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Summary

Background: Epidemics of asthma and overweight have been linked recently. They might be
associated with systemic inflammation. In asthma hyperresponsiveness to adenosine (AMP) is
more closely related to inflammation than to methacholine (MCh). The aim of the study was
to determine responsiveness to AMP and MCh in overweight compared with normal weight asth-
matics.
Methods: Thirty women were enrolled (19 overweight) with mild controlled asthma according
to GINA. A Body Mass Index (BMI) less than 25 kg/m2 was considered as normal and a BMI above
25 kg/m2 as overweight. We assessed the recent control of asthma (ACQ), pulmonary function
tests, bronchial responsiveness to MCh and AMP (PC20 and O’Connor two-point doseeresponse
slope), perception of symptoms (Borg scale), and blood inflammatory markers (leptin and
hs-CRP by ELISA).
Results: Overweight had a significant lower dose-response slope of the MCh challenge
(p Z 0.009) as compared to normal weight patients, whereas no significant difference was
observed for AMP challenge (p Z 0.27). Overweight patients had higher intercepts of the
Borg scale measured before the MCh and AMP challenge tests (p Z 0.01 and p Z 0.03).
Plasma leptin (p Z 0.001) and hs-CRP (p Z 0.05) concentrations were higher in overweight
than normal weight patients. There was no correlation between challenges and inflammatory
markers.
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Conclusions: Overweight asthmatic women have more pronounced systemic inflammation,
but are less responsive to MCh. AMP responsiveness appeared to be comparable between
both groups. Our findings suggest that overweight asthmatic women do not feature increased
airway inflammation, but do represent a distinct phenotype as compared to normal weight
patients.
ª 2010 Published by Elsevier Ltd.
Introduction

During the past two decades a simultaneous rise in prevalence
of asthma and overweight has been reported in the developed
countries.1,2 This pattern has led to several correlation-
studies in which the epidemiological association between
obesity (Body mass index (BMI) over 30 kg/m2) and the like-
lihood ratio of asthma has been confirmed. However, the
relation between a higher BMI and bronchial hyper-
responsiveness (BHR), an important feature of asthma,
remains controversial in these studies.3e8 The hypothesis that
a rise in BMI is a state of chronic low-grade systemic inflam-
mation is being supported by several studies. First, macro-
phage infiltration into the expanding adipose tissue, which
participates to the inflammatory cascade, has been
described.9 Second, subjects with excess body fat demon-
strate elevated levels of inflammatory mediators as C-reac-
tive protein (CRP).10e14 Moreover, leptin, a protein that plays
a key role in adipocyte lipid storage, seems to fulfil a pro-
inflammatory function.15e17 More recently, it has been
shown that obese with asthma had poorer asthma control than
nonobeses,11,18 despite similar symptom perception and
expiratory flows.14 Most research studies concerning asthma
and a higher BMI include obese subjects (BMI> 30 kg/m2) and
exclude the overweight group (BMI> 25 kg/m2), while the
prevalence of overweight seems to be of more importance in
the western countries.19,20

Two major pathophysiologic features of asthma are BHR
and airway inflammation.21 Nowadays, the most widely
used method to assess the degree of BHR is the meth-
acholine (MCh) challenge testing. MCh is a pharmacological
analogue of acetylcholine that causes airflow limitation
predominantly via a direct effect on the airway smooth
muscle without intervening pathways. Unlike the MCh,
Adenosine monophosphate (AMP) is an indirect pharmaco-
logical stimulant that binds to ‘‘primed’’ mast cells leading
to degranulation and release of pro-inflammatory media-
tors, such as histamine and leukotrienes. Therefore, AMP
challenges are considered to be more closely related to
airway inflammation.22,23 In most of the epidemiological
studies, it has been reported that asthma was more
significantly associated with obesity in women than in men.
In one study, BMI was even related to asthma severity,24

this finding was confirmed by the European cohort study
of severe asthma (ENFUMOSA).25 These data were sufficient
to focus the present study on women with asthma with
a variable BMI.

