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Maternal Race/Ethnicity, Hypertension, and Risk for Stroke During

Delivery Admission
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Natalie A. Bello, MD, MPH; Kirsten L. Cleary, MD; Jason D. Wright, MD; Mary E. D’Alton, MD

Background—Racial disparities contribute to maternal morbidity in the United States. Hypertension is associated with poor
maternal outcomes, including stroke. Disparities in hypertension might contribute to maternal strokes.

Methods and Results—Using billing data from the Healthcare Cost and Utilization Project’s National Inpatient Sample, we
analyzed the effect of race/ethnicity on stroke during delivery admission in women aged 18 to 54 years delivering in US hospitals
from January 1, 1998, through December 31, 2014. We categorized hypertension as normotensive, chronic hypertension, or
pregnancy-induced hypertension. Adjusted risk ratios (aRRs) and 95% Cls were calculated using log-linear Poisson regression
models, testing for interactions between race/ethnicity and hypertensive status. A total of 65 286 425 women were admitted for
delivery during the study period, of whom 7764 were diagnosed with a stroke (11.9 per 100 000 deliveries). Hypertension modified
the effect of race/ethnicity (P<0.0001 for interaction). Among women with pregnancy-induced hypertension, black and Hispanic
women had higher stroke risk compared with non-Hispanic whites (blacks: aRR, 2.07; 95% Cl, 1.86—2.30; Hispanics: aRR, 2.19;
95% Cl, 1.98-2.43). Among women with chronic hypertension, all minority women had higher stroke risk (blacks: aRR, 1.71; 95%
Cl, 1.30-2.26; Hispanics: aRR, 1.75; 95% CI, 2.32-5.63; Asian/Pacific Islanders: aRR, 3.62; 95% Cl, 2.32-5.63). Among
normotensive women, only blacks had increased stroke risk (aRR, 1.17; 95% CI, 1.07—1.28).

Conclusions—Pregnant US women from minority groups had higher stroke risk during delivery admissions, compared with non-
Hispanic whites. The effect of race/ethnicity was larger in women with chronic hypertension or pregnancy-induced hypertension.
Targeting blood pressure management in pregnancy may help reduce maternal stroke risk in minority populations. (/ Am Heart
Assoc. 2020;9:e014775. DOI: 10.1161/JAHA.119.014775.)
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he incidence of stroke in the US population has declined

in recent years because of better control of cardiovas-
cular risk factors, including hyperter1sion.1’2 However, the
opposite trend has been seen in pregnancy-related strokes,
which have shown an incremental increase of 54% during the
antepartum period and up to 83% increase during the
postpartum period from 1994 to 1995 to 2006 to 2007.3
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This alarming trend in maternal stroke may be attributable to
a variety of factors, such as advancing maternal age”"5 and
more patients initiating their pregnancies with >1 comorbid-
ity,>® including cardiovascular risk factors, such as obesity,”
hypertension,” and diabetes mellitus.>'® Maternal stroke
constitutes a public health concern affecting an estimated 30
in 100 000 pregnancies, with approximately one third of
strokes occurring during delivery hospitalizations.”''® The
effects of cerebrovascular complications in this group are
potentially financially catastrophic, considering the prohibitive
expenses of health care and the impact on household income
attributed to years of disability in young women.'* In addition,
stroke in a young woman often has devastating effects on her
family, including her newborn.'®

Studies have shown clear racial disparities in maternal
morbidity and mortality associated with preeclampsia and
other hypertensive disorders of pregnancy, adjusting for other
comorbidities, with black'® and Hispanic mothers having
substantially higher risk compared with their white counter-
parts.'” These observed effects may be attributable to genetic
differences, but socioeconomic status and quality of care
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Clinical Perspective

What Is New?

» This study, using administrative data from the National
Inpatient Sample, is the first to show that among US
pregnant women with chronic or pregnancy-induced hyper-
tension, women in minority groups (black, Hispanic, and
Asian/Pacific Islander) have up to twice the risk of stroke
during delivery admissions, compared with white women.

* Among normotensive women, black women remained at
17% higher risk of stroke during delivery admission,
compared with white women; however, other minority
groups did not have increased risk of stroke.

What Are the Clinical Implications?

These results confirm that there are significant disparities in
maternal stroke in the United States, and they suggest that
targeted management of blood pressure in pregnancy may
help to reduce these disparities, improving maternal
outcomes in these high-risk populations.

have also been proposed as contributing factors.'® However,
the effect of maternal race on the risk of stroke is not well
characterized. Of note, maternal stroke and stroke-related
death may be preventable'®?%: detailed case reviews have
found that 30% to 60% of preeclampsia-related deaths, most
of which were attributable to intracerebral hemorrhage
(ICH),2" 2% are preventable, and that timely administration of
antihypertensive medications is associated with decreased
risk for both fatal and nonfatal strokes.?*?* Thus, identifying
racial disparities in maternal care, and particularly in the
management of hypertension, may help prevent a large
proportion of maternal strokes.

We hypothesized that women from minority groups would
have higher risk of stroke during delivery hospitalizations. We
further hypothesized that the effect of race/ethnicity on stroke
risk would be different in women with hypertensive disorders,
compared with women with normal blood pressure (ie, hyper-
tension would modify the effect of race /ethnicity on stroke risk).

