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Overweight does not increase asthma risk but may decrease allergy risk at
school age after infantile bronchiolitis
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ABSTRACT
Aim: Increasing evidence suggests that overweight children are at increased risk of

asthma. The association between weight gain and allergy is more complex. The aim was to

evaluate the association between overweight or obesity and asthma, allergy, bronchial reac-

tivity or atopic sensitization at school age in children with bronchiolitis in infancy.
Subjects and methods: Eighty-one children hospitalized for bronchiolitis at

<24 months of age attended control visits at 7.2 and 12.3 years of ages. The visits con-

sisted of medical examinations, weight and height measurements, body mass index (BMI)

calculations, skin prick tests and exercise challenge tests. BMI >1.3 SD from age- and gen-

der-specific references meant overweight and BMI >2.0 SD obesity.
Results: Current or previous overweight or obesity did not increase the risk of

asthma, allergy, bronchial reactivity or atopic sensitization at 7.2 or 12.3 years of age. Previ-

ous and current obesity decreased the risk of atopic dermatitis, and current overweight and

obesity decreased the risk of sensitization to outdoor allergens at 12.3 years of age.
Conclusion: Previous or current overweight does not increase asthma or allergy risk

but current obesity may decrease allergy risk at school age after bronchiolitis in infancy.

INTRODUCTION
The prevalence of overweight and obesity among children,
adolescents and young adults has reached epidemic propor-
tions in Western countries, concomitantly with the asthma
and allergy epidemics (1,2). Pediatric cross-sectional studies
have reported a link between asthma and overweight (2,3),
but the impact of overweight on asthma risk has been rather
low (4). Some studies have documented an association
between obesity and asthma symptoms (5–10), and some
between obesity and parent-reported asthma (11,12). When
airway reactivity has been studied objectively, the results
have mainly been negative (2,5–7). A recent meta-analysis
revealed an association between emerging overweight and
subsequent onset of asthma in children (4). The few studies
published on the association between weight gain and
allergy have failed to confirm an association between over-
weight and allergic disease or atopic sensitization (5,7,13–
16). Opposite to the expectations, underweight school

children have had more allergic rhinitis (AR) (10) and ato-
pic sensitization (16).

In our long-term prospective follow-up study, children
hospitalized for wheezing at <24 months of age have
attended control visits on average at 4.0, 7.2 and 12.3 years
of age (17–19). The weight and height of the children and
the presence of asthma and allergic diseases were evaluated
at all visits. In addition, atopic sensitization was studied by
skin tests and bronchial reactivity by exercise challenge at
school age.

The aim of this study was to evaluate the association
between weight status and asthma or allergy at preschool
and school age in former bronchiolitis patients, with a spe-
cial focus on the influence of emerging overweight. In addi-
tion, we studied the association between weight status and
atopic sensitization or bronchial reactivity.

Abbreviations

AD, Atopic dermatitis; AR, Allergic rhinitis; BHR, Bronchial
hyper-reactivity; BMI, Body mass index; BMI-SDS, Body mass
index standard deviation score (z-score); CI, Confidence interval;
ECT, Exercise challenge test; OR, Odds ratio; RSV, Respiratory
syncytial virus; SPT, Skin prick test.

Key notes
• Overweight or obesity at any level does not increase the

risk of asthma or bronchial hyper-reactivity at school age
after bronchiolitis in infancy.

• Obesity (BMI >2.0 SD corresponding BMI >30 in young
adults) may decrease the risk of allergy and atopic sensi-
tization at school age after bronchiolitis in infancy.
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PATIENTS AND METHODS
Study design
As described earlier in detail (20), 100 infants hospitalized
for wheezing at <24 months of age were recruited into this
prospective follow-up study in 1992–1993. The baseline
data were collected by interviewing the parents during hos-
pitalization using a structured questionnaire, including ques-
tions on the history of wheezing and allergy in the children.

Seven common respiratory viruses, including respiratory
syncytial virus (RSV), were studied by antigen detection in
nasopharyngeal aspirates obtained during hospitalization
and by antibody assays in paired sera (20). Later, polymer-
ase chain reaction for RSV and rhinoviruses was studied in
frozen nasopharyngeal aspirates.