The primary hypothesis of this study was that
overweight asthmatic women demonstrate more pronounced
BHR when exposed to AMP as compared with normal weight
asthma women. Secondarily, we hypothesized that hyper-
responsiveness to AMP in overweight asthmatic women is
related to plasma inflammatory markers.
Materials and methods

Subjects

Female subjects with asthma were recruited from out patient
clinic of the Respiratory department of Montpellier hospital
from June to December 2006. All subjects diagnosed with mild
asthma according the Global Initiative for Asthma (GINA)
classification had to fulfil the following inclusion criteria:
aged between 30 and 75 years, non-smoking not pregnant,
and baseline with FEV1 over 65% of the predicted value
(% pred).26 Patients were using short-acting ß2-agonist as
needed only, and they were all steroid naı̈ve. They were
excluded when they reported an exacerbation during the last
6 months and when clinically significant co-morbidity was
present. To avoid the possible confounder effect of gender
differences only female subjects were included. Patients
were divided into two groups according to their BMI: one with
normal weight (BMI� 25 kg/m2) and one with overweight and
obese subjects (BMI> 25 kg/m2). The study was approved by
the local Ethic Review Committee and written informed
consent was obtained from participating subjects.

Design

The study was conducted over two visits. When not meno-
pausal, the first visit was planned in the first week after the
menstruation. The Asthma Control Questionnaire (ACQ French
version for France) was filled in by all the patients, and
a general medical as well as asthma history was noted. A basic
physical examination was performed, then after spirometry
and lung volumes were measured. After blood samples were
collected, the MCh provocation test was done. The second visit
wasperform1weekafterandconsistedof theAMPprovocation
test. Before each visit, patients refrained from the asthma
treatment for 48 h and caffeine containing beverages for 4 h.

Questionnaire

For each patient the score for the validated French version
of the Juniper Asthma Control Questionnaire was calcu-
lated.27 Subjects recalled their experiences during
the previous 7 days and responded to each question using
a 7-point scale (0e6). The items were equally weighed; the
mean score for the seven questions was then calculated.
A mean score of 0 indicated a very good control of asthma,
whereas a score of 6 meant a poor control.

Pulmonary function tests

Preceding the first provocation test, spirometric measure-
ments, including FEV1 and forced vital capacity (FVC) were
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recorded.28 Total lung capacity (TLC), residual volume (RV)
and functional residual capacity (FRC) were measured by
body plethysmography (Sensor Medic Vmax series 229). The
pulmonary function results were expressed as percentage
of predicted normal values (% pred).

Inhalation challenge tests

MCh and AMP provocation tests were performed according to
a standardized two minutes tidal breathing method.29 MCh
(chlorure MCh, Allerbio, France) and AMP (Sigma-Aldrich,
France) solutions were administered to the patients in serial
doubling concentrations ranging respectively from 0.03 to
8 mg/ml and 3.125 to 400 mg/ml, respectively. FEV1 was
measured 60 and 180 s after each dose. The provocation test
was discontinued when FEV1 felt more than 20% from baseline
(PC20), or if the highest concentration had been given. When
PC20 was attained, 400 mg salbutamol was given to ensure that
the FEV1 returned to within 90% of the baseline value.

Borg scale

The severity of dyspnoea, during the challenge test, was
assessed by the Borg scale at steady state and after inha-
lation of each dose of MCh or AMP.30 All subjects were asked
to rate the magnitude of their dyspnoea on a scale from 1 to
10. They were told that 1 represented no breathlessness at
all while 10 represented the strongest feeling of breath-
lessness they had ever experienced.

Biochemical assay

Before starting with the first challenge test, blood was taken
from each of the subjects by venipuncture. After centrifu-
gation, serum was recovered and hs-CRP (high sensitivity)
and leptin levels were measured by ELISA test. Briefly, serum
samples were aliquoted and frozen at �80 �C. Leptin ELISA
kit obtained from R&D system used a mouse monoclonal
antibody and gave a sensitivity of 7.8 pg/ml. hs-CRP ELISA kit
obtained from Immunobiological Laboratories used a mouse
monoclonal antibody and gave a sensitivity of 10ng/ml.

