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Abstract
Background Obstetric care in the US is complicated by marked racial and ethnic disparities in maternal obstetric outcomes,
including severe morbidity and mortality, which are not explained by underlying differences in patient characteristics.
Understanding differences in care delivery related to clinical acuity across different racial groups may help elucidate the source
of these disparities.
Objective This study examined the association of maternal race with utilization of critical care interventions.
Study Design This is a retrospective cohort study conducted as a secondary analysis of a large,multicenter observational study
ofwomenundergoingcesareandelivery.Allwomenwithaknowndeliverydatewere included.Theprimaryoutcomemeasure,
a composite of critical care interventions (CCI) at delivery or postpartum that included mechanical ventilation, central and
arterial line placement, and intensive care unit (ICU) admission were compared by racial/ethnic group—non-Hispanic white,
non-Hispanic black, Hispanic, Asian, and Native American. We evaluated differences in utilization of critical care with a
multivariable regression model accounting for selected characteristics present at admission for delivery, including maternal
age, BMI, co-morbidities, parity, and plurality. Maternal mortality was also evaluated as a secondary outcome and the
frequency of CCI by significant maternal co-morbidity, specifically heart disease, renal disease, and chronic hypertension
was assessed to ascertain the level of care provided towomen of different race/ethnicity with specific baseline co-morbidities.
Results 73,096 of 73,257 women in the parent trial met inclusion criteria, of whom 505 (0.7%) received a CCI and 3337 (4.6%)
had a significant medical co-morbidity (1.2% heart disease, 0.8% renal disease, 2.5% chronic hypertension). The mortality rate
was significantly higher among non-Hispanic black women, compared to non-Hispanic white and Hispanic women. In the
adjusted model, there was no significant association between CCI and race/ethnicity.
Conclusion This study suggests that differences in maternal morbidity by race may be accounted for by differential escalation to
higher intensity care. Further investigation into processes for care intensification may continue to clarify sources of racial and
ethnic disparities in maternal morbidity and potential for improvement.
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Introduction

Severe maternal morbidity during pregnancy and postpartum
affects approximately 50,000 women per year, a number
which appears to be increasing despite the otherwise
rapid advancement of medical technology [1]. The
growing prevalence of maternal morbidity is likely mul-
tifactorial, related to the rising tide of maternal cardio-
metabolic disease, trends in maternal age and cesarean
delivery, and assisted reproductive technologies [2, 3].
The utilization of critical care, including intensive care
unit (ICU) admission, is becoming an increasingly im-
portant resource to care for patients who encounter se-
vere morbidity during pregnancy.
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Situated within the broader problem of maternal morbidity
and mortality, there is a specific and very concerning phenom-
enon of racial and ethnic disparities in obstetrics, with non-
Hispanic black and Hispanic women experiencing significant-
ly more adverse outcomes [4, 5]. There is a growing body of
research on the topic of racial disparities in obstetrics, which
has identified this trend and elucidated race and ethnicity as
independent predictors of adverse obstetric outcomes. Most of
this literature focuses on population-level patterns as well as
relationship to other sociodemographic determinants of health
and specific clinical contexts in which these disparities are
pronounced [6–9]. Prior research has also examined structural
elements of racial and ethnic obstetric disparities, including
types of hospitals and other hospital-level factors [10].

In an effort to target maternal outcome disparities, further
investigation into racial and ethnic variations in the type of
care interventions that obstetric patients receive is necessary.
The purpose of this study, therefore, is to identify the associ-
ation of maternal race and ethnicity with utilization of critical
care interventions during delivery hospitalizations.

Materials and Methods

This is a retrospective cohort study designed as a secondary
analysis of the Cesarean Registry, a 4-year observational co-
hort study of the Eunice Kennedy Shriver National Institute of
Child Health and Human Development Maternal–Fetal
Medicine Units. Demographic information and medical histo-
ries of the patients as well as features of the current pregnancy
were obtained from the medical record by trained research
staff. Full details of the parent study have previously been
reported [11–13],

The current analysis included all women in the parent reg-
istry with a documented delivery date; there were no other
exclusion criteria. The exposure of interest was maternal race
and ethnicity, defined in this study as non-Hispanic white,
non-Hispanic black, Hispanic, Asian, Native American, and
unknown. The analysis focuses on non-Hispanic white, non-
Hispanic black, and Hispanic women as the other sub-groups
were comparatively small. The primary outcome was defined
as a composite of critical care interventions (CCI) including
postpartum intensive care unit (ICU) admission, mechanical
ventilation, central intravenous access, and arterial line place-
ment. A patient with at least one of the components was con-
sidered to have the composite outcome. Maternal mortality
was evaluated as a secondary outcome.

