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ABSTRACT
Aims: The aim of the study was to evaluate the association between weight status and

asthma, allergy and respiratory symptoms in adolescents with bronchiolitis in infancy.

Subjects and methods: At age 15–18 years, a questionnaire was sent to 96 study subjects

hospitalized for wheezing at age <24 months and followed up subsequently. Sixty-seven

(70%) of them answered. Weight and height data for body mass index (BMI) calculation

were available in 60 (63%) cases. Asthma, allergy, respiratory symptoms and the use of

asthma medication were compared between overweight or obese and normal weight

groups constructed by age- and sex-specific BMI standard deviation scores (BMI-SDS).

Population controls matched for sex, and birth month and place, were recruited for this

study phase at age 15–18 years.

Results: Eleven (18.3%) study subjects were overweight (BMI-SDS >0.78 in males and

>1.16 in females) and only 3 (5.0%) were obese (BMI-SDS >1.70 in males and >2.10 in

females) at 16.5 (median) years of age. Overweight or obesity had no significant

association with doctor-diagnosed or self-reported asthma, allergy or the use of inhaled

corticosteroids. The negative results were confirmed by adjusted analyses.

Conclusion: Weight status had no association with asthma or allergy in adolescence after

wheezing in infancy.

INTRODUCTION
Epidemiological studies have shown that overweight and
obesity have increased concomitantly with the increase of
asthma and allergy in industrialized countries (1). Excessive
weight gain has been associated with respiratory symptoms,
asthma diagnoses and decreased lung function but not
necessarily with bronchial hyper-reactivity (2,3). In young
adults, there was increasing asthma prevalence by increas-
ing body mass index (BMI) (4), and some authors have
identified obese asthma as a new, separate asthma pheno-
type (5). A recent meta-analysis and epidemiological study
found evidence for an association between emerging over-
weight and subsequent onset of asthma in children (2,6).

The association between weight status and allergy is less
studied. Many authors have failed to confirm the associa-
tion between overweight and allergic diseases or atopic
sensitization (7,8) or opposite to the expectations, and
underweight has been associated with atopic sensitization
(9) and allergic rhinitis (10) at school age. However,
overweight has been associated with atopic dermatitis
(10,11) and food allergy in teenagers (12). In some studies,
the association between excessive weight gain and allergy
has been gender dependent, presenting only in girls and
young women (4,11).

We have prospectively followed up a group of children
treated in hospital for bronchiolitis at <24 months of age.
Asthma was present in 32/81 (39.5%) study subjects at
median age of 12.3 years (13). When the former bronchio-
litis patients were 15–18 years of age, we carried out a
questionnaire study to evaluate their asthma and allergy
status, compared to population controls. Doctor-diagnosed
asthma was present in 20/67 (29.9%) (self-reported asthma
in 43, 64.2%) of the former bronchiolitis patients and in
8/155 (5.2%) (self-reported asthma in 17, 11.0%) of the
population controls (14).

The weight and height were asked in the posted ques-
tionnaire at the age of 15–18 years allowing the calculation
of the body mass index (BMI) and age- and sex-specific
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standard deviation scores (BMI-SDS) for both cases and
controls.

The hypothesis of the study was that overweight or
obesity may be associated with an increased asthma risk in
adolescent after early-life wheezing. The aim of the present
study was to evaluate the association between weight status
and asthma and/or allergy in the former bronchiolitis
patients at 15–18 years of age, compared with population
controls.

SUBJECTS AND METHODS
Study design
One hundred children were hospitalized for wheezing and
recruited into this follow-up study at one to 23 months of
age in 1992–1993 in Kuopio University Hospital (Finland).
They have been followed up at two immediate and three
later clinical follow-up visits at the median ages of 4.0 (15),
7.2 (16) and 12.3 years (13).

The present study was carried out in 2008 when the study
subjects were 16.5 (median) years of age (range 15.1–18.1).
On average, the follow-up time from the hospitalization for
wheezing in infancy was 15.6 years. The questionnaire was
sent to 96 study subjects with current address available and
67 (70%) (45 males and 22 females) answered (14). The
weight and height data were available from 60 of them.

For the present study, nonselected population-based
controls, born like the study subject in the primary area of
Kuopio University Hospital and matched for gender and
birth month, were obtained by the ratio 4:1 for the cases
from the Population Register Centre (Finland). The ques-
tionnaire was sent to 396 controls and 155 (39%) answered
(14). The weight and height data were available from 152 of
them.

