
210 Pediatric ReseaRch      Volume 71  |  Number 2  |  February 2012 copyright © 2012 International Pediatric Research Foundation, Inc.

Articles Clinical Investigation nature publishing group

INTRODUCTION: To better understand whether preeclamp-
sia (Pe) increases the risk of bronchopulmonary dysplasia 
(BPD). 
RESULTS: Of 753 infants alive at 36 wks, 138 (18.3%) were 
exposed to Pe. BPD was not significantly related to exposure to 
Pe either before (odds ratio (OR) 0.73; 95% confidence interval 
(cI) 0.50, 1.06) or after adjustment for confounding variables 
(adjusted OR 1.14; 95% cI 0.71, 1.81). If infants were selected 
by gestational age alone, there was no association (OR 1.05; 
95% cI 0.63, 1.75). In contrast, selecting by birth weight alone, 
Pe was associated with a significant reduction in BPD (OR 0.61, 
95% cI 0.41, 0.91). however, this effect disappeared after adjust-
ment for confounding variables.
DISCUSSION: conclusions were unchanged when data from 
other studies were included in a pooled analysis. Pe does not 
significantly affect the risk of BPD in extremely preterm (eP) or 
extremely-low-birth-weight (eLBW) subjects.
METHODS: We examined data on eP (<28 wks gestation) or 
eLBW (<1,000 g) infants live born in Victoria, australia, in three 
eras: 1991–1992, 1997, and 2005. We compared the incidence 
of BPD (oxygen requirement at 36 wks’ postmenstrual age) in 
the Pe group (infants exposed to Pe) with that in the remainder 
(nonexposed infants). We also contrasted results with compa-
rable reported studies.

Preeclampsia (PE) is a potentially severe complication of 
pregnancy affecting 2–4% of pregnancies (1,2). The con-

dition frequently necessitates preterm delivery for both 
maternal and fetal reasons (3). Bronchopulmonary dysplasia 
(BPD) is a common complication of extremely preterm (EP, 
<28 wks) birth that persists despite improvements in perina-
tal care, including antenatal corticosteroids (4) and exogenous  
surfactant (5).

Several studies have examined the relationship between 
intrauterine exposure to maternal PE and the risk of the infant 
developing BPD (6–12). Some of these report that PE is pro-
tective and reduces the incidence of BPD (9,10,12). Others 
report that PE is associated with an increased incidence of 
BPD (7,8). Still others have found no change (6,11).

We sought to clarify the association between maternal PE 
and BPD in three large geographical cohorts of EP/extremely-

low-birth-weight (ELBW, <1,000 g birth weight) infants born 
in the post-surfactant era.

Results
The three Victorian Infant Collaborative Study cohorts com-
bined totaled 1,268 live-born infants who were either EP or 
ELBW, 575 (40.6%) of whom were excluded as they did not 
survive to 36 wks’ corrected gestation. This yielded a study 
sample of 753 infants who were EP or ELBW, 138 (18.3%) of 
whom were born to mothers with PE; there were two mothers  
in whom it was unclear if they had PE or not. An ultrasound 
before 20 wks was obtained in 90.2% (620/687) of cases with 
data; data on early ultrasounds were missing in 66 cases. In 
only two infants was there a discrepancy in dates between 
the best obstetric estimate of postmenstrual age (PMA) and a 
pediatric estimate after birth.

On variables determined antenatally, the mothers who had 
PE were more likely to be primigravida and be delivered by 
cesarean section, and were less likely to have prolonged rup-
ture of the membranes; their infants were more likely to be 
female, more mature, but lighter at birth, and therefore were 
more likely to be small for gestational age, but they were less 
likely to be male or part of a multiple birth (Table 1).

The overall incidence of BPD in the PE group was 37.7% 
(52/138), lower than the rate of 45.7% (279/611) in the non-PE 
group, a nonsignificant difference (odds ratio (OR) 0.73; 
95% confidence interval (CI) 0.50, 1.06; P = 0.10) (Table 2; 
Figure 1). The effects were similar within the three separate 
Victorian Infant Collaborative Study cohorts (I2 = 0; Figure 1). 
Several other perinatal variables that were determined by the 
time of birth were significantly associated with BPD, including 
rupture of the membranes for >24 h before delivery, vaginal 
delivery, male sex, not being growth-restricted at birth, and 
lower birth weight and gestational age (Table 2). When these 
were entered into a logistic regression analysis, only male gen-
der, lower birth weight, and gestational age were significantly 
associated with BPD. After adjusting for these confound-
ing variables, there was no association between PE and BPD 
(Table 2).

