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Obesity is a worldwide epidemic, and the prevalence of
obesity has tripled in the last two decades (1). More than 1.5
billion of adults are overweight [body mass index (BMI)
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Abstract

Background: The incidence of asthma and obesity is increasing worldwide, and
reports suggest that obese patients have more severe asthma. We investigated
whether obese asthma patients have more severe airway obstruction and airway
hyper-responsiveness and a different type of airway inflammation than lean asth-
matics. Furthermore, we assessed the effect of obesity on corticosteroid treatment
response.

Methods: Patient data from four well-documented asthma cohorts were pooled
(n = 423). We evaluated FEV,, bronchial hyper-responsiveness (PC,) to either
methacholine/histamine or adenosine 5-monophosphate (AMP) (differential) cell
counts in induced sputum and blood and corticosteroid treatment response in 118
patients.

Results: At baseline, FEV,, PC,, methacholine or histamine, and PC,; AMP values
were comparable in 63 obese (BMI > 30 kg/m?) and 213 lean patients (BMI <25
kg/m?). Obese patients had significantly higher blood neutrophils. These higher blood
neutrophils were only seen in obese women and not in obese men. After a two-week
treatment with corticosteroids, we observed less corticosteroid-induced improvement
in FEV|%predicted in obese patients than in lean patients (median 1.7% vs 6.3%
respectively, P = 0.04). The percentage of sputum eosinophils improved significantly
less with higher BMI (P = 0.03), and the number of blood neutrophils increased less
in obese than in lean patients (0.32 x10°/ul vs 0.57 x10%/ul, P = 0.046).

Conclusions: We found no differences in asthma severity between obese and non-
obese asthmatics. Interestingly, obese patients demonstrated more neutrophils in
sputum and blood than nonobese patients. The smaller improvement in FEV,
and sputum eosinophils suggests a worse corticosteroid treatment response in
obese asthmatics.

>25 kg/m?], and more than 500 million are obese
(BMI > 30 kg/m?). More recently, the presence of overweight
and obesity has also been associated with asthma (2-4). Prev-
alence of asthma is higher in obese than in nonobese adults
(9% vs 5%), and the presence of overweight and obesity
increases the relative risk of having asthma by 2.0- and 2.7-
fold, respectively (2, 3). Further, there exists a dose-response
effect of BMI, in that overweight increases the odds to
develop asthma by 38% and obesity by 92% (4).

An increased body weight has also important consequences
in patients with established asthma. It has been suggested
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that obese asthma patients respond less to treatment with
inhaled corticosteroids, which may be due to a different type
of inflammation (5-9). In this context, studies on the systemic
effects of obesity are of interest. Obesity is associated with a
chronic low-grade inflammatory state that may contribute to
inflammation at sites distant from the adipose tissue such as
the lungs (10-16). In agreement with this, Haldar et al. iden-
tified a phenotype of asthma consisting of predominantly
female, obese asthma patients (17). Patients with this pheno-
type had high percentages of sputum neutrophils and more
asthma symptoms. Finally, the presence of obesity may be
associated with more severe airway obstruction in asthma.
However, there is controversy about this in the literature
(5, 79, 18-21).

The aim of this study was to investigate whether obese
patients have more severe asthma than lean patients, that is,
patients without obesity or overweight (BMI < 25 kg/m?),
and whether they have a different type of airway inflamma-
tion. Furthermore, we investigated whether obesity affects
corticosteroid responsiveness in asthma. To this end, we com-
bined individual patient data from four studies previously
performed in the Groningen Research Institute for Asthma
and COPD (GRIAC).

Materials and methods

We pooled the data from four clinical studies that were con-
ducted in the University Medical Center Groningen. Patient
characteristics and measurements in the studies are summa-
rized in Table 1 (22-26). All studies were approved by the
Medical Ethics Committee of the University Medical Center
Groningen, and all patients provided written informed
consent.

Patients

All patients had a doctor’s diagnosis of asthma and
bronchial hyper-responsiveness, defined as a provocative con-
centration causing a 20% fall in FEV, (PC,;) methacho-
line < 8§ mg/ml or PC,, histamine <8 mg/ml. Further
inclusion criteria were dependent on the different study pro-
tocols. From study 3, only the subpopulation of patients who
were 18-60 years, with episodic respiratory symptoms, PCyq
histamine <8 mg/ml and <10 pack-years smoking, was used
for analysis (25). In studies 1, 3 and 4, inhaled corticosteroids
were tapered before the baseline visit (22, 25, 26). In studies
1 and 4, inhaled corticosteroids were tapered and when possi-
ble discontinued completely, at least 3 weeks before the mea-
surements. When patients experienced a worsening of their
asthma before complete discontinuation for 3 weeks, they
were asked to visit the hospital earlier. Patients experiencing
an exacerbation for which an oral prednisolone course was
necessary were not included. In study 3, inhaled corticoster-
oids were discontinued for 4 weeks before the measurements.
In study 2, patients were not required to stop inhaled corti-
costeroids. In Table 2, the number of patients who still used
inhaled corticosteroids at the time of the measurements is
presented.

