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Disparities in maternal mortality
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Abstract

Maternal mortality rates in the USA remain high, with persistent racial and socioeconomic
disparities. We identified 207,016 hospital admissions for pregnant women in Maryland, from
2017 to 2019. Logistic regression was used to identity factors associated with maternal death.
The health outcome for black womenwasmore prone to give rise tomaternal mortality than for
white women. Our study revealed numerous racial and age discrepancies in gestational health
outcomes, which opioid use disorder exacerbated. Our findings elaborate on the importance of
identifying the drivers of adverse pregnancy outcomes, to help inform policy, and resource
allocations.

Introduction

Despite the increased spending on prenatal care and efforts to improve reproductive health care
access for women, maternal mortality rates in the USA remain high, with persistent racial and
socioeconomic disparities [1]. Several studies have provided data demonstrating the risks
women of color undergo because of lesser healthcare access and quality. The USA has a signifi-
cantly higher maternal mortality rate than other comparable countries. Approximately 700
women die in the USA each year because of pregnancy or its complications [1]. According
to the Centers for Disease Control and Prevention (CDC), cardiomyopathy, thrombotic pulmo-
nary embolism, and hypertensive disorders of pregnancy were among the key factors that con-
tributed to a significantly higher proportion of pregnancy-related deaths among black women
compared to white women [1].

Furthermore, it should also be noted that women of color have been reported to experience
inequalities based on their age and level of education. As for the educational level, it has been
reported that the pregnancy-related mortality rate for black women with a completed college
education or higher is 1.6 times higher than the rate for white women with less than a high
school diploma [1]. Therefore, these acts of discrimination in the healthcare sector are present
and persist regardless of one’s educational level and socioeconomic status. Most of these deaths
are preventable, which has been mentioned on several accounts. However, due to the racism,
black women are more likely to die from complications of pregnancy than white women [2]. For
instance, the risk of cardiomyopathy, leading cause of late maternal death, in black women is six
times higher than in white women [3]. During a study carried out in 2007–2016, pregnancy-
related deaths for all US women were reported to be 16.7 deaths per 100,000 live births.
When taking a closer look at these numbers among different ethnic groups, the difference in
the death rate among black women becomes noticeable. The deaths among white women were
reported to be 12.7 deaths per 100,000 live births, while those among black women reached 40.8
deaths per 100,000 live births [1].

In addition, women with opioid use disorder (OUD) suffer from increased pregnancy com-
plication risks. In fact, the number of pregnant womenwithOUDhas increased four times in the
past decade [4]. This can be explained by the fact that there has been a decrease in the admin-
istration of the OUD treatment in the general population because of shortages, insufficient
insurance funds, stigma, and a general miscomprehension of the disorder [5,6]. However, when
considering smaller and more specific racial/ethnic populations such as the black communities,
it has been observed that there is less access to the OUD treatment, buprenorphine, than in white
non-Hispanic, non-Black people, along with a less timely administration of themedication [7,8].
In parallel, OUD complications have not spared pregnant women, thus possibly contributing to
this high maternal mortality rates [1]. These trends are especially noted in Maryland [4], thus, it
is important to identify the drivers of adverse pregnancy outcomes to help inform policy and
resource allocations.

This study aimed to identify and assess determinants of maternal mortality or miscarriage
using inpatient discharge data from all Maryland hospitals between 2017 and 2019.
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Methods

We extracted data using a patient-level dataset available through
theHospital Data and Reporting system inMaryland [9]. The data-
set contains discharge medical record abstract and billing data
from all acute care hospitals and licensed specialty hospitals in
the state. We identified 207,016 hospital admissions in
Maryland for pregnant women ages 14–45 years from January
2017, through December 2019. We categorized our predictor var-
iables under three main categories: comorbidities, clinical factors,
and demographics. The primary outcome was maternal mortality
or miscarriage. All diagnoses were identified through ICD-10
codes. To identify pregnant patients, we used ICD-10 codes Z34
and Z33.1. For comorbidities, we examined OUD (ICD-10 codes:
F11.1 and F11.2), high-risk pregnancy (ICD-10 code: O09), preex-
isting hypertension (ICD-10 codes: O10–O16), and diabetes
(O24). For clinical factors, we looked at the nature of admission
such as delivery, scheduled, emergency and urgent, other type of
admissions, and major hospital service to which patients were
assigned, including psychiatric and other types of services. We
examined age, race, patient residency in Maryland, and primary
payer for demographic variables. Due to the very low prevalence
of maternal mortality, we used a composite outcome of maternal
mortality and miscarriage.

