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Summary

Obesity and asthma are public health priorities in developed countries. Genes which may
contribute to the control of both conditions include those encoding for the ,-adrenergic
receptor, tumour necrosis factor-o (TNF-a) and the insulin-like growth factor 1 (IGF-1).
Prospective studies consistently supported a link between obesity and reported wheezing or
asthma diagnosis in children. However, there are still no clear explanations for such a link. On
one hand, overweight asthmatic children may perceive their asthma as worse. On the other
hand, atopic sensitization and bronchial hyper-reactivity do not explain the observed
associations. After puberty, the association between asthma and obesity tends to be stronger
in girls than in boys. It is conceivable that severe obesity in adolescent females may aggravate
asthma through mechanisms different from those linking prepubertal obesity to unremitting
asthma in males. Future studies should therefore address multiple age- and gender-specific
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hypotheses about the mechanisms that link obesity to asthma throughout childhood.

Introduction

Paediatricians are well aware of the fact that obese children
often complain about respiratory problems. Epidemiolo-
gists have reported that both obesity and asthma are
‘endemic’ in developed countries [1, 2] and ‘epidemic’ in
developing countries undergoing their epidemiological
transition phase [3]. Accordingly, the World Health Orga-
nization includes both obesity and asthma among the
major chronic disorders representing world-wide public
health priorities [4]. Thus, not only paediatricians but
also public health experts are increasingly coping with
these expanding phenomena. Their growing prevalence
demands more research concerning the epidemiology
and genetics of the asthma-obesity link, its causes and
mechanisms, and the best prevention and therapeutic
strategies to use against this dual morbidity [5].

A common belief is that asthmatic children have less
tolerance for physical activity [6]; similarly, it is generally
accepted that obesity can mechanically generate respira-
tory problems in children [7]. However, the asthma-obesity
link seems to be far more complex [8]. More and more
unexpected biological functions are being attributed to the
adipose tissue [9]. For example, the discovery of the central

role of leptin in obesity [10], combined with evidence of its
pro-inflammatory role [11], has added fuel to the hotly
debated issue of how obesity may lead to asthma [8].
Aside from behavioural and environmental issues,
co-expression of asthma and obesity phenotype raises
the question of common traits. Epidemiological work
suggests a genetic pleiotropy between asthma and obesity
[12]. In fact, some genes have been identified that may
contribute to the control of both asthma and obesity. The
gene encoding for the P,-adrenergic receptor is located
on chromosome 5q31-q32, and the same receptor poly-
morphism associated with lower airway reactivity in
asthmatics [13] and increased levels of serum IgE [14]
is also associated with obesity [15]. Similarly, the gene
complex of the pro-inflammatory cytokine TNF-a is
located on chromosome 6p21.3, and polymorphisms of
this gene are associated with childhood wheezing, asthma,
and bronchial hyper-responsiveness [16-18]; a linkage
has also been found between obesity and a marker near
the TNF-a locus [19]. Another example is given by the
gene encoding the insulin-like growth factor 1 (IGF-1),
which is located on chromosome 12q23; on the one hand,
a polymorphism of this gene is associated with body mass
index (BMI) [20], and on the other, IGF-1 secreted by



The asthma-obesity link in childhood 477

bronchial epithelial cells stimulates myofibroblast prolif-
eration after injury [21] and may contribute to airway
remodelling in chronic asthma. Further candidates for a
common regulation of asthma and obesity include genes
for glucocorticoid receptor, IL-6, and the IL-6 receptor.

This area of investigation is therefore still in its infancy;
hence, although the list of questions around the asthma-
obesity link in childhood is quite long (Box 1), the list of
answers is much shorter.

BOX 1. Open questions on the asthma-obesity link in childhood

1. Is the evidence of a reported asthma-obesity link consistent enough in
children?

2. Which asthma phenotypes are involved?

3. Which comes first: asthma or obesity?

4. Is there a gender effect in the association?

5. Does obesity cause asthma or simply make it worse?

Many reviews have elucidated comprehensive and
general [22, 23] or specific [5, 8, 24-30] aspects of this
subject, but none, to our knowledge, has been exclusively
focused on the paediatric age. Other reviews have thor-
oughly discussed methodological problems [23], under-
lying mechanisms [5, 8, 26], and studies in adults on the
asthma-obesity link (reviewed in [23]). We have focused
here on the evidence from epidemiological studies in
paediatric populations that reveals an association between
asthma and obesity, and we briefly discuss some perspec-
tives for further paediatric clinical and epidemiological
research and for public health measures.