Table 1 Baseline characteristics and measurements in the studies included in the analyses

Baseline measurements

BHR

Sputum Blood

P

AM

Mch/Hist

FEV, % predicted

Age

BMI > 30

BMI

Number

81 (68-92)

27 (22-38)

19 (16.1)

24 (22-28)
30 (20.8)

27 (25-29)

118
144

Study 1 (22)

91 (79-102)

(38-57)

49

Study 2 (23, 24)
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Table 2 Baseline characteristics of obese (BMI>30 kg/m?) and lean (BMI < 25 kg/m?) patients*

Obesity in asthma

BMI < 25 (N = 213) BMI > 30 (N =63) P-value

Age (years) 29 (24-42) 45 (36-52) <0.001;

Males n (%) 105 (49) 22 (35) 0.03§

Use of ICS at baseline n (%) 19 (9) 12 (19) 0.04§

Current smoking n (%) 42 (20) 10 (16) 0.3§
N =207

FEV, prebronchodilator (L) 2.9 (2.2-3.5) 2.5 (2.0-3.0) 0.9
N=212

FEV, %predicted prebronchodilator 77 (61-92) 84 (67-98) 0.7
N =212

PC,o methacholine/histamine (mg/mi)f 0.26 (0.02-7.31) 0.35 (0.02-5.74) 0.5
N =166 N =33

PCo0 AMP (ma/ml)t 9.8 (0.02-640) 14.5 (0.02-640) 0.5
N =124 N =50

AMP dose-response slope (%/mg/ml) 2.27 (0.27-8.33) 1.02 (0.04-9.77) 0.98
N=124 N=49

Blood eosinophils (10%/ul) 0.27 (0.18-0.43) 0.21 (0.13-0.33) 0.6
N=122 N=49

Sputum eosinophils (%) 3.3 (1.0-8.5) 0.5 (0.2-4.9) 0.3
N=1156 N =40

Blood neutrophils (10%/pl) 3.4 (2.5-4.4) 4.2 (3.3-5.0) 0.001
N =122 N =49

Sputum neutrophils (%) 36 (22-60) 52 (39-70) 0.095
N=1156 N =40

*All values are presented as median with interquartile range unless stated otherwise.

tGeometric mean with range.
iTested by Mann-Whitney U-test.

§Tested by Fisher's exact test; all other variables tested by linear regression analysis with the presence of obesity as an independent vari-
able and age and gender as covariates (except for FEVy %predicted); N (number of patients) is only given for variables that were not avail-
able in all individuals in the specific BMI group; BMI, body mass index; ICS, inhaled corticosteroids; FEV,, forced expiratory volume in 1 's;

AMP, adenosine 5-monophosphate.

Bold values are significantly different between obese and lean patients.

Data pooling

We collected the following available data: BMI, FEV,, PCy
methacholine/histamine, PC,, adenosine 5'-monophosphate
(AMP) and inflammatory cell differential counts in sputum
and blood. We pooled individual patient data from all four
studies, and duplicates were removed. Five patients were
excluded because either their weight or height could not be
retrieved. The corticosteroid treatment response in obese and
nonobese patients was analyzed in study 1. In this study, all
118 patients were treated with either 500 pg/day fluticasone,
2000 pg/day fluticasone or 30 mg/day prednisolone for
2 weeks. More information about the design of this study
can be found in the original publication or in the Appendix
S1 and Figure S1 (22).

Measurement of lung function and bronchial
hyper-responsiveness

In all four studies, spirometry was performed according to
international guidelines, and reference values were obtained
from the study of Quanjer et al (27). Provocation tests were
performed with a 2-min tidal-breathing method. Patients
inhaled increasing concentrations of a direct stimulus, either

© 2012 John Wiley & Sons A/S

histamine (0.03-32 mg/ml) or methacholine (0.03—16 mg/ml),
or the indirect stimulus AMP (0.04-320 mg/ml). The chal-
lenge was discontinued when FEV; had fallen by 20% or
more from the prechallenge level or when the highest concen-
tration had been administered. PC,, was calculated by linear
interpolation between the last two data points of the loga-
rithmic concentration—response curve. If a patient responded
to an initial saline challenge or the lowest concentration, half
of the lowest concentration was used as PC,, value. If a
patient did not respond at the highest concentration, twice
the highest concentration was used as the PC,, value (25).
The results from the provocation tests with histamine and
methacholine were analyzed together, because PC,, values
for histamine and methacholine are equivalent on a mg-for-
mg basis (28). All calculations of PC,y were performed with
a base-2 logarithm, as this reflects doubling concentrations.
We also calculated the dose-response slope. This was calcu-
lated as the percentage fall in FEV, per concentration of
either methacholine or histamine or AMP.

