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Summary. Objectives: Pulmonary hypertension (PH) has been linked to preterm birth explained

by congenital heart defects and pulmonary diseases. Working hypothesis: Other factors may

influence the risk of PH among adolescences and children born premature. Study design: This

national registry-based study assess risk of PH following premature birth adjusted for known risk

factors. Patient-subject selection and methodology: All cases born 1993–2010, identified by

diagnostic codes applicable to PH and retrieved from the Swedish Registry of Congenital Heart

Disease (N¼67). Six controls were randomly selected and matched to each case by year of birth

and hospital by the Swedish Medical Birth Register (N¼402). Maternal and infant data related to

preterm birth, pulmonary diseases, and congenital defects were retrieved. The association

between preterm birth and pulmonary hypertension was calculated by conditional logistic

regression taking into account potential confounding factors. Results: One third of the cases and

seven percent of the controls were born preterm in our study. Preterm birth was associated with

PH, OR¼8.46 (95%CI 2.97–24.10) (P<0.0001) even after adjusting for confounding factors.

Other factors, such as acute pulmonary diseases, congenital heart defects, congenital diaphragm

herniation, and chromosomal disorders were also associated with PH in the multivariate analysis.

Conclusions: Children and young adults born preterm are known to have an increased risk of PH,

previously explained by congenital heart defects and pulmonary diseases. By adjusting for such

factors, our study indicates that new factors may play a role in the risk of developing PH among

children born preterm. Pediatr Pulmonol. 2017;52:636–641. � 2016 Wiley Periodicals, Inc.
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INTRODUCTION

The association between preterm birth and pulmonary
hypertension (PH) has previously been explained by
congenital heart disease (CHD), and chronic lung
disease (CLD) such as bronchopulmonary dysplasia
(BPD).1

Infants with extremely low birthweights and/or
established BPD are at high risk of infant PH as well as
long-term pulmonary morbidity. Infants born in different
eras of neonatology show similar long-term impairment
in lung function, airway obstruction, structural abnormal-
ities of the gas transfer and pulmonary function.2,3

However, in a recent study we found that premature birth
in the pre-surfactant era was associated with an increased
risk of adult PH even after adjustments were made for
these risk factors.4 Our working hypothesis was that PH
was associated with premature birth also in the post-
surfactant era.
The aim of this present population-based registry study

was to assess the risk of PH following exposure to preterm
birth during a timewhen external surfactant was in regular
use, and adjusting for known risk factors.

METHODS

Study Population

All live born infants born between 1993 and 2010 who
were registered in the population-based Swedish Medical
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Birth Register were included. Cases were retrieved from
the Swedish Registry of Congenital Heart Disease
(SWEDCON), which is the pediatric national based
register for CHD (SWEDCON, http://www.ucr.uu.se/
swedcon/). Cases were identified by diagnostic codes
applicable to pulmonary hypertension; European Pediatric
Cardiology Codes (EPCC-codes): 10.13.01, 10.13.02,
10.13.07, 10.13.08, 10.13.20, 10.15.1 comparable to the
International Classification of Diseases (ICD 10-codes):
I27.0, I27.2, P29.3B.5,6 Overall, 67 cases were included in
the study (53.3%male). Six controls werematched to each
case by year of birth and hospital. Controls were randomly
selected by the Swedish Medical Birth Register staff.
Inclusion criteria for cases as well for controls were to be
born in Sweden during the study period and registered in
the Swedish Medical Birth Register. There were no
exclusion criteria other than not diagnosedwith pulmonary
hypertension in child- or adulthood for controls.

The Swedish Medical Birth Register

The SwedishMedical Birth Register was established in
1973 and it uses a standardized set of medical records and
is held by the Swedish National Board of Health and
Welfare. Registration starts on the first visit to the
antenatal clinic and is completed when the mother and
the newborn infant are discharged from the hospital. The
records are used by all antenatal clinics, delivery units,
and during newborn examinations. Information on more
than 99% of all births in Sweden is included. Information
on maternal demographic data, reproductive history,
maternal smoking habits, the pregnancy, the delivery, and
neonatal factors is included for all births.7

National Registration Number

In Sweden, a unique 12-digit national registration
number is assigned to each resident and used in official
population-based registers. This makes it possible to

identify individuals, collect certain information from
registers and link information between different registers.
This unique personal identification number was used

to retrieve information on maternal and neonatal
characteristics for all cases and controls from the
SWEDCON register and the Swedish Medical Birth
Register.

