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Abstract

Severe maternal morbidity (SMM) is 50 to 100 times more common than maternal death, and has increased disproportionately
among ethnic/racial minority women in the United States. However, specific knowledge about how the types and timing of severe
maternal morbidities deferentially affect ethnic/racial minority women is poorly understood. This study examines racial/ethnic
disparities in severe maternal morbidity during antepartum (AP), intrapartum (IP), and postpartum (PP) hospital admissions in
the United States (US) for 2002-2014. We identified AP, IP, and PP hospitalizations in the National Inpatient Sample. Distribution of
sociodemographic, behavioral and hospital characteristics, insurance, comorbidities, and SMM occurrence was summarized using
descriptive statistics. Through Joinpoint regression, temporal SMM trends of hospitalizations were examined and stratified by race.
Multivariate logistic regression assessed the association between race and SMM. We found black women have the highest propor-
tion of SMM across all pregnancy intervals with a 70% greater risk of SMM during AP after adjusting for all cofactors. In the PP
period, Hispanic women'’s risk of SMM is 19% less when compared to white women. Racial/ethnic disparities in SMM vary in
timing and SMM type. Systematic investigation is needed to understand risks to black women and the protective factors associated
with Hispanic women in the PP. Addressing racial disparities in maternal morbidity and mortality requires national policies and
initiatives tailored to black women that address the specific types and timings of life-threatening obstetric complications.
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Introduction

Severe maternal morbidity (SMM) is 50 to 100 times more
common than maternal death [1-3], and has increased dispro-
portionately among ethnic/racial minority women in the United
States (US) [4, 5]. SMM is defined as unintended consequences
of pregnancy that may result in significant short-term or long-
term adverse consequences to a woman’s health [6, 7].
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Indicators of SMM cover a range of conditions, including acute
renal failure, eclampsia, sepsis, adult respiratory distress syn-
drome, and amniotic fluid embolism [6-9]. Because SMM is
associated with high rates of preventability and cost [6, 10], a
more nuanced understanding may improve efforts to address
poor maternal outcomes, including maternal death, among mi-
nority women and lower healthcare costs in the US [1].

SMM in the US increased 200% from 1993 to 2014 and
accounts for more than 1% of all births, costing women, their
families, taxpayers, and the healthcare system billions of dol-
lars [7]. The underlying cause of the rate increase is not en-
tirely understood, but often attributed to increasing risk factors
among women of reproductive age including obesity, cesarean
sections, advanced maternal age, and comorbidities [11].
However, black and other minority women face substantially
higher risk of SMM and maternal death [4]. While some re-
search suggests higher prevalence of comorbidities (obesity,
hypertension, and heart disease) among black women drives
the maternal health disparity [12—14], other research point to
structural racism: unequal access to healthcare, education,
housing, stress, and implicit bias [15-18].
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No published national studies have examined racial/ethnic
differences in types of SMM women experience or when they
occur along the pregnancy continuum. Most studies on SMM
use state-level hospital billing data and aggregate 21 indica-
tors of SMM focusing mainly on intrapartum (IP), or delivery,
hospitalization. Missing from these analyses are the severe
complications related to pregnancy that may arise during the
antepartum (AP) period (during pregnancy until the patient is
admitted for labor and birth) and during the postpartum (PP)
period (from hospital discharge following birth through the
first 42 days after birth). Given the current crisis in maternal
death, particularly among black women, more nuanced data
on SMM has the potential to inform targeted interventions and
policies. This paper attempts to fill these gaps by presenting
racial/ethnic variations in SMM during AP, IP, and PP hospi-
talizations, using the most recent nationwide trend data for
racial and ethnic disparities in SMM from 2002 to 2014.

Methods
Design, Data Source, and Study Population

We conducted a retrospective cross-sectional study using the
National Inpatient Sample (NIS) dataset from the Healthcare
Cost and Utilization Project (HCUP) for the period of 2002—
2014. The NIS is the largest all-payer hospital discharge data-
base from non-federal community hospitals from participating
states. On average, the NIS dataset represents about 97% of
the US inpatient population [19, 20]. Average annual hospi-
talizations were weighted to reflect national estimates. The
NIS has been validated against databases such as National
Hospital Discharge Survey and Medicare Provider Analysis
and Review file [21]. Our sample consisted of AP, IP, and PP
hospitalizations for women 15-49 years of age.

