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Estimating racial health disparities among
adverse birth outcomes as deviations from
the population rates
James A. Thompson1* and Melissa A. Suter2

Abstract

Background: Despite significant research, the reasons for racial health disparities among adverse birth outcomes
(ABO) remain largely unknown. The bulk of research into racial health disparities among ABO in the United States
has concentrated on the risk of race and ethnic groups relative to the specific sub-population of non-Hispanic
white women and their children. The objective of this study was to estimate the racial and ethnic risks among a set
of neonatal and maternal health disparities while minimizing bias attributable to how the baseline risk was established.

Methods: All birth records were obtained from the United States Natality database for the years 2014 to 2017. A
Bayesian modeling approach was used to estimate the risk disparity for disorders by race. The estimation of the race-
specific risks used a sum-to-zero constraint for the race regression coefficients.

Results: Estimating racial health disparities relative to the overall population rate yielded novel results and identified
perinatal health disparities for all the race groups studied.

Conclusions: Unbiased risk estimates for racial disparities among ABO are now available for stimulating and initiating
more complex causal modeling that can lead to understanding how racial health disparities for ABO are mediated and
how they can be prevented.
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Background
In 2017, the United States infant mortality rate (IMR) was
5.8 deaths per 1000 live infant births and ranked an abys-
mal number 33 out of the 36 countries evaluated [1]. Even
more concerning than the overall IMR is that non-
Hispanic black infants had 2.4 times the rate of infant
mortality compared to non-Hispanic white infants [2].
The IMR provides a valuable summary for both maternal
and child adverse birth outcomes (ABO) and is often used
to evaluate both national health care systems and racial
health disparities [3, 4]. In the United States, infant

mortality is commonly grouped into three common
causes: birth defects, preterm birth and maternal preg-
nancy complications. Maternal pregnancy conditions in-
clude both severe maternal morbidities (SMM) that occur
with labor and delivery and metabolic disorders like gesta-
tional diabetes, gestational hypertension and hypertension
eclampsia [5]. Each of these common causes of ABO is
affected by profound racial health disparities [2, 6].
Despite significant research, the reasons for these racial

health disparities remain largely unknown. In their stra-
tegic planning, the National Institute on Minority Health
and Health Disparities (NIMHD) has long defined a health
disparity as a group’s deviation in risk from the overall
population risk [7], emphasizing that pair-wise compari-
sons between two specific sub-populations do not allow
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for assessment of the overall degree of disparity in an en-
tire population with more than two groups [8, 9]. How-
ever the bulk of research into racial health disparities
among ABO has concentrated on the risk of race and eth-
nic groups relative to the specific sub-population of non-
Hispanic white women and their children. The objective
of this study was to estimate the racial risks among a set
of neonatal and maternal health disparities while minimiz-
ing bias attributable to how the baseline risk was estab-
lished. Once racial health disparities are objectively
defined and accurately estimated, more specific causal
modeling can be addressed. In future research, extending
the model that estimated these risks will be able to identify
race-specific mediators of race-specific health risks.

Methods
All birth records were obtained from the United States
Natality database for the years 2014 to 2017 [10]. The var-
iables extracted from the database included maternal race
and ethnicity, maternal pregnancy conditions, severe ma-
ternal morbidities, neonatal conditions, neonatal treat-
ments, birth defects and neonatal death. Maternal race
and ethnicity was retained as eight categories: non-
Hispanic white, non-Hispanic black, American Indian and
Alaska Native (AIAN), Asian, Native Hawaiian and Other
Pacific Islanders (NHOPI), Hispanic, mixed and unknown.
All eight categories were used in the analysis and referred
to as “race.” Estimates for maternal races recorded as
“mixed” and “unknown” are not reported. Infants were
assigned the maternal race for all births regardless of the
paternal race. Maternal pregnancy conditions included
gestational diabetes, gestational hypertension and hyper-
tension eclampsia and severe maternal morbidities in-
cluded induction of labor, caesarian section, maternal
transfusion, perineal laceration, ruptured uterus,
unplanned hysterectomy and admission to intensive care
unit (ICU). Neonatal outcomes included birthweight, ges-
tation length, Apgar score and the occurrence of seizures.
Neonatal treatments included antibiotics, administration
of surfactant, whether ventilation was started, whether
ventilation was prolonged (> 6 h) and whether the child
was admitted to a neonatal intensive care (NICU). Very
preterm delivery (VPTD) was defined as a gestation period
of less than 32 weeks. Preterm delivery (PTD) was defined
as gestation period of less than 37 weeks. Large for gesta-
tional age (LGA) was defined as the largest 10% of birth
weights by gestation length and small for gestational age
(SGA) as the smallest 10% of birthweight by gestation
length. Birth defects included anencephaly, meningomye-
locele/spina bifida, cyanotic congenital heart disease, dia-
phragmatic hernia, omphalocele, gastroschisis, limb
reduction defect, cleft lip (with or without cleft palate),
cleft palate alone, hypospadias, Down syndrome and
chromosomal disorders. Neonatal death was defined as a

