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ORIGINAL RESEARCH

Respiratory morbidity, healthcare resource use, and cost burden associated with
extremely preterm birth in The Netherlands

Eline Houbena,b , Csaba Siffelc,d , Jetty Overbeeka , Fernie Penning-van Beesta , Victoria Niklasc and
Sujata P. Sardac�
aPHARMO Institute for Drug Outcomes Research, Utrecht, The Netherlands; bDepartment of Obstetrics and Gynecology, Erasmus MC,
Rotterdam, The Netherlands; cTakeda Development Center Americas, Lexington, MA, USA; dCollege of Allied Health Sciences, Augusta
University, Augusta, GA, USA

ABSTRACT
Background: Extremely preterm (EP) infants have high rates of respiratory morbidity and correspond-
ingly high healthcare resource utilization.
Objectives: Data from the PHARMO Perinatal Research Network were analyzed to quantify the burden
of EP birth in the Netherlands.
Methods: A retrospective analysis included infants <28weeks gestational age with a birth record in
the Perinatal Registry (1999–2015) and data in the PHARMO Database Network. Outcomes of interest
included select comorbidities, hospital readmissions, and costs of hospitalization and medication up to
1- and 2-years corrected age. Outcomes were stratified by birth period (1999–2005, 2000–2009,
2010–2015) and by diagnosis of bronchopulmonary dysplasia (BPD) and chronic lung disease (CLD).
Results: The cohort included 168 EP infants (37 born 1999–2005, 51 born 2006–2009, 80 born
2010–2015). Median (Q1–Q3) birth weights decreased by birth period from 970 (840–1,035) g in
1999–2005 to 853 (695–983) g in 2010–2015. Overall, BPD and CLD were reported during the birth
hospitalization in 40% and 29% of infants, respectively; rates of BPD increased and rates of CLD
decreased by birth period. Eighty-four percent of EP infants had an additional comorbidity. Mean
(standard deviation) costs of birth hospitalization were e110,600 (e73,000) for 1999–2005, e119,350
(e60,650) for 2006–2009, and e138,800 (e130,100) for 2010–2015. Birth hospitalization and total costs
for up to 1- and 2-years corrected age were higher for infants with BPD and/or CLD than for those
without either complication.
Conclusion: Healthcare resource utilization and costs for EP infants, especially for those with respira-
tory morbidities, increased between 1999 and 2015. Future cost-effectiveness analyses are essential to
determine the economic impact of this change and underscore the need for new therapeutic interven-
tions to decrease clinical sequelae in this vulnerable population.
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Introduction

Infants born before 28weeks gestational age (GA), termed
extremely preterm (EP), have high rates of morbidity and
mortality1–4. Survival to discharge of EP infants has increased
in developed countries as a result of advances in neonatal
and maternal care practices, such as antenatal corticosteroid
use, less aggressive ventilation, and strict infection control
practices5–8.

The incidence of comorbidities of preterm birth has also
improved, except for bronchopulmonary dysplasia (BPD),
which has either remained steady or increased over
time5,9–11. Greater use of active resuscitation and improve-
ments in intensive care have led to increased survival and

therefore persistence of BPD5,12. Because BPD is the most
common complication of preterm birth13 and is associated
with prolonged hospitalization for pulmonary complications
and development of chronic lung diseases (CLDs)14–16,
increased survival has resulted in increased healthcare
resource utilization (HCRU) and costs.

In 2010, Dutch guidelines lowered the recommend active
care of neonates from 25weeks GA to 24weeks GA, with
comfort care recommended for live births below this thresh-
old. Two studies characterized the consequence of this
change: Geurtzen et al.17 surveyed physician’s preferences on
treatment decisions, and van Beek et al.12 evaluated the
impact of guideline implementation on neonatal survival,
mortality, and timing of death.
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From the physician survey, the widest variation in indi-
vidually preferred treatment options was around care at 24
and 25weeks GA. Views differed on the lowest GA limit for
interventions such as cesarean section and neonatologist
presence at birth. Factors for restricting active treatment
included congenital malformations, sub-normal GA size, and
incomplete course of steroids, with a median of optional
comfort care at parental request17.

