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a b s t r a c t
Background: Severe maternal morbidity (SMM) affects 50,000 deliveries in the United States annually, with around 1.5
times the rates among Medicaid-covered relative to privately covered deliveries. Furthermore, large racial inequities
exist in SMM for non-Hispanic Black women and Hispanic women with rates being 2.1 and 1.4 times higher than White
women, respectively. This study aimed to compare the differences in SMM among women of different races/ethnicities
and delivery insurance types. Quantifying the rates of SMM based on the intersection of race/ethnicity and insurance
status can help to elucidate how multiple forms of oppression and racism may contribute to the substantial inequities in
SMM among Black women.
Methods: Using hospital discharge data from the Healthcare Cost and Utilization Project National Inpatient Sample
(years 2016 and 2017), we conducted multivariate logistic models to evaluate equity in maternal outcomes among
women with different primary payers, overall and stratiﬁed by race/ethnicity.
Results: We found a rate of SMM equal to 138.3 per 10,000 deliveries. Differences in the rate of SMM among nonHispanic Black, non-Hispanic Asian, and Hispanic women relative to White women were lower among Medicaidcovered deliveries relative to deliveries of all payer types. For example, among all payers, Black women had 2.17
(221.3 vs. 102.1 per 10,000) times the rate of SMM compared with White women; however, among Medicaid-covered
deliveries, Black women had 1.84 (227.3 vs. 123.2) times the rate. Despite increased risk associated with Medicaid
coverage (adjusted odds ratio, 1.12; 95% conﬁdence interval, 1.07–1.16), the risk was no longer signiﬁcant in the stratiﬁed
regression including Black women (adjusted odds ratio, 1.06; 95% conﬁdence interval, 0.98–1.15).
Conclusions: Our ﬁndings suggest that Black women with Medicaid do not have higher rates of SMM relative to Black
women with private insurance. National and state policy efforts should continue to focus on addressing structural
racism and other socioeconomic drivers of adverse maternal outcomes, including barriers to high-quality care among
women with Medicaid coverage.
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Equity, deﬁned as the absence of avoidable or remediable
differences among groups of people, is a critical concept in health
care, as pursuance of equity is necessary for allowing all people a
fair opportunity to attain their highest level of health (World
Health Organization, 2020). Racism at the interpersonal, institutional, and structural levels has been recognized as a root cause
of racial inequity in maternal health outcomes (Prather, Fuller,
Marshall, & Jeffries, 2016; Wang, Glazer, Howell, & Janevic,
2020). Structural racism is closely interlinked with economic,
social, and gender-related oppression, compounding barriers to
health and health care for Black and Hispanic women, as well as
women of other non-White races and ethnicities. Maternal
mortality and severe maternal morbidity (SMM) have garnered
important national momentum and attention in the United
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States owing to an increasing awareness of concerning disparities and inequities.
SMM, deﬁned as unexpected outcomes of labor and delivery
that result in signiﬁcant short- or long-term consequences,
almost tripled in the United States from 1993 to 2014 (49.5 vs.
144.0 per 10,000 deliveries) (Centers for Disease Control and
Prevention [CDC], 2020). In 2015, the rate of SMM among nonHispanic Black (hereafter “Black”) women was more than twice
the rate among non-Hispanic White (hereafter “White”) women
(240.7 vs. 113.6 per 10,000), and the rate of SMM among Hispanic
women (161.3) was 1.4 times as high (Fingar, Hambrick, Heslin, &
Moore, 2018). Given the higher rates of SMM among Black and
Hispanic women relative to White women, as well as the greater
case-fatality rates from pregnancy-related complications,
particularly among Black women, understanding the differences
in the rates of SMM among women of differing races and ethnicities may be critical for decreasing the racial inequity in
maternal mortality and morbidity (Conrey et al., 2019; Howell,
2018).
It is estimated that approximately half of the cases of SMM
and maternal mortality may be preventable with timely and
appropriate management of the woman’s health (Howell, 2018).
Risk factors for SMM are multifaceted and complex; however,
many of the factors associated with racial inequity in maternal
health among races may be rooted in structural racism, which
can impact SMM through multiple individual-level and health
care system–level factors. Economic inequity owing to the
growing unequal distribution of wealth in the United States has
also been an increasing concern for maternal health and SMM.
For example, Black women and Hispanic women are more likely
to be uninsured or to have Medicaid coverage, and women with
Medicaid coverage have relatively higher rates of SMM
compared with women with private coverage (Fingar et al.,
2018). Furthermore, Black women are more likely to deliver at
a hospital with a worse quality of care, to face individual-level
stressors such as discrimination and implicit bias in the clinical
settings, or to be impacted by the accumulation of such
discrimination and stressors over their lifetimes (Howell,
Egorova, Balbierz, Zeitlin, & Hebert, 2016; Martin, Hamilton,
Osterman, Driscoll, & Drake, 2018).
Dismantling structural racism in health care requires evaluation grounded in the concept of intersectionality, which suggests analyses should not deﬁne individuals solely by gender,
economic status, or race (Ford & Airhihenbuwa, 2010). It is
necessary to understand and assess how individuals may be
impacted by multiple systems of oppression and racism simultaneously, which may have a compounding effect that further
exacerbates inequity associated with any single oppressing system. For example, for non-White women, the conﬂuence of
racism, sexism, and other systemic barriers contributes to income inequity, which impacts insurance status and increases the
likelihood of other coexisting barriers. Ultimately, both racism
and oppression need to be addressed together to effectively
protect the health of women in an equitable manner. Given
differences in proportions of each insurance coverage type
among women of different races and ethnicities, understanding
the differences in rates of SMM among women with different
expected primary payer and of different races/ethnicities may
provide insight into the associations of structural racism and
oppression on inequities in SMM.
This study used data from the Healthcare Cost and Utilization
Project (HCUP) National Inpatient Sample (NIS) for 2016 and
2017 to describe the associations between expected primary