Methods

All data used to support the findings of this study are publicly
available from the Healthcare Cost and Utilization Project’s
website at https://www.hcup-us.ahrg.gov/nisoverview.jsp.
Statistical code used for this analysis is available from the
corresponding author on reasonable request.

Study Population

We conducted a cross-sectional analysis using data from the
Healthcare Cost and Utilization Project’s National Inpatient

Sample (NIS) from 1998 to 2014. NIS is the largest publicly
available, all-payer (Medicaid, commercial, and other insur-
ance) inpatient database in the United States and includes a
sample of 20% of all hospitalizations nationally. These
hospitalizations are selected to include a sample that can
be weighted to provide national estimates; sampling weights
were applied for this analysis. Delivery hospitalizations,
strokes, and comorbidities were identified using International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM), diagnostic codes. Diagnostic codes 650 and
V27.x were used to identify delivery hospitalizations in women
aged 15 to 54 years; these codes have been shown to
ascertain >95% of delivery hospitalizations.”® Because the
data are deidentified and publicly available, the Columbia
University Institutional Review Board deemed this analysis
exempt.

Exposures of Interest

The primary exposure of interest was race/ethnicity. The NIS
categorizes race and ethnicity as Hispanic, non-Hispanic
white, non-Hispanic black, Asian or Pacific Islander, Native
American, other, or unknown. For this analysis, other and
Native American were combined into one category (“other”)
given that small numerators would preclude meaningful
statistical comparisons. We categorized women into 3
hypertensive groups: no hypertension (reference), chronic
hypertension (cHTN) (/CD-9-CM codes 401.x-405.x and
642.0x-642.2x), and pregnancy-induced hypertension (PIH),
including gestational hypertension (/CD-9-CM code 642.3),
preeclampsia (/CD-9-CM codes 642.4x, 642.5x, and 642.7x),
and eclampsia (/CD-9-CM code 642.6x). If a woman had a
diagnosis of preeclampsia superimposed on cHTN, we con-
sidered her to be in the PIH category. We also performed a
post hoc sensitivity analysis, excluding women with superim-
posed preeclampsia.

As covariates, we included demographic factors, including
maternal age, year of delivery, insurance status (Medicaid,
private, Medicare, other, or uninsured), and ZIP code income
quartile. Hospital characteristics included bed size (small,
medium, or large), location and teaching status (urban
teaching, urban nonteaching, and rural), and region (North-
east, Midwest, South, or West). To determine underlying
comorbid risk, an obstetric comorbidity index was used.?”
This validated index provides weighted scores for comorbid-
ity for individual patients on the basis of the presence of
specific diagnosis codes and demographic factors present in
administrative data. Higher scores are associated with
increased risk for severe morbidity.?® The variables included
in this comorbidity index include age and the following
conditions: pulmonary hypertension, sickle cell disease,
chronic renal disease, preexisting hypertension, chronic
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ischemic heart disease, congenital heart disease, cardiac
valvular disease, chronic congestive heart failure, asthma,
preexisting diabetes mellitus, obesity, systemic lupus ery-
thematosus, HIV, and drug or alcohol use. Obstetric
complications, such as placenta previa, multiple gestation,
previous cesarean delivery, gestational hypertension, mild or
unspecified preeclampsia, severe preeclampsia or eclampsia,
and gestational diabetes mellitus, were also included. We
categorized women on the basis of comorbidity index
scores: O (lowest risk), 1 or 2, and >2 (highest). As we
were specifically investigating the interaction effects of
hypertensive disorders, in calculating the comorbidity index
score, we excluded hypertensive disorders from the comor-
bidity index and adjusted for these variables separately in
the models to avoid multicollinearity. Age was similarly
excluded in the comorbidity index as this factor was
controlled for independently in the model.

Primary Outcome

The primary outcome was maternal acute stroke diagnosis,
identified during delivery hospitalization. “Stroke” was defined
as acute ischemic stroke (/CD-9-CM codes 433.01, 433.11,
433.21, 433.31, 433.81, 433.91, 434.01, 434.11, 434.91,
and 436); ICH (/ICD-9-CM code 431); subarachnoid hemor-
rhage (/ICD-9-CM code 430); cerebral venous thrombosis
(CVT) (ICD-9-CM code 325); transient ischemic attack (TIA)
(/ICD-9-CM code 435); or acute cerebrovascular disease in the
puerperium (/CD-9-CM codes 674.00,674.01, 674.02,
674.03, and 674.04). We also investigated prespecified
secondary outcomes of ischemic stroke alone (excluding
TIA, CVT, and acute cerebrovascular disease in the puer-
perium) and hemorrhagic stroke alone (including only ICH
[ICD-9-CM code 431] and subarachnoid hemorrhage [/CD-9-
CM code 430]). In post hoc sensitivity analyses, we excluded
CVT, TIA, and acute cerebrovascular disease in the puer-
perium. We also performed a separate post hoc sensitivity
analysis including only ICH in the outcome. We did not
differentiate by ICH mechanism (arteriovenous malformation
rupture versus hypertensive hemorrhage) as the reliability of
arteriovenous malformation diagnostic codes in administra-
tive data is poor.?° Furthermore, hypertension can contribute
to risk of rupture of arteriovenous malformations.°

Statistical Analysis

Demographic comparisons were evaluated using Rao-Scott xz
tests. Adjusted risk ratios (aRRs) for any stroke with 95% Cls
as measures of effect, accounting for national weight, age,
and comorbidities, were derived from fitting a log-linear
Poisson regression model. To assess for effect modification
between race/ethnicity and hypertensive status, we tested

the significance of interactions using the likelihood ratio test
for model comparison.

