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Objective. To estimate the contribution of health insurance status to the risk of death
among hospitalized neonates.
Data Sources. Kids’ Inpatient Databases (KID) for 2003, 2006, and 2009.
Study Design. KID 2006 subpopulation of neonatal discharges was analyzed by
weighted frequency distribution and multivariable logistic regression analyses for the
outcome of death, adjusted for insurance status and other variables. Multivariable lin-
ear regression analyses were conducted for the outcomes mean adjusted length of stay
and hospital charges. The death analysis was repeated with KID 2003 and 2009.
Principal Findings. Of 4,318,121 estimated discharges in 2006, 5.4 percent were
uninsured. There were 17,892 deaths; 9.5 percent were uninsured. The largest risks of
death were five clinical conditions with adjusted odds ratios (AOR) of 13.7–3.1. Lack of
insurance had an AOR of 2.6 (95 percent CI: 2.4, 2.8), greater than many clinical con-
ditions; AOR estimates in alternate models were 2.1–2.7. Compared with insureds, un-
insureds were less likely to have been admitted in transfer, more likely to have died in
rural hospitals and to have received fewer resources. Similar death outcome results
were observed for 2003 and 2009.
Conclusions. Uninsured neonates had decreased care and increased risk of dying.
Key Words. Death, insurance, neonate

The high neonatal mortality rate in the United States relative to other devel-
oped countries is a national concern (Healthy People 2020 2010; World
Health Organization 2010). The major clinical conditions associated with
death in early infancy include premature birth; congenital malformation; sep-
sis; respiratory distress syndrome (RDS); necrotizing enterocolitis (NEC);
hypoxia; intraventricular hemorrhage (IVH); and maternal conditions and
complications involving the placenta, umbilical cord, and/or delivery (Guth-
rie et al. 2003; Shankaran et al. 2005; Heron et al. 2009). A system of region-
alized perinatal care has evolved to deliver specialized care to high-risk
obstetrical and neonatal patients (American Academy of Pediatrics Commit-
tee on the Fetus and Newborn 2012). However, in a voluntary system of
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regionalized perinatal care in which some patients are uninsured, health insur-
ance status may affect access to neonatal intensive care and the neonatal mor-
tality rate. Being uninsured is harmful to the health of older children and
adults, and their health status may be improved by acquisition of insurance
and access to health care services (Institute of Medicine 2009).

The aims of this analysis are to use a national hospital discharge survey
database to estimate the contribution of insurance status to access to health
care resources and to neonatal survival outcome, adjusted for the diagnoses
and demographic characteristics that are associated with neonatal death.

METHODS

Data Sources

The study examined hospital discharges of patients with neonatal diagnoses
using the Kids′ Inpatient Databases (KID) for 2003, 2006, and 2009; Health-
care Cost and Utilization Project (HCUP); and Agency for Healthcare
Research and Quality (2011). Individual discharge records in the HCUP data-
bases represent discrete hospital stays. Discharges include in-hospital deaths,
as well as discharges to home or to another facility.

KID 2006 is a sample of discharges from 3,739 community, non-rehabil-
itation hospitals in 38 states that participated in HCUP in 2006. It was used for
an extensive analysis, and the main outcome was repeated using the other
databases. KID 2003 includes data from 3,438 hospitals in 36 states, and KID
2009 includes data from 4,121 hospitals in 44 states. In each database, the tar-
get universe includes pediatric discharges from community, non-rehabilita-
tion hospitals in the United States. KID includes a sample of discharges from
all hospitals in the sampling frame, that is, the State Inpatient Databases that
agreed to participate in KID in a specific year. For sampling, pediatric dis-
charges are stratified by uncomplicated in-hospital birth, complicated in-hos-
pital birth, and all other pediatric cases. To insure an adequate representation
of each hospital’s pediatric case mix, the discharges are sorted by state, hospi-
tal, diagnostic related group (DRG), and a random number within each DRG.
Systematic random sampling is used to select 10 percent of uncomplicated
and 80 percent of complicated in-hospital births and other pediatric cases
from each sampled hospital. Discharge weights are developed by stratum used
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to define the sampled hospitals and the three types of records, that is, uncom-
plicated in-hospital births, complicated in-hospital births, and all other pediat-
ric cases (Agency for Healthcare Research andQuality 2008).

