was defined by ICD-
9-CM/ICD-10-CM codes at delivery (642.0-642.2; 010.0)
or as indicated on the birth certificate. Having both con-
ditions (pre-pregnancy hypertension with superimposed
HDP) was defined by ICD-9-CM/ICD-10-CM codes at
delivery (642.7; O13.x-015.x), a combination of diagnosis
codes, or indication on the birth certificate of gestational
hypertension and/or pre-pregnancy hypertension.

For women with pre-pregnancy hypertension and/
or HDP, the index pregnancy was defined as the first
pregnancy with either or both condition(s). For women
without HDP or pre-pregnancy hypertension in any
pregnancy, the index pregnancy was defined as the
first pregnancy noted in the data set.

The outcomes, maternal fatal and non-fatal incident
CHD and stroke, were defined using hospitalization/ED
visit data based on ICD-9-CM and ICD-10-CM codes, and
death certificates based on ICD-10-CM codes (Table S1).
Maternal all-cause mortality was also available from death
certificates and defined using ICD-10-CM codes.

Statistical Analysis

Maternal sociodemographic and clinical characteris-
tics were compared between the 4 groups of women
based on HDP and pre-pregnancy hypertension status.
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Chi-square tests were used for categorical variables re-
ported as frequencies (percentages). ANOVA was used
for continuous variables reported as means + SD).
Hazard ratios (HR) and corresponding 95% Cls were es-
timated for incident CHD events, incident stroke events,
and all-cause mortality within 1, 3, and 5 years of deliv-
ery and across the total time of follow-up (up to 14 years)
using Cox proportional hazards models. Time from deliv-
ery to the event/death served as the time variable in the
models. Examining different time periods within 1, 3, and
5 years of delivery as well as any time across the study
period was hypothesized a priori because of our interest
in post-delivery maternal outcomes, both short- (within
1 year) and long-term. Schoenfeld residuals were used
to test the Cox proportional hazard model assumption
of proportionality for all variables, for which the assump-
tion was met. The models adjusted for sociodemographic
(maternal age at delivery, race/ethnicity, education, urban/
rural residence, median income, payer during pregnancy;
and WIC program eligibility during pregnancy), behavioral
(pre-pregnancy smoking), and clinical characteristics (pre-
pregnancy BMI and pre-pregnancy or gestational diabe-
tes mellitus).

Given our interest in long-term, post-delivery out-
comes and because of the number of events, our a
priori hypotheses included examination of racial/eth-
nic differences within 5 years of delivery. Interactions
between race/ethnicity and HDP/pre-pregnancy hy-
pertension groups were tested to determine whether
race/ethnicity modified the association between HDP
and/or pre-pregnancy hypertension and maternal all-
cause mortality, incident CHD, and incident stroke
within 5 years of delivery with the presence of an in-
teraction indicated by a P value <0.05. Kaplan—Meier
analyses were performed to calculate differences in
time to incident CHD, incident stroke, and all-cause
mortality in the 4 exposure groups. A sensitivity anal-
ysis limited to women known to receive medical care
through an ED visit or hospitalization >5 years post-
delivery in the data set, because of either experiencing
an outcome of interest or based on their last visit, was
performed. The results did not change the HRs >12%
and the point estimates were within the 95% Cls of
the original estimates. SAS Version 9.4 (SAS Institute
Inc., Cary, NC)*” was used to conduct the analyses.
Stata Version 13%8 was used to create graphs and test
the Cox proportional hazard models assumption.

RESULTS

Of the 462 428 women who gave birth in SC between
2004 to 2016 (representing n=702 119 deliveries), a
total of 433 430 (93.7%) were eligible for inclusion in
the current analysis, including NHW (n=254 491), NHB
(=137 784), and Hispanic (h=41 155) women. The 4
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exposure groups consisted of women without pre-
pregnancy hypertension or HDP (neither condition;
n=353 575), with pre-pregnancy hypertension with-
out superimposed HDP (pre-pregnancy hypertension
alone; n=1591), with HDP without pre-pregnancy hyper-
tension (HDP alone; n=68 212), and with pre-pregnancy
hypertension and superimposed HDP (both conditions;
n=10 052). Mean (+SD) follow-up time was 8.4 (+3.8)
years. A total of 2136 maternal deaths were observed
from CHD (n=86), stroke (h=48), and all causes (n=2002).

Sociodemographic, behavioral, and clinical char-
acteristics are shown in Table 1 with comparisons
based on Chi-square tests or ANOVA. Compared with
those with neither condition, women with both condi-
tions were more likely to be older, NHB, have a lower
income, receive Medicaid, have WIC program eligibility
during pregnancy, and have a higher pre-pregnancy
BMI. Women with both conditions were also more likely
to have pre-pregnancy or gestational diabetes mellitus
than those with neither condition. Women with HDP
alone were slightly older and more likely to be NHB, have
a lower income, receive Medicaid, be WIC program eli-
gible, have pre-pregnancy or gestational diabetes mel-
litus, and have a higher pre-pregnancy BMI than those
with neither condition. Table S2 presents maternal char-
acteristics overall stratified by racial/ethnic group with
comparisons based on Chi-square tests or ANOVA.

