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Abstract

Objective—Hypertension and cardiovascular disease rates vary by race/ethnicity in nonpregnant
adults. We aimed to examine racial/ethnic differences in prevalence and severity of hypertensive
diseases during pregnancy in nulliparous women.

Design, Setting, Participants—Nulliparous women with singleton deliveries and electronic
medical record data on demographics and pregnancy outcomes (n=56,617) were selected from the
Consortium on Safe Labor (2002-2008). Multivariable logistic regression was performed to
calculate the adjusted odds of gestational hypertension, mild preeclampsia, severe preeclampsia,
eclampsia, chronic hypertension, superimposed preeclampsia, and unspecified hypertension for
women who were non-Hispanic black, Hispanic, Asian/Pacific Islander, and multiracial/other
race/ethnicity, compared with non-Hispanic white women.

Results—Non-Hispanic black women had higher odds of entering pregnancy with chronic
hypertension (adjusted odds ratio (AOR)=1.43, 95% confidence interval (CI) 1.11-1.84) and had
higher odds of developing mild (AOR=1.26, 95% CI 1.10-1.45), severe (AOR=1.31, 95% ClI
1.10-1.57) or superimposed preeclampsia (AOR=1.98, 95% CI 1.40-2.80) compared to non-
Hispanic white women. Hispanic women and Asian/Pacific Islanders had higher odds of
remaining normotensive (AOR=1.22, 95% CI 1.12-1.33 and AOR=1.55, 95% CI 1.31-1.84,
respectively).

Conclusions—Qdds for specific gestational hypertensive diseases varied by race/ethnicity
among women during their first pregnancy. Non-Hispanic black women experienced more severe
disease, while Hispanic women and Asian/Pacific Islanders had an overall decreased risk
compared to non-Hispanic whites. Patterns of racial/ethnic variation associated with hypertensive
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diseases during pregnancy were similar to racial/ethnic associations reported for adult-onset
cardiovascular disease, suggesting that there may be common pathways and shared risk factors.
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Introduction

Methods

Women with preeclampsia, a new-onset hypertension in pregnancy with proteinuria, have an
approximately 1.7-fold higher risk of dying from cardiovascular disease later in life.
Pregnancy has been thought of as a stress test, in that women who develop a hypertensive
disease during pregnancy are also at risk for later cardiovascular disease even though
elevated blood pressure in pregnancy is typically transient and resolves postpartum.?:3
Hypertension during pregnancy and later-life cardiovascular disease may share common
pathways and risk factors such as race/ethnicity or other factors associated with race/
ethnicity. Outside of pregnancy, non-Hispanic black women have a higher risk for
cardiovascular disease, while Asian and Hispanic women have a lower risk, compared to
non-Hispanic whites.* Moreover, non-Hispanic black women have consistently been found
to have an increased risk of hypertension during pregnancy.>6:7.8.9.10.11

The definitions of gestational hypertensive disorders have changed over time and prior
studies often used outcome measures that failed to distinguish between disorders, using
combined categories such as ‘pregnancy-induced hypertension’, and they were limited by
small sample sizes and/or lacked the ability to adjust for individual clinical data because
they were based on birth certificates.>6.7:8.9,10,11,12.13,14,15.16 Examining specific gestational
hypertensive disorders is critical because the evidence suggests that the various disorders
may develop through distinct pathways. For example, elevated blood pressure alone during
pregnancy (i.e., gestational hypertension) may have a different etiology than preeclampsia,
and earlier onset preeclampsia may have a different etiology compared to later onset
preeclampsia.12:17.18.19.20.21.22 'y et \whether racial/ethnic differences in preeclampsia vary
by severity of disease, or early versus later onset of the disorder, remains unknown.

The primary aim of this study was to evaluate the risk of gestational hypertensive diseases
by maternal race/ethnicity in nulliparous women from a large, contemporary U.S. cohort.
Our secondary aim was to explore the association of race/ethnicity with severity of
hypertensive diseases and timing of delivery/onset.19:20