death that occurred before the birth certificate was com-
pleted. Inclusion criteria are singleton births with all vari-
ables of interest available. Of the 15,261,278 singleton
births available in the database, 214,036 were excluded
due to missing variables, leaving 15,047,242 births to be
used in the analysis.
A Bayesian modeling approach was used to estimate the

odds ratios for disorders by race. The estimation of the
race-specific risks used a sum-to-zero constraint for the
adjusted race regression coefficients as follows: Case
counts were cross tabulated by i = 8 race/ethnicities and
j = 34 disorders. For each row in the table, Yij was the
count of cases at birth and ni the count of births. The
counts (Yij) were modeled as independent Binomial distri-
butions conditional on an unknown rate parameter (uij).

Y ij∼Binomial uij; ni
� �

The logit of the rate parameter was then provided a
vague Normal prior with a mean = 0 and variance = 1000.

Logit uij
� � � N 0; 1000ð Þ

An adjusted rate parameter (u′ij) was estimated con-
strained to sum to zero by subtracting the race means (
�ui ) from the unconstrained rate parameter at each iter-
ation of the Markov Chain.

u0ij ¼ uij−ui

The odds ratio was estimated as the inverse log of the
adjusted rate parameter.

ORij ¼ eu
0
ij

For the estimate of percent risk increase, the race risk
was estimated by the rate parameter (uij) and the ex-
pected rate was estimated from the race mean parameter
(�ui). P-values were defined as the posterior probability of
the percent increase being greater than zero and was
taken directly from the full posterior distribution [11].
The implementation used Markov Chain Monte Carlo
(MCMC) and the software OpenBUGS 3.2.3 [12]. One
thousand iterations were allowed for burn-in and the
next 10,000 iterations were collected for the posterior
distribution. Monitoring chains for the adjusted rate par-
ameter and the race means was used to determine con-
vergence. The code for analyses and data are available in
additional files.

Results
For all results, the percent increase in risk, Bayesian
credibility intervals and p-values are presented in
Table 1.
White non-Hispanic women had increased risk for de-

veloping gestational hypertension, having a caesarian
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section and experiencing a perineal laceration. Children
of these women had increased risk for LGA, having sei-
zures and had increased risk for 10 monitored birth de-
fects and both Down syndrome and chromosomal
disorders.
Women who were classified as black and non-

Hispanic were more likely to develop gestational hyper-
tension and hypertension eclampsia. Increased risks for
SMM included induction of labor, caesarian section and
admission to the ICU. Their children had increased risk
for VPTD, PTD and SGA as well as low Apgar scores.
They were more likely to be treated with antibiotics and
surfactant and more likely to be started on ventilation,
to have received prolonged ventilation and more likely
to have been admitted to the NICU.
American Indian and Alaska Native (AIAN) women

had increased risk for developing gestational diabetes,
gestational hypertension and hypertension eclampsia. In-
creased risk for SMM included induction of labor, ma-
ternal transfusion and admission to ICU. Neonatal risks
were increased for LGA, PTD, low Apgar and seizures.
These children had increased risk for birth defects, in-
cluding meningomyelocele/spina bifida, cyanotic con-
genital heart disease, gastroschisis, limb reduction
defect, cleft lip, cleft palate as well as for Down syn-
drome and chromosomal disorders. Increased risks for
neonatal treatments included treatment with antibiotics,
surfactant, beginning ventilation, prolonged ventilation
and admission to NICU.
Native Hawaiian and Other Pacific Islanders (NHOPI)