Exposure Data

Data related to preterm birth, congenital heart defect,
and pulmonary disease were retrieved from the Swedish
Medical Birth Register. The following data were
retrieved for maternal and pregnancy information:
maternal age, chronic diseases (such as kidney failure,
celiac disease, epilepsy, ulcerative colitis, diabetes
mellitus, asthma, and systemic lupus erythematosus),
reproductive history, diseases during pregnancy, mode
of delivery (non-instrumental and instrumental vaginal
delivery, emergency, and elective Caesarean section).
The following information was retrieved for the cases
and controls: gender, gestational age at birth, birth-
weight, and birth length and Apgar scores at 1 and
5min. Gestational age was estimated from the antenatal
determination of gestational age by ultrasound and
retrieved from the Swedish Medical Birth Register.
Small for gestational age (SGA) was defined as a
birthweight of more than two standard deviations (SD)
below the mean birthweight for gestational age and sex
according to the Swedish birthweight curve. Appropri-
ate for gestational age (APA) was defined as a
birthweight between �2 and þ2 SD and large for
gestational age (LGA) as a birthweight of more than two
SD above the mean. Further, medical information on
acute or chronic lung disease, BPD, persistent pulmo-
nary hypertension of the newborn (PPHN), use of
mechanical ventilation or CPAP, sepsis, or necrotizing
enterocolitis (NEC) and congenital diaphragm hernia-
tion, congenital heart defects and chromosome abnorm-
ities was obtained.
Medical information was retrieved using the Interna-

tional Classification of Diseases ICD-9 or ICD-10 codes,
and ICD-9 codes were manually transformed into ICD-10
codes and grouped for calculations.

Statistical Methods

The association between preterm birth prior to
37 weeks of gestation and PH was calculated by
conditional logistic regression. Maximum-likelihood
estimates of the odds ratio (OR) and 95% confidence
interval (CI), were obtained taking into account
potential confounding factors. SAS version 9.4
(SAS Institute Inc., Cary, NC), was used to fit the
conditional logistic model to our 1:6 matched case-
control data.

ABBREVIATIONS

APA Appropriate for gestational age

BPD Bronchopulmonary dysplasia

CHD Congenital heart disease

CPAP Continuous positive airway pressure

CI Confidence interval

CLD Chronic lung disease

EPCC European Pediatric Cardiology Codes

ICD 10 codes International Classification of Diseases (ICD 10

codes)

LGA Large for gestational age

OR Odds ratio

PH Pulmonary arterial hypertension

PPHN Persistent pulmonary hypertension as neonate

SD Standard deviations

SGA Small for gestational age

SWEDCON Swedish Congential Heart Defect Register
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Informed Consent

This is a registry-based study. All children in the
Swedish Registry of Congenital Heart Disease have
communicated informed consent to the registry in
sharing data for scientific purpose. The study was
approved by the regional ethics committee, Umeå
University (D2011-396-31M).

RESULTS

The study population consisted of children and young
adults with PH (N¼ 67) who were individually matched
with six controls (N¼ 402), in total 469 individuals. The
children were all born between 1993 and 2010. The
median birth year was 2006 with an interquartile range
(IQR) of 9 years. The diagnoses “pulmonary hyperten-
sion” and “primary pulmonary hypertension” (EPCC
10.13.01 and 10.13.02) were more common (N¼ 62) than
secondary hypertension (EPCC 10.13.20) (N¼ 25) and
Eisenmengar syndrome (EPCC 10.13.08) (N¼ 1). Down
syndrome was present in five infants. All types of
chromosomal abnormities and syndromes, pulmonary
disease, congenital diaphragm herniation, and other
potential confounders are described in Table 1 and
were used in the multivariable regression model.
In our study, 29 (36%) of the cases and 29 (7%) of the

controls were born prior to 37 completed gestational
weeks (Table 1). Maternal hypertension, preterm birth,
SGA, acute pulmonary disease, mechanical ventilation
andCPAP, congenital diaphragm herniation, CHD, sepsis,
or NEC and chromosomal abnormalities were all
associated with PH in the univariate analysis (Table 2).
Preterm birth was associated with PH, OR¼ 8.46
(95%CI¼ 2.97–24.10) even after adjusting for confound-
ing factors (Table 3). Acute pulmonary diseases,
congenital diaphragm herniation as well as congenital
heart defect and chromosomal disorders and syndromes
were also associated with PH after adjusting for
confounding factors (Table 3).

