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IMPORTANCE Severe morbidity in very preterm infants is associated with profound clinical
implications on development and life-course health. However, studies of racial/ethnic
disparities in severe neonatal morbidities are scant and suggest that these disparities are
modest or null, which may be an underestimation resulting from the analytic approach used.

OBJECTIVE To estimate racial/ethnic differences in severe morbidities among very preterm
infants.

DESIGN, SETTING, AND PARTICIPANTS This population-based retrospective cohort study was
conducted in New York City, New York, using linked birth certificate, mortality data, and
hospital discharge data from January 1, 2010, through December 31, 2014. Infants born
before 24 weeks’ gestation, with congenital anomalies, and with missing data were excluded.
Racial/ethnic disparities in very preterm birth morbidities were estimated through 2
approaches, conventional analysis and fetuses-at-risk analysis. The conventional analysis
used log-binomial regression to estimate the relative risk of 4 severe neonatal morbidities for
the racial/ethnic groups. For the fetuses-at-risk analysis, Cox proportional hazards regression
with death as competing risk was used to estimate subhazard ratios associating race/ethnicity
with each outcome. Estimates were adjusted for sociodemographic factors and maternal
morbidities. Data were analyzed from September 5, 2017, to May 21, 2018.

MAIN OUTCOMES AND MEASURES Four morbidity outcomes were defined using International
Classification of Diseases, Ninth Revision, diagnosis and procedure codes: necrotizing
enterocolitis, intraventricular hemorrhage, bronchopulmonary dysplasia, and retinopathy of
prematurity.

RESULTS In total, 582 297 infants were included in this study. Of these infants, 285 006 were
female (48.9%) and 297 291 were male (51.0%). Using the conventional approach in the very
preterm birth subcohort, black compared with white infants had an increased risk of only
bronchopulmonary dysplasia (adjusted risk ratio [aRR], 1.34; 95% CI, 1.09-1.64) and a borderline
increased risk of necrotizing enterocolitis (aRR, 1.39; 95% CI, 1.00-1.93). Hispanic infants had a
borderline increased risk of necrotizing enterocolitis (aRR, 1.39; 95% CI, 0.98-1.96), and Asian
infants had an increased risk of retinopathy of prematurity (aRR, 1.85; 95% CI, 1.15-2.97). In the
fetuses-at-risk analysis, black infants had a 4.40 times higher rate of necrotizing enterocolitis
(95% CI, 2.98-6.51), a 2.73 times higher rate of intraventricular hemorrhage (95% CI, 1.63-4.57),
a 4.43 times higher rate of bronchopulmonary dysplasia (95% CI, 2.88-6.81), and a 2.98 times
higher rate of retinopathy of prematurity (95% CI, 2.01-4.40). Hispanic infants had an
approximately 2 times higher rate for all outcomes, and Asian infants had increased risk only for
retinopathy of prematurity (adjusted hazard ratio, 2.43; 95% CI, 1.43-4.11).

CONCLUSIONS AND RELEVANCE In this study, racial/ethnic disparities in neonatal morbidities
among very preterm infants appear to be sizable, but may have been underestimated in
previous studies, and may have implications for the future. Understanding these racial/ethnic
disparities is important, as they may contribute to inequalities in health and development
later in the child’s life.
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R acial/ethnic disparity in neonatal mortality associated
with the increased risk of very preterm birth among
black infants is well documented.1 However, racial/

ethnic disparities in severe neonatal morbidities among very
preterm infants are less studied, despite the association of these
morbidities with life-course health disparities.2 In the past few
decades, infant survival very early in gestation has increased
steadily because of advances in medical technology and qual-
ity improvement initiatives.3 However, very preterm infants
often face severe respiratory, digestive, neurologic, and neu-
rosensory morbidity because of immaturity.4 Understanding
racial/ethnic differences in severe morbidity is important be-
cause these disparities may contribute to inequalities in health
and development in later life.

Research on racial/ethnic disparities in severe morbidities
among preterm infants has drawn varied conclusions. Some
studies show an increased risk for some severe morbidities for
blackandHispanicinfants,whereasothersreportsimilaror lower
risk of morbidities for this population.5-8 Necrotizing enteroco-
litis (NEC), an inflammatory disease of the intestine that is a lead-
ing cause of death among preterm infants,9 is an example of an
important neonatal morbidity for which findings on black-
white disparities are small or absent.5-8,10,11 Despite plausible
mechanisms for black-white disparities in NEC (including ante-
natal factors, such as psychosocial stress12 and maternal ciga-
rette smoking,13 and postnatal factors, such as quality of care14,15

and human-milk feeding16) reported disparities are minimal. One
explanation for the null or varied findings on disparities in NEC
and other neonatal morbidities may lie in the method used by
researchers who study cohorts selected by gestational age.

