
Short communication

Is obesity a risk factor for childhood asthma?

Background: In adolescents and adults, an association between obesity and
asthma was found in females. Does this sex-speci®c association already exist in
young children?
Methods: Questionnaire data on 9357 5- and 6-year-old German children were
collected in 1997 in two rural regions in Bavaria. The diagnosis of asthma, hay
fever, and eczema was ascertained with the ISAAC core and other validated
questions. Overweight was de®ned by a BMI of >90th and j97th percentile and
obesity by a BMI of >97th percentile.
Results: The lifetime prevalence of doctor's diagnosed asthma in girls was 3.5%
(95% CI 2.9±4.1%) for normal weight, 5.8% (95% CI 3.2±8.4%) for overweight,
and 10.3% (95% CI 5.3±15.2%) for obesity, whereas no relation to weight was
found in boys. Hay fever and eczema were unrelated to weight in girls and boys.
The adjusted odds ratio for asthma in girls was 2.12 (95% CI 1.22±3.68) for
overweight and 2.33 (95% CI 1.13±4.82) for obesity.
Conclusions: A sex-speci®c association with doctor's diagnosed asthma was also
observed in girls at school entry. Since this association was con®ned to doctor's
diagnosed asthma in the absence of other atopic conditions, and no association
with other atopic manifestations was found, we hypothesize that this association
is related to factors other than atopic sensitization.
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An association between obesity and asthma has been
observed in a number of studies in adults and
adolescents (1±7) and school-age children (8).
Interestingly, in most studies, this effect was not
observed in males (3, 5, 6, 9) or the effect was stronger
in women (1, 4). There have been doubts as to whether
this association is causal (10). Con®rmation of these
®ndings in a population of young children might help to
resolve some of the controversial issues since there is
little comorbidity in this age group and additional risk
factors may be ascertained more easily.

We have therefore analyzed the association between
overweight/obesity and asthma in 9357 5- and 6-year-
old German children at school entry. The main
questions were as follows. Is there a different effect of
overweight and obesity on childhood asthma in boys
and girls? Are there similar effects on other atopic
diseases? Is the effect of overweight and obesity on
childhood asthma related to the severity of asthma?

Material and methods

Study population and data sources

The 1997 obligatory school entry health examination involved
134 577 children in Bavaria. The parents of 13 345 children seen in
two rural Bavarian regions (Oberpfalz and Niederbayern) from
February 1997 to August 1997 were given a questionnaire on risk

factors for atopic diseases. The consent of the Bavarian of®ce for
data con®dentiality had been sought and obtained, since the main
ethical issue in this anonymized cross-sectional study regarded
con®dentiality. The return rate for the questionnaires was 76%
(n=10 163). Data collected with this questionnaire were linked with
the school entry health examination data. The analysis was con®ned
to the 5- and 6-year-old children with German nationality (n=9357)
(11).

Height and weight were measured as part of the routine health
examination. The body-mass index (BMI) was calculated as weight/
height squared. The age- and sex-speci®c distribution of the BMI of
all children with German nationality investigated during the 1997
school health examination in Bavaria was used as the reference to
de®ne overweight (BMI of >90th and j97th percentile) and obesity
(BMI of >97th percentile) (11).

Questionnaire

The questionnaire included the ISAAC core questions on symptoms
of asthma, allergic rhinitis, and atopic eczema, which have been
reported in detail elsewhere (12). In addition, parents were asked:
``Did a doctor ever diagnose any of the following diseases in your
child?

1) asthma
2) asthmatic, spastic, or obstructive bronchitis
3) bronchitis.''

Children were de®ned as having asthma if their parents reported
that asthma had been diagnosed at least once, or that any doctor had
diagnosed asthmatic, spastic, or obstructive bronchitis twice or more
often (13). The prevalence of hay fever and atopic eczema was
assessed by a doctor's diagnosis of the disease. Symptoms of hay
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fever were assessed by asking about a runny nose without a cold
being accompanied by itchy-watery eyes in the last 12 months.
Current rash was assessed by asking about an itchy rash coming or
going in speci®ed skin areas for at least 6 months in the past 12
months (14). The severity of asthma was assessed by the number of
wheezing attacks in the last 12 months (0 vs 1, 1±3, 4±12, or more
than 12), waking up at night because of wheezing (never, fewer than
one night per week, or one or more nights per week in the previous 12
months), and having to breathe after one or two words when
attempting to speak during an asthma attack (never vs ever in the
previous 12 months).