Sputum induction and processing

Sputum induction was performed following a standard proto-
col. Fifteen minutes after inhalation of 200 pg salbutamol,
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hypertonic saline (3%, 4%, and 5%) was nebulized with an
ultrasonic nebulizer (Ultraneb 2000, DeVillbiss, Somerset,
PA, USA) and inhaled for 7 min. The output of the nebu-
lizer was calibrated at 1.5 ml/min. After each concentration,
patients were encouraged to cough and expectorate sputum.
All sputum inductions and sputum processings were per-
formed in the same laboratory according to standard operat-
ing procedures that were the same in all studies. Whole
samples were processed according to the method of Fahy
et al. with some modifications (29). An equal volume of
dithiothreitol 0.1% (Sputalysin 10%, Behring Diagnostics
Inc., Sommervillle, NY, USA) was added to the weight of
the sputum and after 15 min filtered through a nylon
(48 pm) gauze. A haematocytometer was used to count the
total cell number, viability, and squamous epithelial contami-
nation of the cell suspension. The sputum sample was centri-
fuged (10 min, 450 g, 4°C). The cell pellet was resuspended
in phosphate-buffered saline and cytospins were stained with
May-Griinwald-Giemsa. At least 200 nonsquamous cells
were separately counted by an investigator blinded to any
personal data. Samples with a contamination of >80% squa-
mous cells were excluded from analyses.

Statistical analysis

Inflammatory cell counts in sputum and blood were log-
transformed to normalize their distribution. We investigated
the effect of BMI as a discrete variable, that is,
BMI > 30 kg/m? (obese) vs BMI < 25 kg/m” (lean), and as
a continuous variable. To test for differences in age, gender,
smoking status and inhaled corticosteroid use at baseline
between obese and nonobese patients, we used Fisher’s exact
tests for categorical variables and Mann-Whitney U-tests
for continuous variables. To test for baseline differences in
lung function, bronchial hyper-responsiveness and inflamma-
tory cells, we performed a linear regression analysis with the
presence of obesity as an independent variable and age and
gender as covariates. Effects of increasing BMI on baseline
values of lung function, bronchial hyper-responsiveness and
inflammatory cells were performed by similar regression
analyses with BMI (continuous) as an independent variable.
To test for differences in a variable after treatment, we per-
formed a linear regression analysis on the change in this
variable with the presence of obesity or continuous BMI as
an independent variable and age, gender, and type of treat-
ment (inhaled or oral corticosteroids) as covariates. In all
analyses of treatment response, we also included the baseline
value of the variable as a covariate, to correct for baseline
differences. To assess whether our results would be different
when using other cutoff points for BMI, we repeated our
analyses ~ with  overweight  patients, thus  obese
(BMI > 30 kg/m?) and nonobese patients (BMI < 30 kg/
m?). Also, we repeated our analyses only in men or women
and without current smokers, to investigate whether gender
or smoking status would affect our results. We corrected for
age, gender, and height in all analysis in which absolute val-
ues of FEV| were used. We did not correct for age and gen-
der in regression analyses in which FEV; %predicted was
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used, because the predicted value already includes these co-
variates. A P-value of < 0.05 was considered statistically
significant.

Results
Baseline differences in obese and lean asthma patients

We included 423 asthma patients in our study. Median BMI
was 24.9 kg/m® (range 16.9-44.5 kg/m?). A total of 63
patients were obese, 147 patients were overweight and 213
patients were lean. Obese patients were older than lean
patients (45 vs 29 years respectively, P < 0.001, Table 2), and
obese patients were more frequently female (65%) than lean
patients (51%). The proportion of patients using inhaled cor-
ticosteroids at baseline was similar in the obese and lean
patients. Smoking status was also similar in the two groups.
Clinical variables such as FEV,, PC,, methacholine/hista-
mine and PC,y AMP did not differ significantly between obese
and lean patients at baseline. We found a positive association
between BMI and FEV,%predicted, with an increase of 0.5%
in FEV, for every kg/m? increase in BMI (P = 0.02, Table 3).
Obese asthma patients had higher blood neutrophil cell counts
(4.2 vs 3.4 x 10%ul, P <0.001) than lean asthma patients.
There was also a trend for higher percentages of sputum neu-
trophils in obese patients (52% vs 36%, P = 0.095), whereas
values for eosinophils were similar between obese and lean