Baseline characteristics present at admission for delivery
were compared between racial groups using Student t test,
Mann–Whitney U test, and chi-square tests, as appropriate.
A multivariable logistic regression model was employed to
calculate the odds of CCI by racial/ethnic group after account-
ing for potentially confounding factors. Variables that were

statistically significant in univariable analyses or otherwise
suspected to be associated with the outcome were included
in the regression model. Adjusted odds ratios (aORs) with
95% confidence intervals from the regression model are re-
ported as measures of effect. This model ultimately accounted
for maternal age, BMI, marital status, education, nulliparity,
plurality, toxic exposures during pregnancy (tobacco, alcohol,
illicit drug use), maternal co-morbidities—specifically hyper-
tension, heart disease, renal disease, diabetes, thyroid disease,
seizure disorders, asthma, and connective tissue disease—ane-
mia, thrombocytopenia, hypertensive disorders of pregnancy
(gestational hypertension, pre-eclampsia, pre-eclampsia with
severe features, eclampsia, HELLP), and attempted vaginal
delivery. As defined by the parent study, maternal heart dis-
ease included valvular heart disease, rheumatic heart disease,
congenital heart disease, cardiomyopathy, myocardial infarc-
tion, angina, thyroid related heart disease, syphilitic related
heart disease, kyphoscoliotic related heart disease, cor
pulmonale, pericarditis, myocarditis, heart block, arrhythmias
and super ventricular tachycardia; renal disease included non-
infectious kidney disease, known glomerular kidney disease;
and connective tissue disease included lupus, rheumatoid ar-
thritis, scleroderma, Sjogren’s disease, or a mixed connective
tissue disorder. A significant baseline co-morbidity in this
study was defined as having heart disease, renal disease, or
chronic hypertension.

All statistical tests were two-tailed and p < 0.05 was con-
sidered significant. The sample size was fixed from the orig-
inal registry study. All analyses were performed using SAS
9.4 (SAS Institute Inc., Cary, NC). This analysis was consid-
ered exempt by the Institutional Review Board at Columbia
University Medical Center as these data are de-identified and
publicly available.

Results

Of 73,257 women in the parent registry, 73,096 met inclusion
criteria and were incorporated in the analysis. One hundred
and sixty-one women were excluded due to lack of recorded
delivery date (Fig. 1). There were 505 (0.7%) women in the
study population who underwent a CCI, as defined above, and
3337 women (4.6%) had a significant medical co-morbidity
(1.2% heart disease, 0.8% renal disease, 2.5% chronic hyper-
tension). The population was comprised of 29,430 non-
Hispanic white women (40.3%), 21,329 non-Hispanic black
women (29.2%), 18,689 Hispanic women (25.6%), 1240
Asian women (1.7%), 140 Native American women (0.2%),
and 2268 women with reported unknown race (3.1%).
Significant differences in demographics and underlying co-
morbidities were present by racial/ethnic group (Table 1).

Non-Hispanic white and non-Hispanic black women re-
ceived significantly more central lines than Hispanic women
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(0.2% for both vs. 0.07%, p = 0.01) and non-Hispanic black
women had significantly more ICU admissions than non-
Hispanic white and Hispanic women (0.9% vs. 0.7 and
0.5%, p < 0.01). There was a significantly higher mortality
rate for non-Hispanic black women (0.08%) compared to non-
Hispanic white (0.04%) and Hispanic (0.02%) women (p <
0.01). In an assessment of the frequency of critical care inter-
ventions by racial/ethnic group stratified into categories of
significant maternal-co-morbidity (heart disease, renal

disease, hypertension), non-Hispanic white women with heart
disease were significantly more likely to undergo a CCI than
non-Hispanic black and Hispanic women (0.1% vs. 0.08 and
0.05%, p = 0.02).