The evidence

Epidemiological studies on asthma and obesity in children
can be roughly classified into five major categories:

Cross-sectional population studies [31-46] (Table 1).
Case-control studies [47-53] (Table 2a).
Observational studies in patients [54-57] (Table 2b).
Prospective population studies (including birth cohort
studies) [58-62] (Table 2c).

5. We were unable to identify intervention studies
focused on weight loss in asthmatic children.

N =

A wide range of definitions, methodologies, study de-
signs, and study populations has been utilized through a
large series of studies. Several problems arise due to the
heterogeneity of the approaches, study design, definitions,
and methods; thus, we acknowledge that this review is not
intended to be a meta-analysis based on Cochrane meth-
odology. We have tried, however, to isolate the evidence
robust enough to persist across most relevant and reliable
studies, to provide tentative answers to a few questions,
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and to comment about future perspectives for further
epidemiological research in this area.

Questions on the asthma-obesity link in childhood

1. Is the evidence of a reported asthma-obesity link
strong and consistent enough in children?

Periodically, associations between exposure and disease
raise enthusiasm and many hypotheses about disease
causes and mechanisms, environmental or behavioural
risk factors, and new preventive and therapeutic strate-
gies. Most of the population-based, cross-sectional, and
case—control studies, as well as all the prospective studies
examined in this review, have consistently supported a
link between obesity and reported-wheezing or asthma
diagnosis in children (Tables 1-3). The association was
consistent across a long list of high-income countries, but
its strength was rather low, with a relative risk rarely
overcoming 2.5 in general-population studies. However,
odds ratios up to 9 were recorded when considering
peculiar population subsets [59].

Thus, in the likely event that the asthma-obesity
association is a rather specific phenomenon, low or
negative outcomes may result from a ‘dilution’ or the
absence of the relevant subset within the population
sample examined. For example, obesity was not asso-
ciated with asthma in a rather small case-control study
among primarily African-American adolescents [50]. Si-
milarly, no association between overweight and a mater-
nal report of current, diagnosed asthma was found among
over 11000 Canadian children, whose upper age range,
however, was limited to 11 years [35]. Finally, among
Italian children, BMI-SDS was even inversely associated
with asthma [47]. These three ‘negative’ studies, however,
have a cross-sectional design. By contrast, all the long-
itudinal studies focusing on obesity and asthma in chil-
dren have confirmed that obesity is indeed associated
with asthma [58-62] (Table 2c). The following additional
questions can help clarify the nature of the observed
association.

2. Which asthma phenotypes are involved?

To understand the relationship between asthma and
obesity, it is useful to check what kind of asthma (e.g.
allergic or non-allergic, with or without bronchial hyper-
reactivity) is more frequently associated with a higher
BMI. Many studies have focused on the association of
obesity with atopic sensitization or bronchial hyper-
reactivity. Their results are important to exclude that
asthma and obesity have solely a common genetic basis
and little to do with these intermediate phenotypes.

2A. Is the obese and asthmatic child also atopic?

An allergic background is highly prevalent among
asthmatic children, especially at school age and in
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Table 1. Cross-sectional studies on obesity and asthma

Author, ref,

Sample size (n);

PY, country age (years); setting Main positive outcomes Main negative outcomes
Saha, 2005 2544; 5-18y; primary Asthma (doctor’s diagnosis) associated with
[31] (USA) health care overweight (BMI percentile > 95) in female

Sulit, 2005
[32] (USA)

Wickens, 2005
[33] (NZ)

Bibi, 2004
[34] (ISR)

To, 2004
[35] (CAN)

Rizwan, 2004
(36] (UK)

Schachter, 2003
[37] (AUS)