Evidence is accumulating that measures of association for
factors present before birth can be biased when infants are strati-
fied on birth weight or gestational age.17 Given that the cause
of preterm birth is associated with various pathophysiologic
processes,18 infants in preterm cohorts are selected on the ba-
sis of other factors that may be associated with the prenatal char-
acteristic of interest—in this case, race/ethnicity.19 This phe-
nomenon, known as the birth-weight paradox, was first
observed in infants who were born to smokers but had a sur-
vival advantage at very low birth weights or gestational ages20;
the phenomenon was later observed among black infants.21 Al-
though at first attributed to physiologic differences, the para-
doxical associations found at very low birth weight or early ges-
tational age are likely from comparing groups of infants whose
preterm births are associated with different unmeasured causes
that are also associated with the maternal risk factor of interest.22

The selection of high-risk white infants into the very preterm
birth cohort, then, can result in null or paradoxically protec-
tive association between black race and neonatal morbidity. The
clinical implications of such biased associations are profound
and can lead to conclusions that might affect practice, such as
black women have a shorter normal length of gestation.23

One method proposed for addressing biased paradoxical
associations, commonly called collider stratification bias,24 is
the fetuses-at-risk (FAR) approach. With FAR, the denomina-
tor for an outcome at a given gestational age includes both
delivered and ongoing (not delivered) pregnancies.25-28 Our ob-
jective for this study was to estimate racial/ethnic differences

in severe neonatal morbidity among very preterm infants in a
diverse, population-based setting, using both a conventional
approach in a subcohort restricted to very preterm births and
the FAR approach. Using linked birth certificate and hospital
discharge data from New York City, New York, from 2010 to
2014, we investigated the associations between race/
ethnicity and 4 severe neonatal morbidities: NEC, intraven-
tricular hemorrhage (IVH), retinopathy of prematurity (ROP),
and bronchopulmonary dysplasia (BPD).

Methods
Study Sample
We conducted a retrospective cohort study using linked birth
certificate, hospital discharge (data from Statewide Planning
and Research Cooperative System [SPARCS]), and mortality
data from January 1, 2010, through December 31, 2014. As re-
ported previously,14 the New York State Department of Health
and Human Services linked these data using a probabilistic link-
ing methodology, and 99.9% of infant discharge abstracts were
linked with infant birth certificates. The linkage rate with ma-
ternal discharge abstracts was 96%. Institutional review board
approvals were obtained from the New York City Department
of Health and Mental Hygiene, the New York State Depart-
ment of Health, and the Icahn School of Medicine at Mount Si-
nai, in New York City. Informed consent was waived by the
Icahn School of Medicine at Mount Sinai. Data were analyzed
from September 5, 2017, to May 21, 2018.

The linked data set included birth data, death data, and
SPARCS records for all infants born between 2010 and 2014 who
were discharged by December 31, 2014, and who died be-
tween 2010 and 2015, for a total of 596 295 births. We ex-
cluded infants born before 24 weeks’ gestation (n = 774) and
infants with congenital anomalies (n = 10 757), whom we iden-
tified using diagnosis codes from the infant SPARCS record
(eTable 1 in the Supplement).29 We also excluded infants with
missing values for gestational age, race, or ethnic ancestry or
other race (n = 2029), leaving a total of 582 297 infants (97.7%)
in the analytic sample. We subset the data further to create a

Key Points
Question Are there racial/ethnic disparities in very preterm
neonatal morbidity?

Findings In this population-based cohort study of 582 297 very
preterm birth infants, substantial disparities in necrotizing
enterocolitis, intraventricular hemorrhage, bronchopulmonary
dysplasia, and retinopathy of prematurity were found between
black and white infants as well as between Hispanic and white
infants, and disparities in retinopathy of prematurity were also
notable between Asian and white infants. Disparities measured
instead with a standard approach in a very preterm birth cohort
were attenuated or null.

Meaning Racial/ethnic disparities in very preterm neonatal
morbidity are sizeable, and reports from very preterm birth
cohorts may underestimate the magnitude of these disparities.
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very preterm birth (VPTB) subcohort of infants born between
24 and 31 weeks’ gestation (n = 7155 [1.2%]).