We performed a bivariate analysis on all predictor variables
using logistic regression to explore any association between each
characteristic and maternal mortality or miscarriage. Variables
that showed a statistically significant association with the outcome,
in addition to age as an important confounder, were selected as
candidate variables for the multivariate analysis to detect risk fac-
tors of maternal mortality or miscarriage after adjusting for other
covariates. P< 0.05 was considered to be statistically significant,
and all statistical analyses were performed with SAS version 9.4
(SAS Institute, Cary, NC).

Results

Between 2017 and 2019, out of 207,016 hospital admissions, there
were 66,311 (32%) hospital admissions for black women and 3014
(1.46%) hospital admissions for women with OUD. About 16% of
207,016 hospital admissions were for women aged 35 years or older
and 4% for women 14–19 years old (Table 1). There were 587
hospital admissions where pregnant women either died or had a
miscarriage (28 per 10,000 hospital admissions).

The findings of the multivariate-adjusted model indicated that
among comorbidities examined in this study, diabetes (OR= 0.42,
95%CI: 0.27–0.65), preexisting hypertension (OR= 0.30, 95%CI:
0.22–0.41), and OUD (OR= 2.61, 95%CI: 1.71–3.99) were signifi-
cantly associated withmaternal mortality ormiscarriage. High-risk
pregnancy was not associated with adverse maternal health
outcomes (p= 0.23).

Patients with Medicaid insurance (OR= 0.82, 95%CI: 0.68–1)
were at a higher risk of maternal mortality or miscarriage than
those with commercial insurance. Moreover, we found that after
controlling for residency status, nature of hospital admissions,
major hospital service assigned, and comorbidities (high-risk preg-
nancy, hypertension, diabetes, and OUD) there were still substan-
tial racial and age disparities in hospital admissions, with adverse
pregnancy-related outcomes. Hospital admissions for Black
women were more likely to result in maternal mortality and mis-
carriage (OR= 2.16, 95%CI: 1.76–2.65) than for White women.

Likewise, advanced maternal age (35–45 years old) (OR= 1.79,
95%CI: 1.45–2.20) was associated with adverse outcomes (Table 2).

Discussion

This study focused on evaluating the impact of important clinical
factors, comorbidities, and patient demographics on maternal
mortality or miscarriage. Our analysis unveiled racial and age dis-
parities in pregnancy health outcomes, which were exacerbated by
OUD. These findings are consistent with previous studies, which
found persistent racial disparities in maternal health [1,10], and
increased risk of perinatal mortality and adverse obstetric out-
comes with advanced maternal age [7] and OUD [11]. For
instance, the results of a study by Lagisetty et al. demonstrated that
buprenorphine treatment was concentrated among white persons
and patients with private insurance [10]. Likewise, another study
indicated a higher prevalence of coexisting conditions with aging,
which can put pregnant women with advanced age at a two to three
times higher risk of hospitalization, C-section, and other preg-
nancy-related complications [12]. Crear-Perry et al. call out racism
as the root cause of inequities in maternal health outcomes [13].
A comprehensive approach to quality improvement throughout
the care continuum from preconception to postpartum may help
reduce disparities. One possible way would be a disparities dash-
board to help monitor a system’s performance quality metrics for
higher risk groups.

Amultidisciplinary approach of prenatal care should be recom-
mended for complication-prone pregnancies. In addition to sys-
temic racism and discrimination, the difference in health
insurance coverage and access to care also play a role in driving
worse maternal health outcomes. Medicaid covers almost half of
the births nationally [14]. Further, Medicaid expansion promotes
continuity of coverage in prenatal and postpartum periods. Our
results interestingly showed that in spite of Medicaid expansion,
Maryland still shows disparities in pregnancy outcomes. With
Medicaid expansion, rate of uninsured childbearing age women
in Maryland is well below the national average (8.4%). Yet black
and white women’s average uninsured in Maryland are still within
one point of each other when comparing racial groups. This can

Table 1. Hospital admissions by age group, race and opioid use disorder status

Demographic
Hospital Admissions n (%)

(N= 207016)

Age

14–19 years old 8443 (4.1)

20–35 years old 164,309 (79.4)

35–45 years old 34,264 (17.5)

Race

White 91,381 (44.1)

Black 66,311 (32)

Asian 12,527 (6.1)

Other 36,797 (17.8)

Opioid Use Disorder (OUD) Status

No 204,002 (98.5)

Yes 3014 (1.5)
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Table 2. Factors associated with maternal mortality and miscarriages among hospital admissions of pregnant women between 2017 and 2019