Additional clinical characteristics at the index birth
including prenatal data, complications, and delivery
variables are displayed in Table S3 overall and by HDP
and pre-pregnancy hypertension status with compari-
sons based on Chi-square tests or ANOVA.

Unadjusted Kaplan—Meier survival estimates within
5 years of delivery are presented in Figure 2A through
2C by HDP and pre-pregnancy hypertension status
(note atypical scale). Survival time for all-cause mortal-
ity appeared to differ by exposure group with survival
lowest for women with both conditions, followed by
those with pre-pregnancy hypertension alone. Survival
for incident CHD was most striking as it was lowest
among women with both conditions, and similar be-
tween women with pre-pregnancy hypertension alone
and HDP alone. For incident stroke, survival was also
lowest among women with both conditions.

Maternal Incident CHD, Incident Stroke,
and All-Cause Mortality by Pre-Pregnancy
Hypertension and/or HDP Exposure

Event rates and the hazards of incident CHD, incident
stroke, and all-cause mortality based on multivariable
Cox proportional hazards modeling are presented in
Table 2 within 1, 3, and 5 years of delivery and across
the total potential follow-up time (up to 14 years). While
the number of incident CHD, stroke, and all-cause
mortality events was low, differences were observed
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in event rates for the 4 exposure groups. The inci-
dent CHD event rate per 1000 person-years was 4.04
(n=344) among women with both conditions compared
with 1.77 (n=1001) among women with HDP alone,
1.90 (h=25) among women with pre-pregnancy hyper-
tension alone, and 0.67 (n=1970) among women with
neither condition. With regard to all-cause mortality,
the event rate per 1000 person-years was 1.21 (n=104)
among women with both conditions, 0.68 (n=385)
among women with HDP alone, 1.29 (n=17) among
women with pre-pregnancy hypertension alone, and
0.50 (n=1496) among women with neither condition.

Within 1 year of delivery, women with both condi-
tions (HR, 2.67; 95% Cl, 1.46-4.90) and with HDP alone
(HR, 2.80; 95% ClI, 2.02-3.88) were at increased risk for
incident CHD compared with those with neither condi-
tion after adjustment for sociodemographic, behavioral,
and clinical characteristics. Within 5 years of delivery,
the risk of incident CHD was elevated further for women
with both conditions (HR, 3.79; 95% Cl, 3.09-4.65), and
the risk attenuated but remained significant for women
with HDP alone (HR, 2.32; 95% Cl, 2.03-2.65) and with
pre-pregnancy hypertension alone (HR, 2.48; 95% ClI,
1.40-4.40) compared with neither condition.

The risk of incident stroke was elevated for women
with both conditions within 1 year of delivery (HR, 2.63;
95% Cl, 1.05-6.59). Within 5 years of delivery, there was
an increased risk of incident stroke among women who
experienced both conditions (HR, 3.10; 95% ClI, 2.09-
4.60) and women with HDP alone (HR, 1.59; 95% CI,
1.22-2.08). Women with pre-pregnancy hypertension
alone had a 2.81-fold (95% CI,1.58-4.99) increased risk
of incident stroke across the entire study period, although
the number of events was small limiting statistical power.

With regard to all-cause mortality, potential in-
creased risks were observed within 1 year of delivery
for women with pre-pregnancy hypertension alone
(HR, 4.92; 95% ClI, 1.55-15.7) as well as for those with
HDP alone (HR, 1.67; 95% CI, 1.16-2.41), although
there were a small number of events among women
with pre-pregnancy hypertension alone. Women with
both conditions experienced increased risk of all-cause
mortality within 5 years of delivery (HR, 2.21; 95% ClI,
1.61-3.03). In addition, women with HDP alone were at
increased risk of all-cause mortality within 5 years of
delivery (HR, 1.35; 95% Cl, 1.13-1.60), as were women
with pre-pregnancy hypertension alone across the en-
tire study period (HR, 2.00; 95% ClI, 1.20-3.33).

Racial/Ethnic Differences in Maternal
Incident CHD, Incident Stroke, and
All-Cause Mortality by Pre-Pregnancy
Hypertension and HDP Exposure

Race/ethnic specific estimates for the hazards of inci-
dent CHD, incident stroke, and all-cause mortality within
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Figure 2. Unadjusted survival since delivery for (A) all-cause mortality, (B) incident coronary heart disease, and (C) incident

stroke for women by hypertensive disorders of pregnancy and pre-pregnancy hypertension status.
Note: Scale is not a standard survival scale. CHD indicates coronary heart disease; HDP, hypertensive disorders of pregnancy; HTN,

hypertension; and pre-preg, pre-pregnancy.

