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Abstract

Background: Preeclampsia remains a leading cause of maternal mortality and preterm delivery. Both preeclampsia
and bronchopulmonary dysplasia (BPD) of prematurity are associated with impaired angiogenesis. However, the
relationship between maternal preeclampsia and BPD remains controversial. This study aims to test whether or not
preeclampsia is associated with development of BPD in a cohort of premature infants.
Materials and Methods: We conducted a retrospective cohort study assessing the association between
preeclampsia and the risk of developing BPD in very-low-birth-weight (VLBW) infants registered in the Premature
Baby Foundation of Taiwan from 1997 through 2006. All 21 neonatal departments in Taiwan participated in the data
collection. A total of 8,653 VLBW infants were registered in the database. The exclusion criteria included congenital
anomalies, chromosome anomalies, infants that died before 36 weeks post-conceptual (PCA), and those whose BPD
status were unavailable. BPD was defined as oxygen dependence at 36 weeks postmenstrual age. The association
between maternal preeclampsia and BPD was assessed using a multivariate-adjusted logistic regression model.
Results: In the end, a total of 5,753 cases were enrolled in this study. The incidence of preeclampsia was 14.7%
(n=847) and the overall incidence of BPD was 34.9%. Infants with maternal preeclampsia had a higher gestational
age, higher incidence of cesarean section and being small for their gestational age, lower incidence of respiratory
distress syndrome, patent ductus arteriosus, and sepsis. BPD occurred significantly less frequently in the maternal
preeclampsia group (24.1% vs. 36.7%; adjusted odds ratio: 0.78; 95% confidence interval, 0.62–0.98). Subgroup
analysis showed that the association between preeclampsia and BPD was significant only in those VLBW infants with
a gestational age between 31–34 weeks.
Conclusion: This data supports the association between fetal exposure to maternal preeclampsia and a reduced risk
of BPD in relatively mature VLBW infants.
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Introduction

Preeclampsia results in maternal and fetal morbidity and is a
leading cause of preterm delivery [1,2]. The etiology of
preeclampsia is not fully understood; however, recent evidence
shows that an increase in circulating antiangiogenic factors
plays an important role in its pathogenesis [3–6]. Impaired

pulmonary vascular growth by altered signaling of angiogenic
factors may play a role in the pathogenesis of
bronchopulmonary dysplasia (BPD) [7]. Maternal
antiangiogenic factors can cross the placenta and may affect
angiogenic signaling, thereby altering the risk of BPD [8–13].
Several studies have analyzed the relationship between
maternal preeclampsia and the risk of developing BPD in
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preterm infants [14–25]; however, the results possess a degree
of variability and the issue remains controversial.

In this report, we examine the association between
preeclampsia and the risk of developing BPD in a large
multicenter cohort of very-low-birth-weight (VLBW) infants alive
at post-conceptual age (PCA) 36 weeks.

Materials and Methods

Study subjects
A total of 8,653 VLBW infants (birth weight less than 1501 g)

were born and registered in the database of the Premature
Baby Foundation of Taiwan between 1997 and 2006. All 21
neonatal departments in Taiwan participated in the data
collection. The data collected included antenatal and perinatal
history, infants’ delivery room and neonatal histories including
diagnoses, complications during hospitalization, and clinical
outcomes at discharge. Patient information received by the
database coordinator was cross-checked with the national birth
registry. The exclusion criteria included congenital anomalies,
chromosome anomalies, infants that died before 36 weeks
(PCA), and those whose BPD status were unavailable. Ninety-
five infants with maternal chronic hypertension and 38 infants
with maternal chronic hypertension with preeclampsia were
also excluded. Preeclampsia was defined as a diastolic blood
pressure of at least 90 mm Hg accompanied by proteinuria of
at least 1+ (30 mg per deciliter) on dipstick testing or
nondependent edema during pregnancy [26]. The gestational
age (GA) was dated by the last menstrual period or the date of
embryo transfer for in vitro fertilization.

Ethics Statement
The written informed consents were obtained from all their

designated relatives. The study was approved by the
Institutional Review Boards of each participating hospital,
including National Taiwan University Hospital, Chang Gung
Memorial Hospital, China Medical University Hospital, National
Cheng Kung University Hospital, Tri-Service General Hospital,
Chung Shan Medical University Hospital, Shin Kong Wu Ho-Su
Memorial Hospital, Kaohsiung Medical University Chung-Ho
Memorial Hospital, and Joint Institutional Review Board for the
other hospitals.

Outcome variables
Respiratory distress syndrome (RDS) was defined by clinical

diagnosis and requiring surfactant therapy. Necrotizing
enterocolitis (NEC) was defined using the criteria of Bell [27],
and BPD was defined as oxygen dependence at 36 weeks
PCA. We categorized infants as small for gestational age
(SGA) if their birth weights were less than the 10th percentile
for their gestational ages [28].

Statistical analysis
The chi-square test and Student’s t-test was used for

comparing distributions of categorical variables and the
continuous variables between groups, respectively. The
multivariate logistic regression model was used to analyze the

association between maternal preeclampsia and BPD risk
adjusted for potential confounders. The confounders include
demographic and clinical variables that were different between
those with and without preeclampsia by univariate analysis.
Adjusted odds ratios with a 95% confidence interval (CI) were
derived to assess the magnitude of the association between
various factors and BPD risk. Statistically significant levels
were determined using the 2-tailed test (p<0.05). The
association between preeclampsia and BPD was further
examined in subgroup analysis with stratification according to
GA, SGA, Cesarean section, sex, birth weight, singleton, RDS,
patent ductus arteriosus (PDA), and Sepsis.