Rodriguez, 2002
[38] (USA)

von Kries, 2001
[39] (GER)

von Mutius, 2001
[40] (USA)

Chinn, 2001
[41] (UK)

Figueroa-
Munoz, 2001
[42] (UK)

Epstein, 2000
[43] (USA)

Huang, 1999
[44] (Taiwan)
Schwartz, 1990

[45] (USA)

Somerville, 1984
[46] (UK)

788; 8-11y; community
based

871 (in 1989), 894
(in 2000); 12y;
community based

5984

11199; 4-11y

1171 in 1991, 2368 in
1993, 1964 in 1998;
5-11 y; community
based

5993; 7-12y;
community based

12388; 0-16y; general
US population

9357; 5-6 y; community
based

7505; 4-17y;
US general population

6740 in 1982 and 9356
in 1994; 8-9y;
representative of the
general population

14908; 4-11y;
representative of the
general population

5154, 6-16Yy;
representative of the
US general population

1459; 13-15y;
community based

6839; 6 mo-11y;
representative of the
US general population
7800; 5-11y

subjects (OR 1.8) than in male subjects (OR 1.6)
Wheeze associated with obesity (OR 1.57;
CI 1.10, 2.44)
Increasing BMI-SDS associated with current wheeze
(P=0.002), inhaled steroid use (P=0.004), and the
use of any medication (P=0.001)

Obese vs. non-obese children had more wheezing
(14.5% vs. 10.5%; P < 0.038), asthma (physician
diagnosis) (7.2% vs. 3.9%, P < 0.008), inhaler use
(15.99% vs. 8.8%, P < 0.001)

Obesity associated with doctor-diagnosed asthma
(OR 1.74, 95% CI, 1.29-2.37) and cough, wheeze,
and breathlessness (OR 1.88, 95% CI, 1.21-2.90).

BMI associated with wheeze ever (OR 1.06,
P=0.007) and cough (OR 1.08, P< 0.001).
In girls, but not in boys, a higher BMI
associated with atopy (P< 0.005),
wheeze ever (P< 0.001), and
cough (P< 0.001)

Asthma associated with a higher BMI
(> 85 percentile) (OR 1.94; CI 1.09-3.46)

Asthma in girls associated with overweight
(OR 2.12;95% CI 1.22-3.68) and obesity
(OR 2.33;95% CI 1.13-4.82)

BMI associated with asthma (adjusted OR
1.8, 95% CI 1.4-2.2 between the highest
and lowest quartiles of BMI)

BMI (10th vs. 90th centiles) associated with
asthma (OR 1.28, 95% CI 1.11-1.48)

BMI (20.9 vs. 19.4) and prevalence of obesity
(1.53; 1.25-2.46) higher in children with asthma

BMI (highest quintile) associated with atopy
(adjusted OR 1.77; 1.15-2.73) in girls; BMI
(lowest quintile) inversely associated with
BHR (OR 0.40; 0.20-0.81)

Frequent wheeze associated with triceps skinfold
thickness (increase in odds of asthma for 2 SD
increase in skinfold, OR 1.6)

Weight for height was associated with bronchitis,
‘chest ever wheezy’, and ‘colds usually going to
the chest’

No gender effect. Significant increases in the
prevalence of wheeze and asthma between 1989
and 2000 were not explained by a concurrent
increase in the prevalence of obesity

BHR significantly greater among the non-obese
than obese asthmatic (51.4% vs. 27.8%

(P< 0.001)

The OR for asthma, comparing the highest and
lowest BMI categories, was 1.02 (99% CI,
0.70-1.46) for boys and 1.06 (99% CI,
0.67-1.69) for girls

BMI not associated with recent asthma (OR 1.02,
P=0.43) or airway hyper-responsiveness
(OR 0.97 P=0.17)

No relation between asthma and weight in boys.
Hayfever and eczema were unrelated to weight
in girls and boys

No independent relation between BMI and atopy or
eosinophilia. No effect modification by sex or
ethnic group

Asthma prevalence increased from 1982 to 1994.
Unadjusted and adjusted ORs per year for
asthma, wheeze, and ‘asthma or bronchitis’
were virtually identical both in boys and in girls

The sum of skinfolds was unrelated to asthma
symptoms in most analyses

No association between BMI and atopy or BHR
was found in boys

OR, odds ratio; BMI, body mass index; CI, confidence interval; mo, months, BHR, bronchial hyper-responsiveness.

