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Racial and ethnic disparities in obstetric care and delivery
outcomes have been previously reported, showing black
women experience disproportionately higher rates of mortal-
ity and morbidity associated with pregnancy than all other
racial and ethnic groups.1–9 In the United States, black women
are two to four times more likely than white women to die in
the peripartum period due to cardiovascular, cerebrovascular,
and pulmonary complications.1,3,10–15

In addition, studies have identified black parturients to be
more likely than women from other racial and ethnic groups
to have a cesarean delivery, even when controlling for

comorbidities.1,16–25 Cesarean delivery is more deleterious
to maternal health than vaginal deliveries due to an
increased risk of poor outcomes with subsequent pregnan-
cies, longer recovery times, and longer hospital lengths of
stay (LOS).26,27 Black women are also more likely to be
readmitted after cesarean and vaginal delivery28 and have
longer postpartum hospital LOS.7

The disproportionately poor maternal outcomes experi-
enced by black women have been attributed to the cumula-
tive effects of structural racism.29–36 Demographically,
black women are more likely to live in socioeconomically
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Abstract Objective Racial and ethnic disparities in obstetric care and delivery outcomes have
shown that black women experience high rates of pregnancy-related mortality and
morbidity, along with high rates of cesarean delivery, compared with other racial and
ethnic groups. We aimed to quantify these disparities and test the effects of race/
ethnicity in stratified statistical models by insurance payer and socioeconomic status,
adjusting for comorbidities specific to an obstetric population.
Study Design We analyzed maternal outcomes in a sample of 6,872,588 delivery
records from California, Florida, Kentucky, Maryland, and New York from 2007 to 2014
from the State Inpatient Databases, Healthcare Cost and Utilization Project. We
compared present-on-admission characteristics of parturients by race/ethnicity, and
estimated logistic regression and generalized linear models to assess outcomes of in-
hospital mortality, cesarean delivery, and length of stay.
Results Compared with white women, black women were more likely to die in-
hospital (odds ratio [OR]: 1.90, 95% confidence interval [CI]: 1.47–2.45) and have a
longer average length of stay (incidence rate ratio: 1.10, 95% CI: 1.09–1.10). Black
women also were more likely to have a cesarean delivery (OR: 1.12, 95% CI 1.12–1.13)
than white women. These results largely held in stratified analyses.
Conclusion In most insurance payers and socioeconomic strata, race/ethnicity alone
is a factor that predicts parturient outcomes.
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disadvantaged areas37 and are less likely to have private
insurance as their primary insurance payer than white
women.38 These factors result in poorer access to quality
of care than other racial and ethnic groups.39 Additionally,
providers’ internalized views of their patients’ racial or
ethnic identity potentially result in implicit bias leading to
a further layer of substandard care.33,35,40 These forces
interact in a lived experience of race and ethnicity that
affects obstetric care and influences maternal health
outcomes.41

Although previous studies have controlled for income and
insurance payer as confounders of maternal outcomes, none
have examined them as effect measure modifiers of race and
ethnicity.7,21 Research utilizing data from large, representa-
tive data sets is needed to determine if these differences in
outcomes by race and ethnicity, along with the disadvantage
experienced by black women, are due to the unique experi-
ence of race and ethnicity alone, or if the effects of race and
ethnicity are modified by primary insurance type and/or
socioeconomic status.42,43

Using administrative discharge records of more than 6.8
million singleton and multiple deliveries in five states in the
United States over an 8-year period, we aimed to expand upon
existing literature by quantifying differences in maternal out-
comes between racial and ethnic groups by in-hospital mor-
tality, deliverymode, and hospital LOS. To accomplish this task,
we used data from the State Inpatient Database (SID), Health-
care Cost and Utilization Project (HCUP), and Agency for
HealthcareQualityandResearch (AHRQ); amultistate database
that approximates a census of inpatient hospital discharges in
participating states.44 We hypothesized that racial and ethnic
differences exist in outcomes in a population of peripartum
patients, and thatblackpatientsexperiencepooreroutcomesas
compared with white patients. In particular, we hypothesized
that these differences result in increased rates of in-hospital
mortality, cesarean deliveries, and longer LOS, despite control-
ling for potential confounders such as present-on-admission
comorbidities or when assessing effect modification (through
stratified statistical models) by insurance payer and socio-
economic status. Our efforts update numbers on outcomes in
a peripartum population, as well as assess the homogeneity of
the effects of race/ethnicity on these outcomes by levels of
insurance payer and socioeconomic status.

Materials and Methods

We conducted a retrospective analysis of inpatient singleton
andmultiple deliveries from patients aged� 18 years (Inter-
national Classification of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM]) using data from the SIDs (SID,
HCUP, AHRQ) from the years 2007 to 2011 for California,
and years 2007 to 2014 for Florida, New York, Maryland, and
Kentucky.44 The SID is an administrative database that
contains information on comorbidities, diagnoses, proce-
dures, and complications of procedures (all of which are
identified by ICD-9-CM codes); an indicator to distinguish
present-on-admission comorbidities and diagnoses, hospital
characteristics; patient demographics; dates of admission

and discharge; hospital LOS; and disposition at discharge.44

Records are by hospital admission.
Singleton deliveries were identified by ICD-9-CM codes

V27.0 and V27.1, and multiple births were identified by ICD-
9-CMcodesV27.2–8.Deliverieswerecategorized into cesarean
(ICD-9-CM 74.0–74.2, 74.4, 74.99), operative vaginal (ICD-9-
CM 72.0–72.9, 73.3), or normal vaginal deliveries. Ectopic and
molar pregnancies, as well as terminated pregnancies, were
excluded from analysis (ICD-9-CM 630–639, 69.01, 75.0).

