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■ Abstract
Objective: It has been shown that the prevalence of asthma in obese people has increased in recent years. The aim of this study was to
evaluate factors involved in the relationship between asthma and obesity in women.
Methods: We evaluated serum leptin levels, fractional exhaled nitric oxide (FENO), asthma control (using the Asthma Control Test [ACT]), and
presence of atopy in 41 obese women with asthma and 40 non-obese women with asthma. We also compared the relationship between
body mass index (BMI) and these parameters between the 2 groups.
Results: Serum leptin levels were significantly higher in obese asthmatics than in nonobese asthmatics (P<.05). In the obese group, leptin
levels were positively correlated with FENO levels (r=0.439, P=.004). Uncontrolled asthma (ACT score <20) was detected in 61% of women
in the obese group compared to just 38% of those in the nonobese group (P=.035). In atopic patients, total immunoglobulin E levels were
positively correlated with leptin levels (r=0.329, P=.038). When the 81 women were classified according to asthma control, high BMI was
found to be the only significant factor that contributed to poor asthma control.
Conclusion: We have shown that serum leptin levels might have a role in poor asthma control in obese patients, and can conclude that
obesity is an important factor in uncontrolled asthma.
Key words: Asthma. Asthma control. Exhaled nitric oxide. Leptin. Obesity

■ Resumen
Objetivo: Se ha demostrado que la prevalencia del asma en personas obesas ha aumentado en los últimos años. El objetivo de este estudio
fue evaluar los factores implicados en la relación entre el asma y la obesidad en mujeres.
Métodos: Se evaluaron los niveles séricos de leptina, el óxido nítrico exhalado (NOe), el control del asma (con el uso de la prueba de
control del asma [ACT]) y la presencia de atopia en 41 mujeres obesas con asma y 40 mujeres no obesas con asma. También se comparó
la relación entre el índice de masa corporal (IMC) y estos parámetros entre los 2 grupos.
Resultados: Los niveles séricos de leptina fueron significativamente mayores en las mujeres asmáticas obesas en comparación con las
asmáticas no obesas (p<0,05). En el grupo de mujeres obesas, los niveles de leptina presentaron una correlación positiva con los niveles
de NOe (r=0,439; p=0,004). Se detectó asma no controlada (puntuación de la ACT< 20) en el 61% de las mujeres del grupo con obesidad
y solo en el 38% de las mujeres del grupo sin obesidad (p=0,035). En las pacientes atópicas, los niveles totales de inmunoglobulina E
presentaron una correlación positiva con los niveles de leptina (r=0,329; p=0,038). Al clasificar a las 81 mujeres en función del control
del asma, se observó que el IMC elevado era el único factor significativo que contribuía a un mal control del asma.
Conclusión: Se ha mostrado que los niveles séricos de leptina pueden estar implicados en el mal control del asma en pacientes obesas, y
se puede concluir que la obesidad es un factor importante en el asma no controlada.
Palabras clave: Asma. Control del asma. Óxido nítrico exhalado. Leptina. Obesidad.
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Introduction
Obesity and asthma are chronic diseases that affect millions
of people all over the world. There has been a considerable
increase in the frequency of both diseases over the last 2
decades [1,2]. A systematic review published in 2008, for
example, reported that the frequency of asthma and obesity
in the United States increased by 50% and 73%, respectively,
between 1980 and 2000 [3]; this simultaneous rise may not
be coincidental.
Moreover, recent data emphasize that obesity is an
important risk factor for asthma [4-6]. It has been shown that
the increased deposition of adipose tissue in obesity may play
a critical role in the development of airway inflammation and
bronchial hyperreactivity [7]. Leptin, a 16-kD adipocytederived cytokine that is essential for body homeostasis, is
synthesized and released from fat cells in response to changes
in body fat. It inhibits lipogenesis, stimulates lipolysis,
improves insulin sensitivity, and has angiogenic activity [8]. It
is also elevated in obesity, correlates positively with body mass
index (BMI), and induces satiety. There is also evidence that
it upregulates various cytokines, promoting a state of chronic
inflammation [9]. Furthermore, in the lung, leptin (or rather
the leptin receptor pathway) has been shown to be involved
in normal lung development and surfactant production [10].
Leptin is believed to regulate T-cell proliferation or activation
and may provide a link between obesity and asthmatic
inflammation [11,12].
Asthma control, which is defined as the extent to which the
various manifestations of asthma are reduced or removed by
treatment, is increasingly receiving attention in both clinical
trials and clinical practice. In recent years, validated composite
measures have been designed to capture different and often
independent aspects of asthma control [13].
Measurement of exhaled nitric oxide is an accepted,
recommended, and standardized technique for assessing
airway inflammation in asthma. Several publications have
reported high fractional concentrations of orally exhaled nitric
oxide (FENO) in individuals with asthma and a fall in these
concentrations after appropriate treatment [14].
In this study we aimed to evaluate the effects of obesity on
asthma and asthma control. A secondary aim was to evaluate
the contribution of inflammatory markers such as leptin and
FENO to the relationship between asthma and obesity.

