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Summary
Obesity is associated with systemic inflammation, immunological changes, increased risk of
respiratory infections and chronic respiratory illness. Maternal obesity in pregnancy increases the
risk of pregnancy complications, caesarean sections and adverse birth outcomes, which have in turn
been associated with respiratory illness in children. To our knowledge, the possible influence of
maternal obesity in pregnancy on respiratory illness in early childhood beyond the newborn period
has not been explored. We examined the relationship between a high maternal body mass index
(BMI) in pregnancy and lower respiratory tract infections and wheeze up to 18 months of age in the
Norwegian Mother and Child study (MoBa), a population based cohort study that will include 100
000 pregnant women, conducted at the Norwegian Institute of Public Health. We analyzed data from
the first 33 192 children, born between 1999 and 2005. In crude analyses maternal obesity in
pregnancy was related to both respiratory infections and wheeze in the children. In multivariable
analyses, only an effect on wheeze remained. The risk of wheeze increased linearly with maternal
BMI in pregnancy, and was 3.3 % higher [95 % CI 1.2, 5.3]) for children with mothers who were
obese during pregnancy, than for children of mothers with normal BMI. This effect was not mediated
through obesity related pregnancy complications, low birthweight, preterm birth or caesarean
sections.

Introduction
The intrauterine milieu exerts an important influence on the development of the foetal immune
system and the foetal airways.1-3 A compromised foetal environment may impair the
developing respiratory system and increase susceptibility to respiratory illness after birth.
Complications and conditions in pregnancy, and neonatal characteristics such as preterm birth,
mode of delivery, and birthweight have been associated with respiratory infections and wheeze
in childhood.4-7 Obesity increases the risk of several obstetric complications, including
preeclampsia, gestational diabetes, preterm birth, and caesarean sections.8-12 Obesity has also
been associated to increased risk of respiratory infections, airway hyperresponsiveness, wheeze
and immunological changes.13-22
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The prevalence of respiratory diseases in childhood appears to have increased in industrialized
countries 23,24 including Norway.25,26 The prevalence of overweight have increased
concurrently with the respiratory diseases,27-34 and possible common aetiological pathways
for obesity and inflammatory diseases should be investigated. As more women of child-bearing
age become overweight and obese, possible effects of maternal obesity during pregnancy on
children's health are important to identify.

Recently, a Danish study found maternal obesity in pregnancy to increase the risk of neonatal
mortality, and suggested inflammation or infection related to obesity to be part of the causal
pathway.35 Ramsay et al showed that maternal obesity is associated with dysregulation of
metabolic, vascular, and inflammatory pathways.36 Elevated levels of inflammatory
substances in obese mothers during pregnancy could influence the in-utero environment and
the foetal development either via inflammatory mediators or through impaired placental
function. Studies on how maternal obesity in pregnancy may affect children's health have so
far focused on metabolic and vascular consequences.36,37 However, the foetal immune system
and respiratory system may also be influenced by maternal obesity during pregnancy.

To our knowledge, there are no published data on the potential role of maternal obesity during
pregnancy in childhood respiratory health beyond the neonatal period. We used data on the
first 33 192 children included in the Norwegian Mother and Child Study (MoBa) to evaluate
the relationship between a high maternal body mass index (BMI) in pregnancy and lower
respiratory tract infections and wheeze in children up to 18 months of age. We also explored
if effects of a high maternal BMI were mediated through pregnancy complications or birth
outcomes.

Methods
Population and study design

Data were collected at the Norwegian Institute of Public Health as part of the Norwegian
Mother and Child Cohort Study (MoBa).38 Our subjects were the first 33 192 children in the
study for whom questionnaires were obtained up to 18 months of age. MoBa is a pregnancy
cohort started in 1999, with the aim of including 100 000 pregnant women by 2008. Pregnant
women are recruited in week 13-17 of pregnancy, in connection with a routine ultrasound
examination offered all pregnant women in Norway. The MoBa study includes all geographic
areas of Norway, and both rural and urban areas are represented. The response rate is around
44 %.