Neonatal Morbidities
We defined 4 severe neonatal morbidities using International
Classification of Diseases, Ninth Revision, diagnosis and pro-
cedure codes for NEC (unspecified, stages 2-3, laparotomy), IVH
(grades 3-4), BPD, and ROP (stages 3-5) (eTable 2 in the
Supplement).30,31

Race/Ethnicity and Covariates
We obtained information on maternal race and ethnic ances-
try from the birth certificates and created a race/ethnicity vari-
able by combining race and Hispanic ethnicity into the follow-
ing categories: non-Hispanic black (henceforth referred to as
black, for brevity), Hispanic, non-Hispanic white (white), and
Asian. We also obtained from the birth certificates informa-
tion on maternal sociodemographic characteristics (age, na-
tivity, educational level, and insurance status), maternal be-
haviors during pregnancy (tobacco, alcohol, and drug use and
prenatal care visits), maternal medical risk factors (parity, co-
morbidities, pregnancy complications, and body mass in-
dex), and infant factors (multiple birth, sex, birth weight, and
clinical estimate of gestational age). Maternal comorbidities
were ascertained using a combination of the mother’s SPARCS
record and birth certificate (eTable 3 in the Supplement). To
maximize the sensitivity of our measures, we classified mor-
bidity as present if it was indicated either on the SPARCS
record or the birth certificate.32

Statistical Analysis
We examined bivariate associations between sample charac-
teristics and race/ethnicity using the χ2 test. To estimate the
associations between race/ethnicity and neonatal morbidi-
ties, we compared 2 approaches: conventional analysis and FAR
analysis. The FAR approach estimates the totality of the di-
rect effect of race/ethnicity on VPTB morbidity as well as the
indirect effect by gestational age. In contrast, much of the cur-
rent literature on VPTB morbidities attempts to estimate the
direct effect of race/ethnicity by stratifying for gestational age,
which is subject to collider stratification bias.

We conducted the conventional analysis in a subcohort of
infants born between 24 and 31 weeks’ gestation. Using log-
binomial regression, we calculated the relative risk of each
severe neonatal morbidity for black, Hispanic, and Asian in-
fants as compared with white infants using log-binomial
regression.33 We created 4 models for each morbidity out-
come (NEC, IVH, BPD, and ROP). We estimated the unad-
justed association in model 1, and we adjusted a series of co-
variates in models 2 to 4 to provide a range of estimates, given
that most covariates could plausibly be on the causal path-
way between race/ethnicity and infant morbidities. Covari-
ates were chosen from previous literature on maternal and in-
fant risk factors for neonatal morbidity. Covariates were
categorized as displayed in Table 1. In model 2, we adjusted
for sociodemographic characteristics (maternal age, parity, edu-
cational level, insurance status, and nativity; infant sex). In
model 3, we additionally adjusted for maternal morbidities

(pregestational hypertension, gestational hypertension, preges-
tational diabetes, gestational diabetes, placenta previa, obe-
sity, and smoking status). In model 4, we additionally ad-
justed for gestational age and birth-weight z score, which is
sometimes used to adjust for fetal growth restriction.34

To conduct the analysis using FAR denominators, we used
a Cox proportional hazards regression model to estimate haz-
ard ratios (HRs) associating race/ethnicity with each outcome.35

We used conception, calculated by subtracting the gestational
age at delivery from day of birth, as the origin of the time axis
in the Cox proportional hazards regression model. By using con-
ception as the origin instead of birth date, the denominator for
event rate calculation at a given gestational age is ongoing preg-
nancies, the key feature of the FAR approach. Because of the
limitations of hospital discharge data, we did not know the ac-
tual date of occurrence of each morbidity outcome and thus as-
sumed the event date was the midpoint between birth and dis-
charge. The event date, however, was known for deaths. Because
infants who survive longer are at greater risk for morbidity, mor-
tality must be taken into consideration in estimating differ-
ences in morbidity incidence. We considered death as a com-
peting risk using the subdistribution hazard approach,36 which
was applied in a study of infant morbidities.37 The goal of mod-
eling mortality as a competing risk was to focus on the inci-
dence of each morbidity. In contrast, a composite outcome of
morbidity and mortality rates potentially obscures the differ-
ences in incidence among the morbidities studied. We con-
ducted a sensitivity analysis that varied the assumption of the
date of the morbid event to present a range of potential inter-
val censoring bias; that is, models were repeated, assuming the
date of the morbidity was at birth and also at discharge. We used
a robust variance estimator to adjust the SE of model param-
eters to account for clustering of infants by hospitals.38 We cen-
sored infants born at 32 weeks’ gestation or later to estimate the
associations between race/ethnicity and each outcome in VPTBs.
We added sociodemographic and maternal covariates sequen-
tially. Missing values for covariates were included as dummy
variables in all multivariable models. Percentage missing ranged
from 0.1% for parity to 0.7% for body mass index.