5 years of delivery after adjustment for covariates are
shown in Table 3 based on multivariable Cox propor-
tional hazards modeling. A significant interaction was
observed between the exposure and race/ethnic groups
for all-cause mortality (P=0.001). There was an increased
risk of all-cause mortality among NHW (HR, 2.11; 95%
Cl, 1.23-3.65) and NHB (HR, 2.34; 95% Cl, 1.58-3.47)
women with both conditions; no Hispanic women with
both conditions died within 5 years of delivery. All-cause
mortality risk was also elevated for NHB women with
HDP alone (HR, 1.70; 95% CI, 1.34-2.15) and non-
significantly elevated for NHW women (HR, 1.08; 95%
Cl, 0.82-1.42). Among women with pre-pregnancy hy-
pertension alone, an increased risk of all-cause mortality
was observed for Hispanic women (HR, 18.4; 95% Cl,
4.17-80.9), but not for NHW or NHB women.

With regard to incident CHD within 5 years of deliv-
ery, there was no evidence of an interaction. Women

J Am Heart Assoc. 2021;10:e018155. DOI: 10.1161/JAHA.120.018155

with both compared with neither condition experi-
enced race/ethnic specific group HRs for incident
CHD that varied substantially ranging from 3.24 (95%
Cl, 2.24-4.69) t0 9.38 (95% ClI, 2.10-41.8), but the in-
teraction did not reach statistical significance. Race/
ethnic specific HRs for incident CHD among women
who experienced HDP alone were similar ranging from
2.31 (95% ClI, 1.90-2.81) to 2.68 (95% ClI, 1.06-6.81).
Among women who experienced pre-pregnancy hy-
pertension alone, the HR for incident CHD was 3.06
(95% Cl, 1.26-7.43) for NHW women, 1.95 (95% ClI,
0.86-4.39) for NHB women, and 16.0 (95% ClI, 2.10-
122) for Hispanic women, although the interaction did
not reach statistical significance.

There was also no evidence of an interaction for in-
cident stroke within 5 years of delivery. Among women
who experienced both conditions, the HRs for incident
stroke ranged from 1.92 (95% ClI, 0.88-4.20) to 4.00
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(95% Cl, 2.48-6.45), although the interaction did not
reach statistical significance. Race/ethnic specific HRs
for incident stroke for women with HDP alone were sim-
ilar ranging from 1.49 (95% ClI, 1.02-2.19) to 2.15 (95%
Cl, 0.43-10.8). Among women with pre-pregnancy
hypertension alone, only NHB women experienced in-
cident stroke events with a HR of 2.35 (95% ClI, 0.57-
9.65) for incident stroke, but the interaction did not
reach statistical significance.

DISCUSSION

Principal Findings

We observed significantly increased short- and long-
term risks of maternal cardiovascular outcomes and
all-cause mortality among women with both condi-
tions, with HDP alone, and with pre-pregnancy hy-
pertension alone in a statewide, retrospective cohort
study following adjustment for potential confounders.
Specifically, incident fatal and nonfatal CHD, incident
fatal and nonfatal stroke, and all-cause mortality in a
racially/ethnically diverse sample were significantly
higher in women with a single or a combined hyper-
tensive disorder within 1, 3, and 5 years of delivery,
and any time across the study period (up to 14 years).

This research was conducted in SC, a state where
minority groups make up =34% of the population and
Black people, who have the highest poor birth outcomes
and infant mortality rates nationally, comprise the larg-
est minority group. Our study observed variations in the
risk of all-cause mortality within 5 years of delivery by
racial/ethnic group with significant elevations for NHB
women with both conditions as well as those with HDP
alone, NHW women with both conditions, and Hispanic
women with pre-pregnancy hypertension alone. No sig-
nificant differences were observed by race/ethnic group
for incident CHD or incident stroke; however, statistical
power to detect race-ethnic group interactions was lim-
ited because of a small number of events.

Our findings add novel scientific information on the
relationship between pre-pregnancy hypertension and
HDP with maternal CVD. This is the first study to our
knowledge evaluating racial/ethnic differences in ma-
ternal cardiovascular outcomes and all-cause mortality
by exposure to HDP and/or pre-pregnancy hyperten-
sion using 4 exposure groups. We assessed mater-
nal CVD using combined cardiovascular outcomes (ie,
incident CHD and incident stroke) while additionally
evaluating all-cause mortality. We also adjusted for risk
factors (ie, sociodemographic, behavioral, and clinical
characteristics) as possible. Furthermore, given the
large, diverse study population, our study had the abil-
ity to adjust for race/ethnicity in the overall models as
well as construct race/ethnic-specific models to con-
sider potential racial/ethnic disparities.