payer and race/ethnicity with the risk of SMM. Previous analyses
have examined trends and characteristics in SMM over time and
across relevant patient- and hospital-level variables, including
race and primary payer. Our study adds to this literature by
evaluating the most currently available data and by describing
differences in SMM by both race/ethnicity and payer. Race is a
social construct. Differences found by race/ethnicity should not
be attributed to race/ethnicity itself, but rather root causes such
as structural racism and other systemic oppressors that
contribute to inequities in access to care and health outcomes
(Ford & Airhihenbuwa, 2010).
Methods
Data
The data used in this study included hospital discharge data
obtained from the HCUP NIS for 2016 and 2017. The NIS, produced by the Agency for Healthcare Research and Quality, contains a 20% sample of hospital discharges among target hospitals
and can be used to obtain national hospitalization estimates in
the United States (HCUP, 2019). The NIS includes hospital information, patient demographics, and patient clinical information
based on diagnosis and procedural codes using the International
Classiﬁcation of Diseases, Tenth Revision, Clinical Modiﬁcation/
Procedure Coding System (ICD-10). Our study included 2016 and
2017 because these 2 years of data are the most recently
distributed and represent the ﬁrst two full years of data since the
adoption of ICD-10.
Sample Population
Our study identiﬁed delivery hospitalizations using an
enhanced method based on selected diagnosis codes, diagnosis
related group codes, and procedure codes (Kuklina et al., 2008).
We identiﬁed a total of 1,501,606 delivery hospitalizations with
one of the following: a delivery diagnosis code (O80, O82),
outcome of delivery diagnosis code (Z370-Z374, Z3750-Z3754,
Z3760-Z3764, Z3759, Z3769, Z377, Z379), diagnosis related group
code (765–768, 774, 775), or vaginal or cesarean delivery procedural code (10D00Z0-10D07Z8, 10E0XZZ). We excluded deliveries with an abortion diagnosis (O00-O0899; n ¼ 3,360) and
deliveries with missing information for age (n ¼ 77), place of
residence (n ¼ 3,971), ZIP code income (n ¼ 10,681), primary
expected payer (n ¼ 1,891), or race/ethnicity (n ¼ 78,872). An
additional 19,889 deliveries were excluded for those who
transferred into or out of the hospital, resulting in a ﬁnal sample
of 1,382,865 deliveries (weighted n ¼ 6,914,317).
Outcome Measures
Our primary outcome measure was SMM identiﬁed using the
CDC SMM indicator list (CDC, 2020). This algorithm uses ICD-10
codes to identify 16 diagnosis-based and 5 procedural-based
SMM indicators.
Following previous studies, all deliveries with at least one
procedure-based indicator were identiﬁed as SMM; however,
deliveries with only diagnosis-based indicators additionally
must have had a) in-hospital death, b) a cesarean delivery with a
length of stay of 5 days or more, or c) a vaginal delivery with a
length of stay of 3 days or more (Admon et al., 2018; Lazariu,
Nguyen, McNutt, Jeffrey, & Kacica, 2017).
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As a robustness check, based on guidance from the CDC, we
also conducted all analyses on a measure of SMM that excluded
deliveries with only a blood transfusion. This measure of SMM
was calculated identically to the overall measure of SMM with
one exception: blood transfusion (one of the ﬁve CDC
procedural-based indicators) was no longer counted as an indicator for SMM. This second measure of SMM is used among other
evaluations, including those by the CDC (CDC, 2020), to ensure a
valid measurement of SMM. Speciﬁcally, blood transfusion is
intended to identify hemorrhage; however, using blood transfusions alone may incorrectly identify a delivery as having SMM.
Covariate Measures
Covariates speciﬁc to an individual woman included age, race
and ethnicity, expected primary payer, presence of any comorbidity, delivery type (i.e., cesarean or vaginal), median household
income at the ZIP code level, and location of residence (i.e., large
metropolitan, small or medium metropolitan, micropolitan, or
rural) based on ZIP code. Any comorbidity was deﬁned by the
Elixhauser comorbidity algorithm provided by HCUP. Specifically, a person was indicated to have any comorbidity if they had
any one of the Elixhauser comorbidity measures that do not have
diagnosis codes that overlap with diagnosis codes used to
calculate the SMM indicators. Individuals with one of four
excluded comorbidities (congestive heart failure, coagulation
deﬁciency, pulmonary circulation disorders, and peripheral
perivascular disease) and with no other Elixhauser comorbidity
were indicated as having no comorbidity. Similarly, hypertensive
encephalopathy was removed from the combined hypertension
comorbidity, such that an individual with only hypertensive
encephalopathy was indicated as not having a comorbidity.
These exclusions decreased the percent of deliveries with any
comorbidity from 35.2% to 34.0%. Deliveries that had a primary
expected payer of self-pay or no charge (n ¼ 33,368) were
categorized as having an other expected payer.
Hospital characteristics included census region, ownership,
