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The objective of this study was to evaluate the racial and ethnic disparities in delivery hospitalizations
involving severe maternal morbidity (SMM) by location of residence and community income. We used
the 2016 to 2019 Healthcare Cost and Utilization Project National Inpatient Sample. International
Classification of Diseases, Tenth Revision, Clinical Modification codes were used to identify delivery
hospitalizations with SMM. Using logistic regression models, we examined the association between
race and ethnicity and delivery hospitalizations involving SMM. In adjusted analyses, the models
were stratified by location of residence and community income and adjusted for patient and hospital
characteristics. In rural areas, non-Hispanic Black women (AOR 1.50; 95% Cl 1.25-1.79) and women
of other races (AOR 1.32; 95% Cl 1.03-1.69) had an increased odds of experiencing a delivery
hospitalization involving SMM when compared to non-Hispanic White women. In micropolitan

areas, non-Hispanic Black women (AOR 1.88; 95% Cl 1.79-1.97), non-Hispanic Asian/Pacific Islander
women (AOR 1.54; 95% Cl 1.16-2.05), and women of other races (AOR 1.31; 95% Cl 1.03-1.67) had

an increased odds of experiencing a delivery hospitalization involving SMM when compared to non-
Hispanic White women. Non-Hispanic Black women also had increased odds of experiencing a delivery
hospitalization involving SMM in communities with the lowest income (quartile 1) (AOR 1.59; 95%

Cl 1.49-1.66), middle income (quartiles 2 and 3) (AOR 1.81; 95% Cl 1.72-1.91), and highest income
(AOR 2.09; 95% C1 1.90-2.29) when compared to non-Hispanic White women. We found that location
of residence and community income are associated with racial and ethnic differences in SMM in the
United States. These factors, outside of individual factors assessed in previous studies, provide a
better understanding of some of the structural and systemic factors that may contribute to SMM.

Keywords Severe maternal morbidity, Maternal mortality, NIS, Disparities, Pregnancy, Maternal outcomes,
Structural determinants of health, Social determinants of health

The United States has some of the highest rates of maternal morbidity and mortality among high-income coun-
tries, a concern that has gained significant attention over the past decade due to the increased availability of data
and research!™. Between 2018 and 2021, the national maternal mortality rate nearly doubled, rising from 17.4
to 32.9 per 100,000 live births®. Severe maternal morbidities (SMM) have also increased, from 146.8 in 2008 to
179.8 per 100,000 hospital discharges in 2021 Alongside these increasing trends, significant racial and ethnic
disparities exist. In 2021, Black and American Indian/Alaska Native women experienced the highest mortal-
ity rates, 64.5 and 97.5 per 100,000 live births, respectively?®. Similar to maternal mortality, racial and ethnic
disparities in SMM are persistent, with Black women experiencing SMM at rates that are significantly higher
than White women®”. Significant disparities in rates have also been identified for Asian/Pacific Islander women
and Hispanic women®’.

Racial and ethnic disparities in maternal health outcomes, including both SMM and maternal mortality, are
influenced by a range of factors that are social, structural, medical, clinical care, and institutional®®’. These factors
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can play a role in whether women have access to respectful, quality, comprehensive, and culturally appropriate
care’. Particularly, community-related factors, such as community income and location of residence (urbanicity/
rurality), can play a role in whether women have access to maternal care resources such as obstetricians, nurse
midwives, and other healthcare professionals. Those resources can be limited among rural communities and
communities serving those of lower overall income®™'!. Not having access to basic health care services during
pregnancy can lead to delay in receiving care when needed the most. This delay in care can lead to complications
that put pregnant women at an increased risk for SMM and maternal mortality. Examining disparities in severe
maternal morbidity by community level factors can guide the development and implementation of prevention
and care strategies tailored to specific communities and specific groups of pregnant women.

The purpose of this study was to examine the location of residence, community income, and their associa-
tion with racial disparities in delivery hospitalizations involving severe maternal morbidity. Using data from a
nationally representative sample of United States delivery hospitalizations, this study examined the association
between racial and ethnic disparities in delivery hospitalizations involving severe maternal morbidity (SMM)
by location of residence and community income.