A third approach for addressing the issue of gestational-
age stratification bias involves estimating the associations in
the total population of births. Because the morbidities are spe-
cific to infants born very preterm, the clinical interpretation
of this model for our research question is not clear. However,
to allow for comparison with previous studies, we conducted
a sensitivity analysis based on this approach. We also con-
ducted a sensitivity analysis that changed the definition of NEC
because of the well-known difficulties in diagnosing and cod-
ing this morbidity and to be consistent with previous litera-
ture. All analyses were conducted in SAS, version 9.4 (SAS In-
stitute Inc). All study characteristic χ2 test of differences
resulted in a 2-sided P value <.001 for all comparisons.

Results
In total, 582 297 infants were included in our study. Of these
infants, 285 006 were female (48.9%) and 297 291 were male
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Table 1. Sample Characteristics by Race/Ethnicity, New York City, 2010-2014

Variable

No. (%)

Black Hispanic Asian White
Total 120 842 (100) 176 835 (100) 97 458 (100) 187 162 (100)

Gestational age, wk

24-28 1084 (0.9) 710 (0.4) 209 (0.2) 404 (0.2)

29-31 1147 (1.0) 935 (0.5) 357 (0.4) 672 (0.4)

32-36 12 046 (10.0) 13 666 (7.7) 6629 (6.8) 12200 (6.5)

37-42 106 565 (88.2) 161 524 (91.3) 90 263 (92.6) 173 886 (92.9)

Maternal age, y

<20 8509 (7.0) 132 406 (9.0) 877 (0.9) 2292 (1.2)

20-34 87 602 (72.5) 132 406 (74.9) 73 110 (75.0) 128 659 (68.7)

35-39 18 477 (15.3) 22 358 (12.6) 18 694 (19.2) 42 795 (22.9)

40-44 5688 (4.7) 5722 (3.2) 4407 (4.5) 12 117 (6.5)

≥45 566 (0.5) 366 (0.2) 370 (0.4) 1299 (0.7)

Maternal educational level

Less than high school 24 291 (20.1) 64 733 (36.6) 21 652 (17.3) 14 550 (7.8)

High school 32 408 (26.8) 42 427 (24.0) 17 957 (18.4) 35 033 (18.7)

Some college/trade school 38 616 (32.0) 44 791 (25.3) 15 763 (16.2) 27 655 (14.8)

College degree or higher 24 865 (20.6) 24 464 (13.8) 42 017 (43.1) 109 481 (58.5)

Missing 662(0.6) 420 (0.2) 69 (0.1) 443 (0.2)

Maternal insurance status

Medicaid 84 724 (70.1) 138 639 (78.4) 58 673 (60.2) 63 722 (34.1)

Private 30 562 (25.3) 34 076 (19.3) 37 392 (38.4) 120 961 (64.6)

Self-pay 3332 (2.8) 2443 (1.4) 812 (0.8) 1106 (0.6)

Other 2224 (1.8) 1677 (1.0) 581 (0.6) 1373 (0.7)

Trimester-initiated prenatal care

1st 74 546 (61.7) 116 900 (66.1) 70 909 (72.8) 150 203 (80.3)

2nd 29 021 (24.0) 43 256 (24.5) 19 785 (20.3) 28 582 (15.3)

3rd or none 12 929 (10.7) 12 359 (7.0) 5471 (5.6) 5681 (3.0)

Missing 4346 (3.6) 4320 (2.4) 1293 (1.3) 2696 (1.4)

Infant birth

Singleton 116 208 (96.2) 172 133 (97.3) 94 520 (97.0) 177 567 (94.9)

Multiple 4634 (3.8) 4702 (2.7) 2938 (3.0) 9595 (5.1)

Infant sex

Male 61 218 (50.7) 89 388 (50.6) 50 320 (51.6) 96 365 (51.5)