Study Sample and Definitions

The sample subpopulation was defined as discharge records flagged in the
database with a principal or secondary International Classification of Dis-
eases, Ninth Revision, Clinical Modification (ICD-9-CM) neonatal diagnosis
or procedure code for which admission occurred within the first 28 days of life
(Centers for Disease Control and Prevention 2010). The main outcome of
interest was death during hospitalization. Insurance status was determined
from the expected primary and secondary payer information, defining the self
pay and no charge payer records as uninsured and Medicare, Medicaid, private
insurance, and other payer records as insured. Diagnoses were defined using
ICD-9-CM and Clinical Classifications Software (CCS) codes (Agency for
Healthcare Research andQuality 2010).

The 2006 sample subpopulation for this study included 1,129,892 obser-
vations that estimate a weighted count of 4,318,216 discharges, including
records for patients who were transferred from the hospital of birth or from
home to the discharging hospital, as well as inborn patients. The sample sub-
populations for the 2003 and 2009 analyses were 1,002,929 and 1,258,806,
respectively.

Analysis

Weighted analyses were performed using SAS (SAS Institute 2010), SAS-Call-
able SUDAAN (Research Triangle Institute 2009), and Stata (StataCorp LP
2011) software. No missing data were imputed. Variables of potential interest
with greater than 3 percent missing observations were not used in the main
analyses. Weighted frequency distribution analyses were used to characterize
the subpopulation and to compare the uninsured with the insured groups by
chi-square tests. The weighted means and variances of continuous variables
were computed and compared by t-tests. Weighted univariate and multivari-
able logistic regression analyses were employed to calculate the unadjusted
and adjusted effect sizes of predictors of death and, separately, of admission
by transfer. Models were constructed iteratively to optimize the model fit sta-
tistics. The c statistic, Akaike’s Information Criterion, and the concordance of
predicted and observed responses were used to evaluate and compare models.
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Interaction terms were tested. TheWald chi-square test was used to determine
significance of the adjusted odds ratios (AORs). The multivariable logistic
regression analysis model that best described the 2006 data for the main out-
come of death was repeated separately with the 2003 and 2009 data.

Separate weighted multivariable linear regression analyses were per-
formed bymanual stepwise selection to estimate mean adjusted lengths of stay
(LOS) and mean adjusted hospital charges, respectively. Model selection was
based on maximized R2 values for LOS outcome for all patients, and the same
predictor variables were used in other LOS models for patients who died and,
in a sensitivity analysis, for those not admitted by transfer. The study was
approved by the Institutional Review Board.

RESULTS

Subpopulation Characteristics

Characteristics of the KID 2006 subpopulation are shown in Table 1. Of the
estimated 4,318,216 neonatal discharges, 231,806 (5.4 percent) were unin-
sured. An estimated 17,892 neonatal deaths occurred, including 1,695 (9.5
percent) without insurance. Seven of the nine leading causes of death during
the first 12 months of life are included among the clinical conditions used to
characterize the neonatal subpopulation in Table 1 (Heron et al. 2009). IVH
is examined instead of all causes of hemorrhage during infancy because it is
the hemorrhage of particular concern during the neonatal period. Additional
important causes of death among neonates, but not among the leading causes
of infant deaths, that is, intrauterine hypoxia and birth asphyxia (grouped as
hypoxia) (Shankaran et al. 2005; Azzopardi et al. 2009) and NEC (Guthrie
et al. 2003), are estimated in Table 1. Gender and multiple birth cohorts,
characteristics that are known to be associated with increased risk of neonatal
death also are included (Mathews and MacDorman 2010). Congenital mal-
formations, deformations, and chromosomal abnormalities are grouped as
congenital malformation.

