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Summary

Background Maternal obesity has been linked to offspring asthma; however, other allergy-
related diseases, as well as the association beyond early school age, are largely unstudied.
Objective To examine the associations between maternal body mass index (BMI) in preg-
nancy and offspring asthma, rhinitis, eczema and sensitization up to 16 years of age.
Methods A total of 3294 children from the Swedish birth cohort BAMSE were included in
the analyses. Maternal BMI was assessed around week 10 in pregnancy. Information on
asthma, rhinitis, eczema, lifestyle factors and environmental exposures was obtained by
parental questionnaires at 1, 2, 4, 8, 12 and 16 years. Sensitization was defined from IgE
levels of inhalant allergens at 4, 8 and 16 years in a subsample of 2850 children. General-
ized estimated equation models were used to analyse the associations between maternal
BMI and the outcomes at 1-16 years.

Results Maternal BMI was positively associated with overall risk of asthma up to age of
16 years (adj OR per 5 kg/m? increase: 1.23; 95% CI 1.07-1.40 for prevalent asthma)
excluding underweight mothers. In contrast, no significant associations were found for
rhinitis, eczema or sensitization. The association with asthma was restricted to obese,
rather than overweight mothers, but was attenuated when adjusting for overweight in the
offspring. A causal inference test at 16 years further indicated that the child’s own over-
weight is a mediator in the suggested association between maternal BMI and offspring
asthma at 16 years.

Conclusions and Clinical Relevance Maternal BMI is associated with an increased risk of
asthma, but not rhinitis, eczema or sensitization; however, overweight in the offspring
seems to have a mediating role. Prevention strategies of maternal pre-pregnancy and
childhood obesity might be important to reduce the prevalence of childhood asthma.
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Introduction

The prevalences of obesity and allergic disease (includ-
ing asthma, rhinitis, eczema and sensitization) have
increased in parallel during the last decades [1-3].
These conditions are influenced by genetic and environ-
mental factors, and several studies have found obesity
to be associated with asthma in both adult and paediat-

ric populations [4, 5].

In recent years, prenatal factors have been suggested
to have an important role in the development of aller-
gic disease, as the pre- and perinatal periods include
critical developmental stages of the respiratory tract
and the immune system [6, 7]. A high maternal pre-
pregnant body mass index (BMI) as well as estimated
body fat mass has been linked to asthma, asthma symp-
toms, medication use and respiratory hospitalization in
the offspring [8-16]. Several potential mechanisms for
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how maternal obesity may affect the development of
asthma and allergic disease in the offspring have been
proposed, including epigenetic programming and shared
genetics [17, 18].

Although a growing body of literature reports that
high maternal BMI is associated with an increased risk
of asthma in the offspring, the majority of these studies
followed children up to preschool or early school age
[8-10, 12, 14-16]. Less evidence of an association is
present when children reach adolescence [11, 13], and
due to non-repeated or short follow-up, there is also lit-
tle longitudinal information about disease phenotypes.
Therefore, it remains unclear whether the risk of mater-
nal overweight is attributed to early transient wheeze,
which was indicated in one study [14], or to a more
problematic persistent asthma. Previous studies have
not always been able to adjust for overweight in the
child, and no study has to our knowledge formally
tested whether the child’s BMI could be a mediator in
the association between maternal overweight and off-
spring asthma. Furthermore, few studies have investi-
gated whether high maternal BMI influences the risk of
rhinitis, eczema and sensitization, which could be plau-
sible consequences if maternal overweight induces
inflammation or modulates the fetal immune system.

The aim of this study was to explore the association
between maternal BMI, objectively measured in early
pregnancy, and offspring asthma, rhinitis, eczema and
sensitization, as well as the role of the child’s over-
weight in this association, in a population-based birth
cohort followed up to the age of 16 years.

Methods

Study design and study population

The study population consists of participants in the pro-
spective birth cohort BAMSE. A detailed description of
the study has been published elsewhere [19]. Briefly,
the study consists of 4089 children born between 1994
and 1996 in pre-defined areas of Stockholm. Informa-
tion on background exposures, socio-economic status,
parental history of allergic disease and other factors
was collected through a baseline questionnaire when
the child was approximately 2 months old. Repeated
follow-up questionnaires focusing on symptoms of
allergic disease were sent to the parents when the chil-
dren were approximately 1, 2, 4, 8, 12 and 16 years
old. Response rates were 96%, 94%, 91%, 84%, 82%
and 78%, respectively.