Data analysis

BMI was considered as a categorical variable (�25 and
>25 kg/m2). The highest percentage decline of FEV1 of the
two measurements after each dose of stimulant (MCh and
AMP) was used for analysis. The calibrated nebulizer output of
0.130 ml/min was used to calculate the cumulative dose for
the 2 minutes tidal breathing method at each level of chal-
lenges. The two-point doseeresponse slope was calculated as
previously described by O’Connor et al.31 The index of dysp-
noea was calculated according to the Borg scale value when
20% fall FEV1 was reached as previously described.32 Dyspnoea
was assessed by Borg and VAS (Visual Analogic Scale), plotted
against the percent fall in FEV1, and expressed as the slope of
the regression line. Non-parametric statistical tests were
used because of the non normal distribution. Difference
between groups was analyzed by ManneWhitney U-test.
Correlation between data was assessed by non-parametric
Spearman correlations test. Values are presented as median
and interquartiles and significant differences were consid-
ered for p< 0.05. All data were analyzed using SPSS Statistics
system.

Results

Subjects

A total of 30 individuals, 11 normal weight (BMI� 25 kg/m2)
and 19 overweight and obese (BMI> 25 kg/m2) subjects
completed the study protocol (median and 27e75 inter-
quartile 22 (21e22) kg/m2 and 32 (27e35) kg/m2, respec-
tively). Table 1 shows general characteristics of the study
population. The mean period between the two provocation
tests was 5.9� 9.4 days. No relation has been found between
BMI and clinical outcomes at baseline.

Pulmonary function tests

The mean FEV1 of the two groups was 96.7� 16.8% pred at
baseline level, and did not differ significantly between the
two groups (Table 1). Furthermore, no significant difference
was found in FVC and TLC comparing the groups (Table 1).
However, normal weight subjects had a significantly higher
FRC (108% (85e122) pred) than the high BMI subjects (81%
(39e80) pred, p Z 0.02), and a lower FEV1/FVC ratio (76%
(72e79)% versus 81% (78e99), p Z 0.02) (Table 1).

Inhalation challenge tests

All subjects reached PC20 for the MCh test but not for the
AMP test. Accordingly we calculated the PC10, which tend
to be significant for AMP challenge with p Z 0.07 (80
(6e65.9) versus 4.9 (1.2e45.3) mg/ml) and PC10 for
methacholine was not significant (0.6 (0.06e1.6) mg/ml vs
0.1 (0.08e0.7) mg/ml). Subjects with high BMI had
a significantly lower doseeresponse slope for the MCh
challenge (0.98� 0.7% fall/mmol and 0.42� 0.3% fall/mmol,
respectively with p Z 0.009) (Table 2). No significant
difference of dose-response curves for the AMP challenge
was seen between these two groups (p Z 0.27) (Table 2).

Borg scale

Baseline perception, as measured by the Borg/FEV1 inter-
cepts, differed significantly between the two different
groups (MCh challenge: 2.1� 0.4% fall FEV1; AMP challenge:
2.4� 0.6% fall FEV1 for normal weight versus MCh chal-
lenge: 4.0� 0.5% fall FEV1; AMP challenge: 4.3� 0.6% fall
FEV1, for high BMI, respectively, p Z 0.008 and p Z 0.03).

The slopes of Borg/FEV1 for MCh challenge differed
between normal weighted subjects and overweight subjects.
The slopes were significantly steeper for the subjects with
a BMI� 25 kg/m2 (0.7� 0.3% fall FEV1 versus0.3� 0.3% fall
FEV1, p Z 0.005). Borg/FEV1 slopes for AMP challenge were
not significantly different (p Z 0.08).

Questionnaire

The Asthma Control Questionnaire score was significantly
higher in the group with a BMI> 25 kg/m2 (1.4� 1.0) as



Table 1 General characteristics of two BMI groups.

BMI� 25 kg/m2 BMI> 25 kg/m2 p-Value

n Z 11 n Z 19

Age (year) 45 (40e56) 55 (48e65) 0.06
BMI 22 (20e23) 32 (25e45) NA
Cyclus period (y/n) 6/5 6/13 0.22
Anti-contraception (y/n) 3/8 2/17 0.24
Hormonal Treatment (y/n) 0/11 2/17 0.27
SABA Treatment (y/n) 5/6 10/9 0.71
Rhinitis (y/n) 1/10 8/11 0.06
Atopy (y/n) 6/5 8/11 0.51
GERD (y/n) 1/10 8/11 0.06
FEV1 (% Pred) 94 (87e97) 106 (88e113) 0.15
FVC (% Pred) 102 (92e113) 104 (89e118) 0.68
RV (% Pred) 122 (105e126) 94 (84e117) 0.27
TLC (% Pred) 105 (92e113) 94 (84e112) 0.49
FEV1/FVC (%) 76 (72e79) 81 (78e99) 0.02a

