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Abstract

Few epidemiological studies have investigated the role of hypertensive disorders of pregnancy in
the aetiology of childhood respiratory and atopic outcomes.

In the Avon Longitudinal Study of Parents and Children we examined associations of maternal
gestational hypertension, hypertension before pregnancy and preeclampsia with wheezing at 18
months, wheezing and asthma at 7 years, and lung function at 8-9 years, after controlling for
potential confounders (N=5322-8734, depending on outcome).

Gestational hypertension was not associated with any outcome. There was weak evidence for a
positive association between preeclampsia and early wheezing (adjusted odds ratio compared to
normotensive pregnancies 1.31 (95% CI: 0.94 to 1.82)) and for negative associations between
preeclampsia and Forced Expiratory Volume in one second (adjusted mean difference in standard
deviation score -0.14 (-0.33 to 0.06)) and Maximal Mid-Expiratory Flow (-0.15 (-0.34 to 0.04)).
Hypertension before pregnancy was positively associated with wheezing (OR 1.63 (1.16 to 2.31)
and asthma (OR 1.34 (1.00 to 1.79)).

Gestational hypertension is unlikely to be a risk factor for childhood respiratory disorders;
hypertension before pregnancy may be a risk factor for childhood wheezing and asthma, but this
finding needs replication. Larger studies are needed to confirm whether preeclampsia is associated
with impaired childhood lung function.
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Take home message: Gestational hypertension is unlikely to be a risk factor for childhood respiratory disorders; further studies are
needed to clarify whether hypertension before pregnancy or preeclampsia are risk factors.
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Background

There is a growing body of epidemiological evidence implicating the prenatal environment
in the aetiology of childhood respiratory disorders such as asthmal. Risk factors which
deserve investigation include the hypertensive disorders of pregnancy (HDP), namely
gestational hypertension, preeclampsia, and existing (chronic) hypertension. Hypertension in
pregnancy has been associated with impaired infant lung function in an Australian cohort2.
There is a paucity of data on the relation between HDP and lung function later in childhood,
although one small Norwegian historical cohort study found no association between
preeclampsia and childhood lung function3. A recent pooled analysis of 14 European birth
cohorts reported positive associations between preeclampsia and ever/recurrent wheezing at
12-24 months of age4. Maternal hypertension in pregnancy or preeclampsia, analysed in
combination, were positively associated with an increased risk of early, late onset and
persistent wheezing in the first 6-7 years of life in a large Italian cross-sectional study,
although information about HDP was based on maternal recall5. In contrast, a Norwegian
birth cohort found no association between pregnancy complications (hypertension,
preeclampsia or hyperemesis combined) and bronchial obstruction under two years of age or
asthma at 4 years6. Two other Norwegian studies found no relation between preeclampsia
and asthma in the offspring3;7, and a British birth cohort study found no association
between maternal hypertension in pregnancy and offspring asthma8. A potential limitation
of studies to date is that few have distinguished associations with gestational hypertension,
hypertension before pregnancy and preeclampsia separately. Whilst gestational hypertension
and preeclampsia are currently thought to represent a spectrum of severity of a single
condition, with preeclampsia at the severe end9, guidelines for clinical management are
different for each of the hypertensive disorders10, and thus it would seem sensible to analyse
the disorders separately if possible.

One small Finnish study (N=378) also found that women who experienced either
preeclampsia or placental abruption in pregnancy had offspring with an increased risk of
severe atopy during adolescence, an association which was limited to males11. A larger
Norwegian study reported that severe (but not mild/moderate) preeclampsia was also
associated with a high level of allergic sensitisation3.

In the Avon Longitudinal Study of Parents and Children (ALSPAC) birth cohort we have
investigated whether HDP are associated with an increased risk of early and later wheezing,
asthma, impaired lung function and atopy in childhood.

Methods

Participants

The Avon Longitudinal Study of Parents and Children (ALSPAC) is a population-based birth
cohort that recruited 14,541 predominantly white pregnant women resident in Avon, UK
with expected dates of delivery 1st April 1991 to 31st December 1992. Of these pregnancies
there were 14,676 fetuses, resulting in 14,062 live births and 13,978 singleton or twin
children who were alive at one year of age. Of these, 13,758 had maternal obstetric
information abstracted from medical records. The cohort has been followed since birth with
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annual questionnaires and, since age 7 years, with objective measures in annual research
clinics. The study protocol has been described previously12;13 and further information can
be found at: http://www.alspac.bris.ac.uk. Please note that the study website contains details
of all the data that are available through a fully searchable data dictionary: http://
www.bris.ac.uk/alspac/researchers/data-access/data-dictionary/. Ethics approval for all
aspects of data collection was obtained from the ALSPAC Ethics and Law Committee (IRB
00003312) and the Local NHS Research Ethics Committees.