Results

A total of 5,753 VLBW infants, including 847 (14.7%) cases
born to a mother with preeclampsia, were enrolled. The overall
incidence of BPD was 34.9%. Infants born to a mother with
preeclampsia were more likely to be of higher gestation,
delivered via Cesarean section and being female, small for
gestational age and of multiple births. They were also less
likely to have RDS, NEC, PDA, and sepsis. The incidence of
BPD was significantly lower in infants with maternal
preeclampsia compared to those without maternal
preeclampsia (24.1% vs. 36.7%; Table 1). The incidence of
RDS was significantly lower in the preeclampsia group than in
the control group (32% vs. 46%; Table 1; odds ratio (95% CI):
0.55 (0.47–0.64); Table 1). However, after adjusting for GA,
BW, SGA, sex, and antenatal steroid usage, preeclampsia was
found to have no effect on the incidence of RDS (odds ratio
(95% CI): 1.07 (0.87-1.32); Table S1).

In the multivariate logistic regression analysis which included
preeclampsia, GA, Cesarean section, sex of baby, birth weight,
SGA, singletons, RDS, PDA, and sepsis as risk predictors
(Table 2), the preeclampsia was negatively associated with the
risk of developing BPD, showing a multivariate-adjusted odds
ratio (95% CI) of 0.78 (0.62-0.98). GA, male sex, birth weight,
RDS, PDA, and sepsis were also associated with BPD risk.
The corresponding odds ratio (95% CI) was 0.83 (0.78–0.88),
1.47 (1.28–1.68), 0.78 (0.74–0.82), 3.05 (2.65–3.52), 1.21
(1.05–1.39), and 1.43 (1.23–1.67), respectively (Table 2).

Since GA and SGA are two known factors that are
associated with the risk of BPD in preterm infants, we further
performed the subgroup multivariate-adjusted analysis with
stratification according to GA groups, SGA status, cearean
section, sex, groups of body weight, singleton, RDS, and PDA.
We observed a statistically significant association between
preeclampsia and BPD in those VLBW infants with GA greater
than 31 weeks (adjusted-OR, 0.51; 95% CI, 0.30–0.88), but not
in other GA groups (Table 3). When we separated these VLBW
infants into SGA and non-SGA groups, maternal preeclampsia
decreased the risk of developing BPD only in SGA group
(adjusted-OR, 0.64; 95% CI, 0.46–0.90) but not in non-SGA
group (Table 4). We did not find a statistically significant
association between maternal preeclampsia and BPD risk in all
other subgroups (Figure 1).

When we focused on those extremely preterm infants with a
gestational age <28 weeks or birth weight <1000 gm, we found
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that 11.8% (227/1924) of the infants fell into the preeclampsia
group; the incidence of BPD was similar in preeclampsia and
control group (56% (127/227) vs. 64% (1083/1697); OR (95%
CI): 0.96 (0.67–1.39)). This data indicates that there is no
association between preeclampsia and BPD in extremely
preterm or extremely-low-birth-weight infants who are at higher
risk of developing BPD.

Discussion

In this population-based large cohort study of VLBW infants,
we found in overall Taiwanese infants, maternal preeclampsia
to be an independent factor associated with a decreased risk of

Table 1. Demographic and clinical variables in infants born
to mothers with or without preeclampsia.

Parameter No preeclampsia Preeclampsia p-value
 N=4906 N=847  
Gestational age* 29 (27, 31) 31 (29, 33) <0.001
Birth weight* 1200 (990, 1362) 1198 (990, 1370) 0.8657
Cesarean section† No 2155 (44.2) 68 (8.1) <0.001
Yes 2726 (55.9) 777 (92.0)  
Sex‡ Female 2348 (48.0) 453 (53.7) 0.002
Male 2545 (52.0) 390 (46.3)  
SGA No 3632 (74.0) 226 (26.7) <0.001
Yes 1274 (26.0) 621 (73.3)  
Singleton§ No 1329 (27.2) 124 (14.7) <0.001
Yes 3561 (72.8) 719 (85.3)  
Antenatal steroid‖ < 2 doses 2902 (66.9) 505 (67.0) 0.9727
> 2 doses 1435 (33.1) 249 (33.0)  
RDS** No 2614 (54.0) 564 (68.2) <0.0001
Yes 2224 (46.0) 263 (31.8)  
NEC†† No 4405 (90.0) 780 (92.4) 0.03
Yes 487 (10.0) 64 (7.6)  
PDA‡‡ No 3169 (64.9) 631 (75.0) <0.001
Required treatment 1717 (35.1) 210 (25.0)  
Sepsis§§ No 3656 (74.9) 667 (79.3) 0.006
Yes 1228 (25.1) 174 (20.7)  
Days on IPPV 14.6 (26.3) 7.3 (15.3) <0.001
Days on oxygen, CPAP, or IPPV 41.9 (38.3) 26.3 (29.3) <0.001
BPD 1802 (36.7) 204 (24.1) 0.001
Duration of hospitalization 73.8 (35.9) 61.8 (27.6) <0.001

Abbreviations: SGA: small for gestational age; RDS: respiratory distress syndrome;
NEC: necrotizing enterocolitis; PDA: patent ductus arteriosus; BPD:
bronchopulmonary dysplasia; IPPV: intermittent positive pressure ventilation;
CPAP: continuous positive pressure ventilation
* Data presented as median values (25th, 75th quartiles)
† A total of 27 subjects were missing for this variable
‡ A total of 17 subjects were missing for this variable
§ A total of 20 subjects were missing for this variable
‖ A total of 662 subjects were missing for this variable
** A total of 88 subjects were missing for this variable
† † A total of 17 subjects were missing for this variable
‡‡ A total of 26 subjects were missing for this variable
§§ A total of 28 subjects were missing for this variable
doi: 10.1371/journal.pone.0075168.t001

BPD (Table 2). However, this negative association was only
valid in subgroup of VLBW infants with GA greater than 31
weeks and in SGA subgroup. We did not observe a statistically
significant association in extremely preterm infants with GA <
28 weeks or birth weight < 1000 gm.

