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Obesity and asthma: location, location, location
Stephanie A. Shore

T
here is a worldwide epidemic of obesity. In the USA, the
prevalence of obesity, defined as a body mass index
(BMI) o30 kg?m-2, has increased among adults aged 20–

74 yrs from ,15% in the late 1970s to ,35% in 2010. Another
third of the population is overweight (BMI o25 to ,30 kg?m-2).
The obesity epidemic has impacted both developed and
developing nations throughout the world. The World Health
Organization estimates that worldwide, ,2 billion people are
either obese or overweight.

Obesity is a well-established risk factor for type 2 diabetes,
hypertension and atherosclerosis. Obesity is also an important
risk factor for asthma. In the late 1980s, two large surveys were
published that examined the impact of obesity on the prevalence
of chronic diseases [1, 2]. Both reported an increased prevalence
of asthma in the obese and/or overweight. These studies
received relatively little attention until ,10 yrs later, when
reports began to emerge describing associations between
obesity and asthma in adults and children of multiple ethnicities
throughout the world [3]. These association studies were limited
by their inability to address the direction of causality and were
initially interpreted as indicating a more sedentary lifestyle in
asthmatics (due to respiratory symptoms during exercise)
resulting in more obesity. It was not until publication of the
first prospective analysis of the relationship between obesity
and asthma in 1999 [4] that obesity really began to be appre-
ciated as a major risk factor for asthma. The authors followed
almost 86,000 initially nonasthmatic females over a 4-yr period.
They observed that after adjustment for several factors, includ-
ing exercise, initial BMI correlated strongly with the risk of new-
onset asthma. Subsequently, several other prospective studies
confirmed these observations [3]. A recent meta-analysis of
these data indicates that the odds ratio for incident asthma
associated with obesity is 1.92 (95% CI 1.43–2.59) [5]. These
prospective studies were important because they suggested
the direction of causality: obesity preceded asthma. Neverthe-
less, concerns lingered. To ascertain asthma, most of the studies
used self reports of a doctor’s diagnosis (usually a symptom-
based diagnosis). Was excess shortness of breath in obese
individuals upon exertion being misdiagnosed as asthma?
Where the obese more frequently diagnosed because they were
seeking physicians’ care for other comorbidities? A study by
AARON et al. [6] in 2008 largely dispelled concerns related to
diagnosis. The authors measured bronchodilator responses
and/or airway hyperresponsiveness in .500 randomly selected

subjects self-reporting asthma and could find no difference in
the prevalence of asthma misdiagnosis between obese and lean
subjects using these objective measures. Other data also
supported the likelihood that the relationship between obesity
and asthma was real. Studies showed that several different
types of obese mice exhibited innate airway hyperresponsive-
ness and increased responses to certain asthma triggers [7].
Obese asthmatics who lost weight had fewer asthma symptoms
and improved lung function, including less airway hyperre-
sponsiveness [8, 9].

There are concerns with the use of BMI as an index of
adiposity. BMI underestimates the prevalence of obesity,
especially in males in whom BMI actually correlates better
with lean mass than with body fat percentage [10]. This may
explain why many, but not all, of the large epidemiological
studies examining the impact of obesity on asthma reported
either effects in females but not males or greater odds ratios in
female versus male subjects. The imperfection of BMI as a
measure of obesity likely has important implications for other
studies relating obesity to lung disease, since fat mass and fat-
free mass have opposing effects on pulmonary function [11].

Emerging data indicate that the location of body fat is an
important determinant of the risk of obesity for asthma, just as it
is for other obesity-related conditions [12]. Several association
studies indicate that abdominal obesity (waist circumference
.88 cm in females or .102 cm in males) results in greater
asthma risk than general obesity (BMI o30 kg?m-2). In one of
the largest of these studies, which used a cohort of .88,000
female teachers from California, VON BEHREN et al. [13] reported
that abdominal obesity was a risk factor for asthma even in
females with a normal BMI. Furthermore, among those with
general obesity, those who had abdominal obesity had a greater
odds ratio for asthma than those with a normal waist size.

