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OBJECTIVES: To examine risk factors for mortality among preterm infants during newborn and subsequent hospitalizations, and
whether they differ by race/ethnicity.
STUDY DESIGN: We conducted a cross-sectional analysis using the 2016 Kids Inpatient Database. Hospitalizations of preterm
infants were categorized as “newborn” for birth admissions, and “post-newborn” for all others. Multivariate logistic regression was
performed to calculate associations of mortality with sociodemographic factors.
RESULTS: Of 285915 hospitalizations, there were 7827 (2.7%) deaths. During newborn hospitalizations, adjusted OR (aOR) of death
equaled 1.14 (95% CI 1.09–1.20) for males, 68.73 (61.91–76.30) for <29 weeks GA, and 0.81 (0.71–0.92) for transfer. Stratified by race/
ethnicity, aOR was 0.69 (0.61–0.71) for Medicaid only among black infants. During post-newborn hospitalizations, death was
associated with transfer (aOR 5.02, 3.31–7.61).
CONCLUSIONS: Risk factors for death differ by hospitalization types and race/ethnicity. Analysis by hospitalization types may
identify risk factors that inform public health interventions for reducing infant mortality.

Journal of Perinatology (2022) 42:1288–1293; https://doi.org/10.1038/s41372-022-01363-z

INTRODUCTION
Infant mortality in the U.S. is a major public health concern, at 5.79
per 1000 live births in 2017 [1]. The mortality rate declined in 2007
through 2011, but in recent years it has remained essentially
unchanged [2], higher than most other developed countries [3].
Within this high U.S. infant mortality rate is a striking racial
disparity: non-Hispanic black infants have the highest mortality
rate at 11.21 deaths per 1000 births, compared to 4.87 among
non-Hispanic white infants [4]. This disparity has been attributed
to the high rates of preterm birth among non-Hispanic black
women, and preterm birth itself is a major risk factor for infant
death. Overall, preterm birth contributed to 66% of infant
mortality in 2013 [4], and compared to white preterm infants,
black preterm infants had a 1.7-fold higher rate of death in the
first year of life [4].
Research efforts to identify risks and reduce infant mortality

among preterm births face several challenges. First, estimation of
mortality risk is difficult in this population whose complex birth
circumstances are followed by prolonged length of stay in the
hospital, of whom survivors are discharged to home with multiple
medical and surgical morbidities. Second, from an epidemiological
perspective, infant mortality rate is routinely reported in two
periods within the first year: neonatal (0–27 days) and post-
neonatal (28–364 days). However, for preterm infants today who
often remain hospitalized well beyond 28 days of life, this
temporal categorization does not provide relevant knowledge on
risks of death that could inform intervention efforts. Finally,
among preterm infants, death beyond the neonatal intensive care

unit (NICU) remains poorly characterized, as most neonatal
research data collection ends at hospital discharge. Given the
shift in medical and social environment after NICU discharge, it is
plausible that risk factors for death differ in the community, but
this remains largely unknown.
Therefore, our objective for this study was to examine risk

factors associated with death during newborn hospitalization and
subsequent hospitalizations, and identify racial/ethnic disparities
in risk factors, using a nationally representative dataset of infant
hospitalizations in the U.S. We hypothesized that risk factors will
vary between birth and subsequent hospitalizations, and vary
between races/ethnicities.

METHODS
Study sample
This was a secondary data analysis using the 2016 Kids’ Inpatient Database
(KID), a data subset from the National Inpatient Sample (NIS) developed by
the Agency for Healthcare Research and Quality (AHRQ), as part of the
Healthcare Cost and Utilization Project (HCUP). This Federal-State-Industry
partnership consists of collaboration of data from 4121 hospitals in
44 states, compiled every 3 years, and includes children younger than 20.
Included on each discharge record are patient and hospital demographics,
codes for International Classification of Diseases (ICD), Diagnosis Related
Groups (DRG), and Major Diagnostic Category (MDC) assigned by the
Medicare grouper during HCUP processing.
For the current study, the sample included preterm infants admitted at

age 0 to 11 months in the 2016 KID. Preterm birth was defined as
gestational age less than 37 weeks, identified by International Classification
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of Diseases, 10th Revision, (ICD-10) codes for “Disorders of newborn related
to short gestation” (P07.2 and P0.73), which specified completed
gestational weeks. A total of 288,834 preterm infant admissions were
identified in the 2016 KID. Of these, 304 patients without death outcome
data were excluded. Also excluded were 157 admissions whose sex
information was missing, 2173 admissions whose exact gestational age
was missing, and 285 admissions whose insurance information was
missing.
To examine the risk factors separately for newborn and post-newborn