Children in this analysis had questionnaire information from week 13 - 17 of pregnancy and
age six and eighteen months. The questionnaires included items on maternal and child health,
child development, socioeconomic status, nutrition, environmental exposures before, during,
and after pregnancy. Mandatory birth records, filled in by midwives, were provided by the
Medical Birth Registry of Norway (MBRN) 39 and included in the MoBa database. The birth
records added information about complications and outcomes of pregnancy and the neonatal
period, and selected maternal and neonatal characteristics.

Informed consent was obtained from each participant before inclusion in MoBa. The MoBa
Study has been approved by the Regional Committee for Medical Research, the Norwegian
Data Inspectorate and the Institution Review Board of the National Institute of Environment
Health Sciences, USA. Our study population consisted of 33 192 children born between 1999
and 2005 who had reached 18 months of age and for whom all three questionnaires (the 17
week questionnaire in pregnancy, one at six months, and one at 18 months) had been processed.

Håberg et al. Page 2

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2010 February 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Health outcomes
The health outcomes investigated were lower respiratory tract infections (LRTIs),
hospitalization for LRTIs, and wheeze, reported in the questionnaires at six and 18 months
after birth. The questionnaires can be viewed at the MoBa website.40 Lower respiratory tract
infections were defined by maternal reports of respiratory syncytial-virus, bronchiolitis,
bronchitis and pneumonia. We classified hospitalization for any of these conditions as
“hospitalized for LRTI”. Wheeze was defined as any report of chest congestion or whistling/
wheezing in the chest between six and 18 months of age. The questionnaires did not include
questions on wheeze before six months of age. Outcomes were treated as dichotomous. LRTIs,
with or without hospitalization, were compared to no episode of LRTI.

Main exposure
Maternal BMI was calculated from height and prepregnancy weight as reported on the first
MoBa questionnaire. We excluded women with weight less than 35 kg (n = 9) and height less
than 115 cm (n = 74). Depending on the analysis we treated maternal BMI as either a continuous
variable or categorized it using the WHO scheme 41 of underweight (< 18.5), normal (18.5 -
24.9), overweight (25.0 - 29.9), and obese (BMI ≥ 30).

Covariates
Maternal characteristics obtained from the first pregnancy questionnaire included: asthma (any
report of asthma before or in pregnancy), educational level (years of education completed: ≤12,
>12 – <16, and ≥16, income in Nkr: <150 000, 150 000 – 299 000, and ≥300 000, age in years
(< 25, 25 - 30, or > 30), parity (number of previous pregnancies of >20 weeks' duration: 0, 1,
or >1), and smoking in pregnancy.

From the six month questionnaire, we dichotomized parental smoking after birth (any parental
smoking 0 - 3 months after birth versus no smoking), and breast feeding at six months of age
(yes or no). From the 18 month questionnaire, day care attendance was categorized as any
attendance, cared for in a private home by a nanny, or at home by parent.

Covariates obtained from the MBRN included the child's sex, caesarean delivery, birthweight,
gestational age, and maternal marital status (categorized as married, cohabiting (not married
but living with partner), or single). We dichotomized variables for low birthweight (< 2500
grams versus ≥ 2500g), and preterm birth (born before 37 completed weeks of gestation versus
born after 37 weeks). For pregnancy complications we considered conditions known to be
related to maternal BMI, specifically diabetes, gestational diabetes, hypertension, and
preeclampsia. Due to small numbers of these complications we combined them into a single
variable for complications (any versus none).

Statistical methods
Our hypothesis was that a high maternal body mass index in pregnancy increased the risk of
respiratory illness in early childhood. To explore direct and indirect effects of maternal BMI
on childhood respiratory outcomes, we applied a path analyses,42 with one path directly from
maternal BMI to childhood respiratory outcome, and other paths going via complications in
pregnancy, low birthweight, preterm birth, and caesarean section. The path model is shown in
figure 1. This allows estimation of the indirect effects of BMI that work through the pregnancy
outcomes, in addition to the direct adjusted effect of BMI. All path equations included a BMI
variable with four categories, maternal background variables (asthma, age, income, education,
marital status, smoking in pregnancy, parity, plural births) and sex. The equations including
the respiratory outcomes also contained postnatal variables, such as postnatal parental smoking,
breast feeding and kindergarten attendance. The seven path equations were as follows:
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(outcome variable ∼ (regressed on) explanatory variables):