Identification of SMM Cases

We limited our study population to pregnancy-related hospi-
talizations identified by the “NEOMAT” variable provided by
HCUP. Self-reported maternal race is the exposure variable.
The outcome variable was hospitalization with SMM, defined
as the presence of hospitalization with one more SMM indi-
cator. We followed Callaghan et al.’s (2012) list of 25 SMM
indicators. The presence of SMM was determined by scanning
all diagnosis fields in the dataset for the presence of
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) diagnosis codes that indi-
cate one or more of the 25 SMM indicators. To determine the
timing (AP, IP, or PP) of hospitalization with SMM, we used a
previously validated algorithm [6, 17]. Women with an indi-
cator for SMM who did not survive to hospital discharge were
excluded from analysis in order to focus specifically on SMM,

a population of women underrepresented in the literature com-
pared to maternal mortalities. [P-related discharges were iden-
tified using IP-specific ICD-9-CM diagnosis, procedure, and
diagnosis-related group (DRG) codes [22]. PP-related dis-
charges were identified using V24 code, PP DRG codes, and
presence of fifth digit “4” in ICD-9-CM codes [23].
Pregnancy-related hospitalizations that did not have a code
for IP or PP conditions were classified as AP hospitalization
[21-23]. Supplemental file 1 (S1) provides the list of ICD-9-
CM diagnosis, procedure, and DRG codes used in this study.

Sickle cell disease is one of the indicators of SMM identi-
fied by the CDC [9]. Considering that most people living with
sickle cell disease are of African descent, we conducted a
sensitivity analysis to assess the impact excluding cases with
sickle cell disease might have on racial disparity in the prev-
alence of SMM.

Covariates

Patient age in years was classified into three categories: 15—
24, 25-34, and 35-49. We used median household income in
quartiles of residents in the patient’s zip code (provided in the
NIS dataset) as a proxy measure for participants’ socioeco-
nomic status. Participants insurance payer status was grouped
into three categories: government (Medicare and Medicaid),
private (commercial carrier, private health maintenance orga-
nization, and preferred provider organization), and other
sources (includes self-pay and charity). Hospital characteris-
tics such as region (Northeast, Midwest, South, or West), lo-
cation, and teaching status (rural, urban non-teaching, urban
teaching) were considered as potential confounders and in-
cluded in the multivariate models. In addition to personal
and hospital characteristics, we adjusted for the effect of be-
havioral characteristics, including tobacco, alcohol, and drug
use on SMM. We employed the Elixhauser comorbidity soft-
ware [24] to assess the distribution of comorbidities and adjust
for the impact of these comorbidities in the association be-
tween race and risk of developing SMM.

Statistical Analyses
Descriptive and Trend Analyses

The distribution of sociodemographic and behavioral vari-
ables, hospital characteristics, insurance, and comorbidities
by whether a SMM occurred was summarized using descrip-
tive statistics across the pregnancy continuum. Total counts of
SMM during the study period were divided by the duration of
the study period in years (13), to calculate average annual
proportions of SMM. Temporal trends of SMM during the
study period by timing of hospitalization (AP, IP, PP) were
examined by Joinpoint regression and stratified by race.
Joinpoint regression analysis is a statistical method that
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captures changing trends over time, and the extent of increase
or decrease within each segment [25].

Multivariate Analysis

To examine the association between race or ethnicity and
SMM, a crude and two multivariable models were construct-
ed. The first multivariable model adjusted for
sociodemographic and behavioral variables, and hospital
characteristics; the second included additional adjustment
for Elixhauser comorbidities [24]. All analyses were conduct-
ed using SAS software (SAS 9.4; SAS Institute Inc., Cary,
NC), with a 5% type I error rate and two-sided hypothesis
tests.