Study population

The Consortium on Safe Labor, conducted by the Eunice Kennedy Shriver National Institute
of Child Health and Human Development, National Institutes of Health, involved 12 clinical
centers (19 hospitals) from nine American College of Obstetricians and Gynecologists
districts between 2002 and 2008.23 The study was approved by the institutional review
boards of all participating institutions. Maternal demographics (including race/ethnicity),
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medical history, prenatal complications, maternal and neonatal outcomes, delivery summary,
and postpartum and newborn information were captured from electronic medical records.
Data on race/ethnicity was as recorded in the medical record and was mapped to six
predefined categories based on race and ethnic standards for federal statistics and
administrative reporting: non-Hispanic white, non-Hispanic black, Hispanic, Asian/Pacific
Islander, multiracial, or other.24 The last two categories were combined for this analysis due
to small sample size. To reduce confounding by previous obstetric history, we restricted the
analysis to nulliparous women with singleton pregnancies (n=89,281).25 Since maternal
race/ethnicity was a primary variable of interest, all women who were missing data on
maternal race/ethnicity (n=4,360) were excluded. Finally, women missing data on
covariates, including prepregnancy body-mass index (BMI, calculated as weight in kg/
height in m2) (n=27,531), maternal age (n=28), and marital status (n=745), were also
excluded. The series of exclusions yielded a final sample size of 56,617 deliveries.

Classification of hypertensive diseases

Hypertensive diseases were initially captured from the medical records as gestational
hypertension, preeclampsia, eclampsia, chronic hypertension, superimposed preeclampsia
and unspecified hypertension. Information on who made the diagnosis or managed the care
was not available. We supplemented these data using the electronic hospital discharge
summary International Classification of Diseases 9™ Revision (ICD-9) codes as follows:
gestational hypertension (642.3), mild preeclampsia (642.4), severe preeclampsia (642.5),
eclampsia (642.6), chronic hypertension (642.0, 642.1 or 642.2), superimposed preeclampsia
(642.7), and unspecified hypertension (642.9). Women with no recorded hypertensive
disease were considered normotensive. Hypertensive disease diagnoses from discharge
ICD9 codes and medical records were generally in agreement. Analyses performed using
either medical record diagnosis or ICD-9 codes yielded similar results. We chose to present
analyses using 1CD-9 codes since the capture of hypertensive diseases in medical records
varied somewhat by site.

Data analysis

Multivariable logistic regressions were performed to calculate the odds ratios (ORs) with
95% confidence intervals (Cls) of gestational hypertension, mild preeclampsia, severe
preeclampsia, eclampsia, and unspecified hypertension among women who were non-
Hispanic black, Hispanic, Asian/Pacific Islander, or of multiracial/other race/ethnicity,
compared to non-Hispanic white women. We also examined whether the risk of either
entering the pregnancy with chronic hypertension or developing superimposed preeclampsia
varied for different races/ethnicities. All ORs are adjusted for study site and the fully
adjusted models also included maternal age, prepregnancy BMI, insurance status, smoking
during pregnancy, and marital status (married, divorced/widowed, single). Study site was
deemed as an important covariate to adjust for in all analyses to account for geographical
differences in reporting as well as potential underlying differences in unmeasured risk
factors. A non-linear relationship between maternal age and hypertensive disease was
evaluated using a quadratic term; however, the coefficients for the main effects were not
significantly different, so this term was not included in the final models. A secondary
analysis was performed stratifying data by delivery at <34 and =34 weeks of gestation, as a
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proxy for early-versus late-onset of gestational hypertensive disease. This analysis was
limited to women who were normotensive at the beginning of pregnancy (women with
chronic hypertension or superimposed preeclampsia were excluded) and the hypertensive
disease categories were collapsed into a composite since the numbers were small for earlier
delivery.

To address concerns about potential selection bias in our analytic sample, we compared the
maternal, obstetrical, and hospital characteristics of women with missing data on covariates
to those with complete data using Chi-squared tests. Deliveries with missing maternal race/
ethnicity were less likely to have pregnancies complicated by preeclampsia (5.3% versus
6.1%, p<0.001), and more likely to involve women who remained normotensive (91.24%
versus 88.03%, p<0.001), when compared to pregnancies where maternal race/ethnicity was
known. Women with missing BMI had a higher, but clinically insignificant, percentage of
hypertensive diseases compared to those with known BMI (13.4% versus 11.3%, p<0.001).
The similarities in prevalence of gestational hypertensive diseases between women with
complete data and women missing data on race/ethnicity or other covariates suggested that
excluding cases for these reasons did not appreciably affect our results. We also performed
sensitivity analyses to address missing data on maternal prepregnancy BMI. For these
analyses, data on prepregnancy BMI were categorized with missing values included as an
unknown category in the analyses.28 Second, we analyzed only women with normal
prepregnancy BMI (between 18.5 and 24.9 kg/m?).