The Institutional Review Board at Weill Cornell Medicine
determined this research to be exempt from review due to its
retrospective nature and lack of patient identifiers.

Outcome Measures
The primary outcome of our study was maternal inpatient
mortality. Secondary outcomes included cesarean delivery
versus a vaginal or operative vaginal delivery (i.e., forceps or
vacuum-assisted) and hospital LOS.

Patient and Hospital Variables
The primary variable of interest was race/ethnicity, which
was coded as white, black (Black or African American),
Hispanic, and Other (including Asian, Native Hawaiian or
Other Pacific Islander, Native American, and more than one
race/ethnicity). Other patient demographics examined
included parturient age; primary payer status (including
Medicare, Medicaid, private insurance, uninsured [including
self-pay and no charge], and Other [including Worker’s
Compensation, CHAMPUS, CHAMP-VA, Title V, and other
government programs]); delivery type (vaginal, operative
vaginal [including forceps and vacuumdeliveries], cesarean);
socioeconomic status (operationalized as themedian house-
hold income quartile for the patient’s ZIP code); hospital
state; hospital delivery volume quartile; and year of delivery.

Present-on-admission comorbidities included the index
developed by Bateman et al,45 a validated comorbidity score
for use in obstetric populations.46 The Bateman index includes
weightedmeasures that predict maternal end-organ injury or
death, including severe preeclampsia or eclampsia, chronic
congestive heart failure, congenital heart disease, pulmonary
hypertension, chronic ischemic heart disease, sickle cell dis-
ease, multiple gestation, cardiac valvular disease, systemic
lupus erythematosus, human immunodeficiency virus, mild
or unspecified preeclampsia (without severe preeclampsia or
eclampsia), drug abuse, placenta previa, chronic renal disease,
preexisting hypertension, previous cesarean delivery, gesta-
tional hypertension, alcohol abuse, asthma, preexisting dia-
betesmellitus, andmaternal age older than 35 (categorized as
ages 35–39, 40–44, and 45þ ).

Statistical Analyses
Descriptive statistics by racial/ethnic group and delivery
type were calculated separately. Variables were compared
in unadjusted analyses using the appropriate parametric and
nonparametric tests for categorical and ordinal or contin-
uous variables: Pearson’s chi-square test, Fisher’s exact test,
one-way analysis of variance, Mann–Whitney U-test, or
Kruskal–Wallis test.
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Multivariate Models
We fit multivariate logistic regression models to predict the
outcomes of in-hospital mortality and cesarean deliveries.
We fit multivariate generalized linear models with a log link
that followed a negative binomial distribution to predict the
count outcome of LOS.

Predictor variables in allmultivariatemodelswere chosen
a priori; allwere significantly different between racial/ethnic
groups at α �0.05: race (reference: white), primary payer
(reference: private insurance), median household income
quartile (reference: first quartile), patient age as a linear
term, the maternal comorbidity index as defined by Bate-
man,45 hospital state (reference: Florida), delivery year
(reference: 2007), and hospital delivery volume (reference:
first quartile).

For each multivariate model, only observations with
nonmissing covariate data were included. For each outcome,
a model was run containing the aforementioned predictor
variables. Each model contained only these predictor vari-
ables; a variable indicating delivery type (reference: vaginal
delivery) was additionally included in models for the out-
comes of inpatient mortality and LOS.

Subsequent stratified multivariate models for each out-
come were run by subpopulations of social determinants of
health: primary insurance payer and quartile of median
income for the patient’s residential ZIP code. These models
contained all of the variables present in the main models,
save for the variable by which they were stratified. Stratified
models were used to assess potential heterogeneity in the
effects of race/ethnicity between the main models and
within each category of insurance payer and median income
quartile.

For dichotomous outcomes, the area under the receiver
operating characteristic curvewas calculated to assessmodel
discrimination. Assumptions regarding the distribution of
the LOS were assessed graphically.

Data are expressed as n (percent), mean (standard devia-
tion), median (interquartile range [IQR]) in bivariate ana-
lyses; odds ratio (OR, 95% confidence interval, CI) for logistic
regression models; or incidence rate ratio (IRR, 95% CI) for
generalized linear models with negative binomial distribu-
tions. All p-values are two-sided, and statistical significance
is evaluated at the 0.05 α level. Data analysis was conducted
in SAS 9.4 (SAS Institute, Cary, NC) and in Stata SE 15
(StataCorp, College Station, TX).

Results

Sample Attrition
There were 7,109,892 records in the database with an
identified singleton or multiple birth. After dropping cases
with missing values on age, the sample size decreased to
7,097,656. Following the exclusion criteria of Cheesman et al,
we omitted cases of ectopic and molar pregnancies, abor-
tions, dilation and curettage for termination of pregnancy,
aspiration curettage for termination of pregnancy, hyster-
ectomy to terminate pregnancy, and intra-amniotic injec-
tions for abortions, which reduced the sample size to

7,097,179.47 The sample was further reduced to include
only patients 18 years or older (6,893,416), with a nonmiss-
ing value on gender (6,875,717), a nonmissing final disposi-
tion (6,875,593), nonmissing data on primary insurance
payer (6,874,806), and with no more than one type of
preeclampsia coded on the record (including no preeclamp-
sia). This resulted in a final sample size of 6,872,588.

