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Lugogo NL, Kraft M, Dixon AE. Does obesity produce a distinct asthma
phenotype? J Appl Physiol 108: 729734, 2010. First published October 29, 2009;
doi:10.1152/japplphysiol.00845.2009.—Obesity and asthma prevalence have been
increasing over the past decade. Epidemiological evidence demonstrates that
obesity results in an increased risk of developing incident asthma. Even modest
levels of increased weight increase asthma risk. Recently published data suggest
that obese asthma patients may represent a distinct phenotype of asthma. Obese
asthma patients demonstrate increased asthma severity, as indicated by increased
exacerbations and decreased asthma control; however, they do not appear to have
increased airway cellular inflammation. It seems likely that obesity does not
contribute to asthma through conventional Th type 2-mediated inflammatory
pathways but, rather, through separate mechanisms that are specific to the obese
state. This may explain the variable responses of obese asthma patients to conven-
tional asthma therapies, specifically, relative corticosteroid resistance. Small studies
suggest improvements in the disease with weight loss in obese asthma patients, and
other interventions to target asthma in obese individuals need to be investigated.
Several postulated mechanisms for the occurrence of this distinct phenotype have
been postulated: /) the presence of comorbidities, such as gastroesophageal reflux
disease and sleep disordered breathing, 2) systemic inflammation associated with
obesity (with elevated levels of circulating cytokines, such as IL-6 and TNF-a),
3) increased oxidative stress, and 4) hormones of obesity, such as adiponectin,
leptin, and resistin. Although the mechanisms underlying obesity in asthma require
further investigation, obesity plays a major role in the asthma epidemic and likely
results in a distinct phenotype of the disease.

weight loss; airway hyperreactivity; airway inflammation; adipokines; sleep disor-
dered breathing; gastroesophageal reflux disease

THE OBESITY EPIDEMIC has been increasing for the past several
decades, and there are no signs that the trend will change in the
near future. According to the Centers for Disease Control
National Health Interview Survey, 30% of adults >18 yr old
are obese and ~68% of adults in the United States are obese or
overweight. The incidence of obesity has almost doubled
within the past 20 years (8). Asthma prevalence and incidence
have also increased over the past decade, with current preva-
lence of ~5% in the US population. There has been increased
interest in determining whether the increased prevalence of
obesity has resulted in the increasing incidence of asthma.
More than 40 cross-sectional and case-control studies have
reported on the relationship between obesity and asthma since
the 1990s. Almost without exception, these studies describe an
increased prevalence of asthma in obese and overweight indi-
viduals throughout the world. Although such studies cannot
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address the direction of causality, several large epidemiologi-
cal studies have reported an increased odds ratio (OR), or
relative risk, of developing incident asthma in obese individ-
uals [body mass index (BMI) >30] (3, 4, 7, 10, 27, 54, 58, 73),
suggesting that obesity is a risk factor for the future develop-
ment of asthma.

The etiology of this increased risk of developing asthma
with increasing obesity is an area of active research. In addition
to the recognition that obesity results in an increased occur-
rence of asthma, there is mounting evidence that obese asthma
patients have a distinct phenotype of the disease with increased
severity of illness and a variable response to conventional
medical therapies compared with lean asthma patients. These
differences are likely related to differences in the underlying
pathophysiology of the disease, issues that are addressed in
greater detail in this review.