the first 25 patients who met the eligibility criteria were
recruited.
Asthma diagnosis was made according to the Global
Initiative for Asthma (GINA) recommendations [4]. Asthma
severity was also classified according to the GINA guidelines,
using symptoms and pulmonary function test results from when
the patients were clinically stable and had been free of acute
respiratory infections for at least 2 months [4].
Patients with a BMI of over 30 kg/m2 were classified as
obese. Patient characteristics, comorbidities (allergic rhinitis,
sinusitis, and nasal polyposis), treatment adherence, and
presence of premenstrual worsening of asthma symptoms
were recorded.
Patients who had had an asthma exacerbation or
experienced a lower or upper respiratory tract infection in the
last month were excluded, as were current or former smokers,
and patients with systemic inflammatory diseases or cardiac
disorders.
The study was approved by the ethics committee at Gazi
University School of Medicine, and written informed consent
was obtained from all individuals.
Spirometry
Spirometric parameters were measured with a Vmax
20 spirometer (Sensor Medics/ VIASYS, Conshohocken
Pennsylvania, USA). The best of 3 manoeuvres was selected
and expressed as a percentage of the predicted value and as
an absolute value.
Atopy
Atopy was assessed by skin prick tests to 13 common
allergens (Dermatophagoides farinae, Dermatophagoides
pteronyssinus, Alternaria alternata, Cladosporium herbarum,
penicillium mix, aspergillus mix, cat fur, dog hair, grass mix,
Corylus avel, Populus alba, Olea europea, and cereal mix
[Stallergenes SA, Antony, Cedex, France]). Histamine in
distilled water (10 mg/mL) and a glycerol-buffered diluent of
the allergen preparations were used as positive and negative
controls, respectively. Skin reactions were analyzed 15 minutes
after inoculation by comparing the wheal diameter produced
by each allergen to those produced by the positive and negative
controls. Participants were characterized as atopic if they had at
least 1 skin reaction with a wheal diameter of 3 mm or greater.
Fractional Exhaled Nitric Oxide