As expected, implementation of the guidelines on neo-
nates led to an increase in NICU admissions at 24weeks GA
(27% for the 2007–2009 reference group to 69% for the
2011–2017 post-guideline change group, p< 0.001) resulting
in increased survival to discharge from 13% (reference
group) to 34% (post-guideline change group, p< 0.001). A
downstream effect of the guideline change was a decrease
in deaths attributed to respiratory insufficiency (respiratory
distress syndrome [RDS] and BPD combined) from 34% for
2011–2014 to 23% for 2015–2017 (p¼ 0.006). Overall
(2011–2017), the cause of death for 29.9% of the non-surviv-
ing infants was due to respiratory issues (19.1% RDS,
10.8% BPD)12.

Characterizing the burden of BPD is critical for providing
parents and healthcare providers with decision-making infor-
mation and for developing strategies to improve outcomes.
Because HCRU data are compiled based on local standards,
developing data representative of an entire country is chal-
lenging. The PHARMO Perinatal Research Network (PPRN)18,
established by linkage of the Netherlands Perinatal Registry
(Perined)19 and the PHARMO Database Network (PHARMO)20,
uniquely captures birth and treatment information, including
longitudinal pharmacy usage and hospital discharge records.
This study was undertaken to broaden understanding of the
burden of EP birth, using the Netherlands as a model. The
main objective was to assess respiratory morbidities, hospital
length of stay (LOS), HCRU, and costs for infants born
<28weeks GA. To assess the impact of respiratory complica-
tions, data were stratified by the presence of BPD and CLD
and by birth period.

Methods

Study design and conduct

This retrospective analysis of PPRN data21 included infants
with a birth record in Perined and data in PHARMO. The lat-
ter is a population-based, patient-level network of healthcare
databases (including inpatient and outpatient pharmacies,
hospitals, and general practices). The longitudinal nature of
PHARMO enables retrospective studies of >4 million resi-
dents (25%) of a well-defined population in the Netherlands
for an average of 10 years22,23. For this study, the PHARMO
Out-patient Pharmacy Database and Hospitalization Database
were used. Perined contains validated data from �95% of
pregnancies in the Netherlands24. Data acquisition complied
with rules governing the use of patient-level healthcare data
in the Netherlands.

Analysis population

Data in the PPRN for all infants born preterm (24–37weeks
GA) from 1 January 1999 to 31 December 2015 were
selected. To eliminate the effect of congenital malformations
on the burden of EP birth, infants with one or more major
congenital malformations, such as central nervous system
malformations, diaphragmatic hernia, or gastroschisis, were
excluded from the analysis. Infants were followed from birth
until transfer out of the database, death, or the end of the
study period (31 December 2016), whichever occurred first.
Eligible infants were divided into four subgroups: EP,
<28weeks GA; very preterm, 28–<32weeks GA; moderately
preterm, 32–<34weeks GA; and late preterm, 34–<37weeks
GA. This analysis focused on the subgroup of EP infants.

Outcome measures

BPD was defined as requiring supplemental oxygen for
>28 days from the day of birth or still requiring supplemen-
tal oxygen at 36 postmenstrual weeks; this group also
included infants identified through the ICD-10 hospitalization
discharge code for BPD (P27.1). This definition was based on
the literature and expert opinion (Supplementary Table S1).
The severity of BPD could not be differentiated. CLD com-
prised several respiratory diagnoses (Supplementary Table
S2) and was also identified by recorded use of pulmonary
medications (i.e. furosemide, hydrochlorothiazide, inhaled
steroids, systemic corticosteroids, inhaled bronchodilators, or
inhaled mucolytics). The definition of CLD used in this study
was based on the literature and expert opinion
(Supplementary Table S1). We assessed CLD that occurred up
to 1- and 2-years corrected age (CA; chronological age minus
the number of weeks the infant was preterm).

LOS was determined for the birth hospitalization and was
categorized as short or long based on the median LOS. The
number, rate, and LOS of all-cause hospital readmissions and
pulmonary-related hospital readmissions were assessed at 1-
and 2-years CA. Costs (in Euros [e]) are presented for the
birth hospitalization, all hospitalizations (excluding the birth
hospitalization), all outpatient dispensed medication, and
total costs (hospitalizations and medication) up to and
including 1- and 2-years CA per person-year (PY).

Hospitalization costs were based on standard tariffs for
nursing days in 2014 as prescribed by the Dutch Healthcare
Authority25, indexed to the year of hospital admission
according to annual changes in the Netherlands Consumer
Price Index (CPI)26. The annual change in CPI is measured as
the increase in the CPI compared to the corresponding
period in the previous year. Costs of outpatient dispensed
medication were based on claim amounts recorded in the
PHARMO Out-patient Pharmacy Database20.