FRC (% Pred) 108 (85e122) 81 (39e80) 0.02a

ACQ 1.21 (0.75e1.96) 0.28 (0.07e0.79) 0.05a

Leptin (mg/l) 13.48 (10.44e24.94) 35.25 (23.20e63.49) 0.001a

hs-CRP (mg/ml) 5.15 (1.55e7.00) 6.54 (4.40e8.15) 0.05a

Cyclus period: yes, not menopausal; no, menopausal; SABA: short-acting ß2-agonist; GER, gastro eosophagal reflux; FEV1, forced expired
volume in 1 s; FVC, forced vital capacity; RV, residual volume; TLC, total lung capacity; FRC, forced residual capacity; ACQ, asthma
control questionnaire; hs-CRP, C-reactive protein; y, yes; n, no; % Pred, percentage of predicted normal values.

a Significant difference between the two groups using ManneWhitney U-test.
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compared with the group with a normal BMI (0.6� 0.8) with
p Z 0.05 (Table 1).

Inflammatory markers

Blood leptin and HS-CRP were significantly higher in over-
weight women (Table 1). A positive correlation was found
between BMI and blood leptin (Rho Z 0.800, p Z 0.0005),
and HS-CRP (rho Z 0.425, p Z 0.02) (Fig 1). A higher BMI
was associated with a higher concentration of leptin and
HS-CRP in the blood. An inverse correlation was present
between the leptin concentration in blood and the dose-
response slopes of the MCh challenge (rho Z 0.484,
p Z 0.03). No correlation was found concerning the leptin
concentration and the dose-response slope of the AMP
Table 2 Inhalation Challenge tests to Methacholine and Adenos

BMI � 25 kg/m2

nZ11

MCh slope
PC10 0.1 (0.08-0.7)
FEV1/cum dose 0.8 (0.2-1.5)
Borg/FEV1 intercept 1 (1-3)
Borg/FEV1 slopes 0.8 (0.45-0.9)
AMP slope
PC10 4.9 (1.2-45.3)
FEV1/cum dose 0.02 (0.001-0.004)
Borg/FEV1 intercept 2 (1-5)
Borg/FEV1 slopes 0.6 � 0.4

MCh, methacholine; AMP, adenosine; cum, cumulative; FEV1, Forced
a Significant difference between the two groups using Mann-Whitne
challenges (p Z 0.7), neither with the FEV1/FVC (p Z 0.09).
No relation was found for HS-CRP concentration.
Discussion

The results of this study indicate respectively a reduced BHR
to MCh in the overweight group compared to the normal
weight group, whereas BHR to adenosine, as a marker of
airway inflammation is present similarly in both groups.
Interestingly, we found that baseline perception of dyspnoea
was higher in the overweight group. In addition during the
MCh challenge the perception of dyspnoea was lower in this
group, assuming that bronchoconstriction was less well
perceived by the overweight patients. The overweight BMI
ine and Borgscale results in the two populations.

BMI > 25 kg/m2 p-value

nZ19

0.6 (0.06-1.6) 0.37
0.3 (0.1-0.7) 0.009a

4 (1-6) 0.008a

0.2 (0.05-0.6) 0.005a

80 (6-65.9) 0.07
0.002 (0.001-0.003) 0.27
3 (1-7) 0.03a

0.3 � 0.4 0.08

Expired Volume in one second.
y U-test.
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Figure 1 (A) Correlation between BMI and blood leptin concentration (p Z 0.0005, using non-parametric Spearman correlations
test). (B) Correlation between BMI and blood hs-CRP concentration (p Z 0.02, using non-parametric Spearman correlations test).
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group had higher blood concentrations of hs-CRP and leptin,
suggesting the presence of a systemic inflammatory state.
Our findings suggest that overweight asthmatics may repre-
sent a separate asthma phenotype that was not associated
with more pronounced airways inflammation.