Variables
Number (%) of visits with maternal mortality or

miscarriage

Univariate model Multivariable model

Crude odds ratio (OR)
(95%CI) p-value

Adjusted odds ratio (OR)
(95%CI) p-value

Comorbidities

Opioid use disorder

No 562 (0.28%) 1 1

Yes 25 (0.83%) 3.03 (2.03–4.53) <0.0001 2.61 (1.71–3.99) <0.0001

Supervision of high-risk pregnancy

No 556 (0.28%) 1

Yes 31 (0.29%) 1.03 (0.72–1.48) 0.872 0.80 (0.55–1.16) 0.2331

Pre-existing hypertension complicating pregnancy, childbirth, and the puerperium

No 545 (0.31%) 1 1

Yes 42(0.12%) 0.39 (0.29–0.54) <0.0001 0.30 (0.22–0.41) <0.0001

Diabetes mellitus in pregnancy, childbirth, and the puerperium

No 567 (0.30%) 1 1

Yes 20 (0.10%) 0.34 (0.22–0.53) <0.0001 0.42 (0.27-0.65) 0.0001

Clinical factors

Nature of admission

Delivery 91(0.07%) 1 1

Scheduled 32 (0.10%) 1.51 (1.01- 2.27) <0.0001 1.54 (1.03–2.30) 0.0368

Emergency and
urgent

457 (1.33%) 10.60 (16.45–25.81) <0.0001 20.46 (16.25–25.76) <0.0001

Other 7 (0.70%) 10.76 (4.98–23.67) 0.001 7.15 (3.06-16.67) <0.0001

Major hospital service to which the patient was assigned

Psychiatric 15 (1.92%) 7.04 (4.20–11.84) <0.0001 1.65 (0.93–2.95) 0.0884

Other 572 (0.28%) 1 1

Demographic factors

Patient’s age

14–19 years old 27 (0.32%) 1.20 (0.81–1.77) 0.3639 0.85 (0.57–1.26) 0.4172

20–35 years old 439 (0.27%) 1 1

35–45 years old 121 (0.35%) 1.32 (1.08–1.62) 0.0064 1.79 (1.45–2.20) <0.0001

Race of the patient

White 161 (0.18%) 1 1

Black 314 (0.47%) 2.70 (2.23–3.26) <0.0001 2.16 (1.76-2.65) <0.0001

Asian 21 (0.17%) 0.95 (0.60–1.50) 0.033 1.58 (1.00–2.51) 0.0516

Other 91 (0.25%) 1.40 (1.09–1.82) 0.8447 1.80 (1.37–2.35) <0.0001

Patient residency

Maryland
resident

553 (0.28%) 1 1

Other 34 (0.49%) 1.78 (1.26–2.52) 0.001 1.68 (1.17–2.41) 0.0049

Expected primary payer

Medicare 8 (0.66%) 2.98 (1.47–6.05) 0.0542 0.81 (0.393-1.67) 0.5688

Maryland
Medicaid

323 (0.31%) 1.39 (1.17–1.65) 0.0204 0.82 (0.68- 1.00) 0.0469

Commercial 206 (0.22%) 1 1

Self-pay and
Other

50 (0.53%) 2.40 (1.76–3.27) 0.0323 1.89 (1.37-2.61) 0.0001

The bold entries in Tables 2 denote a statistically significant result.
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result in higher chance of pregnancy-related death among black
women and underscores the role of racism and discrimination
in healthcare [15].

The results on the significant association between OUD and
adverse outcomes call for a proactive approach of screening and
referral to treatment during pregnancy. Concerted efforts in health
care delivery and access policy, extending to prenatal care, should
be made to address system-based drivers of racial disparities.

This study further elaborates on the effect of racial and age dispar-
ities on adverse maternal health outcomes represented by previous
studies. However, our study faced some limitations that should be
considered in the interpretation. First, the analysis was restricted to
the Maryland hospitals, and results may not be generalizable to the
nation. Second, we only included variables known or plausibly asso-
ciatedwithmaternalmortality ormiscarriage. Further evaluations can
include other socioeconomic factors such as income/poverty, food
security, provider and pharmacy availability, and education. Third,
our dataset precluded us from analyzing patients that were not admit-
ted. Future research should study the practice population that were
not admitted determining differences regarding access to care. One
of the limitations of this study is thatwe didnot adjust for somepoten-
tial risk factors for adverse pregnancy outcomes such as pre-eclamp-
sia, obesity, and mental health disorders.

Conclusion

Improving maternal health is essential to reduce preventable
maternal mortality or miscarriage and advancing overall popula-
tion health. This study highlights the importance of raise in atten-
tion to disparities in maternal health. Our findings suggest
increasing efforts and resources such as expanding access to cover-
age and care, patient education on risks associated with advanced
maternal age and addressing drivers of racial disparities. Further
evaluation of risk factors contributing to racial inequality is crucial
to inform and implement strategies to reduce such disparities in
maternal mortality and miscarriage.
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