Missing Data

Within the NIS, the proportion of obstetric patients with
missing data on race varies by year®' but is lowest from 2012
to 2014. If outcomes based on race differed significantly for
patients with unknown compared with known race, reported
differentials may be biased. The Healthcare Cost and
Utilization Project provides several recommendations for
addressing missing data, including imputation.®? We elected
not to perform imputation because it was unlikely that
missing data on race was (i) random and (ii) nondifferential
across the years of the NIS included in this analysis.®*
Instead, a sensitivity analysis was performed, restricted to
2012 to 2014, evaluating risk for any stroke by race. Given
that the Healthcare Cost and Utilization Project’s data use
agreement precludes reporting cell sizes <10, rare outcomes
are not reported. All analyses were performed with SAS 9.4
(SAS Institute, Cary, NC).

Results

A total of 65 286 425 women, aged 15 to 54 years, were
admitted for delivery from 1998 to 2014. Of these women,
7764 were diagnosed with a new stroke during the delivery
admission (11.9 strokes per 100 000 delivery hospitaliza-
tions). Demographic characteristics for the study population
are detailed in Table 1. There was a higher proportion of black
women in the stroke group, compared with the nonstroke
group (16.4% in stroke group versus 10.8% in nonstroke
group; P<0.0001). Compared with women who did not have a
stroke, women with strokes were older, had more obstetric
comorbidities, and had higher proportion of hypertensive
disorders, including cHTN (4.1% versus 1.2%) and PIH (34.5%
versus 6.9%) (P<0.0001). There were no significant between-
group differences in income levels or US regional differences.

Primary Outcome

For the outcome of any maternal stroke, there was strong
evidence for effect modification of hypertension on race/
ethnicity, with a significant interaction between maternal
race/ethnicity and maternal hypertensive status (P<0.0001
for interaction). In stratified analyses, among women with no
hypertension, black women had increased risk of stroke (aRR,
1.17; 95% Cl, 1.07—1.28); there were no other significant
differences in stroke risk between racial groups. However,
among women with cHTN, black, Hispanic, and Asian/Pacific
Islander women had higher risk of stroke, with the highest risk
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Table 1. Characteristics of US Women, Aged 15 to 54 Years, Admitted for Delivery From 1998 to 2014

P Value From
Characteristics No Stroke (N=65 278 661) Stroke (N=7764; 0.012%) Rao-Scott x? Test
Age, y
15-17 2082 171 (3.2) 214 (2.8) <0.0001
18-24 20 147 796 (30.9) 1880 (24.2)
25-34 33 684 246 (51.6) 3994 (51.4)
35-39 7 640 405 (11.7) 1316 (17)
>40 1 724 043 (2.6) 360 (4.6)
Race
White 27 787 540 (42.6) 3038 (39.1) <0.0001
Black 7 059 614 (10.8) 1272 (16.4)
Hispanic 11 758 578 (18) 1452 (18.7)
Asian/Pacific Islander 2 504 843 (3.8) 263 (3.4)
Other 2 909 044 (4.5) 301 (3.9)
Income
Low 13 684 742 (21) 1681 (21.7) 0.7923
Medium 15 960 897 (24.5) 1913 (24.6)
High 16 308 428 (25) 1969 (25.4)
Highest 18 169 393 (27.8) 2050 (26.4)
Insurance
Medicare 341 785 (0.5) 201 (2.6) <0.0001
Medicaid 26 230 738(40.2) 3087 (39.8)
Private 34 629 303 (53) 3950 (50.9)
Self-pay 2127 613 (3.3) 304 (3.9)
Hospital region
Northeast 10 707 827 (16.4) 1307 (16.8) 0.4227
Midwest 14 012 304 (21.5) 1541 (19.8)
South 24 333 021 (37.3) 3039 (39.1)
West 16 225 508 (24.9) 1876 (24.2)
Hospital teaching status
Nonteaching 34 511 703 (52.9) 3113 (40.1) <0.0001
Teaching 30 523 391(46.8) 4628 (59.6)
No. of obstetric comorbidities
0 51 588 639 (79) 5441 (70.1) <0.0001
1-2 13 586 867 (20.8) 2138 (27.5)
>2 103 154 (0.2) 185 (2.4)
Hypertension
Preeclampsia/eclampsia/ 4484 275 (6.9) 2677 (34.5) <0.0001
gestational hypertension
Chronic hypertension 752 162 (1.2) 321 4.)

