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Despite many advances in neonatology and resultant
improvement in neonatal mortality, we have yet to solve
the underlying problem of preterm labor (PTL), as we do not
fully comprehend its multifactorial etiology. Current obste-
trical practices, such as cerclage and tocolytics, have been
ineffective in improving neonatal outcomes.1,2 Randomized
control trials have shown that progesterone treatment
reduces the risk of preterm delivery before 37 weeks in
motherswith an increased riskof pretermdelivery; however,
those mothers need to be identified early and weekly treat-
ment started between 16 and 24 weeks.3 Numerous studies
and large databases show the incremental decrease in neo-

natal morbidities with each subsequent gain in week of
gestational age (GA).4–9 Delaying delivery, even 1 to 2 weeks,
has a tremendous impact on these morbidities as well as
costs. Previous studies10–27 have examined the potential cost
savings associated with increased GA, but these have pri-
marily relied on administrative data, with hospital costs
based on cost-charge ratios, or were single-center studies,
or simply were performed over a decade or two ago. The aim
of this study is to compare costs of infants born preterm to
the costs of infants born at term, including the costs of
neonatal care for the initial hospitalization and of care
(both inpatient and outpatient) required in the 1st year of
life, byweek of gestation. This is intended to inform potential
cost savings that may arise because of interventions that
delay preterm delivery. To do this, we employed a modern
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Abstract Objective This study was aimed to compare health care costs and utilization at birth
through 1 year, between preterm and term infants, by week of gestation.
Methods A cross-sectional studyof infants born at � 23weeks of gestational age (GA) at
Kaiser Permanente Northern California facilities between 2000 and 2011, using outcomes
data from an internal neonatal registry and cost estimates from an internal cost manage-
ment database. Adjustedmodels yielded estimates for cost differences for each GA group.
Results Infants born at 25 to 37 weeks incur significantly higher birth hospitalization
costs and experience significantly more health care utilization during the initial year of
life, increasing progressively for each decreasing week of gestation, when compared
with term infants. Among all very preterm infants (� 32 weeks), each 1-week decrease
in GA is associated with incrementally higher rates of mortality and major morbidities.
Conclusion We provide estimates of potential cost savings that could be attributable
to interventions that delay or prevent preterm delivery. Cost differences were most
extreme at the lower range of gestation (� 30 weeks); however, infants born
moderately preterm (31–36 weeks) also contribute substantially to the burden, as
they represent a higher proportion of total births.
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dataset, using a quasi-population based sample, and cost
data from an integrated medical system.

Methods

Study Design and Population
This is a cross-sectional study of infants born at � 23weeks of
GA at a Kaiser Permanente, Northern California (KPNC) facility
between January 2000 and December 2011, in any of 14 KPNC
facilities. KPNC is an integrated health care delivery system
that currently provides coverage to > 30% of the insured
population in Northern California, with approximately 4 mil-
lion members. In KPNC, all inpatient and outpatient care is
tracked through a common medical record number. Our
objective was to compare routine costs of care among infants
of different GAs through 1 year of life. From the base popula-
tion of infants born in any KPNC facility within the study time
frame (360,665), we excluded infants who were born at or
transferred during the birth hospitalization to any non-KPNC
facilitieswhichdonot useKPNCclinical data systems (12,141),
did not have records in the cost database (98), or had negative
values in the cost database (276).

The resulting study cohort used for comparisons of cost and
rates of morbidities during the birth hospitalization includes
348,150 infantsofwhom303,233 (87.1%)werebornat term(�
38weeks).Of the12,515excluded infants, 10,673 (85.3%)were
born at term. Infantswhodied during thebirth hospitalization
were retained in the analytic cohort for comparisons of birth
hospitalization costs and outcomes. For analyses of costs and
utilization during the initial year of life, we excluded infants
with incomplete membership for the year 1 follow-up period,
defined as no record of health plan enrollment after age
6 months (83,298) or no cost data for the year 1 follow-up
period (103), resulting in a cohort of 264,749 for the compar-
isons of costs and utilization in the initial year of life. ►Fig. 1

shows the cohort compilation process for the birth hospitali-
zation and 1st year follow-up cohorts.