On unadjusted analysis, CCI was found to be significantly
associated with black race (OR 1.27, 95% confidence interval
[CI] 1.04–1.56, p = 0.02) (Table 2). However, on adjusted
analysis with a multivariable logistic regression model to ac-
count for confounders, maternal CCI was not found to be

Table 1 Patient characteristics by race and ethnicity

Non-Hispanic
White,N = 29,430

Non-Hispanic
Black,N = 21,329

Hispanic,
N = 18,689

Asian,
N = 1,240

Native
American,
N = 140

Unknown,
N = 2,268

P value

Maternal age (mean [SD]) 30.1 (5.8) 26.8 (6.2) 27.6 (5.7) 31.5 (5.0) 27.8 (6.1) 30.2 (6.0) < 0.01
Pre-pregnancy BMI

(median [IQR])
26.4 (21.6–29.8) 27.6 (23.3–33.6) 25.6

(22.5–29.4)
22.5

(20.4–26.0)
29.0 (23.0–33.4) 25.3

(22.3–29.6)
< 0.01

Married (N [%]) 23929 (81.3) 4985 (23.3) 10243 (54.8) 1074 (86.6) 77 (55.0) 1447 (63.8) < 0.01
Years of school (median [IQR]) 14 (12–16) 12 (11–13) 9 (7–12) 15 (12–16) 12 (11–14) 12 (12–16) < 0.01
Received prenatal care (N [%]) 29101 (98.9) 20501 (96.1) 18182 (97.3) 1217 (98.1) 136 (97.1) 2209 (98.3) < 0.01
Illicit drug use (N [%]) 746 (2.5) 1788 (8.4) 163 (8.7) 4 (0.3) 6 (4.3) 32 (1.4) < 0.01
Alcohol use (N [%]) 1136 (3.9) 1099 (5.2) 224 (1.2) 18 (1.5) 2 (1.4) 46 (2.0) < 0.01
Cigarette smoking (N [%]) 5193 (17.6) 4228 (19.8) 647 (3.5) 37 (3.0) 21 (15.0) 163 (7.2) < 0.01
Diabetes (N [%]) 2496 (8.5) 1807 (8.5) 1816 (9.7) 145 (11.7) 20 (14.3) 243 (10.7) < 0.01
Asthma (N [%]) 2323 (7.9) 2273 (10.7) 607 (3.2) 33 (2.7) 6 (4.3) 101 (4.5) < 0.01
Hypertension (N [%]) 664 (2.3) 886 (4.2) 187 (1.0) 14 (1.1) 5 (3.6) 96 (4.2) < 0.01
Renal disease (N [%]) 346 (1.2) 148 (0.7) 79 (0.4) 8 (0.6) 2 (1.4) 27 (1.2) < 0.01
Connective tissue disease (N

[%])
208 (0.7) 92 (0.4) 37 (0.2) 8 (0.6) 3 (2.1) 14 (0.6) < 0.01

Heart disease (N [%]) 596 (2.0) 200 (0.9) 59 (0.3) 5 (0.4) 1 (0.7) 14 (0.6) < 0.01
Hypertensive disorders of

pregnancy (N [%])
948 (3.2) 851 (4.0) 492 (2.6) 22 (1.8) 3 (2.1) 75 (3.3) < 0.01

Nulliparity (N [%]) 7793 (26.5) 4688 (22.0) 3477 (18.6) 333 (26.9) 27 (19.3) 590 (26.0) < 0.01
Singleton gestation (N [%]) 26569 (90.3) 19840 (93.0) 17858 (95.6) 1184 (95.5) 130 ( 92.3) 2112 (93.1) < 0.01
Preterm birth < 37weeks (N [%]) 7181 (24.4) 5130 (24.1) 2668 (14.3) 175 (14.1) 43 (30.7) 498 (22.0) < 0.01

Fig. 1 Derivation of study
population. Women were
excluded from the analysis if no
delivery date was recorded. From
73,257 women included in the
parent trial, 73,096 remained for
this analysis
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significantly higher for non-Hispanic black (aOR 1.15, 95%
CI 0.79–1.67, p = 0.46) or Hispanic women (aOR 0.78, 95%
CI 0.50–1.24, p = 0.30) compared to non-Hispanic white
women.

Discussion

In this cohort of obstetric patients, there was no difference in
the frequency of critical care interventions by race and ethnic-
ity after adjusting for baseline differences including co-mor-
bidities. While non-Hispanic black women did have a higher
incidence of CCI in unadjusted analysis, this did not persist
after adjustment for potentially confounding variables.
Similarly, the only significant difference in CCI frequency
by co-morbidity sub-group existed for heart disease and fa-
vored increased CCI for non-Hispanic white patients com-
pared to non-Hispanic black and Hispanic women. Mortality
in this cohort, however, was significantly higher for non-
Hispanic black women compared to non-Hispanic white and
Hispanic women. These findings suggest that a possible root
cause of the known outcome disparity among women with
different racial backgrounds may relate to appropriate care
escalation for specific groups of women, which ultimately
can precipitate divergent outcomes.