Table 3 Associations between baseline characteristics and BMI

b P-value
FEV, prebronchodilator (L) 0.012 0.2
N = 359
FEV, %predicted pre bronchodilator (%) 0.487 0.02
N = 359
PC,o methacholine/histamine 0.034 0.3
(doubling concentrations) N =278
PCo0 AMP 0.006 0.9
(doubling concentrations) N =278
AMP dose-response slope (%/mg/ml)* -0.022 0.5
N =276
Blood eosinophils (10%/ul)* 0.001 0.6
N =273
Sputum eosinophils (%)* —0.011 0.5
N =239
Blood neutrophils (10%/ul)* 0.015 <0.001
N =273
Sputum neutrophils (%)* 0.006 0.4
N =239

Linear regression with outcome parameter as dependent variable
and BMI as independent variable and age and gender as covariates
(except for FEV; % predicted); N (number of patients) is only given
for variables that were not available in all individuals in the specific
BMI group; BMI, body mass index; b, regression coefficients;
FEV,, forced expiratory volume in 1s; AMP, adenosine 5-mono-
phosphate.

*Variable log-transformed.

Bold values are significantly associated with BMI.

© 2012 John Wiley & Sons A/S
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patients. BMI was positively correlated with blood neutrophils
(b =0.015, P <0.001). The increased number of blood neu-
trophils was only present in female, but not in male obese
patients (4.3 vs 3.2 x 10%/ul in female obese vs female lean
patients and 4.0 vs 3.5 x 10%/ul in male obese vs male lean
patients, Fig. 1 and Table S1). Furthermore, there was a trend
for an interaction between obesity and gender on blood neu-
trophil counts (P = 0.09).

The results were similar when repeating our analyses also
including overweight patients (Table S2). Because smoking is
known to affect neutrophilia, we also performed these analy-
ses without the current smokers and the results remained
similar (Table S3).

Response to corticosteroids

Forced expiratory volume in 1 s %predicted improved less in
obese than in lean asthma patients (median 1.7% vs 6.3%,
P =0.04, Table 4). Absolute FEV| appeared to also improve
less in obese patients (50 ml vs 220 ml); however, this was
not statistically significant. When BMI was analyzed as a
continuous variable, FEV|%predicted also tended to improve
less with increasing BMI (0.4% less improvement for each
kg/m? increase in BMI, P = 0.08, Table S4).

P=0.08
107 P=04 P <0.001
| — | —— |
— B 2
=
=)
X 6] __
=
S T
T 4-
o
g ] 1
D -
\‘D' \'}?Q' \ﬂi0 > >
& & & &
Men Women

Figure 1 Blood neutrophils in obese and lean patients by gender.
Differences between obese and nonobese patients tested with lin-
ear regression with blood neutrophils (log-transformed) as depen-
dent variable and BMI as independent variable and age and gender
as covariates. Difference between men and women tested with lin-
ear regression with an interaction term for gender and obesity;
BMI, body mass index.
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Although no significant differences in corticosteroid-
induced improvement in PC,, methacholine or PC,, AMP
were found between obese and lean patients, there was a
trend for less improvement in the methacholine dose—
response slope in obese patients (P = 0.06, Table 4). Blood
neutrophil numbers increased significantly less with corticos-
teroids in obese than in lean patients. Furthermore, we found
a smaller corticosteroid-induced reduction in the percentage
of sputum eosinophils in obese than in lean asthmatics
(—=0.7% vs —4.3%, respectively), but the difference was not
statistically significant after correction for baseline values.
When analyzing BMI as a continuous variable, the percent-
age sputum eosinophils improved less with increasing BMI
(b =0.04, P=0.03, Fig. 2). In the analyses also including
overweight patients, the results were similar (Table S5). In
the analyses without current smokers, the smaller improve-
ment in FEV,%predicted in obese patients was no longer
present (Table S6). Our sample size was not large enough to
test for gender differences in corticosteroid treatment
response.

Discussion

The results of our study show that the severity of airway
obstruction and bronchial hyper-responsiveness is similar in
obese and lean asthma patients. Interestingly, obese asthma
patients have a higher level of neutrophilic inflammation, as
reflected by both a higher percentage of sputum neutrophils
and increased blood neutrophil counts. This increase in neu-
trophils is only seen in female, obese asthmatics and not in
male, obese asthmatics. Finally, obese asthma patients have a
blunted corticosteroid treatment response compared to lean
patients.

Our finding of a higher level of neutrophilic inflammation
in sputum and blood in obese asthma patients may help to
explain the reduced corticosteroid treatment response in
obese asthma patients (30-32). In our study, a higher per-
centage of sputum neutrophils at baseline was also correlated
with a lower improvement in FEV,%predicted (r = —0.22,
P =0.007, Figure S2).