DISCUSSION

Preterm birth was associated with an increased risk of
PH among children and young adults in this national
based register study. The risk did not alter after adjusting
for known risk factors such as chronic pulmonary disease,
congenital heart defects, congenital diaphragm hernia-
tion, or chromosomal abnormities and syndromes.
In a previous study, we found an increased risk of PH in

adults born preterm.4 This study covered mainly the
1970s and 1980s, which was a period when surfactant was
not in regular clinical use and is called the “pre-surfactant
era.” The first successful trial of endotracheal surfactant
administration to preterm infants was performed in the
1980s and surfactant treatment was later proven to reduce

the need for supplemental oxygen and ventilator support
as well as the risk of neonatal death. Since the early 1990s
surfactant has been in clinical use in Sweden, and
worldwide since the mid-1990s.8–10 In this study, we
included children born during the “surfactant era” in
Sweden. Along with surfactant, antenatal corticosteroid

TABLE 1—Characteristics of the Study Population (N¼ 469)

Cases (67)

Controls

(402)

Variable N % N % P-value

First child 24 35.8 167 41.5 0.4217

Gestational age <36

weeks

29 35.8 29 7.2 <0.0001

Female gender 32 47.8 187 46.5 0.8951

SGA 6 9.0 10 2.5 0.0169

LGA 4 6.0 14 3.5 0.3062

Chronic pulmonary

disease1
15 22.8 1 0.2 <0.0001

Neonatal acute

pulmonary disease

25 37.3 28 7.0 <0.0001

BPD1 14 20.9 0 0 <0.0001

PPHN in newborn 25 37.3 2 0.5 <0.0001

Congenital defect (not

heart)

5 7.5 1 0.2 0.0003

Congenital heart defect 12 17.9 6 1.5 <0.0001

Chromosomal

abnormalities

6 9.0 1 0.2 <0.0001

Mean SD Mean SD

Maternal age 33.5 4.9 29.9 5.2 0.0161

Birth weight (grams) 2368.0 1355.2 3509.6 636.6 <0.0001

Apgar 1 6.6 2.8 8.7 1.1 <0.0001

Apgar 5 8.1 2.2 9.7 0.9 <0.0001

1Infant with diagnosis “Chronic lung disease” (N¼ 16) were also

diagnosed with BPD (N¼ 14).

TABLE 2—Risk of Pulmonary Hypertension

95%CI

Risk factor OR Lower Upper

Maternal age 1.06 1.01 1.12

Maternal hypertension 5.24 1.89 14.29

Maternal smoking 0.33 0.12 0.85

Gestational age �36 weeks 15.35 7.05 33.40

Birth weight 0.78 0.75 0.80

Female gender 1.05 0.62 1.79

Small for gestational age 3.96 1.33 11.88

Acute pulmonary disease 8.35 4.22 16.52

Mechanichal ventilation/CPAP 27.00 5.65 128.94

Congenital diaphragm herniation 30.00 3.35 268.30

Congenital heart defect 13.81 4.75 40.16

Sepsis/NEC 11.04 4.04 30.22

Chromosomal abnormalities 36.00 4.15 312.24

Univariate logistic regression.
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treatment of women at risk of preterm delivery has been in
standard clinical treatment since the 1980s. Antenatal
corticosteroids induce fetal pulmonary maturation and
reduce the incidence of respiratory morbidity and
mortality.11,12

The overall incidence of any form of acute lung disease
in a newborn is approximately 3%, and increases with
decreasing gestational age and birthweight.13 Increased
survival rates following preterm birth have been seen in
Sweden and worldwide in recent decades.14 The use of
surfactant, antenatal corticosteroids, and noninvasive
mechanical ventilation strategies have shown to reduce
neonatal respiratory disease and mortality, even despite a
shift toward increasing numbers of preterm births.15

During the surfactant era, the clinical pattern of BPD
changed toward smaller and more immature infants,
compared to the pre-surfactant era.16,17 In this present
study of children and young adults (5–23 years of age),
preterm birth was five times more common among cases
(35.8%) compared to controls (7.2%). Premature birth has
been reported by others to be common among children
with PH (14–21.8%), and even more common when
pulmonary disease is related to the PH-diagnosis.18,19 We
do not know why the prematurely born children among
cases in our study are almost double as common as in
other studies. However, the increasing survival rates after
premature birth during the study periodin Sweden may
have some impact.14