The national quartile for median household income for a patient’s resi-
dence ZIP code was examined as an estimate of family socioeconomic status.
For all patients, the distribution of median household income was skewed
toward the lower quartiles. Uninsured patients were represented in all income
quartiles. Almost one half (47.4 percent) of discharges were from urban teach-
ing hospitals. Children’s hospitals and general hospitals with children’s units
together accounted for 20.0 percent of discharges.
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Comparison of Uninsured and Insured Discharges

There were significant differences between insured and uninsured dis-
charged patients in characteristics in Table 1, except for distributions of
gender, hypoxia, congenital malformation, hospital type, hospital bed size,
and admission by transfer. In general, uninsured discharges occurred rela-
tively more often in the South; in families that resided in “non-core coun-
ties” (those with no urban cluster of 10,000 or more residents); in the
lower half of median household incomes; and from hospitals in rural
areas. There were differences in the distributions of conditions associated
with neonatal death: uninsured discharges had smaller percentages of pre-
term, low birth weight, intrauterine growth restriction (PT/LBW/IUGR),
and multiple birth status, as well as lower rates of RDS, sepsis, IVH, and
NEC. In a restricted sample of KID 2006 that excluded the nine states
that did not report race data for newborn discharges, the estimated
weighted proportions of Hispanics were 36.8 percent among uninsureds
and 24.0 percent among insureds.

Predictors of Death

The AORs for death during hospitalization in the multivariable logistic
regression analysis of KID 2006 that includes insurance status, clinical diag-
noses, gender, hospital characteristics, and patient location as predictors are
presented in Table 2. In Model 1, the effect size associated with PT/LBW/
IUGR is the largest of any variable, with AOR (95 percent CI) = 13.7 (12.9,
14.5). IVH; hypoxia; NEC; congenital malformation; sepsis; maternal, pla-
cental, umbilical cord, and delivery conditions and complications; RDS;
cohort size and gender, in decreasing AOR order from 6.0 to 1.1, were all
significant independent predictors of death. Patients who resided in counties
with lower population densities had greater risk of death than did those who
resided in more heavily populated counties. Patients who were discharged
from urban teaching hospitals had greater risk of death than did those cared
for in other hospitals.

Importantly, uninsured neonates were 2.6 (95 percent CI: 2.4, 2.8)
times as likely to die as were those with private insurance, Medicaid,
Medicare or other expected primary or secondary payer. Models with
interaction terms for PT/LBW/IUGR and other diagnoses resulted in sig-
nificant AORs for these variables, but larger Akaike’s Information Crite-
rion values, a smaller c statistic or models that failed to converge.
A sensitivity analysis in which uninsured was redefined as only self pay
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discharges resulted in no meaningful difference in outcome. An iteration
of the model without the hospital predictor altered the AOR only slightly:
with hospital variable AOR = 2.58 (95 percent CI: 2.41, 2.77); without
hospital variable AOR = 2.59 (95 percent CI: 2.45, 2.73).

Because the diagnostic criteria used in Model 1 for congenital malforma-
tion are broad and the distribution of lethal conditionsmay have been different
between insured and uninsured patients, we performed an analysis in which
Model 1 was reiterated without adjustment for congenital malformation for com-
parison. The AOR for the uninsured status was 2.5 (95 percent CI: 2.3, 2.7).
In addition, we calculated Model 2 (Table 2), which substitutes for congenital
malformation a variable for life-threatening congenital anomalies as defined in
Appendix A-3 of Phibbs, Baker, Caughey et al. (2007). TheModel 2 AOR for
uninsured status was 2.66 (95 percent CI: 2.49, 2.85). Iteration of Model 2
without the life-threatening congenital anomalies predictor resulted in an
AOR for uninsured status of 2.68 (95 percent CI: 2.48, 2.88).

Appendix Table S1 displays the results of a weightedmultivariable logis-
tic regression analysis in which the PT/LBW/IUGR variable was replaced by
a nine-level birth weight (BW) range variable for those discharges for which
BWwas recorded in the database. The model is limited by the smaller number
of observations used for the analysis; however, the AOR for death of unin-
sured patients is 2.1 (95 percent CI: 1.9, 2.4). To assess for possible bias in the
estimate of the AOR for insurance status in the Table 2 model, reiteration of
Model 1 was performed on the restricted database that includes the BW and
resulted in an AOR for death of uninsured patients of 2.66 (95 percent CI:
2.30, 3.07). Thus, there is a range of AOR estimates for the insurance effect
among the models of 19.5 percent; the Model 1 AORmay be an overestimate
or an underestimate.