The main explanatory variables considered were overweight and
obesity. Potential confounding of the association between over-
weight/obesity and atopic diseases by family history of atopic
disease, indoor dampness, smoking at home (number of cigarettes
smoked in the house in the third year of life), low birth weight or
premature birth, breast-feeding, number of febrile episodes in the
®rst year of life, living on a farm, consumption of full-fat milk, and
parental education was considered.

Statistical analyses

Chi-square testing was used to assess signi®cant differences in the
prevalence of atopic disease in overweight and obese compared to
normal weight children, and to assess the association between
potential confounders and these variables. For variables which were
signi®cantly (P<0.05) associated with both atopic disease and
overweight/obesity, their impact on the association of overweight
and obesity with atopic disease was tested. Confounding was
assumed to be present for variables accounting for at least a 10%
change of the odds ratio (OR) for overweight/obesity and atopic
disease. Confounders and independent risk factors for atopic disease
were included in the ®nal logistic regression model. Adjusted odds
ratios were calculated by logistic regression analysis. All calculations
were carried out with the software package SAS, Version 6.12.

Results

Information on BMI was available for 9317 of the 9357
German children aged 5 and 6 years. In boys and girls
combined, the prevalence of hay fever and atopic
dermatitis was unrelated to overweight and obesity,
whereas a clear dose effect of overweight and obesity on
doctor's diagnosed asthma was observed with a
prevalence of 5.7% (95% CI 5.2±6.2%) in children
with a BMI of <90th percentile, increasing to 6.5%
(95% CI: 4.6±8.4%) in overweight children and further
increasing to 9.9% (95% CI: 6.6±13.2%) in obese
children. The data strati®ed by sex are shown in
Tables 1A and 1B. The effect of overweight and obesity
on asthma was almost con®ned to girls (Table 1A),

whereas no signi®cant relation to any atopic condition
was found in boys (Table 1B). In girls, the effect of
overweight and obesity on asthma reached signi®cance
for doctor's diagnosis of asthma. For wheeze in the past
12 months, a similar trend was observed. There was no
effect of overweight and obesity on hay fever or atopic
dermatitis in girls. We have also looked at the effect of
increasing BMI in girls on doctor's diagnosis of asthma
by quartiles of the BMI distribution in the girls enrolled
in this study. There was an increase of the asthma
prevalence in the order of 3±3.1% to 4±5.4% from below
the ®rst to above the third quartile (P=0.003, Mantel-
Haenszel chi-square test for trend).

The effect of overweight and obesity on the risk of
asthma in girls could not be explained by confounding
due to the known risk or protective factors family
history of atopic disease, indoor dampness, smoking in
the house, farming environment, breast-feeding, low
birth weight or premature birth, and social class
indicated by parental education, whereas a frequent
consumption of full-fat milk reduced the odds ratio by
more than 10%. Confounders and independent risk
factors in the ®nal logistic regression model are shown
in Table 2. The adjusted odds ratios indicate a greater
than twofold risk of doctor's diagnosed asthma by
overweight. After adjustment, the dose effect (obesity vs
overweight) becomes less clear. Other independent risk
(protective) factors in the ®nal logistic regression model
were family history of atopic disease, low birth weight,
frequent consumption of full-fat milk, and i3 febrile
episodes in the ®rst year of life.

The effect of overweight and obesity on doctor's
diagnosed asthma was almost identical for those asthma
patientswho hadno wheezingattack in the last 12months
(adjusted odds ratios: 2.1 [95% CI 0.98±4.5] for over-
weight and 2.5 [95% CI 0.97±6.5] for obesity) and those
with one or more wheezing attacks in the last 12 months
(adjusted odds ratios: 2.2 [95% CI 1.0±4.7] for overweight
and 2.2 [95% CI 0.8±6.4] for obesity).