In agreement with our findings, Scott et al. also found that
obese asthma patients have a higher percentage of sputum
neutrophils than nonobese patients and that BMI and spu-
tum neutrophils are positively correlated in females (33). The
findings by Haldar and colleagues further strengthen the
notion that obesity is associated with neutrophilic inflamma-
tion and gender (17). They identified an asthma phenotype
that was characterized by obesity and noneosinophilic inflam-
mation. These patients were mostly female and had high per-
centages of sputum neutrophils, low percentages of sputum
eosinophils, and a high level of symptoms. A possible expla-
nation for the increased neutrophilic inflammation in obese
asthma patients may be that adipose tissue produces several
pro-inflammatory mediators such as leptin, TNFa, and 1L-6,
also called adipokines (13, 34). This chronic low-grade sys-
temic inflammation, as reflected by leukocytosis (10, 16) and
increased serum levels of C-reactive protein (11, 12), may the-
oretically affect local inflammation in asthmatic airways,
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Figure 2 Association between change in sputum eosinophils with
corticosteroids treatment and BMI. Linear regression with change
in sputum eosinophils with corticosteroid treatment (log-trans-
formed) as dependent variable and BMI as independent variable
and age, gender, and type of treatment as covariates; BMI, body
mass index.

leading to more neutrophilic instead of eosinophilic inflam-
mation. The question then is how do these increased levels of
adipokines induce neutrophilia in asthma. Monocytes release
TNFo after stimulation with leptin, which then activates
human neutrophils (35). TNFa could also be responsible for
the recruitment of neutrophils to the airways, because
increased expression of genes from the TNFa pathway is
associated with increased neutrophilic inflammation in
induced sputum of asthma patients (36). We observed that
the neutrophilic inflammation is increased primarily in
women. This may be explained by the difference in body
composition between men and women, women having mostly
subcutaneous adipose tissue, which is more metabolic active
than intra-abdominal adipose tissue (37). For instance, it
secretes two to three times more leptin than intra-abdominal
adipose tissue (38). This leads to higher levels of plasma lep-
tin in obese women than in men, which in turn may lead to
the increased neutrophilic inflammation (39).

We found a smaller FEV,%predicted improvement in
obese than in lean asthma patients after 2 weeks of treatment
with corticosteroids. A reduced corticosteroid treatment
response in obese asthmatics has been found previously.
Peters-Golden et al. showed that obese asthma patients have
a lower number of days with total- or well-controlled asthma
than nonobese patients after treatment with beclomethasone
(5). Furthermore, obese patients are less likely to achieve
well-controlled asthma after a 12-week treatment with flutica-
sone, or fluticasone and salmeterol (6). Importantly, all
abovementioned studies observed less asthma control in
obese patients, yet not less improvement in FEV,. Two other
studies showed a lower improvement in FEV, in obese than
in lean patients after treatment with inhaled corticosteroids
and a long-acting B-agonist (7, 9). Together, the balance of
evidence suggests that obese asthma patients respond less
well to treatment with corticosteroids with regard to
improvement in asthma control and lung function.

© 2012 John Wiley & Sons A/S
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Obese and lean asthmatics had comparable FEV,%pre-
dicted levels at baseline in our study. The effect of obesity on
lung function in asthma has been a matter of controversy.
An association between obesity and lower FEV; has been
observed in some studies (9, 20, 21, 40) but not in others
(5, 7, 8, 18, 19). A possible explanation for these discrepant
observations could be that inhaled corticosteroids were dis-
continued prior to inclusion in most studies that did not
show a difference in FEV, in obese vs nonobese asthmatics
(5, 7, 19), whereas this was not the case in those studies that
did find a lower FEV, in obese asthma patients (9, 20, 21,
40). Based on our findings, we hypothesize that the lower
FEV, in obese asthma patients in those studies that allowed
continuation of corticosteroids actually reflects a lack of cor-
ticosteroid treatment response in obese compared to nonob-
ese asthmatics.

The strength of our study is that we were able to investi-
gate obese and lean asthma patients who were extensively
characterized before and after corticosteroid treatment,
including lung function, bronchial hyper-responsiveness to
both a direct and indirect stimulus, and sputum induction.
However, there are also some limitations. Our study was a
pooled, post hoc analysis of clinical studies, and patients were
treated with different types of corticosteroids, that is, oral
and inhaled. These studies were not designed to investigate
differences between obese and lean patients, and obese
asthma patients were somewhat older and more often
females. For this reason, we corrected for age, gender, and
corticosteroid type (i.e., oral or inhaled corticosteroids) in all
our analyses. Finally, we did not include healthy controls in
our study. It remains an open question whether the increased
neutrophilic inflammation in blood and sputum is also pres-
ent in healthy obese subjects or whether this is specific for
obese asthma patients.