Descriptive Statistics
A total of 6,872,588 patients were included in the sample;
2,922,680 (42.5%) were white, 1,930,270 (28.1%) were His-
panic, 957,513 (13.9%) were black, and 871,624 (12.7%) were
of another race/ethnicity (►Table 1). In addition, 190,501
(2.8%) of the sample had missing values on race/ethnicity.
Black women had the highest percentage of cesarean deliv-
eries, at 38.3%, followed by Hispanic women, white women,
and women of other races/ethnicities.

Hispanic women had the highest proportion of vaginal
deliveries (excluding forceps or vacuum deliveries), at
60.8%, followed by white women, women of other races/
ethnicities, and black women. Black women were most
likely to live in the lowest quartile of median income, and
women of other races/ethnicities were most likely to live in
the top quartile of median income. Two-thirds of Hispanic
women were insured by Medicaid, along with nearly
the same percentage of black women. Approximately one-
third of women of other races/ethnicities and white
women were insured by Medicaid. White women had the
highest proportion of all racial/ethnic groups of private
insurance.

Each racial/ethnic group had the same median scores on
the Bateman comorbidity index, which ranged in values from
0 to 21 (data not shown).

The largest proportion of cesarean deliveries in a popula-
tion of black parturients were among thosewithMedicare or
private insurance (45.2 and 42.6%, respectively, unpublished
data), compared with black women insured by Medicaid
(36.4%), with other types of insurance (37.8%), or uninsured
(33.6%). By comparison, the largest proportion of cesarean
deliveries in a population of white patientswaswith patients
insured by Medicare (45.1%), followed by private insurance
(36.4%), other insurance (32.2%), Medicaid (32.1%), and
uninsured (29.6%). In a Hispanic patient population, the
highest proportion of those having a cesarean delivery
were also onMedicare (46.5%), followed by private insurance
(38.2%), other insurance (34.6%), Medicaid (34.1%), and
uninsured (32.1%). Finally, in a patient population of those
from other races, 42.7% of Medicaid patients had cesarean
delivery, followed by 35.5% of patients with private insur-
ance, 31.8% with Medicaid, 34.1% with other types of insur-
ance, and 30.9% of uninsured.

The rate of cesarean deliveries increased with each suc-
cessive increase in median income quartile in a black patient
population: 37.3% in the first quartile, 39.2% in the second
quartile, 40.1% in the third quartile, and 41.2% in the fourth
quartile. For white patients, the rate of cesarean deliveries
followed approximately the same pattern: 32.8% in the first
quartile, 34.2% in the second, 34.8% in the third, and 37.2% in
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Table 2 Descriptive statistics by delivery type

Delivery type

Characteristic Vaginal delivery Operative vaginal Cesarean delivery Total p-Value

Total 4,146,983 (60.3) 302,401 (4.4) 2,423,204 (35.3) 6,872,588 (100.0)

Age in years < 0.0001

Mean (standard deviation) 28.02 (5.81) 27.96 (5.98) 29.66 (6.07) 28.59 (5.97)

Race < 0.0001

White 1,771,410 (42.7) 132,089 (43.7) 1,019,181 (42.1) 2,922,680 (42.5)

Black 559,875 (13.5) 30,641 (10.1) 366,997 (15.1) 957,513 (13.9)

Hispanic 1,173,464 (28.3) 76,534 (25.3) 680,272 (28.1) 1,930,270 (28.1)

Other 524,081 (12.6) 53,031 (17.5) 294,512 (12.2) 871,624 (12.7)

Missing 118,153 (2.8) 10,106 (3.3) 62,242 (2.6) 190,501 (2.8)

Year < 0.0001

2007 665,124 (16.0) 55,559 (18.4) 375,420 (15.5) 1,096,103 (15.9)

2008 651,081 (15.7) 51,370 (17.0) 372,445 (15.4) 1,074,896 (15.6)

2009 627,856 (15.1) 47,569 (15.7) 368,598 (15.2) 1,044,023 (15.2)

2010 614,343 (14.8) 45,596 (15.1) 357,834 (14.8) 1,017,773 (14.8)

2011 609,179 (14.7) 44,496 (14.7) 355,133 (14.7) 1,008,808 (14.7)

2012 325,432 (7.8) 20,088 (6.6) 198,670 (8.2) 544,190 (7.9)

2013 322,713 (7.8) 18,978 (6.3) 197,101 (8.1) 538,792 (7.8)

2014 331,255 (8.0) 18,745 (6.2) 198,003 (8.2) 548,003 (8.0)

State < 0.0001

California 1,492,973 (36.0) 135,345 (44.8) 815,148 (33.6) 2,443,466 (35.6)

Florida 949,901 (22.9) 56,154 (18.6) 644,599 (26.6) 1,650,654 (24.0)

Kentucky 232,667 (5.6) 20,936 (6.9) 147,642 (6.1) 401,245 (5.8)

Maryland 323,229 (7.8) 24,849 (8.2) 184,087 (7.6) 532,165 (7.7)

New York 1,148,213 (27.7) 65,117 (21.5) 631,728 (26.1) 1,845,058 (26.8)

Median household income state quartile for patient
ZIP code

< 0.0001

First quartile 1,178,675 (28.4) 77,658 (25.7) 661,521 (27.3) 1,917,854 (27.9)

Second quartile 1,018,750 (24.6) 76,674 (25.4) 588,970 (24.3) 1,684,394 (24.5)

Third quartile 966,701 (23.3) 73,424 (24.3) 569,679 (23.5) 1,609,804 (23.4)

Fourth quartile 817,882 (19.7) 65,452 (21.6) 520,784 (21.5) 1,404,118 (20.4)