hospitalizations, we defined “newborn” hospitalizations based on major
diagnostic category (MDC). Admissions with MDC code of 15 (“newborn
and other neonates”) were considered as newborn. The remaining
hospitalizations were defined as “post-newborn”.
The exposures of interest included infant sex, gestational age, race/

ethnicity, income level, insurance type, and hospital transfer status.
Gestational age was categorized into extreme (<29 weeks), moderate (29
to <34 weeks), and late prematurity (34 to <37 weeks). Race/ethnicity was
categorized as white, black, Hispanic, other (Asian or Pacific Islander, Native
American, Other), or missing. The “missing” category was added because a
substantial proportion of the sample (>10%) had missing data for race/
ethnicity. Income level was categorized into four quartile groups based on
median household income for patient’s ZIP code: <$43,000, $43,000–
54,000, $54,000–<71,000, or >=$71,000. Patients with missing data for
median household income (1% of the sample) was treated as <$43,000.
Insurance type was categorized as Medicaid, private insurance, and other,
which included Medicare, self-pay, and no charge. Hospital transfer was
categorized as transferred in from a different acute care hospital or other
type of health facility, or not transferred. Patients with missing data for
transfer status (<0.2% of the sample) was treated as not transferred.
The 2016 KID dataset did not include birth weight, which had been

included in 2006 and 2009 datasets. In an attempt to validate our methods
for using the 2016 dataset without birth weight, we repeated all analyses
with 2006 and 2009 datasets using gestational ages and birth weights.
The main outcome was death during hospitalization or survival,

identified based on discharge disposition records.

Statistical analyses
Statistical analyses included bivariate comparisons of sociodemographic
characteristics and death. For each admission type (newborn and post-
newborn), we performed population-weighted multivariate logistic regres-
sion to characterize associations of mortality with sociodemographic and
clinical factors available in the dataset.
All analyses were conducted using SAS 9.4 (Cary, NC). The complex

sampling design was accounted for using PROC SURVEYFREQ and PROC
SURVEYLOGISTIC. Descriptive analyses, including frequency analyses, were
conducted for the selected study variables. Chi-square tests were used to
examine the association between each of the potential risk factors and
death. Multivariable logistic regression models were fitted separately for
newborn and post-newborn admissions, including all potential risk factors
of interest. We also tested the interactions between the risk factors. We
repeated the logistic regression analyses separately for three racial/ethnic
groups: white, black, and Hispanic, and calculated odds ratios of death for
each potential risk factor with 95% confidence intervals.
To examine the consistency of results across the years, we separately

analyzed 2009 and 2012 KID data. We conducted logistic regression
analysis including birth weight (<1500 g vs. 1500–2500 g) as a predictor, to
confirm that the main findings in these samples were consistent with those
after accounting for birth weight. To further explore whether the main
findings were consistent across gestational age groups, we conducted the
logistic regression analysis separately by race/ethnicity and by gestational
age categories.
For subjects missing data on median household income and transfer

status, we conducted a sensitivity analyses, since we treated those with
missing household income data as “<$43,000”, and missing transfer status
as “no transfer”.
The study was exempt from human subjects review as analysis of de-

identified secondary data.

RESULTS
The 2016 HCUP sample represented 3,117,413 hospital discharges.
Of these, 1,657,897 were admitted at less than 1 year of age, and
285,915 were preterm infants. There were 278,309 newborn
hospitalizations and 7606 post-newborn hospitalizations.

Distributions of infant characteristics for newborn and post-
newborn hospitalizations are shown in Table 1. Mortality rates
during newborn and post-newborn hospitalizations were 2.7%,
and 3.3%, respectively. Among newborn hospitalizations com-
pared to post-newborn hospitalizations, there were higher
proportions of transferred infants and late preterm (34–<37 weeks)
births. The distribution of other characteristics were largely similar.
Table 2 shows the results of multivariable logistic regression of

the associations between death and risk factors for all infants in
the study sample. Factors significantly associated with increased
odds of death were male sex with aOR 1.12 (95% CI 1.07–1.18)
compared to female sex, extreme (<29 weeks) with aOR 62.19
(55.67–69.47) and 3.80 (3.45–4.18), respectively, compared to
moderate (29–<34 weeks) and late prematurity (34–<37 weeks),
and insurance types under “other” (Medicare, self-pay, no charge)
with aOR 1.78 (1.55–2.04), compared to private insurance. There
was a stepwise trend of increasing odds of death with decreasing
neighborhood median income. Transfer was associated with
decreased odds of death, with aOR 0.84 (0.73–0.96) compared
to no transfer, as well as Medicaid with aOR 0.83 (0.77–0.89)

Table 1. Characteristics of preterm infants.

