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The womb and lung function later in life

E.J.L.E. Vrijlandt, J. Gerritsen

The information about the in utero influences on the
development of the lungs and lung function is limited. No
measurements are available at present to objectify this, and all
studies in humans describing early determinants of airway
function mention placental function, birth weight in relation
to gestational age, sex and ethnicity, environmental factors,
such as smoking, nutrition of the mother, and respiratory
infections of the neonate. In fact, the womb is a black box
where many factors influence the development of the foetus
and, in particular, the lungs. Another complicating factor is
that before birth the lungs are not involved in gas exchange
and are not fully expanded.

Negative effects on lung development can result from
either: mother-related factors, including hypoxia, intoxica-
tions and other causes of intra-uterine stress, like pre-
eclampsia, which leads to growth retardation and often to
premature birth; or child-related factors, such as foetal
diseases like congenital renal abnormalities and diaphrag-
matic hernias.

In this issue, GREENOUGH et al. [1] present interesting data
on the effects of intra-uterine growth retardation (IUGR), in
children born prematurely, on the severity of lung function
impairment. The most important findings of their study
include a significant relationship between airway resistance,
on the one hand, and IUGR, maternal smoking and
bronchopulmonary dysplasia, on the other hand.

Almost no data on the impact of IUGR on lung function
during infancy are available, until now, despite the known
association between IUGR, subsequent airway function and
morbidity in later life. GREENOUGH et al. [1] compared
children, who were small for gestational age (SGA), with
children born with an appropriate weight for gestational age
(AGA). The significant differences in body weight, median
airways resistance (Raw) and specific conductance (sGaw)
compared with AGA children at follow up (6–24 months old)
might confirm that pre-natal factors play an important role.
Total lung volume measured with the body plethysmograph
and with the helium-dilution method were similar in both
groups and were significantly related to weight at testing,
independently of all other factors i.e. also birthweight.
Maternal smoking had significant associations with raised
Raw and lower sGaw at follow up [1].

A known risk factor for the impairment of lung function at
follow up is being SGA and has been confirmed in several
studies in different age categories. Reduced airway function,
in relation to being SGA, has already been found when
measured in early infancy at 6 weeks and, thus, before the
onset of any lower respiratory illness. However, it has also
been found during school age, or during adolescence [2–5].
The main issue is whether or not diminished airway function

is caused by impaired somatic growth. GREENOUGH et al. [1]
report that low birth weight itself did account for a
proportion of the reduction. Also, in children of school age,
relatively impaired airway function was observed in the very
low birth weight children. However, this was not related
to differences in body dimensions, as the dimensions were
similar to that of the controls [6]. Another appealing result in
the study by GREENOUGH et al. [1] is the association between
raised Raw and maternal smoking, because smoking is one of
the few preventable causes of raised Raw. In other studies,
maternal smoking, but not smoking by other members of the
household, was independently associated with a reduction in
expiratory flow indices [5, 6].

The number of participants in the study by GREENOUGH

et al. [1] is rather large, taking into account that they had to
sedate the infants. This often throws obstacles in the way of
getting parental permission to participate. The question crops
up whether the present number is large enough to tease out
interactions. Other studies have shown dysfunction of the
respiratory units and alveolar development [7] and it would be
quite interesting to explore why lung volumes are not
different in the study by GREENOUGH et al. [1]. Normally
young males are more susceptible to pre- and post-natal
influences than girls; in the study by GREENOUGH et al. [1] no
differences in lung function between young males and females
were found. Reasons for this might be the proportion of male
subjects in the study by GREENOUGH et al. [1] and the high
variability of the methods. Male sex was found to be
associated with poor airway function in low birth weight
cohort [6], and other authors have reported that young males
perform less well at partial expiratory manoeuvres and are
more likely to suffer from respiratory problems [8, 9].

Another remarkable point is that infants were measured
between 6–24 months of age; the latter is rather old for
investigating pre-natal influences. Infants should preferably
be as young as possible to allow investigations of pre-natal
influences, such as exposure to passive smoking (prior to any
post-natal exposures or respiratory infections). Many factors
are associated with growth retardation and it is of interest to
investigate what the relationship was between the cause of
growth retardation and lung function. In other words, do
children whose mothers have suffered from, as an example,
pre-eclampsia, develop other problems than do children of
smoking mothers? Immediately, we admit that it seems rather
difficult to evaluate this complex topic because it is possible
that, for example, smoking results in, not only IUGR, but
also has a direct effect on Raw in infants [10]. Therefore, the
number of participants of such a study should be large.

It is clearly demonstrated in the study by GREENOUGH et al.
[1] that premature infants who suffered IUGR may be at risk
of impaired lung function at follow up. The role of birth
weight has been stressed in studies concerning the foetal
origin hypothesis. This hypothesis suggests that organ
function in later life is programmed by impaired foetal
nutrition or growth at a critical period of organ development
[11]. Infants who are SGA with growth retardation will
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consequently be at risk. Malnutrition will affect lung growth
pre- and post-natally and will have the greatest effect at the
time of rapid alveolar development [12].

In contrast, impaired airway function is not simply due to
smaller post-natal body size or poorer post-natal growth.
Airway function is diminished in early post-natal life as a
consequence of a complex causal pathway, which includes
social disadvantage, as indicated by maternal social class,
smoking and height, birth weight as a proximal and related
consequence of these factors, and a genetic predisposition to
asthma [3]. Hence, multiple factors can influence airway and
lung function. It is not only prematurity, neonatal disease, its
treatment and other post-natal factors which are important,
but IUGR also seems to play a major role.

Future studies should be focused on the causal relationship
between growth retardation and pre-and post-natal develop-
ment of the lungs. This information might be important and
would create possibilities for early intervention in order to
improve the outcome in the long term. This may allow
unravelling of the "hen and the egg" question about factors
affecting lung development in the womb and post-natally.
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