Missing 164,975 (4.0) 9,193 (3.0) 82,250 (3.4) 256,418 (3.7)

Payer < 0.0001

Medicare 16,489 (0.4) 1,150 (0.4) 14,483 (0.6) 32,122 (0.5)

Medicaid 2,000,245 (48.2) 129,712 (42.9) 1,079,685 (44.6) 3,209,642 (46.7)

Private insurance 1,903,782 (45.9) 155,997 (51.6) 1,214,205 (50.1) 3,273,984 (47.6)

Other 84,793 (2.0) 6,403 (2.1) 46,046 (1.9) 137,242 (2.0)

Self-pay/No charge 141,674 (3.4) 9,139 (3.0) 68,785 (2.8) 219,598 (3.2)

Disposition at discharge < 0.0001

Routine 4,083,569 (98.5) 297,727 (98.5) 2,378,027 (98.1) 6,759,323 (98.4)

Transfer to short-term hospital 1,483 (0.0) 149 (0.0) 2,926 (0.1) 4,558 (0.1)

Home health care 56,371 (1.4) 4,200 (1.4) 38,167 (1.6) 98,738 (1.4)

Died 110 (0.0) 12 (0.0) 366 (0.0) 488 (0.0)

Transfer to other, against medical advice,
or destination unknown

5,450 (0.1) 313 (0.1) 3,718 (0.2) 9,481 (0.1)

Hospital volume < 0.0001

First quartile 1,047,978 (25.3) 82,577 (27.3) 579,771 (23.9) 1,710,326 (24.9)

Second quartile 1,034,357 (24.9) 81,453 (26.9) 610,198 (25.2) 1,726,008 (25.1)

(Continued)
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the fourth. Among Hispanic patients, 35.2% of the first
income quartile, 35.0% in the second, 35.2% in the third,
and 37.6% in the fourth had cesarean deliveries. Finally, those
in other races/ethnicities had the lowest rates of cesarean
deliveries across the board: 31.6% of the first quartile of

median income, 34.4% of the second, 34.7% of the third, and
35.1% of the fourth.

Patients with vaginal or operative deliveries had amedian
score of 0 (IQR: 0; 1) on the Bateman comorbidity index,
while cesarean deliveries had a 1 (IQR: 0; 2) (►Table 2).

Table 2 (Continued)

Delivery type

Characteristic Vaginal delivery Operative vaginal Cesarean delivery Total p-Value

Third quartile 1,048,627 (25.3) 68,085 (22.5) 600,958 (24.8) 1,717,670 (25.0)

Fourth quartile 1,016,021 (24.5) 70,286 (23.2) 632,277 (26.1) 1,718,584 (25.0)

Bateman et al (2013) comorbidities

Alcohol abuse 4,384 (0.1) 226 (0.1) 2,509 (0.1) 7,119 (0.1) < 0.0001

Asthma 132,142 (3.2) 7,927 (2.6) 95,571 (3.9) 235,640 (3.4) < 0.0001

Cardiac valvular disease 13,627 (0.3) 1,120 (0.4) 11,107 (0.5) 25,854 (0.4) < 0.0001

Chronic congestive heart failure 24 (0.0) < 11 (< 0.0) 72 (0.0) < 107 (< 0.0) < 0.0001

Chronic ischemic heart disease 260 (0.0) 39 (0.0) 419 (0.0) 718 (0.0) < 0.0001

Chronic renal disease 7,727 (0.2) 552 (0.2) 7,056 (0.3) 15,335 (0.2) < 0.0001

Congenital heart disease 2,192 (0.1) 302 (0.1) 1,975 (0.1) 4,469 (0.1) < 0.0001

Drug abuse 58,905 (1.4) 3,352 (1.1) 34,074 (1.4) 96,331 (1.4) < 0.0001

Gestational hypertension 97,410 (2.3) 8,126 (2.7) 76,786 (3.2) 182,322 (2.7) < 0.0001

Human immunodeficiency virus 3,845 (0.1) 96 (0.0) 6,014 (0.2) 9,955 (0.1) < 0.0001

Mild or unspecified preeclampsia 74,957 (1.8) 6,517 (2.2) 91,198 (3.8) 172,672 (2.5) < 0.0001

Multiple gestation 21,207 (0.5) 3,135 (1.0) 88,507 (3.7) 112,849 (1.6) < 0.0001

Placenta previa 5,829 (0.1) 399 (0.1) 36,811 (1.5) 43,039 (0.6) < 0.0001

Preexisting diabetes mellitus 20,426 (0.5) 1,557 (0.5) 39,733 (1.6) 61,716 (0.9) < 0.0001

Preexisting hypertension 53,498 (1.3) 3,319 (1.1) 76,267 (3.1) 133,084 (1.9) < 0.0001

Previous cesarean delivery 89,409 (2.2) 8,230 (2.7) 1,065,033 (44.0) 1,162,672 (16.9) < 0.0001

Pulmonary hypertension 475 (0.0) 100 (0.0) 961 (0.0) 1,536 (0.0) < 0.0001

Severe preeclampsia 24,111 (0.6) 2,151 (0.7) 61,046 (2.5) 87,308 (1.3) < 0.0001

Sickle cell disease 7,748 (0.2) 613 (0.2) 6,102 (0.3) 14,463 (0.2) < 0.0001

Systemic lupus erythematosus 3,978 (0.1) 271 (0.1) 4,101 (0.2) 8,350 (0.1) < 0.0001

Bateman et al (2013) comorbidity index < 0.0001

Median (Q1; Q3) 0 (0; 1) 0 (0; 1) 1 (0; 2) 0 (0; 1)