RDS is one of the most common diseases in preterm infants
and is also a leading cause of subsequent BPD [29]. The
relationship between preeclampsia and RDS is controversial
[30–36]. The discrepancy among these studies may in part be
result from relatively small sample sizes. Recently, Langenveld
et al. demonstrated that the incidence of RDS was reduced in
late preterm infants born to mothers with preeclampsia [37]. In
our study, we also found that VLBW infants with maternal
preeclampsia were less likely to develop RDS than those
without maternal preeclampsia (Table 1). However, this
protective effect disappeared after adjustment for confounding
variables (Table 1). RDS usually appeared in VLBW infants but
not in late preterm neonates. The diagnosis of RDS is mainly
based on chest radiography as Langenveld et al. did, thus the
incidence in different reports may vary. To minimize the bias of
diagnosis of RDS, we defined the RDS as VLBW infants with
RDS who required surfactant therapy. Our data suggest that
preeclampsia may not be associated with the risk of RDS in
VLBW infants when GA, BW, SGA, sex, and antenatal steroid
usage were taken into consideration.

Previously, Hansen et al. and Korhonen et al. reported that
maternal preeclampsia was an independent risk factor for BPD
in multivariate analysis (odds ratio (95% CI): 18.7% (2.44–
144.76) and 6.75% (1.22–37.3), respectively) [17,19].
Kurkinen-Räty et al. and Withagen et al. had similar findings as
well [20,24]. However, Schlapbach et al., Cheng et al.,
Cetinkaya et al. and O’Shea et al. did not find this association
[15,16,21,23]. In addition, Redline et al. studied the placenta
and perinatal risk factors for BPD in VLBW infants [22].
Although no relationship between clinical preeclampsia and
BPD was observed, placental acute atherosis (a placental
indicator of preeclampsia) was found to be inversely related to
BPD (7% vs. 12%; odds ratio, 0.2; 95% CI, 0.1–0.8). Recently,
Hansen et al. demonstrated that BPD increased in infants

Table 2. Multivariate-adjusted odds ratio of developing BPD
for various factors.

Parameter  Odds ratio (95% CI) p-value
Preeclampsia (yes vs. no)  0.78 (0.62,0.98) 0.03
Gestational age  0.83 (0.78,0.88) <.001
Cesarean section (yes vs. no)  0.93 (0.80–1.08) 0.31
Sex of baby (male vs. female)  1.47 (1.28,1.68) <.001
Birth weight (per 100 grams)  0.78 (0.74,0.82) <.001
SGA (yes vs. no)  1.02 (0.79,1.30) 0.90
Single (yes vs. no)  1.13 (0.96,1.33) 0.15
RDS (yes vs. no)  3.05 (2.65,3.52) <.001
PDA (required treatment vs. no)  1.21 (1.05,1.39) 0.01
Sepsis (yes vs. no)  1.43 (1.23–1.67) <.001

Abbreviations: SGA: small for gestational age; RDS: respiratory distress syndrome;
PDA: patent ductus arteriosus
doi: 10.1371/journal.pone.0075168.t002
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exposed to preeclampsia and hypothesized that this may due
to the maternal antiangiogenic state. However, their sample
size is small. In this large multicenter study, we provided the
evidence that maternal preeclampsia was associated with a
decreased risk of BPD in overall VLBW infants. Nonetheless,
with the large sample size, we were able to examine this
association in depth and demonstrated that this protective
effect was only seen in particular subgroups.

In agreement with the report from O’Shea et al. [21], we
found that preeclampsia does not affect the risk of BPD in
extremely preterm or ELBW infants. In addition, we found that
GA is a consistent independent risk factor of BPD in all our
analyses, as was expected. This indicates that prematurity
itself has a very important independent influence on developing
BPD and this effect is not affected by preeclampsia (Table 3).
Interestingly, when we performed subgroup analysis, the
protective effect of maternal preeclampsia was found to be
significant in a relatively mature group (GA: 31–34 weeks),
especially for those without RDS. Our data showed that RDS
and prematurity as indicated by the GA were both significantly
and independently associated with BPD (Table 2). The extreme
prematurity and RDS may have a very profound effect on the
development of BPD to some extent that they mask the
potential protective effect of preeclampsia. Conversely, the
effect of preeclampsia was much more evident in a more
mature preterm infant (31–34 weeks gestation), as shown in
our study.

Intrauterine growth restriction or SGA has been reported to
be associated with both preeclampsia and BPD
[12–14,16,38–44]. The protective effect of preeclampsia was
only found in SGA, but not non-SGA, preterm infants in our
report. The reason for this difference is unclear. One possible
explanation is that the severity of preeclampsia is usually
strongly negatively associated with fetus body weight. This may
explain why the protective effect of preeclampsia was absent in
the non-SGA group.

The mechanism of preeclampsia that protects VLBW infants
from BPD is not clear. Increasing circulating soluble Flt-1, a
soluble form of vascular endothelial growth factor (VEGF)
receptor-1 which can bind both VEGF and placenta growth
factor (PGF), resulting impairment of angiogenic state was
thought to be responsible for the pathogenesis of preeclampsia

[3–6,45–47]. In developing lungs, disruption of VEGF signaling
impaired angiogenesis decreased alveloarization [8,10,48].
Although the cord blood levels of sFlt-1 was also elevated in
preeclampsia group [9,12], but the levels were significantly
lower than maternal levels [9]. This resulted in only mild or no
significant difference in VEGF levels between preeclampsia
and control groups can be found [9,12]. Similarly, cord PGF
levels were also lower in preterm infants born to mothers with
preeclampsia [12]. In contrast to VEGF, elevated PGF
expression contributed pulmonary emphysema in mouse model
and increased risk of developing BPD in preterm infants
[11,13]. Therefore, preeclampsia-decreased PGF levels in cord
blood may possibly contribute to the protective effect vis-à-vis
developing BPD in preterm infants [49].