Questionnaire data
The questionnaire comprised questions on the presence of
wheezing symptoms, prolonged (>4 weeks) cough apart
from infection, repeated night cough apart from infection,
the use of maintenance medication for asthma, the use of
on-demand medication for asthma, the presence of skin,
nose and eye symptoms suggestive for atopic dermatitis or
allergic rhinitis and/or conjunctivitis, respectively (17).
Nose and eye symptoms had to be seasonal, occurring in
spring or summer time, to be accepted as allergic. Atopic
dermatitis was regarded if the subjects reported itching
eczema in typical areas. The reported daily consumption of
at least one cigarette during the preceding 12 months was
defined as current smoking (17). The presence of symptoms
and the use of asthma medication were recorded only for
the preceding 12 months. In addition, the attendants were
asked to measure and record their actual weights and
heights.

Allergic rhinitis was defined by the presence of seasonal
nose symptoms and allergic conjunctivitis by the presence
of seasonal eye symptoms, respectively. Allergic rhinocon-
junctivitis was defined as the presence of either allergic
rhinitis or conjunctivitis.

Bronchial asthma was defined by two different ways
reflecting the degree of certainty of the diagnosis (1).
Current doctor-diagnosed asthma: either asthma diagnosed
by a doctor during the preceding 24 months or the use of
maintenance medication for asthma during the preceding
12 months (2). Current self-reported asthma: either a
weekly use of on-demanded bronchodilating drugs or
asthma diagnosed by a doctor previously and the presence
of wheezing symptoms, prolonged cough or repeated night
cough during the preceding 12 months (current doctor-
diagnosed asthma included by both criteria) (17).

Body mass index (BMI) was calculated by using the
equation: weight (kg)/height (m)2. Age- and sex-specific
BMI standard deviation score (BMI-SDS), also called Z
score, was assessed for all study subjects and controls using
the recently published population-based Finnish growth
references (18). BMI-SDS >1.16 in females and >0.78 in
males corresponds BMI >25 kg/m2 in young adults and
means overweight, and BMI-SDS >2.10 in females and
>1.70 in males corresponds BMI >30 kg/m2 in young adults
and means obesity (18).

Statistics
The data were analysed using the SPSS 14.0 statistical
package (SPSS Inc., Chicago, IL, USA). Analysis of
variance was used for continuous data, and Pearson’s chi-
square test and Fisher’s exact test for discrete data.

Logistic regression, adjusted for age, sex, hospitalization
for wheezing at <24 months of age, current smoking and
current allergic rhinoconjunctivitis (or with current asthma,
correspondingly), was used to analyse the association
between weight status and asthma or allergy at 15–18 years
of age in the combined group consisting of cases and
controls.

Ethics
This follow-up study was approved by the Ethics Committee
of Kuopio University Kuopio University Hospital. The
attendants accepted the use of the collected data by
undersigning a specific permission form, posted with the
study questionnaire.

RESULTS
Weight and height data were available from 60 former
bronchiolitis patients and from 152 population controls.
Only three of the former bronchiolitis group were obese
(BMI-SDS >2.11 in females and >1.70 in males), and 11
(18.3%) were overweight (BMI-SDS >1.16 in females and
>0.78 in males). There were no significant differences
between the groups in BMI-SDS or in the presence of
overweight or obesity (Table 1). There were only four
subjects (two in both groups, all males) who were under-
weight (BMI-SDS less than �1.83).

In the former bronchiolitis group, only 2 (14.3%) of the
overweight subjects reported current wheezing symptoms
vs. 20 (43.5%) in normal weight subjects (p = 0.047). There
were no other significant differences in respiratory or
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allergic symptoms or manifestations between the over-
weight and normal weight former bronchiolitis patients
(Table 2). One of the three obese former bronchiolitis
patients reported previous asthma, but no one had current
wheezing symptoms or allergic rhinitis or conjunctivitis.
The two underweight former bronchiolitis patients reported
previous asthma, current wheezing symptoms and allergic
rhinitis.

Current doctor-diagnosed asthma, current self-reported
asthma and use of inhaled steroids were more common in
normal weight former bronchiolitis patients than in popu-
lation controls (Table 3). The figures were rather similar in
normal weight and in overweight former bronchiolitis
patients. Current rhinoconjunctivitis was more common
in controls than in cases (Table 3).

Like in the postbronchiolitis study subjects, there were no
significant associations between overweight or obesity and
doctor-diagnosed asthma, self-reported asthma, use of
asthma medication or presence of allergic rhinoconjuncti-
vitis in the controls (data not shown).

Weight and height data were available from the control
visit at 12–13 years of age for 57 of the 60 former
bronchiolitis patients. Overweight or obesity at that age
did not predict current asthma by either definition or
allergic rhinoconjunctivitis (data not shown).