CLINICAL CHARACTERISTICS OF THE OBESE ASTHMA
PHENOTYPE

Severity of asthma in the obese individual. Asthma appears
to be more severe in obese individuals. Reports using data
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initially collected from select groups of asthma patients have
revealed conflicting data (12, 68, 75). However, studies that
have enrolled a broad population of asthma patients have
consistently found that asthma is less well controlled and more
severe in the obese population. In a survey of health plan
participants with a diagnosis of asthma, Mosen et al. (50)
reported worse asthma control, as measured by a symptom-
based questionnaire, and a much greater risk of hospitalization
(OR 4.6) in obese than in normal-weight asthma patients.
Using population-based data from the four-state portion of the
National Asthma Survey, Taylor et al. (70) found worse asthma
control and greater likelihood of severe persistent disease in
obese than in normal-weight asthma patients. Also supporting
the concept that asthma is more severe in obese individuals
when population-based cohorts are studied, Wen et al. (76),
using data from the Behavioral Risk Factor Surveillance System
(a population-based telephone survey in the United States), found
that obese asthma patients were more likely to report an asthma
attack in the last year than nonobese individuals. On balance,
these studies suggest that obese asthma patients tend to have
worse asthma control and more severe disease than nonobese
individuals.

Response to therapy in the obese asthma patient. The rea-
sons for more severe asthma in obese individuals are likely to
be multifactorial. One factor that may contribute to poor
asthma control is altered response to medication: obese asthma
patients appear to be less responsive than nonobese asthma
patients to standard asthma medications, as outlined below.

Altered response to medications has been reported in a
number of studies of the effect of obesity on the response to
pharmacological interventions. This was first described by
Peters-Golden et al. (56), who used pooled data from studies of
the leukotriene antagonist montelukast. They found that the
response to inhaled corticosteroids decreased with increasing
BMI, whereas the response to leukotriene antagonists remained
fairly stable over a range of BMIs. This reduced response to
inhaled corticosteroids was also described by Boulet and
Franssen (5), who used data pooled from five pharmaceutical
company-sponsored studies of fluticasone and fluticasone-sal-
meterol combination therapy. They found that obese partici-
pants were less likely to achieve asthma control with pharma-
cological intervention (inhaled corticosteroid alone or the com-
bination of an inhaled corticosteroid and a long-acting
[-agonist). In a study from Uruguay, Rodrigo and Plaza (59)
also found that obese asthma patients had reduced response to
therapy (including systemic steroids and albuterol) in the
Emergency Department, with a significantly reduced improve-
ment in peak flow and a trend toward less improvement in
forced expiratory volume in 1 s. This reduced response to
therapy may have important implications, inasmuch as Rodrigo
et al. found that overweight and obese individuals were more
likely to be hospitalized for their asthma. Altered response to
another controller therapy was also described in a retrospective
analysis of a study of add-on therapy for poorly controlled
asthma by Dixon et al. (12), who found worse asthma control
in obese asthma patients treated chronically with theophylline
than with placebo in addition to their baseline therapy.

The reasons for this reduced response to therapy are not
known; however, Sutherland et al. (67) demonstrated in vitro
steroid resistance when measured by dexamethasone-induced
mitogen-induced protein kinase phosphatase-1 expression in

mononuclear cells isolated from obese asthma patients over a
range of BMIs. This suggests that factors specific to the obese
state, which include many effects on innate and adaptive
immunity, may alter the response to asthma medications.

This altered response to medications needs to be considered
in the design of future asthma clinical studies, inasmuch as
obesity may be an important covariate that could significantly
alter the response to medications. With the increasing preva-
lence of obesity (world-wide), this will be an important con-
sideration in future asthma studies.

Effect of weight loss in obese asthma patients. A number of
studies have reported the effects of weight loss on asthma by
surgical or dietary interventions. The majority of the studies of
surgical intervention have not measured outcomes specific to
asthma but have consistently described decreased medication
use and improved symptoms with massive weight loss (13).
Maniscalco et al. (45), who used validated asthma question-
naires and performed lung function measurements, reported
improved asthma control and spirometric function with weight
loss in a cohort of women undergoing bariatric surgery. We are
aware of only one randomized controlled trial of dietary
intervention for weight loss: Stenius-Aarniala et al. (64) found
improved asthma symptoms and peak flow in patients with
weight loss. The mechanisms by which weight loss improves
asthma control and lung function are not known. Certainly,
mechanical factors are likely to be important, but reversal of
systemic inflammation and oxidative stress may be equally
important: Johnson et al. (28) found reduced levels of markers of
oxidative stress with caloric restriction in patients with asthma.
Oxidative stress may be important in obese individuals (36).