Appendix Table S2 displays the results of Model 1 for the outcome of
death in which a five-level variable for payer replaced the two-level insurance
variable. With private insurance as the reference, the AOR for self pay patients
is 2.9 (95 percent CI: 2.7, 3.1) and for Medicaid-insured patients, the AOR is
1.2 (95 percent CI: 1.1, 1.2).

Because NICU annual volume is a predictor of VLBW mortality rate
(Phibbs et al. 2007), but the KID database has no variable for NICU volume,
a proxy for NICU volume was created and substituted inModel 2 for all other
hospital characteristics. As described in Appendix Table S3, adjustment of the
model for neonatal death outcome for the NICU volume proxy, as well as for
congenital anomalies regarded as life-threatening (Phibbs et al. 2007), results
in an AOR of 2.7 (95 percent CI: 2.5, 2.9) for uninsured status.
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The multivariable logistic regression analyses (Model 1) repeated sepa-
rately for the outcome of death using the KID 2003 and 2009 databases
yielded results that were similar to that of 2006: the AOR values for the pre-
dictor uninsured were 2.4 (95 percent CI: 2.2, 2.6) in 2003 and 2.9 (95 percent
CI: 2.7, 3.1) in 2009.

Admission by Transfer and Resource Allocation

In a separate multivariable logistic regression analysis of KID 2006 for the
outcome of admission by transfer (Table 3), admission by transfer was less
likely for uninsured than for insured patients with AOR = 0.90 (95 percent
CI: 0.85, 0.94); p < .001.

Resource allocation in 2006 was less for uninsured than for insured
patients (Table 4). Fewer procedures were performed on uninsured than on
insured discharges. The adjusted weighted mean LOS was shorter for those
who were uninsured than for those who were insured for all discharges (2.7
vs. 3.7 days); for all non-normal discharges (4.5 vs. 7.2 days); and for those
who died (2.2 vs. 11.6 days). The adjusted weighted mean LOS for uninsured
normal discharges, although significantly shorter than that for normal insur-
eds, was clinically insignificant, that is, 2.01 versus 2.12 days (p < .001).
Among discharged patients who died, the adjusted weighted mean hospital
charge was less for uninsured than for insured discharges ($24,474 vs.
82,673). Complete models for these analyses are described in Appendix

Table 3: Adjusted Odds Ratios for Admission by Transfer of Neonates
Who Subsequently Died, Calculated by Weighted Multivariable Logistic
Regression Analysis of the 2006 Kids’ Inpatient Database

Variable Adjusted Odds Ratio
Adjusted 95%

Confidence Interval

Uninsured 0.90 0.85, 0.94
Congenital malformation 5.15 5.03, 5.27
Preterm, low birth weight,
or intrauterine growth restriction

3.68 3.59, 3.78

Hypoxia 3.54 3.30, 3.81
Sepsis 2.60 2.51, 2.70
Necrotizing enterocolitis 2.56 2.34, 2.82
Respiratory distress syndrome 2.54 2.45, 2.64
Intraventricular hemorrhage 2.15 1.99, 2.32

The c statistic for the analysis = 0.73; concordance = 64.3%; and discordance = 17.8%.
Sum of model weights used is 4,318,216.
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Tables S4 and S5. When a five-level payer variable replaced the two-level
insurance status variable in the same model as that reported in Appendix
Table S5, the adjusted weighted mean hospital charge for patients insured by
Medicaid ($10,533) and by Medicare and other ($14,225) exceed and those
who were self pay ($5,442) and no charge ($5,197) are less than the adjusted
weighted mean hospital charge for patients insured by private insurers
($8,394). To the extent that weighted charges/day adjusted for the hospital
variable reflect intensity of care and not differential charge structures for vari-
ous payers, small but significant differences were noted between the insured
and uninsured discharges in the estimated charge/day for all discharged
patients and for those that survived (Table 4).