Methods
Study Design and Participants
This cross-sectional study was performed at the asthma
outpatient clinic of the Department of Pulmonary Medicine
at the Gazi University School of Medicine in Ankara, Turkey.
Female asthmatic patients who visited our outpatient clinic
and who had been using at least 1 asthma control medication
regularly for at least 6 months were consecutively evaluated
over a year for inclusion in 4 study groups: 1) obese atopic
patients, 2) obese nonatopic patients, 3) nonobese atopic
patients, and 4) nonobese nonatopic patients. For each group,
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FENO measurements were performed using a handheld FENO
analyzer (NIOX MINO; Aerocrine, Solna, Sweden), which
measures NO via an electrochemical sensor. The measurement
range is between 0 and 300 ppb with an accuracy of ±5 ppb
or ±10% if FENO is >30 ppb. Deep inhalation through the
mouthpiece provides NO-free air via an NO scrubber. After
inhalation, the individual exhales for 10 seconds with a
constant flow of 50 mL/sec. Constant flow is ensured via a
visual and audible feedback system that helps to maintain
pressure within preset limits. Measurements are approved if the
exhaled pressure is between 10 and 20 cm H2O with deviation
allowed during the first 3 seconds of measurement [15]. The
measurement method is consistent with the recommendations
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of the American Thoracic Society/European Respiratory
Society [14]. FENO was measured prior to spirometry.
Serum Total Immunoglobulin E Levels
Peripheral blood samples were obtained from each
individual and total immunoglobulin (Ig) E levels (IU) were
measured by chemiluminescence automatic immunoassay.
Serum Leptin Levels
Peripheral blood samples were obtained from each
individual after overnight fasting. Serum leptin levels (pg/mL)
were analyzed with a solid-phase Leptin enzyme-linked
immunosorbent assay based on the sandwich principle (DRG
Instruments GmbH, Marburg, Germany).
Asthma Control Test

Demographic data, comorbidities, and spirometric values
for both groups (obese and nonobese) are shown in Table 1.
According to the GINA guidelines [4], 3 of the women in the
obese group had severe persistent disease, 5 had moderate
persistent disease, and the rest (n=33) had mild persistent
disease. In the nonobese group, 5 of the women had moderate
persistent disease and the rest (n=35) had mild persistent
disease. All the patients had been taking at least 1 asthma
control medication regularly for at least 6 months.
The patients in the obese group were significantly older
than those in the nonobese group (Table 1). There were no
within-group differences for mean demographic data or
spirometric values, or presence of asthma-related comorbidities
(allergic rhinitis, sinusitis and nasal polyposis) when the
patients were analyzed by atopic status.
The mean leptin level was significantly higher in obese
asthmatics than in nonobese asthmatics (P=.50), but no
significant difference was found for FENO levels (Table 2). The
mean (SD) ACT scores were 20.75 (4.55) and 18.30 (5.50) for
obese and nonobese patients, respectively. However, when the
patients were classified as having controlled asthma (ACT
score ≥20) or uncontrolled asthma (ACT score <20), 61%
of the patients in the obese group had uncontrolled asthma
compared to just 38% of those in the nonobese group (P=.035).
For the group as a whole (n= 81), a significant correlation

The Asthma Control Test (ACT) [16] was used to evaluate
asthma control. The ACT is a validated self-administered
questionnaire consisting of 5 questions covering the previous 4
weeks. The questions are related to episodes of breathlessness,
nocturnal awakenings, limitations of daily activities, need for
rescue medication, and self-rating of asthma control. Each
question has 5 possible answers, with scores ranging from 1
to 5. The total possible score thus ranges from 5 to 25, with
higher scores indicating better control.
Well-controlled asthma is defined by a Table 1. Demographic Features and Spirometric Values of Obesea and Nonobeseb Asthmatic Womenc
score of 20 or higher [16].
Obese Group
(n=41)

Statistical Analysis
Statistical analysis was performed
using the Statistical Package for the
Social Sciences (SPSS) for Windows
(release 13.0) (SPSS, Chicago, Illinois,
USA). Normally distributed variables
were expressed as means (SD) and
nonnormally distributed variables
as medians (range). The MannWhitney U test was used to compare
categorical variables. Correlations
between variables were assessed using
Spearman correlation tests. The χ 2
test was used to compare categorical
variables and discriminate analysis was
used to determine significant factors.
All P values were 2-tailed, and a P of
.05 or less was considered statistically
significant.