J Am Heart Assoc. 2021;10:e018155. DOI: 10.1161/JAHA.120.018155
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It is important to examine differences in pregnancy-
related outcomes by race/ethnicity because while birth
rates in SC and the United States in 2017 were 11.4
and 11.8 births per 1000 women, respectively,®® SC
birth rates were highest among Hispanic (17.8) followed
by NHB (12.6) and NHW (10.1) women.*® SC’s overall
and race/ethnic-specific birth rates were comparable
with those of other southern US states such as North
Carolina,'  Florida,* Alabama,*® and Tennessee**
varying slightly by race/ethnic group. However, birth
rates were only reported for White and Black women
in Florida and Tennessee. The overall infant mortality
rate was slightly higher for SC than the United States
in 2017 (6.51 and 5.79 deaths per 1000 live births,
respectively).*® Race/ethnic-specific infant mortality
rates were also slightly higher for SC compared with
the United States at 4.99 versus 4.61 for NHW women,
10.12 versus 11.46 for NHB women, and 4.98 versus
5.35 deaths per 1000 live births for Hispanic women,
respectively.*®

Previous Studies of Maternal
Cardiovascular Outcomes and Mortality
among Women With HDP

A previous meta-analysis of 22 studies published
between January 2005 and August 2015 reported
an increased risk of CHD (risk ratio [RR], 2.50; 95%
Cl, 1.43-4.37), stroke (RR, 1.81; 95% ClI, 1.29-2.55),
death from CHD (RR, 2.10; 95% CI, 1.25-3.51), and
death from CVD (RR, 2.21; 95% ClI, 1.83-2.66) in
women with preeclampsia after controlling for co-
variates associated with HDP.?8¢ Women with preec-
lampsia were also found to have the highest risks of
CHD (RR, 3.10; 95% ClI, 1.56-6.16) and stroke (RR,
2.22; 95% Cl, 1.73-2.85) <1 year of delivery in sen-
sitivity analyses for follow-up time (<1, 1-10, and
>10 years).?® In our study, the risk of incident CHD
within 1 year of delivery was highest for women with
HDP alone (2.80-fold), and the risk of incident stroke
was highest among women with both conditions
(2.63-fold) compared with neither condition. Overall,
these results in conjunction with an increased risk
in mortality suggest there may be associations be-
tween pre-pregnancy hypertension and/or HDP
and short-term risks of maternal cardiovascular out-
comes including mortality within the first year follow-
ing delivery.

Past studies investigating the association between
maternal cardiovascular outcomes and HDP have varied
with regard to the outcome(s) and exposure(s) of inter-
est, inclusion/exclusion criteria, length of follow-up, and
covariates. Moreover, most studies have involved homo-
geneous populations, limiting generalizability. Overall,
outcomes examined have included CVD, CHD, ischemic
heart disease, stroke, heart failure, thromboembolic
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events, myocardial infarction, CVD risk factors, as well
as all-cause and cause-specific mortality (eg, CVD,
CHD, stroke, ischemic heart disease, circulatory dis-
gasg).28:29:31.3246-52 Exyposures have included HDP and
the individual disorders (preeclampsia, eclampsia,
gestational hypertension, and preexisting hyperten-
sion). With regard to reported inclusion/exclusion crite-
ria, studies have differed by maternal age, parity, index
pregnancy definition, and pre-clinical conditions (preex-
isting or subsequent). Other studies have not been able
to assess long-term outcomes or examine racial/ethnic
health disparities in stroke, ischemic heart disease, ve-
nous thromboembolism, or mortality among women
with preeclampsia.’®30-33 Almost all studies controlled
for sociodemographic factors (eg, age, household in-
come, insurance), whereas some adjusted for clinical
characteristics (eg, parity, gestational diabetes mellitus,
BMI, hypertension) and behavioral characteristics such
as smoking. Differences in study findings may therefore
be expected because of differing methodologies.

Because previous studies have been inconsistent
in evaluating the exposure of interest and given the
potential role of certain preexisting conditions such
as hypertension in pregnancy-related complications
and outcomes, our study included 4 exposure groups
based on the presence or absence of HDP and/or pre-
pregnancy hypertension. In this way, it was possible to
assess the impact of each exposure including the joint
effect of HDP and pre-pregnancy hypertension on the
outcomes of interest. Inclusion of the 4 exposure groups
also allowed for consideration of an established risk fac-
tor (hypertension) as a potential effect modifier, filling an
important gap in the literature. The previously described
meta-analysis reported an increased risk of death from
CVD among women with preeclampsia between 1 to
10 and >10 years after delivery (2.30- and 2.21-fold, re-
spectively).?8 In our study, the risk of incident CHD within
3 and 5 years of delivery was highest for women with
both conditions (4.36-fold and 3.79-fold, respectively).
Given the large sample size of our study and availabil-
ity of individual-level data, we were able to adjust for
sociodemographic and clinical covariates that are es-
tablished risk factors and potential confounders related
to the metabolic syndrome. Our findings suggest po-
tential relationships between exposure to HDP or pre-
pregnancy hypertension and long-term cardiovascular
outcomes including all-cause mortality 3 and 5 years
subsequent to delivery, as well as throughout the entire
study period of up to 14 years. However, the number of
events was small for women in the pre-pregnancy hy-
pertension alone exposure group across all time points,
thereby limiting our statistical power.