location (i.e., rurality) and teaching status, safety net hospital
designation, and minority-serving hospital designation. Safety
net hospitals included hospitals in the top quartile of hospitals in
terms of the percentage of discharges that were Medicaid or selfpay, and minority-serving hospitals included hospitals in the top
quartile of hospitals in terms of the percentage of discharges that
were to individuals who were not of White race. Designations
were determined for each year separately.
Statistical Analysis
Descriptive statistics included percentages and Wald c2 tests
to test for differences in characteristics among deliveries with
and without SMM. Bar charts were constructed to provide rates
of SMM stratiﬁed by race and by payer and additionally include
the percent of deliveries that fall within a given primary payer
category for each race/ethnicity.
Multivariate logistic regressions were estimated to describe
the association of patient-level and hospital-level characteristics
and the likelihood of SMM overall and separately for White
(unweighted ¼ 727,838; weighted ¼ 3,639,185), Black
(unweighted ¼ 207,547; weighted ¼ 1,037,735), and Hispanic
(unweighted ¼ 285,419; weighted ¼ 1,427,093) women.
Analyses were completed using survey procedures in SAS 9.4
(SAS, Inc, Cary, NC) to account for the complex survey design of
NIS data. Speciﬁcally, the NIS data includes information that
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accounts for stratiﬁcation based on the hospital census division,
clustering at the hospital level, and discharge weights that can be
used to derive national estimates (HCUP, 2019). Visualizations
were created using Tableau 2019.4. Statistical signiﬁcance was
assumed at a p value of less than .05. This study was deemed
nonhuman subjects research by the institutional review board at
the ﬁrst author’s institution (#260999).
Results
Among the 1,382,865 delivery hospitalizations in our study,
we identiﬁed 19,120 cases of SMM representing a rate of SMM
equal to 138.3 per 10,000 deliveries. Deliveries were most
commonly to individuals who were aged 20–29 years (49.2%),
White (52.6%), and privately insured (50.5%) (Table 1). The rate
among Black women was 2.2 times the rate among White
women (221.3 vs. 102.1 per 10,000; p < .001), and the rates
among Hispanic women (160.9) and Asian women (151.4) were
1.6 and 1.5 times the rate among White women, respectively.
To better understand the relationship between race, payer,
and SMM, we created bar charts to indicate rates of SMM stratiﬁed by payer and by race. Figure 1 suggests that, regardless of
payer, rates of SMM among Black women were higher than
among women of any other race/ethnicity, and rates were lowest
among White women. However, when describing differences in
rates between races/ethnicities within a given payer relative to
the differences among all payers, the differences between SMM
rates of Black, Hispanic, and Asian women and the rate among
White women were lower in the Medicaid group. For example,
among all payers, the ratio of the rate of SMM among Black
women to White women was 2.17 (221.3 vs. 102.1 per 10,000)
(Figure 1); however, among Medicaid-covered births, the ratio
was 1.84 (15% lower).
Relatedly, the difference in the rate of SMM among Black
women with Medicaid and the rate among Black women with
private insurance was smaller than the difference between rates
among Medicaid relative to privately covered births for White,
Asian, and Hispanic women. The rate of SMM among Black
women with Medicaid was 1.13 times the rate among Black
women with private insurance (Figure 1; 227.3 vs. 201.3 per
10,000; not statistically signiﬁcant indicated by overlapping 95%
conﬁdence intervals [CIs]). This difference is 23% smaller than
the relative difference (1.47 times) among Medicaid-covered
births versus privately covered births among women of all
races (Table 1; 166.6 vs. 112.7; p < .05) and 17% smaller than the
difference (1.36 times) among White women (Figure 1; 123.2 vs.
90.9 per 10,000; p < .05). Additionally of note is that 64% of births
to Black women as well as 64% of births to Hispanic women were
Medicaid-covered compared with 30% of deliveries to White
women.
Table 2 provides adjusted regressions for SMM overall and
stratiﬁed by race/ethnicity. White women had lower rates of
SMM relative to any other racial/ethnic group. Speciﬁcally, relative to White women, Black women (adjusted odds ratio [aOR],
1.47; p < .001), Asian women (aOR, 1.55; p < .001), and Hispanic
women (aOR, 1.30; p < .001) had increased odds of SMM. The
factor with the largest association with SMM was having any of
the deﬁned Elixhauser comorbidities (aOR, 5.54; p < .001). Deliveries to women in the Midwest (aOR, 0.68; p < .001), the South
(aOR, 0.79; p < .001), or the West (aOR, 0.78; p < .001) had lower
odds of SMM relative to women who live in the Northeast, and
deliveries in private and urban hospitals had lower rates of SMM
relative to deliveries in public hospitals or rural hospitals,
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Table 1
Demographic Characteristics and Rates of Maternal Morbidity per 10,000
Deliveries (Unweighted n ¼ 1,382,865; Weighted n ¼ 6,914,317)
Patient Characteristics