Infant Characteristics
GA was determined from the maternal record and defined
according to the obstetrically assigned estimated date of
delivery (EDD). For women with regular menstrual cycles,
EDD is based on last menstrual period if in 7-day agreement
with a first trimester ultrasound. For women with irregular
menstrual cycles, EDD is determined from first trimester
ultrasound results. Small for GA (SGA) and large for GA (LGA)
statuseswere determined by plotting the infant’sweight and
GA on the Fenton’s curves,28 using < 5th percentile as the
cut-off for SGA, and > 95th percentile for LGA.

Neonatal Morbidities
For infants admitted to a level III neonatal intensive care unit
(NICU), we obtained detailed information on complications
and interventions occurring during the NICU admission from
the KPNC neonatal minimum data set (NMDS).29 Data in the
NMDS are captured through automated extraction from the
electronic medical record, augmented by verification of
extracted data and manual abstraction of complex variables
by trainedmedical record abstractors. The followingdiagnoses
and procedures were included for this analysis: necrotizing
enterocolitis (Bell’s stage � II)30 mechanical ventilation for 7
ormore days, chronic lung disease defined as need for supple-
mental oxygen at 36 weeks corrected GA, severe intracranial
hemorrhage (grade III or IV), severe retinopathyofprematurity
(stage � III or requiring intervention), early- or late-onset
sepsis, andmortality after discharge. Standardized definitions
of the aboveneonatal diagnoses are adapted fromtheVermont
Oxford Network data definitions.31

Estimates of Costs
Data on the use and cost of medical care was obtained from
linked automated clinical and administrative databases at
Kaiser Permanente. The Kaiser Permanente cost manage-
ment information system (CMIS) provides the costs of
hospital services and outpatient clinic services that were

Fig. 1 Inclusion process for birth hospitalization and year 1 follow-up cohorts.
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provided by Kaiser Permanente, including pharmacy,
laboratory, imaging, and home health services. CMIS inte-
grates utilization data with the Kaiser Permanente general
ledger. All costs in the ledger (apart from costs for insur-
ance-related functions, such as marketing and membership
accounting) are fully allocated to health care services. CMIS
uses standard cost-accounting methods to allocate all build-
ing and administrative overhead. Estimates of inpatient
costs are determined from nursing acuity scoring (GRASP),
clinical service, and day of hospitalization. Surgical costs are
estimated from the surgical service and time in the operat-
ing room. Inpatient pharmacy data are only available from
2010. Specific inpatient charges are not available. For
services that were provided by non-Kaiser Permanente
providers, but paid for by Kaiser Permanente, we used
the charges of the non-Kaiser Permanente providers as
the costs to Kaiser Permanente of these “outside” services.
The impact of using charge data for non-Kaiser Permanente
services was small; of all inpatient costs in the study data,
only 0.86% of the dollars were from external charge data,
and for outpatient costs the corresponding percentage was
0.89%. Costs were normalized to $2,013.

Preterm Labor
We identified maternal admissions for PTL by selecting inpa-
tient encounters that had an International Disease Classifica-
tion (ICD-9) code for PTL (644.0, 644.00, 644.03, 644.20,
644.21, V23.41) assigned. PTL admissions were classified as
uncomplicated PTL if there were no other complicating diag-
noses, such as preterm premature rupture of membranes
(658., 658.10, 658.11, 658.13), chorioamnionitis (658.4x),
preeclampsia/eclampsia (642.5x, 642.6x, 642.7x), cervical
incompetence (622.5, 654.5x, 654.6x), or bleeding/placenta
previa/abruption (641.1x, 641.2x, 641.3x, 641.8x, 641.9x).

Statistical Analysis
We used linear regression to evaluate the incremental cost of
care for eachweekof gestation comparedwith infants born at
40 weeks of gestation. We developed adjusted models,
retaining variables that were significant at p < 0.05 in
bivariate analyses. We evaluated infant race/ethnicity, birth
year, birth facility, mode of delivery, and SGA status. We
developed models for cost of the birth hospitalization and
cost of additional health care in the 1st year of life, including
additional inpatient care and outpatient costs. Our models
yielded estimates for cost differences with 95% confidence
intervals for each GA group. The resulting values represent
the percentage change from the reference group cost to the
comparison group cost, as follows:

(cost of comparison group-cost of reference group)/cost of
reference group

Outpatient costs included emergency department visits,
outpatient clinic visits, outpatient therapies, andmedication
costs. To explore the contribution of the major neonatal
morbidities to cost, we developed separate cost models
that included these morbidities and adjusted for GA.