The strength of our study was that it was a large multicenter
cohort study, allowed us to assess the association between
maternal preeclampsia and BPD in several subgroup analyses.

Table 4. Multivariate-adjusted logistic regression analysis of
BPD development with stratification according to SGA.

Parameter SGA Non-SGA

 
Odds ratio (95%
CI) p-value

Odds ratio (95%
CI) p-value

Preeclampsia (yes vs.
no)

0.64 (0.46,0.90) 0.01 0.85 (0.59,1.23) 0.387

Gestational age 0.70 (0.63,0.77) <.0001 0.58 (0.53,0.64) <.001
Birth weight (per 100
grams)

0.70 (0.64,0.77) <.0001 0.76 (0.70,0.82) <.001

Cesarean section (yes
vs. no)

0.65 (0.44,0.95) 0.0253 1.01 (0.84,1.21) 0.944

Sex (male vs. female) 1.61 (1.19,2.19) 0.0022 1.32 (1.10,1.58) 0.002
Single (yes vs. no) 1.00 (0.71,1.40) 0.9944 1.16 (0.94,1.44) 0.1645
RDS (yes vs. no) 4.38 (3.16,6.06) <.0001 3.07 (2.57,3.66) <.001
Patent ductus arteriosus
(yes vs. no)

2.15 (1.52,3.05) <.0001 1.17 (0.97,1.41) 0.092

Sepsis (yes vs. no) 1.36 (0.95,1.94) 0.0924 1.36 (1.10,1.67) 0.004

Abbreviations: SGA: small for gestational age; CI: confidence interval; RDS:
respiratory distress syndrome
doi: 10.1371/journal.pone.0075168.t004

Table 3. Multivariate-adjusted odds ratio of BPD for preeclampsia with stratification according to GA.

Preeclampsia GA: ≤27 GA: 27–29 GA: 29–31 GA: 31–34

 n BPD n (%) n BPD n (%) n BPD n (%) N BPD n (%)

No 1407 955 (67.9) 1455 524 (36.0) 1210 249 (20.6) 658 71 (10.8)

Yes 75 52 (69.3) 162 78 (48.2) 248 55 (22.2) 299 18 (6.0)

OR (95% CI)* 0.96 (0.56–1.66) 1.13 (0.78–1.63) 0.98 (0.68–1.40) 0.51 (0.30–0.88)

p-value 0.886 0.510 0.898 0.016

Abbreviations: GA: gestational age; BPD: bronchopulmonary dysplasia; OR: odds ratio; CI: confidence interval
*. OR is adjusted for sex, GA, RDS and SGA.
doi: 10.1371/journal.pone.0075168.t003
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Our study also had some limitations. First, the reliability of our
data depended on the preciseness of pediatricians and case
managers. Second, some data of interest were unavailable in
some cases. However, the large size of this database and
nondifferential misclassification minimized these influences.

Figure 1.  Subgroup analyses for the association between
preeclampsia and BPD.  Odds ratios were adjusted for sex,
GA (asa continuous variable), RDS, and SGA, except for the
stratifying variables.
doi: 10.1371/journal.pone.0075168.g001

Third, the strategies of respiratory care differed among different
hospitals. This indeed influences the overall incidence of BPD,
but may not lead to bias because the strategy should be the
same regardless of whether preterm infants were born to
mothers with or without preeclampsia in the same hospital.
Fourth, our cohort was defined by birth weight. However,
because this could have caused overrepresentation of growth-
retarded infants, we performed several subgroup analyses to
avoid this problem. Finally, the definition of BPD used here is a
traditional clinical definition but not a physiological definition, a
discrepancy which reduced the overall rate of BPD and
reduced the variation among centers [50]. However, this cohort
started as early as 1997 when there were no criteria for
physiological definition of BPD.

In conclusion, our data supports the association between
fetal exposure to maternal preeclampsia and a reduced risk of
BPD in the particular subgroup of VLBW infants with
gestational age greater than 31 weeks.

Supporting Information

Table S1.  The regression analyses on factors associated
with RDS.
(DOC)

Acknowledgements

We acknowledge that the Premature Baby Foundation of
Taiwan sponsored the Taiwan Premature Infant Developmental
Collaborative Study Group. We thank the research nurses and
residents of the participating hospitals for their help with the
registration and data collection. We also thank Dr. William Oh
in Alpert Medical School of Brown University for his critical
review this manuscript.
Taiwan Premature Infant Developmental Collaborative Study
Group: Chyong-Hsin Hsu (Mackay Memorial Hospital, Taipei,
Taiwan), Shu-Chi Mu (Shin-Kong Wu Ho-Su Memorial
Hospital, Taipei, Taiwan, Hung-Chih Lin (China Medical
University Hospital, Taichung, Taiwan, Chao-Ching Huang
(National Cheng Kung University Hospital, Tainan, Taiwan),
Kai-Sheng Hsieh (Veterans General Hospital, Kaohsiung,
Taiwan.

Author Contributions

Conceived and designed the experiments: T-AY H-IY P-NT.
Performed the experiments: T-AY H-IY P-NT. Analyzed the
data: H-IY. Contributed reagents/materials/analysis tools: T-AY
H-IY W-S H-CC C-YC K-IT P-NT. Wrote the manuscript: T-AY
H-IY P-NT.