Age, years
<20y
20–29
30–39
40
Race/ethnicityz
Non-Hispanic Whitey
Non-Hispanic Black
Hispanic
Non-Hispanic Asian
Other
Payer
Privatey
Medicaid
Medicare
Other (including
self-pay)
Any comorbidityx
Noy
Yes
Delivery type
Vaginaly
Cesarean section
Median household
income quartileǁ
1
2
3
4y
Location of residence
Large metropolitany
Small/medium
metropolitan
Micropolitan
Rural (noncore)
Hospital characteristics
Region
Northeasty
Midwest
South
West
Ownership
Publicy
Private nonproﬁt
Private for proﬁt
Location/teaching status
Ruraly
Urban nonteaching
Urban teaching
Safety net hospital{
Noy
Yes
Minority-serving hospital{
Noy
Yes

%

Severe
Maternal
Morbidity
per 10,000
Deliveries*

Severe Maternal
Morbidity,
Excluding
Blood
Transfusions
per 10,000
Deliveries*

5.4
49.2
42.3
3.1

194.0
130.1
132.8
243.8

44.0
33.8
47.2
101.3

52.6
15.0
20.6
6.4
5.3

102.1
221.3
160.9
151.4
158.2

31.4
71.1
45.9
49.7
43.6

50.5
43.7
0.7
5.1

112.7
166.6
280.4
127.8

35.8
48.7
126.4
37.3

66.0
34.0

48.3
313.0

16.3
92.4

67.6
32.4

76.2
267.9

17.9
92.7

28.9
24.9
24.3
21.8

172.0
133.8
123.3
115.3

48.5
41.7
38.8
38.0

58.7
28.5

145.8
123.1

47.1
37.8

7.7
5.2

138.9
135.5

29.6
28.6

16.4
20.2
40.0
23.3

170.6
105.0
144.1
134.5

49.1
37.6
40.3
44.4

11.9
73.8
14.3

185.8
134.9
116.2

53.3
42.2
32.4

9.0
23.9
67.1

137.9
113.1
147.2

18.3
29.6
49.7

63.8
36.2

118.2
173.7

37.4
50.5

66.0
34.0

115.6
182.3

36.0
54.0

Authors’ analysis of data from the Healthcare Cost and Utilization Project, National Inpatient Sample, years 2016 and 2017. Severe maternal morbidity (SMM)
was identiﬁed using the Centers for Disease Control and Prevention SMM indicator list. SMM without Blood Transfusion indicates that a delivery with only a
blood transfusion indicator, and no other SMM indicator, was identiﬁed as not
having SMM.
* All tests for differences in rates between different characteristics were signiﬁcant at a value of p < .001.
y
Reference category in multivariate regressions.

z
Race/ethnicity excluded in regressions on group analyses evaluating deliveries within race/ethnicities.
x
Any comorbidity among 25 Elixhauser comorbidity measures, which
excluded congestive heart failure, coagulation deﬁciency, hypertensive encephalopathy, pulmonary circulation disorders, and peripheral perivascular
disease.
ǁ
Household income is measured as the median household income at the ZIP
code level, and it is based on the woman’s location of residence.
{
Safety net and minority-serving hospital designations include hospitals in
the top quartile of hospital discharges with Medicaid payment and women who
were not of White race, respectively. Designations were determined for each
year separately.

respectively. There was increased risk of SMM associated with
delivering in a safety net hospital (aOR, 1.12; p ¼ .001) or delivering in a minority-serving hospital (aOR, 1.24; p < .001). For CIs
and p values, refer to Appendix A and Appendix B.
Associations were largely of similar magnitude and signiﬁcance across the regressions stratiﬁed by race, relative to ﬁndings
from the adjusted regressions before stratiﬁcation (Table 2). Of
note is that the increased odds of SMM for Medicaid-covered
deliveries relative to privately covered deliveries was no longer
signiﬁcantly different among the group of Black women for SMM
(Table 2) or for SMM excluding blood transfusions (Table 3).
However, there was not a statistical difference in the odds of
SMM associated with Medicaid among all women (aOR, 1.12; 95%
CI, 1.07–1.16) compared with the risk among Black women (aOR,
1.06; 95% CI, 0.98–1.15), given the overlapping CIs.
Robustness Check: Evaluation of SMM Excluding Blood
Transfusions
Analyses of the second SMM measure, which did not count
deliveries with only a blood transfusion as having SMM (Table 2),
were largely the same as the primary analyses (Table 3). A bar
chart similar to Figure 1 but for SMM excluding deliveries with
only blood transfusion can be found in Appendix C, and CIs from
the regressions can be found in Appendix A and Appendix D.
There were three primary differences in the ﬁndings associated
with the two SMM outcomes. First, the risk of SMM (Table 2)
associated with the youngest two age categories was signiﬁcantly lower in the SMM measures excluding blood transfusions
(Table 3). Speciﬁcally, the risk of SMM among women younger
than age 20 (aOR, 1.62; 95% CI, 1.52–1.72) and for women aged
20–29 years (aOR, 1.02; 95% CI, 0.99–1.06) was lower for the
SMM outcome that excluded blood transfusions (aOR, 1.14 [95%
CI, 1.01–1.29] and aOR, 0.78 [95% CI, 0.73–0.82], respectively).
Second, the risk of SMM associated with having any comorbidity
(aOR, 5.54; 95% CI, 5.32–5.76) was lower (aOR, 4.30; 95% CI, 4.04–
4.58) for the SMM excluding blood transfusion outcome, and the
risk associated with having a cesarean section (aOR, 2.89; 95% CI,
2.79–2.98) was higher (aOR, 4.11; 95% CI, 3.87–4.37). Finally, the
risk of SMM associated with the hospital being an urban
nonteaching hospital (aOR, 0.88; 95% CI, 0.79–0.99) or an urban
teaching hospital (aOR, 0.89; 95% CI, 0.80–0.99) was in the
opposite direction for the SMM outcome that excluded blood
transfusions (aOR, 2.00, 95% CI, 1.66–2.41 and aOR, 2.71; 95% CI,
2.27–3.25, respectively).
Discussion
This study evaluated the rates of SMM among delivery hospitalizations to women of different races/ethnicities and with
different expected primary payers. Similar to previous research
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Figure 1. Rates of severe maternal morbity, by payer and by race/ethnicity. Authors’ analysis of data from the Healthcare Cost and Utilization Project, National Inpatient
Sample, years 2016 and 2017. Severe maternal morbidity (SMM) was identiﬁed using the Centers for Disease Control and Prevention SMM indicator list. Overall
N ¼ 1,382,865; White n ¼ 727,838; Black n ¼ 207,547; Hispanic n ¼ 285,419; Asian n ¼ 88,116; and Other n ¼ 73,945. The top values represent rates of maternal morbidity per
10,000 deliveries. The bottom values represent the percent of deliveries for a given race/ethnicity that fall within the respective payer category. Horizontal lines represent
lower and upper bounds of 95% conﬁdence intervals. To avoid, artiﬁcially narrow 95% conﬁdence intervals, intervals were constructed using unweighted values.