Since identical current questionnaire data were available
from former bronchiolitis patients and population controls,
we combined the cases and controls when evaluating the
association between overweight and self-reported asthma
or allergic rhinoconjunctivitis by logistic regression
(Table 4). The result was negative; no significant associa-
tions were found in analyses adjusted for age, sex, group
(case or control), smoking (yes, no) and allergic rhinocon-
junctivitis (or self-reported asthma, respectively), first sep-
arately for each confounder (data not shown) and then
including all confounders in the same model.

DISCUSSION
There are two main, unquestionably negative results in the
present study on the association between overweight or
obesity and asthma or allergy in former bronchiolitis
patients prospectively followed up from infancy to the
median age of 16.5 years. First, the presence of doctor-
diagnosed and self-reported asthma and the use of inhaled
corticosteroids had no association with overweight or
obesity in adolescence, though the prevalence of asthma
differed between cases and controls. Second, no significant
association was found between overweight or obesity and
allergy by any definition. Against expectations, allergic
rhinoconjunctivitis was even more common in controls. All
main results were confirmed as negative by adjusted
multivariate analyses.

Epidemiological studies have revealed an association
between excessive weight gain and presenting or emerging
asthma, at least when asthma has been assessed by
symptom history or drug consumption (2,3,19). Even a
dose–response relationship between increasing asthma
occurrence with increasing BMI has been suggested in
adults (4,20). In a meta-analysis, overweight (BMI >25 kg/
m2) increased the risk of emerging asthma in mean to 1.5-
fold and obesity (BMI >30 kg/m2) in mean to 1.9-fold (21).
In addition, asthma has improved after weight loss, and this
reversibility offers strong evidence that overweight may be a
significant risk factor for asthma (22). The conflicting
results obtained from epidemiological studies made in large
population samples and from clinical asthma studies, like
the present study, may be due to different statistical powers
in the analyses. Our results were negative also in the
combined analyses including both cases and controls,
which were done to check the constancy of the results
after increasing statistical power. In addition, asthma was
by all definitions even more common in normal weight than
in overweight study subjects, though statistical significance
was not reached.

Most studies, independently from the design, have failed
to reveal an association between overweight or obesity and
allergic diseases or atopic sensitization (7,8), or opposite to

Table 1 Weight data expressed as body mass index in the 60 former bronchiolitis
patients and 152 population-based controls at 15–18 years of age

Weight status
Bronchiolitis
group N = 60 Control group N = 152 p-value#

BMI-SDS (mean, SD) 0.15 (0.95) 0.22 (0.90) 0.47

Overweight 11 (18.3%) 23 (14.8%) 0.42

Obesity 3 (5.0%) 5 (3.2%) 0.33

BMI, means body mass index; SDS, means standard deviation score.

Overweight: BMI-SDS >1.61 in females and >0.78 in males corresponding

BMI >25 kg/m2 in young adulthood (obesity included).

Obesity: BMI-SDS >2.10 in females and >1.70 in males corresponding BMI

>30 kg/m2 in young adulthood.

#Pearson chi-square test.

Table 2 Respiratory and allergic manifestations in relation to overweight in the 60
former bronchiolitis and in 152 population-based controls

Manifestations

Bronchiolitis
group: normal
weight
N = 46 (%)

Bronchiolitis
group:
overweight†

N = 14 (%) p-value*

Control
group
N = 152 (%)

Wheezing symptoms 20 (43.5)1 2 (14.3) 0.047 20 (13.2)1

Prolonged cough 5 (10.9) – 0.33 13 (8.6)

Night cough 4 (8.7) 1 (7.1) 1.00 7 (4.6)

Previous asthma 30 (65.2)2 9 (64.3)4 0.95 16 (10.5)2,4

Allergic rhinitis 17 (37.0) 3 (21.4) 0.35 47 (30.9)

Allergic conjunctivitis 9 (19.6) 4 (28.6) 0.47 38 (25.0)

Atopic dermatitis 10 (21.7) 5 (35.7) 0.29 32 (21.1)

Current smoking 14 (30.4)3 1 (7.1) 0.16 26 (17.1)3

†Overweight = BMI-SDS >1.16 in females and >0.78 in males corresponding

BMI >25 kg/m2 in young adulthood (obesity included).

*p-values between normal weight and overweight in bronchiolitis group;

Pearson chi-square test or Fisher’s exact test.

Statistical significance between normal weight bronchiolitis group and control

group: 1p < 0.001, 2p < 0.001, 3p = 0.049, and overweight bronchiolitis

group vs. control group: 4p < 0.001.
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the expectations, underweight has merely been associated
with atopic sensitization (9) or allergic rhinitis (11) at
school age. In some studies, the association between
excessive weight gain and allergy has been gender depen-
dent, presenting only in girls at teenage and in young
women (23,24). The present results were similarly negative
for both females and males. In a Finnish study in 18- to 25-
year-old young adults, the risk of asthma increased linearly
by BMI in men but not in women, and the risk of allergic

rhinoconjunctivitis and atopic dermatitis increased linearly
by BMI in women but not in men, which suggests different
effects of body fat on asthma and on atopic disease (4).