Hypertensive disorders of pregnancy—All blood pressure and proteinuria
measurements, which were taken as part of routine antenatal care by midwives or
obstetricians, were abstracted from the women’s obstetric records by six trained research
midwives. There was no between-midwife variation in mean values of the data abstracted
and error rates were consistently <1% in repeated data entry checks. These data were used to
derive three hypertensive disorders of pregnancy (HDP) using the widely used International
Society for the Study of Hypertension in Pregnancy (ISSHP) criterial4, which are used
clinically in the UK. Gestational hypertension was defined as systolic blood pressure = 140
mmHg and/or diastolic blood pressure = 90 mmHg on two occasions after 20 weeks
gestation in a woman who did not report having hypertension prior to pregnancy.
Preeclampsia was defined by the same blood pressure thresholds with proteinuria of at least
1+ on urine dipstick testing occurring at the same time as the elevated blood pressure.
Women who responded to a questionnaire administered during pregnancy that they had
previously had hypertension outside of pregnancy were classified as having hypertension
before pregnancy.

Outcomes—When the children were 18 months old, their mothers were asked whether the
child had wheezed in the previous 12 months and whether their child had “wheezing with
whistling on the chest when (s)he breathed”. When the children were 7.5 years old, mothers
were asked: ‘Has your child had any of the following in the past 12 months: wheezing;
asthma?’. Children were defined as having current doctor-diagnosed asthma at 7.5 years
(primary outcome of interest) if mothers responded positively to the question ‘Has a doctor
ever actually said that your study child has asthma?’ and positively to one or both of the
questions on wheezing and asthma in the past 12 months.

Lung function was measured by spirometry (Vitalograph 2120) at age 8% years after
withholding short-acting bronchodilators for at least 6 hours and long-acting bronchodilators
and theophyllines for at least 24 hours. The best of three reproducible flow-volume curves
was used to measure FEV4, FVC and maximal mid-expiratory flow (FEF5.75). Lung
function measurements were transformed to age, height and gender adjusted standard
deviation units15. The tests adhered to American Thoracic Society (ATS) criteria for
standardisation and reproducibility of flow-volume measurement16, with the exception of
ATS recommendations for duration of expiration17; as many children did not fulfil forced
expiratory time >6 seconds end of test criteria, a minimal volume change over the final 1
second was used.

Atopy at 7 years was defined as a positive reaction (any detectable weal) to D.
pteronyssinus, cat or grass (after subtracting positive saline reactions from histamine and
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allergen weals, and excluding children unreactive to 1% histamine). (Atopy defined in this
way identified 96% of children sensitised to 26 other allergens in this cohort18).

Maternal covariables—Maternal age at delivery was abstracted from obstetric records.
Maternal asthma, pre-pregnancy weight and height, parity, smoking status, highest
educational qualification and ethnicity were obtained from questionnaires administered
during pregnancy. Maternal asthma was defined as a positive response to having had asthma
either recently or in the past. Pre-pregnancy BMI was calculated as weight(kg)/ height(m)?2
and classed according to World Health Organisation definitions of underweight (<18.5kg/
m?2), normal (18.5-24.9kg/m?2), overweight (25.0-29.9kg/m?) and obese (=30.0kg/m2).
Smoking status was categorised as the maximum maternal exposure during pregnancy
(never, passive smoking only, 1-9 cigarettes per day, 10-19 cigarettes per day, =20 cigarettes
per day). Maternal ethnicity was categorised as white or non-white.

Statistical analyses—We compared the distributions of child and maternal variables
across HDP categories using f-statistics for differences in the means of continuous variables
and chi-squared tests for differences in the categorical variables.

We used logistic regression to relate maternal HDP to binary offspring outcomes: wheezing,
asthma, and atopy. We present odds ratios for these outcomes comparing children whose
mothers had gestational hypertension and preeclampsia (separately) with children of
normotensive pregnancies (the reference category). Linear regression was used to relate
maternal HDP to the continuous lung function outcomes: FEV4, FVC and FEF,5_75. Mean
differences in the age, sex and height-standardised SD scores15 for these outcomes
associated with maternal gestational hypertension and preeclampsia compared with
normotensive pregnancies are presented.