1. Complications ∼ BMI + background variables

2. Low birthweight ∼ BMI + Complications + Background variables

3. Preterm birth ∼ BMI + Complications + Background variables

4. Caesarean section ∼ BMI + Complications +Background variables

5. Wheeze ∼ BMI + Complications + Low birthweight + Preterm birth + Caesarean
section + Background variables (including Breast feeding, Postnatal smoking and
Kindergarten attendance)

6. LRTI ∼ BMI + Complications + Low birthweight + Preterm birth + Caesarean section
+ Background variables (including Breast feeding, Postnatal smoking and
Kindergarten attendance)

7. Hospitalizations for LRTI ∼ BMI + Complications + Low birthweight + Preterm birth
+ Caesarean section + Background variables (including Breast feeding, Postnatal
smoking and Kindergarten attendance)

We used an ordinary linear model with robust variance estimation. The robust option will give
correct variance estimates in the presence of non-normal residuals and non-constant residual
variance. From the models we reported the risk differences of the variables of interest. We also
calculated the expected risk of the outcome when the variables of interest were at their reference
values. Risk differences for one or more exposures can be added to the risk at reference to
obtain total risk for combination of exposures. For example, to obtain the risk of wheeze for
children born preterm of obese mothers, the risk differences for preterm birth and maternal
obesity can be added to risk at reference for wheeze. This approach assumes that the additive
model is appropriate.

The selections of background variables were based on presumptive associations with both
respiratory outcomes and maternal BMI. To investigate how much background variables
confounded the BMI effects, we adjusted for all the selected background variables (maternal
age, parity, maternal education and income, maternal asthma, maternal smoking in pregnancy,
parental smoking after birth, breast feeding and type of day care), and excluded pregnancy-
and birth outcomes from the model. Then we added pregnancy- and birth outcomes (sex,
complications in pregnancy, low birthweight, preterm birth, caesarean section, and plural
births) in the model, and thereby obtained the direct effect of BMI not mediated through birth
outcomes or pregnancy complications. The direct effects of BMI were estimated from
equations 5-7. The indirect effects of BMI were obtained by multiplying the risk differences
along each path of obstetric problems, and then adding the risk differences obtained for the
indirect paths. The total effects were the sum of direct and indirect effects. The numbers
presented are either proportions or risks (range 0 to 1), or the difference in risk between to
groups (RD, range -1 to 1). To study the functional form of the direct effect of maternal BMI
on wheeze, we modeled BMI as a continuous exposure in a generalized additive model (GAM)
using S-Plus 6.2 software (Insightful, Seattle, WA, USA), and adjusted for obstetric outcomes
and all pre- and postnatal background variables.

The tetrachoric correlation was used when calculating correlation coefficients. Missing data
were not included in analyses. The rates of missing data for the health outcomes were: 2.1 %
for wheeze, and 5.7 % for LRTIs. We checked if predicted risk were outside the 0 to 1 interval.
We also looked for observations with high influence by plotting leverage versus squared
residuals. Data were analyzed using Stata 9.2 (Stata Corporation, College Station, Texas).
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Results
Having a BMI ≥ 25 was more prevalent among mothers with lower educational and income
level, mothers who smoked, had asthma, higher parity, who did not breast-feed at six months,
and who cared for their child at home (Table 1).

The incidence proportions of wheeze and LRTIs increased in the higher maternal BMI
categories (table 2). For the respiratory infections, a weak significant increase of LRTI with
maternal BMI was found in crude analyses, but when including both background variables and
obstetric problems in analyses, neither LRTIs or hospitalizations for LRTIs were significantly
associated with high maternal BMI. Adjustment for background variables also attenuated the
crude positive association between wheeze and maternal BMI, and when we included
pregnancy complications and birth outcomes in analyses, the BMI effects attenuated further.
However, an increased risk of wheeze for children with mothers in the highest BMI category
persisted, even after including both background variables and obstetric outcomes in the model,
with an increased risk of 3.3 percentage points (risk difference: 0.033 [95% CI 0.012, 0.053]).
Figure 2 displays the direct effect of maternal prepregnancy BMI on wheeze. There was a
small, but significant linear increase of wheeze with increasing maternal BMI. The increased
risk of wheeze per BMI unit was 0.0029 [95% CI 0.0015, 0.0043].