Results

During the 13-year study period, there were over 58.7 million
maternal hospitalizations among women aged 1549 years.
Among these maternal hospitalizations, 698,496 (1.2%) had
at least one indicator for SMM. The majority (89.5%) oc-
curred during IP hospitalizations followed by AP (9%) and
PP (1.5%) hospitalizations. Although the PP period represents
only 1.5% of the total number of maternal hospitalizations, we
found that the highest proportional rate of SMM occurs during
the PP period, followed by the AP period. We observed a
statistically significant association between race and risk of
SMM in each pregnancy interval. Irrespective of the timing,
black women experience significantly higher proportions of
SMM (average 2.1%) when compared to white (average
1.0%) and Hispanic (average 1.0%) women. During the study
period, women with SMM incurred $6,024,878,156 addition-
al cost of inpatient care when compared to women without
SMM in the study.

Antepartum

The largest racial disparity in proportions of SMM oc-
curred during antepartum hospitalizations. During the
study period, 11,120 AP hospitalizations had an indicator
for SMM (Table 1). In total, 4.5% of black women hos-
pitalized during the AP experienced SMM, compared to
2.3% (whites) and 2.2% (Hispanics) (Fig. 1). When com-
pared to their white counterparts, black women are at 70%
(aOR=1.7, 95% CI (1.6-1.8)) increased risk of
experiencing SMM during AP after adjusting for potential
demographic, behavioral, hospital, insurance, and clinical
confounders (Table 2). The highest proportions of AP
hospitalizations with SMM were in women between the
ages of 25-34 years for whites and Hispanics. On the
other hand, the majority of black women with SMM were
15-24 years of age. Irrespective of race, hospitalizations
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for SMM during the AP period are more likely to occur in
the South among women who use government insurance,
have low household income, and receive care in teaching
hospitals (Table 1).

Among AP hospitalizations of women with SMM, 18.7%
whites and 18.4% Hispanics had two or more SMM indica-
tors, compared to only 11.3% black hospitalizations. Sickle
cell disease (44.7%), sepsis (23.9%), and sepsis (17.9%) were
the primary indicators of AP SMM among black, Hispanic,
and white women respectively (Table Slabc). The trend in
SMM during AP hospitalization increased by 4.5% (95% Cl
2.5-6.5) annually from 2002 to 2009 and remained steady
afterwards (Fig. 2).

Intrapartum

The majority of hospitalizations for intrapartum management
occur without SMM.

Therefore, although the largest total number of SMM occur
during IP hospitalizations, the proportion of IP hospitaliza-
tions with SMM is smaller, compared to the proportions of
SMM in AP or PP hospitalizations. We found relatively less
racial disparity compared to AP and PP hospitalizations; how-
ever, the rate of SMM among black women (1.3%) was still
nearly twice that of white (0.7%) and Hispanic (0.8%) women
(Fig. 1) (Table 1). After controlling for demographic, behav-
ioral, hospital type, insurance, and 29 Elixhauser comorbidi-
ties, black and Hispanic women endured 40% and 20% more
risk of developing SMM when compared to their white coun-
terparts (Table 2).

Intrapartum hospitalizations with SMM are more likely to
occur among women in the 25-34 age group, who have low
household income, use government insurance, and receive
care in a teaching hospital. Among IP hospitalizations with a
SMM, disseminated intravascular coagulation (DIC) was the
leading indicator in white (27.6%) and Hispanic (21.5%)
women and the second leading indicator among black
(16.2%) women (Table S1b). The rate of SMM during IP
hospitalizations is increasing (from 745 to 955 per 100,000
IP hospitalizations), a 2.1% (95% CI 1.4-2.7) increment an-
nually (Fig. 2). Compared to women without SMM, those
with SMM incurred an average extra inpatient care cost of
$8007 per hospitalization translating to $3,544,410,648 dur-
ing the study period.