Age, y
Duration of asthma, y
BMI, kg/m²
FEV1, %
PEF, %
Total IgE, IU/mL
Presence of allergic rhinitis, %
Presence of sinusitis, %
Presence of nasal polyposis, %

P

47.30 (15.65)
8.30 (8.68)
25.55 (2.84)
99.48 (17.85)
95.81 (19.29)
117.09 (218.0)
57.50
40.00
0

.024
.477
<.001
.308
.290
.238
.207
.711
.58

Abbreviations: BMI, body mass index; FEV1, forced expiratory volume in the first second; IgE,
immunoglobulin E; PEF, peak expìratory flow.
a
BMI <20 according to Asthma Control Test (ACT) [16].
b
BMI ≥20 according to ACT.
c
Data are shown as mean (SD) unless otherwise indicated.

Table 2. Study Parameters for Obese and Nonobese Asthmatic Women Analyzeda

Results
After the exclusion of patients with
missing data, 81 women with asthma
(41 of whom were obese [21 atopic and
20 nonatopic] and 40 of whom were
not [20 atopic and 20 nonatopic]) were
included in the study.

53.90 (10.19)
8.94 (8.79)
34.87 (4.26)
93.10 (18.83)
89.63 (24.16)
134.46 (201.8)
63.40
53.70
7.30

Nonobese Group
(n=40)

Leptin, pg/mL
FENO, ppb

Obese Group
(n=41)

Nonobese Group
(n=40)

P

22.60 (4.80- 100.00)
21.00 (11.00- 52.00)

16.70 (2.32- 92.11)
22.50 (6.00-297.00)

.050
.532

Abbreviation: FENO, fractional exhaled nitric oxide.
a
Data are shown as median (range).
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BMI, kg/m2

was found between BMI and serum leptin
120
levels (r=0.394, P<.001) (Figure 1). No
correlation was found between BMI and
100
FENO levels (r= -0.025, P=.82), and there
was a weak but insignificant negative
r=0.94, P=.001
correlation between BMI and ACT scores
80
(r= -0.116, P=.301).
When the women in the obese group
(n=41) were categorized according to
60
current asthma control (ACT score <20
or ≥20), no significant difference was
found for median FENO levels between
40
those with uncontrolled asthma (n=24;
21.00 ppb [15-51 ppb]) and those with
controlled asthma (n=17; 20.50 ppb [11-52
20
ppb]) (P=.799). Median leptin levels were
higher in patients with uncontrolled asthma
0
(23.19 pg/mL [4.80-100 pg/mL]) than in
0
5
10
15
20
25
30
35
40
45
50
those with controlled asthma (19.70 pg/mL
[11.14-100 pg/mL]) but the difference was
Serum Leptin, pg/mL
not significant (P=.371). The results for the
nonobese group (n=40) were similar. FENO Figure 1. Relationship between body mass index (BMI) and serum leptin levels in the whole
levels were 26.00 ppb (10.00-297.0 ppb) for study group.
those with uncontrolled asthma (n=15) and
For the 41 patients with atopy, a significant correlation
19.50 ppb (6.0-171.0 ppb) for those with controlled asthma
was found between serum leptin levels and total IgE levels
(n=25) (P=.194). For leptin, the levels were 20.69 pg/mL
(r= 0.329, P=.038).
(4.03-35.10 pg/mL) and 15.90 pg/mL (2.30-92.11 pg/mL),
The only asthma-related comorbidity significantly associated
respectively (P=.890).
with increased risk for uncontrolled asthma (ACT score
In the obese group, a significant positive correlation
<20) was obesity (BMI >30), with an odds ratio of 2.6 (95%
was observed between serum leptin levels and FENO levels
confidence interval, 1.06-6.38; P=.036). No significant effects
(r=0.439, P=.004) (Figure 2). There was also a positive
were found for allergic rhinitis, sinusitis, or nasal polyposis.
correlation between serum leptin levels and total IgE, (r=0.43,
Twenty-four (58%) of the women in the obese group and
P=.789) and a negative correlation (r=–0.138, P=.390) between
16 (40%) of those in the nonobese group were premenopausal.
leptin levels and ACT scores but these were not significant.
However, only 4 of the women (all in the obese group) reported
In the nonobese group, no correlations were found for these
deterioration of asthma symptoms prior to menstruation. These
parameters.
4 patients, classified as having premenstrual
60
asthma, also had significantly higher leptin
levels (47.61 pg/mL [27.94-53.17 pg/mL]) than
those who did not complain of premenstrual
50
asthma symptoms (20.39 pg/mL [2.32-100 pg/mL])
r=0.439, P=.004
(P=.005).
FENO, ppb