Discussion

There have been few studies looking at interdepen-
dencies between overweight/obesity and asthma in
young children (15), and the question of whether

Table 1A. Prevalence of atopic diseases by BMI in 5- and 6-year-old German girls

BMI category

Lifetime doctor's

diagnosis of

asthma (%)

Wheeze in past

12 months (%)

Lifetime doctor's

diagnosis of

hay fever (%)

Runny nose and

itchy eyes in past

12 months (%)

Lifetime doctor's

diagnosis of

eczema (%)

Itchy rash in past

12 months (%)

j90th percentile 3.5 5.9 3.0 3.6 16.4 8.2

n=4015 (2.9±4.1) (5.2±6.6) (2.5±3.6) (3.0±4.2) (15.3±17.6) (7.3±9.1)

>90th and j97th percentiles 5.8 8.0 2.5 3.2 14.5 8.9

n=324 (3.2±8.4) (5.0±11.0) (0.8±4.2) (1.2±5.0) (10.6±18.4) (5.8±12.1)

>97th percentile 10.3 7.8 1.3 2.0 15.5 7.6

n=156 (5.3±15.2) (3.6±12.1) (0±3.1) (0±4.1) (9.8±21.2) (3.3±11.9)
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there are different effects in boys and girls has never
been addressed. Our main ®nding is a strong
association between overweight/obesity and doctor's
diagnosed asthma in 5- and 6-year-old children that
was con®ned to girls. Similar studies in adults and
adolescents have also shown an association between
overweight/obesity and asthma in females only (3, 5,
6). Our observations suggest that sex-speci®c over-
weight/obesity-related mechanisms accounting for an
increased risk of asthma in females might be
operative early in life already.

The association could be explained neither by
confounding due to parental education, family history
of asthma, low birthweight, smoking in the house,
and number of older siblings (8, 15), nor by the
recently identi®ed protective factors, such as living on
a farm or frequent consumption of full-fat milk (14).

This association was signi®cant for doctor's diag-
nosed asthma only. For recent symptoms of asthma
(wheeze in past 12 months) or wheezing at any time
(data not shown), only a trend was observed. The
absence of signi®cant associations between over-
weight/obesity and wheezing might partially be
explained by the German language: there is no
generally accepted and unequivocally understood
translation for wheezing in German (16). Doctor's
diagnosed asthma also appears to re¯ect the more
severe asthma cases (13). There might, however,
also be a diagnostic bias for doctor's diagnosed
asthma due to a possibly higher rate of dyspnea and
``asthma-like symptoms'' in obese children. Although
diagnostic bias cannot be excluded, this does not
appear very likely, since it would be dif®cult to
explain why such a bias should be operative in girls
only. There is a possibility, however, that obese girls
might differ from obese boys in other aspects relevant
to dyspnea and ``asthma-like symptoms'', such as
physical activity.

There is, however, in addition, an issue regarding
reverse causation: children might become overweight/
obese as a result of a switch to less physical activities
after the diagnosis of asthma or as a consequence of
asthma therapy (17, 18). This, however, does not
appear likely from the results of the subgroup
analyses: similar relations of overweight/obesity and

doctor's diagnosed asthma were seen in children with
or without any attacks of wheeze in the previous 12
months.

In our study, the association between overweight/
obesity and asthma was not related to the severity of
asthma (18). We also looked at subgroups with severe
symptomatic asthma in the previous year, as indi-
cated, for example, by waking up at night because of
wheezing (never vs ever) and having to breathe after
one or two words when attempting to speak during
an asthma attack (never vs ever). For neither of these
subgroups was overweight or obesity associated with
a higher asthma risk than in children with less severe
asthma (data not shown). Since the total numbers of
girls with severe asthma were low (asthma plus at
least one episode in the last 12 months [n=214],
asthma plus waking at night because of wheezing at
least once in the previous months [n=140], and
having to breathe after one or two words when
attempting to speak during an asthma attack ever in
the previous 12 months [n=42]), this study did not
have much power to detect different effects of
overweight and obesity on different degrees of
severity of asthma in girls.

The effect is unlikely to be related to atopy, since,
as in other studies (4, 6), no similar association
between overweight/obesity and other atopic condi-
tions was observed. There is only one study reporting
an association between asthma/obesity and the
prevalence of atopy and rhinitis symptoms in

Table 1B. Prevalence of atopic diseases in 5- and 6-year-old German boys by BMI

BMI category

Lifetime doctor's

diagnosis of

asthma (%)

Wheeze in past

12 months (%)

Lifetime doctor's

diagnosis of

hay fever (%)

Runny nose and

itchy eyes in past

12 months (%)

Lifetime doctor's

diagnosis of

eczema (%)

Itchy rash in past

12 months (%)

j90th percentile 7.8 9.1 5.9 6.3 14.3 5.7

n=4303 (7.0±8.6) (8.2±10.0) (5.2±6.6) (5.6±7.0) (13.2±15.3) (5.0±6.4)

