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Summary

Background Several studies have suggested that the association between obesity and asthma
may be stronger in females than in males, but the reason is still unclear.

Objective The aim of this study was to investigate whether differences in high-sensitivity C-
reactive protein (hs-CRP) levels explain why obesity is associated with asthma in females but
not in males.

Methods This study prospectively enrolled 754 subjects > 18 years old from hospital-based
asthma patients and population-based controls. We measured adiposity factors [body mass
index (BMI), waist circumference and waist-hip ratio], hs-CRP and total IgE levels.

Results After adjusting for potential confounding factors, we found a significant association
between BMI and asthma in females with a significant interaction of gender and BMI on
asthma (x2 =10.2, P=0.004). If hs-CRP was added to the logistic model, the interaction was
attenuated but still significant (Xz =7.02, P=0.03). After adjusting for BMI, we did not find

that circulating hs-CRP concentrations were significantly associated with asthma in males

and females.
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Conclusion We found that BMI was associated with asthma in females, but our results do not
support the suggestion that hs-CRP levels contribute significantly to the link between obesity
and asthma with respect to gender disparity.
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Introduction

Several studies have suggested an association between
obesity and asthma, and this effect is particularly strong
in females [1-10]. Asthma occurs frequently in boys
before puberty; this gender preference changes after
puberty, and adult females tend to have more severe and
often difficult to control symptoms [11]. The underlying
mechanism that drives the relationship between obesity
and asthma in gender disparity is still unknown.

Asthma is a complex disease that is caused by acute and
chronic inflammation in the airways. Asthma evokes
chronic inflammatory reactions that are mediated by a
number of cytokines, chemokines and other mediators. A
highly sensitive assay for C-reactive protein (CRP) was

developed to detect low-grade system inflammation and
has been used in several chronic inflammatory disorders,
including cardiovascular diseases [12-14] and diabetes
mellitus [15-18].

Michel et al. [19] found that CRP levels and inflamma-
tory markers increase during the acute inhalation of
endotoxin in asthmatic patients. Circulating high-sensi-
tivity CRP (hs-CRP) levels may be positively associated
with airflow obstruction, airway inflammation and im-
paired lung function [20, 21]. Butland et al. [22] found
that hs-CRP levels were positively correlated with BMI
and smoking and increased significantly in those patients
with non-atopic asthma.

Several studies have reported that hs-CRP had a gen-
der-specific effect on diabetes risk [15-18, 23]. The first
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objective of the current study was to investigate whether
there really was a difference in the association between
BMI and asthma relative to gender. The second aim was to
examine whether CRP levels could explain the association
of obesity with asthma in either gender. To our knowledge,
this is the first study to investigate the role of gender
differences in circulating hs-CRP on adult asthma.

Methods

Subjects

Asthmatic group. From August 2006 to August 2008, we
recruited 405 asthmatic adults aged at least 18 years of
age from the out-patient lists of two medical centres: the
Division of Chest Medicine of Kaohsiung Medical Uni-
versity and the Division of Pulmonary and Critical Care
Medicine of Chang-Gung Memorial Hospital in southern
Taiwan. Asthma was diagnosed by interviewing all sub-
jects with chest physicians according to the Global In-
itiative on Asthma guidelines [24]. Five asthmatic patients
refused to provide a blood sample and an assessment of
body parameters (the response rate was 98.8%, 400/405).
We excluded 28 asthmatic patients with emphysema,
chronic airway obstruction, tuberculosis, pneumonia or
cancer. Thus, a total of 372 asthmatics were further
analysed for body parameters and cytokines.

Control group. From August 2006 to August 2008, com-
munity controls were collected from a health investiga-
tion conducted at local health stations by advertising in
two communities in southern Taiwan. We expected to
recruit 600 community controls (> 18 years old). A total
of 545 control adults (the response rate 90.8%, 545/600)
agreed to an assessment of body parameters and provided
blood samples. Of the community controls, 42 were
excluded from this study because they had experienced
at least one of the following: physician-diagnosed asth-
ma, chronic airway obstruction, emphysema, tuberculosis,
pneumonia or cancer. Finally, 382 adults were selected in
the order they were recruited out of 503 eligible subjects.
The protocol was approved by the Institutional Review
Board of Chang-Gung Memorial Hospital and Kaohsiung
Medical University. Informed written consent was ob-
tained from all study subjects.

Phenotype and adiposity-parameters analysis

Each subject completed a questionnaire, including ques-
tions about demographics, cigarette and alcohol use,
previous and current occupational history, medical his-
tory (history of asthma, atopic dermatitis, allergic rhinitis,
hypertension and diabetes mellitus diagnosed by a physi-
cian), and environmental exposure. The total plasma IgE
level was measured using a solid-phase, chemilumines-

cent immunometric assay (IMMULITE 2000 Analyzer,
Diagnostic Products Corporation, Los Angeles, CA, USA).
The body parameters measured included body weight,
height, body mass index (BMI) (kg/m?), waist and hip
circumferences and waist-hip ratio (WHR). Height, waist
and hip circumferences were measured to the nearest 0.5
centimetres, and body weight was measured to the nearest
0.1kg.

We measured and categorized BMI, waist circumference
and WHR [25] to define the degree of obesity, according to
the following gender-specific international criteria. BMI
criteria: normal range (<25kg/m?), overweight
(>25-30kg/m?) and obese (>30kg/m?); waist circum-
ference criteria: normal (<94 cm for males and <80 cm
for females), overweight (>94-102cm for males and
>80-88 cm for females) and obese (=102 cm for males
and > 88 cm for females); WHR criteria: normal (< 1.0 for
males and < 0.85 for females) and obese (> 1.00 for males
and >0.85 for females).