Few prior studies of preeclampsia and long-term ma-
ternal outcomes have been conducted in populations
that included NHB or Hispanic women, and no studies
to date, to our knowledge, have assessed racial/ethnic
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differences in the relationship between HDP and long-
term cardiovascular outcomes. International studies have
observed increased risks of long-term maternal CVD
morbidity or mortality among women with preeclampsia,
although generalizability of the findings is limited because
of inclusion of homogeneous racial/ethnic populations
(eg, Denmark,*" Iceland,®' Scotland,® Israel,>® Norway®4).
However, a recent US study by Miller et al examined the
relationship between race/ethnicity and maternal stroke
during delivery hospitalization by hypertension status
(normotensive, chronic hypertension, pregnancy-induced
hypertension) using the National Inpatient Sample from
1998 to 2014. Higher stroke risk was observed among
women from minority groups (Black, Hispanic, Asian/
Pacific Islander) compared with White women and was
modified by hypertensive status (interaction P<0.0001).%°
While several studies have included race and/or eth-
nicity as a covariate in the relationship between maternal
CVD outcomes and HDP,2946.5152.56 they did not test for
interactions by race/ethnic group. Potential disparities
are important to consider since vascular disease and
many risk factors are present at different rates among
different race/ethnic groups. Preeclampsia also differs
by race/ethnic group with rates higher among NHB
women. Findings from our stratified analyses suggest
racial/ethnic disparities in long-term maternal all-cause
mortality up to 5 years after delivery for women with
pre-pregnancy hypertension or HDP with an interaction
detected for all-cause mortality, although we did not de-
tect interactions for incident CHD or incident stroke.

Strengths and Limitations

Our population-based study included all live births
in the state of SC over a 13-year period providing a
large, diverse population in which it was possible to
consider potential differences by race/ethnic group.
Over the 13-year period of 2004 to 2016, a total of
462 428 women gave birth in SC; 433 430 of whom
were included in the current study: 254 491 NHW,
137 784 NHB, and 41 155 Hispanic women. Similar
to other studies and because of the quality of existing
data, we included women with live, singleton births
and excluded births during which the baby died.>"-°
HDP was ever diagnosed in 18.1% of women in the
data set. We found evidence of an interaction be-
tween HDP and pre-pregnancy hypertension and
race/ethnicity for all-cause mortality. To our knowl-
edge, the current study is among the first to examine
potential racial/ethnic health disparities in maternal
outcomes in HDP, which is critical in terms of the risk
and clinical course of HDP such as preeclampsia
and long-term disease outcomes and mortality. Our
findings add significantly to the body of knowledge
related to HDP and pre-pregnancy hypertension and
maternal cardiovascular outcomes.
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While up to 14 years of follow-up time was avail-
able, the overall event numbers and rates of incident
CHD, stroke, and all-cause mortality events were low
in our study population of relatively young women of
child-bearing age. Moreover, stroke may take longer to
manifest from hypertension than CHD and has a lower
incident rate. Examination of the event rates per 1000
person-years by exposure group helps to place the re-
sults in context in terms of the absolute risk. The incident
CHD event rate among women with both conditions
was 4.04, with HDP alone was 1.77, with pre-pregnancy
hypertension alone was 1.90, and with neither condi-
tion was 0.67. The all-cause mortality event rate among
women with both conditions was 1.21, with HDP alone
was 0.68, with pre-pregnancy hypertension alone was
1.29, and with neither condition was 0.50.

It is difficult to make comparisons between groups
with a small number of events. Therefore, potential
findings for all-cause mortality and incident stroke as
well as findings among women with pre-pregnancy
hypertension alone and Hispanic women should be
interpreted with caution and results may not be gener-
alizable. Stroke subtypes could not be examined given
the data source and lack of information related to isch-
emic or hemorrhagic etiology.

Because of the use of administrative data available
for the current study period, lifetime history of preg-
nancy and information on potential diagnoses that may
have occurred before the index pregnancy including
CVD are not included. The first pregnancy with either/
both exposure (ie, pre-pregnancy hypertension and/
or HDP) or the first pregnancy for women without the
aforementioned exposure(s) in the data set defined the
index pregnancy. This may not have been the actual
first pregnancy, although information on previous births
was available from the birth certificates. Women who
did not experience an event or were not seen in the
ED/hospital were assumed to be healthy and not lost
to follow-up. To address this limitation of our study, we
conducted a sensitivity analysis limited to those with ei-
ther events or receipt of ED/inpatient medical care more
than 5 years post-delivery in the data set. Results of the
sensitivity analysis were similar to our initial analysis for
incident CHD, incident stroke, and all-cause mortality.

Some studies have reported low sensitivity (72%)
of birth certificates for maternal characteristics.6' Our
study was able to successfully link 97.5% of birth certifi-
cates to the corresponding hospital discharge records.
Further, a validation study conducted in Washington
state among 3701 women with live births reported a
true positive fraction of 73.5 (95% CI, 63.8-83.3) for
pregnancy-induced hypertension based on compari-
son of birth certificates, hospital discharge data, and
medical records in 2000.8? Similar to Washington state,
SC birth certificates use a check box system for indi-
cations such as gestational hypertension, which is also
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used for preeclampsia and eclampsia. Although SC
birth certificates are unable to differentiate between
preeclampsia and eclampsia, they do differentiate
among pre-pregnancy hypertension, pre-pregnancy
diabetes mellitus, and gestational diabetes mellitus.
While historical data on individual-level blood pres-
sure and smoking were limited, pre-pregnancy smok-
ing, smoking during pregnancy, as well as gestational
hypertension and pre-pregnancy hypertension were
available from birth certificate data. Past diagnoses in-
cluded as covariates (eg, pre-pregnancy) were limited
to codes at delivery available from the birth certificates.