In conclusion, the results of our study show that obese
asthma patients have a distinct phenotype of asthma that is
characterized by a higher level of neutrophilic inflammation
in sputum and blood. Especially, obese female asthma patient
show this increased neutrophilic inflammation. The increased
neutrophilic inflammation may help to explain why obese
asthma patients respond less to corticosteroid treatment.
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Appendix 1: Study design of study 1

Study 1 was a 2-week, double-blind, 3 arm parallel group, double dummy study.
Patients, 18 to 56 years old, with a diagnosis of asthma were included if they met the
following criteria: a PC,o methacholine <8 mg/ml, at least one positive skin test out of
17 aero-allergens, reversibility to B,-agonist 29% of the predicted FEV; and ability to
expectorate sputum after hypertonic saline inhalation. The study took place at the out-
patient clinic of the University Medical Center Groningen. Inhaled corticosteroids (ICS)
were tapered and when possible discontinued completely at least 3 weeks prior to the
randomization visit. When patients experienced a worsening of their asthma before
complete discontinuation of ICS for 3 weeks, they were asked to visit the hospital to be
earlier randomized for inclusion. Patients experiencing an exacerbations of their
asthma necessitating a prednisolone course were not randomized. Randomization
was performed by a computerized minimization method with stratification according to
age, previous dose of ICS, FEV; %predicted, reversibility after 3,-agonist, smoking
status, serum IgE and PC,, methacholine. Patients were treated with either oral
prednisolone (30 mg/day), fluticasone propionate 2000 pg/day or fluticasone
propionate 500 pg/day, both via Diskhaler dry powder inhalation.



Online supplementary figure 1: Flow chart of study 1



Online supplementary figure 2: Monovariate correlation between baseline sputum

neutrophils and change in FEV; %predicted with corticosteroid treatment

Overall Pearson correlation = -0.22, p=0.007; BMI <30 kg/m? Pearson correlation = -
0.17, p=0.06; BMI =30 kg/m? Pearson correlation = -0.28, p=0.14; BMI = body mass

index.



Online supplementary table 1: Baseline characteristics of obese (BMI =30 kg/m?) and lean (BMI <25 kg/m?) patients in men and

women*
Men Women

BMI <25 BMI =30 p-value BMI <25 BMI =30 p-value
(N=105) (N=22) (N=108) (N=41)

Age (years) 35 (25 -48) 47 (35-52) 0.01 26 (22 -34) 45 (37 - 53) <0.001

Use of ICS at baseline n (%) 11 (11) 5(23) 0.2 8 (7) 7 (17) 0.1

Current-smoking n (%) 20 (20) 3 (14) 0.8 22 (21) 7 (17) 0.7
N=102

FEV, pre bronchodilator (L) 29(2.2-3.7) 2.6 (2.0-3.5) 0.4 2.7(2.1-3.3) 2.4 (2.0) 0.2
N=104

FEV; %predicted pre 70 (56 — 81) 67 (49 — 86) 0.5 85 (67 — 97) 88 (72 — 100) 0.2

bronchodilator N=104

PC,, methacholine/ 0.24 (0.02 — 7.20) 0.31 (0.02 - 5.43) 0.6 0.27 (0.02 — 7.31) 0.38 (0.03 -5.74) 0.9

histamine (mg/ml) £ N=78 N=13 N=88 N=20

PCy AMP (mg/ml) £ 10.1 (0.02 - 640) 13.2 (0.02 - 640) 0.8 9.6 (0.02 — 640) 15.2 (0.02 — 640) 0.7
N=49 N=16 N=75 N=34

AMP dose response slope 1.44 (0.25-7.97) 1.02 (0.03-10.83) 0.7 2.72 (0.28 - 8.42) 0.90 (0.06 —9.37) 0.8

(%/mg/ml) N=49 N=15 N=75 N=34

Blood eosinophils (10*/uL) 0.27 (0.22 — 0.46) 0.25 (0.18 — 0.36) 0.5 0.29 (0.15-0.43) 0.18 (0.12 - 0.30) 0.6
N=49 N=16 N=73 N=33

Sputum eosinophils (%) 3.4(1.1-13.7) 1.4(0.2-6.7) 0.4 3.3(0.7-17.3) 0.5(0.2-3.1) 0.4
N=46 N=12 N=69 N=33

Blood neutrophils (10%/uL) 3.5(2.9-4.3) 4.0 (3.0-4.6) 0.4 3.2(2.2-4.4) 4.3(3.4-5.7) <0.001
N=49 N=16 N=73 N=33

Sputum neutrophils (%) 46 (25 - 65) 50 (38 — 68) 0.6 32 (21 - 55) 53 (40-71) 0.02
N=46 N=12 N=69 N=28




Online supplementary table 2: Baseline characteristics for obese and non-obese

patients*
BMI <30 BMI =30 p-value
(N=360) (N=63)

Age (years) 35 (25 -48) 45 (36 — 52) <0.001 "