women had increased risk of developing gestational dia-
betes, hypertension and hypertension eclampsia. In-
creased risks for SMM included for maternal transfusion
and admission to ICU. Children of NHOPI women had
increased risk of PTD and LGA and the group of birth
defects referred to as cyanotic congenital heart disease.
These children were more likely to have been started on
ventilation, received prolonged ventilation and to have
been admitted to NICU.
Asian and Hispanic women were relatively free of

ABO. The exceptions included that Asian women had
increased risk of developing gestational diabetes and had
increased risk for caesarian section or perineal lacer-
ation. Asian children had no increased risks for the ABO
studied. Hispanic women had a very small elevation of
risk for caesarian section and their children had in-
creased risk for Down syndrome and anencephaly.

Discussion
For the purpose of the current study, the authors define
“disparity” as any increase in risk for ABO based on an in-
dividual’s race or ethnicity when compared to the overall
population risk rate. The NIMHD cites a colorful debate
regarding the use of the word “disparity” but clarify, for

the sake of strategic planning, that racial health disparity
means any increase regardless of whether the difference
seems unjust with “unjust” meaning attributable to a pol-
icy that affects health inequitably among races [7]. This
approach is most appropriate because causal modeling
must be relatively well defined before a disease cause can
be debated as “just or unjust.” For example, the Bayesian
patient-based model of the current study could be ex-
panded to include hierarchal variables that could demon-
strate risks of social policies that would satisfy most
criteria for an “unjust” cause. The NIMHD in providing
this working definition is stipulating that the risks should
be estimated for each group relative to the overall popula-
tion risk. The objective of the current study was to esti-
mate racial disparity risk for 34 ABOs among 15 million
births in the United States over a recent four-year period.
In spite of the NIMHD working definition for disparity,
there is a large body of literature describing racial health
disparities comparing the disparity to the specific sub-
population of non-Hispanic white women and their chil-
dren. This is true for pregnancy conditions and SMM [5],
birth defects [13–15] and neonatal morbidities [2, 16, 17].
The current modeling was performed using a Bayesian ap-
proach and a readily available software package and by
using a sum-to-zero constraint for the model coefficients
[18]. This MCMC implementation maintains the favorable
Bayesian properties of full posterior distributions for all of
the parameters estimated. Point estimates of the pairwise
comparisons can be derived from results of the current
study from the ratio of the median of the two odds ratios.
Furthermore, with the data and model available in the
additional files, the full posterior distribution of any pair-
wise comparison can be estimated.
Much of the existing literature that describes racial

disparities adjusts the disparity risk estimate for covari-
ates like socioeconomic status (SES), for example [2, 5,
9, 13–17]. The rationale for conditioning on covariates
has not always been clear. Following a unifying and ser-
viceable definition for confounding [19], there are no
backdoor paths between race and any of the outcomes
in the current study because none of the factors can
“cause” race. Backdoor paths for the more abstract con-
struct “racism” can be envisioned and confounding con-
trol defended in those models [4] but controlling for
confounding by racism was not an objective of the study
and should not be performed for descriptions of poten-
tial racial disparities. For the unchangeable factor of
race, any covariates used for conditioning should be con-
sidered potential mediators and it is the effect of the me-
diator in changing the risk estimate for each race that is
of interest, not just the resultant conditional risk [20].
Future work should evaluate specific mediation models
and effects but should start with the best possible esti-
mates for the risk of racial health disparity.
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The current study yielded novel risk estimates for
white non-Hispanic women and their children. These ra-
cial health disparities should be considered potentially
comorbid conditions. Among non-Hispanic women and
their children, Down syndrome is known to be associ-
ated with comorbidities including birth defects, seizures
and multiple other conditions that can lead neonatal
death [21]. In another causal web, LGA, gestational
hypertension, and either caesarian section or perineal la-
ceration are known to be associated with both gesta-
tional weight gain and pre-pregnancy Body Mass Index
[22]. While induction of labor and caesarian deliveries
are not considered severe compared to other maternal
morbidities studied, they have been included as a mater-
nal morbidity. However, induction of labor or caesarian
section likely contributes to avoidance of less favorable
maternal and neonatal outcomes and because they often
increase the number of good outcomes, they should not
be automatically classified as SMM. A limitation of this
study is that the database does not identify indication for
cesarean delivery. Furthermore, information on whether
PTD was indicated or spontaneous is also not available.
Further research on how these associate with health dis-
parities is needed. It is possible that the racial disparities
among caesarian delivery and labor induction may be
explained by comorbid conditions.
Changing the baseline rate to the population rate ra-