After hospitalization, 2–3 study visits depending on the
age of the child on admission were arranged before the age of
24 months (20). Thereafter, three follow-up visits were orga-
nized at the median ages of 4.0, 7.2 and 12.3 years (17–19).

The presence of doctor-diagnosed asthma, parent-
reported episodes of wheezing, night cough and prolonged
cough after the previous control visit and the use of con-
tinuous anti-inflammatory medication for asthma were
asked at all controls visits. At the 7.2- and 12.3-year con-
trol visits, asthma was considered to be present if the child
was on continuous anti-inflammatory medication for
asthma or if the child had both symptoms presumptive for
asthma during the preceding 12 months and a pathological
result in the exercise challenge test (ECT) (18,19). The
exercise constituted of free running outdoors for 8 min at
the heart rate >80% of the predicted maximum, monitored
by telemetry (Polar Sport Tester; Polar Elektro Ltd, Kemp-
ele, Finland) at 1-min intervals. Flow-volume spirometry
(FVS; Medikro spirometer, Kuopio, Finland) was mea-
sured before running, and 10 min (in the 7.2-year study)
or 5, 10 and 15 min (in the 12.3-year study) after the exer-
cise (18,19). Forced expiratory volume in 1 sec (FEV1)
changes were calculated using the equation: [(pre-exercise
FEV1)post-exercise FEV1) ⁄ pre-exercise FEV1] · 100%.
Bronchial hyper-reactivity (BHR) was defined as >12%
decrease in FEV1.

The presence of doctor-diagnosed atopic dermatitis (AD)
and AR during the preceding 12 months was asked and
recorded, and skin prick tests (SPT) were performed at both
control visits (18,19). The outdoor allergens birch, timothy
grass and mugwort pollens, and the indoor allergens cat and
dog epithelial dander and home dust mites Dermatophago-
ides pteronyssinus and D. farinae were tested at both visits,
and in addition, common alder and meadow grass pollens,
horse and cow epithelial dander and the spores of the
moulds Cladosporium herbarum and Alternaria alternata
were tested at 12.3 years of age (19). The reactions with a
diameter of at least 3 mm were defined to be positive, and
no reactions were allowed for negative controls. Atopic sen-
sitization was defined as the presence of at least one positive
result in SPTs to indoor or outdoor allergens.

Ninety-two children completed the first-year follow-up in
infancy, 83 attended the control visits at 4.0 years, 82 at
7.2 years and 81 at 12.3 years of age (17–19).

Weight and height measurements
Weights and heights of all attending study subjects were
measured at all control visits. Body mass index (BMI) was
calculated using the equation: weight (kg) ⁄ height (m)2. BMI
standard deviation score (BMI-SDS) was assessed by an
obesity calculator (available at: http://www.phsim.man.
ac.uk ) using British growth references. BMI-SDS >1.3 cor-
responds BMI >25 in 18-year-old young adults and means
overweight, and BMI-SDS >2.0 corresponds BMI >30 in 18-
year-old young adults and means obesity (21).

Statistics
The data were analysed by logistic regression using SPSS
11.5 software (SPSS Inc., Chicago, IL, USA). As published
earlier (17–19), the presence of AD in infancy increased the
asthma risk at all follow-up visits at median ages of 4.0, 7.2
and 12.3 years. In addition, asthma risk was higher if bron-
chiolitis was caused by other viruses than RSV and if the
child was admitted at >12 months of age. Therefore, the
association between weight status and asthma or BHR was
analysed as adjusted for AD in infancy and RSV aetiology of
bronchiolitis. In many previous studies, the association
between weight status and allergy and ⁄ or atopic sensitization
has been dependent on gender (22–24). Therefore, the asso-
ciation between weight status and allergy or atopic sensitiza-
tion was analysed as adjusted for gender and RSV aetiology
of bronchiolitis. The presence of AD in infancy had so a
strong interaction with later allergy and atopic sensitization
that AD was not included in the analyses. The age on admis-
sion, although interacting with viral aetiology of bronchio-
litis, was included in all analyses as a continuous variable.