Maternal BMI

Underweight (<18.5) 4245 (3.5) 5420 (3.1) 11 140 (6.0) 11 477 (11.8)

Normal weight (18.5-24.9) 45 469 (37.6) 79 304 (44.9) 123 609 (66.0) 65 507 (67.2)

Overweight (25.0-29.9) 35 310 (29.2) 52 368 (29.6) 34 266 (18.3) 15 255 (15.7)

Obese (30.0-39.9) 28 805 (23.8) 33 228 (18.8) 15 469 (8.3) 4720 (4.8)

Morbid obesity (≥40) 5699 (4.7) 4570 (2.6) 1886 (1.0) 232 (0.2)

Missing 1314 (1.1) 1945 (1.1) 792 (0.4) 267 (0.3)

Maternal parity

Nulliparous 52 234 (43.2) 72 249 (40.9) 48 838 (50.1) 86 840 (46.4)

Multiparous 68 404 (56.6) 104 400 (59.0) 48 561 (49.8) 100 138 (53.5)

Missing 204 (0.2) 186 (0.1) 59 (0.1) 184 (0.1)

Maternal nativity

US born 69 735 (57.7) 80 637 (45.6) 23 350 (24.0) 135 806 (72.6)

Foreign born 51 107 (42.3) 96 198 (54.4) 74 108 (76.0) 51 356 (27.4)

Smoked during pregnancy 3966 (3.3) 4158 (2.4) 758 (0.8) 4212 (2.3)

Used alcohol during pregnancy 904 (0.8) 1010 (0.6) 596 (0.6) 1409 (0.8)

Used drugs during pregnancy 789 (0.7) 547 (0.3) 30 (0.03) 242 (0.1)

(continued)
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(51.0%). Sample characteristics by race/ethnicity are shown in
Table 1. Very preterm birth was most frequent among black in-
fants (2231 of 120 842 [1.8%]), followed by Hispanic (1645 of
176 835 [0.9%]), Asian (566 of 97 458 [0.6%]), and white (1076
of 187 162 [0.6%]) infants. White and Asian mothers were older
than black and Hispanic mothers; the highest rates of teen-
aged (<20 years) birth were among Hispanic (132 406 [9.0%])
and black (8509 [7.0%]) women, and the highest rates of birth
to mothers aged 35 to 39 years were among Asian (18 694
[19.2%]) and white (42 795 [22.9%]) women. The percentage
of white mothers with private insurance was 2 to 3 times higher
(120 961 [64.6%]) compared with black (30 562 [25.3%]), His-
panic (34 076 [19.3%]), and Asian (37 392 [38.4%]) mothers.
White mothers most frequently initiated prenatal care in the
first trimester (150 203 [80.3%]). Black and Hispanic mothers
had the highest prevalence of obesity, smoking, and hyper-
tensive disorders. Asian mothers, followed by black and His-
panic mothers, had the highest prevalence of gestational
diabetes.

In the analysis of the VPTB subcohort, risk ratios (RRs) un-
adjusted for gestational age were elevated among black and

Hispanic infants for NEC (RR, 1.68; 95% CI, 1.26-2.24 vs
RR, 1.54; 95% CI, 1.13-2.08) and BPD (RR, 1.64; 95% CI, 1.38-
1.95 vs RR, 1.32; 95% CI, 1.10-1.60) (Table 2). In fully adjusted
models, black infants compared with white infants had an in-
creased risk only of BPD (adjusted risk ratio [aRR], 1.34: 95%
CI, 1.09-1.64) and borderline increased risk of NEC (aRR, 1.39;
95% CI, 1.00-1.93). Hispanic infants had borderline increased
risk of NEC (aRR, 1.39; 95% CI, 0.98-1.96), and Asian infants
had increased risk of ROP (aRR, 1.85; 95% CI, 1.15-2.97). Dis-
parities between Asian and white infants were present only for
ROP in both unadjusted and fully adjusted models (adjusted
RR, 1.85; 95% CI, 1.15-2.97).

