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Pre-eclampsia is detrimental to respiratory health in offspring and its effect is partly mediated
by prematurity http://ow.ly/kti0305B6lc

Starting with the pioneering paper published in 1990 by D.J.P. Barker, “The fetal and infant origins of
adult disease: the womb may be more important than the home” [1], and continuing with more recent
papers on epigenetics and transgenerational developmental programming [2], the concept that in utero
environment might play an important role on future health has reached the general public [3]. As far as
respiratory health is concerned, we are all aware that asthma and allergic diseases often manifest
themselves in early life, and that congenital factors play an important role in these [4]. Not only have
prospective birth cohort studies been instrumental to investigate in utero determinants of chronic
conditions such as asthma and IgE-associated diseases [5], but also studies based on several large
population registries continue to contribute to better knowledge on this field [6].

In this issue of the European Respiratory Journal, MAGNUS et al. [7], in a large study based both on a
national registry, comprising all births in Norway from 1996 to 2006, and on a subsample of children in
the Norwegian Mother and Child Cohort Study (MoBa), examined the association between pre-eclampsia
and asthma at 7 years.

Pre-eclampsia is caused by disturbed placental function and is commonly defined as de novo hypertension
after 20 weeks of gestation combined with proteinuria. Pre-eclampsia is often accompanied by a fetal
growth restriction or premature delivery, which is in most cases “elective” because inducing birth is the
way to reverse the condition [8]. Pre-eclampsia affects between 2% and 8% of pregnancies [9] but few
studies exist on the association between pre-eclampsia and several outcomes in offspring, including
respiratory disorders. What we are looking for if we want to improve health of women and of their
offspring, however, are not simply associations but “causal” associations [10].

Pre-eclampsia and bronchopulmonary dysplasia: a causal association?
Following this line of reasoning, in the last few years, researchers have tried to causally associate
pre-eclampsia with one of the main respiratory outcomes of very pre-term birth, bronchopulmonary
dysplasia (BPD) [11]. How research has evolved in this field could give us clues to understanding the
possible link between pre-eclampsia and other respiratory disorders such as recurrent wheezing in infancy
and asthma, and therefore it is worthwhile to mention it. First, we must acknowledge that the association
between pre-eclampsia and BPD is still disputed, with a recent systematic review and meta-analysis
suggesting a possible harmful effect, but with substantial heterogeneity among the studies [12]. Conversely,
a causal link between this pregnancy complication and BPD has been suggested. In pre-eclampsia, two
stages are known: stage 1 complicated by intrauterine growth restriction (IUGR), and stage 2 complicated
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by endothelial activation and release into maternal circulation of antiangiogenic factors [8]. Antiangiogenic
factors could represent the link between abnormal placentation, which is always present in pre-eclampsia,
and a pathological development of lung blood vessels: this has led to the now widely accepted “vascular
hypothesis” of BPD [13, 14]. Animal work has suggested that these factors disrupt lung growth [15].
IUGR, as a result of an early disturbed placental function [8], may be an additional risk factor for BPD
development.

Notably, when the two main manifestations of placentation disorders (IUGR and hypertensive diseases)
have been examined separately in relation with BPD, the association for IUGR was stronger than for
hypertensive disorders [16, 17]. Being small for gestational age (SGA), a condition often overlapping with
IUGR, has been associated not only with BPD in pre-term infants but also, irrespectively of being born
pre-term, to poorer lung function in childhood [18], thus suggesting another “causative” link in the case of
IUGR: the association of infant size and lung or airway size.

Pre-eclampsia and respiratory health in preschoolers
Do abnormal development of lung vessels, and retardation of growth in utero and at birth, in addition to
early delivery, possibly also play a role in conditions like wheezing in offspring of mothers suffering from
pre-eclampsia? Epidemiological, observational studies cannot give an answers but again, they can give
some clues. Let us summarise here the principal published results. A recent pooled analysis of 14
European birth cohorts [19] found an association between pre-eclampsia and early wheezing, and in
particular, recurrent wheezing, and this has been confirmed, though with a borderline significance, in the
Avon Longitudinal Study of Parents and Children (ALSPAC) birth cohort [20]. The latter also found a
weak inverse association between pre-eclampsia and forced expiratory volume in 1 s and maximal
mid-expiratory flow, up to school age. These results are inkeeping with data on lung function in infants of
a birth cohort in Australia [21] but not with the findings of a small cohort of children in Norway [22]. In
children who wheeze very early in life, and in particular in those with recurrences, a congenital reduction
in airway calibre/compliance seems to be a predisposing factor to wheeze [23, 24]. As pre-eclampsia is
associated with a retardation of growth in utero, it is plausible that a relationship between pre-eclampsia
and recurrent wheezing in the first years of life and reduced lung function may be mediated through a
detrimental effect on fetal or airway growth.