Data are given as number (percentage) and correspond to raw numbers and percentages from participants applying weighted frequencies.
Weighted percentage from missing data: race, 20.3% and 18.5%; income, 1.8% and 1.9%; and hospital teaching/no teaching, 0.4% and 0.3%, from nonstroke and stroke groups,

respectively.
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Table 2. Adjusted Risk of Any Stroke During Delivery Admissions in US Women, NIS 1998 to 2014, Stratified by Hypertensive
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Disorders
No Hypertension Chronic Hypertension Pregnancy-Induced Hypertension
Weighted | Stroke Risk Weighted | Stroke Risk Weighted | Stroke Risk
Race/ethnicity | No. per 100 000 | aRR (95%Cl) No. per 100 000 | aRR (95%Cl) No. per 100 000 | aRR (95%Cl)
White 2106 8 Referent 100 32 Referent 832 42 Referent
Black 595 10 1.17 (1.07-1.28)* | 98 56 1.71 (1.30-2.26)* | 579 88 2.07 (1.86-2.30)
Hispanic 746 7 0.85 (0.78-0.93)* | 49 58 1.75 (1.24-2.47)* | 657 92 2.19 (1.98-2.43)
Asian/Pacific | 153 6 0.76 (0.64-0.89)* | 25 126 3.62 (2.32-5.63)" | 85 80 1.79 (1.43-2.24)
Islander
Others 176 7 0.80 (0.69-0.94)* | NA NA 0.63 (0.25-1.53) | 120 67 1.58 (1.30-1.91)

aRR adjusted for age and obstetric comorbidity index, excluding hypertension of any type. Pregnancy-induced hypertension included gestational hypertension, preeclampsia, preeclampsia

superimposed on chronic hypertension, and eclampsia.

Weighted percentage from missing data across groups: no hypertension, 0.8%; chronic hypertension, 3.3%; pregnancy-induced hypertension, 4.6%. aRR indicates adjusted risk ratio; NA,
number in the cell is <10 and is suppressed according to the NIS data use agreement; NIS, National Inpatient Sample.

*P<0.05, TP<0.0001.

seen in Asian/Pacific Islander women (aRR, 3.62; 95% ClI,
2.32-5.63) (Table 2). Among women with PIH, all nonwhite
groups were at increased risk of stroke, compared with white
women, with a >2-fold risk seen in black and Hispanic women
(@aRR for black women: 2.07; 95% Cl, 1.86-2.30; aRR for
Hispanic women: 2.19; 95% Cl, 1.98-2.43) (Table 2).

Secondary Outcomes

For the outcome of hemorrhagic maternal stroke, again a
significant interaction was seen between maternal race/
ethnicity and hypertensive status (P=0.002 for interaction).
Among nonhypertensive women, all minority groups were at
increased risk of hemorrhagic stroke compared with white
women, with the highest risk seen in black women (aRR, 1.87;
95% Cl, 1.50-2.33) and Asian/Pacific Islander women (aRR,
1.93; 95% Cl, 1.41-2.64). However, among women with

cHTN, black and Hispanic women were at >6-fold risk of
hemorrhagic stroke, and Asian/Pacific Islander women had
>17-fold risk of hemorrhagic stroke compared with whites
(aRR, 17.35; 95% Cl, 5.05-59.66). Finally, among women with
PIH, all minority groups were at more than double risk of
hemorrhagic stroke compared with whites, with the highest
risk seen in Hispanic women (aRR, 2.87; 95% Cl, 2.41-3.43)
and Asian/Pacific Islander women (aRR, 2.84; 95% Cl, 2.15—
3.76) (Table 3).

Similarly, for the outcome of maternal ischemic stroke
(excluding TIA), there was a significant interaction between
maternal race/ethnicity and hypertensive status (P=0.003 for
interaction). Among women without hypertension, only black
women had increased risk of ischemic stroke compared with
whites (aRR, 1.41; 95% Cl, 1.07—1.85). Among women with
cHTN, small numbers limited the reporting of some minority
groups, but black women had a nonsignificantly increased risk

Table 3. Adjusted Risk of Hemorrhagic Stroke During Delivery Admissions in US Women, NIS 1998 to 2014, Stratified by

Hypertensive Disorders

aRR (95% Cl)
Race No Hypertension Chronic Hypertension Pregnancy-Induced Hypertension
White Referent Referent Referent
Black 1.87 (1.50-2.33)* 6.57 (2.43717.74)T 2.21 (1.83-2.69)
Hispanic 1.25 (1.02-1.54)" 6.90 (2.31-20.66)" 2.87 (2.41-3.43)*
Asian/Pacific Islander 1.93 (1.41-2.64)* 17.35 (5.05-59.66)* 2.35 (1.64-3.38)*
Other 1.59 (1_1572.20)T NA 2.84 (2.15-3.76)"

aRR adjusted for age and obstetric comorbidity index, excluding hypertension. Hemorrhagic stroke included intracerebral hemorrhage and/or subarachnoid hemorrhage. Pregnancy-
induced hypertension included gestational hypertension, preeclampsia, preeclampsia superimposed on chronic hypertension, and eclampsia. Weighted percentage from missing data
across groups: no hypertension, 0.1%; chronic hypertension, 0.4%; preeclampsia/gestational hypertension, 1.3%. aRR indicates adjusted risk ratio; NA, number in the cell is <10 and is

suppressed according to the NIS data use agreement; NIS, National Inpatient Sample.
*P<0.0001, "P<0.05.
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Table 4. Adjusted Risk of Ischemic Stroke During Delivery Admissions in US Women, NIS 1998 to 2014, Stratified by