Statistical analysis

Outcomes were stratified by birth period (1999–2005;
2006–2009; 2010–2015). Additional comorbidities (intraven-
tricular hemorrhage, necrotizing enterocolitis, periodic limb
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movement, RDS, retinopathy of prematurity, and sepsis) were
also summarized by birth period. No imputations were per-
formed for missing data. Predictors of long versus short LOS
of birth hospitalization were assessed using a multivariable
Poisson regression model to yield relative risk. Potential pre-
dictors included BPD during birth hospitalization, CLD during
birth hospitalization, birth weight, 5-min Apgar score, birth
year, type of birth, mode of delivery, age and ethnicity of
mother, parity, and the presence of at least one pregnancy
risk factor. Significant predictors were identified from the
sex- and GA-adjusted model when the lower bound of the
95% CI for the relative risk exceeded unity. Because of the
descriptive nature of this study based on real-world data, no
formal power analysis was performed, and no a priori
hypotheses were tested.

Ethics approval and consent to participate
This article reports on a retrospective analysis of anonymized
healthcare data and does not contain any studies with
human participants or animals performed by any of
the authors.

Results

Study population and available data

Of 101,329 infants born between 1999 and 2015, 7,328 (7%)
were born preterm (<37weeks GA). After exclusion of infants
with congenital malformations (329/7,328 [4%]), the analysis
cohort comprised 168 EP infants (very, moderate, and late
preterm total sample sizes are shown in Figure 1). Based on
Dutch perinatal guidelines, infants born <24weeks GA were
not identified. Of the 168 EP infants, 37 were born in
1999–2005, 51 in 2006–2009, and 80 in 2010–2015. Median
(interquartile range, Q1–Q3) birth weights decreased over
time: 970 (840–1,035) g for 1999–2005, 915 (750–1,090) g for
2006–2009, and 853 (695–983) g for 2010–2015.

Birth hospitalization data were available for 76% of EP
infants. Overall, 90% and 80% of EP infants had follow-up

data available from birth until �1-year CA and �2-years CA,
respectively (median ¼ 5.0 years; interquartile range ¼
2.6–8.1). Total PYs of follow-up were 203 and 346 at 1- and
2-years CA, respectively. Infant and maternal characteristics
of the population are summarized in Table 1. In this cohort,
BPD and CLD were reported during the birth hospitalization
in 40% and 29% of EP infants, respectively. The incidence of
BPD increased with later birth periods (24% in 1999–2005,
41% in 2006–2009, 46% in 2010-2015) and the prevalence of
CLD decreased (46% in 1999–2005, 33% in 2006–2009, 19%
in 2010–2015). Birth weight for infants with BPD (alone or
with CLD) was lower than the median for the overall cohort.
While additional comorbidities (IVH, ROP, NEC, sepsis, PVL, or
RDS) were reported in 83% (n¼ 65) of infants without BPD
or CLD, this rate rose to >90% for infants with BPD and/or
CLD (Table 1). The rates of any additional comorbidities, and
particularly RDS and ROP, increased over successive birth
periods, whereas the rates of other comorbidities remained
mainly consistent across birth periods (Figure 2).

Pulmonary complications

Of 168 EP infants, 43% (rate/PY ¼ 0.51) and 47% (rate/PY ¼
0.33) were diagnosed with other pulmonary complications
during 1- and 2-years CA, respectively. Commonly recorded
pulmonary complications included apnea (1- and 2-years CA
¼ 18%), hypoxemia/hypoxia (1- and 2-years CA ¼ 18%),
respiratory infection (1-year CA ¼ 13%; 2-years CA ¼ 16%),
and acute respiratory distress (1- and 2-years CA ¼ 12%).

During the 1- and 2-years CA periods, 50% (rate/PY ¼
0.41) and 59% (rate/PY ¼ 0.29) of EP infants, respectively,
received medication for pulmonary complications at least
once. Inhaled bronchodilators (1-year CA ¼ 36%; 2-years CA
¼ 46%) were the most frequently recorded medications dis-
pensed for pulmonary complications (1-year CA rate/PY ¼
0.30 and 2-years CA rate/PY ¼ 0.22), followed by diuretics (1-
and 2-years CA ¼ 20%) and inhaled corticosteroids (1-year
CA ¼ 18%; 2-years CA ¼ 24%).