© 2007 The Authors
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Table 2. Case-control and longitudinal studies on obesity and asthma

Author, ref,
PY, country

Sample size (n); age (years)

Main positive outcomes

Main negative outcomes

a. Case-control studies

Vignolo, 2005
[47] (Italy)

Calvert, 2005
[48] (South
Africa)

Mai, 2003
[49] (Sweden)

Brenner, 2001
[50] (USA)

Gennuso, 1998
[51] (USA)

Luder, 1998

[52] (USA)
Mai, 2004

[53] (Sweden)

b. Patient series
Tantisira, 2003
[54] (USA)

Pianosi, 2004
[55] (Canada)

Belamarich, 2000
[56] (USA)

Blandon, 2004
[57] (Spain)

554 asthma, 625 controls;

380 with exercise-induced

161

85 asthma, 86 controls;

209 asthma, 1017 controls;

74 very low birth weight,
64 normal birth weight

2-16y

bronchospasm,

393 controls; 8-12y

current wheeze,
296 controls; 12y

4-16y

2-18y

1039; 5-12y

64;

132

100

c. Longitudinal studies

Hancox, 2005
[58] (USA)

Guerra, 2004
[59] (USA)

© 2007 The Authors

DMHDS; birth cohort;

8-12y

2;4-9y

1972-1973; 26y;
n=1037*

TCRS Study; birth cohort;
1980-1984; 16y; n=781

BMI-SDS higher in controls than in asthmatics
(P=0.04). BMI-SDS was lower in those not
treated with inhaled corticosteroids (IGCs)
(P=0.02)

BMI associated with exercise-induced
bronchospasm and with a greater strength
of association between specific IgE and the
corresponding skin test

Current wheeze associated with overweight
(adjusted OR 1.9, 1.0-3.6). Asthma severity
(wheezing episodes last 12 months) associated
with high BMI (adjusted OR 2.0, 1.0-4.0)

The prevalence of obesity in the asthmatic
group was 20% compared with 17% in the
control group

A very high BMI (> 95 percentile) more
frequent in children with asthma (30.6%)
than in controls (11.6%) (P = 0.004)

Overweight associated with moderate to severe
asthma and more severe asthma symptoms

In the VLBW group, overweight associated with
current asthma (adjusted OR 5.8, 1.2-27)

BMI associated with worse bronchodilator response

Overweight or obese children reported
greater limitation of physical activity and
asthma-impairment scores, which were
related to greater medication needs

Obese children were more likely to have
used oral steroids (30% vs. 249%), a higher
mean number of days of wheeze per 2-week
period (4.0 vs. 3.4), and unscheduled ED visits
(39% vs. 31%)

QOL (PAQLQ) was lower in obese asthmatic patients

In females, a higher BMI after puberty
associated with new onset of asthma in
females, lower FEV,/FVC, and higher total IgE

Overweight or obesity at 11y associated with
unremitting asthma after puberty both in
subjects with infrequent wheezing (OR 5.2;
1.6-17.1) and those with asthma (OR 8.9;
1.7-46.8) in the pre-pubertal period; early
onset of puberty in both groups was also
significantly associated with persistence of
wheezing after puberty onset (P=0.022;
P=0.019, respectively)

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 37 : 476-484

Overweight/obesity (BMI-SDS >2) similar in
controls and in asthmatic patients (P=0.08)

Overweight similar in asthmatics (16%) and
controls (15%). Obesity not different in
moderate to severe asthmatics (21%) in mild
asthmatics (19%) or controls (17%)

Asthma severity was not related to obesity

BMI not related to school absence, ER visits,
hospital admissions, doctor’s visits, days on
steroids, physical education restriction,
cough/wheeze at rest, eosinophil count,
total IgE, or methacholine sensitivity.