References

1. Gyamfi-Bannerman C, Fuchs KM, Young OM, Hoffman MK (2011)
Nonspontaneous late preterm birth: etiology and outcomes. Am J
Obstet Gynecol 205: 456: e451-e456. PubMed: 22035950.

2. Steegers EA, von Dadelszen P, Duvekot JJ, Pijnenborg R (2010) Pre-
eclampsia. Lancet 376: 631-644. doi:10.1016/S0140-6736(10)60279-6.
PubMed: 20598363.

3. Levine RJ, Lam C, Qian C, Yu KF, Maynard SE et al. (2006) Soluble
endoglin and other circulating antiangiogenic factors in preeclampsia. N
Engl J Med 355: 992-1005. doi:10.1056/NEJMoa055352. PubMed:
16957146.

4. Levine RJ, Maynard SE, Qian C, Lim KH, England LJ et al. (2004)
Circulating angiogenic factors and the risk of preeclampsia. N Engl J
Med 350: 672-683. doi:10.1056/NEJMoa031884. PubMed: 14764923.

Preeclampsia and Bronchopulmonary Dysplasia

PLOS ONE | www.plosone.org 5 September 2013 | Volume 8 | Issue 9 | e75168

http://www.ncbi.nlm.nih.gov/pubmed/22035950
http://dx.doi.org/10.1016/S0140-6736(10)60279-6
http://www.ncbi.nlm.nih.gov/pubmed/20598363
http://dx.doi.org/10.1056/NEJMoa055352
http://www.ncbi.nlm.nih.gov/pubmed/16957146
http://dx.doi.org/10.1056/NEJMoa031884
http://www.ncbi.nlm.nih.gov/pubmed/14764923


5. Lindheimer MD, Umans JG (2006) Explaining and predicting
preeclampsia. N Engl J Med 355: 1056-1058. doi:10.1056/
NEJMe068161. PubMed: 16957153.

6. Maynard SE, Min JY, Merchan J, Lim KH, Li J et al. (2003) Excess
placental soluble fms-like tyrosine kinase 1 (sFlt1) may contribute to
endothelial dysfunction, hypertension, and proteinuria in preeclampsia.
J Clin Invest 111: 649-658. doi:10.1172/JCI17189. PubMed: 12618519.

7. Stenmark KR, Abman SH (2005) Lung vascular development:
implications for the pathogenesis of bronchopulmonary dysplasia. Annu
Rev Physiol 67: 623-661. doi:10.1146/annurev.physiol.
67.040403.102229. PubMed: 15709973.

8. Abman SH (2010) Impaired vascular endothelial growth factor signaling
in the pathogenesis of neonatal pulmonary vascular disease. Adv Exp
Med Biol 661: 323-335. doi:10.1007/978-1-60761-500-2_21. PubMed:
20204740.

9. Staff AC, Braekke K, Harsem NK, Lyberg T, Holthe MR (2005)
Circulating concentrations of sFlt1 (soluble fms-like tyrosine kinase 1)
in fetal and maternal serum during pre-eclampsia. Eur J Obstet
Gynecol Reprod Biol 122: 33-39. doi:10.1016/j.ejogrb.2004.11.015.
PubMed: 15935542.

10. Tang JR, Karumanchi SA, Seedorf G, Markham N, Abman SH (2012)
Excess soluble vascular endothelial growth factor receptor-1 in
amniotic fluid impairs lung growth in rats: linking preeclampsia with
bronchopulmonary dysplasia. Am J Physiol Lung Cell Mol Physiol 302:
L36-L46. doi:10.1152/ajplung.00294.2011. PubMed: 22003089.

11. Tsao PN, Su YN, Li H, Huang PH, Chien CT et al. (2004)
Overexpression of placenta growth factor contributes to the
pathogenesis of pulmonary emphysema. Am J Respir Crit Care Med
169: 505-511. doi:10.1164/rccm.200306-774OC. PubMed: 14644931.

12. Tsao PN, Wei SC, Su YN, Chou HC, Chen CY et al. (2005) Excess
soluble fms-like tyrosine kinase 1 and low platelet counts in premature
neonates of preeclamptic mothers. Pediatrics 116: 468-472. doi:
10.1542/peds.2005-0033. PubMed: 16061605.

13. Tsao PN, Wei SC, Su YN, Lee CN, Chou HC et al. (2004) Placenta
growth factor elevation in the cord blood of premature neonates
predicts poor pulmonary outcome. Pediatrics 113: 1348-1351. doi:
10.1542/peds.113.5.1348. PubMed: 15121952.

14. Bose C, Van Marter LJ, Laughon M, O’Shea TM, Allred EN et al. (2009)
Fetal growth restriction and chronic lung disease among infants born
before the 28th week of gestation. Pediatrics 124: e450-e458. doi:
10.1542/peds.2008-3249. PubMed: 19706590.

15. Cetinkaya M, Ozkan H, Köksal N, Karali Z, Ozgür T (2010) Neonatal
outcomes of premature infants born to preeclamptic mothers. J Matern
Fetal Neonatal Med 23: 425-430. doi:10.3109/14767050903184173.
PubMed: 19670043.

16. Cheng SW, Chou HC, Tsou KI, Fang LJ, Tsao PN (2004) Delivery
before 32 weeks of gestation for maternal pre-eclampsia: neonatal
outcome and 2-year developmental outcome. Early Hum Dev 76:
39-46. doi:10.1016/j.earlhumdev.2003.10.004. PubMed: 14729161.