Postpartum

The rate of SMM during PP hospitalizations represents the
second largest racial disparity (next to AP). Among the 8559
hospitalizations with an indicator for SMM, 16% of black
women experienced SMM compared to 12% among white,
and 9.4% of Hispanic women (Table 1 and Fig. 1). After
adjustment for a wide range of clinical and non-clinical
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Table 1 Average annual distribution of severe maternal morbidity by demographic, behavior, payer, and hospital characteristics among antepartum,
delivery, and postpartum hospitalizations across racial groups: Nationwide Inpatient Sample, United States (2002-2014)

Characteristics Average annual Severe maternal morbidities

hospitalizations*
Antepartum = 11,120

Intrapartum = 34,052 Postpartum = 8559

White Black HISP OTH UNR White Black HISP OTH UNR

N C%  White Black HISP OTH' UNR

n 4,518,059 100 3474 3483 1609 685 1870
% % % % %

Age
15-24 1,532,033 339 325 454 40.1 287 418
25-34 2323453 514 484 425 432 465 430
35-49 662,574 147 191 121 168 248 152
Alcohol use 7745 02 18 09 10 14 12

Tobaccouse 218,680 4.8 16.3 8.0 3.7 6.1 10.0
Drug abuse 72,667 1.6 8.7 6.4 3.7 4.6 5.3

Obesity 146,430 32 6.5 6.8 56 44 42
Prior CS 651,473 144 44 50 54 49 43
Household income
Lowest 1,228411 272 240 499 374 281 332
2nd 1,119,399 248 272 23.0 252 203 275
3rd 1,087,071 241 257 153 214 23.6 226
Highest 998,305 22.1  21.1 9.1 134 238 150
Primary payer
Gov’t 1,944,355 430 424 715 59.6 442 514
Private 2,278,890 504 47.6 210 249 425 394
Other 294,814 6.5 10.0 7.6 156 133 92

Hospital location
Northeast 750,535 166 198 213 17.8 230 26
Midwest 962,340 213 193 175 47 141 500

South 1,711,965 379 395 51.8 359 295 324

West 1,093,219 242 214 94 416 335 150
Hospital size

Small 516,936 114 102 66 79 8.1 6.9

Medium 1,195,565 265 23.6 247 233 248 203

Large 2,786,068 61.7 656 68.1 68.6 659 722
Hospital type

Rural 511,470 113 101 40 32 65 10.3

Urban 1,817,589 402 352 242 36.0 31.0 26.1

Teaching 2,169,510 48,0 542 712 60.7 613 63.0

12,793 5966 6272 2948 6073 3327 2067 1003 576 1586
%o o o % % %o Yo o %o o

224 369 33.6 187 292 266 329 298 21.0 309
535 442 46.8 527 506 495 462 480 51.0 490
24.1 189 19.7 286 202 240 21.0 222 285 20.1
03 04 02 03 03 03 05 01 05 06
7.5 52 12 20 63 128 79 33 48 107
2.7 3.9 15 15 20 32 36 20 23 23
59 106 58 47 44 87 138 81 61 63
746 721 712 756 768 99.97 99.96 100.0 99.8 99.95

206 464 389 209 264 23.0 453 368 213 290
247 226 235 206 284 270 238 237 194 280
262 17.1 21.4 227 239 256 16.6 220 253 246
27.1 11.3 13.6 313 197 227 123 147 305 169

304 612 635 404 400 382 641 59.6 385 46.7
645 335 280 51.6 541 550 30.1 297 529 463
5.1 54 85 &1 60 638 5.8 10.7 86 7.0

214 225 149 253 36 180 172 13.0 195 2.7

194 142 42 11.8 496 209 164 52 154 503
395 547 409 294 313 412 577 393 319 31.0
197 86 400 336 156 199 87 425 332 16.0

11.1 7.0 127 77 73 105 68 88 96 7.6
261 295 250 309 231 247 245 222 256 195
624 629 18 607 693 641 681 685 640 725

119 47 41 59 141 105 46 35 54 109
367 252 381 306 309 378 283 40.1 357 282
509 69.6 574 629 547 510 664 557 580 60.6

HISP, Hispanic; OTH, other; UNR, unreported

*Calculated by determining the total number SMM-related inpatient hospitalizations from 2002 to 2014 and dividing by the number of years (13) and

weighted to reflect national estimates

T Includes Asian or Pacific Islander and Native American

confounders, Hispanic women experienced 19% less (aOR =
0.81, 95% CI 0.76-0.86) risk of SMM when compared to
white hospitalizations during the PP period. On the other
hand, black women experienced 18% (aOR=1.18 (1.13—
1.24)) more risk of SMM when compared to white women
(Table 2).