All Newborn
Hospitalization

Post-newborn
Hospitalization

n (%) n (%) n (%)

Total 285,915 (100.0) 278,309 (97.2) 7606 (2.8)

Deaths (%
of total)

7827 (2.8) 7575 (2.7) 252 (3.3)

Sex

Male 153,162 (53.6) 148,830 (53.5) 4332 (57.0)

Female 132,753 (46.4) 129,479 (46.5) 3274 (43.0)

Gestational age

<29 weeks 28,639 (10.1) 26,410 (9.6) 2229 (29.3)

29–
<34 weeks

65,285 (22.8) 63,106 (22.7) 2179 (28.7)

34–
<37 weeks

191,991 (67.1) 188,793 (67.7) 3198 (42.0)

Transferred in

Yes 24,562 (9.1) 21,060 (8.0) 3502 (46.2)

No 261,353 (90.9) 257,249 (92.0) 4104 (53.8)

Zip Code median income

<$43,000 91,600 (32.5) 89,000 (32.4) 2600 (34.3)

$43,000–
<$54,000

69,086 (24.3) 67,162 (24.2) 1924 (25.3)

$54,000–
<71,000

68,075 (23.6) 66,265 (23.6) 1810 (23.8)

≥$71,000 57,154 (19.7) 55,882 (19.8) 1272 (16.7)

Insurance

Medicaid 145,603 (51.2) 140,917 (50.9) 4686 (61.6)

Private 119,277 (41.4) 116,863 (41.6) 2414 (31.7)

Othera 21,035 (7.4) 20,529 (7.4) 506 (6.7)

Race/ethnicity

White 123,714 (43.4) 120,819 (43.5) 2895 (37.9)

Black 50,461 (17.8) 49,172 (17.8) 1289 (16.9)

Hispanic 47,327 (16.6) 45,923 (16.5) 1404 (18.5)

Otherb 32,459 (11.2) 31,793 (11.3) 666 (8.7)

Missing 31,954 (11.0) 30,602 (10.8) 1352 (18.0)
aIncludes self-pay, no charge, other.
bIncludes Asians, Pacific Islanders, Native Americans, other.
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compared to private insurance. Using white infants as reference,
both black race and Hispanic ethnicity had slightly increased odds
of death but without statistical significance, and races identified as
“other” had higher odds of death at aOR 1.23 (1.11–1.38).
Separate results of newborn hospitalizations, stratified by

race/ethnicity for white, black, and Hispanic infants, are shown
in Table 3. During newborn hospitalization, risk factors
associated with increased odds of death were identical to those
in Table 2, with higher odds of death for male sex, extreme and
moderate prematurity, “other” insurance type, and lower
neighborhood median income. Transfer status was associated
with decreased odds of death. Similar patterns of association
were seen within each race/ethnicity, except Medicaid, which
was associated with decreased odds of death only among black
infants with aOR 0.69 (0.61–0.79) compared to private insurance.
Only the lowest median income quartile was associated with
increased odds of death among black infants, whereas a
stepwise trend with decreasing income was present among
white infants, and no association with income was seen among
Hispanic infants.
During post-newborn hospitalizations (Table 4), the only risk

factor associated with death was transfer status, with aOR 5.02
(3.31–7.61) compared to those not transferred. Among the post-
newborn hospitalizations, frequencies of death were too small to

permit stratification by race/ethnicity, with relative standard errors
that were excessively high for reporting.
Sensitivity analyses, run without subjects missing data on

household income and transfer status, found no differences in the
results (data not shown).