ther than the rate among non-Hispanic white women
and their children lowered the estimated risk rate for
many of the ABO for non-Hispanic black women and
their children. This results because white non-Hispanic
women and their children have lower than population
average risk for multiple ABO. This was especially not-
able among VPTD, PTD and SGA and a well-known
wide range of comorbidities, including neonatal mortal-
ity. In spite of the lowered risk estimates, the list of co-
morbidities remains relatively unchanged and included
pregnancy complications, SMM, neonatal morbidity and
neonatal treatments. These disparities were both statisti-
cally and clinically significant and the need further inves-
tigation into the causes continues to be urgent.
The current results estimate a wide range of comor-

bidities for AIAN women and their children. Included
among the comorbidities are five birth defects for which
the risk for children of AIAN women are at least double
the risk rate of the overall population. These birth de-
fects include meningomyelocele/spina bifida; gastroschi-
sis; limb reduction defect; cleft lip and cleft palate.
Women classified as NHOPI had increased risk of

pregnancy complications including a more than doub-
ling of risk for hypertension eclampsia and a near
doubling of risk for admission to ICU. These two
conditions are considered to be causally linked [23]
and are jointly caused by maternal obesity, which is

more prevalent among NHOPI women [24]. The chil-
dren of NHOPI women had increased risk of cyanotic
congenital heart disease, LGA and PTD and to be
treated with short- and long-term ventilation and ad-
mission to NICU. In addition to causing maternal
conditions, maternal obesity is also associated with
both LGA and PTD [21]. This cluster of comorbidity
may also include a causal connection between mater-
nal obesity and cyanotic congenital heart disease [25–
27] and the treatment sequelae [28]. Racial health dis-
parities for birth defects among children of NHOPI
women have been reported but the risks were esti-
mated relative to non-Hispanic white women and
their children and the risk was adjusted for maternal
age without a reporting of the mediation effect of
maternal age [13, 14]. More study is needed to evalu-
ate the large cluster of potentially causal associations.
The authors of a recent special journal edition claimed

that what were needed most following a refocusing defin-
ition were analytic methods addressing the ability to draw
causal inferences from observational studies [8, 29]. We
anticipate that the ultimate causal explanations will build
on the concept that multiple disorders within a racial, eth-
nic or otherwise defined disadvantaged group are comor-
bidities and share common causal elements. All of these
causal elements will be downstream from race and thus
should be considered potential mediators of the effects of
racial health disparity but not confounders. How the co-
morbidities fit into a causal web as mediators will present
a vexing problem. The list of comorbidities is relatively
well defined, however, the causal ordering of common
causal factors among the many pregnancy complications,
SMM, neonatal morbidity and neonatal treatments will al-
ways be debatable. However, causal modeling is encour-
aged and reports should include the causal modeling
assumptions which will enable the long-term goal of iden-
tifying causes of racial disparities that can be addressed.

Conclusions
Estimating racial health disparities relative to the overall
population expected rate yielded novel results and iden-
tified perinatal health disparities for all the race and eth-
nic groups studied. Unbiased risk estimates for racial
and ethnic disparities among ABO should be used to ini-
tiate more complex causal modeling that can lead to un-
derstanding how racial health disparities for ABO are
mediated and how they can be prevented.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12884-020-2847-9.

Additional file 1. WinBUGS code and data. This code and these data
can be used to repeat the analyses reported here.
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