When compared to the AP and IP periods, the propor-
tion of SMM-related hospitalizations with two or more
indicators is higher during the PP period for all racial
groups, with 26.1 (black), and 25.8% (Hispanic), and
25.4% (white) (Table Slc). The rate of SMM among PP
hospitalizations increased from 10,463 to 14,454 per
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Fig. 1 Proportion of severe maternal morbidity by timing pregnancy across race groups: NIS (2002-2014)

100,000 PP hospitalizations, translating to a 2.4% (95%

Hispanic
Race Group

CI 1.7-3.2) increase every year during the study period

(Fig. 2). Women with SMM during the PP period also
incurred on average an additional $12,038 per hospitali-
zation and $1,339,408,070 overall during the study

period.

= Postpartum Overall

Other

Sensitivity Analysis

Unreported

To examine the impact of sickle cell disease on racial disparity
in SMM prevalence, we conducted a sensitivity analysis by
excluding women who have had sickle cell disease as the only

indicator of SMM. In the restricted sample, on average, there

Table 2 Proportions of severe

maternal morbidity, adjusted odds Rate® OR (95% CI)

ratios, and 95% confidence

intervals for the association SMM No SMM Model 1° Model 2° Model 3¢

between severe maternal

morbidity and race: Nationwide Antepartum

Inpatient Sample, United States White 2.3 97.7 Referent Referent Referent

(2002-2014) Black 45 95.5 201 (1.91-211)  184(1.77-1.92)  1.72 (1.64-1.80)
Hispanic 2.2 97.8 0.93 (0.88-0.99) 0.95 (0.89-1.01) 0.92 (0.87-0.97)
Other 24 97.6 1.06 (0.99-1.14) 1.00 (0.95-1.05) 1.05 (0.98-1.12)
Unreported 2.5 97.5 1.07 (1.00-1.16) 1.07 (1.01-1.14) 1.06 (0.99-1.13)

Delivery
White 0.7 99.3 Referent Referent Referent
Black 13 98.7 1.80 (1.70-1.92)  1.64(1.55-1.74)  1.39 (1.31-1.48)
Hispanic 0.8 99.2 L11(1L02-1.20)  1.07(0.99-1.16)  1.17 (1.08-1.27)
Other 0.8 99.2 112(1.06-1.19)  1.06 (1.00-1.23)  1.09 (1.02-1.15)
Unreported 0.8 99.2 1.08 (1.01-1.16) 1.09 (1.02-1.18) 1.21 (1.14-1.30)
Postpartum

White 12.1 87.9 Referent Referent Referent
Black 16.0 84.0 139(1.33-145)  135(1.29-1.41) 118 (1.13-1.24)
Hispanic 9.4 90.6 0.76 (0.72-0.80)  0.76 (0.72-0.81)  0.81 (0.76-0.86)
Other 11.8 88.2 0.97 (0.90-1.05) 0.97 (0.90-1.05) 0.99 (0.92-1.06)
Unreported 12.7 87.3 1.05 (0.99-1.12) 1.00 (0.94-1.06) 1.05 (1.00-1.12)

#Per 100 hospitalizations

® Crude model with SMM as outcome, race group as exposure (white is the reference group)

“Model 1 + additional adjustment for maternal age, alcohol use, drug abuse, household income, primary payer,

hospital region, hospital size, and hospital location and teaching status

4Model 2 + additional adjustment for Elixhauser comorbidities
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were yearly 9113 (AP), 33,689 (IP), and 8456 (PP) SMM-
related maternal hospitalizations from 2002 to 2014. The
overall rate of SMM remained higher among black women
(1.8%) compared to 1% for white and Hispanic women.

After adjusting for a wide range of potential demographic,
hospital, behavioral, and clinical confounders, black women
overall continued to have 27% (AOR =1.27,95% CI=1.21-
1.32) more risk of experiencing SMM during pregnancy-
related hospitalization when compared to white women.
When stratified by timing of pregnancy period, black women
were found to have 33% (AOR =1.33, 95% CI=1.25-1.41)
and 13% (AOR=1.13, 95% CI=1.08-1.19) more risk of
experiencing SMM during IP and PP periods respectively
when compared to white women. However, compared to
white women, without sickle cell disease, the risk of SMM
was 9% (AOR =0.91, 95% CI=0.87-0.95) lower in black
women during the AP period.