Hospitals Where Deaths Occurred

In unadjusted weighted analyses, uninsured discharged patients who died in
2006 were more likely than insured ones to have died in rural hospitals (8.7
percent vs. 4.2 percent), hospitals without a children’s unit (62.7 percent vs.
49.7 percent), and to have been inborn in the hospital where they died than
were insured discharged patients who died (78.2 percent vs. 73.0 percent)
(Appendix Table S6).

DISCUSSION

Effects of Insurance Status

As expected, the predictors with the largest adjusted risks for death during
hospitalization of neonatal patients estimated using the KID 2006 database
were clinical conditions commonly encountered in neonatal intensive care
units, that is, PT/LBW/IUGR, IVH, hypoxia, NEC, and congenital malfor-
mation. In this analysis, uninsured status was the next largest adjusted risk for
death, for which the AOR, 2.6, was greater than those for sepsis, obstetrical
conditions and complications, RDS, multiple birth, and male gender. Lack of
insurance was also a significant predictor of death in analyses of both the 2003
and 2009 KID databases. The estimate of the effect of insurance was not chan-
ged in models for the outcome of death that excluded the hospital variable,
indicating that the disparity is a within-hospital disparity.

Recent analyses of large U.S. databases have found that health insurance
status is a significant determinant of survival of older patients. Adults who
were uninsured at the time of participation in the Third National Health and
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Nutrition Examination Survey were more likely to die within the following
5 years than were those who were insured, with an adjusted hazard ratio of 1.4
(95 percent CI: 1.1, 1.8). (Wilper et al. 2009). An analysis of two large databas-
es for the years 1988–2005 found an AOR of 1.6 (95 percent CI: 1.5, 1.8) for
the outcome of inpatient death for uninsured children compared with insured
ones, adjusted for some variables, but not including diagnoses (Abdullah et al.

Table 4: Resource Allocation to Neonatal Discharges, by Insurance Status,
in the 2006 Kids’ Inpatient Database

Resource
UninsuredWeighted

Mean (�SE)
InsuredWeighted
Mean (�SE) p-Value*

Total procedures,N
All discharges 0.75 (�0.005) 0.92 (�0.001) <.001
Discharges, died during hospitalization 1.99 (�0.10) 3.79 (�0.04) <.001
Discharges, survived 0.74 (�0.005) 0.90 (�0.001) <.001

Adjusted length of stay†, days
All discharges 2.74 3.66 <.001
All non-normal newborns 4.54 7.19 <.001
Discharges, died during hospitalization 2.22 11.56 <.001
Discharges, survived 2.75 3.62 <.001

Adjusted total hospital charges‡, $
All discharges 5,401 9,556 <.001
Discharges, died during hospitalization 24,474 82,673 <.001
Discharges, survived 5,267 9,277 .207

Adjusted total hospital charges/day§, $
All discharges 1,381 1,500 <.0001
Discharges, died during hospitalization 12,677 12,890 .798
Discharges, survived 1,354 1,475 <.0001

*t-test; in multivariable linear regression analyses for length of stay and for total hospital charges,
significance of t-test for insurance variable when included in the models described in Appendix
Tables S4 and S5, respectively. Additional regressions using a Poisson distribution model for each
of the procedures analyses were computed to confirm the significance of the covariate for insur-
ance status in each.
†Predictor variables in weighted multivariable linear regression model for length of stay outcome
include the following: insurance status; survival, preterm, low birth weight, intrauterine growth
restriction; congenital malformation; sepsis; respiratory distress syndrome; necrotizing enterocoli-
tis; multiple birth cohort; hypoxia; intraventricular hemorrhage; maternal, placental, umbilical
cord, or delivery complication; region of hospital; location of patient’s county of residence; hospi-
tal; hospital bed size; and hospital location/teaching status. Full model is given in Appendix Table
S4. Additional adjusted multivariable regressions using a Poisson distribution model for each of
the length of stay analyses were computed to confirm the significance of the covariate for insur-
ance status in each.
‡Predictor variables in weighted multivariable linear regression model for total hospital charges
include insurance status, survival, length of stay in days, and hospital. Full model is given in
Appendix Table S5.
§Adjusted for hospital dummy variable.
SE, standard error.