DISCUSSION
Our study provides new information that risk factors for death
differ between newborn and subsequent hospitalizations among
preterm infants, and differ by race/ethnicity. During newborn
hospitalizations, risk factors for death mirrored those traditionally
associated with preterm delivery and infant mortality: male sex,
low gestational age, and low neighborhood income. Notably,
Medicaid was associated with decreased risk of death, but only
among black infants. Thereafter, during post-newborn hospitaliza-
tions, only transfer status was associated with increased risk
of death.
Our results showed select sociodemographic risk factors for

death in the newborn hospitalization period. Although individual-
level risk factors have been associated with preterm birth [5–8],
these risk factors – young maternal age, low education attainment,
low income, unmarried marital status, short interpregnancy
interval – have not been consistently associated with first-year
mortality [5, 9, 10]. Other speculated factors contributing to racial
disparity in infant mortality include prenatal care utilization [11],
participation in prenatal Women, Infants, and Children (WIC)
program [12], paternal involvement in child-rearing [13], and
hospital-level mortality [14].
Less well known are predictors of infant death that occur after

NICU discharge. One challenge is in identification of these deaths;
death certificates do not provide complete information that
delineate birth vs. subsequent hospitalizations. Although most
infant deaths do occur in the hospital, and place of death is
reported, there is no other entry in death certificates that specifies
whether an infant ever went home from the birth hospitalization.
In addition, most neonatal research databases end data collection
at NICU discharge. In fact, surprisingly little is known regarding
health outcomes of preterm infants after NICU discharge, except
for few studies that have examined health care utilization data
such as re-admissions [15], emergency room visits [16], and use of
prescription medications [17] among preterm infants.
Due to this research gap, we formulated our approach to study

infant deaths by hospitalization types, rather than chronological
ages. The neonatal and post-neonatal classification is the current
standard epidemiological method of reporting infant mortality
rates, but today, with improvement in overall survival of preterm
infants, it is less relevant in the preterm population. For preterm
infants whose length of hospitalization can last for months, the
risks of death before and after the cut-off of 28 days are likely
unchanged while they remain hospitalized. Instead, by classifica-
tion based on hospitalization types, we hoped to identify risk
factors that differ between the hospital and the community to
which they were discharged, which could inform public health
efforts towards reducing infant mortality.
Of the risk factors we identified, one modifiable risk factor may

be transfer status. Our results showed that during initial birth
hospitalization, transfer status was associated with decreased risk
of death. This finding seems to agree with existing literature that
describe better outcomes among preterm infants delivered at
higher-level facilities [18] with larger volume of high-risk deliveries
[19]. Additionally, the benefits of antenatal transfer of women at
risk of preterm delivery are well described [20], and likely reflect
the success of perinatal regionalization efforts [21] to ensure
that very low birth weight infants are delivered in level III or IV
facilities equipped to handle high-risk neonates. However,
comparisons of outcomes between outborn versus inborn infants
are difficult, given inherent selection bias and in handling

Table 2. Multivariable association between risk factors and death.

All hospitalizations

Alive, n(%) Deaths, n (%) aOR (95% CI)

Total 278,088 (97.2) 7827 (2.8) –

Sex

Male 148,792 (53.5) 4370 (55.8) 1.12 (1.07, 1.18)

Female 129,296 (46.5) 3457 (44.2) Reference

Gestational age

<29 weeks 22,624 (8.2) 6015 (76.4) 62.19
(55.67, 69.47)

29–<34 weeks 64,273 (23.2) 1012 (13.1) 3.80 (3.45, 4.18)

34–<37 weeks 191,191 (68.6) 800 (10.5) Reference

Transferred in

Yes 23,443 (9.0) 1119 (15.2) 0.84 (0.73, 0.96)

No 254,645 (91.0) 6708 (84.8) Reference

Zip Code median income

<$43,000 88,663 (32.3) 2937 (37.8) 1.30 (1.18, 1.44)

$43,000–
<$54,000

67,200 (24.3) 1886 (24.2) 1.18 (1.07, 1.30)

$54,000–
<71,000

66,304 (23.6) 1771 (22.5) 1.14 (1.04, 1.24)

≥$71,000 55,921 (19.8) 1233 (15.6) Reference

Insurance

Medicaid 141,665 (51.3) 3938 (50.5) 0.83 (0.77, 0.89)

Other 19,996 (7.2) 1039 (13.3) 1.78 (1.55, 2.04)

Private 116,427 (41.5) 2850 (36.2) Reference

Race/ethnicity

White 121,047 (43.6) 2667 (34.1) Reference

Black 48,574 (17.6) 1887 (24.3) 1.06 (0.98, 1.15)