Methods

Study data source

Using a cross-sectional study design, we analyzed data from the 2016 to 2019 National Inpatient Sample (NIS),
developed for the Healthcare Cost and Utilization Project (HCUP). NIS is the largest, publicly available all-payer
national inpatient care dataset in the United States. It is nationally representative of all community hospitals and
contains a 20% stratified sample of all discharged patients across 47 states and the District of Columbia. The NIS
is intended to develop national estimates rather than state-level estimates.

Study population

ICD-10-CM/PCS diagnosis codes and their diagnostic-related groups (DRGs) were used to identify the study
population, which comprised of discharges with DRGs related to pregnancy, specifically to labor and delivery
(Supplemental Tables 1 and 2). DRGs use a patient classification system that categorizes patients into groups that
are clinically coherent and homogenous with respect to resources used. Each delivery hospitalization has one
assigned DRG. Our study was reviewed by the institutional review board at the University of Georgia in Athens,
Georgia, and was considered exempt because of the deidentified nature of the dataset.

Outcome and dependent measures

The primary outcome of interest of this study was an SMM ocurring during a delivery hospitalization. SMM
during a delivery hospitalization was determined by the presence of at least one of the 21 conditions or proce-
dures a pregnant woman may experience during a delivery hospitalization based on the United States Centers
for Disease Control and Prevention’s 21 SMM indicators'?. A delivery hospitalization could experience multiple
indicators of SMM. However, to be consistent with previous studies, this variable was dichotomized into (1)
delivery hospitalization with SMM and (2) delivery hospitalization without SMM'*!4. One factor, blood transfu-
sion, may not always reflect SMM in the absence of other factors. Because of this, blood transfusion was excluded
from our SMM definition".

Independent measures

The primary independent measure of this study was race and ethnicity. HCUP created a combined categorization
of race and ethnicity'®. Race and ethnicity were partitioned into the following categories: (1) Hispanic of any race,
(2) non-Hispanic White, (3) non-Hispanic Black, (4) non-Hispanic Asian/Pacific Islander, and (5) non-Hispanic
Other (including mixed race and American Indian and Alaska Native). Race and ethnicity were missing for 4%
of the discharge records; only data with complete records of race/ethnicity were included in our analyses. Non-
Hispanic White women were chosen as the reference group since it was the largest represented group. American
Indian and Alaska Native women were combined with women of other races for analyses because there is limited
reporting of the population in HCUP data.

This study stratified by community income (categorized in quartiles provided by HCUP) and location of
residence (as rural, micropolitan, small metropolitan, and large metropolitan). Community income is based
on the median household income of the patient’s zip code of residence’®. Quartiles are defined so that the total
United States population is evenly distributed. Cut-offs for the quartiles are determined annually using zip code
demographic data. For this study, we combined quartile 2 and quartile 3 into a single quartile 2 and 3 (middle
income) category because there was little difference in unadjusted SMM rates.

The location of residence was based on urban influence codes developed by the United States Department of
Agriculture Economic Research Service!®. Rural was defined as areas of less than 10,000 residents. Micropolitan
include areas of 10,000 residents to 49,999 residents. Small metropolitan areas have from 50,000 residents to
999,999 residents. Large metropolitan area denote areas of at least 1 million residents.

Covariates

A group of covariates related to patient characteristics included maternal age and primary expected payer. Mater-
nal age in years was categorized as (a) 12-19, (b) 20-24, (c) 25-34, and (d) 35-55. Primary expected payer was
categorized into (a) Medicaid, (b) Private Insurance, (c) Self-pay or no charge, and (d) Other. Medicaid includes
patients covered by fee-for-service and managed care Medicaid'®. Private insurance includes commercial carri-
ers, private health maintenance organizations (HMOs), and preferred provider organizations (PPOs)'®. Self-pay
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or no charge includes an insurance status of self-pay and no charge'®. Other includes workers compensation,
TRICARE/CHAMPUS, CHAMPVA, Title V, and other government programs'®.