that evaluated inequity in adverse pregnancy-related outcomes
among women of different races and ethnicities, we found that
deliveries to Black women had more than twice the rates of both
SMM outcomes (i.e., SMM overall and SMM excluding blood
transfusions) relative to deliveries to White women, and deliveries to Hispanic women had 1.6 times the rates. We add to
this literature by ﬁnding no statistically signiﬁcant difference in
the risk of SMM among Medicaid-covered deliveries compared
with privately covered deliveries for Black women.
The higher rates of SMM found for Black and Hispanic women
highlight important questions regarding the role of racism and
oppression. Research has documented the association of racism
and oppression on maternal health outcomes at various levels.
Black women have reported experiencing harmful racialized
pregnancy stigma that inﬂuence perceptions of pregnancy, access to care, and satisfaction with care (Mehra et al., 2020). The
effects of structural racism may play out in interpersonal interactions, through institutional factors such as delivery hospital
characteristics and responsiveness to quality of prenatal care,
and by impacting economic equity and as a result, insurance
status (Wang et al., 2020).
The ﬁndings from our study align with previous evaluations
that found higher rates of SMM among Medicaid-covered deliveries (Fingar et al., 2018). Medicaid coverage may be associated
with barriers to obtaining high-quality health care, such as worse
access to health care services related to lower reimbursement
rates and fewer accepting providers relative to commercial or
private coverage (Goudie et al., 2020). Furthermore, Medicaid
provides coverage for individuals with low income, who may
face other social determinants that may contribute to psychological and physiological risk factors for SMM, such as lower use
of prenatal care services related to inadequate transportation
(Howell, 2018).

As such, understanding the factors associated with the higher
rates of SMM among the Medicaid population is important for
establishing programs that can effectively improve pregnancyrelated health. Of particular importance in our study was that
among deliveries to Black women, we found no differences in
unadjusted or in adjusted rates of either SMM outcome with
respect to having a delivery that was Medicaid- or privately
covered. Our ﬁnding that Black women with Medicaid coverage
did not have higher rates of SMM compared with Black women
with private insurance suggests that there are likely other facets
of structural racism that contribute to the higher rates of SMM
among Black women. A previous study that evaluated births
from New York City found that women with Medicaid coverage
who delivered in a given hospital did not have an increased risk
of SMM compared with women with private coverage from the
same hospital (Howell et al., 2020). Although our study did not
look at within-hospital variations, our ﬁndings also suggest that
Medicaid coverage itself is not likely to be the most prominent
factor driving the higher rates of SMM among insured Black
women. The increased risk of SMM associated with delivery at a
safety net hospital supports previous ﬁndings that facility-level
factors (Howell et al., 2016), rather than individual-level factors
alone, may be drivers of adverse maternal outcomes. We add to
this literature by showing that, even within fully adjusted subset
analyses for deliveries to Black and to Hispanic women, hospitallevel factors remain important predictors for risk of SMM. There
may additionally be unique relationships between insurancerelated differences for SMM overall and for SMM without
blood transfusions. Although the blood transfusion indicator is
intended to serve as a measure of maternal hemorrhage, this
indicator may be dependent on factors outside of the woman’s
health (Howell, 2018; Kozhimannil, Interrante, Henning-Smith,
& Admon, 2019). For example, the provision of blood
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Table 2
Adjusted Logistic Regressions for Associations Between Patient-Level and
Hospital-Level Characteristics and Maternal Morbidity*
Patient Characteristics
Age
<20
20–29
30–39
40
Race/ethnicity
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian
Hispanic
Other
Payer
Private
Medicaid
Medicare
Other (including self-pay)
Any comorbidityǁ
No
Yes
Delivery type
Vaginal
Cesarean section
Median household income quartile{
1
2
3
4
Location of residence
Large metropolitan
Small/medium metropolitan
Micropolitan
Rural (noncore)
Hospital characteristics
Region
Northeast
Midwest
South
West
Ownership
Public
Private nonproﬁt
Private for proﬁt
Location/teaching status
Rural
Urban nonteaching
Urban teaching
Safety net hospital#
No
Yes
Minority-serving hospital#
No
Yes