Several diagnoses associated with impaired pulmonary
function were more common among cases than controls
(Table 1). The “new bronchopulmonary dysplasia” has
recently been described as originating from a multifacto-
rial etiology, including high tidal volumes during
mechanical ventilation, leading to hyperoxic and baro-
trauma induced inflammation, patent ductus arteriosus
with volume overload, maternal chorioamnionitis, and
genetic factors.20–22 Growth factors involved in alverola-
rization, structure and function of the developing
pulmonary circulation after preterm birth may play an
important role in hyperoxia-induced lung injury.23,24 The
pulmonary vascular changes contribute to high pulmo-
nary vascular resistance, with decreased angiogenesis and

vascular surface area in a growing child.25,26 Thus,
increased risk of PH in preterm born infants has been
discussed as originating from impaired vascular growth,
resulting in a limited vascular surface. Our findings may,
to some extent, support this hypothesis as the risk of PH
remained unaltered even after adjustments for known risk
factors such as CHD, congenital diaphragm herniation,
and pulmonary disease.
Studies have shownpersistent airflow limitation aswell as

impairment of exercise capacity and systolic function of the
right ventricle in adolescents and young adults following
preterm birth, even after mild lung diseases.27–29 Although
pulmonary function inmost infantswithBPD improves over
time, factors related to impaired lung growth and
inflammation among preterm born infants may have an
impact on the development of PH later in life. Little is known
about the long-term effects of altered lung development, as
well as predicting infants at risk. Our study indicates that as
yet unknown factorsmay be involved. Echocardiograms at 7
days of age and specific genetic pathways including collagen
fibril organization, morphogenesis, embryonic epithelium,
and regulation may predict pulmonary disease in in-
fants.22,30–32 Introduction of molecular therapies, along
with the combined effects of currently established therapies,
will hopefully reduce long-term pulmonary morbidity
among infants delivered preterm.
In Sweden, preterm birth occurs in 6,000 (6%) infants

each year. During the study period, infants born between
33 and 36 gestational weeks accounted for about 5.0% of
all live born infants, and about 1.4% of infants were born
before 33 gestational weeks.7 In our study, birth prior to
37 completed weeks was defined as preterm. Among
cases retrieved from the SWEDCON registry, 29 (35.8%)
compared to 29 (7.2%) of the controls were born preterm.
The exposure of premature birth among the controls was
in line with the expected prevalence during the study
period, while this exposure was much more common
among cases. This strengthens the hypothesis that
exposure to premature birth increases the risk of
pulmonary hypertension.
The six controls were individually matched to each

case and were randomly selected by staff from the
Swedish Medical Birth Register. As exposures to
premature birth, CHD and BPD are rare, we choose
to match six controls to each case and by this increase
power to the study. In order to rule out the risk of
selection bias due to differences in medical care, the
cases and controls were matched by year and hospital of
birth.
Survival rates for preterm born infants in Sweden

during the study period increased, and about 70% of all
infants with a birthweight of less than 1000 g were alive
and discharged from hospital during the first years of the
21st century.14 Survival rates for the study period
account for cases as well as controls, and rule out the

TABLE 3—Risk of Pulmonary Hypertension

95%CI

Risk factor OR Lower Upper

Maternal age 1.08 1.01 1.58

Acute pulmonary disease 3.58 1.33 9.55

Congenital diaphragm herniation 94.26 6.58 999.99

Congenital heart defect 4.26 1.13 16.10

Chromosome disorder 22.47 1.44 351.28

Gestational age�36 weeks 8.46 2.97 24.10

Multiple logistic regression.

Preterm Birth and Pulmonary Hypertension 639

Pediatric Pulmonology



risk of selection bias due to survival following preterm
birth.
Some studies indicate that cardiovascular malforma-

tions, such as ventricular septum defect and atrial septum
defect, are more common among preterm infants than
term born infants.33 CHD, a very heterogeneous condi-
tion, is a known risk factor for PH. Depending on the type
of defect and previous repair approximately 5–10% of
patients with CHD will develop pulmonary arterial
hypertension.34 By adjusting for CHD, we ruled out
this confounding factor in our study.
A weakness in the study was the risk of misclassifica-

tion of diagnosis as many doctors contribute to the
registers, and the potential bias of cases included in the
SWEDCON register, as the coverage varies between
regions in Sweden. SWEDCON is a national register with
an increasing adherence rate to 84% of all pediatric
cardiology clinics in Sweden in recent years.35

CONCLUSION

Previously, CHD, pulmonary diseases, and other
factors have been linked to PH in children and young
adults who were born preterm. By adjusting for
previously known risk factors for PH, our study indicates
that new factors may play a role in the risk of developing
PH among preterm born infants.
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