Another group of covariates related to hospital characteristics included hospital region, hospital teaching
status, and hospital ownership. Hospital region was categorized into (a) Northeast, (b) Midwest, (c) South,
and (d) West based on the United States Census Bureau classification'. Hospital teaching status included non-
teaching hospitals and teaching hospitals, and hospital ownership included government and private'é. Teaching
hospitals are hospitals that are members of the University Health System Consortium or the Council of Teaching
Hospitals'®.

Statistical analysis

We first examined the distribution of SMM by race and ethnicity. We calculated descriptive frequencies and
percentages to examine the distribution of delivery hospitalizations with SMM by race and ethnicity for each
patient characteristic, hospital characteristic, and community factor. We examined the association between race
and ethnicity and delivery hospitalizations involving SMM using logistic regression. In adjusted analyses, the
models were stratified by location of residence and community income and adjusted for patient and hospital
characteristics. Each regression model adjusted for age group, primary expected payer, hospital region, hospital
teaching status, and hospital ownership and estimated the odds of experiencing SMM by race and ethnicity for
location of residence and community income. All analyses accounted for the complex sampling design of the
NIS by weighting observations by their survey weights. Analyses were conducted using SAS 9.4 (SAS Institute,
Cary, NC).

Results

Among a total of 14,961,125 delivery hospitalizations between the years 2016 and 2019, 128,540 (1%) met the
CDC definition of SMM and had a race and ethnicity classification. The prevalence of SMM was highest among
non-Hispanic Black women at 1.49% followed by 0.92% among women of other races, 0.82% among Hispanic
women, 0.79% among non-Hispanic Asian/Pacific Islander women, and 0.76% among non-Hispanic White
women. Baseline patient, community, and hospital characteristics stratified by race and ethnicity are shown in
Table 1. Of the deliveries involving SMM, 45% were among non-Hispanic White women, 25% were non-Hispanic
Black women, 19% were Hispanic women, 5.50% were non-Hispanic Asian/Pacific Islander women, and 5.50%
were among women of other races (Table 1).

Figure 1 shows the adjusted regression models examining the racial and ethnic disparities in SMM by loca-
tion of residence. In large metropolitan areas, non-Hispanic Black women had increased odds of experiencing
SMM (AOR 1.88; 95% CI 1.79-1.97), being 88% more likely to experience a delivery hospitalization involving
an SMM when compared to non-Hispanic White women. Also, in large metropolitan areas, women of other
races were 12% more likely to experience a delivery hospitalization involving an SMM when compared to non-
Hispanic White women (AOR 1.12; AOR 1.04-1.22). In small metropolitan areas, non-Hispanic Black women
had increased odds of experiencing SMM (AOR 1.63; 95% CI 1.50-1.72) being 63% more likely to experience
a delivery hospitalization involving a SMM when compared to non-Hispanic White women. In micropolitan
areas, non-Hispanic Black women had increased odds of experiencing SMM (AOR 1.76; 95% CI 1.51-2.05) being
76% more likely to experience a delivery hospitalization involving an SMM compared to non-Hispanic White
women. Women of other races residing in micropolitan areas were 31% more likely to experience a delivery
hospitalization involving an SMM when compared to non-Hispanic White women (AOR 1.31; AOR 1.03-1.67).
Also, in micropolitan areas, non-Hispanic Asian and Pacific Islander women had increased odds of experiencing
SMM (AOR 1.54; 95% CI 1.16-2.05), being 54% more likely to experience a delivery hospitalization involving an
SMM when compared to non-Hispanic White women. In rural areas, non-Hispanic Black women had increased
odds of experiencing SMM (AOR 1.50; 95% CI 1.25-1.80) being 50% more likely to experience a delivery hos-
pitalization involving a SMM when compared to non-Hispanic White women. Also, in rural areas, women of
other races were 32% more likely to experience a delivery hospitalization involving a SMM when compared to
non-Hispanic White women (AOR 1.32; AOR 1.03-1.69) (Fig. 1, Supplemental Table 3).