At 4, 8 and 16 years, all children were invited to a
clinical examination including blood sampling and
measurement of height and weight. Blood was obtained
from 2605 children (64%) at the age of 4 years, 2470
(60%) at the age of 8 years and 2547 (62%) at the age

of 16 years and was analysed for IgE antibodies to
eight common inhalant allergens (Phadiatop®; Thermo
Fischer Scientific, Uppsala, Sweden). The study was
approved by the regional ethical review board in Stock-
holm (application number 2010/1474-31/3).

Anthropometric measures and co-variables

Maternal BMI was obtained through linkage to the
Swedish Medical Birth Register containing information
on weight and height recorded at the first visit to the
antenatal-care clinic (usually around week 10 in preg-
nancy [20]). Information on weight and height was
complete for 3533 mothers (86% of the total cohort).
BMI was calculated as body weight in kilograms
divided by height in metres squared (kg/m?).

The child’s BMI was calculated from height and
weight measured at the clinical investigation (at 4, 8
and 16 years) or obtained from child health care/school
records (at 1, 2 and 12 years). Overweight was defined
using the age- and sex-specific cut-off values devel-
oped for children under 18 years of age (iso-
BMI > 25 kg/m?) [21]. At 1 year, however, there is no
reference value for overweight and the gender-specific
85th percentile, based on children in the BAMSE study,
was therefore used. Number of children with available
data on BMI status at any of the ages was 3545 (87%
of the total cohort).

Information on other co-variables was obtained from
the baseline questionnaire (gender, maternal age, paren-
tal history of allergic disease, socio-economic status
and maternal smoking during pregnancy and/or in
infancy), the 1 year questionnaire (duration of breast-
feeding) and the Swedish Medical Birth Register (birth
weight, older siblings, mode of delivery and newborn
respiratory diagnosis).

Definition of health outcomes

All health outcomes were based on parental question-
naires, with the exception of sensitization. Complete
age-specific definitions for all outcomes are found in
Data S1. Briefly, asthma, rhinitis and eczema were
defined as follows:
Asthma at 1 and 2 years: at least three episodes of
wheeze in combination with inhaled steroids and/or
hyper-reactivity without upper respiratory infection.
At 4, 8, 12 and 16 years: at least four episodes of
wheeze or at least one episode of wheeze in combi-
nation with inhaled steroids.
Early transient asthma: fulfilling the diagnosis of
asthma at 1, 2 and/or 4 years but not at 8, 12 and
16 years.
Persistent asthma: fulfilling the diagnosis of asthma
at 1, 2 and/or 4 years and at 8, 12 and/or 16 years.
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School-age onset asthma: not fulfilling the diagnosis
of asthma at 1, 2 and 4 years but at 8, 12 and/or
16 years.

Rhinitis: symptoms from eye/nose after exposure to
allergens and/or a doctor’s diagnosis of allergic rhi-
nitis.

Eczema: dry skin, itchy rashes at specific location
and/or a doctor’s diagnosis of eczema.

Sensitization: at least one allergen-specific IgE result
of > 0.35 kU/L against inhalant allergens (Phadia-
t0p®; cat, dog horse, birch, timothy, mugwort, Der-
matophagoides pteronyssinus and Cladosporium
herbarium).

Incident disease was defined as fulfilling the diagno-
sis of disease at the respective age without fulfilling
it at any previous follow-up.

Statistical analyses

Differences in the distribution of potential confounders
in relation to maternal BMI were analysed using the
t-test (continuous variables) and the chi-square test
(categorical variables). The associations between mater-
nal BMI and allergic diseases were analysed longitudi-
nally using generalized estimating equation (GEE)
models with an unstructured correlation matrix. The
GEE model calculates population average risks taking
the correlation within individuals into account [22]. To
analyse age-specific associations, an interaction
between exposure and time was incorporated into the
model.

Results are presented as odds ratios (OR) with 95%
confidence intervals (95% CI). The associations between
maternal BMI and phenotypes of asthma (early tran-
sient, persistent and school-age onset asthma) were
analysed using multi-nomial logistic regression and the
association between maternal BMI and asthma stratified
for sensitization were analysed using ordinary logistic
regression.