Table 3 shows the expected risk for each outcome for a reference group with value 0 for the
factors listed in the same column as the outcome. Also displayed are the risk differences for
each explanatory variable, adjusted for background variables. Overweight and obese mothers
experienced increased risk of complications in pregnancy and caesarean sections. Obesity also
increased the risk of preterm birth. We calculated the direct effects of BMI on the respiratory
health outcomes by path equations 5, 6 and 7. The expected risk of wheeze (path equation 5)
for children at reference value (in the reference categories for birthweight, maternal BMI,
pregnancy complications, gestational age, and caesarean section), was 39.2 %. Risk differences
can be added to the expected risk to find combined effects of different exposures. For example,
to obtain the risk of wheeze for children born preterm of obese mothers, the contribution to
wheeze from preterm birth (risk difference: 4.3 %) can be added to the increased risk of
wheezing attributable to maternal obesity (risk difference: 3.3%), and both can be added to the
risk at reference (39.2%), resulting in a risk of wheezing for this subgroup of children of 46.8%.

We found preterm birth, low birthweight and complications in pregnancy to be independent
risk factors for wheeze and lower respiratory tract infections. The correlation between low
birthweight and preterm birth was 0.91. When including low birthweight and preterm birth
simultaneously in analyses, the effects of these correlated exposures weakened substantially,
but each still had an independent effect on childhood respiratory health. Caesarean sections
were significantly associated to both respiratory infections and wheeze in crude analyses (data
not shown). However, in adjusted analyses, caesarean sections did not influence the risk for
respiratory infections, but remained significant for wheeze, increasing the risk by 3.0
percentage points.

Table 4 presents the direct and indirect effects of a high maternal BMI in pregnancy on the
respiratory outcomes. Maternal overweight (BMI 25 - < 30) had no direct effect on respiratory
infections or wheeze, and the indirect effects were negligible. Maternal obesity (BMI ≥ 30)
did not affect the risk for respiratory infections substantially, but slightly increased the risk of
wheeze. This effect was mainly a direct effect of obesity. Through obesity-related obstetric
problems the risk of wheeze only increased by 0.9 percentage points.

The models predicted no risks above 1, and only a low percentage below zero in a few models,
thus we deemed them acceptable. No observations with high influence (leverage) were found,
thus the results were robust against outliers.
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Discussion
Maternal obesity during pregnancy was related to respiratory disease in children up to 18
months in crude analyses. However, lifestyle and maternal characteristics associated with high
maternal BMI attenuated the associations. For wheeze, a modest effect of high BMI persisted
after adjustment for background variables and after removing indirect effects of BMI via
adverse pregnancy outcomes. Although low birthweight and preterm birth were significant risk
factors for wheeze and respiratory infections, the effect attributable a high maternal BMI
mediated through these birth outcomes was small.

Studying obesity as a cause of respiratory symptoms is a challenge because social and
behavioural characteristics of the mother, including age, parity, educational level, marital
status, income, smoking, and breast feeding practice may be associated with both maternal
obesity and respiratory disease in children. We found that a high maternal BMI was related to
several lifestyle factors associated with an increased risk of childhood respiratory disease, such
as smoking and shorter duration of breast feeding. Controlling for a variety of covariates
reduced the possibility of confounding, however, lifestyle factors not accounted for may
represent unmeasured confounding.

The participation rate in MoBa was around 44%. When comparing MoBa with the MBRN
which includes all births in Norway, there were indications of some differences between MoBa
participants and the general population. For example, women in MoBa were slightly older,
smoked less, and had fewer caesarean sections (13.9% in MoBa compared to 15.4% in MBRN).
Thus, prevalence estimates based on MoBa may not be representative for the Norwegian
population in general. The distribution of prepregnancy BMI among women in the MBRN is
not reported. However, over- or under-representation of different BMI categories within the
study populations would not necessarily bias associations.