When the subjects were selected by gestational age <28 wks 
alone, 11.9% (68/570) of infants were born to mothers with 
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PE; there was no significant relationship between PE and 
BPD, which was consistent across the three individual eras 
(Figure 1). This conclusion was not altered after adjusting for 
confounding variables (adjusted OR 1.20, 95% CI 0.64, 2.23,  
P = 0.57).

Selecting the subjects by birth weight <1,000 g alone, 21.6% 
(133/616) of infants were born to mothers with PE, which 
was strongly associated with a lower rate of BPD, a consis-
tent observation across the three individual eras (Figure 1). 
However, after adjustment for confounding variables, the asso-
ciation between PE and BPD disappeared (adjusted OR 1.10, 
95% CI 0.67, 1.80, P = 0.70).

The literature review found seven similar studies (6–12). 
These are summarized in Table 3. On reading the methods 
in all studies, four were subsequently rejected. In one study, 
the cohort was born before 1991 and BPD was determined at 
28 days only (12). In another study of infants <1,501 g birth 
weight from a single hospital, it was not possible to recon-
struct data for the outcome of BPD at 36 wks’ PMA, although 
there was a nonsignificant reduction in the risk of BPD at 28 
days in those whose mothers had PE (risk ratio 0.71; 95% CI 
0.39, 1.27) (10). One study was excluded because it was a case– 
control study and not a cohort study (9); in this study, there was 

a nonsignificant reduction in the odds of BPD with exposure 
to PE (OR 0.89, 95% CI 0.28, 2.81). In the fourth study, of 107 
infants 23–32 wks’ gestation from a single center in the United 
States, it was unclear how many of the subjects were alive at 
36 wks’ PMA, and hence it was not possible to calculate a cor-
rect denominator (8); this study reported an increased risk of 
BPD with exposure to PE (OR 2.96, 95% CI 1.17, 7.51).

Of the remaining three studies (6,7,11), all defined BPD as 
oxygen dependency at 36 wks (one also included X-ray changes) 
(6), all had high rates of antenatal corticosteroid administra-
tion, and all had those alive at 36 wks’ PMA as the denomi-
nator for the rate of BPD; however, unlike the Victorian data, 
none were from geographical cohorts. One study selected 371 
infants either <32 wks or <1,500 g birth weight from a single 
center born in the 1990s and found no relationship between PE 
and BPD at 36 wks (risk ratio 1.03, 95% CI 0.70, 1.52) (11). One 
study of 306 infants <30 wks from two centers in the United 
States, born largely in the 1990s, found no significant relation-
ship between PE and BPD (risk ratio 1.06, 95% CI 0.72, 1.55) (6). 
The largest study was of 1,241 infants <28 wks’ gestation from 
14 centers in the United States. This study excluded 12% of eli-
gible infants for whom parental consent was not obtained (7). 
In addition, BPD data were not available for 10 subjects; this 

Table 1. Perinatal features contrasted between infants whose mothers had Pe and those who did not

Variable Pe (N = 138) No Pe (N = 613)a statistics P value

Primigravida mother, % (n) 49.3 (68) 35.8 (70)b 1.74 (1.20, 2.53)c 0.004

Antenatal corticosteroids, % (n) 83.3 (115) 82.1 (501)d 0.92 (0.56, 1.50)c 0.74

Membranes ruptured >24 h, % (n) 2.2 (3)a 25.2 (153)e 0.07 (0.02, 0.21)c <0.001

Multiple birth, % (n) 8.7 (12) 29.5 (181) 0.23 (0.12, 0.42)c <0.001

Cesarean delivery, % (n) 92.0 (127) 44.9 (275) 14.2 (7.51, 26.8)c <0.001

Male sex, % (n) 39.1 (54) 51.4 (315) 0.71 (0.42, 0.88)c 0.009

Gestational age (completed wks), mean (sD) 27.8 (1.7) 26.3 (1.9) 1.4 (1.1, 1.8)f <0.001

Birth weight (g), mean (sD) 814 (145) 872 (174) −59 (−90, −28)f <0.001

Birth weight Z score <−2 sD, % (n) 39.1 (54) 11.7 (72) 4.83 (3.17, 7.36)c <0.001

Pe, preeclampsia.
an = 2 missing data. bn = 1 missing data. cOdds ratio (95% confidence interval). dn = 3 missing data. en = 5 missing data. fMean difference (95% confidence interval).