Maternal BMI was analysed as a continuous variable
and classified according to the World Health Organiza-
tion’s recommendations: underweight (< 18.5 kg/m?),
normal weight (18.5-24.9 kg/m?), overweight (25—
29.9 kg/m?) and obesity (> 30 kg/m?). As there was
indications of a U-shaped association between maternal
BMI and asthma, underweight subjects (n = 117) were
excluded in all analyses where maternal BMI was trea-
ted as a continuous variable. To fully explore the asso-
ciation between maternal BMI in early pregnancy and
asthma in the offspring, we also flexibly modelled
maternal BMI between 16 and 40 kg/m? using restricted
cubic splines with four knots (at BMI 19, 21, 23 and
29 kg/m?). Linearity was evaluated by testing the two
curvilinear coefficients of the spline transformations
equal to 0 [23].

Covariates were identified from previous literature
and separated into two models. Model 1 includes gen-
der and the following potential confounders: maternal
age, older siblings, parental history of allergic disease,
socio-economic status and maternal smoking during
pregnancy and/or in infancy. Model 2 includes the fol-
lowing potential mediators: birth weight, mode of
delivery, duration of breastfeeding and newborn respi-
ratory diagnoses. To explore the role of the child’s BMI
on the association between maternal BMI and offspring
asthma, adjustments for overweight in the offspring at
each age were additionally performed. Testing for possi-
ble interaction between maternal BMI and gender, as
well as with parental history of allergic disease and
sensitization, was performed using an interaction term
between these variables and maternal BMI.

To investigate a potential mediating effect of the
child’s BMI in the association between maternal BMI in
early pregnancy and asthma in the offspring, we
applied the causal inference test (CIT) [24]. The CIT
requires four criteria to be fulfilled: (1) the causal factor
is associated with the outcome, (2) the causal factor is
associated with the mediator, (3) the mediator is associ-
ated with the outcome after adjusting for the causal
factor and (4) the causal factor is independent of the
outcome after adjusting for the mediator. Logistic
regression analyses were used to perform these steps
with overweight in the child at 16 years as a potential
mediator in the association between maternal BMI in
early pregnancy and asthma at 16 years (N = 2110).

Children were included in the analyses if maternal
BMI in early pregnancy was available together with
information from >3 follow-up questionnaires
(N = 3294 for analyses on asthma, rhinitis and eczema.
N = 2850 for analyses on sensitization to inhalant
allergens). All analyses were performed using the statis-
tical software Stata version 11 (StataCorp, College Sta-
tion LP, TX, USA).

Results

Descriptive results of exposure and outcomes

The 3294 children included in the analyses were com-
parable with the children in the total cohort regarding
distribution of background characteristics including
gender, maternal age, birth weight, gestational age,
mode of delivery, older siblings, breastfeeding, parental
history of allergic disease, maternal smoking during
pregnancy and/or in infancy and socio-economic status
(Table S1 in Data S1).

Maternal BMI in early pregnancy ranged from 14.7
to 44.4 kg/m” with a median of 22.3 kg/m” and a mean
of 22.9 kg/m?* (SD 3.2). About 4% of the women were
classified as underweight, 76% as normal weight, 16%
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as overweight and 4% as obese. An early pregnancy
BMI of > 25 kg/m?, compared with < 25 kg/m? was
associated with higher birth weight in the offspring,
Caesarean section, smoking during pregnancy and/or in
infancy, lower socio-economic status, shorter duration
of breastfeeding and overweight in the offspring at
16 years (Table 1). Compared with mothers who were
normal weight in early pregnancy, underweight mothers
were younger, gave birth to children with lower birth
weight and were less likely to have any previous chil-
dren (data not shown). The prevalence of allergic dis-
ease at 16 years was 6% for asthma, 26% for rhinitis,
9% for eczema and 43% for sensitization to inhalant
allergens.

Association with allergic diseases

Figure 1 shows the associations between maternal BMI
in early pregnancy and prevalent and incident asthma,
rhinitis, eczema and sensitization to inhalant allergens
with maternal BMI treated as a continuous variable and
underweight mothers excluded (n = 117, leaving 3177
children in the analyses). Maternal BMI was associated
with an increased overall risk (using GEE) of asthma in
the offspring (adj OR per 5 kg/m” increase, e.g. BMI
25 kg/m? compared with 20 kg/m?: 1.23; 95% CI 1.07—
1.40 for prevalent asthma and 1.17; 95% CI 1.03-1.32
for incident asthma). No statistically significant associa-
tions were found for the association between maternal
BMI and rhinitis, eczema or sensitization (adj OR: 1.07;
95% CI 0.96-1.19 for prevalent rhinitis, 1.03; 95% CI
0.93-1.14 for prevalent eczema and 1.05; 95% CI 0.93—
1.19 for prevalent sensitization). No significant interac-
tions were found between maternal BMI and gender or
parental history of allergic disease. Additional adjust-
ments for potential mediators (birth weight, mode of
delivery, breastfeeding and newborn respiratory diagno-
sis) had no major influence on the observed ORs (data
not shown) and were not included in the subsequent
analyses.