Analyses were performed using SAS version 9.2 (SAS Institute Inc. Cary, NC).

An overview of the study cohort and description of the maternal characteristics by race/
ethnicity are presented in Table 1. Asians/Pacific Islander women were oldest (29.2 £5.3
years) but had the lowest prepregnancy BMI (22.0 + 4.1 kg/m?), whereas non-Hispanic
black women were youngest (22.7 + 5.8 years) and had highest prepregnancy BMI (26.1 +
6.9 kg/m2). Non-Hispanic white women were most likely to be privately insured (69.6%)
and Hispanic women were least likely (24.6%). Asians/Pacific Islander women were most
likely to be married (84.3%) and non-Hispanic black women were least likely (18.0%). Non-
Hispanic white women were also more likely to smoke (6.8%) and Asians/Pacific Islander
women were least likely to smoke (1.9%).

Non-Hispanic black women were more likely to enter pregnancy with chronic hypertension,
exhibiting a 1.43-fold increased odds compared to non-Hispanic white women (Table 2).
They also had lower odds of remaining normotensive during pregnancy (adjusted odds ratio
(AOR)=0.85, 95% CI 0.78-0.93). Overall, Hispanic women and Asian/Pacific Islanders
were 1.22- and 1.55-fold, respectively, more likely to remain normotensive during
pregnancy, than non-Hispanic white women. Relative to non-Hispanic white women, Asian/
Pacific Islanders were 38% less likely to develop mild preeclampsia. Non-Hispanic black
women had higher odds of mild preeclampsia (AOR=1.26, 95% CI 1.10-1.45), severe
preeclampsia (AOR=1.31, 95% CI 1.10-1.57) and superimposed preeclampsia (AOR=1.98,
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95% CI 1.40-2.80). Rates of eclampsia were similar across race/ethnic groups, although the
number of cases was small.

When stratifying by timing of delivery, the patterns of risk appeared similar as in the main
analysis. Hispanic and Asian/Pacific Islander women had lower odds of developing any
pregnancy related hypertensive disease compared to non-Hispanic white women (Table 3).
These associations were stronger with earlier delivery compared to later delivery, although
the confidence intervals overlapped and were not as robust in the women with deliveries <34
weeks due to smaller sample size. In non-Hispanic black women, the effect of early delivery
was less clear, as we observed these women only had increased risk of hypertensive
disorders with delivery at 234 weeks.

All results were similar when including women with missing prepregnancy BMI in the
analyses, which indicated little selection bias due to missing covariate data. Also, the results
remained similar when restricting the analyses to women with normal prepregnancy BMI,
indicating that the results are not solely driven by differences in weight distributions by
different race/ethnic groups (data not shown).

Discussion

In this large, nationwide, contemporary cohort study with a diverse racial/ethnic obstetrical
population, non-Hispanic black women were more likely to begin pregnancy with chronic
hypertension and to develop mild, severe or superimposed preeclampsia, while Hispanic
women and Asians/Pacific Islanders were more likely to remain normotensive during
pregnancy, compared with non-Hispanic white women. The racial/ethnic variation in
patterns of severe preeclampsia and superimposed preeclampsia mirrored cardiovascular
disease risks later in life, where studies have generally found higher odds of cardiovascular
diseases in non-Hispanic black women and lower odds in Asian and Hispanic women.*

In general, our results are consistent with findings from prior studies, which likewise
showed that non-Hispanic blacks have a higher risk of pregnancy-induced hypertension and
Asians/Pacific Islanders a lower risk of preeclampsia compared with non-Hispanic white
women,>6.7.8.9.10.11,12.14 oy findings of lower rates of gestational hypertension for non-
Hispanic black and Hispanic women, and women with other race/ethnicity, compared with
non-Hispanic white women, corroborates a prior study from a single state that used
discharge data.2” Likewise, the studies yielded consistent findings that non-Hispanic black
women were specifically at a higher risk for severe preeclampsia and superimposed
preeclampsia.?’