In-hospital death 110 (0.0) 12 (0.0) 366 (0.0) 488 (0.0) < 0.0001

30-d readmission 27,486 (0.9) 2,308 (1.1) 34,831 (1.9) 64,625 (1.3) < 0.0001

Length of stay < 0.0001

Median (Q1; Q3) 2 (2; 3) 2 (2; 3) 3 (3; 4) 2 (2; 3)

Total charges in 2016 dollars < 0.0001

Median (Q1; Q3) 10,986
(7,414; 16,100)

12,693
(8,308; 18,675)

19,788
(12,765; 28,280)

13,366
(8,533; 20,783)

Cardiovascular complications grouped variable 451 (0.0) 52 (0.0) 1,063 (0.0) 1,566 (0.0) < 0.0001

Pulmonary complications grouped variable 1,547 (0.0) 204 (0.1) 9,803 (0.4) 11,554 (0.2) < 0.0001

Infectious complications grouped variable 3,574 (0.1) 327 (0.1) 6,501 (0.3) 10,402 (0.2) < 0.0001

Intraoperative complication grouped variable 306 (0.0) 28 (0.0) 2,760 (0.1) 3,094 (0.0) < 0.0001

Digestive system complication 53 (0.0) < 11 (< 0.0) 921 (0.0) < 985 (< 0.0) < 0.0001

Any complication 5,653 (0.1) 568 (0.2) 19,606 (0.8) 25,827 (0.4) < 0.0001

Abbreviations: IQR, interquartile range; SD, standard deviation.
Note: Percents may not sum to 100 due to rounding and missing values. Continuous variables analyzed using analysis of variance; categorical
variables analyzed using Pearson’s chi-square test or Fisher’s exact test. Data provided as n (%), mean (SD), or median (IQR), as appropriate.
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Less than 1% of the women in the entire sample died in-
hospital (►Table 1). In an overall sample, black women had
the longest LOS of all racial/ethnic groups.

Multivariate Results

In-Hospital Mortality
After adjustment for patient-level (race [reference: white],
primary payer [reference: private insurance], median house-
hold income quartile [reference: first quartile], patient age as
a linear term, the maternal comorbidity index as defined by
Bateman,45 and delivery type [reference: vaginal]) and hos-
pital-level variables (hospital state [reference: Florida],
delivery year [reference: 2007], and hospital delivery volume
[reference: first quartile]), black patients were 90% more
likely to die in-hospital when compared with white women
(►Table 3). Each incremental increase on the Bateman
comorbidity index resulted in a 45% increase in the like-
lihood of in-hospital maternal mortality (OR: 1.45, 95% CI:
1.39–1.51, p < 0.001, data not shown). Stratified subgroup
analysis by insurance status showed that black women with
Medicaid insurance and black womenwith private insurance
had increased odds of in-hospital death when compared
with white women with those respective insurances. In a
sample of Medicaid patients only, black women were 61%
more likely than white women to die in-hospital; black
women and women of other races/ethnicities (individually)
were more than 100% more likely than white women to die
in-hospital in a sample of patients with private insurance. In

a population of patients with other insurance, Hispanic
womenwere more than four times as likely as white women
to die in-hospital.

In populations of the lowest and highest income quartiles,
respectively, no racial/ethnic groupwas significantlymore or
less likely to die in-hospital as comparedwithwhite patients,
though this negative finding could be attributed to the small
number of individuals in the entire sample who died in the
inpatient setting.

Delivery Type
After adjustment for patient-level (race [reference: white],
primary payer [reference: private insurance], median house-
hold income quartile [reference: first quartile], patient age as
a linear term, the maternal comorbidity index as defined by
Bateman45) and hospital-level variables (hospital state
[reference: Florida], delivery year [reference: 2007], and
hospital delivery volume [reference: first quartile]),
6,872,588 women had nonmissing data on all model covari-
ates and were included in our analysis. Black and Hispanic
women were 12 and 23% more likely, respectively, when
compared with white women to have undergone a cesarean
delivery as compared with a vaginal delivery (►Table 4).
Women of other races/ethnicities were also more likely than
whitewomen to have an increased odds of cesarean delivery.
For each incremental increase on the Bateman comorbidity
index, women became 2.20 times more likely to have a
cesarean delivery (OR: 2.20, 95% CI: 2.20–2.20, p < 0.001,
data not shown).

Table 3 Risk-adjusted outcomes of in-hospital mortality according to race and ethnicity

Population White (reference) Black Hispanic Other Missing N

Full sample 1.00 1.90c

(1.47, 2.45)
1.17
(0.91, 1.52)

1.33
(0.97, 1.82)

1.44
(0.81, 2.56)

6,872,588

Medicare only 1.00 0.47
(0.08, 2.62)

0.56
(0.06, 5.12)

1.00
(1.00, 1.00)

1.00
(1.00, 1.00)

9,823

Medicaid only 1.00 1.61b

(1.15, 2.27)
0.91
(0.64, 1.30)

1.08
(0.66, 1.76)

0.75
(0.27, 2.08)

3,209,642

Private insurance only 1.00 2.52c

(1.65, 3.84)
1.49
(0.95, 2.34)

2.03b

(1.31, 3.15)
3.05b

(1.45, 6.43)
3,273,984

Other insurance only 1.00 1.07
(0.11, 10.08)

4.49a

(1.21, 16.69)
1.00
(1.00, 1.00)

1.92
(0.16, 23.38)

54,491

Uninsured only 1.00 1.38
(0.48, 3.95)