Overall

White

Black

Hispanic

1.62y
1.02
Ref
1.42y

1.70y
1.00
Ref
1.45y

1.38y
0.98
Ref
1.31y

1.82y
1.06
Ref
1.27y

Ref
1.47y
1.55y
1.30y
1.32y

d
d
d
d
d

d
d
d
d
d

d
d
d
d
d

Ref
1.12y
1.52y
1.14x

Ref
1.12y
1.14
1.22y

Ref
1.06
1.85y
1.01

Ref
1.14y
1.61z
1.08

Ref
5.54y

Ref
5.64y

Ref
4.90y

Ref
5.82y

Ref
2.89y

Ref
2.72y

Ref
3.47y

Ref
2.80y

1.12y
1.05
1.02
Ref

1.09z
1.09z
1.00
Ref

1.06
0.97
1.02
Ref

1.15z
1.01
1.07
Ref

Ref
0.95
1.08
1.09

Ref
0.95
1.07
1.07

Ref
0.94
0.97
0.97

Ref
0.92
1.28z
1.19

Ref
0.68y
0.79y
0.78y

Ref
0.70y
0.90z
0.88z

Ref
0.71y
0.75y
0.69y

Ref
0.67y
0.72y
0.70y

Ref
0.84y
0.74y

Ref
0.97
0.89

Ref
0.77y
0.70y

Ref
0.76y
0.64y

Ref
0.88z
0.89z

Ref
0.88
0.90

Ref
0.77z
0.83

Ref
0.98
0.90

Ref
1.12x

Ref
1.10z

Ref
1.22y

Ref
1.07

Ref
1.24y

Ref
1.21y

Ref
1.31y

Ref
1.15x

Authors’ analysis of data from the Healthcare Cost and Utilization Project, National
Inpatient Sample, years 2016 and 2017. Severe maternal morbidity (SMM) was
identiﬁed using the Centers for Disease Control and Prevention SMM indicator list.
* Overall unweighted n ¼ 1,382,865; weighted n ¼ 6,914,317. White unweighted n ¼ 727,838; weighted n ¼ 3,639,185. Black unweighted n ¼ 207,547;
weighted n ¼ 1,037,735. Hispanic unweighted n ¼ 285,419; weighted
n ¼ 1,427,093.
y
p < .001.
z
p < .05.
x
p < .01.
ǁ
Any comorbidity among 25 Elixhauser comorbidity measures, which excluded
congestive heart failure, coagulation deﬁciency, hypertensive encephalopathy,
pulmonary circulation disorders, and peripheral perivascular disease.
{
Household income is measured as the median household income at the ZIP
code level, and it is based on the woman’s location of residence.
#
Safety net and minority-serving hospital designations include hospitals in
the top quartile of hospital discharges with Medicaid payment and women who
were not of White race, respectively. Designations were determined for each
year separately.