Table 2. Perinatal features contrasted between infants who had BPD and those who did not

Variable
BPD  

(N = 332)
No BPD  

(N = 419)a
univariable 

analysis P value
Multivariable 

analysis, OR (95% CI) P value

Primigravida mother, % (n) 39.9 (132)b 37.0 (155) 1.13 (0.84, 1.52)c 0.42

Antenatal corticosteroids, % (n) 83.9 (277)a 80.6 (377)b 1.26 (0.86, 1.84)c 0.24

Membranes ruptured >24 h, % (n) 25.4 (83)d 17.5 (83)b 1.61 (1.13,  2.29)c 0.008 1.31 (0.88, 1.95) 0.18

Multiple birth, % (n) 25.6 (85) 25.8 (108) 0.99 (0.71, 1.38)c 0.96

Preeclampsia, % (n) 15.7 (52)b 20.6 (86)b 0.73 (0.50, 1.06)c 0.10 1.14 (0.71, 1.81) 0.59

Cesarean delivery, % (n) 46.1 (153) 59.2 (248) 0.59 (0.44, 0.79)c <0.001 0.89 (0.62, 1.28) 0.53

Male sex, % (n) 57.2 (190) 42.5 (178) 1.81 (1.35, 2.42)c <0.001 1.88 (1.36, 2.59) <0.001

Gestational age (completed wks), mean (sD) 25.9 (1.7) 27.2 (2.0) −1.3 (−1.6, −1.0)e <0.001 0.70 (0.60, 0.82)f <0.001

Birth weight (g), mean (sD) 810 (176) 903 (154) −93 (−116, −69)e <0.001 0.80 (0.71, 0.91)g <0.001

Birth weight Z score <−2 sD, % (n) 13.0 (43) 20.0 (84) 0.59 (0.40, 0.88)c 0.01 1.43 (0.73, 2.80) 0.30

BPD, bronchopulmonary dysplasia; cI, confidence interval; OR, odds ratio.
an = 2 missing data. bn = 1 missing data. cOR (95% cI). dn = 5 missing data. eMean difference (95% cI). fPer one-week increase. gPer 100-g increase.
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study found a significantly higher rate of BPD with PE (risk 
ratio 1.29, 95% CI 1.14, 1.47).

It was possible to perform a pooled analysis of studies where 
infants were selected by gestational age. This included our study 
and those of Khan et al. (6) and Bose et al. (7). The analysis 
showed moderate heterogeneity (I2 = 49%) and a nonsignifi-
cant increased risk of BPD with exposure to PE (OR 1.37, 95% 
CI 0.91, 2.04, P = 0.13, random effects model, 3 studies, 2,117 
subjects). It was possible to combine our data for meta-analysis 
selected by both birth weight and gestational age with Redline  
et al. (11), which revealed little heterogeneity (I2 = 16%), and a 
nonsignificant reduced risk of BPD with exposure to PE (OR 0.81, 
95% CI 0.59, 1.11, fixed effects model, P = 0.18, 2 studies, 1,120 
subjects). There were no other studies with the cohort selected by 
birth weight only with which we could combine our data.

DIsCussION
In our EP/ELBW cohorts, the conclusions concerning the 
risk of BPD in relation to exposure to PE were influenced by 
the way the cohort was selected. Cohorts were defined in 
three different ways—by gestation, by birth weight, or by a 
combination of both. Our Victorian data allowed us to deter-
mine results for all three definitions. Comparison by ges-
tational age is only possible if the gestational age is accu-
rately assessed. In Victoria, the vast majority of mothers 
have an ultrasound to confirm dates early in pregnancy (13); 
therefore it is possible to select cohorts based on gestation. When 
reported by either gestation <28 wks or birth weight <1,000 g, 
there was a nonsignificant reduction in the risk of BPD. On the 
other hand, if selected by birth weight only, there was a significant 

reduction in risk, which disappeared when corrected for con-
founding variables. When selected by gestational age only, there 
was no significant relationship between PE and BPD, which did 
not change when corrected for confounding variables.

