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Abstract

Background: We aimed to study whether pre-eclampsia is associated with childhood

asthma, allergic and non-allergic asthma, accounting for family factors and intermediate

variables.

Methods: The study population comprised 779 711 children born in 2005–2012, identified

from Swedish national health registers (n¼ 14 823/7410 exposed to mild/moderate and

severe pre-eclampsia, respectively). We used Cox regression to estimate the associa-

tions of mild/moderate and severe pre-eclampsia with incident asthma, before and after

age 2 years. Cox regressions were controlled for familial factors using sibling compari-

sons, then stratified on high and low risk for intermediate variables: caesarean section,

prematurity and small for gestational age. We used logistic regression for allergic and

non-allergic prevalent asthma at 6 years as a measure of more established asthma.

Results: The incidence of asthma in children was 7.7% (n¼60 239). The associations var-

ied from adjusted hazard ratio (adjHR) 1.11, 95% confidence interval (CI): 1.00, 1.24 for

mild/moderate pre-eclampsia and asthma at >2 years age, to adjHR 1.78, 95% CI: 1.64,

1.95 for severe pre-eclampsia and asthma at <2 years age. Sibling comparisons attenu-

ated most estimates except for the association between severe pre-eclampsia and

asthma at <2 years age (adjHR 1.45, 95% CI: 1.10, 1.90), which also remained when strati-

fying for the risk of intermediates. Mild/moderate and severe pre-eclampsia were associ-

ated with prevalent non-allergic (but not allergic) asthma at 6 years, with adjusted odds

ratio (adjOR) 1.17, 95% CI: 1.00, 1.36 and adjOR 1.51, 95% CI: 1.23, 1.84, respectively.

Conclusions: We found evidence that severe, but not mild/moderate, pre-eclampsia is as-

sociated with asthma regardless of familial factors and confounders.
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Introduction

Asthma is the most common chronic childhood disease

worldwide, with a prevalence of 6–9%, thus creating a sig-

nificant burden on families and healthcare services.1

Studies have indicated the importance of early-life pro-

gramming for the risk of asthma.2 One condition possibly

impacting early-life programming is pre-eclampsia—a po-

tentially serious complication in the second half of preg-

nancy characterized by increased blood pressure and

proteinuria, and increased risk of morbidity and mortality

in both mother and child.3 Of importance, pre-eclampsia

has increased in prevalence from 2–4% to 4–8% during

the last two decades.4

Pre-eclampsia, especially in its severe form, is character-

ized by an increase in circulating cytokines, which may in-

fluence the offspring’s development towards inflammatory

conditions like asthma.5,6

An association between pre-eclampsia exposure in utero

and subsequent asthma has been found in large studies but is

not supported by smaller studies, and the question of causal-

ity remains unresolved.7–12 Although the largest studies have

differentiated between onset and duration of pre-eclampsia,

few have explored severity.13–15 Furthermore, previous stud-

ies on the association between pre-eclampsia and asthma

have not differentiated allergic from non-allergic asthma. A

sibling study of nearly 150 000 Danish children suggested

that any association between pre-eclampsia and asthma may

be confounded by shared familial (genetic and environmental)

factors that are not always measurable.8 However, this find-

ing requires verification and it is unknown whether familial

factors could also explain associations between severe pre-

eclampsia and asthma phenotypes.

Aside from possible familial confounding, there are

other explanatory pathways to explore in the pre-eclamp-

sia–asthma association. The variables mode of delivery,

gestational age and birthweight are on the causal path-

way between pre-eclampsia and asthma, and therefore

may mediate the association.2,16 However, bias may arise

when conditioning on these intermediate variables17,18

due to unknown or unmeasured confounders between

these intermediate variables and the outcome, thereby in-

troducing collider bias.19 Methods for indirectly condi-

tioning on intermediate variables exist but have not

previously been used in studies on pre-eclampsia and

asthma and it is possible that collider bias due to incorrect

conditioning on intermediate variables has influenced

previous studies.18

The overall aim is to study whether pre-eclampsia expo-

sure in utero is associated with subsequent asthma in chil-

dren. The objectives are to study whether pre-eclampsia

exposure by severity is associated with childhood ‘incident

asthma’ and ‘allergic’ or ‘non-allergic prevalent asthma’ at

age 6 years, and to explore whether the association be-

tween pre-eclampsia and asthma is independent of familial

factors, mode of delivery, gestational age and birthweight.