Ethics
The study was approved by the joint Research Ethics Com-
mittee of Kuopio University and Kuopio University Hos-
pital. Informed written consent was obtained from the
parents of the children.

RESULTS
Overweight (BMI-SDS >1.3) was present in 23.2% of the
children at age 7.3 years and in 33.3% at age 12.3 years. The
proportion of obese children (BMI-SDS >2.0) was 8.6% at
age 7.3 years and 19.8% at age 12.3 years.

Asthma was present in 33(40.2%) study subjects at
7.2 years of age, with no significant association with over-
weight and obesity (Table 1). Likewise, there were no signif-
icant associations between BHR, AD, AR or atopic
sensitization and overweight or obesity (Table 1).

Asthma was present in 31(38.3%) study subjects at
12.3 years of age, with no significant association with over-
weight and obesity (Table 2). Again, there were no signifi-
cant associations between BHR, AR or overall atopic
sensitization and overweight or obesity (Table 2). However,
obesity was associated with a decreased risk of AD (Table 2).

When sensitization to indoor and outdoor allergens at
school age was analysed separately, an adjustment with the
presence of sensitization at 7.2 years of age was added in
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the multivariate model. Current overweight and obesity at
12.3 years of age were associated with a decreased risk of
sensitization to outdoor allergens (OR 0.10, 95%CI 0.02–
0.52 for overweight; OR 0.03, 95%CI 0.00–0.27 for obesity).

Weight and height data were available in 74 children
from both the 7.2- and 12.3-year visits. The great majority,
15 ⁄ 16 (93.8%), of the children who were overweight or
obese at age 7.2 years were overweight or obese also at age
12.3 years, and overweight or obesity developed in 9 ⁄ 58
(15.5%) of those who were normal weight at age 7.2 years.
There were no significant associations between overweight
or obesity at 7.2 years of age and asthma, BHR, AD, AR or
atopic sensitization at 12.3 years of age (Table 3). Over-
weight (6.0%) and obesity (3.6%) were so rare at age
4.0 years that the analyses on their relation to outcomes at
7.2 years of age were not reliable.

DISCUSSION
There are three main results in the present study. First, over-
weight and obesity increased constantly by age during the
post-bronchiolitis follow-up until the median age of 12.3
years. Second, no association was found between previous

or current overweight or obesity and asthma or BHR at 7.2
or 12.3 years of age. However, overweight at 7.2 and
12.3 years of age was associated with decreased FEV1 ⁄ FVC
(forced vital capacity), and overweight and obesity at
7.3 years of age were predictive for decreased FEV1 ⁄ FVC at
12.3 years of age in the same cohort, as published recently
(25). And third, preliminary evidence was found that obesity
(BMI >2.0 SD corresponding BMI >30 in young adults) may
decrease the risk of allergy at late school age.

Three cross-sectional epidemiological studies have docu-
mented an association between excessive weight gain and
asthma in children. Bibi et al. (6) analysed questionnaire
data of 5984 Israeli children, supplemented by lung function
tests. Obesity by BMI >95% was associated with wheezing
symptoms, bronchodilator use and asthma diagnoses but
not with BHR. Kusunoki et al. (10) analysed questionnaire
data of 50 086 Japanese children. Obesity by BMI >95% was
associated with an increased prevalence of asthma. Belama-
rich et al. (26) monitored 1322 asthmatic children aged 4–
9 years from eight American cities by telephone interviews
every 3 months for a 9-month period. Obesity by BMI >95%
was associated with wheezing symptoms, use of medicines
and need of emergency room visits, but not with decreased

Table 1 Asthma and allergy in relation to overweight and obesity in 82 study children at 7.2 years of age

Asthma or allergy

Overweight*

OR (95% CI)

Obesity†

OR (95% CI)Yes (N = 19) No (N = 63) Yes (N = 7) No (N = 75)

Asthma (N = 33) 8 25 1.14 (0.35–3.65)‡ 2 31 0.61 (0.10–3.81)‡

Bronchial hyper-reactivity§ (N = 13) 4 9 1.41 (0.36–5.51)‡ 2 11 2.33 (0.38–14.13)‡

Atopic dermatitis (N = 42) 9 33 0.86 (0.29–2.37)¶ 3 39 0.68 (0.14–3.25)¶

Allergic rhinitis (N = 33) 6 27 0.46¶ (0.15–1.47) 2 31 0.547¶ (0.10–3.11)

Atopic sensitization** (N = 38) 11 27 1.32 (0.42–4.18)¶ 4 34 1.70 (0.31–9.16)¶

OR, odds ratio; CI, confidence interval; RSV, respiratory syncytial virus; SPT, skin prick test.