In the model using FAR denominators, black and His-
panic mothers compared with white mothers were at a higher
risk of all neonatal morbidities in unadjusted and adjusted
models (Table 3). Adjusted subdistribution HRs for black com-
pared with white infants ranged from 2.73 for IVH (95% CI, 1.63-
4.57) to 4.43 for BPD (95% CI, 2.88-6.81). Subdistribution HRs
for Hispanic compared with white infants were also elevated
but smaller in magnitude than those for black compared with
white infants. Asian infants were at similar risk as white women

Table 2. Unadjusted and Adjusted Risk Ratios for Race/Ethnicity and Subcohort Using Log-Binomial Regression

Outcome by Race

Risk Ratio (95% CI)

Unadjusted Adjusteda Adjustedb Adjustedc

Necrotizing enterocolitis

Black 1.68 (1.26-2.24) 1.60 (1.18-2.17) 1.52 (1.10-2.11) 1.39 (1.00-1.93)

Hispanic 1.54 (1.13-2.08) 1.49 (1.07-2.06) 1.41 (1.00-1.99) 1.39 (0.98-1.96)

Asian 1.19 (0.79-1.78) 1.12 (0.47-1.70) 1.10 (0.71-1.71) 1.13 (0.73-1.76)

White 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Intraventricular hemorrhage

Black 1.03 (0.72-1.48) 1.00 (0.67-1.48) 0.93 (0.63-1.40) 0.79 (0.53-1.16)

Hispanic 1.32 (0.92-1.89) 1.27 (0.86-1.88) 1.15 (0.76-1.73) 1.08 (0.72-1.62)

Asian 0.81 (0.47-1.38) 0.78 (0.45-1.34) 0.76 (0.43-1.33) 0.80 (0.46-1.38)

White 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Bronchopulmonary dysplasia

Black 1.64 (1.38-1.95) 1.61 (1.34-1.93) 1.52 (1.24-1.87) 1.34 (1.09-1.64)

Hispanic 1.32 (1.10-1.60) 1.28 (1.05-1.56) 1.21 (0.97-1.51) 1.17 (0.94-1.47)

Asian 0.77 (0.58-1.02) 0.70 (0.52-0.94) 0.72 (0.53-0.99) 0.76 (0.55-1.03)

White 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

Retinopathy of prematurity

Black 1.43 (0.98-2.09) 1.16 (0.78-1.73) 1.05 (0.69-1.58) 0.91 (0.61-1.37)

Hispanic 1.51 (1.02-2.23) 1.18 (0.78-1.79) 1.08 (0.70-1.67) 1.05 (0.67-1.61)

Asian 2.09 (1.34-3.26) 1.76 (1.10-2.81) 1.87 (1.16-3.01) 1.85 (1.15-2.97)

White 1 [Reference] 1 [Reference] 1 [Reference] 1 [Reference]

a Adjusted for sociodemographic
factors (maternal age, parity,
educational level, insurance status,
and nativity; infant sex).

b Additionally adjusted for maternal
morbidities (pregestational
hypertension, gestational
hypertension, pregestational
diabetes, gestational diabetes,
placenta previa, obesity, and
smoking status).

c Additionally adjusted for gestational
age and birth weight z score.

Table 1. Sample Characteristics by Race/Ethnicity, New York City, 2010-2014 (continued)

Variable

No. (%)

Black Hispanic Asian White
Maternal morbidity

Placental abruption 1358 (1.1) 1645 (0.9) 1716 (0.9) 1157 (1.2)

Pregestational diabetes 1582 (1.3) 1758 (1.0) 705 (0.7) 846 (0.5)

Gestational diabetes 8705 (7.2) 12 772 (7.2) 13 460 (13.8) 8955 (4.8)

Pregestational hypertension 15 795 (13.1) 16 288 (9.2) 4509 (4.6) 10 009 (5.6)

Gestational
hypertension/preeclampsia

15 066 (12.5) 16 410 (9.3) 10 548 (5.6) 4614 (4.7)
Abbreviation: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared).

Association of Race/Ethnicity With Very Preterm Neonatal Morbidities Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics November 2018 Volume 172, Number 11 1065

© 2018 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by The Ohio State University Health Sciences Library user on 01/30/2019

http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2018.2029


for NEC, IVH, and BPD but were at an increased risk for ROP
(adjusted HR = 2.43; 95% CI, 1.43-4.11). Sensitivity analyses that
reassigned the timing of morbidity at birth or at discharge pro-
duced very similar subdistribution HRs (eTable 4 in the Supple-
ment). In the sensitivity analysis of racial/ethnic disparity RRs
using all births, estimates unadjusted for gestational age were
similar to FAR estimates and estimates fully adjusted for ges-
tational age and birthweight z score were similar to VPTB sub-
cohort estimates (eTable 5 in the Supplement). Sensitivity
analysis using varying definitions of NEC showed HRs of simi-
lar magnitude (eTable 6 in the Supplement).