Figure 2 shows the adjusted regression models examining the racial and ethnic disparities in SMM by com-
munity income. In communities with the lowest median household level income (Quartile 1), non-Hispanic
Black women had increased odds of experiencing SMM (AOR 1.59; 95% CI 1.49-1.69) being 59% more likely
to experience a delivery hospitalization involving a SMM when compared to non-Hispanic White women. In
communities that contain the middle-income group for median household level income (Quartiles 2 and 3),
non-Hispanic Black women had increased odds of experiencing SMM (AOR 1.81; 95% CI 1.72-1.91) being 81%
more likely to experience a delivery hospitalization involving a SMM when compared to non-Hispanic White
women. Also, in communities with the highest median household level income (Quartile 4), non-Hispanic Black
women had increased odds of experiencing SMM (AOR 2.09; 95% CI 1.90-2.29) having over twice the odds of a
delivery hospitalization involving SMM when compared to non-Hispanic White women. Women of other races
were 25% more likely to experience a delivery hospitalization involving a SMM when compared to non-Hispanic
White women (AOR 1.25; AOR 1.11-1.40) in communities with the highest median household level income as
well (Fig. 2, Supplemental Table 4).

Discussion

Overall, the prevalence of SMM in our study population was highest among non-Hispanic Black women at
1.49%, which is similar to other studies”". We found that there are significant racial and ethnic disparities among
delivery hospitalizations involving SMM by community characteristics, particularly location of residence and
community income.
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Delivery hospitalizations with any severe maternal morbidity n=128,540 n (%)

Characteristics *Total White Black Hispanic Asian/Pacific Islander | Other

Total number 128,540 (100) 57,445 (45) 32,560 (25) 24,475 (19) 7005 (5.50) 7055 (5.50)

Patient characteristics

Age group, years
12 to 19 years old 7025 (5.47) 2330 (4.06) 2215 (6.80) 1950 (7.97) 120 (1.71) 410 (5.81)
20 to 24 years old 22,155 (17.24) | 9050 (15.75) | 6495 (19.95) | 5080 (20.75) | 460 (6.57) 1070 (15.17)
25 to 34 years old 68,400 (53.21) 32,140 (55.95) | 16,520 (50.74) | 12,105 (49.46) | 3825 (54.60) 3810 (54.00)
35 to 55 years older 30,960 (24.08) 13,925 (24.24) | 7330 (22.51) 5340 (21.82) 2600 (37.12) 1765 (25.02)

Primary expected payer

Medicaid 62,895 (48.93) | 20,830 (36.26) | 20,255 (62.21) | 15,650 (63.94) | 2235 (31.90) 3925 (55.64)
Private insurance 56,115 (43.66) | 32,680 (56.89) | 9435(28.98) | 7075 (28.91) | 4295 (61.31) 2630 (37.28)
Self-pay/No charge 3355 (2.61) 1130 (1.97) 765 (2.35) 1030 (4.21) 210 (3.01) 220 (3.12)
Other 6030 (4.69) 2735 (4.76) 2070 (6.36) 705 (2.88) 260 (3.71) 260 (3.68)
Missing 145 (0.11) 70 (0.12) 35 (0.10) 15 (0.06) 5(0.07) 20 (0.28)

Hospital characteristics

Hospital region

Northeast

20,625 (16.05

9090 (15.82)

5085 (15.62)

3590 (14.67)

1180 (16.84)

1680 (23.81)

Midwest

27,350 (21.28

16,275 (28.33)

7265 (22.31)

1965 (8.03)

975 (13.92)

870 (12.33)

South

50,265 (39.10

20,585 (35.83)

17,310 (53.16)

8490 (34.69)

1150 (16.42)

2730 (38.70)

West

)
)
)
)

30,300 (23.57

11,495 (20.02)

2900 (8.91)

10,430 (42.61)

3700 (52.82)

1775 (25.16)

Teaching status

Nonteaching hospital

27,605 (21.48)

15,275 (26.59)

5020 (15.42)

4650 (19.00)

1160 (16.56)

1500 (21.26)

Teaching hospital

100,935 (78.52)

42,170 (73.41)

27,540 (84.58)

19,825 (81.00)

5845 (83.44)

5555 (78.74)

Ownership type

Government

17,555 (13.66)

6960 (12.12)

4470 (13.73)

4395 (17.96)

700 (9.99)

1030 (14.60)

Private

110,985 (86.34)

50,485 (87.88)

28,090 (86.27)