0.68
(0.23, 2.00)

0.51
(0.14, 1.90)

1.00
(1.00, 1.00)

213,901

Median income
quartile 1 (lowest) only

1.00 1.45
(0.97, 2.16)

0.93
(0.61, 1.43)

0.81
(0.41, 1.59)

0.84
(0.26, 2.73)

1,917,854

Median income
quartile 2 only

1.00 1.84a

(1.02, 3.33)
1.77a

(1.04, 3.01)
2.72b

(1.48, 4.98)
1.09
(0.25, 4.65)

1,676,265

Median income
quartile 3 only

1.00 3.32c

(2.01, 5.49)
1.01
(0.56, 1.84)

2.12a

(1.18, 3.81)
1.06
(0.25, 4.50)

1,609,804

Median income
quartile 4 (highest) only

1.00 0.92
(0.35, 2.46)

0.98
(0.48, 1.98)

0.51
(0.20, 1.33)

3.38a

(1.28, 8.91)
1,399,986

Abbreviation: CI, confidence interval.
Note: All numbers reported are odds ratios (95% CI) unless noted otherwise.
ap < 0.05.
bp < 0.01.
cp < 0.001.
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Black women, Hispanic women, and women of other
races/ethnicities continued to have increased odds of cesar-
ean delivery compared with white women when stratified
subgroup analysis were performed by primary payer status
for Medicaid insurance, private insurance, other insurance,
and in an uninsured population. However, in a population of
Medicare patients, black women had reduced odds of cesar-
ean delivery compared with white women. Black women,
Hispanic women, andwomen of other races/ethnicities were
also individually more likely than white women to have
increased odds of a cesarean delivery in each quartile of
median income, with Hispanic women having the highest
odds of a cesarean delivery as compared with white women
in each quartile of median income.

Length of Stay
Models of LOS were interpreted using the IRR, which is the
ratio of the average LOS for one group versus the average LOS
for the reference group. In adjusted models (in which patient-
and hospital-level variables were controlled for—including
delivery type), black women had an average LOS 1.10 times
greater thanwhitewomen (►Table 5). This increase in average
LOS was similarly significant in stratified analyses for each
primary insurance payer type and quartile of median income.
For each successively higher median income bracket as com-
pared with the lowest bracket of median income, the average
LOS for black as compared with white women decreased. For

each successive increase in the Bateman comorbidity index,
the average LOS increased by 8% (IRR: 1.08, 95% CI: 1.08–1.08,
p < 0.001, data not shown).

Hispanic women and women of other races/ethnicities
were expected to have slightly longer LOS thanwhitewomen,
though thesefindingswere not uniform in stratified analyses
by insurance payer and median income quartile.

Discussion

Using comprehensive discharge data from a geographically
diverse population in theUnited States over an 8-year period,
we identified disparities by race and ethnicity in maternal
mortality, delivery type, and LOS.

For each of our outcomes, race/ethnicity served as an
independent predictor when controlling for patient demo-
graphics, patient comorbidities specific to an obstetric popula-
tion, and hospital-level variables. In stratified models, we
analyzed outcomes in subgroups of insurance payer and med-
ian income quartile to assess the homogeneity of the effect of
race/ethnicity across strata. Our findings suggest that race/
ethnicity is a significant predictor of in-hospital mortality,
having a cesarean delivery, and having a longer expected LOS,
even in many cases when testing for effect modification by
insurance payer and median income category. Notably, our
findingsof thehomogeneityof theeffectof race/ethnicity inour
primary outcome offer confirmatory evidence that black

Table 4 Risk-adjusted outcomes of having a cesarean delivery (vs. vaginal or operative vaginal delivery) according to race and
ethnicity

Population White (reference) Black Hispanic Other Missing N

Full sample 1.00 1.12c

(1.12, 1.13)
1.23c

(1.22, 1.23)
1.08c

(1.07, 1.08)
1.11c

(1.09, 1.12)
6,872,588

Medicare only 1.00 0.88c

(0.83, 0.93)
1.07
(0.99, 1.15)

0.94
(0.84, 1.03)

1.03
(0.89, 1.18)

32,122

Medicaid only 1.00 1.14c

(1.13, 1.14)
1.23c

(1.22, 1.24)
1.15c

(1.14, 1.16)
1.12c

(1.10, 1.14)
3,209,642

Private insurance only 1.00 1.16c

(1.15, 1.17)
1.20c

(1.19, 1.21)
1.05c

(1.04, 1.06)
1.09c

(1.07, 1.10)
3,273,984

Other insurance only 1.00 1.15c

(1.11, 1.20)
1.15c

(1.11, 1.19)
1.06b

(1.02, 1.10)
1.16c

(1.10, 1.23)
137,242

Uninsured only 1.00 1.17c

(1.13, 1.21)
1.26c

(1.23, 1.30)
1.24c

(1.20, 1.28)
1.07a

(1.00, 1.14)
219,598

Median income
quartile 1 (lowest) only

1.00 1.15c

(1.14, 1.16)
1.28c

(1.27, 1.29)
1.11c

(1.10, 1.13)
1.11c

(1.09, 1.14)
1,917,854

Median income
quartile 2 only

1.00 1.15c

(1.14, 1.16)
1.18c

(1.17, 1.19)
1.11c

(1.09, 1.12)
1.11c

(1.09, 1.13)
1,684,394

Median income
quartile 3 only

1.00 1.20c

(1.18, 1.21)
1.23c

(1.22, 1.24)
1.10c

(1.09, 1.12)
1.11c

(1.08, 1.13)
1,609,804

Median income
quartile 4 (highest) only

1.00 1.14c

(1.12, 1.16)
1.19c

(1.18, 1.20)
1.04c

(1.03, 1.05)
1.13c

(1.10, 1.15)
1,404,118

Abbreviation: CI, confidence interval.
Note: All numbers reported are odds ratios (95% CI) unless noted otherwise.
ap < 0.05.
bp < 0.01.
cp < 0.001.
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women across all insurance categories and quartiles ofmedian
incomeexperience increasedoddsofhavingacesareandelivery
as compared with white women.