>90th and j97th percentile 7.3 11.1 5.9 7.7 15.1 10.2

n=344 (4.5±10.0) (7.7±14.5) (3.4±8.4) (4.8±10.5) (11.3±18.9) (7.0±13.5)

>97th percentile 9.5 7.3 4.2 6.0 14.6 5.6

n=171 (5.1±14.0) (3.3±11.3) (1.2±7.3) (2.4±9.6) (9.2±19.9) (2.0±9.1)

Table 2. Impact of overweight and obesity on risk of asthma (lifetime doctor's diagnosis) in

girls at school entry (®nal logistic regression model including confounders and other

independent risk factors)

Odds ratio 95% CI

BMI >90th percentile and 2.12 1.22±3.68

j97th percentile

BMI >97th percentile 2.33 1.13±4.82

At least one family member 2.29 1.59±3.30

with atopic disease

Full-fat milk i3 times weekly* 0.76 0.54±1.08

Birth weight j2500 g 2.21 1.37±3.55

Fever above 38.5uC i3 1.99 1.41±2.82

times in ®rst year

* Confounder (>than 10% change of odds ratio).
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adolescent girls (5). In our data, we also looked at the
impact of overweight and obesity on the risk of
asthma in girls with a history of other atopic
manifestations and those without. These analyses
showed the effect in the group of girls with asthma
and absence of a lifetime diagnosis of hay fever or
eczema, whereas no such effect was shown for asthma
plus a lifetime diagnosis of hay fever or eczema (data
not shown), further suggesting that the effect of
overweight and obesity on asthma is unrelated to
differences in atopic sensitization.

Overweight and obese children appear to experience
more acute respiratory tract infections than children
with normal weight (19, 20). Although many of the
asthma patients might have infection-associated
asthma, and not atopic asthma, this could only
explain the apparently different effects in boys and
girls if the higher rates of acute respiratory tract
infections in overweight and obese children were also
found in girls. However, the rates for cough and
bronchitis appear to be higher in overweight and
obese boys (8, 20).

There are preliminary data on a higher suscept-
ibility to exercise-induced bronchospasm in nonaller-
gic overweight children (21). Overweight and obesity
might be associated with a reduced airways caliber as
a result of chest-wall restriction. Interestingly, over-
weight in asthmatic children was associated with a
peak ¯ow rate of j60% of the predicted value (18).

Studies on the ratio of fat to body mass determined
by dual-energy x-ray absorptiometry have shown that

boys and girls differ substantially in body fatness,
given a similar BMI. Girls have a greater total body
fat than boys at the same level of BMI (22).
Moreover, the 90th percentile for 5- or 6-year-old
girls was higher than in boys (17.39 and 17.70 vs
17.24 and 17.53) in the reference population of all
Bavarian children. The respective values for the 97th
percentile were 19.39 and 19.93 in girls and 19.22 and
19.77 in boys. Therefore, if overweight and obesity
are de®ned by BMI values above the sex- and age-
speci®c percentiles, a sex-speci®c effect of overweight/
obesity on asthma might be caused by a higher
percentage of total body fat in girls than in boys in
the same BMI categories.

Cross-sectional data on 5- and 6-year-old German
children showed a 1.7- and 2.9-fold higher prevalence
of doctor's diagnosed asthma in overweight and obese
girls, respectively, but not in boys. This does not
appear to be related to a higher risk of atopic asthma
but rather to higher rates of dyspnea and ``asthma-
like symptoms'' in obese girls. The causes of this
association are unclear. From the data of other
studies, we hypothesize that this association might be
related to reduced airways caliber as a result of the
speci®c fat deposition in girls.

Acknowledgment

This study was supported by Bayrisches Staatsministrium fuÈr Arbeit
und Sozialordnung, Familie, Frauen und Gesundheit.

References

1. LEAN EJ, HAN TS, SEIDELL JC.
Impairment of health and quality of life
in people with large waist
circumference. Lancet
1998;351:853±856.

2. CAMARGO CA Jr, WEISS ST, ZHANG S,
WILLETT WC, SPEIZER FE. Prospective
study of body mass index, weight
change, and risk of adult-onset asthma
in women. Arch Intern Med 1999;159:
2582±2588.