*Overweight BMI-SDS >1.3.
†Obesity BMI-SDS >2 (body mass index standard deviation score = z-score).
‡Adjusted for age, atopic dermatitis in infancy and RSV aetiology of bronchiolitis.
§FEV1 decrease >12% in the exercise challenge.
¶Adjusted for age, gender and RSV aetiology of bronchiolitis.

**At least one positive reaction in SPTS: 37 to indoor and 28 to outdoor allergens.

Table 2 Asthma and allergy in relation to overweight and obesity in 81 children at 12.3 years of age

Asthma or allergy

Overweight*

OR (95% CI)

Obesity†

OR (95% CI)Yes (N = 27) No (N = 54) Yes (N = 16) No (N = 65)

Asthma (N = 31) 12 19 2.05 (0.70–5.60)‡ 8 23 2.81 (0.82–9.64)‡

Bronchial hyper-reactivity§ (N = 17) 7 10 1.76 (0.51–6.07)‡ 2 15 0.59 (0.11–3.16)‡

Atopic dermatitis (N = 26) 8 18 0.87 (0.30–2.50)¶ 1 25 0.09 (0.01–0.76)¶

Allergic rhinitis (N = 27) 10 17 1.18 (0.43–3.25)¶ 4 23 0.63 (0.18–2.23)¶

Atopic sensitization** (N = 50) 14 36 0.53 (0.20–1.45)¶ 9 41 0.74 (0.24–2.31)¶

OR, odds ratio; CI, confidence interval; RSV, respiratory syncytial virus.

*Overweight BMI-SDS >1.3.
†Obesity BMI-SDS >2 (body mass index standard deviation score = z-score).
‡Adjusted for age, atopic dermatitis in infancy and RSV aetiology of bronchiolitis.
§FEV1 decrease >12% in the exercise challenge.
¶Adjusted for age, gender and RSV aetiology of bronchiolitis.

**At least one positive reaction: 40 to in door and 42 to outdoor allergens.
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peak expiratory flow rates monitored at home. Thus, the
association between asthma and obesity was based only on
subjective observations in all these studies (6,10,26).

Three cross-sectional epidemiological studies reported
mainly negative results, in line with the present prospective
post-bronchiolitis follow-up. Schachter et al. (5) analysed
pooled data of 5993 Australian children aged 7–12 years
from seven epidemiological questionnaire studies in 1991–
1993. In adjusted analyses, BMI >95% was an independent
risk factor for cough and wheezing in girls but not in boys,
and not for asthma or BHR by histamine challenge in either
gender. Two cross-sectional studies on obesity and asthma
were carried out in New Zealand in 11- to 12-year-old chil-
dren, including 873 subjects in 1989 and 1321 subjects in
2000 (7). Although asthma presumptive symptoms, BHR by
exercise challenge and asthma diagnoses increased from
1989 to 2000, no association was found with obesity.

Longitudinal studies are needed to answer to the question
whether an excessive weight gain is a risk factor for future
asthma. The present study failed to find such an association
in former bronchiolitis patients followed prospectively for
more than 10 years. In a meta-analysis (13), the combined
results showed that preceding obesity increased the risk of
subsequent asthma; though, the individual studies gave neg-
ative results. This association has been seen only in girls
(27) or only in boys (12). In a birth cohort of 2911 children
from Australia (8), asthma at 14 years of age had a signifi-
cant association with BMI-SDS at 14 years but not with
BMI-SDS at 5 years of age. In the most recent population-
based, long-term follow-up study from Finland, the develop-
ment of overweight was associated with an increased
asthma risk, but not earlier than at 24–39 years of age (28).