Increased Risk of Death 1245



2010). An analysis of very low birth weight (VLBW) neonates, that is, those of
BW <1,500 g, in California in 2000, which included extensive adjustment,
including the NICU level of care and annual volume, found an increased risk
of death for uninsured patients, with AOR 1.20 (95 percent CI: 1.04, 1.39)
(Phibbs et al. 2007). Following discharge of neonates from an NICU affiliated
with the NICHD Neonatal Research Network, unknown maternal insurance
status was a predictor of the adjusted infant mortality rate among extremely
LBW infants (De Jesus et al. 2012).

Analyses of registry databases also demonstrated an increased mortality
risk for uninsured patients. In a study of 37 children’s hospitals, inpatients
who were self pay ones were more likely to die than were those who had insur-
ance, with unadjusted ORs of 8.7 for neonates and 1.6 for all children (Slonim
et al. 2010). Lack of insurance was found to be associated with comparably
higher odds of death among 174,921 children who experienced trauma and
who were included in the National Trauma Data Bank in 2002–2006 (Rosen
et al. 2009). The AOR for death of uninsured children compared with com-
mercially insured children was 3.3 (95 percent CI: 3.0, 3.7).

Expansion of state Medicaid eligibility for adults in three states since
2000 compared with neighboring states that did not expand Medicaid pro-
grams was associated with reduced adjusted all-cause mortality for adults aged
20–64 years (Sommers, Baicker, and Epstein 2012).

Access to Neonatal Intensive Care and Resource Allocation

One possible explanation for the increased odds of death associated with lack
of insurance is decreased access to neonatal intensive care (Phibbs et al. 1996,
2007; Cifuentes et al. 2002; Lasswell et al. 2010). In this analysis of KID 2006
adjusted for diagnoses, uninsured discharged patients were less likely than
were insured ones to have been admitted by neonatal transfer (Table 3). This
may have occurred because high-risk pregnancies had been transferred before
delivery to appropriate facilities. However, uninsured neonates who died
were more likely than insured neonates who died to die in rural hospitals with-
out children’s units (Appendix Table S6). Thus, uninsured neonates whose
mothers were not transferred before delivery may not have gained universal
access to regionalized perinatal care. Further investigation of linked maternal
and neonatal records is needed to resolve this issue.

Regionalized perinatal health care is a voluntary system of referrals of
obstetric and neonatal patients within a geographic area to the most appropri-
ate care facility, which has evolved to reduce neonatal mortality and morbidity
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(Lorch, Myers, and Carr 2010; American Academy of Pediatrics Committee
on the Fetus and Newborn 2012). Optimally, pregnant women with high-risk
pregnancies, such as imminent preterm delivery, are referred to regional
perinatal centers staffed by maternal-fetal medicine specialists, as well as neo-
natologists and other specialists in a neonatal intensive care unit (NICU). Less
optimally, neonates with potentially life-threatening conditions are trans-
ported from a birth hospital to an NICU for care. Delivery of preterm preg-
nancies in facilities with maternal-fetal medicine and neonatology services is
associated with lower neonatal mortality and morbidity than delivery in a
facility without these specialists, even if infants subsequently are transferred to
a NICU (Warner et al. 2004). NICUs provide various levels of care and may
have only a few high-risk infants or a high volume of such patients. Mortality
among VLBW infants is lowest for deliveries that occur in hospitals with
NICUs that have both a high level of care and a high volume of patients (Phib-
bs et al. 2007). In California, where there is evidence of deregionalization of
perinatal services, which might be expected to increase access to service, the
volume of patients under care at a facility had a greater effect on neonatal sur-
vival than did level of care (Chung et al. 2010, 2011). Deregionalization that
results in lower volume perinatal/neonatal services might experience higher
odds of in-hospital mortality of fetuses and neonates despite providing higher
levels of care.

