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Both asthma and obesity are large and growing public health

issues. Mounting evidence now implicates obesity as a major

risk factor for asthma, thus linking these 2 major epidemics.

Moreover, both in human subjects and in mice, obesity appears

to predispose toward airway hyperresponsiveness. This review

describes potential mechanisms whereby obesity might modify

airway smooth muscle function to explain these observations.

These mechanisms include both static and dynamic mechanical

factors attributable to decreases in functional residual capacity

and decreases in tidal volume that are observed in the obese.

They include also obesity-related changes in lung development,

chronic systemic inflammation (including increased serum

levels of inflammatory cytokines and chemokines), and

adipocyte-derived factors, including leptin, adiponectin, and

plasminogen activator inhibitor. (J Allergy Clin Immunol

2005;115:925-7.)
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Obesity is an important public health problem. More
than 50% of the adult US population is currently obese or
overweight. Children are also increasingly affected: the
prevalence of obesity in children has more than doubled in
the last 20 years, and the epidemic shows no sign of
abating. Obesity is a known risk factor for type II diabetes,
hypertension, atherosclerosis, and some forms of cancer.
Mounting evidence now also points to obesity as a risk
factor for asthma. Asthma prevalence is increased in obese
subjects (as reviewed by Weiss and Shore1), and obesity
appears to be particularly important for severe asthma
because obese or overweight subjects account for 75% of
emergency department visits for asthma.2 Longitudinal
studies indicate that obesity antedates asthma and that the
relative risk of incident asthma increases with increasing
obesity.3,4 Furthermore, morbidly obese asthmatic sub-
jects studied after weight loss demonstrate decreased
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severity and symptoms of asthma.5 Thus rather than
asthma predisposing toward obesity, obesity appears to
either cause or worsen asthma.

Obesity appears to be a risk factor for airway hyperre-
sponsiveness (AHR), as well as for asthma. For example,
Litonjua et al6 reported an association between increased
bodymass index (BMI) and onset ofAHR in a longitudinal
study of aging in male subjects in the United States. Two
other large cross-sectional studies confirm these observa-
tions.7,8 Although this association between BMI and AHR
has not been universally observed in epidemiologic
studies, it is noteworthy that obese mice also demonstrate
innate AHR.9

Because airway smooth muscle is the key end effector
of acute airway narrowing, it is logical to ask how obesity
might influence airway smooth muscle function and
airway responsiveness. There are many possibilities, but
they are not mutually exclusive, and the dominant
mechanism among them is yet to be singled out (Fig 1).
The first of these possibilities rests on simple mechanical
considerations, where both static and dynamic factors
come into play. Concerning static factors, increased
abdominal and chest wall mass in the obese causes lower
than normal functional residual capacity.10 Because lung
volume is a major determinant of airway diameter,11 it is
therefore likely that obesity-related changes in functional
residual capacity unload the airway smooth muscle and
thereby allow it to shorten excessively when activated.
Concerning dynamic factors, the tidal action of spontane-
ous breathing imposes tidal strains on airway smooth
muscle, and these tidal strains happen to be themost potent
of all known bronchodilating agencies.12,13 The obese
individual breathes at higher frequencies but substantially
smaller tidal volume compared with the lean individual,14

and as a result, this potent bronchodilating mechanism
is compromised and predisposes toward increased airway
responsiveness compared with the lean individual. Al-
though such mechanical considerations are likely to play
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FIG 1. Obesity has the potential to affect airway function through a variety of agencies, including mechanical,

inflammatory, humoral, enzymatic, and developmental. FRC, Functional residual capacity.
a role in the relationship between obesity and asthma,
additional factors must also be involved because airway
responsiveness is increased in obese compared with lean
mice, even when the mechanical load is removed by
opening the chest wall and the tidal volume is fixed by
means of artificial ventilation.9

A second possible explanation for the influence of
obesity on airway smooth muscle function concerns
differences in the anatomy of the lungs and airways. For
example, in children the mechanical load of obesity might
affect lung growth, leading to reduced pulmonary func-
tion, a known risk factor for asthma. Indeed, leptin-
deficient mice are morbidly obese very early in their
development and have substantially smaller lungs than
lean wild-type mice.9 Obesity might also lead to more
accelerated airway remodeling with each asthma exacer-
bation. The observation that in obese asthmatic subjects
weight loss results in improved pulmonary function but
unaltered airway responsiveness5 is consistent with a role
for obesity in airway remodeling, which is often not
reversible.