Hypertensive Disorders

aRR (95% Cl)
Race No Hypertension Chronic Hypertension Pregnancy-Induced Hypertension
White Referent Referent Referent
Black 1.41 (1.07-1.85)* 1.59 (0.77-3.29) 2.44 (2.00-2.97)
Hispanic 0.99 (0.76-1.28) NA 2.00 (1.63-2.46)"
Asian/Pacific Islander 0.46 (0.24-0.88)" NA 1.61 (1.01-2.56)*
Other 0.70 (0.41-1.19) 3.99 (1.45-10.99)* 1.31 (0.87-1.97)

aRR adjusted for age and obstetric comorbidity index, excluding hypertension. Ischemic stroke excluded transient ischemic attack and cerebral venous sinus thrombosis. Pregnancy-
induced hypertension included gestational hypertension, preeclampsia, preeclampsia superimposed on chronic hypertension, and eclampsia. Weighted percentage from missing data
across groups: no hypertension, 0.06%; chronic hypertension, 0.4%; preeclampsia/gestational hypertension, 0.9%. aRR indicates adjusted risk ratio; NA, number in the cell is <10 and is

suppressed according to the NIS data use agreement; NIS, National Inpatient Sample.
*P<0.05, TP<0.0001.

of ischemic stroke (aRR, 1.59; 95% Cl, 0.77-3.29). Among
women with PIH, all minority groups had higher risk of
ischemic stroke, with the highest risk seen in black women
(aRR, 2.44; 95% CI, 2.00-2.97) (Table 4).

Prespecified Sensitivity Analysis

In a sensitivity analysis of years 2012 to 2014, the years with
the least missing data for race and ethnicity, we found similar
disparities in the primary outcome. Evidence of effect
modification was found between race/ethnicity and hyper-
tensive status (P<0.0001 for interaction). Among normoten-
sive women, Hispanic women had increased risk of any stroke
(aRR, 1.32; 95% CI, 1.11-1.57), with no other significant
differences seen between racial groups. Among women with
cHTN, a 5-fold risk of maternal stroke was seen in black
women (aRR, 5.14; 95% CI, 1.87-14.17) and >7-fold risk
was seen among Hispanic women (aRR, 7.56; 95% ClI,
2.58-22.14). Among women with PIH, all minority groups
had more than double the risk of stroke compared with
whites, with the highest risk in Asian/Pacific Islanders (aRR,
3.26; 95% Cl, 2.21-4.83) (Tables S1 and S2). The relatively
small sample limited our ability to report secondary outcomes
in the sensitivity analysis.

Post Hoc Sensitivity Analyses

In a post hoc sensitivity analysis excluding women with
superimposed preeclampsia, and excluding CVT and TIA from
the outcome, results were almost identical to the primary
analysis (Tables S3 through Sé). A second post hoc sensitivity
analysis with the outcome restricted to only ICH showed
significant racial disparities in both nonhypertensive and PIH
groups, but effect sizes were larger in the PIH group,
particularly in Hispanic and Asian/Pacific Islander women
(Table S7).

Discussion

Racial disparities in maternal morbidity and mortality have
been consistently reported in the literature, with risk of
maternal mortality 3.5-fold higher for black women.'®** Our
analysis of US delivery hospitalizations from 1998 to 2014
confirms a greater risk of all types of stroke among patients
from minority groups compared with non-Hispanic whites, and
provides new evidence that the effect of race and ethnicity on
stroke risk is modified by the hypertensive status of the
patient.

Socioeconomic differences, access to health services, and
differences in the prevalence of comorbidities, such as
hypertension’ and obesity,>® have been hypothesized as
potential causes for racial disparities in maternal outcomes.
Our study, however, did not show between-group differences
in income for patients with and without stroke and showed
only small differences in insurance status. Furthermore, when
we adjusted our data for age and number of comorbidities,
minority women continued to have an increased risk of
stroke.

Our findings show that the risk of stroke differs for
minority women, compared with non-Hispanic whites, depend-
ing on a woman’s hypertensive status. Specifically, black
women without hypertension had a 17% increased risk of any
stroke, an 87% increased risk of hemorrhagic stroke, and a
41% increased risk of ischemic stroke. However, in women
with ¢cHTN or PIH, all minority groups had increased risk of
stroke. These effects were most dramatic in the case of
hemorrhagic stroke, where black, Hispanic, and Asian/Pacific
Islander patients had more than twice the risk for intracere-
bral or subarachnoid hemorrhage, adjusting for age and
comorbidities. In the case of women with cHTN, the risk of
hemorrhagic stroke was >6-fold higher among blacks and
Hispanics, and 17-fold higher in Asian/Pacific Islanders,
compared with white women (although small samples
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precluded precise estimates for Asian/Pacific Islanders).
Previous studies have demonstrated that black women are
at increased risk for maternal morbidity and mortality. 1834738
Our data suggest that Hispanic and Asian/Pacific Islander
women, too, are at significantly increased risk for maternal
stroke if they have hypertension.

The reasons for the disparities we detected are unclear. It
is possible that genetic variation between groups portends a
differential response to antihypertensive treatments®’ used in
pregnancy. However, case series have revealed that a large
proportion of deaths attributable to maternal stroke would
have been preventable with earlier transfer to higher level of
care or more aggressive blood pressure treatment.?**° Our
results suggest that minority women with hypertension may
not be receiving adequate blood pressure treatment. In
addition, in black women, even women without hypertension
remained at increased risk of stroke, suggesting that
additional factors besides hypertension may contribute to
increased maternal morbidity in this group.