Discussion
Black and Hispanic infants compared with white infants had
a 2- to 4-fold increased risk of the 4 severe neonatal morbidi-
ties, and Asian infants were at an increased risk of ROP. In ad-
dition, these disparities were underestimated in the VPTB sub-
cohort. The most marked difference between the 2 approaches
was found for IVH: disparities between black and white in-
fants as well as Hispanic and white infants were found in the
FAR analysis but not in the VPTB subcohort analysis. These
findings suggest that current reports of racial/ethnic dispari-
ties in very preterm or preterm morbidities underestimate the
true magnitude of disparity.

This study is not the first in the clinical literature on VPTB
morbidity to caution that associations between prenatal fac-
tors and neonatal morbidities stratified by gestational age may
be biased.39 Shulman et al39 demonstrated gestational age strati-
fication bias for associations of preeclampsia with ROP, and their

results showed a similar bias for black race/ethnicity. How-
ever, Shulman and colleagues39 reported only the total asso-
ciation of preeclampsia with ROP across gestational age as an
alternative, whereas we used FAR denominators to estimate the
total association of race/ethnicity with morbidities in infants
born before 32 weeks’ gestation. In addition, we calculated the
total association of race/ethnicity across gestational age in a sen-
sitivity analysis and found that estimates adjusting for gesta-
tional age were similar to those found in the VPTB subcohort.
In contrast, the estimates before controlling for gestational age
were of similar magnitude to those from the FAR analysis. How-
ever, a measure of association for VPTB morbidities across ges-
tational ages is not easily interpreted, whereas in the FAR ap-
proach, the interpretation is specific to morbidity cases occurring
before 32 weeks.

Our finding that different methods produced different
magnitudes of association raises questions about which ap-
proach is most appropriate. Researchers have suggested that
the most appropriate method for studying neonatal out-
comes depends on the research question.40,41 Investigations
into prenatal characteristics, such as race/ethnicity, or other
conditions or factors present prior to birth may be particu-
larly biased in using the conventional approach of stratifying
by gestational age. Analyses of factors that clearly occur after
birth can possibly use a conventional approach. Examples of
such questions that have been posited in the literature in-
clude whether NICU level is associated with rates of BPD42 and
whether oxygen saturation level is associated with risk of
ROP.43 However, if unmeasured confounders resulting in ges-
tational age stratification bias continue to be associated with
risk of the postnatal outcome, bias may still be present. To date,

Table 3. Unadjusted and Adjusted Subdistribution Hazard Ratios for Race/Ethnicity and Neonatal Morbidities
(Infants <32 Weeks’ Gestation) Using Fetuses-at-Risk Approach

Outcome by Race

Hazard Ratio (95% CI)

Unadjusted Adjusteda Adjustedb

Necrotizing enterocolitis

Black 5.14 (3.66-7.25) 5.02 (3.52-7.16) 4.40 (2.98-6.51)

Hispanic 2.52 (1.79-3.54) 2.60 (1.81-3.74) 2.52 (1.71-3.73)

Asian 1.27 (0.81-2.00) 1.35 (0.85-2.17) 1.41 (0.94-2.14)

White 1 [Reference] 1 [Reference] 1 [Reference]

Intraventricular hemorrhage

Black 3.14 (1.88-5.22) 3.09 (1.79-5.34) 2.73 (1.63-4.57)

Hispanic 2.15 (1.28-3.59)) 2.18 (1.26-3.79) 2.12 (1.28-3.52)

Asian 0.85 (0.49-1.46) 0.91 (0.54-1.54) 0.97 (0.59-1.60)

White 1 [Reference] 1 [Reference] 1 [Reference]

Bronchopulmonary dysplasia

Black 5.00 (2.94-8.53) 5.04 (3.11-8.16) 4.43 (2.88-6.81)

Hispanic 2.15 (1.42-3.27) 2.22 (1.50-3.3) 2.18 (1.53-3.12)

Asian 0.82 (0.54-1.24) 0.84 (0.57-1.22) 0.91 (0.63-1.31)

White 1 [Reference] 1 [Reference] 1 [Reference]

Retinopathy of prematurity

Black 4.37 (2.88-6.64) 3.70 (2.36-5.77) 2.98 (2.01-4.40)

Hispanic 2.46 (1.56-3.88) 2.09 (1.31-3.36) 1.99 (1.32-3.01)

Asian 2.22 (1.31-3.77) 2.12 (1.23-3.67) 2.43 (1.43-4.11)