CONCLUSIONS

Relationships between pre-pregnancy hypertension
and HDP and short- and long-term risks of mater-
nal cardiovascular outcomes including mortality are
supported by our findings. Further, racial/ethnic dif-
ferences in mortality were observed within 5 years
post-delivery. Pre-pregnancy hypertension with su-
perimposed HDP was associated with a 3.79-fold in-
crease in incident CHD, a 3.10-fold increase in incident
stroke, and a 2.21-fold increase in all-cause mortality
within 5 years of delivery. The presence of HDP alone
or pre-pregnancy hypertension alone was also as-
sociated with future cardiovascular outcomes up to
5 years post-delivery. Our findings could help to further
improve clinical practice and public health prevention
efforts such as close monitoring and management of
modifiable cardiovascular risk factors as well as exten-
sion of health care beyond the 6-week postpartum pe-
riod in women with history of HDP or pre-pregnancy
hypertension for prevention and early detection of as-
sociated events to prevent poor short- and long-term
maternal outcomes.
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Table S1. Diagnoses for the exposure, covariates, and outcomes of interest based on hospitalization and emergency department
International Classification of Diseases, Ninth and Tenth Revision, Clinical Modification (ICD-9-CM) and (ICD-10-CM) codes or as
reported on birth certificates or death certificates

DIAGNOSIS ICD-9-CM CODE ICD-10-CM CODE
Outcome of delivery (birth) * V27.x, V30.x, 640-649, 650- | Z37.x
659, 660-669
Single liveborn; single live birth * V27.0, V30.0 Z37.0
Diabetes (maternal/gestational) 250.00-250.92, 648.01- E10.x, E11.x, O24.0-
648.02, 648.81-648.82 024.3, 024.4, 024.9,

Pre-pregnancy diabetes (birth certificate) -- --
Gestational diabetes (birth certificate) -- --
Kidney transplant procedure code: 55.6, V42.0 Z94.0

Coronary heart disease (CHD)

Ischemic heart disease, Atherosclerosis, Cardiovascular disease, unspecified; Atherosclerotic = 410.x-414.x, 429.2, 440 120.x, 121.x, 124 X,

heart disease of native coronary artery without angina pectoris 125.x, 170

Stroke

Acute ischemic stroke 430, 431, 433.x1, 434.x1, 436 | 160.9, 161.9, 162.x,
163X, 166.X, 167.X

Hypertensive disorders of pregnancy (HDP)

Gestational hypertension, Pre-eclampsia, Eclampsia, Pre-existing hypertension with pre- 642.3-642.7 011.x, 013.x-0.16.x

eclampsia

Gestational hypertension (birth certificate) -- --

Pre-pregnancy hypertension

Benign essential hypertension complicating pregnancy, childbirth, and the puerperium; 642.0-642.2 010.0
Hypertension secondary to renal disease complicating pregnancy, childbirth, and the

puerperium; Other pre-existing hypertension complicating pregnancy, childbirth, and the

puerperium; Pre-existing essential hypertension complicating pregnancy, childbirth, and the

puerperium, Pre-existing hypertensive heart disease complicating pregnancy, childbirth and

the puerperium

Pre-pregnancy hypertension (birth certificate) -- --

Pre-pregnancy hypertension with superimposed HDP '

Pre-eclampsia or eclampsia superimposed on pre-existing hypertension; Pre-existing 642.7 013.x-015.x
hypertension with pre-eclampsia

“Obtained from the mother’s hospitalization/emergency department visit record.
T Also defined by a combination of the above diagnosis codes for hypertensive disorders of pregnancy and pre-pregnancy hypertension.


https://icd.codes/icd9cm/6427
https://icd.codes/icd9cm/6427

Table S2. Demographic and clinical characteristics of mothers at index birth in South Carolina stratified by racial/ethnic

group, 2004-2016 "1 ¥ -8

Non-Hispanic Non-Hispanic

Characteristic white black Hispanic
n (%) or mean +SD N=254,491 (58.7) N=137,784 (31.8) N=41,155(9.5)  p-value'
Neither pre-pregnancy hypertension nor HDP 211,871 (83.3) 105,092 (76.3) 36,612 (89.0) <0.0001
Pre-pregnancy hypertension alone 716 (0.3) 760 (0.6) 114 (0.3)
HDP alone 37,544 (14.8) 26,583 (19.3) 4,087 (9.9)
Both pre-pregnancy hypertension and HDP 4,360 (1.7) 5,347 (3.9) 342 (0.8)
Maternal age at delivery 28.4+5.8 26.5+5.9 27.616.0 <0.0001
Education

<High school 29,083 (11.4) 24,083 (17.5) 22,326 (54.2) <0.0001

High school graduate 55,580 (21.8) 43,356 (31.5) 8,411 (20.4)