Figure 1. Flow diagram showing the study population identified in the PPRN. aInfants born <28weeks GA are the primary focus of the analyses reported in this
article. bGiven the restrictive treatment policy of infants born at �24weeks GA in the Netherlands, the study cohort only included pregnancies from 24weeks GA
onwards. Abbreviations. GA, gestational age; PPRN, PHARMO Perinatal Research Network.
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Birth hospitalization and readmissions

Median LOS of birth hospitalization for EP infants was
81 days. Mean (standard deviation [SD]) of short and long
birth hospitalization LOS was 57 (25) and 107 (19) days,
respectively. In the adjusted model, CLD during birth hospi-
talization, GA at birth, and maternal pregnancy risk factors
were significantly predictive of long LOS (Table 2).

Among the infants born EP, 61% (rate/PY ¼ 0.51) and
68% (rate/PY ¼ 0.33) developed CLD in the periods up to 1-
and 2-years CA, respectively. For infants with CLD up to 1-
year CA, 47 (46%) were also diagnosed with BPD. Rates of

all-cause and pulmonary-related hospital readmissions were
highest in the subgroup with both BPD and CLD (Figure
3(a)). Compared with infants without BPD or CLD, all-cause
and pulmonary readmission rates were higher for infants
with CLD alone but not for infants with BPD alone. The rates
of all-cause and pulmonary-related hospital readmissions
showed a trend of increase by birth period (Figure 3(b)).

Costs of healthcare resource utilization

The mean (SD) costs of birth hospitalization for the overall
cohort of EP infants was e126,350 (e101,900) and increased

Table 1. Selected infant and maternal characteristics by morbidity status during birth hospitalization of infants in the PHARMO Perinatal Research Network born
EP (<28weeks GA) from 1999 to 2015.
Status Overall No BPD or CLD BPD only CLD only BPD and CLD

(n¼ 168) (n¼ 78) (n¼ 41) (n¼ 23) (n¼ 26)

GA at birth (weeks), n (%)
24 14 (8) 3 (4) 7 (17) 2 (9) 2 (8)
25 24 (14) 10 (13) 6 (15) 3 (13) 5 (19)
26 46 (27) 18 (23) 10 (24) 5 (22) 13 (50)
27 84 (50) 47 (60) 18 (44) 13 (57) 6 (23)

Birth period, n (%)
1999–2005 37 (22) 16 (21) 4 (10) 12 (52) 5 (19)
2006–2009 51 (30) 23 (29) 11 (27) 7 (30) 10 (38)
2010–2015 80 (48) 39 (50) 26 (63) 4 (17) 11 (42)

Male, n (%) 81 (48) 36 (46) 14 (34) 16 (70) 15 (58)
Median (IQR) birth weight, g 900 (743–1,038) 955 (790–1,080) 815 (715–940) 900 (835–1,160) 775 (655–945)
5-min Apgar score, n (%)
0–4 8 (5) 2 (3) 3 (7) 2 (9) 1 (4)
5–7 76 (45) 36 (46) 20 (49) 8 (35) 12 (46)
8 41 (24) 17 (22) 10 (24) 6 (26) 8 (31)
9 33 (20) 17 (22) 7 (17) 4 (17) 5 (19)
10 10 (6) 6 (8) 1 (2) 3 (13) 0

Follow-up, years CA
�1, n (%) 152 (90) 71 (91) 36 (88) 22 (96) 23 (88)
�2, n (%) 135 (80) 64 (82) 29 (71) 22 (96) 20 (77)
Median (IQR) 5.0 (2.6–8.1) 5.0 (2.9–7.7) 3.2 (1.8–5.8) 8.9 (4.8–13.8) 5.4 (2.6–8.7)

Mode of delivery, n (%)
Vaginala 81 (48) 37 (47) 18 (44) 12 (52) 14 (54)
Primary cesarean section 65 (39) 28 (36) 18 (44) 9 (39) 10 (38)
Secondary cesarean section 21 (13) 12 (15) 5 (12) 2 (9) 2 (8)
Unknown 1 (1) 1 (1) 0 (0) 0 (0) 0 (0)

Mother’s age at delivery,
mean (SD), years

31 (5) 31 (5) 30 (5) 30 (5) 33 (5)