The association between overweight and allergy is less
studied, and the results have usually been negative (4). In a
large multicentre cross-sectional study in 15 454 young
adults from Australia, New Zealand and USA, obesity was
not associated with AR nor with atopic sensitization (14).
Some studies have demonstrated an association between
overweight and non-atopic asthma but not between over-
weight and atopic asthma (13,29,30). In a recent study in

1576 non-selected Belgian children aged 3.4–14.8 years,
overweight and obesity did not increase the risk of allergy,
but atopic sensitization was more common in underweight
girls (16). In a questionnaire study in 50 086 non-selected
Japanese school children, AD and asthma were more com-
mon and AR was less common in obese children, the associ-
ation being stronger in boys than in girls (10). In
accordance, excessive weight gain at late school age
decreased the occurrence of AD and sensitization to out-
door allergens in the present study.

The association between allergy and weight status may be
dependent on gender (5,22–24). When clinical data on
allergy and SPT results of 5999 children from seven epide-
miological studies were combined, a significant association
was found between allergy and overweight, but only in girls
(5). In a birth cohort study from New Zealand, 1000 indi-
viduals were followed up until 9–26 years of age. An associ-
ation was found between BMI and allergy in females but
not in males (22). In a cross-sectional study in 1459 high
school students from Taiwan, BMI was a significant predic-
tor of AR, but only in females with BMI in the highest quar-
tile (23). The numbers of children in the present study were
too small for any relevant gender-specific analyses.

There are three main strengths in the present study. First,
the study was prospective and longitudinal; the asthma and
allergy diagnoses were based on doctoral examination, and
the follow-up time was long, more than 10 years. Second,
the weights and heights of the children were measured at all
control visits by standard methods, thus allowing reliable
longitudinal BMI monitoring. And third, prospectively col-
lected data on confounding factors were available from
early childhood and carefully evaluated in previous studies
from the same cohort, allowing a proper use of adjusted
analyses. The main shortcoming of the study was the small
number of the patients. Although more than 80% of the 100
children originally recruited completed the follow-up until
the median age of 12.3 years, the study was evidently under-
powered to prove all negative results. In addition, the mate-
rial of the study was selected, consisting of children
hospitalized for wheezing in early life. On the other hand,

Table 3 Asthma and allergy in 74 children at 12.3 years of age in relation to overweight and obesity at 7.2 years of age

Asthma, allergy and weight status
at 12.3 years of age

Overweight at 7.2 years of age*

OR (95% CI)

Obesity at 7.2 years of age†

OR (95% CI)Yes (N = 16) No (N = 58) Yes (N = 6) No (N = 68)

Asthma (N = 28) 7 21 1.98 (0.56–7.07)‡ 1 27 0.33 (0.03–3.53)‡

Bronchial hyper-reactivity§ (N = 17) 3 14 0.73 (0.16–3.26)‡ 0 17

Atopic dermatitis (N = 24) 3 21 0.87 (0.301–2.503)¶ 1 23 0.09 (0.01–0.76)¶

Allergic rhinitis (N = 24) 4 20 1.18 (0.43–3.25)¶ 2 22 0.63 (0.18–2.23)¶

Atopic sensitization** (N = 45) 8 37 0.53 (0.20–1.45)¶ 3 42 0.74 (0.24–2.31)¶

OR, odds ratio; CI, confidence interval; RSV, respiratory syncytial virus.

*Overweight BMI-SDS >1.3.
†Obesity BMI-SDS >2 (body mass index standard deviation score = z-score).
‡Adjusted for age, atopic dermatitis in infancy and RSV aetiology of bronchiolitis.
§FEV1 decrease >12% in the exercise challenge.
¶Adjusted for age, gender and RSV aetiology of bronchiolitis.

**At least one positive reaction: 36 to indoor and 38 to outdoor allergens.
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this group is important in health care, as their asthma and
allergy risks are high, and therefore, the understanding of
potential risk factors like obesity is particularly important.

In conclusion, no evidence was found for an association
between previous or current overweight and asthma in for-
mer bronchiolitis patients at school age, although over-
weight in the same cohort was associated with reduced lung
function (25). Obesity may even decrease the risk of allergy
and atopic sensitization at late school age.
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