It is interesting that the effect of PE on BPD changes so dramati-
cally on redefining the cohorts. The most likely explanation may 
be related to PE as a cause of intrauterine growth restriction, a well 
recognized complication of PE (14), and an association observed 
in our study. More mature growth-restricted infants may be pro-
tected by their more advanced gestation and may be therefore less 
likely to develop BPD. Selecting cohorts by birth weight alone 
is problematic, with an overrepresentation of growth-restricted 
infants, whereas selection of cohorts by gestational age is prefer-
able when trying to establish the influence of fetal growth restric-
tion on outcomes (15). The current study illustrates the problem 
of selecting cohorts by birth weight alone, which would lead to the 
false conclusion that PE is protective against BPD, if not adjusted 
for other confounding antenatal variables.

There were many differences in variables determined ante-
natally in infants where the pregnancy was complicated by PE 
as compared with those where it was not (Table 1), including 
having a primigravida mother, no prolonged rupture of the 
membranes, being a singleton birth, being delivered by cesar-
ean section, being female, being more mature but lighter at 
birth, and hence being more growth-restricted. Of these vari-
ables, several were associated with BPD, but only being male, 
and being smaller and lighter at birth were associated with BPD 
in the multivariable logistic regression; after adjusting for these 
significant variables, there was no association between PE and 
BPD, regardless of which way the cohorts were selected.

Test for overall effect: Z = 2.41 (P = 0.02)

Test for overall effect: Z = 0.18 (P = 0.85)
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Figure 1. Forest plot of risk of BPD in relation to exposure to Pe in Victorian cohorts, selected according to different criteria. Results adjusted for con-
founding antenatal variables are shown as open diamonds, with adjusted odds ratios and 95% CIs to the right of the diamond. BPD, bronchopulmonary 
dysplasia; CI, confidence interval; Pe, preeclampsia.
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Our cohort is made up of a combination of patients from 
three separate time periods since 1991, and we considered that 
changes in neonatal care over this time period might alter the 
relationship between PE and BPD. We therefore analyzed each 
of the three eras separately and found the results were consistent 
over the three separate eras, with no evidence of heterogeneity.

When our results were combined with previously published 
reports, the conclusions remained unchanged. Of the other 
studies that were ultimately included in the meta-analysis, the 
 definition of PE varied, from definitions similar to ours (6,7) 
to no definition at all (11).The total number of subjects in these 
combined studies was large, and hence the results are likely to 
be robust.

The strength of our study is that it is a large multicenter study 
from the same geographical area. The previous studies are 
either single-centered (8–12) or multicentered (6,7), but none 
is based on a geographical cohort. A weakness of our study is 
that we cannot be certain about the biochemical abnormalities 
that led to a diagnosis of PE in the mother, but we do know it 
had to be severe enough to lead to early delivery.

This study clarifies the association of PE and BPD and helps to 
explain why previous studies have reported apparently contra-
dictory results. We conclude that exposure to PE has little effect 
on the risk of developing BPD. What remains to be determined, 
and is arguably more important, is whether PE has any important 
influences on health beyond the nursery into later life, regardless 
of the effects it might or might not have on BPD.

MetHODs
Subjects
The subjects comprised EP or ELBW infants born in the state of 
Victoria, Australia. Three cohorts of EP/ELBW infants have been born 
since the introduction of surfactant to the state in 1991 and have been 
enrolled in the Victorian Infant Collaborative Study projects; these 
cohorts comprise all consecutive EP or ELBW live births born any-
where in the state during the calendar years (i) 1991–1992, (ii) 1997, 
and (iii) 2005. Over this time, there have been only four neonatal 
intensive care units in the state, three of which are located in high-
risk maternity hospitals. Details of perinatal data and survival rates for 
these cohorts have been reported elsewhere (16–21). Small for gesta-
tional age was defined as a birth weight SD score <−2 SD.

Measurements
Gestational age was assigned by the best available obstetric estimate, 
based on antenatal ultrasound scan before 20 wks in most cases, or 
menstrual history. In Victoria, 97% of women have at least one antena-
tal ultrasound, most of which occur at <20 wks’ gestation (13). If there 
was a discrepancy between the best obstetric estimate of gestation and 
a pediatric assessment after birth of more than 2 wk, the pediatric esti-
mate was taken to be correct. Maternal details collected included the 
presence or absence of an obstetric diagnosis of PE, based on new-on-
set hypertension (blood pressure 140/90 or higher), accompanied by 
proteinuria or nondependent edema. As some women were delivered 
outside the three high-risk maternity hospitals, it was not always pos-
sible to check clinical or biochemical details, but it was expected that 
the standard definition of PE (new-onset hypertension in a formerly 
normotensive woman, accompanied by proteinuria of >0.3 g in 24 h 
+/− edema) was adhered to. The PE had to be of sufficient severity to 
warrant delivery of the fetus. BPD was defined as a supplemental oxy-
gen requirement at 36 wks’ PMA. Infants who died before reaching 
36 wks’ corrected gestation were excluded, as death was a competing 
risk for the outcome of BPD.