A third possible influence of obesity on airway smooth
muscle function involves the inflammatory microenviron-
ment. In obese individuals, even in the absence of an overt
inflammatory insult, there is chronic, low-grade systemic
inflammation characterized by increased circulating leu-
kocytes and increased serum concentrations of cytokines,
cytokine receptors, chemokines, and acute-phase pro-
teins.15-17 The origin of this inflammation appears to be,
at least in part, the adipose tissue itself. Importantly,
systemic inflammatory markers correlate with the pres-
ence of diseases common to obesity, including type II
diabetes and atheroschlerosis.16 With respect to air-
way smooth muscle, obesity-related increases in serum
TNF-a16 are particularly interesting: TNF receptors are
expressed on airway smooth muscle, and exogenous
TNF-a has been shown to increase in vitro contractility
of mouse airways to a variety of contractile agonists.18
In both human and murine obesity, there are also
changes in the serum concentrations of hormones and
other factors derived from adipose tissue that could
affect airway function, leading to AHR. These include
leptin, adiponectin, and plasminogen activator inhibitor
(PAI-1).15,17

The hormone leptin acts in the hypothalamus to induce
satiety and increase metabolism. Nevertheless, serum
leptin concentrations are markedly increased in the
obese,15 suggesting leptin resistance in obesity, similar
perhaps to the insulin resistance observed in type II
diabetes. In addition to its effects on the regulation of
body weight, leptin is also proinflammatory.19 Hemato-
poietic cells express leptin receptors, and monocytes and
macrophages respond to leptin with increased LPS-
stimulated production of cytokines. CD41T cells exposed
to leptin also demonstrate increased proliferative re-
sponses to T-cell mitogens. Coupled with the increased
serum leptin observed in obesity, the proinflammatory
effects of leptin suggest that this hormone might be
relevant to asthma. In this context it is interesting to note
that even after controlling for BMI, leptin is increased in
the serum of male asthmatic compared with nonasthmatic
children.20We did not observe AHR in lean mice in which
we induced an approximate 2-fold increase in serum leptin
levels by means of constant infusion through a subcutane-
ously implanted micro-osmotic pump, although the lack
of effect could be related to the dose of leptin we used.21

Nevertheless, this dose of leptin was sufficient to increase
airway responsiveness induced by ovalbumin (OVA)
aerosol challenge in OVA-sensitized mice.21 The increase
in OVA-induced airway responsiveness occurred in the
absence of any effects of leptin on inflammatory cell influx
or TH2 cytokine expression but was associated with an
increase in OVA-induced IgE production in the leptin-
treated mice. Thus it is possible that the ability of leptin to
augment OVA-induced AHR is the result of increased
activation of mast cells.
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Adiponectin is the most abundant gene product of
adipose tissue. In contrast to many of the other adipokines,
plasma adiponectin levels are decreased in obesity, and
levels increase after weight loss.15,17 There is reason to
believe that the decreased serum concentrations of adipo-
nectin observed in the obese might contribute to the
propensity toward AHR in this population. Although the
primary effects of adiponectin are on metabolism, adipo-
nectin also has anti-inflammatory properties. For example,
in endothelial cells adiponectin reduces TNF-a–induced
nuclear factor kB signaling and reduces the subsequent
expression of the adhesion molecules intercellular adhe-
sion molecule, vascular cell adhesion molecule, and
E-selectin.22 Importantly, adiponectin inhibits prolifera-
tion and migration of cultured vascular smooth muscle
cells induced by mitogens.22 We do not know whether
adiponectin has similar effects on airway smooth muscle,
but increased smooth muscle mass is a prominent feature
of asthma, and both the AdipoR1 and AdipoR2 receptors
are expressed in cultured human airway smooth muscle
cells (unpublished observations).

PAI-1 is the most important endogenous inhibitor of
tissue plasminogen activator and uroplasminogen activator
and is thus the major physiologic inhibitor both of
fibrinolysis and of plasmin activation. Adipocytes produce
and secrete PAI-1, and serum levels of PAI-1 are increased
in the obese and decrease with weight loss.17 Increased
serum PAI-1 levels, through effects on extracellular matrix
turnover, could have effects in the airways that predispose
toward hyperresponsiveness. Indeed, PAI-1 is induced in
the lungs after LPS aerosol exposure and appears to be
required for the airway remodeling andAHR that is induced
by LPS in mice.23 PAI-1 is also required for the increased
collagen and fibrin deposition that occurs in the airways
after allergen sensitization and chronic challenge.24

In summary, the incidence of asthma is increased in the
obese. The importance of understanding this relationship
is underscored by the extremely high prevalence of
obesity in inner-city children, who are at the greatest
risk of asthma,25 and by observations indicating that
obesity is a strong predictor of the persistence of child-
hood asthma into adolescence.4 Potential mechanisms
include obesity-related changes in lung volumes, systemic
inflammation, and other adipocyte-derived factors that
might alter airway smooth muscle function in such a way
as to promote airway narrowing.
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