transfusion may be inﬂuenced by the availability of resources
within a hospital, and women with Medicaid coverage are more
likely to deliver at hospitals with fewer resources and a worse
quality of care.
Our ﬁnding that hospitals’ rurality may have different associations with the risk of SMM overall and risk of SMM excluding blood
transfusions aligns with the previous literature. Speciﬁcally, a previous study found that the odds of SMM excluding blood transfusions were lower for rural residents relative to urban residents,
whereas the risk of SMM overall was greater for rural residents
(Kozhimannil et al., 2019). Additionally of note is that, in our study,
we found similar relationships with respect to hospital rurality for
deliveries for Black and White women; however, we found that,
among Hispanic women, delivery in an urban hospital had a
stronger association with SMM excluding blood transfusions,
indicated by an aOR of greater than 4, relative to the risk associated
with delivery in a rural hospital. These ﬁndings together suggest
that deliveries in rural areas may face unique barriers compared
with deliveries in urban areas. For example, hospitals in rural areas
may be less likely to update initiatives and technologies aimed at
decreasing the rates of adverse maternal outcomes, may have less
access to resources needed to prevent and to treat adverse maternal
outcomes, and may serve populations that are at an increased risk
related to access to prepregnancy and prenatal care and other socioeconomic factors (Kozhimannil et al., 2019).
This study had several limitations. First, our analysis used an
observational design and hospital discharge data that are primarily intended for billing purposes. As such, the conclusions of
this work do not suggest causality. However, we used the current
CDC algorithm speciﬁed for hospital discharge data that uses the
ICD-10 coding system, and we used previously established
methodology for identifying SMM. Speciﬁcally, a delivery with
only one or more diagnosis-based indicator (i.e., zero proceduralbased indicators) was required to additionally meet a minimum
length of stay threshold and/or to have resulted in mortality
during the hospitalization (Admon et al., 2018).
Second, we were unable to separately analyze subgroups of
Hispanic populations owing to a lack of this information within
the data source and were unable to separately analyze Native
American individuals owing to small sample sizes. Native
American women have rates of SMM that are nearly equal to or
greater than the rates among other races and ethnicities,
including rates that are greater than the rates among Black
women in some analyses (Admon et al., 2018; Leonard, Main,
Scott, Proﬁt, & Carmichael, 2019). Additionally, Native American women have among the lowest rates of prenatal care initiation in the ﬁrst trimester and have high rates of risk factors for
adverse maternal outcomes, such as high levels of stress and
rates of diabetes (Howell, 2018). Given the high proportion of
Native American and Hispanic women who have a Medicaidcovered birth (Admon et al., 2018), future analyses should
consider alternative approaches, such as a separate data source
or additional years of data, to further analyze these populations.
Finally, this data set does not contain all relevant patient-level
factors, such as number of prenatal care visits or timing of
initiation of prenatal care, and the information used to adjust for
median household income is based on the median household
income in the woman’s ZIP code of residence.
Implications for Policy and/or Practice
The ﬁndings from this study can be leveraged to move beyond
the analysis of SMM by race/ethnicity and payer through policy
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Table 3
Adjusted Logistic Regressions for Associations between Patient-Level and HospitalLevel Characteristics and Maternal Morbidity Excluding Blood Transfusions*
Patient Characteristics
Age, years
<20
20–29
30–39
40
Race/ethnicity
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian
Hispanic
Other
Payer
Private
Medicaid
Medicare
Other (including self-pay)
Any comorbidityǁ
No
Yes
Delivery type
Vaginal
Cesarean section
Median household income quartile{
1
2
3
4
Location of residence
Large metropolitan
Small/medium metropolitan
Micropolitan
Rural (noncore)
Hospital characteristics
Region
Northeast
Midwest
South
West
Ownership
Public
Private nonproﬁt
Private for proﬁt
Location/teaching status
Rural
Urban nonteaching
Urban teaching
Safety net designation#
No
Yes
Minority-serving hospital#
No
Yes