Some college 63,471 (24.9) 43,048 (31.2) 5,216 (12.7)

>College graduate 106,357 (41.8) 27,297 (19.8) 5,202 (12.6)
Rural residence 56,802 (22.3) 46,519 (33.8) 11,011 (26.8) <0.0001
Annual household income

<$36,000 46,942 (18.4) 61,372 (44.5) 9,723 (23.6) <0.0001

$36,000-<$54,000

131,233 (51.6)

53,797 (39.0)

19,645 (47.7)



>$54,000
Primary payer during pregnancy

Medicaid

Private

Self-pay

Other
WIC eligibility in pregnancy
Pre-pregnancy smoking
Pre-pregnancy BMI (kg/m?)
Pre-pregnancy or gestational diabetes
Prenatal care as measured by R-GINDEX

Inadequate

Intermediate

Adequate

Intensive

No care

Missing

70,272 (27.6)

97,886 (38.5)
131,820 (51.8)
6,565 (2.6)
16,732 (6.6)
91,532 (36.0)
51,330 (20.2)
26.546.5

16,758 (6.6)

47,417 (18.6)
64,638 (25.4)
4,227 (1.7)
77,280 (30.4)
1,537 (0.6)

59,392 (23.3)

21,095 (15.3)

95,778 (69.5)
33,639 (24.4)
2,409 (1.7)
5,052 (3.7)
99,137 (72.0)
13,874 (10.1)
29.4+7.4

10,218 (7.4)

22,285 (16.2)
24,753 (18.0)
2,089 (1.5)
39,016 (28.3)
1,717 (1.2)

47,924 (34.8)

10,341 (25.1)

18,245 (44.3)
6,103 (14.8)
13,250 (32.2)
2,820 (6.9)
26,002 (63.2)
1,523 (3.7)
26.945.6

3,183 (7.7)

7,588 (18.4)
6,232 (15.1)
419 (1.0)
7,254 (17.6)
883 (2.1)

18,779 (45.6)

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

BMI, body mass index; HDP, hypertensive disorders of pregnancy; R-GINDEX, Revised Graduated Prenatal Care Utilization Index; SD, standard deviation;

WIC, Women, Infants, and Children.

* Data includes person-level diagnostic codes at time of discharge or birth certificate. Hypertensive disorders of pregnancy (HDP) were defined as gestational



hypertension, pre-eclampsia, or eclampsia (International Classification of Diseases, Ninth and Tenth Revision, Clinical Modification [ICD-9-CM/ICD-10-CM]:
642.3-642.7; 011.x, 013.x-0O16.x) based on hospitalization/emergency department (ED) visit data, or gestational hypertension as reported on the birth certificate.
Pre-pregnancy hypertension was based on hospitalization/ED visit data or birth certificates.

" For pre-pregnancy smoking, <0.1% of data are missing and not shown.

*Variables with >0.1% missing data included: annual household income, n=9,010; primary payer during pregnancy, n=3,131; Women, Infants, and Children
eligibility in pregnancy, n=6,583; and prenatal care as measured by R-GINDEX, n=126,095.

§ Pre-pregnancy smoking, pre-pregnancy BMI, pre-pregnancy diabetes, and gestational diabetes were available from the birth certificate. Gestational diabetes
was also defined using hospitalization/ED visit data based on ICD-9-CM and ICD-10-CM codes.

I'P-values were calculated by Chi-square tests for categorical variables or analysis of variance (ANOVA) for continuous variables.



Table S3. Characteristics of mothers and infants at index pregnancy in South Carolina including prenatal data, complications, and delivery

variables overall and by hypertensive disorders of pregnancy (HDP) and pre-pregnancy hypertension (HTN) status, 2004-2016 ™' #8

Neither pre-preg Pre-preg Both pre-preg
Total HDP alone
Characteristic HTN nor HDP HTN alone HTN and HDP
n (%) or mean +SD N=433,430 N=353,575 (81.6) N=1,591 (0.4) N=68,212 (15.7) N=10,052 (2.3) p-value
Maternal age at delivery
<20 32,207 (7.4) 27,089 (7.7) 62 (3.9) 4,736 (6.9) 320 (3.2 <0.0001
20-24 109,944 (25.4) 91,351 (25.8) 268 (16.8) 16,913 (24.8) 1,412 (14.0)
25-29 126,182 (29.1) 103,381 (29.2) 420 (26.4) 19,775 (29.0) 2,606 (25.9)
30-34 103,087 (23.8) 83,516 (23.6) 427 (26.8) 16,183 (23.7) 2,961 (29.5)
35-39 50,673 (11.7) 39,768 (11.2) 313 (19.7) 8,501 (12.5) 2,091 (20.8)
40-49 11,337 (2.6) 8,470 (2.4) 101 (6.3) 2,104 (3.1) 662 (6.6)
Smoking during pregnancy 51,749 (11.9) 42,627 (12.1) 179 (11.3) 7,840 (11.5) 1,103 (11.0) 0.0048
BMI at delivery (kg/m?) 32.3 £6.6 31.5 6.2 36.4 +7.7 35.4 7.3 38.1 7.7 <0.0001
Underweight (<18.5) 237 (0.1) 213 (0.1) 1 (0.1) 19 (0.0) 4 (0.0 <0.0001
Normal weight (18.5 to <25) 44,630 (10.3) 40,792 (11.5) 73 (4.6) 3,497 (5.1) 268 (2.7)
Overweight (25 to <30) 138,466 (31.9) 123,232 (34.9) 280 (17.6) 13,689 (20.1) 1,265 (12.6)
Obese (>30) 248,337 (57.3) 187,906 (53.1) 1,231 (77.4) 50,736 (74.4) 8,464 (84.2)
Gestational age at delivery (weeks) 38.4£1.9 38.6 +1.7 37.8 +2.4 37.7 £2.3 37.1 2.7 <0.0001
<28 2,054 (0.5) 1,332 (0.4) 18 (1.1) 549 (0.8) 155 (1.5) <0.0001