40
30

Discussion

We have shown that high BMI and high
leptin levels negatively influence asthma
20
control. Furthermore, the significant positive
correlation observed between serum leptin
and FENO levels in the obese group suggests
10
the presence of an increased inflammatory
process, induced by leptin, in these patients.
0
We have also shown, as expected, that serum
0
20
40
60
80
100
120
leptin levels were significantly higher in
Serum Leptin Level, pg/mL
obese asthmatics compared to nonobese
Figure 2. Relationship between serum leptin levels and fractional exhaled nitric oxide (FENO) in asthmatics, with a positive correlation
between BMI and leptin levels.
obese female patients.
In the past decade, asthma and obesity
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have been associated in different ways. Prospective studies,
for example, have shown that obesity is a risk factor for the
development of asthma, with a risk or odds ratio of between
1.1 and 3.0 [12,17]. In a meta-analysis of 7 studies comprising
333 102 individuals, overweight and obesity conferred an
increased risk of incident asthma (odds ratio, 1.51) [18]. Recent
data have shown that obesity is associated not only with a high
prevalence of asthma but also with a decrease in lung function
and an increase in symptoms in asthmatic patients [4,12,19,20].
Moreover, weight reduction in obese asthmatic patients has
been found to improve lung function and asthma symptoms,
as well as result in reduced medication use [20-22]. As can be
seen thus, the relationship between obesity and asthma is not
only causal as obesity also appears to have a negative impact
on asthma symptoms.
The pathophysiological mechanisms underlying the
association between asthma and obesity have been the subject
of much recent research. While they are still unknown, one
theory is that leptin might play a role in the pathogenesis of
obesity-related asthma [1].
Asthma is unquestionably an inflammatory disease of the
lung, but there is also an increasing body of literature indicating
that obesity is also an inflammatory state. Certain inflammatory
cytokines, such as tumor necrosis factor (TNF) α and interleukin
(IL) 6 are elevated in both obesity and asthma [1]. Leptin–a
proinflammatory cytokine–is increased in the majority of
obese individuals [7], and high levels of leptin have been
associated with current asthma [11,23,24]. While several
studies, including ours, have found an association between
high leptin levels and high BMI [7,23], others have found
no differences in BMI between asthmatic and nonasthmatic
individuals with high leptin levels [11,24].
Adipocytes in white adipose tissue are the main source of
leptin. These fat cells also secrete cytokines and chemokines
such as TNF-α, IL-6, and IL-10. TNF-α stimulates the
production of TH2 type cytokines. In summary, a common
inflammatory pathway in both obesity and asthma is
orchestrated by TNF-α. Expression of leptin can also be
increased by TNF-α. Leptin, IL-6, and IL-10 have been shown
to downregulate regulatory T cell activity, which can result in
a tendency to atopy [17].
There is also limited evidence that obese asthmatics have
greater systemic inflammation and airway inflammation than
nonobese asthmatics [7]. There are conflicting results regarding
the association between FENO, an accepted noninvasive marker
of airway inflammation [25,26], and BMI in asthmatics.
Komakula et al [27], for example, showed that BMI and leptin
levels were negatively correlated with FENO in asthmatics. The
explanation they provided for this discrepancy was the fact that
the increase in oxidative stress in obese individuals changes
the NO redox metabolism. This means that airway NO could
be converted into reactive nitrogen species, resulting in lower
measured FENO levels. We did not find a correlation between
BMI and FENO in the present study but we did observe a
positive correlation between leptin levels and FENO, indicating
that leptin plays a significant role in airway inflammation.
One interesting finding of this study was that leptin levels
were higher in the small group of women with premenstrual
asthma (n=4 and all obese) than in those who did not report
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worsening of asthma symptoms prior to menstruation.
Premenstrual asthma has been shown to be caused by increased
airway inflammation [28]. A common pathway in premenstrual
asthma and leptin-induced airway inflammation is excessive