17. Hansen AR, Barnés CM, Folkman J, McElrath TF (2010) Maternal
preeclampsia predicts the development of bronchopulmonary
dysplasia. J Pediatr 156: 532-536. doi:10.1016/j.jpeds.2009.10.018.
PubMed: 20004912.

18. Kim CR, Vohr BR, Oh W (1996) Effects of maternal hypertension in
very-low-birth-weight infants. Arch Pediatr Adolesc Med 150: 686-691.
doi:10.1001/archpedi.1996.02170320032005. PubMed: 8673191.

19. Korhonen P, Tammela O, Koivisto AM, Laippala P, Ikonen S (1999)
Frequency and risk factors in bronchopulmonary dysplasia in a cohort
of very low birth weight infants. Early Hum Dev 54: 245-258. doi:
10.1016/S0378-3782(98)00101-7. PubMed: 10321791.

20. Kurkinen-Räty M, Koivisto M, Jouppila P (2000) Preterm delivery for
maternal or fetal indications: maternal morbidity, neonatal outcome and
late sequelae in infants. BJOG 107: 648-655. doi:10.1111/j.
1471-0528.2000.tb13308.x. PubMed: 10826581.

21. O’Shea JE, Davis PG, Doyle LW (2012) Maternal preeclampsia and
risk of bronchopulmonary dysplasia in preterm infants. Pediatr Res 71:
210-214. doi:10.1038/pr.2011.27. PubMed: 22258134.

22. Redline RW, Wilson-Costello D, Hack M (2002) Placental and other
perinatal risk factors for chronic lung disease in very low birth weight
infants. Pediatr Res 52: 713-719. doi:
10.1203/00006450-200211000-00017. PubMed: 12409518.

23. Schlapbach LJ, Ersch J, Adams M, Bernet V, Bucher HU et al. (2010)
Impact of chorioamnionitis and preeclampsia on neurodevelopmental
outcome in preterm infants below 32 weeks gestational age. Acta
Paediatr 99: 1504-1509. doi:10.1111/j.1651-2227.2010.01861.x.
PubMed: 20456275.

24. Withagen MI, Visser W, Wallenburg HC (2001) Neonatal outcome of
temporizing treatment in early-onset preeclampsia. Eur J Obstet

Gynecol Reprod Biol 94: 211-215. doi:10.1016/
S0301-2115(00)00332-8. PubMed: 11165727.

25. Wolf EJ, Vintzileos AM, Rosenkrantz TS, Rodis JF, Salafia CM et al.
(1993) Do survival and morbidity of very-low-birth-weight infants vary
according to the primary pregnancy complication that results in preterm
delivery? Am J Obstet Gynecol 169: 1233-1239. doi:
10.1016/0002-9378(93)90288-T. PubMed: 8238190.

26. ACOG Committee on Practice Bulletins--Obstetrics (2002) ACOG
practice bulletin. Diagnosis and management of preeclampsia and
eclampsia. Number 33, January 2002. Obstet Gynecol 99: 159-167.
doi:10.1016/S0029-7844(01)01747-1. PubMed: 16175681.

27. Walsh MC, Kliegman RM (1986) Necrotizing enterocolitis: treatment
based on staging criteria. Pediatr Clin North Am 33: 179-201. PubMed:
3081865.

28. Hsieh TT, Hsu JJ, Chen CJ, Chiu TH, Liou JD et al. (1991) Analysis of
birth weight and gestational age in Taiwan. J Formos Med Assoc 90:
382-387. PubMed: 1680968.

29. Baraldi E, Filippone M (2007) Chronic lung disease after premature
birth. N Engl J Med 357: 1946-1955. doi:10.1056/NEJMra067279.
PubMed: 17989387.

30. Bowen JR, Leslie GI, Arnold JD, Jones MP, Gallery ED (1988)
Increased incidence of respiratory distress syndrome in infants
following pregnancies complicated by hypertension. Aust N Z J Obstet
Gynaecol 28: 109-112. doi:10.1111/j.1479-828X.1988.tb01635.x.
PubMed: 3228403.

31. Brazy JE, Grimm JK, Little VA (1982) Neonatal manifestations of
severe maternal hypertension occurring before the thirty-sixth week of
pregnancy. J Pediatr 100: 265-271. doi:10.1016/
S0022-3476(82)80653-7. PubMed: 7057337.

32. Chiswick ML (1976) Prolonged rupture of membranes, pre-eclamptic
toxaemia, and respiratory distress syndrome. Arch Dis Child 51:
674-679. doi:10.1136/adc.51.9.674. PubMed: 1036670.

33. Friedman SA, Schiff E, Kao L, Sibai BM (1995) Neonatal outcome after
preterm delivery for preeclampsia. Am J Obstet Gynecol 172:
1785-1792; discussion 10.1016/0002-9378(95)91412-9. PubMed:
7778633.

34. Jelin AC, Cheng YW, Shaffer BL, Kaimal AJ, Little SE et al. (2010)
Early-onset preeclampsia and neonatal outcomes. J Matern Fetal
Neonatal Med 23: 389-392. doi:10.3109/14767050903168416.
PubMed: 19670045.

35. Tubman TR, Rollins MD, Patterson C, Halliday HL (1991) Increased
incidence of respiratory distress syndrome in babies of hypertensive
mothers. Arch Dis Child 66: 52-54. doi:10.1136/adc.66.1_Spec_No.52.
PubMed: 1996893.

36. Yoon JJ, Kohl S, Harper RG (1980) The relationship between maternal
hypertensive disease of pregnancy and the incidence of idiopathic
respiratory distress syndrome. Pediatrics 65: 735-739. PubMed:
7367080.