Parity, n (%)
0 126 (75) 58 (74) 30 (73) 17 (74) 21 (81)
1 27 (16) 14 (18) 5 (12) 4 (17) 4 (15)
2 11 (7) 5 (6) 3 (7) 2 (9) 1 (4)
�3 4 (2) 1 (1) 3 (7) 0 0

Most frequent pregnancy risk
factors, n (%)b

Prior preterm delivery 28 (17) 9 (12) 11 (27) 2 (9) 6 (23)
Hypertension 21 (13) 8 (10) 8 (20) 3 (13) 2 (8)
Antepartum hemorrhage 10 (6) 6 (8) 2 (5) 1 (4) 1 (4)

Presence of additional
comorbidities, n (%)
Any 148 (88) 65 (83) 38 (93) 21 (91) 24 (92)
RDS 118 (70) 47 (60) 34 (83) 16 (70) 21 (81)
Sepsis 95 (57) 34 (44) 30 (73) 15 (65) 16 (62)
ROP 32 (19) 9 (12) 10 (24) 2 (9) 11 (42)
NEC 21 (13) 10 (13) 8 (20) 1 (4) 2 (8)
IVH 19 (11) 6 (8) 5 (12) 4 (17) 4 (15)
PVL 17 (10) 4 (5) 5 (12) 5 (22) 3 (12)

Abbreviations. BPD, bronchopulmonary dysplasia; CA, corrected age; CLD, chronic lung disease; EP, extremely preterm; GA, gestational age; IQR, interquartile
range; IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis; PVL, periventricular leukomalacia; RDS, respiratory distress syndrome; ROP, retinopathy of
prematurity.
aNo vaginal deliveries were induced.
bAt least one of the following pregnancy risk factors was recorded: placental abruption; antepartum hemorrhage; blood clotting disorders; diabetes (including
gravidarum); eclampsia; hemolysis, elevated liver enzymes, and low platelets syndrome; hypertension; intrauterine growth restriction; intra-amniotic infection;
placenta previa; pre-eclampsia; prior cesarean delivery; prior preterm delivery; severe or pregnancy affecting alcohol use; severe or pregnancy affecting drug use;
recurrent urinary tract infection; or uterine fibroid.
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by birth period (e110,600 [e73,000] in 1999–2005; e119,350
[e60,650] in 2006–2009; e138,800 [e130,100] in 2010–2015
[Figure 4(b)]). Costs for birth hospitalization were higher for

infants with BPD or CLD (or both) than for those without
either respiratory complication (Figure 4(a)); for EP infants
with neither BPD nor CLD, mean (SD) birth hospitalization

Figure 2. Percentage of infants with additional comorbidities at birth by birth period.

Table 2. Adjusted model predicting long LOS of birth hospitalizationa among EP infants (<28weeks GA) in the
PHARMO Perinatal Research Network born from 1999 to 2015.
Variable Short LOSb Long LOSb Adjustedc

(n¼ 63) (n¼ 64) RR (95% CI)

LOS, days
Mean (SD) 57 (25) 107 (19)
Median (IQR) 68 (47–75) 105 (91–118)

BPD during birth hospitalization, n (%)d

No 46 (73) 30 (47)
Yes 17 (27) 34 (53)

CLD during birth hospitalization, n (%)
No 52 (83) 27 (42)
Yes 11 (17) 37 (58) 2.13 (1.51–3.01)

GA at birth (weeks), n (%)
24 3 (5) 7 (11) 1.83 (1.07–3.15)
25 5 (8) 13 (20) 1.83 (1.25–2.69)
26 11 (17) 20 (31) 1.43 (0.94–2.17)
27 44 (70) 24 (38) 1 (reference)

Sex, n (%)
Female 29 (46) 34 (53) 1.34 (0.99–1.82)
Male 34 (54) 30 (47) 1 (reference)

Birth weight, g, n (%)d

<600 1 (2) 8 (13)
600–<700 5 (8) 10 (16)
700–<800 4 (6) 12 (19)
800–<900 5 (8) 12 (19)
900–<1,000 16 (25) 11 (17)
1,000–<1,100 13 (21) 5 (8)
�1,100 19 (30) 6 (9)

Pregnancy risk factors,e n (%)
No 44 (70) 31 (48) 1 (reference)
Yes 19 (30) 33 (52) 1.49 (1.07–2.07)