Our results have important implications for maternal care.
Blood pressure goals may need to be reviewed in pregnant
women from minority groups, to avoid cerebrovascular
complications. The possibility of a variable response to
antihypertensive medication, depending on individual racial
and ethnic background, should be explored. A personalized
approach to blood pressure management in pregnancy may
offer particular benefits for minority women.

Strengths of our analysis include its large size, giving us
the power to detect interactions and better understand the
factors contributing to racial disparities in maternal health. In
addition, because the NIS is a nationally weighted estimate of
hospital admissions across the country, our results are highly
generalizable to the US population. We used well-validated
diagnostic codes for stroke and obstetric comorbidities.

Our study has limitations. These are observational data
from an administrative database, limiting our ability to confirm
the clinical diagnoses of PIH, cHTN, and strokes. In addition,
administrative data have limited granularity and are unable to
confirm the cause of stroke, limiting our ability to explore
mechanistic hypotheses. The inclusion of TIA and CVT in the
primary outcome may have overestimated the incidence of
true stroke; however, our post hoc sensitivity analyses
showed similar effects. In addition, although we used codes
that have been well validated for acute stroke,41 we are
unable to confirm with certainty whether this was a new
diagnosis during the delivery admission, versus a stroke
diagnosed before admission. However, our overall stroke
incidence of 11.9 per 100 000 delivery hospitalizations is
consistent with maternal stroke rates reported in prior studies
of strokes occurring during delivery admissions.'® Further-
more, our secondary outcomes, which included only highly
specific codes for acute intracerebral and subarachnoid

hemorrhage and acute ischemic stroke, still showed highly
significant interactions and even larger effect sizes. Race and
ethnicity were self-reported, and misclassification may have
occurred. In addition, small numbers precluded our statistical
power to examine other high-risk groups, such as Native
American women. Missing data on race and ethnicity may
have affected our results; however, our sensitivity analysis for
the years with the least missing data showed similar findings.
Because our primary interest was in the interaction of race
and ethnicity with hypertension on stroke risk, to reduce the
risk of type 1 error we adjusted only for age and number of
comorbidities, rather than analyzing the effects of multiple
individual covariates on the primary outcome; this may have
increased our type 2 error. Some specific risk factors for
peripartum stroke, such as infections,**** are not included in
the obstetric comorbidity index, and this could have influ-
enced our estimates of comorbidity risk. Similar to prior
studies, our data showed a higher proportion of stroke in
older age groups. Although we adjusted for this possible
confounder, we did not evaluate for 3-way interactions
between age, race, and hypertensive status; this could be
specifically investigated in future studies. Our study looked
only at strokes occurring during delivery hospitalizations,
which constitute approximately one third of total pregnancy-
associated strokes'?; for this analysis, we did not investigate
maternal readmissions for strokes in the postpartum period.
Administrative data have limited ability to ascertain timing of
the stroke during the delivery admission (antepartum, intra-
partum, or postpartum) because only the nonspecific “cere-
brovascular disorders in the puerperium” codes include
modifiers for delivery timing. In addition, the NIS data set
cannot address if strokes were attributable to undertreatment
or if they occurred at lower blood pressures than strokes seen
in the referent group. How cHTN was managed during
pregnancy is also unknown; thus, we were unable to evaluate
whether the severity of hypertension and status of controlled
versus uncontrolled hypertension contributed to the observed
differences in stroke rates on the basis of race. Access and
quality of blood pressure treatment may differ in different
racial and ethnic groups, contributing to differences in overall
stroke risk. Given these important limitations, our results
should be interpreted with caution and should be considered
hypothesis generating.

Conclusions

In our sample of 65 million delivery admissions in the United
States, black, Hispanic, and Asian/Pacific Islander women
with a diagnosis of cHTN or PIH had higher risk of maternal
stroke, compared with non-Hispanic whites. Among women
without hypertension, only black women had increased risk of
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maternal stroke. Prospective research is needed to develop
more effective management strategies for hypertension in
pregnancy, particularly in minority women who have outsized
risk of maternal stroke.
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Table S1. Sensitivity analysis: characteristics of US women ages 15-
54 admitted for delivery from 2012-2014.

Delivery Cohort

P value
Stroke No Stroke Yes (N=1,345; from
(N=11,077,094) 0.012%) Rao-
. _ Scott
We|gl;\lhted We'%‘ted Weighted N | Weighted % S;:S:i\_re
Test
Race <0.0001
White 5649533 51 540 40.1
Black 1522931 13.7 260 19.3
Hispanic 2194150 19.8 350 26
Asian or Pacific Islander 536345 4.8 50 3.7
Unknown 702245 6.3 70 52 i
Hypertension . <0.0001
None 9986029 90.2 790 58.7
Preeclampsia/eclampsia/gestational | 907340 8.2 520 38.7
hyper
Chronic hypertension 183725 1.7 35 2.6
Comorbidity with age <0.0001
0 45110986 69.1 4425 57
lto2 19126466 29.3 2898 37.3
>2 1041208 1.6 441 57
Age : . : . <0.0001
15-17 2082171 3.2 214 2.8
18-24 20147796 30.9 1880 24.2
25-34 33684246 51.6 3994 51.4
35-39 7640405 11.7 1316 17
>39 1724043 2.6 360 4.6
Insurance . 0 <0.0001
Medicare 341785 0.5 201 2.6
Medicaid 26230738 40.2 3087 39.8
Private 34629303 53 3950 50.9
Self pay 2127613 3.3 304 3.9
Other/Unknown 1949222 3 222 2.9
Income 0.7923
Low 13684742 21 1681 21.7