To the best of our knowledge it is the first study, which
explores a direct, and indirect provocation test in asthmatics
with BMI as the discriminative factor. Our results extend
findings of other studies in which the correlation between
airway responsiveness and airway inflammation in asthma has
always been largely inconsistent.33,34 Moreover, Brightling
et al. has described the eosinophilic bronchitis, characterised
by a corticosteroid responsive cough and sputum eosinophilia,
although they found a normal test of airway responsiveness.35

It is conceivable that airway inflammation in obese subjects is
caused by other mechanisms, like inflammatory mechanisms
that are independent to the existence of BHR but and leading
to the same clinically diagnosis, namely asthma. Further-
more, in overweight subjects, we found a significant dimi-
nution of the FRC, which is compatible with the results of the
study of Li and colleagues concerning the effect of obesity on
pulmonary function.36 It can be explained by changes in
mechanical forces between the lung and the thorax on one
hand and the abdomen on the other. The finding that the
FEV1/FVC ratio was lower in the normal weight group reveals
that the subjects with a BMI less than 25 kg/m2 were rela-
tively more obstructive at the beginning of the study. This is in
contrast to the study of Tantisira et al. who found an inverse
association between BMI and FEV1/FVC ratio.37 This may be
explained by differences in the selected subjects in the two
groups.

The finding of a higher baseline perception of dyspnoea
in the high BMI group together with a lower degree of
airflow obstruction suggest that bronchoconstriction is not
the only factor that account for perception of dyspnoea.
Other studies found that perception of dyspnoea was
mediated by several mechanisms including hyperinflation38

and increase in the work of breathing.12

In addition to these mechanical pathways, eosinophilic
airway inflammation had also been proposed as a determinant
of breathlessness.32 As we suggested, if airway inflammation
plays a key role in overweight asthmatics, this may explain,
together with mechanical pathways, the dyspnoeic feeling at
the beginning of the challenges by this group.
The reduced perception of airflow constriction in over-
weight group compared with the normal group during the
MCh challenge is in accordance to previous studies, which
are suggesting that asthmatics do not appropriately
perceive their acute bronchoconstriction.39 Theoretically,
adaptation of a dyspnoeic feeling by the high BMI group
could explain the higher threshold for experiencing
dyspnoea during the test. No difference in perception of
dyspnoea was found between the two groups during the
AMP challenge even if PC10 tended to be significant.

This study shows a higher ACQ-score for the group with
a BMI more than 25 kg/m2. The adequacy of treatment by
the overweight asthmatics seems to be less compared to
the normal BMI group. In agreement with our results Les-
sard et al. found that obese subjects reported poorer
asthma control than nonobese subjects, despite a similar
perception during the methacholine challenge.14 In
addition we have already reported that compared with
nonobese subjects, overweight and obese patients were
more likely to have poorly controlled asthma despite
pharmacologic treatment.18

An inverse correlation existed between BHR and leptin
concentration in the blood, whereas no correlation was found
between the leptin concentration and the airway inflamma-
tion, measured by the AMP challenge. This inverse correlation
argue in favour of a relation between inflammatory role of
Leptin and the non specific BHR. Finally, no correlation was
found between hs-CRP concentration in blood and (i) both
challenges or (ii) the degree of airflow obstruction. One of the
potential limitations of the present study is that we did not
measure directly airway inflammation using FeNO nor sputum
eosionophilia. But obesity per se was not found to be associ-
ated with increase FeNO.40,41 In the same way induced
sputum eosinophil and neutrophil counts were found similar in
obese and nonobeses asthmatic patients.14

Taken together, we found that the overweight women had
significantly less BHR to MCh, whereas airway inflammation,
measured with the AMP challenge as marker, seemed to be
present in both groups. Moreover, the high BMI group had
significant higher pro-inflammatory mediators in the blood,
which did not have a direct correlation with the airway
inflammation.

In conclusion, the limited BHR to MCh in obese but the
present BHR to AMP with a tend to a significant difference
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in PC10, suggest that this group represent a distinct
phenotype to regular mild asthmatics. These findings could
be relevant for a tailored asthma management, the first
step being a weight reduction, even in the milder form of
the disease. It is important to further investigate the airway
inflammation in overweight asthmatics peoples.
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