Results

We analyzed the costs of the birth hospitalization for
348,150 live born infants, of whom 264,749 (76.0%) con-
tributed cost and utilization data for both inpatient and
outpatient care, for the initial year of life. The characteristics
of the study cohort are displayed in ►Table 1.

►Table 2 compares the cost and utilization associatedwith
each individual week of GA, compared with the reference
group of term infants with GA 38 to 40 weeks. Each week of
prematurity from 37 to 25 weeks is associated with a statis-
tically significant increase in birth hospitalization costs.
Within this range, cost differences are seen to increase pro-
gressively with each decreasing week. The most extreme cost
difference is observed in the 25 weeks category (a 5,609% cost
increase compared with the reference group), whereas those
born closer to term have lesser but still significant cost
differences, for example, infants born at 34, 35, and 36 weeks
have costs increases of 470, 178, and 76%, respectively. Post-
term infants (41 or more weeks GA) also have significantly
higher birth hospitalization costs than the reference group,
albeit of lesser magnitude (a 4% increase). In utilization
comparisons, similar relationships are seen among infants
37 to 25 weeks, the average lengths of stay (LOS) for each
category increasing steadily with each decreasing week of GA.
In this analysis, infants born at 25 weeks have the most
extreme difference (median LOS 91 days, compared with the
reference group’s median LOS 2 days). Moderately preterm
infants born at 34, 35, and 36weeks havemedian LOS 8, 4, and
3 days, respectively. For infants born at 23 or 24 weeks, the
comparative costs and utilization for preterm infants are also
substantially, and significantly, higher than those of the refer-
ence group, but the inverse relationship seen from 37 down to
25 weeks is not sustained in these two GA groups, as higher
mortality within the birth hospitalization results in fewer
inpatient days for these infants, compared with premature
infants born at higher GAs.

In examining drivers of cost, we assessed the rates by
gestationalweek for themajormorbidities of prematurity, as
well as formortality, and for a composite indicator of survival
to discharge home with none of the major morbidities,
among the subset of the cohort born at 23 to 32 weeks
(►Table 3). These data demonstrate an appreciable reduction
in mortality andmorbidity with each 1-week increase in GA.
Accordingly, the rate of intact survival increases steadily
with each week GA. Mortality rates are highest among 23-
and 24-week infants (90.5 and 54.3%, respectively); this
explains their lower adjusted cost difference and shorter
average LOS, compared with 25-week GA infants (►Table 2).

We examined additional health care costs and utilization
in the 1st year of life. For cost comparisons we evaluated the
cost differences of any additional hospitalizations occurring
after initial discharge home, and for utilization comparisons
we evaluated readmission rates, number of hospital days for
readmissions, and the numbers of outpatient visits and
emergency department visits (►Table 4). Unlike birth hos-
pitalizations, cost differences for readmission hospitaliza-
tions did not follow a steady pattern by GA, although infants
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24 to 28weeks had the highest cost differences. In utilization
comparisons, however, there are clear patterns of increasing
readmission rates, more outpatient visits and more emer-
gency department visits for each gestational week, as GA
decreases. Interestingly, year 1 hospitalization cost estimates
for infants born at 34 to 37 weeks were significantly lower
than the same for term infants (►Table 4). For 37-week
infants, this may be at least partly explained by a slightly
lower LOS. A better understanding of the causes of lower
year 1 hospitalization costs for 34- to 36-week infants would
require analysis of data representing diagnoses, procedures,
medications, laboratory tests (types, frequencies, and
results), and other potential markers of inpatient acuity
and intensiveness of care which are beyond the scope of
the data available for this study.

Discussion

Our analysis provides a summary of the costs associatedwith
birth hospitalization and subsequent additional health care
costs during the 1st year of life by week of gestation from a
large, contemporary population-based dataset. It is not
surprising that we found, as other studies have, an incre-
mental increase in costs and utilization, by week of
prematurity.