Methods

Study design

To create the cohort, we used information from the follow-

ing national health and socio-demographic registers held

by the National Board of Health and Welfare and Statistics

Sweden, and linked by the Swedish Personal Identity num-

ber:20 the Medical Birth Register (MBR), which includes

data on >98% of all births in Sweden; the National

Patient Register (NPR, using in- and specialist outpatient

diagnoses); the Prescribed Drug Register (PDR, using dis-

pensed medication based on the Anatomical Therapeutic

Chemical classification system, ATC); the Multi-

Generation Register (MGR) with links between parents

Key Messages

• Severe pre-eclampsia exposure is associated with childhood early-onset asthma (<2 years of age) and the association

cannot be explained by familial confounding, mode of delivery, gestational age or birthweight.

• Severe pre-eclampsia exposure is associated with prevalent non-allergic asthma at age 6 years but we cannot rule out

confounding by familial factors.

• Associations between mild pre-eclampsia and asthma show evidence of familial confounding that should be considered

in other similar studies.
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and siblings; and the Longitudinal Integration Database

for Health Insurance and Labour Market Studies (LISA).

Participants

Based on the MBR, we identified 805 535 children born in

Sweden between July 2005 and 31 December 2012. In to-

tal, 780 118 were singletons and live-born, and 779 711

survived beyond the first day of life, making up our study

population.

Asthma outcomes

‘Incident asthma’ was assessed until 31 December 2013 for

the entire follow-up (until 8 years old) for the cohort and

defined in children according to diagnoses and/or medica-

tions from the NPR and PDR based on a previously vali-

dated algorithm.21 Please see Supplementary Methods

(available as Supplementary data at IJE online) for more

detail.

‘Prevalent asthma’ at age 6 years was defined as ‘inci-

dent asthma’ combined with at least one dispense of any

asthma medication (Supplementary Methods, available as

Supplementary data at IJE online) and/or an asthma diag-

nosis in the NPR during the sixth year for a subgroup born

between 1 July 2005 and 31 December 2007 alive and re-

siding in Sweden until the sixth birthday.

‘Prevalent allergic asthma’ at age 6 years was defined as

‘prevalent asthma’ at age 6 years combined with ‘allergic

rhinitis’, using an algorithm for allergic rhinitis based on

medication and/or diagnosis from the NPR and PDR

(Supplementary Methods, available as Supplementary data

at IJE online).22

‘Prevalent non-allergic asthma’ at age 6 years was de-

fined as ‘prevalent asthma’ at age 6 years without ‘allergic

rhinitis’.

Exposure

Pre-eclampsia was divided into mild/moderate and severe

forms (based on International Classification of Diseases,

ICD-10 diagnoses from the NPR).23 The mild/moderate

forms included ‘Mild to moderate preeclampsia’ (O14.0),

‘Unspecified preeclampsia’ (O14.9) and ‘Preeclampsia with

preexisting hypertension’ (O11.9). The severe forms in-

cluded ‘Severe preeclampsia’ (O14.1), ‘Hemolysis,

Elevated Liver enzymes, and Low Platelet count (HELLP)’

(O14.2) and ‘Eclampsia’ (O15.0, O15.1, O15.2 and

O15.9). The Swedish guidelines for the ICD-10 pre-

eclampsia diagnosis codes from the Swedish Association

for Obstetrics and Gynaecology are equivalent to the

British National Institute for Health and Care Excellence

guidelines, which are widely used in Europe.24,25

Potential confounders

Child characteristics (MBR): ‘Gender’ and ‘birth order’.