Abbreviations. BPD, bronchopulmonary dysplasia; CI, confidence interval; CLD, chronic lung disease; EP, extremely pre-
term; GA, gestational age; IQR, interquartile range; LOS, length of stay; RR, relative risk; SD, standard deviation.
aBirth hospitalization data were available for 127 EP infants (76%).
bBirth hospitalization LOS was categorized based on its median (81 days).
cSex and gestational age at birth were forced into the adjusted model. Variables with a crude association at p< 0.10
were retained in the adjusted model at p< 0.05. In addition to variables presented, tested variables included 5-minute
Apgar score, birth year, type of birth, mode of delivery, mother’s age and ethnicity, and parity.
dNot included in the adjusted model after backward selection.
eAt least one of the following pregnancy risk factors was recorded: placental abruption; antepartum hemorrhage; blood
clotting disorders; diabetes (including gravidarum); eclampsia; hemolysis, elevated liver enzymes, and low platelets syn-
drome; hypertension; intrauterine growth restriction; intra-amniotic infection; placenta previa; pre-eclampsia; prior cesar-
ean delivery; prior preterm delivery; severe alcohol use/pregnancy affecting alcohol use; severe drug use/pregnancy
affecting drug use; recurrent urinary tract infection; or uterine fibroid.
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(A)

(B)

Figure 3. Frequency of hospital readmissions at 1- and 2-years CA after birth among EP (<28weeks gestational age) infants in the PHARMO Perinatal Research
Network. (a) Infants with a birth record from 1999 to 2015 by pulmonary morbidity cohort. aWithin the time periods of outcome assessment (note: cohort sizes can
therefore be larger than those presented at birth). (b) Frequency of hospital readmissions at 1- and 2-years CA after birth among EP infants in the PHARMO
Perinatal Research Network with a birth record from 1999 to 2005, 2006 to 2009, and 2010 to 2015. Abbreviations. BPD, bronchopulmonary dysplasia; CA, corrected
age; CLD, chronic lung disease; EP, extremely preterm; IQR, interquartile range; LOS, length of stay; PY, person-year.

(A) (B)

Figure 4. Mean costs of birth hospitalization for EP infants (<28weeks gestational age). (a) By pulmonary morbidity; (b) by birth period. Abbreviations. BPD, bron-
chopulmonary dysplasia; CLD, chronic lung disease; EP, extremely preterm; SD, standard deviation.
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costs were e85,050 (e65,600), compared with e188,650
(e156,300) for infants with BPD and CLD.

In the periods up to 1- and 2-years CA, total costs (includ-
ing non-birth hospitalizations and medication) for all causes
were higher for EP infants with both BPD and CLD than with-
out BPD or CLD, BPD alone, or CLD alone (Figure 5(a)). At 1-
year CA, hospitalization costs per PY (excluding birth hospi-
talization) were e3,800, e3,650, e3,450, and e12,950 for
infants with neither BPD nor CLD, BPD alone, CLD alone, and
both BPD and CLD, respectively. At 2-years CA, hospitaliza-
tion costs were e2,350, e2,650, e2,500, and e8,300, respect-
ively. In the periods up to 1- and 2-years CA, total costs
increased by birth period (Figure 5(b)).

Discussion

Results of this population-based study using data from the
PPRN provide insight into the pulmonary outcomes, resource
needs, and cost impact associated with preterm birth, adding
to previous evidence that greater burdens are associated
with pulmonary complications12. Taken as an example, these
data from the Netherlands also provide support for institu-
tional estimates of HCRU in Europe within the context of EP
birth with and without BPD or CLD.

This study quantified the respiratory burden and HCRU
among EP infants born in the Netherlands between 1999
and 2015. It demonstrates the high prevalence of BPD and
CLD among EP infants (40% and 29%, respectively, during
birth hospitalization), and high hospital readmission rates
particularly among infants with CLD alone and infants with
both BPD and CLD. Significant predictors of a long LOS for
the birth hospitalization were CLD during birth hospitaliza-
tion, GA at birth, and pregnancy risk factors. Analysis of
these data by birth period suggested lower mean birth
weights, higher rates of BPD, lower rates of CLD, and an
increase in hospitalization and medication costs with more
recent birth periods. On the other hand, rates of individual
comorbidities that are often observed in preterm infants,
such as IVH and NEC, did not seem to change over time.