Appropriate-weight, overweight, or obese
(defined by BMI) children all had similar
results for maximum aerobic power and
level of habitual activity. Standard measures
of pulmonary function were no different
among groups

There were no differences between groups
in terms of baseline PEFR scores. There were
no differences between the groups in terms
of frequency of hospitalization, or in
nocturnal awakening

Overweight and normal weight had no effect
on QOL

No association between BMI and asthma,
lung function, or total IgE in males
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Table 2. Continued

Author, ref,

PY, country Sample size (n); age (years)

Main positive outcomes

Main negative outcomes

c. Longitudinal studies™
Gilliland, 2003 Children’s Health Study;

New-onset asthma associated with overweight
(RR 1.52, 1.14, 2.03) or obesity (RR 1.60,
1.08, 2.36). Overweight effect greater in boys
(RR 2.06, 1.33-3.18) than in girls (RR 1.25,
0.83-1.88), and in non-allergic children

(RR 1.77, 1.26-2.49) than in allergic children

[60] (USA) prospective; 1993-1996;
age at entry 7-18;
follow-up: 4y;
n=3792
(RR 1.16, 0.63-2.15)
Gold, 2003 Six-city Study; prospective;
[61] (USA) 1974-1979; age at entry

<10y in 90%; mean f.u.
5y, n=9828

TCRS Study; birth cohort;
1980-1984; 13y; n=708

Castro-Rodriguez,
2001 [62]

New asthma onset associated with higher
BMI at entry into the study (P=0.009) and
with a greater increase in BMI during
follow-up (P=0.0003) in girls only

In females, overweight or obesity at 11y associated
with current wheezing at 11 and

(USA) 13y but not at 6 or 8y. Effect strongest if

menarche <11y. In females, overweight or

obesity between 6 and 11y associated with a

New asthma diagnosis not associated with
higher BMI in boys

BMI at 6y not associated with wheezing.
No association seen in males between
pre-pubertal overweight/obesity and
new asthma symptoms or BHR
in early adolescence

seven times higher likelihood of new asthma
at 11 or 13y (P 0.0002), increased peak flow
variability and bronchodilator responsiveness

*Study acronym; design; birth years and follow-up; sample size (1); age (years).
OR, odds ratio; BMI, body mass index; QOL, quality of life, FEV,, forced expiratory volume in 1s; FVC, forced vital capacity; BHR, bronchial hyper-

responsiveness.

westernized countries. Thus, it would be of interest to
know whether obesity is associated not only with asthma
but also with an atopic background. This hypothesis is not
inconceivable, considering that the adipocyte is a well-
recognized source of inflammatory cytokines [8, 9] and
that raised plasma levels of eotaxin have recently been
found in obese adults [63].

Unfortunately, only a minority of studies have also
tested atopy-related parameters; they led to totally con-
flicting conclusions (Table 3). In a study of 9000 German
schoolchildren aged 5-6 years, doctor-diagnosed asthma,
but not hayfever and eczema, was related to overweight in
girls, suggesting that the obesity-asthma association is
related to factors other than atopic sensitization at this
early age [39]. Similarly, a significantly positive associa-
tion between BMI and asthma was found, whereas no
independent relation between BMI and atopy or eosino-
philia was evident among over 7500 children aged 4-17
participating in an NHANES-III study [40]. In another
study of 12-year-old New Zealand children, BMI was
associated with wheezing but not with bronchial hyper-
responsiveness (BHR) or atopy [33]. In a case-control
study among Italian children, BMI-SDS was higher in
controls rather than asthmatic subjects, independent from
atopic sensitization and comorbidity with other allergic
symptoms [47]. Most importantly, in the Children Health
Study, the risk of new-onset asthma during about 4 years
after recruitment was higher among children who were

overweight or obese at recruitment. However, the effect of
being overweight was limited to non-allergic children
(RR =1.77%, 95% CI: 1.26, 2.49) and absent in allergic
children (RR = 1.16%, 95% CI: 0.63, 2.15) [61].