Maternal characteristics (MBR): ‘Maternal smoking’ and

‘Swedish oral snuff’,26 ‘maternal age’, ‘maternal body mass

index’ (BMI) (recoded according to the World Health

Organization BMI classification categories).27 ‘Maternal

asthma’ was defined as ‘asthma ever’ until the delivery in

question (MBR, NPR or PDR).28 LISA: ‘Mother’s education’

and ‘family income’, where the latter was the disposable in-

come at the household level, represented as 2005-currency

equivalents and log-transformed. MGR: ‘Mother’s birth

country’.

Statistics

‘The association between pre-eclampsia according to sever-

ity and incident asthma’: Cox proportional-hazards regres-

sion analyses were used with attained age as the underlying

timescale. The exit date was defined as death, emigration,

asthma or 31 December 2013, whichever came first. We

tested the assumption of proportional hazards based on

Schoenfeld residuals, which indicated that the hazards

were non-proportional. We therefore allowed for time-

varying effects of the exposure before and after 2 years of

age (Supplementary Table S1, available as Supplementary

data at IJE online). Analyses were adjusted for potential

confounders (child: gender and birth order; maternal: age,

smoking, Swedish oral snuff, education, asthma, BMI, eth-

nicity and family income) as shown in a directed acyclic

graph (DAG) (Figure 1).29

‘The association between pre-eclampsia according to se-

verity and prevalent asthma’ at age 6 years: Logistic-regres-

sion models for the outcomes ‘prevalent non-allergic

asthma’ and ‘prevalent allergic asthma’ were applied, first

unadjusted, then adjusted for potential confounders

according to the DAG.

‘Sibling comparisons’: If associations were found in the

adjusted analyses, we then applied sibling comparisons to

explore the role of familial confounding. Based on the

MGR, we identified all possible sibling pairs with complete

data within the cohort. Next, we identified sibling pairs

discordant on pre-eclampsia exposure. Third, we used

stratified Cox regression and conditional logistic regres-

sion, stratified or conditioned on the discordant sibling

pairs, respectively. Thereby we accounted for all confound-

ers and mediators that are shared within the pair, both

measured and unmeasured, recently discussed in a methods

publication.30 In the sibling comparisons, we adjusted for
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all the potential confounders not shared between siblings

(child: gender and birth order; maternal: smoking, Swedish

oral snuff, age and BMI).

‘Conditioning on the risk of intermediate variables: cae-

sarean section, prematurity and small for gestational age’

(SGA): If the sibling comparisons indicated a potential

causal effect, we explored the role of the potential interme-

diate variables. To avoid collider bias from adjusting di-

rectly for the intermediate variables, we used baseline

covariates (Supplementary Methods, available as

Supplementary data at IJE online) to determine the risk of

each of the intermediate variables stratified into high and

low risk above and below the 95th percentile of the esti-

mated risk, respectively (Supplementary Methods, avail-

able as Supplementary data at IJE online). We then

estimated the adjusted hazard ratios (HRs) in the low- and

high-risk groups of these intermediate covariates, as sug-

gested by VanderWeele et al., to estimate the direct effect,

not mediated through those factors, of pre-eclampsia on

asthma (Supplementary Methods, available as

Supplementary data at IJE online).18 Finally, to test the dif-

ference between high- and low-risk groups, we analysed

high- and low-risk groups together and tested for interac-

tions with pre-eclampsia. The risk predictions compared

with the actual potential intermediate variables are shown

in Supplementary 2�2 Tables (available as Supplementary

data at IJE online).

In all analyses, we used the sandwich estimator for the

standard errors to account for clustering within the same

family.

We present the results of Cox- and logistic-regression

analyses as HR and odds ratios (ORs), respectively, with

95% confidence intervals (CIs).

We used Stata Statistical Software release 16 for all sta-

tistical analyses.