nuclear factor-κB (NF-κB) formation. Because progesterone
receptors directly interact with NF-κB, a fall in progesterone
levels in the late luteal phase of the menstrual cycle would
tend to increase asthmatic inflammation via excessive NF-κB
formation [29]. It is also noteworthy that leptin can activate the
transcription factors that activate NF-κB in endothelial cells [30]. We
hypothesize that leptin, using the same pathway, can enhance
the effects of hormonal changes in the premenstrual period.
Nonetheless, further investigation into the role of leptin in
premenstrual asthma is needed.
Atopy also appears to be linked to obesity in a similar
manner to asthma. In our analysis, we found a positive
correlation between leptin and IgE levels in patients with
atopy, and it has been suggested that obesity might be a risk
factor for atopy [6,17]. In a study of 98 children, obese children
had significantly higher serum IgE levels than nonobese children [31].
Leptin levels have also been found to correlate positively with
IgE levels in atopic individuals [31]. Finally, in an animal
model, leptin has been shown to increase IgE levels and
augment airway hyperresponsiveness [32].
It has been proposed that sex might play a significant role
in the association between asthma and obesity, which has been
found to be stronger in women than in men [1]. Higher leptin
levels have also been reported in women compared to men [33].
These differences might be associated with sex hormones, but
they might also be related to differences in the percentage of
body fat between women and men as serum levels of leptin are
positively correlated with body fat mass [23]. A high BMI does
not necessarily reflect a high percentage of body fat in men
(men are more muscular than women and a high BMI might
be due to increased muscle mass rather than increased adipose
tissue). Indeed, an association between high BMI and asthma
has mostly been detected for women [7,17]. This is why we
only included women in this study. There is already sufficient
evidence that leptin levels are elevated in obese patients, but
we specifically wished to study obese and nonobese asthmatic
women to investigate how leptin might contribute to the
association between asthma and obesity.
The main finding of our study is that both obesity and
high leptin levels had a negative impact on asthma control.
Obesity was the only asthma-related factor analyzed that
was significantly associated with poor asthma control in
our series. Relatively little is known about the association
between obesity and asthma control, although 2 recent studies
have shown poorer asthma control and increased emergency
room visits in obese patients [34,35]. Moreover, according
to data from Lavoie et al [36], asthmatics with higher BMI
have worse asthma control (assessed by the Asthma Control
Questionnaire), regardless of disease severity [36]. Our results
support this observation. In our study, the risk of having
uncontrolled asthma, measured by the ACT, was 2.6 times
higher in obese patients than in nonobese patients. Maniscalco
et al [37], also using the ACT, found that asthma control
improved significantly, and in parallel to a significant decrease
in BMI, in obese patients after gastric banding surgery; they

© 2011 Esmon Publicidad

Asthma in Obesity

also reported a significant improvement in asthma symptoms
and rescue medication use with the reduction in BMI [37].
In a recent systemic review which showed that weight loss
resulted in improved asthma status, the authors mentioned
numerous factors that might contribute to the association
between asthma and weight loss, including gastroesophageal
reflux, inflammatory mediators, dietary intake, chest wall
mechanics, and physical activity [3].
The current study is limited by its cross-sectional design.
Longitudinal studies are needed to draw conclusions about
the negative impact of high leptin levels on lung parameters
and asthma outcomes.
In conclusion, obesity and high leptin levels might play a
role in the disease process of asthma and also have a negative
impact on asthma control, probably by increasing airway
inflammation. The positive correlation between leptin and FENO
levels would support this hypothesis. Longitudinal studies
will help us to understand the pathophysiological association
between asthma, obesity, and leptin and may also open new
therapeutic options for asthma treatment in obese patients.
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