Hispanic 46,083 (16.6) 1244 (15.9) 1.05 (0.96, 1.16)

Other 31,541 (11.2) 918 (11.6) 1.23 (1.11, 1.38)

Missing 30,843 (11.0) 1111 (14.1) 1.37 (1.14, 1.64)

Adjusted for infant sex, gestational age, transfer status, zip code median
income, insurance type, and race/ethnicity.
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potential confounders in analyses. For example, we may have
underestimated the mortality risk of outborn, transferred neo-
nates, since some neonates are selectively retained at birth
hospitals – those considered non-viable and died despite
resuscitation or electively withdrawn life support, while others
may have died during transport itself. Other relevant unknowns in
our study population that could have varied between transferred
and non-transferred infants, are maternal and neonatal illness
severity, prenatal and obstetric care, level of resuscitation required
at delivery, neonatal care availability, hospital demographics, and
time spent at the preceding hospital. To address this problem,
Fang et al. [22] used propensity scoring matching, to create inborn
and outborn (transferred) cohorts with similar characteristics. They
found that when matched on illness severity, outborn infants were
less likely to die compared with inborns, although they had higher
rates of comorbidities of prematurity, while without the matched
analysis, outborns had higher risk of mortality. Additional research
is warranted to accurately discern the groups of comparison, and
analyses that take into account the medical complexities in
maternal/neonatal illness, may be necessary to understand the
contribution of transfer in infant mortality.
For post-newborn hospitalizations, we found that transfer was

associated with high risk of death. The explanations for this
finding remain unclear. Interhospital transfers are common in
everyday neonatal practice, but there is clearly a knowledge gap
regarding the outcomes of neonates who undergo transfer [23].
We speculate that the reason for the poor survival may have

been the gravity of illness that required transfer to higher level of
care. This reinforces the findings in the Nationwide Inpatient
Sample (NIS) by Caskey et al. [24], which showed that pediatric
patients transferred between hospitals had significantly greater
mortality rate compared with patients admitted directly. In
adults, transferred patients have more comorbid conditions,
greater severity of illness, and 1.4-fold to 2.5-fold higher hospital
mortality rates compared to direct admissions [25]. In our study
population, due to lack of clinically relevant information, we
could not identify and control for such comorbidities. High-
lighting elevated severity of disease prior to transfer, Odetola
et al. [23] have found that children transferred from referral
hospital wards had the highest rates of undergoing CPR on the
date of interhospital transfer, compared to transfers from
emergency departments or intensive care units. While we did
not have this level of clinical information in our study, it is
possible that, beyond pre-existing comorbidities alone, timing of
transfer played a role in mortality. It has been shown that timely
provision of definitive care for acute life-threatening disease is
associated with good clinical outcomes [26, 27]. Regionalization
in the post-newborn period, similar to perinatal network
regionalization, may be warranted to facilitate timely, appro-
priate transfer prior to deterioration. It will be important to
identify barriers to timely transfer, such as insurance status or
interhospital communication, and address them by collabora-
tively building measures including telemedicine capabilities and
triage systems between hospitals.

Table 3. Multivariable association with death and risk factors in newborn hospitalizations.

All newborn hospitalizations White (n= 120849) Black (n= 49172) Hispanic (n= 45923)

Alive, n(%) Deaths, n (%) aOR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI)

270,734 (97.2) 7575 (2.8) – Deaths 2575 (34.0) Deaths 1851 (24.6) Deaths 1196 (15.8)

Sex

Male 144,594 (53.4) 4236 (55.9) 1.14 (1.09, 1.20) 1.17 (1.07, 1.27) 1.22 (1.10, 1.35) 1.07 (0.94, 1.22)

Female 126,140 (46.6) 3339 (44.1) Reference Reference Reference Reference

Gestational age

<29 wks 20,476 (7.6) 5934 (78.0) 76.54(68.61, 85.38) 81.96 (69.77, 96.28) 71.14 (57.77, 87.61) 63.75 (50.17, 81.01)

29–<34 wks 62,170 (23.0) 936 (12.5) 4.07 (3.67, 4.50) 4.42 (3.76, 5.20) 3.18 (2.54, 3.98) 4.42 (3.47, 5.63)