In this issue of the European Respiratory Journal, BRUMPTON

et al. [14] report the results of the first prospective study
examining the impact of abdominal obesity on asthma in both
males and females. The authors studied .23,000 subjects from
the Nord-Trøndelag region of Norway over an 11-yr period
between 1995 and 2008. They observed that in both males
and females, both general and abdominal obesity were risk
factors for new-onset asthma. Moreover, in females, abdominal
obesity was a risk factor for asthma even after correcting for
general obesity.

The study has numerous strengths. The size and duration of
the study, and the racial and environmental uniformity of the
study population allowed for sufficient power that, despite
strong correlations between general and abdominal obesity, an
independent effect of abdominal obesity still emerged. Norway
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has a universal-coverage national healthcare system, reducing
confounding that might result from effects of healthcare access
on diagnosis. The authors limited their population to those
,65 yrs of age to reduce the possibility that subjects with
chronic obstructive pulmonary disease might be misclassified as
asthmatics. The authors also performed a sensitivity analysis on
a subgroup, using a stricter definition of asthma that included
use of bronchodilators and adjusting the data for a number of
covariates including age, physical activity and smoking, and
found essentially similar results.

Several hypotheses have been proposed to account for the
impact of obesity on asthma [15]. For example, it has been
postulated that obesity-related reductions in functional resi-
dual capacity (FRC) promote asthma because they reduce
airway size and increase airway responsiveness. The observa-
tions of BRUMPTON et al. [14] are consistent with this hypothesis,
since the ability of obesity to reduce the FRC also depends on
the locus of fat distribution. For example, SUTHERLAND et al. [16]
noted an inverse correlation between FRC and measures of
abdominal obesity, whereas there was no correlation with BMI.
Obesity-related reductions in forced expiratory volume in 1 s
are also related to waist circumference but not BMI [17]. In
other words, only adipose tissue that impinges on the volume
of the chest cavity, and not adipose tissue in the buttocks and
hips, appears to affect lung volumes.

Obesity also leads to a state of low-grade systemic inflammation
consequent to adipose tissue inflammation, and it has also been
postulated that obesity may promote asthma through effects of
these elevated concentrations of cytokines, chemokines, adipose-
derived hormones and acute phase proteins acting on the lung
[15]. The observations of BRUMPTON et al. [14] that abdominal
obesity has an independent effect on asthma over and above
general obesity is also consistent with a role for systemic
inflammation in this relationship. In the Framingham Heart
Study, the amounts of both abdominal subcutaneous adipose
tissue and visceral adipose tissue were associated with markers
of systemic inflammation [18]. Moreover, it is conceivable that
reductions in lung volume and systemic inflammation are
related. Current concepts indicate the adipose tissue inflamma-
tion results from local tissue hypoxia leading to adipocyte cell
death. Such hypoxia-mediated cell death would be expected to
be amplified in the setting of hypoxaemia, and obesity-related
hypoxaemia is associated with reductions in lung volume [19]
and abdominal obesity [20].

The implications of the observations of BRUMPTON et al. [14] are
enormous. In the USA, abdominal obesity is even more
prevalent than general obesity: in a 2003–2004 survey, 61% of
the adult female population had abdominal obesity [12]. In
addition, the prevalence of abdominal obesity increased with
age, reaching almost 75% in females between the ages of 60
and 69 yrs. In the last few years, cluster analyses have reported
a group of asthmatics in which obesity is associated with
female sex, adult onset of disease, low sputum eosinophils and
increased symptoms [21]. Given the very high prevalence of
abdominal obesity in females, especially as they age [12], and
the increased risk of asthma consequent to abdominal obesity
in females [14], it is perhaps not surprising that this phenotype
has emerged as the obesity epidemic has progressed.
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