By contrast, among 7-12-year-old Australian girls, but
not in boys, a higher BMI was very significantly asso-
ciated with a higher prevalence of atopy, wheezing, and
cough [37]. Similarly, among girls participating in the
Dunedin cohort study, those who became both asthmatic
and obese after puberty were also more frequently atopic
[58]. In this latter study, total IgE was associated with a
higher BMI [58]. An association between obesity and
atopy was also found among Taiwanese girls [44].

Conclusions on the association between obesity and
atopy and the role of atopy in the obesity—-asthma link can
hardly be drawn from these conflicting data. This scenario
is even further complicated by recent data showing
that increasing BMI was associated with skin sensitization
but not with the corresponding serum IgE antibodies
among 380 South African schoolchildren (age 8-12)
with exercise-induced bronchospasm, as well as in 393
age-matched controls [48].

2B. Is wheezing in the obese child associated with BHR?

Obese people experience dyspnoea more often, which is
often interpreted as a sign of asthma and referred to as
wheezing. Obesity may be associated with a lack of fitness
and may contribute to breathlessness, which could lead
to asthma over-reporting and to diagnostic confusion

© 2007 The Authors
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Table 3. Summary of evidence on the link between obesity and asthma in
children (numbers indicate references)

Yes (ref.) No (ref.)

1. Is asthma linked to obesity?
Cross-sectional [31-34, 36, 38-46] [35]
population studies
Case-control studies or [48-53] [47]
studies in patients
Prospective studies [58-62]

2. Are the obesity and asthma epidemics interrelated?
Serial cross-sectional [36] [33, 41]
population studies

3. Which asthma phenotypes are involved?
Respiratory symptoms [34, 54]
(wheeze, cough,
breathlessness)
Lower FEV,/FVC [58]
BHR [34, 49, 54,

58]
Other allergic diseases [61]
Atopic sensitization [37, 39, 44, 48, 58] [33, 39, 40,
42, 49, 54]

Eosinophilia [37, 40]
Total IgE [58] [37]

4. Does obesity precede asthma?
Prospective studies [58-62]

5. Is there a gender effect in the association?
Cross-sectional [31(), 39(f), 44(f), 54(f)] [33-38, 40]
population studies
Case-control studies [47, 48, 51]
Prospective studies [58(f), 60(m), 61(f), 62(f)] [59]

6. Is BMI causally linked to asthma severity?
Case-control studies [49] [50, 51]
Cross-sectional in patients [55, 57] [55]
Prospective [58]

FEV,, forced expiratory volume in 1s; FVC, forced vital capacity; BHR,
bronchial hyper-responsiveness; BMI, body mass index; IgE, immuno-
globulin E.

between wheeze and asthma. In these cases, is the wheez-
ing associated with bronchial inflammation and BHR? The
available evidence is unequivocal and negative on this
point (Table 2c).

In one study, a large population of almost 6000 Israeli
children, obese children tended to wheeze more than non-
obese children: 14.5% vs. 10.5%, respectively (P < 0.038).
Asthma (physician diagnosis) was also much more fre-
quent among obese children than non-obese children:
7.2% vs. 3.9%, respectively (P < 0.008). In addition,
inhaler use was more prevalent among obese children
than non-obese children: 15.9% vs. 8.80%, respectively
(P < 0.001). However, BHR was significantly greater
among the non-obese than obese asthmatics: 352 (51.4%)
vs. 10 (27.8%), (P < 0.001). This suggests that a high BMI

© 2007 The Authors

Table 4. Major mechanistic explanations of the obesity-asthma link (26)

1 Obesity reduces lung tidal volume and functional residual capacity
Obesity enhances gastroesophageal reflux, thus leading to broncho-
constriction

3 Obesity is linked to a higher production of pro-inflammatory
cytokines (TNF, IL-6, IL-1b)

4 Leptin, an obesity-related hormone, may act directly on the lung
or through the SNS

5 Genetic polymorphisms may be important for both asthma and
obesity

6 Oestrogen-dependent, gender-specific genetic effects may link
obesity and steroid-resistant asthma in females

7 Physical activity and diet during pregnancy can influence program-
ming of fetal asthma- and obesity-genes

8 Low intake of anti-oxidants or -3 fatty acids and a high total
caloric intake may underly both obesity and asthma

9 High birth weight might be associated with both obesity and
asthma later in life

N

among children is a risk factor for obesity-related chest
symptoms that mimic asthma [34]. Similarly, a higher BMI
was not associated with methacholine sensitivity but
with a lower post-bronchodilator forced expiratory
volume in 1s (FEV,)/forced vital capacity (FVC) ratio
among asthmatic children participating in the CAMP
study [54]. Among females participating in the Dunedin
study, obesity was associated with asthma appearing after
puberty but not with BHR [58].