34–<37 wks 188,088 (69.3) 705 (9.5) Reference Reference Reference Reference

Transferred in

Yes 20,143 (7.9) 917 (12.8) 0.81 (0.71, 0.92) 0.83 (0.71, 0.97) 0.74 (0.60, 0.92) 0.75 (0.57, 0.99)

No 25,091 (92.1) 6658 (87.2) Reference Reference Reference Reference

Median income

<$43 K 86,146 (32.2) 2854 (38.0) 1.34 (1.21, 1.48) 1.33 (1.15, 1.53) 1.40 (1.12, 1.74) 1.21 (0.95, 1.54)

$43K–< $54 K 65,338 (24.2) 1824 (24.2) 1.21 (1.10, 1.34) 1.27 (1.10, 1.46) 1.15 (0.92, 1.44) 1.30 (1.00, 1.70)

$54K–< 71 K 64,548 (23.6) 1717 (22.5) 1.17 (1.07, 1.28) 1.25 (1.09, 1.43) 1.13 (0.90, 1.42) 1.18 (0.93, 1.51)

≥$71 K 54,702 (19.9) 1180 (15.4) Reference Reference Reference Reference

Insurance

Medicaid 137,127 (51.0) 3790 (50.2) 0.83 (0.77, 0.89) 0.90 (0.81, 1.00) 0.69 (0.61, 0.79) 0.98 (0.83, 1.15)

Other 19,513 (7.2) 1016 (13.4) 1.84 (1.60, 2.12) 1.80 (1.50, 2.16) 2.09 (1.61, 2.73) 1.57 (1.16, 2.13)

Private 114,094 (41.8) 2769 (36.4) Reference Reference Reference Reference

Race/ethnicity

White 118,244 (43.8) 2575 (34.0) Reference

Black 47,321 (17.6) 1851 (24.6) 1.07 (0.99, 1.16)

Hispanic 44,727 (16.5) 1196 (15.8) 1.06 (0.96, 1.16)

Other 30,906 (11.3) 887 (11.5) 1.23 (1.10, 1.37)

Missing 29,536 (10.7) 1066 (14.0) 1.45 (1.25, 1.69)

Adjusted for infant sex, gestational age, transfer status, zip code median income, insurance type, and race/ethnicity.
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Another potentially modifiable risk factor in our results was
insurance status. We found that Medicaid had a protective effect
from death compared to private insurance, but only among black
infants, and only during newborn hospitalization. Although the
reason for this finding is unclear, different patterns of clinical care
and neonatal outcomes by insurance status have been described
[28], and Medicaid has been associated with increased likelihood
of neonatal transfer, compared to those with private insurance
[29]. It is also possible that the prenatal benefits of Medicaid
contributed partly to decreased mortality. The Medicaid program
has an excellent record of financing coverage for pregnant
women in low-income populations; approximately 45% of U.S.
births are covered by Medicaid [30] and it has made substantial
investments in prenatal and postnatal programs to improve
maternal and infant health that often serve low-income families.
Essential health benefits for low-income women of childbearing
age include treatment of chronic disease, substance abuse
screening, and increased access to prescribed contraceptives. In
Michigan, participation in the program has been associated with
decreased neonatal and post-neonatal mortality [31], with
decreased odds of death among black infants (OR 0.71, 95% CI
0.58–0.87) and infants of other races (OR 0.74, 95% CI 0.61–0.91)
compared to non-participants. The impact has continued with the
Affordable Care Act Medicaid expansion, which dramatically
increased the number of women eligible for Medicaid coverage

by extending eligibility to non-pregnant women with household
income up to 138% of federal poverty level. Bhatt et al. have
shown that mean infant mortality rate in non-Medicaid expansion
states rose (6.4 to 6.5) from 2014 to 2016, but declined in
expansion states (5.9 to 5.6) [32]. Declines in infant mortality rates
by Medicaid expansion were greatest in African American infants.
Although our study could not identify which features of Medicaid
account for reduced risk of infant mortality, our finding may be a
reflection of quality health care utilization from preconception,
prenatal and maternal chronic disease, to mental health manage-
ment, made possible to minority, low-income, at-risk families
through Medicaid.
Our data has important public health implications. To inform