37. Langenveld J, Ravelli AC, van Kaam AH, van der Ham DP, van
Pampus MG et al. (2011) Neonatal outcome of pregnancies
complicated by hypertensive disorders between 34 and 37 weeks of
gestation: a 7 year retrospective analysis of a national registry. Am J
Obstet Gynecol 205: 540: e541-e547.

38. Durrmeyer X, Kayem G, Sinico M, Dassieu G, Danan C et al. (2012)
Perinatal risk factors for bronchopulmonary dysplasia in extremely low
gestational age infants: a pregnancy disorder-based approach. J
Pediatr 160: 578-583 e572 doi:10.1016/j.jpeds.2011.09.025. PubMed:
22048041.

39. Gortner L, Misselwitz B, Milligan D, Zeitlin J, Kollée L et al. (2011)
Rates of bronchopulmonary dysplasia in very preterm neonates in
Europe: results from the MOSAIC cohort. Neonatology 99: 112-117.
doi:10.1159/000313024. PubMed: 20733331.

40. Lal MK, Manktelow BN, Draper ES, Field DJ (2003) Chronic lung
disease of prematurity and intrauterine growth retardation: a
population-based study. Pediatrics 111: 483-487. doi:10.1542/peds.
111.3.483. PubMed: 12612225.

41. Reiss I, Landmann E, Heckmann M, Misselwitz B, Gortner L (2003)
Increased risk of bronchopulmonary dysplasia and increased mortality
in very preterm infants being small for gestational age. Arch Gynecol
Obstet 269: 40-44. doi:10.1007/s00404-003-0486-9. PubMed:
12682849.

42. Sharma P, McKay K, Rosenkrantz TS, Hussain N (2004) Comparisons
of mortality and pre-discharge respiratory outcomes in small-for-
gestational-age and appropriate-for-gestational-age premature infants.
BMC Pediatr 4: 9. doi:10.1186/1471-2431-4-9. PubMed: 15186501.

43. Tsao PN, Teng RJ, Tang JR, Yau KI (1999) Granulocyte colony-
stimulating factor in the cord blood of premature neonates born to
mothers with pregnancy-induced hypertension. J Pediatr 135: 56-59.
doi:10.1016/S0022-3476(99)70327-6. PubMed: 10393604.

Preeclampsia and Bronchopulmonary Dysplasia

PLOS ONE | www.plosone.org 6 September 2013 | Volume 8 | Issue 9 | e75168

http://dx.doi.org/10.1056/NEJMe068161
http://dx.doi.org/10.1056/NEJMe068161
http://www.ncbi.nlm.nih.gov/pubmed/16957153
http://dx.doi.org/10.1172/JCI17189
http://www.ncbi.nlm.nih.gov/pubmed/12618519
http://dx.doi.org/10.1146/annurev.physiol.67.040403.102229
http://dx.doi.org/10.1146/annurev.physiol.67.040403.102229
http://www.ncbi.nlm.nih.gov/pubmed/15709973
http://dx.doi.org/10.1007/978-1-60761-500-2_21
http://www.ncbi.nlm.nih.gov/pubmed/20204740
http://dx.doi.org/10.1016/j.ejogrb.2004.11.015
http://www.ncbi.nlm.nih.gov/pubmed/15935542
http://dx.doi.org/10.1152/ajplung.00294.2011
http://www.ncbi.nlm.nih.gov/pubmed/22003089
http://dx.doi.org/10.1164/rccm.200306-774OC
http://www.ncbi.nlm.nih.gov/pubmed/14644931
http://dx.doi.org/10.1542/peds.2005-0033
http://www.ncbi.nlm.nih.gov/pubmed/16061605
http://dx.doi.org/10.1542/peds.113.5.1348
http://www.ncbi.nlm.nih.gov/pubmed/15121952
http://dx.doi.org/10.1542/peds.2008-3249
http://www.ncbi.nlm.nih.gov/pubmed/19706590
http://dx.doi.org/10.3109/14767050903184173
http://www.ncbi.nlm.nih.gov/pubmed/19670043
http://dx.doi.org/10.1016/j.earlhumdev.2003.10.004
http://www.ncbi.nlm.nih.gov/pubmed/14729161
http://dx.doi.org/10.1016/j.jpeds.2009.10.018
http://www.ncbi.nlm.nih.gov/pubmed/20004912
http://dx.doi.org/10.1001/archpedi.1996.02170320032005
http://www.ncbi.nlm.nih.gov/pubmed/8673191
http://dx.doi.org/10.1016/S0378-3782(98)00101-7
http://www.ncbi.nlm.nih.gov/pubmed/10321791
http://dx.doi.org/10.1111/j.1471-0528.2000.tb13308.x
http://dx.doi.org/10.1111/j.1471-0528.2000.tb13308.x
http://www.ncbi.nlm.nih.gov/pubmed/10826581
http://dx.doi.org/10.1038/pr.2011.27
http://www.ncbi.nlm.nih.gov/pubmed/22258134
http://dx.doi.org/10.1203/00006450-200211000-00017
http://www.ncbi.nlm.nih.gov/pubmed/12409518
http://dx.doi.org/10.1111/j.1651-2227.2010.01861.x
http://www.ncbi.nlm.nih.gov/pubmed/20456275
http://dx.doi.org/10.1016/S0301-2115(00)00332-8
http://dx.doi.org/10.1016/S0301-2115(00)00332-8
http://www.ncbi.nlm.nih.gov/pubmed/11165727
http://dx.doi.org/10.1016/0002-9378(93)90288-T
http://www.ncbi.nlm.nih.gov/pubmed/8238190
http://dx.doi.org/10.1016/S0029-7844(01)01747-1
http://www.ncbi.nlm.nih.gov/pubmed/16175681
http://www.ncbi.nlm.nih.gov/pubmed/3081865
http://www.ncbi.nlm.nih.gov/pubmed/1680968
http://dx.doi.org/10.1056/NEJMra067279
http://www.ncbi.nlm.nih.gov/pubmed/17989387
http://dx.doi.org/10.1111/j.1479-828X.1988.tb01635.x
http://www.ncbi.nlm.nih.gov/pubmed/3228403
http://dx.doi.org/10.1016/S0022-3476(82)80653-7
http://dx.doi.org/10.1016/S0022-3476(82)80653-7
http://www.ncbi.nlm.nih.gov/pubmed/7057337
http://dx.doi.org/10.1136/adc.51.9.674
http://www.ncbi.nlm.nih.gov/pubmed/1036670
http://dx.doi.org/10.1016/0002-9378(95)91412-9
http://www.ncbi.nlm.nih.gov/pubmed/7778633
http://dx.doi.org/10.3109/14767050903168416
http://www.ncbi.nlm.nih.gov/pubmed/19670045
http://dx.doi.org/10.1136/adc.66.1_Spec_No.52
http://www.ncbi.nlm.nih.gov/pubmed/1996893
http://www.ncbi.nlm.nih.gov/pubmed/7367080
http://dx.doi.org/10.1016/j.jpeds.2011.09.025
http://www.ncbi.nlm.nih.gov/pubmed/22048041
http://dx.doi.org/10.1159/000313024
http://www.ncbi.nlm.nih.gov/pubmed/20733331
http://dx.doi.org/10.1542/peds.111.3.483
http://dx.doi.org/10.1542/peds.111.3.483
http://www.ncbi.nlm.nih.gov/pubmed/12612225
http://dx.doi.org/10.1007/s00404-003-0486-9
http://www.ncbi.nlm.nih.gov/pubmed/12682849
http://dx.doi.org/10.1186/1471-2431-4-9
http://www.ncbi.nlm.nih.gov/pubmed/15186501
http://dx.doi.org/10.1016/S0022-3476(99)70327-6
http://www.ncbi.nlm.nih.gov/pubmed/10393604