Taken together, these studies have shown that asthma
occurring in obese children is less often accompanied by
BHR than asthma occurring in children with a normal
weight.

3. Which comes first: asthma or obesity?

Temporality is one major criterion for attributing caus-
ality and directionality to an association. Obviously, a
cause must precede its effect. Five prospective studies,
completed in four different populations (including two
birth cohorts), have clearly allowed to exclude that
asthma may cause obesity. On the contrary, the Dunedin
study has shown that girls with asthma at 9 years of age
had a significantly lower BMI at 26 years of age [58].

All the five studies suggested that overweight and
obesity can precede asthma or its worsening (Table 2c). In
the Tucson birth cohort study, overweight or obesity at 11
years was highly independently associated with unremit-
ting asthma after the onset of puberty both in subjects
with infrequent wheezing and those with asthma in the
pre-pubertal period [59]. In the same Tucson birth cohort,
females who became overweight or obese between 6 and
11 years of age were seven times more likely to develop
new asthma symptoms at age 11 or 13 [62].

Two other prospective studies reinforce the evidence
from the birth cohort studies. In the Children Health

Journal compilation © 2007 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 37 : 476-484



482 P. M. Matricardi et a/

Study, the risk of new-onset asthma was higher among
children who were overweight or obese at recruitment.
Boys had an increased risk associated with being
overweight in comparison with girls. The effect of being
overweight was greater in non-allergic than in allergic
children [60]. In the six-city study, an increased risk
of a new asthma diagnosis in girls was associated with a
higher BMI at entry into the study as well with a greater
increase in BMI during follow-up [61].

The evidence from the Dunedin study is different. In
this study, a raised BMI after puberty is associated with
new onset of asthma in women. This is the only study
attempting to calculate the population’s fraction of asth-
ma attributable to obesity: it was estimated that among
females who developed asthma after age 9, the cause may
have been overweight in 28% (95% CI 7-45). In this study,
a higher BMI was also associated with lower FEV,/FVC in
women, independently from asthma. However, it was
not possible to establish whether obesity preceded asthma
or whether they emerged simultaneously in the same
participants [58]. Indeed, subjects were examined at only
four time-points between 14 and 26 years of age (15, 18,
21, 26) [58]; thus, the length of the inter-observational
periods (range 2-5 years) and the definition of asthma
used in this study (a self-report of diagnosed asthma with
symptoms in the previous year) prevented a more precise
analysis of the timing and sequence of events in the
development of the association.

4. Is the link limited to girls only?

Cross-sectional studies provide conflicting data as to
whether the association of BMI with asthma-related out-
comes is affected by gender. In many valuable studies,
including one birth cohort study, these associations are
stronger in girls than in boys; by contrast, no major
differences among sexes were observed in a similar number
of valuable cross-sectional and prospective studies as well
(Table 3). The gender issue is even more complicated by a
single prospective study clearly showing that among over-
weight children, the risk of new-onset asthma was evident
among boys (RR =2.06%, 95% CI: 1.33, 3.18) but not in
girls (RR = 1.25%, 95% CI: 0.83, 1.88) [60].

However, these differences are not always in reciprocal
conflict, as positive and negative outcomes are often
related to different parameters and coexist in the same
study. For example, in the Tucson birth cohort study,
females, but not males, who became overweight between
6 and 11 years of age were seven times more likely to
develop new asthma symptoms at age 11 or 13 [62].
Menarche before the age of 11 was also a risk factor
for asthma symptoms. By contrast, in this same cohort,
overweight or obesity among wheezers at 11 years
predicted unremitting asthma after puberty in both males
and females, thus excluding a gender effect in this out-
come [59].