Age-specific associations and adjustments for
overweight in the offspring

As the association between maternal BMI and allergic
disease appeared to only be present for asthma, subse-
quent analyses were focused towards asthma only. The
association between maternal BMI in early pregnancy
and prevalent asthma was strongest in the first years of
life, although non-significant, increased ORs were
observed also at the ages of 12 and 16 years (Fig. 2).
Analyses between maternal BMI and asthma were
further stratified for sensitization at 4, 8 and
16 years. Overall, there were no large differences in the
association for asthma with and without sensitization

Table 1. Distribution of potential confounding factors in relation to
maternal body mass index (BMI) in early pregnancy for children
included in the analyses (N = 3294)

Maternal BMI

< 25 kg/m?
N = 2633 > 25 kg/m?
(79.9%) N =661 (20.1%)
Mean SD Mean SD P-value*
Maternal age (years) 30.7 4.4 30.8 4.7 0.54
Birth weight' (g) 3514 540 3608 580 < 0.001
n % n % P-value?
Gender
Boy 1316 50.0 347 52.5
Girl 1317 50.0 314 47.5 0.25
Caesarean section’
No 2321 88.2 546 82.6
Yes 312 11.9 115 17.4 < 0.001
Newborn respiratory diagnosis’™®
No 2491 94.6 625 94.6
Yes 142 5.4 36 5.5 0.96
Older siblings’
0 1478 56.1 343 51.9
>1 1155 43.9 318 48.1 0.05
Breastfeeding
< 4 months 486 18.7 175 27.1
> 4 months 2108 81.3 472 73.0 < 0.001
Parental history of allergic disease'
No 1846 70.8 441 67.3
Yes 762 29.2 214 32.7 0.08
Maternal smoking during pregnancy and/or in infancy**
No 2297 87.3 546 82.7
Yes 335 12.7 114 17.3 0.002
Socio-economic status
Blue-collar worker 413 15.9 138 21.2
White-collar worker 2184 84.1 513 78.8 0.001
Child’s overweight at 16 years'"
No 1572 87.5 296 67.6
Yes 224 12.5 142 32.4 < 0.001

*P-value obtained from f-test.

fObtained from the medical birth registry.

*P-value obtained from chi-square test.

SIncludes hypoxia, asphyxia, respiratory distress syndrome and other
respiratory conditions of fetuses and newborns (ICD 9: 768-770).
fDoctor diagnosed asthma and/or hayfever in combination with
reported allergy to pollen or pets in one or both parents.

“The mother smoked at least one cigarette per day at any point of
time during pregnancy and/or in infancy.

Defined as isoBMI > 25 kg/m?.

(P-values for interaction between maternal BMI and
sensitization were all non-significant).

As maternal BMI in early pregnancy was associated
with overweight in the offspring at the age of 16 years
(adj OR per 5 kg/m? increase: 2.42; 95% CI 2.04-2.86),
the analyses of maternal BMI in relation to asthma were
additionally adjusted for overweight in the offspring at
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Fig. 1. Associations between maternal body mass index (BMI) in early
pregnancy (continuously measured) and prevalent (circles) and inci-
dent (triangles) asthma, rhinitis, eczema (n = 3177) and sensitization
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Fig. 2. Association between maternal body mass index (BMI) in early
pregnancy (continuously measured) and prevalent asthma in the off-
spring at 1-16 years among mothers with BMI > 18.5 kg/m”
(n = 3177). Adjusted odds ratios (adj OR) and 95% confidence inter-
vals (CI) represent 5 kg/m? increase in BMI Triangles are additionally
adjusted for overweight in the offspring at each age.

each age. In this model, the overall OR for prevalent
asthma from age 1 to 16 years decreased and just failed
to reach statistical significance (adj OR per 5 kg/m?
increase: 1.15; 950 CI 0.99-1.33). The associations
were not attenuated at the early ages; however, from
8 years of age, the OR were somewhat decreased when
adjusting for overweight in the child (Fig. 2).