The respiratory outcomes were based on maternal reports, and some misclassification is
therefore possible. Reports of wheeze are dependent on maternal awareness and interpretation,
which may be related to educational level or maternal asthma.43 Attempts to validate parental
reports have given contrasting results. Some studies have found discrepancy between parental
and clinicians' report of wheeze,44 while other studies on infant wheeze find acceptable
agreement between parental reports in questionnaires and clinical findings.45,46

Misclassification problems might be less severe for LRTIs and LRTI hospitalizations, since
theses outcomes are less dependent on maternal interpretation and usually a result of a doctor
diagnosis. Because we obtained information on complications, birth outcomes and several of
the maternal and neonatal characteristics from the MBRN, we do not expect differential
misclassification or substantial information bias in these covariates, and misreporting would
most likely lead to an underestimation of a true effect.

Obesity has been associated to obstetric complications and medical conditions in pregnancy,
including preeclampsia, hypertension, and caesarean sections.8,11,12 Some have found
associations between caesarean section and wheezing in childhood,5 but others have not.47,
48 Complications in pregnancy, preterm delivery, low birthweight and mode of delivery have
been associated with wheezing and respiratory infections in childhood in other studies.4-7,49

We found that a high maternal BMI in pregnancy was associated with complications during
pregnancy, caesarean sections, and preterm birth. Preterm birth and low birthweight were
independent risk factors for wheeze and lower respiratory tract infections. The pregnancy
complications we considered (hypertension, diabetes, and preeclampsia) were not significantly
associated to the respiratory outcomes. We found that caesarean sections were significantly
associated to all three respiratory outcomes in crude analyses, but after adjusting for covariates,
only an effect on wheeze remained. In several studies the associations between mode of
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delivery and childhood respiratory disease have disappeared when adjusting for known
confounders,50-52 and associations have been suggested to be caused by confounding.51 We
believe that the association between caesarean section and respiratory outcomes in our data
might not be causal, but attributed unknown confounding.

Several studies have found a high BMI to be related to increased risk of lower respiratory tract
infections in children and adults.13,14 Obesity has also been related to increased airway hyper-
responsiveness.15,21,22 For most children, wheezing represents transient episodes caused by
acute respiratory infections.53 However, wheezing and episodes of lower respiratory tract
infections in early childhood has been associated to persistent wheezing and later occurrence
of asthma.54-56

Inflammation plays a major role in respiratory diseases.57 Systemic inflammation, with
elevated levels of inflammatory factors similar to those seen in infection, may be involved in,
or caused by obesity.19,58-60 The systemic inflammation related to obesity has also been found
in children.59 One substance linking obesity and inflammation is leptin, a hormone secreted
by adipocytes. Leptin levels correlate with BMI,61 and leptin receptors are involved in growth
regulation in human lung tissue.62 Leptin stimulates the production of proinflammatory
cytokines and is able of modulating the immune response.63,64

Associations found between maternal obesity and respiratory outcomes attenuated when
controlling for characteristics and obstetric problems. This was especially true for the
respiratory infections. For wheeze, an effect remained, indicating a possible direct effect of
maternal obesity. Altered immunological mechanisms influencing the in utero environment
and, thus, the growing fetus, may be a possible explanation for these associations, but
unmeasured and residual confounding possibly influencing the associations can not be
excluded.

To our knowledge this is the first published evidence linking maternal obesity in pregnancy to
the development of respiratory illness beyond the neonatal period in children. Given the
morbidity from early wheezing and its impact on the development of asthma in later childhood,
this finding could be of potential public health significance. Follow-up of children to older
ages when asthma can be reliably diagnosed will be important.
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Figure 1.
Path-model for investigating direct and indirect effects of maternal prepregnancy BMI on
childhood respiratory health.
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Figure 2.
The adjusted relationship between maternal BMI in pregnancy and wheezing in children up to
18 months of age for 33 192 children in the Norwegian Mother and Child cohort study born
1999 - 2005. Adjusted for complications in pregnancy, low birthweight, preterm birth,
caesarean section, sex, plural births, and maternal characteristics (asthma, age, income,
education, marital status, smoking in pregnancy, parity), and breast feeding, postnatal smoking
and type of day care. Dashed lines show the 95% confidence interval. The rug on the x-axis
shows the individual data points. The y-scale shows risk difference for wheeze with value zero
set arbitrary in the middle of the scale.
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