Significant prior research has demonstrated that black race
and Hispanic ethnicity are independently associated with se-
vere maternal morbidity [4]. Given this knowledge, it would
seem that the level of care afforded to black and Hispanic
patients should be higher, to account for this increased mor-
bidity and to combat it. However, this study, which utilizes a
composite critical care intervention outcome variable, demon-
strates no difference in higher level of care interventions
across racial and ethnic groups after accounting for potential
confounders. It is possible, therefore, that failure to escalate
care in an appropriate or timely fashion could be a previously
unidentified factor in the phenomenon of racial disparities in
obstetrics. Implicit bias may be a mechanism in this problem

[14, 15], and this research suggests that a lower intensity of
care could be implicated in the manifestation of this bias.
Innovative solutions are necessary to pave the way forward
for better care for all women, such as implicit bias training and
simulation for clinical staff, and electronic medical record-
generated trigger tools to detect acuity that are inherently
“race-blind.”

The findings of this study invite further investigation into
the role of level of care in obstetric racial disparities. In the
context of the general epidemic of maternal morbidity and
mortality, there has been significant research and policy head-
way concentrated on understanding and improving maternal
level of care and risk-appropriate care in pregnancy [16, 17].
This has been coupled with research dedicated to understand-
ing critical illness in pregnancy and patterns of intensive care
utilization by obstetric patients [18–20]. However, it is un-
known whether there is practice trend toward inadequate crit-
ical care utilization for black and Hispanic women. This is an
essential future direction for research in an attempt to reduce
the burden of obstetric racial disparities and should involve
further study of intensive care admission and other proxy
measures of care escalation to assess for disproportionality
between morbidity burden and hospital care utilization.

The strengths of this study include the richness of the par-
ent study, which possesses granular clinical data that allows
for the assessment of a composite critical care outcome based
on research-quality, as opposed to administrative, data.
However, the study is limited by the extent of the variables
available for analysis in the original, its inclusion of primarily
major academic medical centers, and the data collection time
frame from 1999 to 2002, all of which may render the results
less generalizable and less relevant to contemporary clinical
practice. It is also limited by its inclusion only of patients who
underwent cesarean delivery which may impact generalizabil-
ity and introduce bias into the results. Prior research has al-
ready demonstrated differences in cesarean section rates by
race [21]. Finally, the study is limited by the assumption that
all components in the critical care composite represent true

Table 2 Association of
race/ethnicity with maternal
critical care interventions

OR 95% CI P value aOR* 95% CI P value

Non-Hispanic White --Reference--

Non-Hispanic Black 1.27 1.04–1.56 0.02 1.15 0.79–1.67 0.46

Hispanic 0.78 0.62–1.00 0.05 0.78 0.50–1.24 0.30

Asian 0.71 0.31–1.60 0.40 0.63 0.15–2.57 0.52

Native American 1.05 0.15–7.52 0.96 2.01 0.27–14.96 0.49

Unknown 0.77 0.43–1.39 0.39 0.78 0.31–1.93 0.58

*Model adjusted for maternal age, BMI, marital status, education, nulliparity, plurality, toxic exposures during
pregnancy (tobacco, alcohol, illicit drugs), maternal co-morbidities (hypertension, heart disease, renal disease,
diabetes, thyroid disease, seizure disorders, asthma, and connective tissue disease), anemia, thrombocytopenia,
hypertensive disorders of pregnancy, and attempted vaginal delivery
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care escalations, which may vary based on individual hospital
standards of practice.

Racial disparities in obstetric outcomes remain a pervasive
problem in obstetrics and every effort must be taken to under-
stand and address them. This study sheds light on the role that
escalation of care may play in yielding these disparate out-
comes. Given that there is a known morbidity and mortality
differential across racial and ethnic groups, the parity ob-
served in critical care interventions in this study suggests a
possible failure to intervene on behalf of patients from minor-
ity backgrounds. This is ultimately a concern that must be
targeted as part of our efforts to reduce maternal morbidity
and mortality and racial disparities.
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