For both the logistic and linear regression analyses, four stages of adjustment were used. We
selected potential confounding factors which are known (from existing literature) to be
associated with HDP and one or more of our outcomes of interest. In Model 1 we adjusted
for offspring sex only. In Model 2 we adjusted additionally for the potential maternal
confounders of maternal asthma, pre-pregnancy BMI, age, parity, highest educational
qualification, twin pregnancy and ethnicity. In Model 3 we adjusted additionally for
maternal smoking during pregnancy. This was included in a separate stage of adjustment
since maternal smoking during pregnancy has been shown to be negatively associated with
HDP19 but also associated with increased risk of asthma in the child, meaning that it had the
potential to negatively confound and mask, rather than inflate, any effect of maternal HDP
on these outcomes. By way of subsidiary analyses, we additionally adjusted for gestational
age at delivery and birth weight to explore whether prematurity or impaired fetal growth
might mediate associations between HDP and childhood outcomes. We have made some key
assumptions which are necessary for mediation analysis, namely that there is no interaction
between the exposures and mediators20 and no unmeasured confounding of the mediator-
outcome associations21. Figure E1 in the online supplement shows a directed acyclic graph
to illustrate potential confounders and mediators of the associations between HDP and
childhood outcomes. All statistical analyses were completed using Stata version 12.1
(StataCorp LP, USA).
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Figure 1 shows the participant flow in the ALSPAC birth cohort, and numbers of mother/
child pairs with complete data according to childhood outcomes. Characteristics of mothers
and offspring who were included in the analyses of each childhood outcome and who were
excluded from all analyses because of incomplete data are shown in supplementary table E1.
Mothers with incomplete data were more likely to be smokers, less well educated,
multiparous, younger and non-white than mothers who were included. Excluded offspring
had lower lung function and lower birth weight and a higher prevalence of early and later
wheezing and asthma than those who were included, though differences were small.

Table 1 shows the distribution of maternal and offspring characteristics, including
respiratory and atopic outcomes, according to maternal hypertensive disorders of pregnancy
(HDP). The prevalences of gestational hypertension, preeclampsia and hypertension before
pregnancy were 14%, 2% and 4% respectively. Children of mothers who had preeclampsia
had lower FEF,5.75 and lower gestational age and birth weight than children of other
mothers. The prevalence of wheeze at 7 years was higher in children of mothers who had
hypertension before pregnancy, but the prevalence of early wheezing and later asthma and
atopy did not differ according to HDP. Mothers who had gestational hypertension and
preeclampsia were more likely than normotensive mothers to be carrying twin pregnancies,
and mothers with HDP were more likely to be nulliparous and to have higher pre-pregnancy
BMI, and less likely to have actively smoked during pregnhancy. Mothers with gestational
hypertension and hypertension before pregnancy were more likely than normotensive
mothers to have asthma.

After controlling for confounders (model 3), gestational hypertension was not associated
with wheezing at 18 months or 7 years, however, there was weak evidence for a positive
association between preeclampsia and early wheezing and stronger evidence for a positive
association between hypertension before pregnancy and wheezing at 7 years (Table 2 and
Figure 2). After controlling for confounders (model 3), there was evidence for a positive
association between hypertension before pregnancy and asthma at 7 years, but neither
gestational hypertension nor preeclampsia was associated with asthma; none of the HDP
were associated with atopy at 7 years (Tables 3 and 4 and Figure 2).

Table 5 and Figure 3 show the associations between HDP and childhood lung function. After
controlling for potential confounders (model 3), there was weak evidence to suggest that,
compared to children of normotensive mothers, FEV; and FEF»5.75 were lower in children
whose mothers had had preeclampsia.

In order to explore potential mediation of associations by fetal growth retardation and
prematurity, we controlled additionally for birth weight and gestational age (online
supplement Table E2). This attenuated the effect estimates for the relations between
preeclampsia and early wheezing, FEV and FEF,5_75, however, the associations between
hypertension before pregnancy and asthma and wheezing at 7 years were not attenuated.