Conversely, controlling for gestational age and birth weight attenuated the associations between
pre-eclampsia and wheezing and lung function in two of the previously cited studies [19, 20]. However,
more than confounders, birth weight and gestational age are potential mediators, as they sit in the causal
pathway between maternal pre-eclampsia and the outcomes. Adjusting for these variables would introduce a
spurious association between pre-eclampsia and the outcome (so-called collider bias) if gestational age and
birth weight are affected by factors that also influence the latter (e.g. congenital anomalies and smoking)
[25]. The practical impossibility of taking into account all possible aspects of this web of causation makes
observational studies weak (albeit the only possible) instruments for ascertaining causal relationships.

Pre-eclampsia and asthma: the role of mediators and of confounders
In this complex scenario, MAGNUS et al. [7] explored whether pre-term birth might mediate the association
between pre-eclampsia and childhood asthma. The authors found a positive association between
pre-eclampsia and asthma in the registry study, and a borderline association in the MoBa birth cohort,
confirming a result found in another recent study performed in the Danish Medical Birth Registry [26]
but contrary to what has been found in two other small birth cohort studies [21, 27], and in the more
recent one on the ALSPAC cohort [20]. Interestingly, when MAGNUS et al. [7] stratified the sample on
being born pre-term, having a mother with pree-clampsia, or both, they found an increased risk of asthma
at 7 years in all groups, especially in the group with both conditions. As the co-occurrence of
pre-eclampsia and prematurity is clearly nonrandom, the relative effects of pre-eclampsia and prematurity
and their interaction cannot be given a causal meaning (as we would do in an experiment with factorial
design), but only a descriptive one. With these caveats, mediation analysis confirmed both a direct and an
indirect (mediated by prematurity) effect of pre-eclampsia on childhood asthma. All these results were
significant in the registry study only, where the numbers of subjects evaluated were larger than in the
MoBa cohort. The large number of children in the registry made it possible to conduct also an analysis of
sibling pairs discordant for asthma. The sibling design may be useful to adjust for associations due to
unmeasured confounding shared by siblings, and has been used in other registries studies involving pre-
and peri-natal putative risk factors for respiratory disorders [28]. The sibling study indicated no
association between pre-eclampsia and asthma [7]. This is partially inkeeping with the previous recent
study by LIU et al. [26] in the Danish Medical Birth Registry. In a case–sibling study, early-onset
pre-eclampsia (thereby associated with prematurity), but not late-onset pre-eclampsia, was still associated
with an increased risk of asthma, but the strength of the association was attenuated compared with the
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association obtained from the nested case–control analysis. Despite the possible limitations of the sibling
study design [29], these results indicate that part of the association between pre-eclampsia and childhood
asthma may be attributed to unmeasured confounding shared by siblings.

What we have learned so far?
First, we have learned that pre-eclampsia seems to be detrimental, in particular in infants born pre-term or
very pre-term, for the BPD outcome, which typically develops in these infants. A potential mechanism
may be the production of antiangiogenic factors, which are also markedly increased in amniotic fluid.

Second, IUGR, being SGA and prematurity, which are all part of the clinical picture of pre-eclampsia [8],
have been found to be associated with wheezing up to school age [30, 31]. An arrested growth of the lung
in utero and a resulting diminished calibre of the airways are likely candidates explaining the association of
pre-eclampsia per se and wheezing and diminished lung function.

Finally, whatever the mechanisms involved and independently of direct versus indirect effect of
pre-eclampsia on respiratory disorders in offspring, these results are robust in describing an increased risk
of respiratory problems in offspring of pre-eclamptic mothers.

Thus, what counts from the point of view of public health is firstly, to control the disease, which still has a
high prevalence in low-income countries and in low socioeconomic classes [8], and is a major contributor
to maternal mortality, and secondly, to be aware that offspring of pre-eclamptic mothers are at risk of
adverse respiratory outcomes and deserve a careful clinical follow-up.
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