The effects of weight loss on airway hyperreactivity are not
clear. One study reported no significant improvement in airway
hyperreactivity with dietary-induced weight loss (1), although
whether a more significant weight loss through surgical inter-
vention may improve airway hyperreactivity or airway hyper-
reactivity would improve in certain subgroups is not known.

The studies of weight loss suggest that asthma control is
improved with weight loss and that spirometric lung function
and peak flow are improved. This may be associated with
reduced levels of oxidative stress. The effects of weight loss on
the pathophysiology of disease in the airway are not known.

CHARACTERISTICS OF AIRWAY INFLAMMATION IN OBESE
ASTHMA PATIENTS

Classically, asthma is characterized by Th type 2 (Th2)-
mediated allergic inflammation; therefore, the presence of
atopy as a risk factor for asthma is well recognized. A number
of epidemiological studies have investigated the relationship
between atopy and obesity to determine whether obesity is a
risk factor for allergic responses. In parallel, a number of
cross-sectional cohort studies have investigated the relation-
ship between airway eosinophilic inflammation (as a marker of
Th2 inflammation) and BMI. Together, these studies address
whether obesity is a risk factor for allergic inflammation in
general, and airway inflammation, in particular.

Epidemiological studies suggest that obesity is not a risk
factor for atopy. Some have reported that the risk of asthma in
obesity is not related to atopic status (43), and von Mutius et al.
(74) reported no independent relationship between BMI and
atopy or eosinophilia in children. Other epidemiological stud-
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Sleep disordered breathing?

Effects on innate and
adaptive immune
response
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Fig. 1. Adipose tissue can produce mediators that may have direct effects on
the lung and also affect the innate and adaptive immune system, which may
lead to airway disease. Obesity also increases the risk of other comorbidities,
such as sleep disordered breathing and gastroesophageal reflux disease
(GERD), which may in turn exacerbate respiratory symptoms and disease.

ies have demonstrated that the OR, or relative risk, of devel-
oping asthma is higher in nonallergic than in allergic adults (9,
27, 37) and children (73). On balance, these data suggest that
obesity is neither a risk factor for atopy nor a risk factor for
allergic asthma.

The characteristics of airway inflammation in obesity have
been studied noninvasively in cross-sectional studies using
exhaled nitric oxide, induced sputum, and exhaled breath
condensate. Exhaled nitric oxide parallels the presence of
airway eosinophils (60) and is used in clinical practice as a
marker of inflammation and response to therapeutic interven-
tion. Several studies found no significant differences in exhaled
nitric oxide measurements between obese and lean asthma
patients (31, 41, 48). Studies of induced sputum showed either
no relationship between airway cellular inflammation and BMI
or an inverse relationship between cellular indexes and BMI:
Todd et al. (71) found no relationship between BMI and airway
cell counts in asthma patients or nonasthmatic subjects; Suth-
erland et al. (69) reported similar cell counts in obese and
nonobese asthma patients; van Veen et al. (72) found an
inverse relationship between sputum eosinophilia and BMI in
adult asthma patients; and Lessard et al. (40) found an inverse
correlation between waist circumference and airway eosino-

Table 1. Relationship between serum adipokines and asthma

Table 2. Characteristics of the obese asthma phenotype

Characteristic Reference No.

Worse asthma control 50, 70, 76
Decreased response to controller medication 5,12, 56,59, 67
Presence of comorbidities related to obesity 11, 19, 39, 42, 66
Presence of metabolic/immune derangements 15,57

related to obesity

philia, with a trend toward an inverse relationship between
airway eosinophilia and BMI. Clearly, these studies do not
suggest that obesity is associated with increased airway eosin-
ophilic inflammation; in fact, the reverse may be true.