When referring to a gender effect in the relation
between asthma and obesity in childhood, it is therefore
important to specify not only the parameter taken into
consideration but also the age at which the effect is to be
observed, as some associations might be seen only in
certain ‘window periods’ of development.

5. Does obesity cause asthma or simply make it worse?

By common sense, being slightly overweight may not
affect the severity of asthma, but a high degree of obesity
could indeed be very relevant. Several studies have been
aimed at distinguishing whether obesity is an amplifier
of symptoms in asthmatic patients (Table 3). Among
161 Swedish children (age 12) with current wheeze, the
number of wheezing episodes during the previous
12 months was significantly higher among overweight
vs. children with a normal weight [49]. In the NCICAS
prospective study among children with inner-city asthma,
obese children had a higher mean number of days of
wheeze per 2-week period and of unscheduled ED visits.
There were no differences, however, between obese and
non-obese children in the hospitalization frequency, or in
nocturnal awakening [56].

A very interesting observation has been made regarding
64 asthmatic Canadian children, showing how opposite
outcomes can be obtained in the same study without being
in conflict. In this rather small cohort, normal weight,
overweight, or obese children all had similar results
for maximum aerobic power and level of habitual
activity. However, overweight or obese children reported
greater limitation of physical activity. Their asthma-
impairment scores were higher than the scores of appro-
priate-weight peers, although standard measures of
pulmonary function were not different among groups.
The higher asthma-severity scores were related to greater
medication needs in the overweight or obese children
with asthma. The authors concluded that lower maximum
aerobic power in asthmatic children is related more to
how capable they perceive themselves than to real asthma
severity. Overweight asthmatic children may perceive
their asthma as worse and experience greater limitation
of physical activity. They receive more prescriptions of
medication, although by standard measures of asthma
severity they are very similar to normal-weight peers with
asthma [55]. Accordingly, among 100 Spanish children
with asthma, an index of quality of life (QOL) (PAQLQ)
revealed a significantly lower QOL in obese asthmatic
patients, while overweight and normal weight had no
effect on QOL [57].

Weight-loss and bariatric surgery studies among adults
with asthma have rather clearly shown that reduction of
severe or moderate obesity is helpful in improving objec-
tive lung function parameters and both the frequency and
severity of respiratory symptoms [23]. No such studies, to
our knowledge, are yet available in children.

© 2007 The Authors
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Conclusions: research and public health implications

The present analysis of the epidemiological literature in
children suggests that different explanations may underlie
the association of asthma with obesity at different ages
and genders. It is conceivable that severe obesity in
adolescent females may aggravate asthma through me-
chanisms different from those linking pre-pubertal
obesity to unremitting asthma in males. It is important
therefore that future paediatric studies take advantage of
the available hypotheses of the specific mechanisms
linking obesity to asthma. These hypotheses have been
thoroughly discussed elsewhere [5, 8, 26] and are briefly
summarized in Table 4.

More specific questions should be addressed, and long-
itudinal, observational studies may focus not only on
reported diagnosis of asthma but also on objective mar-
kers of intermediate phenotypes of asthma (lung function,
bronchial hyper-reactivity, atopic sensitization, etc.). The
follow-up of these studies should combine objective
evaluation of anthropometric measures and a high eva-
luation frequency. The latter is also essential to establish
the exact time of asthma onset and therefore to investigate
accurately whether obesity precedes asthma onset. In
parallel, longitudinal studies should also monitor a wider
set of confounders and in particular both diet and physical
activity to ascertain their respective role in the interaction.

A public health perspective is relevant: over-perception
of respiratory symptoms and over-prescription of anti-
asthmatic drugs among obese children should be carefully
tested. On the other hand, obesity should be reconsidered as
an important co-factor to be addressed by therapeutic and
prevention guidelines for childhood asthma. Needless to
say, the enormous burden of chronic diseases linked to the
epidemic trend of obesity calls for further expansion of
public health efforts to promote and implement healthy diet
and physical activity strategies from early childhood on.
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