Males n (%) 181 (50) 22 (35) 0.03*

Use of ICS at baseline n (%) 43 (12) 12 (19) 0.2*%

Current-smoking n (%) 71 (20) 10 (16) 05°
N=350

FEV, pre bronchodilator (L) 2.8(2.2-3.5) 2.5(2.0-3.0) 0.5
N=359

FEV; %predicted pre 79 (65 - 93) 84 (67 — 98) 0.7

bronchodilator N=359

PC,, methacholine/ histamine 0.27 (0.01 - 16) 0.35(0.02 - 5.74) 0.5

(mg/ml) N=245 N=33

PCy AMP (mg/ml) * 16.9 (0.02 - 640) 14.5 (0.02 - 640) 0.2
N=228 N=50

AMP dose response slope 1.20 (0.13 -5.34) 1.02 (0.04 - 9.77) 0.5

(%/mg/ml) N=227 N=49

Blood eosinophils (10%/uL) 0.22 (0.14 - 0.39) 0.21 (0.13-10.33) 0.6
N=223 N=49

Sputum eosinophils (%) 2.5(0.7-6.8) 0.5(0.2-4.9) 0.2
N=199 N=40

Blood neutrophils (10%uL) 3.3(2.7-4.3) 4.2 (3.3-5.0) <0.001
N=224 N=49

Sputum neutrophils (%) 40 (24 - 63) 52 (39 -70) 0.04
N=199 N=40

*All values are presented as

median with interquartile range unless stated

otherwise; £ geometric mean with range; # tested by Mann-Whitney U test; 1 tested

by Fisher's exact test; all other variables tested by linear regression analysis with

the presence of obesity as an independent variable and age and gender as

covariates (except for FEV; % predicted); N (number of patients) is only given for

variables that were not available in all individuals in the specific BMI group; BMI =

body mass index; ICS = inhaled corticosteroids; FEV; = forced expiratory volume in

one second; AMP = adenosine 5’-monophosphate.



Online supplementary table 3: Baseline characteristics of obese (BMI =30 kg/m?)

and lean (BMI <25 kg/m?) patients without current-smokers*

BMI <25 BMI 230 p-value
(N=165) (N=53)

Age (years) 30 (24 - 44) 45 (35 -53) <0.001 "

Males n (%) 82 (50) 19 (36) 0.08 *

Use of ICS at baseline n (%) 18 (11) 12 (23) 0.04%

FEV; pre bronchodilator (L) 28(2.1-35) 2.4(2.0-3.0) 0.9
N=164

FEV, %predicted pre 76 (61 —92) 84 (66 — 98) 0.3

bronchodilator N=164

PC,, methacholine/ histamine 0.25 (0.02 - 7.31) 0.31 (0.02 - 5.74) 0.7

(mg/ml) £ N=130 N=26

PCy AMP (mg/ml) * 10.9 (0.02 - 640) 11.70 (0.02 -640) 0.5
N=89 N=41

AMP dose response slope 2.19 (0.25 - 6.56) 1.01 (0.04-11.31) 0.8

(%/mg/ml) N=89 N=40

Blood eosinophils (10°/uL) 0.26 (0.15-0.42) 0.24 (0.12 - 0.36) 0.7
N=88 N=40

Sputum eosinophils (%) 28(1.0-7.7) 0.5(0.2-5.2) 0.7
N=84 N=32

Blood neutrophils (10%uL) 3.2(24-41) 4.0(3.3-4.8) 0.001
N=88 N=40

Sputum neutrophils (%) 34 (21 -57) 52 (38 - 68) 0.1
N=84 N=32

*All values are presented as median with interquartile range unless stated

otherwise; £ geometric mean with range; # tested by Mann-Whitney U test; 1 tested

by Fisher's exact test; all other variables tested by linear regression analysis with

the presence of obesity as an independent variable and age and gender as

covariates (except for FEV; % predicted); N (number of patients) is only given for

variables that were not available in all individuals in the specific BMI group; BMI =

body mass index; ICS = inhaled corticosteroids; FEV; = forced expiratory volume in

one second; AMP = adenosine 5’-monophosphate.



Online supplementary table 4: Associations between

corticosteroid treatment response and BMI

b p-
value
AFEV; (mL) -5.121 0.6
N=115
AFEV; (% predicted) -0.405 0.08
N=114
APC,, methacholine/histamine (doubling -0.036 0.3
concentrations) N=110
AMethacholine dose response slope 0.033 0.2
(%/mg/ml) * N=105
APC,, AMP -0.045 0.5
(doubling concentrations) N=107
AAMP dose response slope (%/mg/ml) 0.044 0.2
N=104
ABlood eosinophils (10%uL) * 0.005 0.99
N=106
ASputum eosinophils (%) * 0.042 0.03
N=110
ABlood neutrophils (10%uL) * 0.011 0.08
N=108
ASputum neutrophils (%) * 0.011 04
N=111

Linear regression with change in outcome parameter as

dependent variable and BMI as independent variable and

age, gender (except FEV; % predicted) and type of

treatment as covariates; N (number of patients) is only

given for variables that were not available in all individuals

in the specific BMI group; BMI = body mass index; b =

regression coefficients; FEV; = forced expiratory volume in

one second; AMP = adenosine 5’-monophosphate; *

variable log transformed.