Although obesity is not associated with increased airway
eosinophilic inflammation, it may be associated with increased
levels of airway oxidative stress. Komakula et al. (36) demon-
strated that increased BMI is correlated with increased levels of
8-isoprostane. The significance of increased levels of oxidative
stress in the airway of obese individuals requires further investi-
gation (16). In nonobese patients, increased levels of oxidative
stress have been associated with more severe asthma (51).

These data suggest that allergic inflammation is not the
primary etiology of the increased asthma incidence and sever-
ity associated with obesity but that factors related to obesity
may act on the airway through mechanisms other than allergic
inflammation to increase the burden of disease in the obese
asthma patient (53, 69).

PATHOGENESIS OF THE OBESITY-ASTHMA PHENOTYPE

Comorbidities in obesity and asthma. Obesity is associated
with multiple comorbidities, including hypertension, hypercholes-
terolemia, diabetes mellitus, obstructive sleep apnea, gastroesoph-
ageal reflux disease (GERD), and depression. Obesity may in-
crease the risk of asthma through comorbidities such as sleep
disordered breathing (SDB) and GERD, which may lead to
airway disease.

Many authors have speculated that GERD could lead to
asthma symptoms in the obese population. GERD is increased
in proportion to BMI (17), and GERD has been associated with
increased airway hyperresponsiveness and wheezing (2, 21),
which may result from vagal nerve stimulation by acid reflux
into the distal esophagus and/or microaspiration of acid into the
bronchi (22, 63). In some studies, treatment of GERD with
medications or surgical intervention with Nissen fundoplica-
tion led to improved asthma control (23, 33, 34), although a
recent study found that this was not the case for patients with

Reference No. Year Population Age n Finding
18 2004 Turkey, asthma clinic Children 135 Leptin increased in asthmatics
20 2004 Turkey, pediatric clinic Children 43 Leptin increased in asthmatics
44 2004 Sweden, birth cohort Children 138 No relationship between leptin and asthma
62 2006 US, population-based Adults 5,876 Leptin increased in asthmatics, more in women
35 2008 Korea, university clinic Children 240 No relationship between adiponectin/leptin and asthma
52 2008 Germany, population-based Children 462 Leptin associated with asthma in girls
Adiponectin not associated with asthma
61 2008 US, population cohort Adults 2,890 Adiponectin lower in female asthmatics
25 2009 Korea, university clinic Adults 90 No relationship between adiponectin/leptin and asthma
26 2009 Finland, population cohort Children and adults 2,620% No relationship between adiponectin/leptin and asthma

*Number of adults participating in this cohort in 2001; also included were 3,582 children from baseline visit in 1980 and 2,764 participants in 1986.
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minimal symptoms of GERD (even if they were obese indi-
viduals in whom GERD was demonstrated by a positive pH
probe) (47). The potential contributions of GERD to asthma in
an obese individual require further study, but there are few
convincing studies to suggest that GERD is a significant
contributor to the pathogenesis of asthma in the obese individ-
ual.

The prevalence of sleep apnea appears to be increased in
severely compared with moderately asthmatic patients of
matched BMI (29). This suggests that sleep apnea may be
linked to asthma severity, and because obesity is a risk factor
for sleep apnea, sleep apnea may be a comorbidity that links
poor asthma control and obesity. The mechanisms by which
SDB could increase asthma severity are not known, but mul-
tiple potential pathways could link asthma and SDB: increased
vagal tone, which leads to bronchoconstriction; upper airway
inflammation, which leads to lower airway inflammation; and
perturbations in central control of bronchomotor tone. Small
studies suggest that treatment for sleep apnea improves asthma
symptoms but does not affect spirometric lung function or
bronchial hyperreactivity (11, 39, 42).