3. CHEN Y, DALES R, KREWSKI D,
BREITHAUPT K. Increased effects of
smoking and obesity on asthma among
female Canadians: the National
Population Health Survey, 1994±1995.
Am J Epidemiol 1999;150:255±262.

4. SHAHEEN SO, STERNE JA, MONTGOMERY

SM, AZIMA H. Birth weight, body mass
index and asthma in young adults.
Thorax 1999;55:396±402.

5. HUANG SL, SHIAO G, CHOU P.
Association between body mass index
and allergy in teenage girls in Taiwan.
Clin Exp Allergy 1999;29:323±329.

6. NEGRI E, PAGANO R, DECARLI A, LA

VECCHIA C. Body weight and the
prevalence of chronic diseases. J
Epidemiol Community Health
1988;42:24±29.

7. SEIDELL JC, DE GROOT LC, vAN SONSBEEK

JL, DEURENBERG P, HAUTVAST JG.
Associations of moderate and severe
overweight with self-reported illness and
medical care in Dutch adults. Am J
Public Health 1986;76:264±269.

8. GOLD DR, ROTNITZKY R, DAMOKOSH AI,
et al. Race and gender differences in
respiratory illness prevalence and their
relationship to environmental exposures
in children aged 7 to 14 years of age. Am
Rev Respir Dis 1993;148:10±18.

9. LUSKY A, BARELL V, LUBIN F, et al.
Relationship between morbidity and
extreme values of body mass index in
adolescents. Int J Epidemiol
1996;25:829±834.

10. WILSON MM, IRWIN RS. The association
of asthma and obesity: is it real or a
matter of de®nition, Presbyterian
ministers' salaries, and earlobe creases?
[editorial; comment]. Arch Intern Med
1999;159:2513±2514.

11. vON KRIES R, KOLETZKO B, SAUERWALD

T, et al. Breast feeding and obesity:
cross sectional study. BMJ
1999;319:147±150.

12. ISAAC Committee. Worldwide
variations in the prevalence of atopic
diseases: the International Study of
Asthma and Allergies in Childhood
(ISAAC). Lancet 1998;351:1225±1232.

Obesity and asthma

321



13. NICOLAI T, vON MUTIUS E, REITMEIR P,
WJST M. Reactivity to cold air
hyperventilation in normal and
asthmatic children in a survey of 5697
schoolchildren in southern Bavaria. Am
Rev Respir Dis 1993;147:565±572.

14. vON EHRENSTEIN O, vON MUTIUS E, ILLI S,
BOÈ HM O, VON KRIES R. Reduced risk for
atopic diseases in farmers' children. Clin
Exp Allergy 2000;30:187±193.

15. SCHWARTZ J, GOLD D, DOCKERTY DW,
WEISS ST, SPEIZER FE. Predictors of
asthma and persistent wheeze in a
national sample of children in the
United States. Association with social
class, perinatal events and race. Am Rev
Respir Dis 1990;142:555±562.

16. WEILAND SK, KUGLER J, vON MUTIUS E,
et al. Die Sprache asthma-kranker
Kinder: eine Untersuchung zur
Symptombeschreibung. Monatsschr
Kinderheilkd 1993;141:878±882.

17. GENNUSO J, EPSTEIN LH, PALUCH RA,
CERNY F. The relationship between
asthma and obesity in urban minority
children and adolescents. Arch Pediatr
Adolesc Med 1998;152:1197±200.

18. LUDER E, MELNIK TA, DI MAIO M.
Association of being overweight with
greater asthma symptoms in inner city
black and Hispanic children. J Pediatr
1998;132:699±703.

19. JEDRYCHOWSKI W, MAUGERI U, FLAK E,
MROZ E, BIANCHI I. Predisposition to
acute respiratory infections among
overweight preadolescent children: an
epidemiologic study in Poland. Public
Health 1998;112:189±195.

20. SOMERVILLE SM, RONA RJ, CHINN S.
Obesity and respiratory symptoms in
primary school. Arch Dis Child
1984;59:940±944.

21. KAPLAN TA, MONTANA E. Exercise-
induced bronchospasm in nonasthmatic
obese children. Clin Pediatr (Phila)
1993;32:220±225.

22. DANIELS SR, KHOURY PR, MORRISON JA.
The utility of body mass index as a
measure of body fatness in children and
adolescents: differences by race and
gender. Pediatrics 1997;99:804±807.

von Kries et al.

322