Results

In the study population of 780 118 children, 14 823

(1.9%) were exposed to ‘mild/moderate pre-eclampsia’

and 7410 (0.9%) were exposed to ‘severe pre-eclampsia’

(Table 1). The incidence of asthma was 23 cases per 1000

person-years or 7.7% (n¼60 239) of all children. The

mean follow-up time was 3.3 years. For the analysis of

‘prevalent asthma’ at age 6 years, 242 117 children were

available for analysis; 10 628 (4.4%) had ‘prevalent non-

allergic asthma’ and 5582 (2.3%) had ‘prevalent allergic

asthma’. Table 1 shows the background characteristics

Figure 1 Directed acyclic graph showing the exposure, outcome variable, potential confounders and intermediate variables in the study
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Table 1 Background characteristics of the study population of 780 118 children born in Sweden in 2005–2012 according to pre-

eclampsia-exposure severity

Pre-eclampsia categories

None Mild/moderate Severe

n¼757 885 (97.1) n¼14 823 (1.9) n¼7410 (0.9)

Gender

Male 389 290 (51.4) 7813 (52.7) 3835 (51.7)

Firstborn

Yes 334 790 (44.2) 9732 (65.6) 5318 (71.8)

Prematurity

Yes 32 467 (4.3) 1452 (9.8) 3465 (46.8)

Small for gestational age

Yes 14 584 (1.9) 1234 (8.3) 1514 (20.4)

Missing 1250 (0.2) 18 (0.1) 17 (0.2)

Delivery by caesarean section

Yes 122 078 (16.1) 4362 (29.4) 4487 (60.5)

Maternal smoking at first antena-

tal visit

Yes 49 502 (6.5) 786 (5.3) 293 (3.9)

Missing 33 659 (4.4) 610 (4.1) 427 (5.8)

Maternal Swedish oral snuff at

first antenatal visit

Yes 8739 (1.1) 205 (1.4) 90 (1.21)

Missing 33 678 (4.4) 615 (4.1) 427 (5.8)

Maternal education (years)

<10 82 164 (10.8) 1553 (10.5) 752 (10.1)

10–12 286 529 (37.8) 6256 (42.2) 2944 (39.7)

>12 371 057 (49.0) 6762 (45.6) 3526 (47.6)

Missing 18 135 (2.4) 252 (1.7) 188 (2.5)

Maternal asthma

Yes 92 002 (12.1) 2250 (15.2) 1113 (15.0)

Maternal birth country

Sweden 587 124 (77.5) 12 388 (83.6) 5955 (80.4)

Other Nordic countries 11 556 (1.5) 228 (1.5) 122 (1.6)

Other European countriesa,

North America, Oceania

26 943 (3.6) 404 (2.7) 189 (2.5)

Rest of the world 132 164 (17.4) 1802 (12.2) 1144 (15.4)

Missing 98 (0.0) 1 (0.0) 0 (0.0)

Maternal body mass index (kg/m2)

<18.5 17 186 (2.3) 171 (1.1) 113 (1.5)

18.5–25 423 947 (55.9) 5783 (39.0) 3357 (45.3)

25–30 172 759 (22.8) 4034 (27.2) 1826 (24.6)

>30 81 428 (10.7) 3617 (24.4) 1429 (19.3)

Missing 62 565 (8.3) 1.218 (8.2) 685 (9.2)

Family income (�1000 Swedish

kroner equivalent to 2005)

Median (interquartile range) 407 (227) 401 (212) 396 (228)

Maternal age at delivery (years)

Median (interquartile range) 31 (8) 31 (8) 31 (8)

Values unless specified otherwise are n (%).
aIncluding the Soviet Union.
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according to pre-eclampsia exposure. In total, 1022 sibling

pairs (n¼ 2044) were discordant for exposure to pre-

eclampsia and ‘incident asthma’.

The association between pre-eclampsia and

‘incident asthma’

We found positive associations between ‘mild/moderate

pre-eclampsia’ and asthma with onset before 2 years of age

[adjusted (adj)HR 1.13, 95% CI: 1.05, 1.21] and after two

years of age (adjHR 1.11, 95% CI: 1.00, 1.24) (Table 2).