To our knowledge, assessing effect modification by either
primary insurance payer or median income quartile in the
relationship between maternal race/ethnicity and outcomes
has hereto not been performed, allowing for an important
contribution to the literature.Moreover, the large, longitudinal
sample in our analysis offers a generalizable insight into the
effects of race/ethnicity on maternal outcomes. Perhaps most
importantly, our multivariate analyses adjust for present-on-
admission maternal-specific comorbidities from the Bateman
index; adjustment by this index has not been done previously
in a multistate analysis of data from the SID. Evenwhen these
comorbidities are taken into account, black women still
experience poorer outcomes compared with white women.

In-Hospital Maternal Mortality/Length of Stay
Our results confirm the findings of a multitude of studies
showing racial and ethnic differences in rates of maternal
mortality, with black women being disproportionately
affected.1–8,10–15 In our adjusted models, black women were
90%more likely thanwhitewomen to die in-hospital; the same
was true in stratified analyses by Medicaid and private insur-
ancepopulations,withanespecially strong increased likelihood
of inpatient mortality in a population of black patients with
private insurance.Blackwomenwerealsomorelikely tohavean
expectedslight increase inLOSascomparedwithwhitewomen,

even when controlling for delivery type in adjusted analyses.
This corroborated the findings of Tanner et al, who concluded
that black womenwere more likely thanwhite women to have
LOS longer than 3 days after a scheduled cesarean delivery.48

Stratified analyses by payer type and median income
quartile are especially advantageous in examining the rela-
tionship between race/ethnicity and LOS, noting the com-
plexities of the contributing factors to LOS, ranging from
patient, provider, and insurance payer preferences.49

Cesarean Delivery
Consistent with the existing literature, we found differences
in racial and ethnic groups in delivery type. Therewere small
but significant differences in the prevalence of cesarean
deliveries across all racial and ethnic groups, with black
women having the highest percentage (38.3%, ►Table 1). In
an adjusted logistic regression model, black women were
significantly more likely than white women to undergo a
cesarean delivery when controlling for patient-level comor-
bidities and hospital characteristics; these estimates were
more exaggerated in a population of Hispanic women
(►Table 4). For black women, these results were maintained
in stratified analyses by categories of insurance payer and
median income quartile. Among Hispanic women, results of
a higher likelihood of cesarean delivery as compared with
white women were consistent across all stratified models,
save for in a population ofMedicare patients. These estimates
of the effects of race/ethnicity on the likelihood of cesarean

Table 5 Risk-adjusted outcomes of length of stay (count outcome) according to race and ethnicity

Population White (reference) Black Hispanic Other Missing N

Full sample 1.00 1.10c

(1.09, 1.10)
1.01c

(1.01, 1.01)
1.04c

(1.04, 1.05)
1.01c

(1.01, 1.02)
6,872,582

Medicare only 1.00 1.10c

(1.07, 1.14)
1.03
(0.99, 1.07)

1.05
(1.00, 1.11)

0.98
(0.91, 1.06)

32,122

Medicaid only 1.00 1.10c

(1.09, 1.10)
1.03c

(1.02, 1.03)
1.05c

(1.04, 1.05)
1.02c

(1.01, 1.03)
3,209,640

Private insurance only 1.00 1.10c

(1.09, 1.10)
0.98c

(0.98, 0.98)
1.05c

(1.04, 1.05)
1.01
(1.00, 1.02)

3,273,981

Other insurance only 1.00 1.10c

(1.08, 1.12)
1.02
(1.00, 1.04)

1.03a

(1.01, 1.05)
1.00
(0.97, 1.03)

137,242

Uninsured only 1.00 1.13c

(1.11, 1.15)
1.06c

(1.04, 1.07)
1.03c

(1.01, 1.04)
1.03
(0.99, 1.06)

219,597

Median income
quartile 1 (lowest) only

1.00 1.11c

(1.10, 1.12)
1.04c

(1.03, 1.04)
1.05c

(1.04, 1.06)
1.03c

(1.01, 1.04)
1,917,854

Median income
quartile 2 only

1.00 1.09c

(1.09, 1.10)
1.01b

(1.00, 1.01)
1.05c

(1.04, 1.05)
1.01a

(1.00, 1.03)
1,684,389

Median income
quartile 3 only

1.00 1.09c

(1.08, 1.10)
1.01a

(1.00, 1.01)
1.04c

(1.04, 1.05)
1.01a

(1.00, 1.02)
1,609,803

Median income
quartile 4 (highest) only

1.00 1.08c

(1.07, 1.08)
1.00
(0.99, 1.00)

1.04c

(1.03, 1.04)
1.00
(0.99, 1.01)

1,404,118

Abbreviation: CI, confidence interval.
Note: All numbers reported are incidence rate ratios (95% CI) unless noted otherwise.
ap < 0.05.
bp < 0.01.
cp < 0.001.
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delivery in bothmodels with the full sample and stratified by
median income quartile and insurance payer point to the
importance of race/ethnicity as a predictor of delivery type.