policies to improve infant survival, a thorough understanding of
risk factors is necessary [21]. The majority of risk factors in our
results during the newborn hospitalization were similar to risk
factors commonly associated with preterm birth itself. Efforts to
decrease infant mortality in premature infants, then, should focus
on preventing or delaying preterm birth and optimizing therapies
that may decrease complications of prematurity [33]. Ensuring
good access to prenatal care, promoting delivery of low birth
weight infants at centers with appropriate neonatal care, and
consulting high-risk maternal–fetal specialists could reduce
mortality in prematurely born infants. It should be recognized
that efforts to reduce preterm birth alone will have less impact on
the post-newborn aspect of infant mortality. Reducing deaths
after birth hospitalization, and the racial disparity in these post-
newborn deaths, will require further investigation of medical and
social risk factors specific to the home and neighborhood
environments, that were not feasible in our analysis, with
frequencies of death that were too low to report when stratified
by race/ethnicity.
Our study has several other limitations. First is the possible

inaccuracy of hospital discharge data, which may have influenced
our outcomes. In particular, identification of birth vs. non-birth
hospitalization could only be achieved by either MDC or ICD-10
codes. While the MDC code “newborn and other neonates” should
have been a match for the ICD-10 code “disorders of newborn
related to short gestation”, they did not always align. This may have
led to misclassifications of types of hospitalizations, though the
differences between identification methods by MDC vs ICD-10 were
relatively small (<100). In addition, although the KID is the largest
dataset available on pediatric hospitalization data in the U.S., not all
states participate in the KID. Although the data are weighted to be
nationally representative, it is possible that the participating states
may have differed in systematic ways from non-participating states.
Similarly, since the database collects data on a hospitalization level,
health care utilization on an individual patient level, such as
repeated hospitalizations, was not possible. Notably, other variables
known to be associated with mortality, such as medical or surgical
comorbidities or cause of death were not available. Also unavailable
were maternal characteristics known to be associated with infant
deaths, and known to differ between race and ethnicity, such as age,
prenatal care utilization, educational attainment, marital status, and
exposure to smoking.
Despite these limitations, our findings provide new information to

the field of infant mortality. With a large population-level data, we
confirmed that the well-established risk factors for preterm birth are
also risk factors for death, but diminish to transfer status alone after
birth hospitalization, without association with gestational age.
Medicaid was associated with decreased odds of death only among
black race. These findings should lead to further examination of
medical and social contributors to infant mortality, and analyses by
hospitalization types may offer novel strategies for understanding
racial disparities in infant mortality.
In summary, risk factors for death differ between birth and

subsequent hospitalizations, and differ by race/ethnicity.

Table 4. Multivariable association with risk factors and death in post-
newborn hospitalizations.

All post-newborn hospitalizations

Alive, n(%) Deaths, n (%) OR (95% CI)

Deaths, n (%) 7354 (96.6) 252 (3.3) –

Sex

Male 4198 (57.1) 134 (53.3) 0.85 (0.64, 1.14)

Female 3156 (42.9) 118 (46.7) Reference

Gestational age

<29 wks 2148 (29.2) 81 (31.8) 1.19 (0.86, 1.65)

29–<34 wks 2103 (28.6) 73 (30.2) 1.31 (0.96, 1.79)

34–<37 wks 3103 (40.2) 95 (38.0) Reference

Transferred in

Yes 3300 (45.1) 202 (80.3) 5.02 (3.31 7.61)

No 4054 (54.9) 50 (19.7) Reference

Median income

<$43 K 2517 (34.3) 83 (33.0) 0.73 (0.50, 1.06)

$43 K–< $54 K 1862 (24.6) 62 (24.6) 0.73 (0.49, 1.06)

$54 K–< 71 K 1756 (23.8) 54 (21.4) 0.71 (0.50, 1.02)

≥$71 K 1219 (16.5) 53 (21.0) Reference

Insurance

Medicaid 4538 (61.7) 148 (59.0) 1.07 (0.77, 1.49)

Other 483 (6.6) 23 (8.9) 1.29 (0.79, 2.13)

Private 2333 (31.7) 81 (32.1) Reference

Race/ethnicity

White 2803 (37.9) 92 (36.5) Reference

Black 1253 (17.0) 36 (14.1) 0.97 (0.65, 1.47)

Hispanic 1356 (18.5) 48 (19.3) 1.17 (0.82, 1.69)

Other 635 (8.6) 31 (12.1) 1.37 (0.92, 2.04)

Missing 1307 (18.0) 45 (18.1) 0.95 (0.45, 1.99)

Adjusted for infant sex, gestational age, transfer status, zip code median
income, insurance type, and race/ethnicity.
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