Further, we found positive associations between ‘severe

pre-eclampsia’ and asthma with onset before 2 years of age

(adjHR 1.78, 95% CI: 1.64, 1.95) and after 2 years of age

(adjHR 1.26, 95% CI: 1.08, 1.46). In sibling comparisons,

all associations were attenuated with adjHRs ranging from

0.68 to 0.94 and the 95% CIs ranging from 0.38 to 1.21,

except for the association between ‘severe pre-eclampsia’

and asthma onset before 2 years of age (adjHR 1.45, 95%

CI: 1.10, 1.90).

The association between pre-eclampsia and

prevalent asthma at age 6 years

We found positive associations between ‘mild/moderate pre-

eclampsia’, ‘severe pre-eclampsia’ and ‘prevalent non-allergic

asthma’ (adjOR 1.17, 95% CI: 1.00, 1.36; adjOR 1.51, 95%

CI: 1.23, 1.84), respectively (Table 3). We did not find an as-

sociation between ‘mild/moderate pre-eclampsia’ and ‘preva-

lent allergic asthma’ (adjOR 0.91, 95% CI: 0.72, 1.15),

although we did find a possible positive association between

‘severe pre-eclampsia’ and ‘prevalent allergic asthma’ (adjOR

1.31, 95% CI: 0.98, 1.74). Owing to very few discordant sib-

ling pairs available for analysis (n¼ 37), we did not perform

sibling comparisons for the outcomes of ‘prevalent allergic’

and ‘non-allergic asthma’. Similarly to asthma with onset af-

ter 2 years of life, the association between pre-eclampsia and

‘prevalent asthma’ could also be confounded by familial fac-

tors, and therefore we did not proceed with conditioning on

intermediate variables.

The association between pre-eclampsia and

‘incident asthma’ conditioning on the risk for

intermediate variables

As all associations with incident asthma from the sibling

analyses were clearly attenuated except between ‘severe

pre-eclampsia’ and ‘incident asthma’ before 2 years of age,

this was the only association for which we estimated asso-

ciations stratified on the high and low risk of intermedi-

ates. The associations were similar to the original adjusted

HRs for all low- and high-risk intermediate groups

Table 2 Hazard ratios of incident asthma in the study population of 779 711 children born in Sweden in 2005–2012 according to

pre-eclampsia exposure in utero

Crude

(n¼779 711)

Adjusteda

(n¼656 112)

Sibling analysisb

(n¼16 460)

Mean follow-up

time (years)

Incident asthma

[n (%)]

Incidence rate

of asthmac

HR (95% CI) HR (95% CI) HR (95% CI)

No pre-eclampsia 58 029 (7.7) Reference Reference Reference

Asthma onset:

0–2 years of age 1.6 32

>2 years of age 2.6 14

Mild/moderate pre-

eclampsia

1327 (9.0)

Asthma onset:

0–2 years of age 1.6 37 1.15 (1.08, 1.23) 1.13 (1.05, 1.21) 0.94 (0.78, 1.14)

>2 years of age 2.5 18 1.30 (1.18, 1.43) 1.11 (1.00, 1.24) 0.70 (0.45, 1.08)

Severe pre-eclampsia 883 (11.9)

Asthma onset:

0–2 years of age 1.6 55 1.71 (1.58, 1.85) 1.78 (1.64, 1.95) 1.45 (1.10, 1.90)

>2 years of age 2.6 19 1.39 (1.22, 1.59) 1.26 (1.08, 1.46) 0.68 (0.38, 1.21)

No pre-eclampsia is the reference value.

The age indicated under the pre-eclampsia severities reflects the age of asthma diagnosis.

n, number of participants; HR, hazard ratio; CI, confidence interval.
aAdjusted for maternal: age, smoking, Swedish oral snuff, education, asthma, birth country, body mass index; child: gender, firstborn; and family disposable

income.
bConditioned on sibling pairs and adjusted for maternal: age, smoking, Swedish oral snuff, body mass index; and child: gender, firstborn. The analysis was not

applicable if the estimates in the adjusted analysis was close to null. N, number of individuals in the sibling pairs discordant for the exposure to pre-eclampsia.
cPer 1000 person-years.
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(caesarean section, prematurity, SGA) with HRs ranging

from 1.63 to 1.79. We did not find any differences in HRs

between the high- and low-risk groups for any of the inter-

mediates, with p-values for interactions ranging from 0.70

to 1.00 (Table 4).