Phenotypes of asthma

Maternal BMI in early pregnancy was associated with
persistent asthma in the offspring (adj OR per 5 kg/m”

increase: 1.31; 95% CI 1.03-1.67). There was a ten-
dency for an association also with school-age onset
asthma (adj OR per 5 kg/m” increase: 1.22; 95% CI
0.98-1.52) (Table 2). No association was found between
maternal BMI and early transient asthma. When adjust-
ing for overweight in the offspring at age the of
16 years, the association for persistent asthma was
somewhat attenuated and no longer statistically signifi-
cant (Table 2).

Maternal BMI categorized according to WHO's definition

When categorizing maternal BMI in early pregnancy
according to WHO's definition of underweight, normal
weight, overweight and obesity (n = 3294), there was a
significant association between maternal obesity, com-
pared with normal weight, and overall prevalent asthma
in the offspring up to the age of 16 years (adj OR: 1.53;
95% CI 1.04-2.26) (Table 3). No association was found

Table 2. Association between maternal body mass index (BMI) in
early pregnancy (continuously measured) and asthma phenotypes in
the offspring among mothers with BMI > 18.5 (N = 2343)*

Asthma phenotypes 7 (%) OR" 9500 CI OR* 9500 CI

Early transient 137 (5.9) 1.02 0.77-1.36 0.92 0.66-1.29
Persistent 149 (6.4) 1.31 1.03-1.67 1.29 0.98-1.70
School-age onset 213 (9.1) 1.22 0.98-1.52 1.15 0.88-1.50

*Information on outcome at all ages was required for the disease-free
groups resulting in lower numbers of included children compared with
the GEE analyses.

*0dds ratio (OR) and 95% confidence intervals (CI) are obtained from
logistic regression analyses and represent 5 kg/m” increase in mater-
nal BMI. Adjusted for gender, maternal age, parental history of aller-
gic disease, older siblings, socio-economic status and maternal
smoking in pregnancy and/or at baseline.

*Additionally adjusted for overweight in the offspring at 16 years.

Table 3. Association between categories of maternal body mass index
(BMI) in early pregnancy and prevalent asthma in the offspring (over-
all effect 1-16 years*) (N = 3294)

Maternal BMI

(kg/m?) OR" 950 CI OR? 950 CI
<18.5 1.29 0.83-2.01 1.20 0.73-1.97
18.5-24.9 Referent Referent

25-29.9 1.14 0.90-1.45 1.12 0.87-1.45
> 30 1.53 1.04-2.26 1.24 0.80-1.94
P for trend® 0.03 0.23

*0dds ratio (OR) and 95% confidence intervals (CI) are obtained from
Generalized estimating equation (GEE) analyses.

*Adjusted for gender, maternal age, parental history of allergic dis-
ease, older siblings, socio-economic status and maternal smoking in
pregnancy and/or at baseline.

*Additionally adjusted for overweight in the offspring at each age.
STrend for normal weight, overweight and obese.
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for overweight mothers, although the trend for normal
weight, overweight and obesity was significant
(P = 0.03). When adjusting for overweight in the off-
spring, the association for maternal obesity and the
trend across categories was no longer significant.

Maternal BMI flexibly modelled

The flexibly modelled dose-response association
between maternal BMI in early pregnancy and asthma
in the offspring up to 16 years (n = 3290) adjusted for
model 1 covariates is illustrated in Fig. 3. Maternal BMI
was rounded to whole numbers and BMI 20 kg/m2 was
set as the reference. Increasing values was progressively
associated with higher ORs of asthma in the offspring
up to 16 years. Among mothers with a BMI below
20 kg/mZ, there was an indication of an increased risk,
although the association was uncertain with broad con-
fidence intervals. Also, there was no significant evi-
dence of departure from linearity (P = 0.18).