The extent to which SDB and/or GERD contribute to the
pathogenesis of asthma in obese individuals is not clear, but
they are unlikely to be the whole answer. In a community-
based cohort study of ~800 children, Sulit et al. (66) reported
that the association between obesity and asthma was strong,
even after adjustment for SDB, and Gunnbjornsdottir et al.
(19), in a report from the European Community Respiratory
Health Survey, stated that obesity remained significantly re-
lated to the onset of asthma, even when they controlled for
nocturnal GERD and symptoms of SDB. This suggests that
although GERD and SDB may contribute to the pathogenesis
of asthma in obese individuals, other factors need to be con-
sidered (Fig. 1).

Adipokines, obesity, and airway inflammation. One addi-
tional link between obesity and asthma may be the adipokines
and their effects on airway inflammation. Adipose tissue is a
metabolically active tissue participating in energy homeostasis
and immune responses (15, 57). Studies of obesity demonstrate
that adipose tissue secretes biologically active cytokines, in-
cluding TNF-«, IL-6, and adipokines, including leptin, adi-
ponectin, and resistin (49). In humans, obesity results in
systemic inflammation, characterized by elevated serum levels
of these proinflammatory adipokines, chemokines, and acute-
phase proteins (65).

Studies in mouse models of obesity and asthma suggest that
the adipokines leptin and adiponectin may modulate airway
inflammation and bronchial hyperreactivity. Leptin, which is
increased in proportion to BMI, has a number of proinflam-
matory effects on cells involved in innate and adaptive immu-
nity. Adiponectin is a 30-kDa protein with an NH,-terminal
collagenase domain followed by a COOH-terminal globular
domain. It exists in low- and high-molecular-weight forms
(55). Adiponectin’s primary effects are on energy metabolism
and are antidiabetic in nature. It also has many anti-inflamma-
tory effects and inhibits production of the proinflammatory
cytokines IL-6 and TNF-a (46) while inducing the anti-inflam-
matory cytokines IL-1 receptor antagonist and IL-10 (38, 77,
78). Serum adiponectin and IL-10 levels are lower in obesity
(24) and increase with weight loss (14, 30, 32).

Multiple studies have investigated the relationship between
serum levels of these adipokines and the presence of asthma
(Table 1). Although the data are sometimes conflicting, there
does not appear to be a strong relationship between serum
levels of leptin/adiponectin and the presence of asthma suffi-
cient to explain the relationship between asthma and obesity
(61, 62). However, serum levels may not accurately reflect
levels in the lung, and, in the case of adiponectin in particular,
total levels in the serum may not reflect levels of the biologi-
cally active multimer of adiponectin. It may also be that local
expression of these adipokines needs to be considered: Bruno
et al. (6) showed that bronchial epithelium expresses leptin and
leptin receptor and that expression of leptin and leptin receptor
is altered in severe asthma. This suggests not only that leptin
may have a role in the pathogenesis of asthma (in obese and
normal-weight individuals), a finding that needs further inves-
tigation, but that serum levels may not reflect biologically
active levels in the compartment of interest, in this case, the
airway.

SUMMARY

Asthma is associated with airway inflammation and revers-
ible airflow obstruction. Obese asthma patients have more
severe disease with increased asthma exacerbations, decreased
asthma control, and decreased steroid responsiveness. Obese
asthma patients do not demonstrate increased cellular airway
inflammation, possibly because of the presence of a non-Th2
cytokine-driven, nonallergic asthma phenotype. This pheno-
type may result, because comorbidities such as GERD and
SDB may contribute to the presentation of asthma in the obese.
There is also increasing evidence that cytokines secreted by
adipose tissue cause systemic inflammation that may affect the
lung (Fig. 1). Weight loss is associated with improvement in
lung function, medication use, symptoms, morbidity, and
health status. Obesity likely results in a unique asthma pheno-
type (Table 2) that will require the development of a distinct
therapeutic approach.
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