Discussion

In this population-based study, we found positive associa-

tions between pre-eclampsia and ‘incident asthma’ of all

ages. However, only the association between ‘severe pre-

eclampsia’ and asthma onset before 2 years of age

remained in sibling comparison, and it remained when

conditioning on the risk of the potential intermediate vari-

ables of caesarean section, prematurity and SGA, support-

ing a direct causal interpretation. We found a positive

association between ‘severe pre-eclampsia’ and ‘prevalent

non-allergic asthma’ at age 6 years, although we lacked the

power to evaluate a possible influence of familial factors,

and therefore we did not proceed with conditioning on the

risk of potential intermediate variables.

Comparison with previous studies

To our knowledge, this is the first large study on the asso-

ciation between pre-eclampsia and asthma dividing asthma

into allergic and non-allergic phenotypes, and conditioning

on important potential intermediates by stratifying on the

risk of intermediates, rather than the intermediates them-

selves, to avoid collider bias due to unknown confounders

for the association between the intermediates and the out-

come. Differences in design, power, familial confounding

or collider bias may explain the inconsistency between pre-

vious studies on the association between pre-eclampsia and

asthma.7–12,18,31–34 Our results for pre-eclampsia and

asthma onset before 2 years of age support previous re-

search. First, in a population-based cohort of 13 758 chil-

dren, pre-eclampsia was associated with wheezing at

18 months of age (adjOR 1.31, 95% CI: 0.94, 1.82) but

not asthma at 7 years of age.12 Second, in a pooled analysis

of 14 European cohorts of 85 509 children in total, pre-

eclampsia was associated with wheezing until 24 months

of age [adj relative risk (RR) 1.04, 95% CI: 0.97, 1.13].34

Further, in a Danish case-sibling study of 147 312 children

based on a nested case–control study of 923 533 children,

an association between early-onset pre-eclampsia and

asthma was found (incidence rate ratio 1.15, 95% CI:

1.02, 1.29).8 This was similar to our results in the sibling

comparison, as early-onset pre-eclampsia (the exposure

variable in the Danish study) comprises mostly severe cases

of pre-eclampsia (the exposure variable in our study).3

Regarding later childhood, a Norwegian register study of

406 907 children found an association between pre-

eclampsia and asthma at 7 years of age (adjRR 1.31, 95%

CI: 1.22, 1.41).10 This study did not differentiate pre-

eclampsia by severity or asthma by phenotype, but was still

similar to our results showing positive associations be-

tween ‘severe pre-eclampsia’ and ‘prevalent non-allergic

asthma’ at age 6 years. Finally, four studies with adjust-

ments for mode of delivery, birthweight and gestational

age found positive associations between pre-eclampsia and

asthma/wheeze that were similar to our results for the asso-

ciation between ‘severe pre-eclampsia’ and asthma onset

before 2 years of age when conditioning on the risk of cae-

sarean section, prematurity and SGA.7,12,15,31

Potential underlying mechanisms

The associations between ‘mild/moderate pre-eclampsia’

and asthma, and ‘severe pre-eclampsia’ and asthma onset

Table 3 Odds ratios of prevalent asthma at age 6 years in the study population of 242 117 children born in Sweden in July 2005–

December 2007 according to pre-eclampsia exposure in utero

Prevalent non-allergic asthma (n¼236 535) Prevalent allergic asthma (n¼231 489)

Pre-eclampsia Prevalence Crude

(n¼236 535)

Adjusteda

(n¼165 987)

Prevalence Crude

(n¼231 489)

Adjusteda

(n¼162 225)

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

None (235 296) 10 224/229 910

(4.4%)

Reference Reference 5386/225 072

(2.4%)

Reference Reference

Mild/moderate

(4508)