Neither pre-preg Pre-preg Both pre-preg
Total HDP alone

Characteristic HTN nor HDP HTN alone HTN and HDP
n (%) or mean +SD N=433,430 N=353,575 (81.6) N=1,591 (0.4) N=68,212 (15.7) N=10,052 (2.3) p-value

Early preterm (28 to <34) 8,381 (1.9) 4,543 (1.3) 70 (4.4) 2,968 (4.4) 800 (8.0)

Late preterm (34 to <37) 30,172 (7.0) 20,154 (5.7) 164 (10.3) 8,279 (12.1) 1,575 (15.7)

>37 392,559 (90.6) 327,320 (92.6) 1,337 (84.0) 56,382 (82.7) 7,520 (74.8)
Birth weight () 3,266 +571 3,302 +533 3,156 +669 3,123 677 2,971 765  <0.0001
Birth weight for gestational age (g)

Appropriate for gestational age 347,433 (80.2) 286,576 (81.1) 1,218 (76.6) 52,147 (76.4) 7,492 (74.5) <0.0001

Small for gestational age 44,017 (10.2) 33,281 (9.4) 187 (11.8) 9,030 (13.2) 1,519 (15.1)

Large for gestational age 41,704 (9.6) 33,484 (9.5) 184 (11.6) 6,997 (10.3) 1,039 (10.3)
Induction 68,600 (15.8) 51,322 (14.5) 255 (16.0) 14,935 (21.9) 2,088 (20.8) <0.0001
Previous preterm births 14,824 (3.4) 10,550 (3.0) 108 (6.8) 3,429 (5.0) 737 (7.3) <0.0001
Prenatal care as measured by R-GINDEX

Inadequate 77,290 (17.8) 65,644 (18.6) 219 (13.8) 10,265 (15.0) 1,162 (11.6) <0.0001

Intermediate 95,623 (22.1) 80,178 (22.7) 279 (17.5) 13,540 (19.8) 1,626 (16.2)

Adequate 6,735 (1.6) 5,330 (1.5) 25 (1.6) 1,222 (1.8) 158 (1.6)

Intensive 123,550 (28.5) 94,610 (26.8) 576 (36.2) 23,890 (35.0) 4,474 (44.5)

No Care 4,137 (1.0 3,316 (0.9) 14 (0.9) 718 (1.1) 89 (0.9)



Neither pre-preg Pre-preg Both pre-preg

Total HDP alone
Characteristic HTN nor HDP HTN alone HTN and HDP
n (%) or mean +SD N=433,430 N=353,575 (81.6) N=1,591 (0.4) N=68,212 (15.7) N=10,052 (2.3) p-value
Missing 126,095 (29.1) 104,497 (29.6) 478 (30.0) 18,577 (27.2) 2,543 (25.3)

BMI, body mass index; HDP, hypertensive disorders of pregnancy; HTN, hypertension; pre-preg, pre-pregnancy; R-GINDEX, Revised-Graduated Prenatal Care
Utilization Index; SD, standard deviation.

* Data includes person-level diagnostic codes at time of discharge or birth certificate. Hypertensive disorders of pregnancy (HDP) were defined as gestational
hypertension, pre-eclampsia, or eclampsia (International Classification of Diseases, Ninth and Tenth Revision, Clinical Modification [ICD-9-CM/ICD-10-CM]:
642.3-642.7; 011.x, 013.x-16.x) by hospitalization/emergency department (ED) visit data, or gestational hypertension as reported on the birth certificate. Pre-
pregnancy hypertension was based on hospitalization/ED visit data or birth certificates.

" For smoking during pregnancy, gestational age at delivery, and birth weight for gestational age, <0.1% of data are missing and not shown.

*Variables with >0.1% missing data included: BMI at delivery, n=1,760; and prenatal care as measured by R-GINDEX, n=126,095.

§ Smoking during pregnancy, BMI at delivery, gestational age at delivery, birth weight, induction, and previous preterm births were available from the birth
certificate.

IP-values were calculated by Chi-square tests for categorical variables or analysis of variance (ANOVA) for continuous variables.