White 1 [Reference] 1 [Reference] 1 [Reference]

a Adjusted for sociodemographic
factors (maternal age, parity,
educational level, insurance status,
and nativity; infant sex).

b Additionally adjusted for maternal
morbidities (pregestational
hypertension, gestational
hypertension, pregestational
diabetes, gestational diabetes,
placenta previa, obesity, and
smoking status).
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much of the research on VPTB morbidity comes from prospec-
tive cohort studies or neonatal networks selected by gesta-
tional age or birth weight of less than 1500 g and thus is sub-
ject to potential collider stratification bias.44-46 This approach
may be appropriate for study of practices or quality initia-
tives in the neonatal intensive care unit, but caution should
be used when interpreting the findings of investigations into
risk factors for neonatal morbidity occurring before birth, in-
cluding race/ethnicity.

The implications of underestimating disparities in neona-
tal morbidities are substantial. Our findings of disparities sug-
gest that health care professionals should be more vigilant on
behalf of black and Hispanic populations. Estimates of mini-
mal increased risk for black and Hispanic infants, or even de-
creased risk, may also distract health care professionals from
the work of reducing morbidity among these vulnerable groups
and from the fact that more black and Hispanic children with
these morbidities would require early intervention services or
follow-up care. Another consequence of underestimating dis-
parities is it may stimulate erroneous physiologic explana-
tions for a morbidity advantage; a similar misinterpretation was
previously drawn from early studies that showed increased sur-
vival among very low-birth-weight black infants. In addition,
insights about how the origin of severe neonatal morbidities
could give rise to an association with race/ethnicity might be
missed if true associations are dismissed as small or null in
studies of prenatal characteristics.

Strengths and Limitations
A strength of this study is that the large number of infant data
and the precise effect estimates we were able to obtain al-
lowed us to identify important increased risk of ROP among
Asian infants, a population often left out of smaller studies.
We also had rich information on maternal sociodemographic
and medical characteristics.

The analytic approach of FAR has several important limi-
tations. The FAR model does not estimate the direct effect of
race/ethnicity on VPTB morbidities (the effect is not medi-
ated by gestational age) and therefore does not directly an-
swer the research question investigators wish to answer by
stratifying by gestational age. Instead, it estimates the total ef-
fect of race/ethnicity on VPTB morbidities, including via
gestational age, among VPTB infants. It can also be difficult
to interpret for postnatal events, because birth is necessary for

the morbidity to be revealed, and there is an ongoing debate
in the epidemiologic literature on its interpretation in these
situations.47 However, if racial/ethnic disparities are exam-
ined from the vantage point of the pregnancy and the assump-
tion that the morbidities originate during fetal development,
then evaluating the disparities using the FAR approach is an
improvement over solely estimating the disparities’ condition-
ing on gestational age, which are subject to collider stratifica-
tion bias and thus underestimate their true magnitude. Our data
source has several limitations. First, we did not have the date
of diagnosis of morbidities to be able to refine the FAR model,
although sensitivity analyses revealed that even broad assump-
tions about date of diagnosis did not substantially affect the
hazard estimates. Nonetheless, interval censoring differential
by race/ethnicity has the potential to influence the reported co-
efficients in an unknown direction. Second, we did not have in-
formation on stillbirths, which may have affected our mea-
sures of association. Although measures of neonatal morbidities
derived from the International Classification of Diseases, Ninth
Revision, codes in hospitalization data are used widely in the
literature, they may lack sensitivity or specificity. Finally, dif-
ferences in coding practices across hospitals, should they co-
incide with the distribution of black or Hispanic patients, could
potentially bias our findings. Future research might expand on
these findings by including information on onset of morbidity
and by investigating the disparities in neonatal morbidities
associated with varying contexts such as geographic region, ur-
ban or rural setting, and hospital characteristics (eg, neonatal
intensive care unit level and volume).

Conclusions
We identified sizable disparities between black and white in-
fants as well as Hispanic and white infants in 4 severe neona-
tal morbidities among very preterm infants. Previous litera-
ture underestimated these disparities, sometimes coming to
conclusions of a lack of increased risk or even reduced risk of
morbidity among non-white infants, particularly Hispanic in-
fants. Disparity in ROP between Asian and white infants was
also revealed. Clinicians and researchers should be aware that
reports of racial/ethnic disparities of VPTB morbidities strati-
fied by gestational age may underestimate the true magni-
tude of the disparities.
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