Eur Respir J. Author manuscript; available in PMC 2016 May 29.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Shaheen et al. Page 6

Discussion

In this population-based birth cohort study we have found weak evidence for an association
between preeclampsia and wheezing at 18 months and impaired ventilatory function later in
childhood. Our findings for preeclampsia and early wheezing are in keeping with recent
results from a large meta-analysis4. In that study effect estimates were stronger for recurrent
wheezing than for ever wheezing. We must await new data from other large studies to see
whether our findings for lung function are robustly replicated; to date, only one, relatively
small, study reported no association between preeclampsia and childhood lung function3.
We also found that hypertension before pregnancy in the mother, but not gestational
hypertension, was positively associated with wheezing and asthma at 7 years in the
offspring. To our knowledge this has not been reported previously and needs replicating. We
know of no previous studies that have considered the specific association of maternal
hypertension before pregnancy with offspring wheezing and asthma. A previous study of
maternal hypertension (including all forms of HDP) and childhood asthma was negative8,
and results of two studies of the relation between maternal hypertension and preeclampsia
(analysed in combination) and childhood wheezing and asthma were conflicting5;6.
However, in these studies gestational hypertension and hypertension before pregnancy were
not distinguished and analysed separately. In our study, preeclampsia was not associated
with childhood asthma, which is in keeping with two previous studies3;7, although, given
the confidence limits around the effect estimates in our study, we cannot rule out a positive
association; despite ALSPAC’s size, the number of women with preeclampsia was still
small, and therefore confidence intervals were wide.

We did not find an association between preeclampsia and atopy. Whilst one small study
reported a positive association between preeclampsia or placental abruption and severe atopy
in the adolescent offspring, the study was limited to Caesarean section deliveries, and
preeclampsia and placental abruption were not analysed separately11. The only other study
to examine the relation between preeclampsia and atopy reported a positive association
between severe preeclampsia and severe atopy only3. We did not attempt to sub-analyse our
data further with respect to severity of preeclampsia or atopy because statistical power
would have been compromised. The lack of a positive association between preeclampsia and
atopy in our study suggests that preeclampsia is unlikely to explain any of the well-
established relation between parity (birth order) and atopy in the offspring, even though
preeclampsia is more common in first pregnancies and atopy is more common in
firstborns22;23.

Potential mechanisms

As preeclampsia is associated with low birth weight and prematurity24;25, and given that
low birth weight and prematurity have been associated independently with wheezing, asthma
and impaired lung function in children26-30, it is plausible that a relation between
preeclampsia and adverse childhood respiratory outcomes, if causal, may be mediated
through detrimental effects on fetal growth or gestational age at birth. In support of this
hypothesis, and making key assumptions of mediation analysis20;21, we found that
controlling for birth weight and gestational age attenuated associations between
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preeclampsia and early childhood wheezing and lung function substantially. This has not
been explored in previous studies, with the exception of a recent meta-analysis, which
confirmed that such adjustment led to moderate change in the risk estimate for the relation
between preeclampsia and early childhood wheezing, although the magnitude of change was
not quantified4. In our study, deficits in lung function associated with preeclampsia were
stronger for FEV and FEF,5_75 than for FVVC, suggesting detrimental effects on fetal airway
growth. We speculate that the mechanism underlying such effects may involve
overproduction of anti-angiogenic factors in amniotic fluid, which disrupts lung growth31;
animal work has suggested that a similar mechanism may explain the link between
preeclampsia and bronchopulmonary dysplasia in humans32. We have previously shown that
preeclampsia is related to babies being small for gestational age, whilst gestational
hypertension is not in this cohort25; this might explain why preeclampsia, but not
gestational hypertension, was associated with early wheezing and reduced lung function. In
contrast, the relations between hypertension before pregnancy and childhood wheezing and
asthma were not attenuated by controlling for birth weight and gestational age; this suggests
that, if these associations are causal, they are unlikely to be mediated through impaired fetal
growth or prematurity. Nor are they likely to be explained by atopy, given that hypertension
before pregnancy was unrelated to this outcome. We cannot offer an alternative mechanistic
explanation for the associations with wheezing and asthma. A lack of a positive association
between preeclampsia and atopy is perhaps unsurprising, given that preeclampsia is
associated with a Thl predominant immune profile33.