Medium 15960897 24.5 1913 24.6

High 16308428 25 1969 254

Highest 18169393 27.8 2050 26.4

Unknown 1155201 1.8 150 1.9

Year of Delivery

2012 3748711 5.7 440 5.7

2013 3727113 5.7 455 5.9

2014 3783690 5.8 460 5.9

Hospital bedsize . 0.0032
Small 1517395 13.7 100 7.4

Medium 3280174 29.6 335 24.9

Large 6279524 56.7 910 67.7

Hospital region . 0.4227
Northeast 1797594 16.2 240 17.8

Midwest 2358677 21.3 265 19.7

South 4265497 38.5 485 36.1

West 2655326 24 355 26.4

Hospital location . <0.0001
Rural 1157588 10.5 55 4.1

Urban 9919506 89.5 1290 95.9 )
Hospital teaching <0.0001
Non teaching 4974712 44.9 355 26.4

Teaching 6102381 55.1 990 73.6




Table S2. Sensitivity analysis: adjusted risk of any stroke during delivery admissions in US
women, National Inpatient Sample 2012-2014, stratified by hypertensive disorders.

Race/ . . : Pregnancy-induced
ethnicity No hypertension Chronic hypertension hypertension
Weighted N | aRR (95%CIl) |Weighted N | aRR (95%CI) | Weighted N | aRR (95%CIl)
White 375 Referent 5 Referent 160 Referent
1.09 (0.88, 5.14 (1.87, 2.46 (1.96,

Black 1105 1.36) 15 14.17)* 140 3.09)**

. 1.32(1.11, 7.56 (2.58, 2.73 (2.18,
Hispanic | 195 1.57) 10 22.14)* 145 3.41)%
Asian/

h 0.52 (0.33, 3.26 (2.21,
Pacific |20 0.82)" NA NA 30 483
Islander
Others |45 (1"2‘13)(0'70' NA NA 25 1.44 (0.94, 2.20)

*P<0.05, **P<0.0001

aRR (adjusted risk ratio) adjusted for age and obstetric comorbidity index, excluding hypertension of any
type.

Pregnancy-induced hypertension included gestational hypertension, preeclampsia, preeclampsia
superimposed on chronic hypertension, and eclampsia. NA indicates the number in the cell is less than
10 and is suppressed according to the National Inpatient Sample data use agreement.



Table S3. Characteristics of US women ages 15-54 admitted for delivery from 1998 to 2014,
excluding patients with superimposed preeclampsia (preeclampsia with a history of cHTN, or
642.7x) from exposure, and CVT (325) and TIA (435) from outcome.

No stroke Stroke (N=7,287; P value from Rao-
(N=64,523,599) 0.013%) Scott Chi-Square
No.(%) No.(%) Test

Age <0.0001

15-17 2063926 (3.2) 206 (2.8)

18-24 19945119 (30.9) 1800 (24.7)

25-34 33296828 (51.6) 3806 (52.2)

35-39 7528688 (11.7) 1173 (16.1)

240 1689038 (2.6) 302 (4.1)

Race <0.0001

White 27679998 (42.9) 2901 (39.8)

Black 6982394 (10.8) 1163 (16)

Hispanic 11715445 (18.2) 1359 (18.6)

Asian/Pacific Islander 2495726 (3.9) 249 (3.4)

Other 2439068 (3.8) 248 (3.4)

Income 0.8283

Low 13448532 (20.8) 1534 (21.1)

Medium 15777478 (24.5) 1812 (24.9)

High 16154616 (25) 1870 (25.7)

Highest 18015210 (27.9) 1931 (26.5)

Insurance <0.0001

Medicare 336036 (0.5) 187 (2.6)

Medicaid 25873958 (40.1) 2868 (39.4)

Private 34291229 (53.1) 3754 (51.5)

Self- pay 2103367 (3.3) 272 (3.7)

Hospital region 0.2933

Northeast 10594361 (16.4) 1234 (16.9)

Midwest 13884938 (21.5) 1434 (19.7)

South 24040769 (37.3) 2880 (39.5)

West 16003529 (24.8) 1740 (23.9)

Hospital teaching <0.0001

Non- teaching 34154560 (52.9) 2949 (40.5)

Teaching 30131179 (46.7) 4315 (59.2)

Number of obstetric <0.0001

0 44662584 (69.2) 4231 (58.1)

1to2 18842466 (29.2) 2655 (36.4)

>2 1018548 (1.6) 401 (5.5)

Hypertension <0.0001

Preeclampsia/eclampsia/gestational

hypertension 4155614 (6.4) 2259 (31)

Chronic hypertension 747089 (1.2) 315 (4.3)

N% Corresponds to raw humbers and percentages from participants applying weighted frequencies.
aWeighted percentage from missing data; Race 20.5%, 18.7%; Income 1.7%, 2.0%; Hospital

teaching/no teaching 0.4%, 0.3% from non-stroke and stroke groups respectively.




TableS4. Adjusted risk of any stroke during delivery admissions in US women, National Inpatient
Sample 1998-2014, stratified by hypertensive disorders, excluding patients with superimposed

preeclampsia (preeclampsia with a history of cHTN, or 642.7x) from exposure, and CVT (325) and
TIA (435) from outcome.