Referral of a pregnant patient requires that decisions be made by both
primary obstetrician and the patient (Bronstein et al. 2011). In the United
States, where differences in perinatal regionalization approaches among states
exist, there are differential benefits regarding death rate and complications for
neonates of 23–37 weeks’ gestational age associated with being delivered at a
high-level NICU (Lorch et al. 2012). However, not all identifiable high-risk
pregnancies are referred to an appropriate center. For example, in California
in 2000, 21.2 percent of VLBW infant deliveries occurred in hospitals that
were not equipped to provide mechanical ventilation (Phibbs et al. 2007).
In Arkansas during 2001–2006, only 52.7 percent of newborn infants
born before 33 weeks gestation were delivered in hospitals that were staffed
by neonatologists (Bronstein et al. 2011).

In the absence of a high-risk pregnancy referral to an appropriate cen-
ter for delivery, moreover, not all infants who after birth require NICU care
are transferred to an NICU. The responsible physician must make a determi-
nation to transfer the infant or not, and if so, to which facility and when. The
possibility of transfer may depend on location of the birth hospital and dis-
tance to an appropriate level NICU, timely availability of transportation,
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and an identifiable payer for a potentially lengthy and expensive hospitaliza-
tion at the accepting NICU.

A second possible explanation for the increased risk of death associated
with lack of insurance is that resource utilization was reduced for uninsured
patients, wherever they were cared for. Indeed, uninsured discharged patients
had shorter adjusted lengths of stay than did insured ones, and those who died
had lower hospital charges than did insured discharged patients who died,
adjusted for LOS (Table 4). A study of all discharged newborns in California
in 1987 with evidence of serious medical problems found that sick newborns
without insurance received fewer inpatient services than did privately insured
newborns, although they were at higher medical risk (Braveman et al. 1991).
However, a more recent study inMichigan, a state with a low rate of uninsured
children, found that when uninsured and publicly insured neonates were
grouped together for analysis, their hospital stays, charges, and death rates
exceeded the respective rates for privately insured neonates, findings that
may be attributable to the preponderance of publicly insured patients in the
combined group (Peterson et al. 2011).

A third possible explanation of the disparity in outcomes between the
uninsured and insured patients is that LOS for patients initially admitted as
uninsured biased the results. Uninsured infants who survived and whose
LOS were sufficiently long and costly to make them eligible for Medicaid
prior to discharge became Medicaid discharges, whereas those with short
LOS because of death may have remained Medicaid ineligible and were
uninsured discharges.

An alternative interpretation of this analysis is that discharges in the
KID databases for which the expected primary or secondary payer was coded
as self pay or no charge represented default coding for patients whose payer was
not identified at the time of discharge or closure of the administrative record,
but not necessarily lack of insurance or eligibility for it. It is possible that some
neonates who did not qualify for Medicaid at discharge subsequently qualified
because of spend-down of family resources; however, at the time care deci-
sions were made, the primary and secondary insurance status would have
been uninsured or unknown.

If, indeed, hospitalized neonates classified as uninsured in this analysis
subsequently were found to be eligible for insurance for their hospitalizations,
then the interpretation of this analysis would be that neonates with serious
conditions whose expected primary and secondary payers had not yet been
identified had reduced access to regionalized neonatal care and health care
resources and, consequently, greater risk of death. Arguments against the
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interpretation that self pay and no charge do not represent lack of insurance,
however, are that a hospital had two opportunities to record an expected
payer, that is, both a primary and a secondary payer; that the neonatal unin-
sured rate of 5.4 percent in this analysis is less than the estimated 14 percent
infant uninsured rate in the United States in 2006 (Kaiser Commission on
Medicaid and the Uninsured 2007); and that admission of pregnant mothers
of the infants who were subsequently born provided advance notice and
incentive for hospitals to identify insurance, if any, that would reimburse for
the impending hospitalization of the infants. Moreover, HCUP organizers
have sufficient confidence that the collection of expected payer data in State
Inpatient Databases, the source of HCUP data, is sufficiently complete when
compiled to make valid an analysis of all uninsured discharges, including
adults and newborns, using the 2008 Nationwide Inpatient Sample (Stranges,
Kowlessar, and Davis 2011).