Overall

White

Black

Hispanic

1.14y
0.78z
Ref
1.61z

1.21
0.75z
Ref
1.67z

0.96
0.76z
Ref
1.42x

1.23
0.79z
Ref
1.42x

Ref
1.56z
1.46z
1.20z
1.20x

d
d
d
d
d

d
d
d
d
d

d
d
d
d
d

Ref
1.19z
2.22z
1.14

Ref
1.28z
1.62x
1.29y

Ref
1.01
2.71z
1.27

Ref
1.33z
2.19x
1.26

Ref
4.30z

Ref
4.26z

Ref
4.13z

Ref
4.40z

Ref
4.11z

Ref
4.12z

Ref
4.29z

Ref
4.14z

1.13x
1.13x
1.04
Ref

1.13
1.20x
1.06
Ref

0.95
0.91
0.96
Ref

1.22y
1.14
0.97
Ref

Ref
0.91y
1.32z
1.14

Ref
0.96
1.24y
1.08

Ref
0.82x
1.46y
1.04

Ref
0.90
1.50
1.46

Ref
0.93
0.85z
1.02

Ref
0.98
0.92
1.10

Ref
0.95
0.80x
0.81

Ref
0.90
0.70z
0.95

Ref
0.85z
0.73z

Ref
0.86y
0.80y

Ref
0.85
0.70x

Ref
0.75x
0.65z

Ref
2.00z
2.71z

Ref
1.73z
2.60z

Ref
1.92x
2.83z

Ref
4.32z
4.52z

Ref
1.09y

Ref
1.15y

Ref
1.29z

Ref
0.88

Ref
1.11y

Ref
1.12

Ref
1.03

Ref
1.11

Authors’ analysis of data from the Healthcare Cost and Utilization Project, National
Inpatient Sample, years 2016 and 2017. Severe maternal morbidity (SMM) was
identiﬁed using the Centers for Disease Control and Prevention SMM indicator list.
SMM without Blood Transfusion indicates that a delivery with only a blood transfusion indicator, and no other SMM indicator, was identiﬁed as not having SMM.
* Overall unweighted n ¼ 1,382,865; weighted n ¼ 6,914,317. White unweighted
n ¼ 727,838; weighted n ¼ 3,639,185; Black unweighted n ¼ 207,547; weighted
n ¼ 1,037,735. Hispanic unweighted n ¼ 285,419; weighted n ¼ 1,427,093.
y
p < .05.
z
p < .001.
x
p < .01.
ǁ
Any comorbidity among 25 Elixhauser comorbidity measures, which
excluded congestive heart failure, coagulation deﬁciency, hypertensive encephalopathy, pulmonary circulation disorders, and peripheral perivascular disease.
{
Household income is measured as the median household income at the ZIP
code level, and it is based on the woman’s location of residence.
#
Safety net and minority-serving hospital designations include hospitals in the top
quartile of hospital discharges with Medicaid payment and women who were not of
White race, respectively. Designations were determined for each year separately.
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and practice innovations that address the root causes of racism
and oppression. Interventions to decrease health inequities must
take into consideration the power dynamics that are driven by
racism and oppression at the political, social, and economic
levels that are core drivers of inequity and must focus on systemic changes to be effective and sustainable. Policy and practice
innovations must also be designed and implemented with an
equity lens to avoid further exacerbating existing racial
inequities.
In our study, Medicaid coverage was no longer a signiﬁcant
predictor of SMM among Black women and many facility-level
factors remained signiﬁcant predictors in race-stratiﬁed analyses. These ﬁndings have at least two important policy implications. First, this ﬁnding suggests that, for Black women,
Medicaid coverage itself may not be a risk factor for SMM. Having
evidence-based evaluations that support Medicaid coverage is
important for ensuring equitable outcomes for populations that
may be simultaneously experiencing multiple systems of
oppression, including structural racism. The implications of our
ﬁndings regarding Medicaid coverage and maternal outcomes
during the delivery hospitalization are important to consider for
economic inequity in maternal health during the “fourth
trimester,” or the 12 weeks after childbirth (Stuebe et al., 2019).
Speciﬁcally, our study evaluated SMM during the inpatient stay
for the delivery. In 2018, The American College of Obstetricians
and Gynecologists released new recommendations that included
providing continuous care for 12 weeks postpartum instead of
one visit at 6 weeks postpartum (American College of
Obstetricians and Gynecologists, 2018). Given that approximately 50% of maternal mortality occurs after the day of delivery,
establishing policies that allow states to extend Medicaid
coverage for individuals of low income through the ﬁrst year
after childbirth, beyond the 60 day cut-off point that many states
use, has the potential to decrease inequity in adverse maternal
outcomes by improving rates of follow-up care and by more
quickly identifying women who are at high risk of adverse
postpartum outcomes (Stuebe et al., 2019).
Second, our ﬁndings suggest that focusing on sociodemographic and social stressors may best address the higher rates of
SMM experienced by Black and Hispanic women. Given the
correlation between SMM and maternal mortality, these ﬁndings
may have similar implications for addressing equity in
pregnancy-related death. In addition to improving continuity of
insurance in the postpartum time period, efforts to address
drivers of inequity during the preconception, prenatal, and delivery time periods are also critical (Howell, 2018). For example,
women who are not non-Hispanic White are more likely to have
a Medicaid-covered delivery (Martin et al., 2018). Actions that
could advance racial equity in maternal outcomes include
increasing the continuity of insurance coverage before pregnancy as well as increasing access to services for Medicaidcovered women, such as to doulas during delivery or to group
and other innovative models of prenatal care (Daw et al., 2020;
Kozhimannil & Hardeman, 2016). Group prenatal care models
may provide social support and connection to the health care
system that may help to mediate stressors related to traditional
prenatal care and management of chronic conditions (Gareau
et al., 2016). Covering services provided by doulas and community health workers may complement state Medicaid program
efforts to address racial inequities in maternal health by
providing pregnant and postpartum women with emotional,
social, and educational support (Bohren, Hofmeyr, Sakala,
Fukuzawa, & Cuthbert, 2017; Gadson, Akpovi, & Mehta, 2017).
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However, few state Medicaid programs reimburse for doulas or
community health workers, making these services inaccessible
to many enrollees. Increased access to midwifery-led care and
freestanding birth centers may also aid in decreasing racial inequities in SMM. Research has consistently demonstrated
improved or equivalent safety, quality, and value of midwiferyled care, with births involving midwives having lower total
costs, improved infant outcomes, and fewer inductions, episiotomies, artiﬁcial rupture of membranes, and cesarean deliveries
(Benatar, Garrett, Howell, & Palmer, 2013; Hill et al., 2018;
Johantgen et al., 2012; Yang, Attanasio, & Kozhimannil, 2016). Yet
inadequate access to and coverage of midwifery-led care and
freestanding birth centers continue to be a barrier for those
enrolled in Medicaid (Moore, George, Bakst, & Shea, 2020).
Removing the structural barriers to allow for continual insurance coverage may lead to improved maternal health, earlier
and more consistent use of prenatal care, and identiﬁcation of
women who may be at high risk for adverse maternal outcomes
and in need of case management. With respect to improving
equity in care during the delivery hospitalization, national and
state-level policies should continue to focus efforts on improving
quality of care at the facility level, such as by implementing
safety bundles for addressing severe morbidities during delivery
as well as improving access to resources for safety net hospitals.
Adoption of Patient Safety Bundles developed by the Alliance for
Innovation on Maternal Health may support a decrease in the
racial/ethnic inequities in maternal health outcomes. One bundle
that is speciﬁcally focused on the decrease of peripartum racial/
ethnic disparities outlines speciﬁc steps for health systems and
care providers to focus on related to readiness, recognition and
prevention, response, and reporting/systems learning (Council
on Patient Safety in Women’s Health Care, 2016).

Conclusion
We found large differences in rates of SMM among women of
different races/ethnicity and expected primary payers, with
smaller payer-related differences among Black women. Our
ﬁndings suggest that national and state policy efforts should
continue to focus on addressing structural racism and other socioeconomic drivers of adverse maternal outcomes, including
barriers to high-quality care among women with Medicaid
coverage, in rural areas, and in safety net hospitals.
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