A lower incidence of BPD was estimated by de Waal et
al.27, who performed a prospective, population-based cohort
study of preterm infants born in the Netherlands in 2007. In
a cohort of 215 infants who survived long enough to receive
neonatal care, 33.3%, 29.1%, and 20.9% of infants born at 24,
25, and 26weeks GA, respectively, were diagnosed with BPD.
BPD based on “oxygen dependency at 36 post-menstrual
weeks” was identified in the study using 2001 guidelines, but
the use of International Classification of Diseases, 10th
Revision (ICD-10) codes28 was not specified in the publica-
tion. The present study identified BPD as needing supple-
mental oxygen for either >28days or at 36 postmenstrual
weeks (based on Perined records) and also included infants
identified through the ICD-10 hospitalization discharge code
for BPD, which may explain the higher incidence of BPD in
our study compared with the incidence of BPD in the earlier
study in the Netherlands24.

Data from Europe on outcomes of preterm birth are lim-
ited. A retrospective evaluation performed in the
Netherlands that compiled postpartum (up to 1 year) neo-
natal HCRU data from a prospective cohort study and three
randomized clinical trials showed higher neonatal care costs
were associated with lower GA29. Mean costs of
e60,783–e88,052 for singleton infants born at 24–28weeks
GA were primarily driven by LOS in a neonatology ward, par-
ticularly in intensive and medium care units. Maier et al.30

observed LOS of birth hospitalization for preterm infants
ranging from 52.4 to 76.5 days across 10 regions in nine
European countries. The median LOS was 55 days in
2011–2012 for infants born between 22þ 0 and 31þ 6weeks
GA. For infants born 25–29weeks GA, the adjusted mean
LOS was 61.6 days. Our analyses support that a main driver
of increased LOS is respiratory complications.

The analyses by birth period, carried out in an effort to
highlight where evolving treatment strategies were having
an effect, were limited somewhat by the small numbers of
infants following stratification. Not surprisingly, though, the
change in Dutch guidelines in 2010 to provide active care as
early as 24weeks GA resulted in an increase in the number
of hospital readmissions within the first 2 years CA, and

(A) (B)

Figure 5. Costs of health care resource utilization among EP infants (<28weeks gestational age). (a) By pulmonary morbidity; (b) by birth period. Costs are for
infants with data available on birth hospitalization. Abbreviations. BPD, bronchopulmonary dysplasia; CA, corrected age; CLD, chronic lung disease; EP, extremely
preterm; PY, person-year.
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higher overall costs, especially for infants with both BPD
and CLD.

Our study generates a unique set of longitudinal data
combining multiple settings of care by linkage of Perined to
the PHARMO Database Network for analysis of preterm birth
complications and real-world HCRU. Our definitions of BPD
and CLD may be useful for future researchers in determining
cost drivers of preterm birth. We used standard tariffs for
nursing days for the calculation of costs of hospitalizations.
In the Netherlands, these tariffs are based on average costs
of diagnostics, associated specialist fees, and inpatient medi-
cation25. As our data indicate, the individual costs may vary
significantly depending on the presence and number of
comorbidities being treated.

Another limitation of this study is that our data set did
not include complete birth hospitalization data for all infants;
transfers from the birth hospital to a separate site with a
neonatal intensive care unit were recorded but such transfers
may have been recorded differently at different institutions.
If transfers were recorded as readmissions rather than a con-
tinuation of the birth hospitalization, this would have con-
founded estimated readmissions and/or LOS. Additionally,
infants who died shortly after birth (i.e. the most severe
cases of preterm birth) are under-represented in the study
cohort because they were less likely to be linked from
Perined to the PHARMO Database Network. Under-represen-
tation of these infants could have resulted in an overesti-
mate of the overall costs but an underestimate of BPD as
well as CLD. Lastly, pulmonary outcomes may have been
under-recorded. The Hospitalization Database requires only
one primary discharge diagnosis, whereas secondary diagno-
ses are optional. Under-recording of events along with mis-
classification of infants with BPD or CLD in the “no BPD or
CLD” group could have resulted in underestimation of HCRU
and cost differences.

Conclusion

These data highlight and quantify over time the healthcare
burden associated with EP birth and the associated increase
in pulmonary complications. Our findings of high prevalence
of BPD and CLD among EP infants, along with accompanying
high HCRU which has increased over time, underscore the
need for new interventions in this vulnerable population and
provide a basis for future cost-effectiveness analyses.
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