20,080 (82.04)

6305 (90.01)

6025 (85.40)

Community factors

Community income

Quartile 1

42,730 (33.24)

14,035 (24.43)

16,415 (50.41)

9055 (37.00)

1035 (14.78)

2190 (31.04)

Quartiles 2 and 3 61,545 (47.88) | 30,490 (53.08) | 12,845 (39.45) | 12,135 (49.58) | 2980 (42.54) 3095 (43.87)
Quartile 4 22,925 (17.84) 12,390 (21.57) | 3000 (9.22) 3020 (12.34) 2955 (42.18) 1560 (22.11)
Missing 1340 (1.04) 530 (0.92) 300 (0.92) 265 (1.08) 35 (0.50) 210 (2.98)
Location of residence

Large metropolitan 76,740 (59.70) 27,740 (48.29) | 22,245 (68.32) | 16,900 (69.05) | 5365 (76.59) 4490 (63.64)
Small metropolitan 35,625 (27.71) 18,740 (32.62) | 7820 (24.02) 6155 (25.15) 1365 (19.49) 1545 (21.90)
Micropolitan 9510 (7.40) 6400 (11.14) | 1475 (4.53) 890 (3.64) 230 (3.28) 515 (7.30)
Rural 6285 (4.89) 4445 (7.74) 935 (2.87) 405 (1.65) 40 (0.57) 460 (6.52)
Missing 380 (0.30) 120 (0.21) 85 (0.26) 125 (0.51) 5(0.07) 45 (0.64)

Table 1. Patient characteristics, hospital characteristics, and community factors by delivery hospitalizations
involving severe maternal morbidity by race and ethnicity, United States, 2016-2019. Column percentages are
reported; SMM excludes blood transfusions.

For location of residence, there were significant racial and ethnic disparities in large metropolitan, small
metropolitan, micropolitan, and rural areas. Results of this study show that non-Hispanic Black women and
women of other races in rural areas were more likely to experience a delivery hospitalization involving SMM
when compared to non-Hispanic White women. Also, for micropolitan areas, non-Hispanic Black women,
women of other races, and non-Hispanic Asian/Pacific Islander women were more likely to experience a delivery
hospitalization involving SMM when compared to non-Hispanic White women. It is well documented that rural
Americans make up at least 15% to 20% of the United States population and face inequities that result in worse
health care than that of urban and suburban residents. Rural areas have fewer physicians, have higher levels of
poverty, and their remote locations contribute to a lack of access to care!”!8. Also, rural areas face great challenges
when they experience hospital closures. When hospitals or obstetric units close, rural and underserved areas lose
the infrastructure that supports providers like obstetrician-gynecologists, specialists, and licensed midwives!”!8.
This means that pregnant women who live in rural areas may have less frequent prenatal and maternal care prior
to delivery if the long travel distances to obtain care are prohibitive or costly'’. Like rural areas, micropolitan
communities also experience economic adversity and decreased equitable access to quality care that present
challenges for maternal health'”.
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Figure 1. Adjusted coeflicient plots for racial and ethnic disparities among delivery hospitalizations involving
severe maternal morbidity by location of residence, 2016-2019. Each multivariable logistic regression model
adjusted for age, primary expected payer, community income, hospital region, teaching status, and ownership of
hospital.

There were also significant disparities among residents in metropolitan areas (both small and large). Con-
trary to conventional thought, these results show that these racial and ethnic maternal health disparities are still
observed in areas with better access to maternal care and maternal health outcomes.

There were also significant racial and ethnic disparities, regardless of community income. In communities
with the lowest median income, middle median income, and highest median income, non-Hispanic Black women
were more likely to experience a delivery hospitalization involving SMM when compared to non-Hispanic White
women. This association was not observed for any of the other racial and ethnic groups. As community income
increased, the odds in having a delivery hospitalization with SMM increased. So, regardless of community
income, non-Hispanic Black women were more likely to experience a delivery hospitalization involving SMM.