Causal inference test

The results of the CIT on overweight in the offspring at
16 years as a potential mediator in the association
between maternal BMI in early pregnancy and asthma
in the offspring are found in Table 4. Two of four crite-
ria of the test were fulfilled and two criteria were bor-
derline significant. Maternal BMI was close to
significantly associated with asthma at 16 years (crite-
rion 1), but not after adjusting for overweight in the
child at 16 years (criterion 4). Maternal BMI was further
associated with overweight in the child at 16 years after
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Fig. 3. Adjusted odds ratios (adj OR) of prevalent asthma in the off-
spring at 1-16 years (solid line) by maternal body mass index (BMI),
flexibly modelled using restricted cubic splines with four knots (at 19,
21, 23, 29 kg/m?). Data were fitted using generalized estimating equa-
tion models. Dashed lines represent 95% confidence interval. Horizon-
tal line represents OR equal to one.

Table 4. Causal inference test (CIT) of overweight in the offspring at
16 years as a potential mediator in the association between maternal
body mass index (BMI) in early pregnancy and asthma in the off-
spring at 16 years among mothers with BMI > 18.5 (N = 2110)

Test OR* 95% CI

Maternal BMI' is associated with asthma 1.27 0.99-1.63

Maternal BMI' is associated with overweight in 2.50 2.09-2.98
the child adjusted for asthma

Overweight in the child is associated with 1.52 0.99-2.34
asthma adjusted for maternal BMI

Maternal BMI' is not associated with asthma 1.19 0.91-1.54

adjusted for overweight in the child.

*0dds ratio (OR) and 95% confidence interval (CI) are obtained from
logistic regression analyses and are additionally adjusted for gender,
maternal age, parental history of allergic disease, older siblings, socio-
economic status and maternal smoking in pregnancy and/or at base-
line.

“Outcome represents 5 kg/m? increase in maternal BMI.

adjusting for asthma at 16 years (criterion 2). The asso-
ciation between overweight and asthma at 16 years
including adjustment for maternal BMI (criterion 3),
however, fell out just below the significance level.
Taken together, this indicates that the child’s over-
weight, at least partly, might be a mediator in the asso-
ciation between maternal BMI in early pregnancy and
asthma at 16 years.

Discussion

In the present population-based birth cohort of 3294
children, we examined whether maternal BMI in early
pregnancy is associated with the development of aller-
gic disease throughout childhood up until 16 years of
age. Maternal BMI was associated with an increased risk
of asthma, while no association was observed for rhini-
tis, eczema or sensitization. The risk was attributed to
persistent asthma and not early transient asthma. Cate-
gorizing of maternal BMI revealed a significant associa-
tion for obese, but not overweight mothers. The flexibly
modelled dose-response association between maternal
BMI and asthma confirmed the results observed in the
categorical and the linear analyses, with a rather con-
sistent continuous association starting from the lower
range of normal weight. Although there was no evi-
dence for nonlinearity, the association might mainly
apply to women of normal weight and above, as the
categorical and the spline model suggested an increased
risk among underweight mothers. When adjusting for
overweight in the offspring, the estimated ORs were
reduced, suggesting that part of the association is medi-
ated through the child’s own overweight. To further
explore a potential mediating role of the child’s weight
status in the association between maternal BMI
and asthma in the offspring, we applied a CIT that
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confirmed this suggestion. Birth weight, mode of deliv-
ery, breastfeeding and newborn respiratory diagnoses
did not explain the association between maternal BMI
and asthma.

Our findings confirm the results of other studies that
have linked maternal BMI to an increased risk of
asthma or wheeze in the offspring [9-11, 13, 15]. We
had the ability to investigate the association with
asthma phenotypes and found that the association only
was present for persistent asthma, which suggests that
maternal BMI is a risk factor for a more problematic
and clinically relevant asthma. This finding contradicts
the result of a previous study that found a significant
association for transient, but not persistent wheeze,
although this study only based their definition on two
time points up to 6 years of age [14].

When adjusting for overweight in the child, we
observed reduced associations between maternal BMI
and asthma, suggesting that the risk — at least partly —
is mediated through the child’s own overweight. The
attenuation appeared to be more pronounced in the
older ages, indicating that the child’s BMI might be a
more important factor in the association for school-age
children, compared with younger children. This was
further supported by the CIT suggesting that overweight
in the child might be a mediator in the association
between maternal BMI in early pregnancy and asthma
in the offspring at 16 years. However, as all parts of
the CIT were not definitely fulfilled (e.g. overweight
was not significantly associated with asthma), the inter-
pretation of the test is not straightforward. Also, as the
estimate was not fully attenuated towards null when
adjusting for the child’s overweight in the fourth step,
we cannot rule out independent effects off maternal
BMI also at 16 years. In previous studies that have
adjusted for the child’s BMI, the association was not
changed or only slightly attenuated [10, 13-15]. This
might be due to that most of these studies included
younger children, or that self-reported BMI commonly
was used.