One previous study found no difference in severity of gestational hypertensive diseases by
race, but they only distinguished between ‘African American’ and ‘Others’ regarding race/
ethnicity.” This finding was not surprising as we found that risks varied significantly among
non-Hispanic whites, Hispanic women and Asian/Pacific Islanders. The results of our study
also differed from those reported in that 1996 study, as the rates of hypertensive diseases
among the non-Hispanic black women in our study were considerably higher: 4.7% versus
1.8% experienced mild preeclampsia and 3.6% versus 0.7% severe preeclampsia.
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Previous studies have found varying risk of preeclampsia for Hispanic women, when
compared to non-Hispanic women.910:12.14.15.23 gy djes investigating gestational
hypertension separately from preeclampsia found that Hispanic women were at a lower risk
of developing gestational hypertension when compared to non-Hispanic women.15:23 We
found that Hispanic women were more likely to remain normotensive during pregnancy (i.e.,
they had overall decreased risk of developing any hypertensive disease), with a decreased
risk specifically for developing gestational hypertension or having chronic hypertension.
Our results may differ from previous findings on preeclampsia because Hispanic nationality
is associated with a varying prevalence of preeclampsia.4

Of note, the pattern of racial/ethnic differences for developing gestational hypertensive
diseases that we observed were consistent with those observed in the development of
cardiovascular diseases later in life.28:29 |n the US adult population, non-Hispanic black
women have a higher risk for cardiovascular disease, while Asian and Hispanic women have
lower risk, relative to non-Hispanic whites.# The more severe hypertensive disorders of
pregnancy observed in non-Hispanic black women may be related to their higher risk of
developing cardiovascular disease later in life. Future work is needed to determine whether
these racial associations are due to genetic or social/environmental causes, in order to direct
preventive interventions earlier in life.

Timing of delivery has been found to be a marker of differential risk for later onset
cardiovascular disease: earlier delivery is associated with greater risk.39 In one study,
women who developed preeclampsia and delivered early preterm had an 8.1-fold increased
risk of death from cardiovascular disease, compared to a 1.65-fold risk in women who
developed preeclampsia and delivered at term.3% We found that compared to non-Hispanic
white women, Hispanic and Asian/Pacific Islander women may have been less likely to
develop hypertensive diseases associated with earlier delivery compared to later delivery,
and non-Hispanic black women had increased risk only associated with later delivery. Our
sample size regarding earlier deliveries was small, but these findings suggest that race/
ethnicity may be one shared pathway for preeclampsia and later onset cardiovascular
disease, but the association has etiologies independent of race/ethnicity as well.

Though the overall cohort had a large sample size, one of the biggest to date, our study was
limited by low numbers of women in certain categories, especially for eclampsia (n=45).
Few studies have considered the risk of this very serious pregnancy complication separately
from preeclampsia, so it remains important to establish risk factors specifically for
eclampsia. Our study is further limited by lack of information on the timing of gestational
hypertensive disease diagnosis, which would have been useful to more precisely categorize
diseases into early- and late-onset and would have strengthened the argument for differing
disease etiologic pathways. Minority women may have had less access to healthcare which
could have resulted in being less likely to be diagnosed with hypertensive diseases or being
diagnosed with a more severe preeclampsia due to delay in diagnosis. However, we note that
pregnancy care for lower income women has better coverage than primary care in the United
States, so the potential for missed diagnosis is lower. Additionally, our data and analyses are
based on the delivery hospital records which may capture the rare cases that were missed
earlier in gestation. We found that non-Hispanic black women were more likely to begin
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pregnancy with chronic hypertension and to develop any form of preeclampsia regardless of
severity (e.g. mild, severe or superimposed preeclampsia), so if anything our findings may
be conservative with respect to diagnosis. One of the major strengths of our study was the
ability to adjust for a range of confounding factors given the detailed information available
from the patient chart. Our results generally persisted after adjusting for these patient-
specific factors. We also used a contemporary study population, which ensured that the
diagnoses of hypertensive disorders were based on the current diagnostic criteria of
hypertensive disorders in pregnancy.3!

In conclusion, the prevalence of gestational hypertensive diseases varied by race/ethnicity
with similar patterns as for development of cardiovascular disease outside of pregnancy.
Non-Hispanic black women had higher odds of developing gestational hypertensive diseases
and Hispanic women and Asian/Pacific Islanders had an overall decreased risk of
hypertension during pregnancy compared to non-Hispanic white women. Knowledge of
these racial/ethnic susceptibilities to gestational hypertensive diseases may help guide
research to target interventions to decrease risk of development of cardiovascular disease
after pregnancy.
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