257/4389 (5.9%) 1.34 (1.18, 1.52) 1.17 (1.00, 1.36) 119/4251 (2.8%) 1.17 (0.98, 1.41) 0.91 (0.72, 1.15)

Severe (2313) 147/2236 (6.6%) 1.51 (1.28, 1.79) 1.51 (1.23, 1.84) 77/2 166 (3.5%) 1.50 (1.20, 1.89) 1.31 (0.98, 1.74)

No pre-eclampsia is the reference category.

n, number of participants; OR, odds ratio; CI, confidence interval.
aAdjusted for maternal: age, smoking, Swedish oral snuff, education, asthma, birth country, body mass index; child: gender, firstborn; and family disposable

income.
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after 2 years of age were attenuated in sibling comparisons,

suggesting the association was at least partly explained by

confounding factors shared by siblings. These factors may

be genes, maternal factors and shared family environ-

ments. However, the association between ‘severe pre-

eclampsia’ and asthma onset before 2 years of age persisted

in the sibling comparison and in both the high- and low-

risk groups of caesarean section, prematurity and SGA,

strengthening the possibility of a direct causal link, which

could be explained by in utero inflammation causing im-

mune dysregulation in the affected children.5,6 The expla-

nation for an association between pre-eclampsia and non-

allergic asthma may be an increase in pro-inflammatory

cytokines thatare also involved in the development of a

non-eosinophilic inflammation of the airways, as found in

non-allergic asthma.6,35 Furthermore, pre-eclampsia may

give rise to epigenetic changes in the offspring, especially

immunological ones, as shown in a study in which Herzog

et al. found an association between pre-eclampsia and a

derangement in fetal haematopoiesis.36 Finally, early

wheezing after exposure to pre-eclampsia may be related

to an antiangiogenic maternal and fetal environment af-

fecting the fetal lungs,37 supported by one prospective co-

hort in which analysis of the neonate cord blood reflected

the maternal antiangiogenic status.38

Strengths and limitations

This study has several strengths. First, it is a large register-

based study with >700 000 participants, allowing us to

meaningfully differentiate between the severities of the ex-

posure pre-eclampsia and the two phenotypes of asthma.

Second, we used a validated definition of asthma, thereby

reducing the likelihood of early transient wheeze caused by

infectious agents. Third, instead of adjusting directly for

the intermediate variables on the pathway between pre-

eclampsia and asthma, which may cause bias, we used

baseline covariates to estimate the risk of these and strati-

fied on risk groups. A disadvantage of this method is if the

risk groups have low predictive value. The positive highest

predictive value for the high-risk group was found for cae-

sarean section, suggesting those results are the most reli-

able (Supplementary 2� 2 Tables, available as

Supplementary data at IJE online). Another issue is that it

is not fully known whether hypertension in pregnancy may

be a precursor of pre-eclampsia or a similar condition. In

our study, we only aimed to study the association between

pre-eclampsia diagnoses and not hypertension diagnoses

with asthma, thus the diagnosis ‘pre-eclampsia with pre-

existing hypertension’ was the only hypertension diagnosis

included in the group of ‘mild/moderate pre-eclampsia’.

In some studies, all hypertensive disorders, includingT
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pre-eclampsia, were combined to study the association

with offspring asthma.12,31 From this aspect, hypertension

could be regarded as the exposure and not pre-eclampsia

per se, which would be a different aim than we had in our

study.

Conclusion

The results suggest that ‘severe pre-eclampsia’ is associated

with childhood early-onset asthma, regardless of family

factors, mode of delivery, gestational age or birthweight.

Further, ‘severe pre-eclampsia’ is also associated with

‘prevalent non-allergic asthma’ at age 6 years but we can-

not rule out confounding by familial factors. Finally, asso-

ciations found between ‘mild/moderate pre-eclampsia’ and

asthma show evidence of familial confounding.

Our results contribute to the understanding of early-life

risks for asthma, but further research should be powered

to perform sibling comparisons on asthma phenotypes to

differentiate the type of wheeze/asthma that is associated

with ‘severe pre-eclampsia’.
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