44. Zeitlin J, El Ayoubi M, Jarreau PH, Draper ES, Blondel B et al. (2010)
Impact of fetal growth restriction on mortality and morbidity in a very
preterm birth cohort. J Pediatr 157: 733-739 e731 doi:10.1016/j.jpeds.
2010.05.002. PubMed: 20955846.

45. Maynard SE, Venkatesha S, Thadhani R, Karumanchi SA (2005)
Soluble Fms-like tyrosine kinase 1 and endothelial dysfunction in the
pathogenesis of preeclampsia. Pediatr Res 57: 1R-7R. doi:
10.1203/01.PDR.0000147571.31868.9B. PubMed: 15817508.

46. Noori M, Donald AE, Angelakopoulou A, Hingorani AD, Williams DJ
(2010) Prospective study of placental angiogenic factors and maternal
vascular function before and after preeclampsia and gestational
hypertension. Circulation 122: 478-487. doi:10.1161/
CIRCULATIONAHA.109.895458. PubMed: 20644016.

47. Thadhani R, Mutter WP, Wolf M, Levine RJ, Taylor RN et al. (2004)
First trimester placental growth factor and soluble fms-like tyrosine

kinase 1 and risk for preeclampsia. J Clin Endocrinol Metab 89:
770-775. doi:10.1210/jc.2003-031244. PubMed: 14764795.

48. Le Cras TD, Markham NE, Tuder RM, Voelkel NF, Abman SH (2002)
Treatment of newborn rats with a VEGF receptor inhibitor causes
pulmonary hypertension and abnormal lung structure. Am J Physiol
Lung Cell Mol Physiol 283: L555-L562. PubMed: 12169575.

49. Cheng SL, Wang HC, Yu CJ, Tsao PN, Carmeliet P et al. (2009)
Prevention of elastase-induced emphysema in placenta growth factor
knock-out mice. Respir Res 10: 115. doi:10.1186/1465-9921-10-115.
PubMed: 19930612.

50. Walsh MC, Yao Q, Gettner P, Hale E, Collins M et al. (2004) Impact of
a physiologic definition on bronchopulmonary dysplasia rates.
Pediatrics 114: 1305-1311. doi:10.1542/peds.2004-0204. PubMed:
15520112.

Preeclampsia and Bronchopulmonary Dysplasia

PLOS ONE | www.plosone.org 7 September 2013 | Volume 8 | Issue 9 | e75168

http://dx.doi.org/10.1016/j.jpeds.2010.05.002
http://dx.doi.org/10.1016/j.jpeds.2010.05.002
http://www.ncbi.nlm.nih.gov/pubmed/20955846
http://dx.doi.org/10.1203/01.PDR.0000147571.31868.9B
http://www.ncbi.nlm.nih.gov/pubmed/15817508
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.895458
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.895458
http://www.ncbi.nlm.nih.gov/pubmed/20644016
http://dx.doi.org/10.1210/jc.2003-031244
http://www.ncbi.nlm.nih.gov/pubmed/14764795
http://www.ncbi.nlm.nih.gov/pubmed/12169575
http://dx.doi.org/10.1186/1465-9921-10-115
http://www.ncbi.nlm.nih.gov/pubmed/19930612
http://dx.doi.org/10.1542/peds.2004-0204
http://www.ncbi.nlm.nih.gov/pubmed/15520112

	Preeclampsia and the Risk of Bronchopulmonary Dysplasia in VLBW Infants: A Population Based Study
	Introduction
	Materials and Methods
	Study subjects
	Ethics Statement
	Outcome variables
	Statistical analysis

	Results
	Discussion
	Supporting Information
	Acknowledgements
	Author Contributions
	References