Online supplementary table 5: Changes with corticosteroid treatment in obese and non-

obese patients *

BMI <30 BMI =30 p-value
(N=99) (N=19)
Type of treatment (n)
fluticasone 500 ug/day (DPI), n(%) 32 (32) 8 (42)
fluticasone 2000 ug/day (DPI), n(%) 33 (33) 7 (37)
prednisolone 30 mg/day, n(%) 34 (35) 4 (21)
AFEV; (mL) 210 (-15 - 560) 50 (-80 — 300) 0.3
N=96
AFEV; (% predicted) 6.2 (-0.5-13.2) 1.7 (-2.8 -9.0) 0.052
N=95
APC,, methacholine/ histamine 1.5(0.6 -2.4) 1.4 (-0.2-3.0) 0.2
(doubling concentrations) N=93 N=17
AMethacholine dose response slope -0.99 (-1.61 —-0.42) -0.42 (-02.16 —-0.02 0.07
(%/mg/ml) * N=90 N=15
APC, AMP 3.3(0.6 —5.6) 1.3(0.0-6.6) 0.6
(doubling concentrations) N=90 N=17
AAMP dose response slope -2.22 (-3.47--0.49) -0.66(-3.87-0.79) 0.1
(%/mg/ml) * N=87 N=16
ABlood eosinophils (10%uL) -0.11 (-0.27 — 0.00) -0.03 (-0.24--0.01) 0.5
N=87 N=19
ASputum eosinophils (%) -3.8 (-11.3-1.3) -0.7 (-4.3-0.0) 0.1
N=93 N=17
ABlood neutrophils (10%/uL) 0.58 (-0.26 — 1.18) 0.32 (-0.36 — 1.29) 0.046
N=89 N=19
ASputum neutrophils (%) 0.8 (-11.2-13.4) -3.2(-18.9-2.9) 0.8
N=94 N=17

*All values are presented as median with interquartile range unless stated otherwise; #
Variable log transformed. Differences testes by linear regression with change in outcome
parameter as dependent variable and BMI as independent variable and age, gender
(except FEV;1 % predicted) and type of treatment as covariates; N (number of patients) is
only given for variables that were not available in all individuals in the specific BMI group;
BMI = body mass index; ICS = inhaled corticosteroids; FEV; = forced expiratory volume in

one second; AMP = adenosine 5’-monophosphate.



Online supplementary table 6: Changes with corticosteroid treatment in obese
(BMI 230 kg/m?) and lean (BMI <25 kg/m?) patients without smokers *

BMI <25 BMI =30 p-value
(N=47) (N=13)
Type of treatment (n)
fluticasone 500 pg/day (DPI), n(%) 17 (36) 6 (46)
fluticasone 2000 pg/day (DPI), n(%) 13 (28) 4 (31)
prednisolone 30 mg/day, n(%) 17 (36) 3(23)
AFEV; (mL) 220 (0 — 450) 220 (-25 — 495) 0.5
AFEV; (% predicted) 5.9 (0.4 - 16.6) 5.9(0.8-12.7) 0.3
N=46
APC,, methacholine/ histamine 1.5(0.6-24) 1.5(0.2-3.5) 0.3
(doubling concentrations) N=46 N=12
AMethacholine dose response -0.99 (-1.83--0.41) -0.80(-2.53--0.02) 0.3
slope (%/mg/ml) * N=46 N=11
APCy AMP 4.6 (0.7-6.0) 3.2(0.0-7.7) 0.9
(doubling concentrations) N=45 N=12
AAMP dose response slope -3.16 (-3.67 —-1.19) -1.38 (-4.37 — 2.24) 0.3
(%/mg/ml) * N=44 N=11
ABlood eosinophils (10%uL) -0.12 (-0.33-0.00) -0.08 (-0.28 — 0.00) 0.5
N=42
ASputum eosinophils (%) -3.8(-11.3-1.1) -1.2 (-5.7-0.2) 0.5
N=45 N=11
ABlood neutrophils (10%/uL) 0.56 (-0.27 — 1.10) 0.32 (-0.71 - 1.10) 0.03
N=42 N=113
ASputum neutrophils (%) 0.9 (-5.8-10.8) -4.7 (-23.7 - 2.0) 0.5
N=46 N=11

*All values are presented as median with interquartile range unless stated otherwise;

# Variable log transformed. Differences testes by linear regression with change in

outcome parameter as dependent variable and BMI as independent variable and age,

gender (except FEV; % predicted) and type of treatment as covariates; N (number of

patients) is only given for variables that were not available in all individuals in the

specific BMI group; BMI = body mass index; ICS = inhaled corticosteroids; FEV; =

forced expiratory volume in one second; AMP = adenosine 5’-monophosphate.
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