Healthcare settings in the United States can be sites of racism and discrimination for some women and
structural racism has been acknowledged as a contributor to adverse health outcomes'-?. Structural racism
is the ways in which some societies foster racial discrimination through policies and processes that impact the
distribution of resources and create differential opportunities by race?>?. To tackle racial and ethnic disparities
in SMM, a multi-faceted approach to address racism (including structural racism) and discrimination will be
needed. Understanding how racism and discrimination plays a role in SMM can help guide the development and
implementation of policy and program interventions that address racial disparities during delivery admissions.

Investing in healthcare infrastructure in rural and low-income communities could help in addressing racial
and ethnic disparities in SMM. Although this study did not assess the quality of care available, rather just com-
munity characteristics, being able to provide risk-appropriate maternal care through telemedicine, virtual visits,
or remote patient monitoring could help provide quality services to those with limited access. Also, ensuring that
women who experience complications or with high-risk conditions are transferred to facilities that can provide
specialty services, could help limit the occurrence of SMM during a delivery hospitalization for those in rural
or micropolitan with barriers to accessing resources. Also, funding to expand the obstetric care workforce to
support doula and midwifery programs can increase access to culturally appropriate care*?>.
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Figure 2. Adjusted coefficient plots for racial and ethnic disparities among delivery hospitalizations involving
severe maternal morbidity by community income, 2016-2019. Each multivariable logistic regression model
adjusted for age, primary expected payer, community income, hospital region, teaching status, and ownership of
hospital.

Conclusion

Our study shows that there are stark racial and ethnic disparities in SMM by community income and location
of residence, suggesting that there are systemic and structural factors that are associated with SMM. Even in
instances when there could be adequate resources and access to quality care, the disparities within minority
racial and ethnic groups still persist at alarming rates. Therefore, these disparities are unlikely to be associated
with the characteristics of the patient but rather a characteristic of the care they receive.

Our study should be interpreted considering its limitations. First, all diagnoses are based on ICD-10-CM/
PCS codes from hospital discharge data. Since records in this database are de-identified, it is not possible to
confirm diagnoses, so misclassification is possible due to some cases being missed or miscoded. Also, given the
nature of hospital discharge data, other important variables such maternal education or readmission were not
captured. Since follow-up beyond the delivery hospitalization was not available, postpartum outcomes after the
delivery hospitalization were not available.

HCUP does not include Indian Health Service facility data. Although over 75% of Native American delivers
occur outside of these facilities, Indian health facilities may refer more complex deliveries to other hospitals
included in HCUP?Y. In addition, HCUP data may undercount or misclassify Native American women due to
missing race and ethnicity data. Because of this, Native American women estimates were included in the other
race and ethnicity category'®. We were also missing race/ethnicity for 4% of the hospital discharges; therefore,
these records were not included in the analysis. Since individual-level income data are unavailable, community
income was used as a proxy for individual-level income.

Despite these limitations, our study has several strengths. The primary strength of this study is that the NIS
is the largest all-payer national inpatient care data set for the United States. This dataset offers a unique oppor-
tunity to investigate SMM in a nationally representative sample of women in the United States. This large sample
also allows for the adjustment of multiple potential confounders in logistic regression models and to examine
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these associations over various racial and ethnic groups in the United States. Using the United States Centers for
Disease Control and Prevention’s method to identify severe maternal morbidity using ICD-10-CM/PCS codes
is another strength. This method has been validated by other studies.

Although racial inequities in SMM are well documented in the literature, these inequities continue to persist.
In addition to documenting and reporting the trends and associations, next steps should involve translating
data into action for new interventions or examining the impact of existing interventions. Future studies are
also needed to identify the root causes of inequities that exist in delivery hospitalizations involving SMM. It is
critical to continue to understand why racial and ethnic minorities experience poorer maternal health outcomes
when compared to other racial and ethnic groups regardless of location, resources, hospital location or type,
and socio-economic status. Future studies should examine hospital quality of care and access to risk-appropriate
maternal care for these populations.

Data availability

The data used for this study is publicly available and can be purchased from the Healthcare Cost and Utilization
Project (HCUP) website. Complete database availability and pricing information are included in the online
HCUP Central Distributor Database Catalog https://www.distributor.hcup-us.ahrq.gov/Databases.aspx. The
datasets analyzed during the current study can be made available from the corresponding author on reasonable
request.
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