In the restricted sample, the risk of SMM among Hispanics
was not significantly different from their white counterparts.
In the stratified analysis, we found that Hispanics experience
7% (AOR =0.88-0.98) and 19% (0.76—0.86) and less risk of
SMM during the AP and PP periods respectively. However,
the risk of SMM among Hispanics was 17% (AOR 1.17, 95%
CI=1.08-1.27) higher than that of white women during IP
hospitalization.

Discussion

Racial Disparities

Similar to other studies, our data demonstrates disparities in
proportions of severe maternal morbidity by race as they relate

to pregnancy interval, comorbidities, and sociodemographic
characteristics [26-28]. Black women consistently had higher

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Year

proportions of SMM compared to Hispanic and white women.
This disparity was especially pronounced during the AP peri-
od, and for black women residing in the South and delivering
in teaching hospitals. High proportions of sickle cell disease in
the black population increase the AP rate of SMM, as preg-
nancy exacerbates risks for sickle cell crises [29].

Intrapartum care is the leading cause of hospital admission
in the United States, accounting for more than $16.1 billion in
healthcare costs [30] and intense public health scrutiny of the
processes and procedures related to labor and birth outcomes.
However, a significantly higher proportion of SMM occur in
the PP and AP periods, accounting for nearly $2.5 billion
dollars in healthcare spending between 2002 and 2014.
While it is more likely that a woman is admitted in AP or
PP for a complication, this finding also suggests a need for
increased attention to minority women during pregnancy and
after IP discharge. PP hospitalizations for SMM were 66%
more expensive than hospitalizations for SMM during IP or
AP periods. The American College of Obstetricians and
Gynecologists recently redesigned its recommendation on
PP care to include earlier and more comprehensive visits.
Recognition of the importance of the “fourth trimester” and
timely follow-up may be crucial to reduce SMM and maternal
mortality among women with chronic conditions, of which
black women are disproportionately affected.

Traditional explanations for maternal health disparities focus
on individual-level comorbidities more common in minority
populations (e.g., obesity, hypertension, heart disease) that also
increase maternal risk [31-33]. However, increasing attention
is shifting to the impact of social and other health determinants,
as well as the quality of obstetrical care [28]. One study exam-
ining racial disparities in maternal mortality found that black
women did not have higher prevalence of five common high-
risk obstetric complications but were 2.4—3.3 more likely to die
from them than white women [27]. Our finding that black
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women fare significantly worse than white or Hispanic women
in the South is supported by this and other research where the
hospital location influences maternal morbidity and mortality
[34, 35]. Black people in the South have among the country’s
highest proportions of morbidity and mortality [36]. While our
dataset does not allow us to directly measure structural racism,
the data indicating racial variation in SMM by geographic lo-
cation and hospital type support that the underlying disparities
include structural factors. Instead of focus narrowing in on
individual risk factors, future investigations of racial disparities
in maternal morbidities should consider structural racism as an
underlying etiology [15, 16]. Manifestations of structural rac-
ism in healthcare include racial biases resulting in treatment
recommendation disparities for patients of color [37]. These
disparities, which persist at all three (AP, IP, PP) pregnancy
intervals, are not often considered by public and healthcare
establishments because they are hard to measure and structural
racism has taught us to normalize the outcome.

Hispanic Paradox

Hispanic women in this study consistently had a lower pro-
portion of hospitalizations, and lower SMM prevalence during
hospitalization (AP, IP, and PP) compared to black and white
women. Similar to previous research, SMM during the PP
hospitalizations were significantly lower for Hispanic women
compared to black and white women [8, 38]. This phenome-
non is referred to as the Hispanic paradox and describes the
contrasting observations among Hispanics in the US. Despite
having socioeconomic profiles that are comparable to blacks,
Hispanics in the US have either comparable or better propor-
tion of morbidity [39], proportion of mortality [40], and birth
outcomes [8] than whites. Several explanations have been
provided such as the healthy migrant hypothesis that suggests
that the paradox results from selection of healthy Hispanic
migrants into the US. However, no final conclusions are cur-
rently available to understand these contrasting observations.
Our study supports previous findings that Hispanic and
black populations have different health profiles that necessitate
attentions from both clinicians and researchers. In addition,
Hispanic women seem to have protective factors during the
PP period that result in significantly lower hospitalizations gen-
erally, and in SMM-related hospitalizations specifically, com-
pared to black and white women. In-depth exploration of the PP
period among Hispanic women might identify protective health
indicators that can be translated to other ethnic minorities.