Table 3. Details of studies reporting risk of BPD in relation to exposure to Pe

study site Years of birth
Inclusion/exclusion 
criteria BPD definition Denominator

Antenatal 
corticosteroids

sample 
size

6 two centers (Philadelphia, 
PA—hospital A and 
toledo, OH—hospital B)

1993–1997 
(hospital A); 
1997–2000 
(hospital B)

<30 wks Oxygen at 36 wks 
and chest X-ray 
changes

Alive at 
36 wks

73% hospital A, 
69% hospital B

306

7 14 centers,  
united states

2002–2004 <28 wks, informed 
consent; 10 with no 
BPD data excluded

Oxygen at 36 wks Alive at 
36 wks

90% 1,241

9a single center  
(Providence, RI)

1991–1992 <1,251 g birth weight 
and <33 wks

Oxygen at 36 wks Alive at 
36 wks

No data Cases (Pe) 
35, controls 
(no Pe) 70

10b single center  
(tampere, Finland)

1990–1994 Birth weight <1,501 g Oxygen at 28 d 
and chest X-ray 
changes

Alive at 28 d 37% 192

8c single center (Boston, MA) 2006–2008 <32 wks Oxygen at 36 wks All live births 87% 107

11 single center  
(Cleveland, OH)

1995–1997 <32 wks and <1,500 g 
birth weight; no 
placental pathology 
excluded (n = 22)

Oxygen at 36 wks Alive at 
36 wks

65% 371

12d single center 
(Farmington, Ct)

1984–1990 singletons 500–1,499 g 
birth weight and 
gestation 24–36 wks

Oxygen at 28 d 
and chest X-ray 
changes

All live births No data 535

Current 
study

Geographical  
cohorts ×3,  Victoria, 
Australia

(i) 1991–1992  
(ii) 1997 
(iii) 2005

<28 wks or <1,000 g 
birth weight

Oxygen at 36 wks Alive at 
36 wks

(i) 73%  
(ii) 88%  
(iii) 89%

(i) 314 
(ii) 206  
(iii) 233

BPD, bronchopulmonary dysplasia; Pe, preeclampsia.
aexcluded as case–control study. bcannot reconstruct 36-wk data—appears to be underreporting of Pe rate in no-BPD group. cexcluded as unclear how many alive at 36 wks and thus 
could not determine correct denominator. dexcluded as BPD defined at 28 d and before 1990.
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Literature Review
To compare our data with other reports, we searched the literature 
for other studies relating PE to the incidence of BPD in preterm sub-
jects born after 1990. PubMed and Medline were searched using the 
MESH terms “preeclampsia,” “maternal hypertension,” or “pregnancy 
induced hypertension,” combined with “bronchopulmonary dysplasia” 
or “chronic lung disease.” Relevant studies were selected and their refer-
ences were reviewed to find further relevant studies. We sought stud-
ies where BPD was defined as oxygen dependency at 36 wks’ PMA in a 
complete cohort with the denominator being those known to be alive 
at 36 wks. The search yielded seven studies that were examined in detail 
(6–12).

Data Analysis
Data were analyzed using SPSS for Windows, version 19, calcu-
lating ORs and 95% CIs for differences in dichotomous variables, 
and calculating mean differences and 95% CIs for comparisons of 
continuous variables. We also used logistic regression to adjust for 
the effects of antenatally determined variables that were statistically 
significant on univariable analysis for the relationship between PE 
and BPD. Postnatal variables (such as surfactant therapy, duration 
of ventilation, etc.) could be along the causal pathway between PE 
and BPD and hence were not included as confounding factors for 
our analysis. RevMan 5.0 was used to calculate ORs and 95% CIs for 
data pooled from several studies; fixed-effects models were used for 
pooled ORs if there was no substantial heterogeneity and random-
effects models were used if there was moderate heterogeneity or 
more (I2 > 30%) (22).
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