Our data also show that while health care utilization in the
1st year of life is increased in the pretermpopulation, thebirth
hospitalization constitutes the substantial proportion of uti-
lization for themore preterm infants. In our cohort, the sumof
all encounter days after initial discharge home was less than
the birth hospitalization length of stay, for all gestations < 34
weeks. This is consistent with the findings of Mangham et al
who found in England and Wales that birth hospitalization
costs are responsible for 92.0% of the incremental costs per
preterm survivor.22 Our data also highlight that while a large
impact would result from delaying delivery by 1- or 2-week in
the lowestGAgroups, delayingdelivery inmoderately preterm
infants by aweek could havemorefinancial impact because of
the larger percentage of infants born at these GAs.

Interventions to preventordelay pretermdelivery should be
evaluated across theGA spectrum. The impact onmortalityand
morbidity is undoubtedly higher in the lower GA groups;
however, the financial burden on the health system may also
be lessened substantially by delaying delivery in moderately
and late preterm infants. Extremely low GA (ELGA) infants,
defined as those born at < 28 weeks, are 0.2% of our cohort,
whereasmoderately preterm infants (born at 31–36weeks) are
5.8%. Examiningcostdifferences formoderatelypreterm infants
by each individual week, compared with the estimate for the
category that is just 1 week more mature, the percentage

Table 1 Characteristics of study cohort (n ¼ 348,150)

Gestational age category (n)

� 33 wk 34–36 wk � 37 wk

4,568 17,359 326,223

n % n % n %

Male 2,459 53.8 9,567 55.1 166,162 50.9

Race/ethnicity

White 1,503 32.9 6,472 37.3 131,371 40.3

Black 625 13.7 1,475 8.5 22,436 6.9

Asian 979 21.4 3,850 22.2 65,469 20.1

Hispanic 1,180 25.8 4,311 24.8 82,104 25.2

Other/unknown 281 6.2 1,251 7.2 24,843 7.6

Cesarean delivery 2,362 51.7 5,315 30.6 74,759 22.9

Small for gestation age (SGA) 180 3.9 512 3.0 5,023 1.5

Large for gestational age (LGA) 137 3.0 1,102 6.4 14,151 4.3

Early onset sepsis 65 1.4 25 0.1 133 0.0

Intracranial hemorrhage, severe 110 2.4 2 0.0 13 0.0

Necrotizing enterocolitis 98 2.2 2 0.0 6 0.0

Chronic lung disease 389 8.5 17 0.1 45 0.0

Retinopathy of prematurity, severe 42 0.9 0 0.0 0 0.0

Late sepsis/meningitis 278 6.1 8 0.1 20 0.0

Assisted ventilation for � 1 wk 819 17.9 68 0.4 110 0.0

Death after discharge 293 6.4 33 0.2 272 0.1

Eligible for year 1 follow-up analysesa 3,326 72.8 13,071 75.3 248,467 76.2

aInfants with health plan membership in any of months 7–12 of life and cost data from the initial year of life, are included.
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change in costs for thebirthhospitalizationare sharply reduced
with each increasing week in GA among these infants. For
example, infants born at 33 weeks have a percentage change of
833.2%, whereas for those born at 34 weeks the estimate is
469.7%. Moving from 34 to 35 weeks decreases the percentage
change from 469.7 to 178.4%, from 35 to 36 weeks, 178.4 to
76.2%, and from 36 to 37 weeks, 76.2 to 17.8%, respectively
(►Table 2). These dramatic shifts are consistent with, and
explained by, the corresponding decreased rates of NICU
admission and shorter LOS seen for each of these GA compar-
isons (►Table 2).

Our approach was estimating cost that has several advan-
tages compared with other studies. First, we are employing a
modern, population-based cohort. Our data come from infants
born between 2000 and 2011. Much of the literature on costs
associated with prematurity in the United States comes from
birth cohorts that included the late 1980s and the early
1990s,14–20,24before thewidespread introductionof surfactant
in the early 1990s and its dramatic impact on mortality and
morbidity.32 Our data also represent the period after the
National Institutes of Health consensus and recommendation,
issued in 1994, that antenatal corticosteroids (ANS) be admi-
nistered to all women at risk for preterm birth between 24 and
34 weeks of gestation.33 While we report on a single health
system, our cohort is quasi population-based. KPNC insures
over 1/3 of the population of Northern California. The KPNC
membership is diverse in race and ethnicity, reflecting its