Our results for rhinitis, eczema and sensitization are
in line with the results from two previous cohorts
showing no association between maternal BMI and
childhood eczema, hayfever [9] or sensitization [15].
Together with the present study, these results indicate
that maternal BMI is associated with pathways related
to the respiratory system in the offspring. Obesity dur-
ing pregnancy has also been associated with metabolic
and birth complications (e.g. gestational diabetes, pre-
eclampsia and preterm labour), which can cause health
consequences, including overweight, in the offspring
[25]. We showed that the association might be
explained by overweight passing over from the mother
to the child. However, adjusting for birth-related factors
such as birth weight, Caesarean section and newborn

respiratory diagnosis did not affect the association
between maternal BMI and asthma.

The association between maternal BMI and asthma in
the offspring may be mediated through hormones or
inflammatory factors such as leptin, TNF-o and cortisol
[26-28], although the link between these markers and
asthma in the offspring requires further investigation
[4]. It is also possible that in utero factors associated
with obesity influence fetal programming through epi-
genetic modifications predisposing the offspring to an
increased risk of asthma. In mice models, maternal diet
has been shown to affect methylation of genes that are
associated with airway inflammation [29]. More studies
are, however, needed to determine the mechanism
behind the association between maternal BMI and off-
spring asthma.

The strengths of the present study include the popu-
lation-based prospective birth-cohort design with
repeated assessments of outcome up to 16 years of age,
the large study sample size and the high response rate.

Some potential limitations require attention.
Although we include 81% of the original cohort in our
analyses, the possibility of selection bias cannot be
ruled out completely. However, the children included in
our analyses were comparable with the children in the
original cohort regarding distribution of background
characteristics such as parental history of allergic dis-
ease, socio-economic status and maternal smoking.
Moreover, maternal BMI in early pregnancy was com-
parable to that in the general population, with a mean
BMI of 22.9 kg/m* in our study compared with
23.3 kg/m” among all women in Stockholm in 1995
[30].

Maternal weight was measured or ascertained by
trained nurses, which is a strength compared with many
previous studies as weight usually is completely self-
reported [9, 13, 15]. Although BMI was assessed during
and not before pregnancy, it is likely to be very similar
to pre-pregnant BMI. A study of 638 US women,
showed a median weight gain of 1.6 kg at week 10 in
pregnancy, which would only affect BMI marginally
[31]. Also, as the exposure was assessed before onset of
allergic symptoms, any misclassification is likely to be
non-differential in relation to the outcomes.

The information on asthma, rhinitis and eczema is
based on parental reports collected repeatedly through-
out follow-up. Parental questionnaires are widely used
and have shown to be consistent with everyday
symptoms recorded in diaries [32], as well as with a
physician diagnosis of asthma [33]. In addition to
parental-reported symptoms, we also used repeated
measures of sensitization to common allergens to assess
allergic disease.

Although taking several variables previously shown
to be important confounders such as maternal smoking
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and socio-economic status into account, we cannot rule
out the role of residual or unmeasured confounding.
Studying the association between prenatal characteristics
and allergic disease in the offspring is challenging as sev-
eral factors might be involved in disease development.
As in many previous studies, we lack information on
maternal diet and physical activity, factors that may both
serve as markers for obesity and have a role in allergic
predisposition. In addition, we were not able to examine
the influence of gestational weight gain, which has been
associated with asthma symptoms in the offspring [9,
10]. However, gestational weight gain is usually lower
among obese compared with normal weight subjects
[34]. If a high gestational weight gain is associated with
asthma in the offspring, taking this variable into account
would thus possibly strengthen rather than attenuating
the association between maternal BMI and asthma.

In summary, in this population-based birth cohort,
we observed an association between maternal BMI in
early pregnancy and asthma, but not rhinitis, eczema
and sensitization in the offspring up to the age
16 years. The association seems to be partly, but not
fully, mediated through overweight in the offspring.
These findings have significant public health impor-
tance as asthma is the most common chronic disease
among children and contributes to a large burden for

both the individual and the society [35]. Obesity, both
during pregnancy and childhood, is a modifiable risk
factor, and prevention strategies might be important to
be able to reduce the prevalence of asthma.
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