Explanations about rates of cesarean delivery across racial
and ethnic groups vary: studies have suggested that physician
preference, maternal request, and clinical indications (such as
nonreassuring fetal heart tracings or fetal distress) all play a
role indetermining the likelihoodofa cesareandelivery.23,50,51

Roth and Henley noted the advantage of white women and
more highly educated women, both of whom have better
access to care and better communication with health care
providers; these populations are less likely to have cesarean
deliveries.23 An additional explanation for some of the racial/
ethnic disparities in rates of cesarean deliveries is based on
medical need: black women are more likely to have an
“unnecessary” primary cesarean delivery—when such a pro-
cedure is notmedically indicated, but is preferred forfinancial,
medico-legal, or patientdemographic factors, amongothers.22

The epidemiological evidence of racial and ethnic dispa-
rities is manifold.

When adjusting for patient characteristics, Chung et al
concluded that black womenwere 75%more likely thanwhite
women tohave a cesareandelivery.20 Inmodels further adding
fixed effects of hospital along with random (clustering) effects
of physicians, black women were 54% more likely than white
women to undergo a cesarean delivery. Braveman et al found
that black womenwere 24%more likely thanwhite women to
undergo cesarean deliveries after adjustment for sociodemo-
graphic categories andmedical risk factors, as well as hospital
characteristics.18 Roth and Henley added black women were
33%more likely thanwhitewomen to have a primary cesarean
delivery, evenwhen adjusting for demographic and pregnancy
characteristics, maternal health risks, and complications of
labor and delivery.23 Finally, in adjusted models, Aron et al
found that nonwhites had higher rates of cesarean delivery
(OR: 1.34; 95% CI: 1.14–1.57) than whites.16 Despite these
multiple studies, contrary findings do exist. In a nationally
representative sample,Witt et al discovered that therewas no
effect of race on the likelihood of bothmedically indicated and
nonmedically indicated cesarean deliveries; indeed, the stron-
gest predictor was having a previous cesarean delivery.17 At
the provider level, Metz et al found no racial and ethnic
differences in cesarean deliveries between providers who
had low, medium, and high rates of primary cesarean deliv-
eries.52 These findings suggest that clinical necessity and
provider preference may be most influential in determining
delivery type, though mediated by sociodemographic factors.

Limitations

The SID is an administrative database comprised of data from
billing records, which subjects it to concerns of validity. Data
may be inaccurately coded or incomplete. Specific to variables
in this study, research to validate coding practices in admin-
istrative databases has shown that delivery type has high
sensitivities and positive predictive values, though select
comorbidities do not.53,54 Importantly, the SID does not con-
tain physician-level data to show provider preference for

delivery type and whether this preference was clinically
motivated (e.g., due to vertex presentation); the individual
physician’s preference has been shown to be an important
factor in the likelihood of a cesarean delivery, net of hospital
factors or patient comorbidities.52 Nor does the SID contain
data on patient preference, which could also affect the like-
lihood of a cesarean delivery.18

The SID lacks information on the severity of comorbidities,
aswell as anydataonmedications orothermarkers of prenatal
care. Neither does the SID contain behavioral or social mea-
sures on part of the patient or provider. These measures are
potentially relevant factors in explaining the impact of race/
ethnicity on our outcomes.55,56 In addition, body mass index,
which has been shown to be a significant predictor of adverse
perinatal outcomes,57–61 is not available in the SID.

The unit of analysis in the SID is the inpatient discharge,
allowing for multiple records per patient in the database
with multiple pregnancies in the included states and years.

The obstetric comorbidity index used in our multivariate
analyses was designed to predict maternal death or end-
organ injury,45 although we have included it in multivariate
analyses where death or end-organ injury is not the out-
come. Even though this index has been validated,46 we
cannot be certain that it captures the totality of patient
conditions that might contribute to each of our outcomes.

In addition, 2.8% of our sample (190,501) hadmissing data
on race/ethnicity. Because the percentage of the total sample
with missing data on race/ethnicity was below an arbitrary
cutoff point of 5%, we elected not to conduct a sensitivity
analysis, despite our assumption that the data on race and
ethnicity were not missing at random.62 Finally, we were
unable to conduct multilevel analyses with hospital as a
clustering variable due tomodel nonconvergence, thoughwe
did include hospital delivery volume as a covariate in all of
our multivariate models.

Strengths

In spiteof theselimitations, anotablestrengthofour study is its
comprehensive sampleofhospital discharges (approximatinga
census) over an 8-year period in five geographically diverse
states in theUnited States. The inclusionof patient andhospital
characteristics as explanatory variables controlled for the
effects of preexisting conditions and for variation in hospital
delivery practice.63,64We also controlled for year of admission
to account for changes in laws that have affected insurance
payer reimbursements and coverage, such as the introduction
of the Patient Protection and Affordable Care Act.65

Conclusion

This study shows that racial and ethnic disparities in inpatient
maternal mortality, delivery type, and LOS exist, even within
strata of insurance payer and income inmodels controlling for
confounding patient comorbidities and hospital characteris-
tics. Specifically, racial andethnic groupdifferences indelivery
typeexist,withblackwomenmore likely thanwhitewomento
die in-hospital regardless of primary insurance payer or
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residence associated with a particular income bracket. At all
levels of health care, providers should bemindful of the effects
of race and ethnicity on maternal outcomes, irrespective of
primary insurance payer or residence in socioeconomic cate-
gory. Research into the causalmechanisms of these disparities
is needed with the collection of behavioral and sociological
variables in hospital administrative databases.

Conflict of Interest
None.
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