Socioeconomic Position, Relative Isolation, and Race

Socioeconomic position, place of residence, race, and health insurance
status are interrelated factors, each of which may independently predict
the hospital death of a newborn, adjusted for clinical predictors and each
other. However, it is difficult to separate the effect of lack of health insur-
ance in the United States from socioeconomic conditions that may predis-
pose to that condition. A significant unadjusted association exists in this
analysis between uninsured status and the distribution of median house-
hold income indicated by ZIP code toward lower quartiles; a separate
association exists between uninsured status and rural residence (Table 1).
Measures of poverty, income inequality, and social deprivation, not includ-
ing health insurance status, have been associated with adverse neonatal or
infant survival risks (Singh and Kogan 2007; Olson et al. 2010). In Eng-
land, a nation with universal health insurance, the most deprived socioeco-
nomic decile in 2006–2007 experienced a rate of 35.9 neonatal deaths per
10,000 live births compared with 14.9 per 10,000 live births for the least
deprived decile (Smith et al. 2010).

Our main analysis does not include race as a predictor. Although large
national datasets have the potential to disentangle race from socioeconomic
position, place of residence and health insurance status as an independent
factor in health disparities (Griffith, Neighbors, and Johnson 2009), too
many states do not permit inclusion of this variable in the KID databases for
evaluation of race in our main analysis. Moreover, race as coded in hospital
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administrative databases may not reflect a parent’s self-assignment, but that of
an observer. Analyses of vital statistics and study cohorts have found higher
neonatal and/or infant mortality rates for infants born to black mothers than
for those born to white mothers (Bruckner et al. 2009; Mathews andMacDor-
man 2010). Black newborn infants in linked national birth/death datasets had
a greater unadjusted risk of dying during infancy than did white infants (Math-
ews and MacDorman 2010). In California, the neonatal mortality rate among
VLBW infants was greater for non-Hispanic black infants than for non-His-
panic white infants, adjusted for maternal characteristics, including health
insurer (Bruckner et al. 2009), but no racial difference in risk-adjusted mortal-
ity rates of VLBW neonates in minority-serving hospitals in the Vermont
Oxford Network from 1995 to 2000 was identified (Morales et al. 2005). In
the Bruckner et al. 2009 study, the AOR for death among neonates born to
mothers whose insurer was unknown or missing was 1.6 (95 percent CI: 1.2,
2.1) relative to those who had insurance, adjusted for race. The lower propor-
tion of PT/LBW/IUGR discharges among the uninsureds (Table 1) may
reflect a greater proportion of immigrant Hispanics among them, as suggested
by the restricted sample analysis. Immigrant Hispanics have a lower rate of
low birth weight (Fuentes-Afflick, Hessol, and P�erez-Stable 1998).

The main strengths of this analysis are the very large databases that
are intended to represent the entire United States and are rich in recorded
variables, permitting extensive adjustment and analysis. The weaknesses
are as follows: the databases are administrative ones that may contain
errors made by the reporting hospitals; some variables of potential inter-
est, such as race, birth weight, gestational age, postnatal age at death, and
hospital identification, are not reported by all states, and others, such as
parental education and occupation, are not included, and the available
measure of family income may incompletely adjust for socioeconomic
position (Braveman et al. 2005; Blumenshine et al. 2010). Because the
maximum number of diagnoses reported in the KID databases varies by
state, the adjustment for diagnoses may be inconsistent. Certain of the
diagnoses used for adjustment, that is, RDS, sepsis, NEC, and IVH, may
be censored in instances of death soon after birth.

In summary, there was increased risk of death among uninsured hospi-
talized neonates in the United States that was not explained by the major clini-
cal causes of neonatal death. High-risk neonates for whom no insurer had
been identified may have had restricted access to appropriate care.

This analysis of neonatal discharges adds to a growing body of evidence
that lack of insurance affects mortality by limiting access to appropriate medical
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care. For neonates, improved access to care will depend on the development
of a regionalized system that optimizes births and neonatal care in the most
appropriate facilities, which the present voluntary system does not do. The
health care reforms called for in the Patient Protection and Affordable Care
Act (U.S. Government Printing Office 2010) may have a small impact on
delivery of perinatal care if an expansion of insured lives results in currently
uninsured neonates being known to be insured at birth.
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