Northern California population base (►Table 1). The birth
cohort of > 35,000 births each year is larger than the birth
cohorts of 15 states in theUnited States.34Whilewe report on a
single health system, the system is composed of a mix of
facilities with level II and level III nurseries, in which some
facilities function as regional referral centers for cases with the
highest acuity or in need of specialized care. Second, we
calculate costs directly.Most studies have relied on cost-charge
ratios to calculate costs.10,11,18,20 Charges are not accurate
measures of cost secondary to differential markups for various
components of health care that may also differ among institu-
tions or payer.24,35 Cost-charge ratios cannot fully correct for
these differences. The cost data which underlie our estimated
cost differences are based on actual expenditures from the
KPNCgeneral ledger, eliminating thepossibilityof such facility-
level differences in markup or discount rates. The KPNC cost
data source and methods used in our analyses are previously
described in several publications.36–38 Lastly, we had access to
data from a variety of sources, including neonatal research
databases,29 instead of purely administrative data, such as
hospital discharge records and birth certificate data. Because
of our data sources, we could adjust for other potentially
significant factors in cost and had better identification of
neonatal morbidities, compared with relying on ICD-9 codes.
In addition, we extracted GA from the obstetrical medical
record. Previous studies have reported errors inGAwhenusing
birth certificate data.10,20,39

Table 2 Comparisons of cost and utilization for the birth hospitalization by week of gestational age, infants born at � 23 weeks
gestational agea (n ¼ 348,150)

Cost difference Length of stay, d

GA, wk n Percent increaseb (%) 95% CI (%) p-Value Median IQR

23 105 1,145 1,043–1,26% < 0.01 0 0–1

24 129 3,969 3,665–4,307 < 0.01 28 0–105

25 146 5,609 5,206–6,054 < 0.01 91 73–107

26 183 5,348 5,003–5,725 < 0.01 76 64–88

27 217 4,905 4,613–5,222 < 0.01 66 56–78

28 279 3,971 3,760–4,197 < 0.01 56 48–68

29 317 3,163 3,004–3,333 < 0.01 46 40–55

30 416 2,629 2,513–2,753 < 0.01 38 32–47

31 568 1,915 1,841–1,993 < 0.01 29 25–37

32 904 1,339 1,297–1,382 < 0.01 21 17–28

33 1,304 833 810–857 < 0.01 14 11–19

34 2,707 470 460–480 < 0.01 8 6–13

35 4,810 178 175–182 < 0.01 4 3–6

36 9,842 76 75–78 < 0.01 3 2–4

37 22,990 18 17–19 < 0.01 2 1–3

38–40 257,309 Ref Ref Ref 2 1–2

41þ 45,924 4% 4–55 < 0.01 2 1–2

Abbreviations: CI, confidence interval; GA, gestational age; IQR, interquartile range.
aIncluding survivors to discharge home and infants who died during the birth hospitalization.
bAs compared with 38 to 40 weeks gestational age category.
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Table 3 Incidence of major morbidity and mortality during the birth hospitalization, by gestational week, infants 23 to 32 weeks
(n ¼ 3,264)

GA
(wk)

n Intracranial
hemorrhage,
severe (%)

Necrotizing
enterocolitis
(%)

Chronic
lung
disease
(%)

Retinopathy
of prematurity,
severe (%)

Early
sepsis or
meningitis
(%)

Late
sepsis or
meningitis
(%)

Assisted
ventilation
� 1 wk (%)

Mortality
in the birth
hospitalization
(%)

Survival
with no
major
morbidity
(%)

23 105 6.7 2.9 7.6 1.0 0.0 6.7 15.2 90.5 0.0

24 129 15.5 9.3 32.6 9.3 6.2 31.0 59.7 54.3 0.0

25 146 15.1 5.5 46.6 10.3 5.5 34.9 76.7 21.9 4.8

26 183 5.5 4.9 37.2 6.6 5.5 19.7 72.7 13.7 14.8

27 217 6.5 3.7 28.1 0.9 3.7 16.1 59.5 6.0 27.7

28 279 2.5 5.0 19.7 0.0 2.9 12.9 45.9 6.8 43.0

29 317 3.8 4.4 8.2 0.0 1.9 8.8 27.4 3.2 60.6

30 416 1.9 1.4 5.1 0.0 1.7 3.6 13.2 0.7 78.9

31 568 0.7 1.1 3.0 0.0 0.7 2.8 7.8 0.4 87.9

32 904 0.6 1.0 1.2 0.0 0.2 1.3 2.2 0.6 94.4

Abbreviation: GA, gestational age.