Four years earlier, overweight was not associated with
increased asthma risk (25) but was associated with reduced
lung function (26) in this same postbronchiolitis cohort.
Preliminary evidence was found that obesity may be
associated with a decreased risk of atopic dermatitis and
atopic sensitization to inhaled allergens (25). However, the
results of the two phases of the study are not well
comparable. The study 4 years earlier was a clinical study,
the number of attending former bronchiolitis patients was
82, but no population controls were enrolled, and the
national BMI-SDS references were not yet available.
Therefore, British references were used instead. In addition,
some children were prepubertal and some were at puberty
(25). The present study is a questionnaire study, the study
subjects had passed puberty, and population controls and
population-based national BMI-SDS references were avail-
able. The number former bronchiolitis patients with weight
and height data available at both occasions has decreased to
57, and overweight or obesity 4 years earlier did not predict
current asthma by any definition. The new, less strict
national BMI references allow more weight gain than the
international references; accordingly, the number of chil-
dren assessed as overweight has decreased from 33.3% to
18.3%, and only 5% were now assessed as obese. Previous
or current overweight does not increase asthma or allergy
risk of former bronchiolitis patients at the mean age of
16.5 years, as was seen also at the median ages of 7.3 and
12.3 years (25).

The negative results of the present study must be
interpreted with caution. Due to the small number of
former bronchiolitis patients and the rarity of asthma in
controls, the study may be under-powered to find some true
but small differences between overweight and normal
weight children. The high dropout rates, 37.5% in cases
and 61% in controls invited to the study, may bias the
results. On the other hand, the rate of doctor-diagnosed
asthma in the controls (5.3%) was nearly identical to the
rate of self-reported doctor-diagnosed asthma (3–5%) in the
population (27). There may be a risk of understating the
weight in questionnaire studies, but in a validation study,
self-reported weight and height correlated well with mea-
sured weight and height (28). One reason for the negative
results of the study may be the highly selected study group,
that is, subjects hospitalized for severe wheezing in early
life. In them, overweight and obesity may be a less
important risk factor than, for example, heredity, viral
disease or smoke exposure in early childhood.
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Table 3 Asthma by different definitions in the former bronchiolitis patients and
controls at 15–18 years of age

Outcomes

Normal
weight
N = 46 (%)

Over
weight#

N = 14 (%) p-value*

Control
group
N = 152 (%)

Current

doctor-diagnosed

asthma

16 (34.8)1 4 (28.6)5 0.67 8 (5.3)1,5

Current self-reported

asthma

30 (65.2)2 9 (64.3)6 0.95 17 (11.2)2,6

Use of inhaled

corticosteroids

16 (34.8)3 4 (28.6)7 0.67 7 (4.6)3,7

Current

rhinoconjunctivitis

7 (15.2)4 3 (21.4) 0.59 34 (22.4)4

For asthma definitions, see the text.

#Overweight = BMI-SDS >1.16/0.78; obesity = BMI-SDS >2.10/1.70.

*p-values between normal weight and overweight in bronchiolitis group;

Pearson chi-square test or Fisher’s exact test.

Statistical significance between normal weight bronchiolitis group and control

group: 1p < 0.001, 2p < 0.001, 3p < 0.001, 4p = 0.31, and between

overweight bronchiolitis group and control group: 5p = 0.001, 6p < 0.001,
7p = 0.008.

Table 4 Logistic regression: self-reported asthma and allergic rhinoconjunctivitis at
15–18 years of age in relation to overweight in the combined group of cases and
controls

Weight status

Current self-reported asthma at the age of 15–
18 years

Yes
N = 56 OR (95% CI)

No
N = 156

Overweight present 10 0.99 (0.46–2.12)* 24

0.76 (0.30–1.93)†

Weight status

Current rhinoconjunctivitis at the age of 15–18 years

Yes
N = 44 OR (95% CI)

No
N = 168

Overweight present 7 0.72 (0.30–1.75)* 35

0.70 (0.28–1.73)‡

OR, odds ratio; CI = 95%, confidence interval.

*With no adjustments.
†Adjusted for sex, age, smoking (yes, no), allergic rhinoconjunctivitis (yes, no)

and hospitalization for bronchiolitis in infancy (case, control).
‡Adjusted for sex, age, smoking (yes, no), self-reported asthma (yes, no) and

hospitalization for bronchiolitis in infancy (case, control).
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