Strengths and limitations

Aside from ALSPAC’s size and population-based prospective design, a strength of our study
is that we were able to define gestational hypertension and preeclampsia using data
abstracted from the mothers’ obstetric records, applying a standard definition of HDP to the
blood pressure and proteinuria measurements themselves, rather than reliance on self-report.
We were also able to distinguish the three conditions of hypertension before pregnancy,
gestational hypertension and preeclampsia, in contrast with some previous studies5;6;
grouping the three hypertensive disorders for analysis may potentially dilute associations.
Despite the size of ALSPAC, however, we lacked power to exclude a possible modest
detrimental effect of preeclampsia on early wheezing and later lung function, because
preeclampsia is not a common condition; more definitive results would require investigation
in larger birth cohorts or through meta-analysis of multiple cohorts. Whilst we cannot rule
out the possibility that the associations between hypertension before pregnancy and
childhood wheezing/asthma, and the weak associations between preeclampsia and early
wheezing and impaired lung function, might be explained by uncontrolled or residual
confounding, we controlled for a large number of potential confounders. These included
maternal smoking in pregnancy, which is associated with a lower incidence of
preeclampsial9 and would therefore negatively confound the associations between
preeclampsia and respiratory outcomes, such that adjustment for maternal smoking would
strengthen, not weaken, these associations; better measurement of maternal smoking would
therefore be expected to increase the magnitude of associations with lung function further as
it is likely that maternal smoking is underreported. Another important potential confounder
that we considered was maternal asthma, which not only increases the risk of asthma in the
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offspring, but is also associated with a higher incidence of HDP (and low birth weight and
prematurity)34-36.

We acknowledge that there may have been some misclassification of maternally-reported
outcomes, especially early childhood wheezing. Similarly, we cannot rule out the possibility
of misclassification of the hypertensive disorders of pregnancy, especially hypertension
before pregnancy, which relied on maternal self-report. However, as misclassification of
outcome is likely to be non-differential with respect to the exposures of interest (and vice
versa), this would be expected to bias effect estimates towards the null; in other words, the
magnitude of associations would be underestimated. Furthermore, given that information on
gestational hypertension and preeclampsia was obtained from obstetric records, we believe
that any misclassification of these exposures will be less than in previous studies which have
relied on maternal self-report of these disorders. As with any longitudinal study, data were
not complete on exposures, outcomes, and confounders for the whole cohort. Therefore, we
cannot rule out the possibility that exclusion of children without complete information might
have biased our findings. However, we can see no reason why associations between HDP
and the outcomes of interest would be different in those included and those excluded.

Conclusion

We conclude that gestational hypertension is unlikely to increase the risk of asthma, atopy or
impaired lung function in the offspring, which is reassuring given that this disorder is not
uncommon. Hypertension before pregnancy may be a risk factor for childhood wheezing
and asthma although this observation requires replication. Determining whether
preeclampsia is associated with impaired childhood lung function will require larger studies
which are able to analyse preeclampsia separately from gestational hypertension and
hypertension before pregnancy and adjust for a range of potential confounders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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| 14,541 recruited ALSPAC mothers |

| 14,676 children from these pregnancies |

9 triplets and 4 quadruplets excluded;
685 not alive at 1 year (614 pregnancy
losses (including 465 miscarriages
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medical records could not be located
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data at 18 months
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6,497 with skin prick
test at 7.5 years
from clinic

%

v

8,164 with wheeze
data at 7.6 years
from questionnaire

8,095 with asthma
data at 7.6 years
from questionnaire

6,579 with all lung
function measures at
8.5 years from clinic
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9,076 with complete
data on all maternal
and offspring
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5,532 with complete
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and offspring
covariables

7,026 with complete
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and offspring
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6,974 with complete
data on all maternal
and offspring
covariables

Figure 1. Participant flow
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Figure 2. Oddsratios (95% confidence interval) for early childhood wheezing and later
childhood wheezing, asthma and atopy associated with maternal hypertensive disorder s of
pregnancy in the confounder-adjusted model*

* Adjusted for offspring sex, maternal asthma, maternal pre-pregnancy BMI, maternal age,
maternal parity, maternal education, multiple pregnancy, maternal ethnicity and maternal
smoking during pregnancy (Model 3)
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Figure 3. Mean differences (95% confidence interval) in lung function outcomes at age 8 years
associated with maternal hypertensive disor ders of pregnancy in the confounder-adjusted
model*

* Adjusted for offspring sex, maternal asthma, maternal pre-pregnancy BMI, maternal age,
maternal parity, maternal education, multiple pregnancy, maternal ethnicity and maternal
smoking during pregnancy (Model 3). Lung function SD scores are standardised by age, sex
and height
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