Table 4 Incremental cost difference by week of gestational age for hospitalization and other health service costs incurred after
initial discharge home, during the first year of life (n ¼ 264,749)

Year 1 hospitalizationa costs Year 1 health care utilization

GA
(wk)

Adjustedc cost difference (%) All
infants

Ever
readmittedb

Hospital days,
if readmitted
(n)

Outpatient
visits (n)

Emergency
department
visits (n)

Eligible
for year 1
analysesd

(n)

Estimate
(%)

95% CI (%) p-Value n n % Median IQR Median IQR Median IQR

23 2 �92.6 �97.8 to �42.2 < 0.01 4 1 25.0 34 34–34 26 17.5–35.5 1 1–4

24 19 73.6 9.4–199.3 0.03 43 8 18.6 1.5 1–8 19 15–24 1 1–2

25 48 191.3 115.8–306.3 < 0.01 92 32 34.8 3.5 2–9 22 15–23 1 1–2

26 48 164.2 95.5–268.7 < 0.01 128 28 21.9 2.5 1–7 18 13–23 2 1–2

27 55 101.1 51.6–174.3 < 0.01 154 29 18.8 3 1–10 17 13–22 1 1–2

28 54 73.2 30.4–136.6 < 0.01 199 33 16.6 3 1–13 17 13–22 1 1–2

29 80 �23.9 �39.9 to �1.7 0.03 238 40 16.8 2 1–6.5 16 13–21 1 1–2

30 92 �0.2 �20.0 to �26.5 0.99 326 55 16.9 2 1–4 15 12–20 1 1–2

31 92 �2.1 �21.4 to 24.1 0.85 449 47 10.5 3 1–6 15 12–19 1 1–2

32 137 26.5 5.4–53.6 0.01 694 73 10.5 2 1–5 12 9–17 1 1–2

33 150 1.3 �14.8 to 21.8 0.88 984 90 9.2 2 1–4 11 8–15 1 1–2

34 275 20.1 5.4–37.5 0.01 2,056 180 8.8 2 2–5 11 8–14 1 1–2

35 610 �11.8 �19.3 to �3.4 0.01 3,612 479 13.3 2 1–3 11 8–15 1 1–2

36 1,211 �16.3 �21.5 to �10.6 < 0.01 7,393 1,001 13.5 2 1–3 11 8–14 1 1–2

37 2,618 �20.4 �23.9 to �16.6 < 0.01 17,442 2,113 12.1 2 1–2 10 8–13 1 1–2

38–40 16,153 Ref Ref Ref 196,376 12,591 6.4 2 1–3 10 8–13 1 1–1

41þ 2,336 25.0 19.1–31.3 < 0.01 34,559 1,720 5.0 2 1–3 10 8–13 1 1–1

Abbreviations: CI, confidence interval; GA, gestational age; IQR, interquartile range.
aHospitalization costs incurred during inpatient admissions and admissions to skilled nursing facilities, excluding the birth hospitalization.
bReadmissions include only inpatient acute care encounters.
cAdjusted by race and small gestational age.
dInfants with health plan membership in any of months 7 to 12 of life and cost data for the initial year of life, are included.
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Our study also has some limitations that should be
recognized. The study is of a single health system, so costs
within the KPNC system may be lower or higher than other
individual hospitals and may not be generalizable. Although
it was a single health system, we did observe variation in
costs between the facilities within the system. Additionally,
our cost methodology used did not include individual costs.

Conclusions

In this study, we sought to estimate the incremental impact of
each week of prematurity on costs and over the 1st year of life.
Using a recent, large, and diverse cohort, linked to high quality
cost and outcomes data, we have provided estimates based on
the actual costs to an integrated health care system which are
attributable to decreasing GA. Our estimates of the cost differ-
ences byweekof GAestimates could support analyses exploring
thepotential cost savingsattributableto interventions thatdelay
or prevent premature labor. Costdifferencesweremostextreme
at the lower range of gestation; however, infants born moder-
ately preterm(31–36weeks) also contribute substantially to the
burden, as they represent a higher proportion of total births.
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