Race/ No hypertension Chronic hypertension Pregnancy-induced
ethnicity hypertension
Weighted | Stroke | aRR Weighted | Stroke | aRR Weighted | Stroke | aRR
N risk per | (95%CI) | N risk per | (95%CI) | N risk per | (95%CI)
100,000 100,000 100,000
White 2091 8 Referent | 95 30 Referent | 715 39 Referent
Black 1.17 1.80 2.13
(1.07, (1.36, (1.90,
590 9 1.28)* 98 56 2.38)** 474 82 2.39)**
Hispanic 0.86 1.84 2.20
(0.79, (2.30, (1.97,
746 7 0.93)* 49 58 2.60)* 564 84 2.46)**
Asian/ 0.76 3.79 1.82
Pacific (0.65, (2.43, (1.43,
Islander | 153 6 0.90)* 25 126 5.91)* |71 73 2.33)**
Others 152 7 0.83 NA NA 0.82 91 68 1.75
(0.70, (0.34, (1.41,
0.98)* 2.03) 2.18)**

* P<0.05, **P<0.0001

aRR (adjusted risk ratio) adjusted for age and obstetric comorbidity index, excluding hypertension of any

type.

Pregnancy-induced hypertension included gestational hypertension, preeclampsia, and eclampsia. NA
indicates the number in the cell is less than 10 and is suppressed according to the National Inpatient
Sample data use agreement.




Table S5. Adjusted risk of hemorrhagic stroke during delivery admissions in US women, National
Inpatient Sample 1998-2014, stratified by hypertensive disorders, excluding patients with
superimposed preeclampsia (preeclampsia with a history of cHTN, or 642.7x).

Chronic

No hypertension hypertension Pregnancy-induced
Race aRR (95%ClI) aRR (95%CI) hypertension aRR (95%CI)
White Referent Referent Referent
Black 1.87 (1.50, 2.33)** 6.57 (2.43, 17.74)* 2.65 (2.15, 3.26)**
Hispanic 1.25 (1.02, 1.54)* 6.90 (2.31, 20.66)* 3.10 (2.56, 3.76)**
Asian/Pacific 1.93 (1.41, 2.64)** 17.35 (5.05, 59.66)** 3.00 (2.07, 4.33)**
Islander
Other 1.68 (1.19, 2.36)* NA 3.00 (2.16, 4.18)**

* P<0.05, *P<0.0001

aRR adjusted for age and obstetric comorbidity index, excluding hypertension. Hemorrhagic stroke
included intracerebral hemorrhage and/or subarachnoid hemorrhage. Pregnancy-induced hypertension
included gestational hypertension, preeclampsia, and eclampsia. NA indicates the number in the cell is
less than 10 and is suppressed according to the National Inpatient Sample data use agreement.



Table S6. Adjusted risk of ischemic stroke during delivery admissions in US women, National
Inpatient Sample 1998-2014, stratified by hypertensive disorders, excluding patients with
superimposed preeclampsia (preeclampsia with a history of cHTN, or 642.7x).

Chronic

No hypertension hypertension Pregnancy-induced
Race aRR (95%CI) aRR (95%CI) hypertension aRR (95%Cl)
White Referent Referent Referent
Black 1.41 (1.07, 1.85)* 1.59 (0.77, 3.29) 2.28 (1.83, 2.83)**
Hispanic 0.99 (0.76, 1.28) NA 1.85 (1.48, 2.30)**
Asian/Pacific Islander 0.46 (0.24, 0.88)* NA 1.85 (1.16, 2.96)*
Other 0.55 (0.29, 1.04) 4.99 (1.81, 13.73)* 1.48 (0.95, 2.32)

* P<0.05, **P<0.0001

aRR (adjusted risk ratio) adjusted for age and obstetric comorbidity index, excluding hypertension.
Ischemic stroke excluded transient ischemic attack and cerebral venous sinus thrombosis. Pregnancy-
induced hypertension included gestational hypertension, preeclampsia, and eclampsia. NA indicates the
number in the cell is less than 10 and is suppressed according to the National Inpatient Sample data use
agreement.



Table S7. Adjusted risk of intracerebral hemorrhage during delivery admissions in US women,
National Inpatient Sample 1998-2014, stratified by hypertensive disorders.

Chronic Pregnancy-induced
No hypertension hypertension hypertension
Race aRR (95%ChH* aRR (95%Cl) aRR (95%Cl)
White Referent NA Referent
Black 2.58 (1.86, 3.58)** NA 2.19 (1.73, 2.78)**
Hispanic 1.86 (1.37, 2.52)** NA 3.32 (2.69, 4.09)**
Asian/Pacific 2.82 (1.82, 4.38)** NA 3.15 (2.11, 4.68)**
Islander
Other 1.50 (1.10, 2.06)* NA 1.05 (0.80, 1.38)

* P<0.05, **P<0.0001

aRR adjusted for age and obstetric comorbidity index, excluding hypertension. Hemorrhagic stroke
included intracerebral hemorrhage only (ICD-9 code 431). Pregnancy-induced hypertension included
gestational hypertension, preeclampsia, preeclampsia superimposed on chronic hypertension, and
eclampsia. NA indicates the number in the cell is less than 10 and is suppressed according to the
National Inpatient Sample data use agreement.

#Model did not converge.