Limitations and Strengths
Similar to most retrospective studies that use existing datasets,
our study has some inherent limitations worth mentioning. First,

we were not able to assess the method used to identify each
SMM condition. For example, proportions may vary depending
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on whether a given condition was ascertained with relevant
laboratory and/or imaging test when appropriate. Our decision
to exclude those patients who might have been considered cases
of SMM simply because of blood transfusion in the absence of
any other SMM indication might have minimized the risk of
overdiagnosing SMM. Second, although we reported comor-
bidities, we had no information about previous pregnancy his-
tory, trimester for those hospitalized during antenatal period, and
general patient condition during initial hospitalization, limiting
our ability to assess the impact of these conditions on the risk of
developing SMM. Third, the variable race/ethnicity is not re-
ported by five states accounting for about 25% of the sample.
However, we believe the unknown race values were random
and not systematic, impacting all race groups equally. The age
distribution of the group with unknown race values was not
different than the groups with assigned race values. The current
study reported findings for those with missing race value so that
readers have an idea about SMM in these specific groups. Last,
the identification of cases and clinical comorbidities using ICD-
9-CM codes could be subject to errors in coding. However, we
do not expect substantial differences in misclassification of
SMM across racial groups during the pregnancy continuum.
Despite these limitations, the NIS, a multiyear and nation-
wide dataset, allowed us to calculate national prevalence and
trends, and examine outcomes of SMM by race across the
pregnancy continuum (AP, IP, PP). The NIS dataset provides
arepresentative sample of pregnancy-related hospitalizations in
the US, along with a range of clinical and non-clinical variables.
The availability of these variables enabled us to adjust for mul-
tiple confounders in the multivariate analysis assessing the risk
of SMM across racial groups during the pregnancy continuum.

Implication for Policy

Although significant attention has been paid to racial/ethnic
disparities in increasing prevalence of maternal mortality in
the US, the incidence of maternal mortality at any given hos-
pital is relatively rare. By focusing solely on mortality, and not
severe morbidities, previous studies may have missed the op-
portunity to positively impact pregnancy outcomes. The in-
creased prevalence of maternal morbidities offers more oppor-
tunities to understand underlying mechanisms and develop
targeted prevention strategies that will inherently reduce ma-
ternal mortality prevalence as well. Focusing prevention strat-
egies on the morbidities and women at highest risk will reduce
racial disparities and their associated costs.

The relationships between race and ethnicity, pregnancy in-
terval, and severe maternal morbidities and mortalities also
warrant further investigation and attention in order to reduce
health disparities. With the use of more precise data, it is pos-
sible to direct interventions and policy at explicit points along
the pregnancy continuum, based on known risks. For example,
given the disproportionate prevalence of sickle cell disease



J. Racial and Ethnic Health Disparities (2019) 6:790-798

797

among black women during the AP period, targeted efforts to
reduce crises has strong potential to impact prevalence of SMM
and their associated costs. Likewise, further research into pro-
tective factors in low-risk groups may yield valuable informa-
tion that inform interventions for high-risk groups.

Some steps have been made to move healthcare policy in
this direction. Our data support the “2018 Committee
Opinion” issued by the American College for Obstetricians
and Gynecologists to expand postpartum care and tailor ser-
vices in order to improve maternal health outcomes [41].
However, more can be done. The identification of racial/
ethnic disparities in health outcomes between populations of
women also warrants investigation and intervention into struc-
tural and/or interpersonal racism within healthcare and socie-
ty. Historically, these findings have been understood within
the context of the behaviors or biology of the affected groups,
without consideration for how racism may create risk factors
as well as inform medical treatments that control health out-
comes. When considering the clinical or policy implications
of these disparities, a critical examination of healthcare struc-
tures and provision should be prioritized.
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