High-sensitivity C-reactive protein levels

Plasma was stored at —70 °C before hs-CRP levels were
assayed. The hs-CRP level was measured using a solid-
phase, chemiluminescent immunometric assay (IMMU-
LITE/IMMULITE 1000 Analyzer, Diagnostic Products
Corporation). The lowest level of hs-CRP detectable by
this assay is 0.1 mg/L.

Statistical analysis

The y>-test was used to evaluate the percentage differ-
ences in risk factors for asthma and control groups. The
t-test was performed to assess the mean differences
between the two groups. Plasma hs-CRP and total IgE
levels were non-normally distributed in this study; thus,
we present median and interquartile ranges and used the
Mann-Whitney U-test to compare group differences
(Table 1). Total IgE and hs-CRP levels were logarithmically
transformed before controlling for confounding factors.
Adjusted odds ratios (aOR) and 95% confidence intervals
(CIs) for each risk factor of asthma were calculated by
logistic regression, after adjusting for gender, age, smok-
ing status and forced expiratory volume in 1s (FEV,)/
forced vital capacity (FVC) ratio. Trend tests were assessed
by entering cross-categorized variables as a continuous
variable by logistic regression models (Tables 2 and 3). We
performed statistical analysis using the software package
SPSS 14.0.

Results

Table 1 presents the descriptive characteristics of the
asthma and control groups. The mean age and gender
distribution of the asthmatic adults were similar to the
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Table 1. Descriptive characteristics of allergies and adiposity measured in asthmatic and control adults

Variables Asthma Control P-value
No. 372 382
Male/female 142/230 130/252 0.27
Age (mean+SD) 50.06+14.06 50.81+13.48 0.46
The age at first time diagnosis+SD (years) 43.32+17.03 - -
Lung function
FEV, (% pred) 85.3+21.8 90.44+16.8 0.001
FVC (% pred) 88.41+21.9 96.31+16.9 <0.001
FEV,/FVC ratio 0.9740.13 0.9640.11 0.24
Adiposity measures
BMI+SD (kg/m?) 25.14+4.16 23.77+3.41 <0.001
Waist£SD (cm) 85.42+10.99 79.414+9.97 <0.001
Hip+SD (cm) 98.9449.01 96.13+6.84 <0.001
WHR+SD 0.8640.09 0.8340.07 <0.001
Hs-CRP, median (25-75%) (mg/L)* 0.82 (0.32-1.99) 0.59 (0.27-1.34) 0.004
IgE, median (25-75%) (U/mL)* 88.3 (26.5-230.5) 37.3 (15.4-117.0) <0.001
IgE > 100 (U/mL) 175 (47.0%) 104 (28.7%) <0.001
Hypertension (%) 90 (24.2%) 62 (16.2%) 0.02
Diabetes, % 24 (6.5%) 24 (6.3%) 0.91
Smoking status (ex or current) (%) 85 (22.8%) 59 (15.4%) <0.001
Passive smoking (%) 98 (26.3%) 124 (32.5%) 0.08
Indoor environmental factors
Pets (dogs, cats, birds) (%) 111 (29.8%) 81 (21.2%) 0.01
Mould in walls (%) 68 (18.3%) 62 (16.2%) 0.57
Presence of cockroaches (frequent) (%) 300 (80.6%) 346 (90.6%) <0.001
Indoor incense burning (%) 230 (61.8%) 183 (47.9%) <0.001

*IgE and hs-CRP levels did not meet the assumption of normal distribution; therefore, we present median and interquartile ranges and used the

Mann-Whitney U-test to compare group differences.

BMI, body mass index; FEV, forced expiratory volume in 1s; FVC, forced vital capacity; hs-CRP; high-sensitivity C-reactive protein; SD, standard

deviation; WHR, waist-hip ratio.

controls. The measures of adiposity (BMI, waist and hip
circumference and WHR) and hs-CRP levels in the asth-
matic group were significantly higher than in the control
group (P<0.001 each). The frequency of environmental
tobacco smoke in the asthma group was not different from
the control group (P> 0.05). Cigarette smoking and indoor
environmental factors (pets and presence of cockroaches)
were different between the two groups.

After adjusting for age, smoking, FEV,/FVC ratio and
log hs-CRP, we found that the ORs in the highest tertiles of
BMI increased significantly in female asthma patients
(aOR = 13.83, 95% CI: 3.15-60.7) with a significant inter-
action of gender and BMI on asthma (P=0.03). The
association of obesity, measured by the BMI, with adult
asthma was significantly stronger for females compared
with males (interaction P=0.004 and P=0.03 before and
after including hs-CRP levels in logistic regression, re-
spectively). We found that the WHR and waist circumfer-
ence had significant associations with asthma in females
only, but they did not interact with gender on asthma after
adjusting for log hs-CRP (Table 2).

After adjusting for age, gender, smoking, FEV;/FVC
ratio and BMI, we found that the highest tertile of hs-CRP
was significantly associated with asthma (aOR = 1.56, 95%
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CI: 1.02-2.39). An interaction between gender and hs-CRP
on asthma was not observed (P=0.62) (Table 3).

Discussion

There are at least five cohort studies [1-5] and five cross-
sectional studies [6-10] that have reported a stronger
association between BMI and asthma in females than in
males. However, the biochemical mechanisms for this
gender disparity are unknown. There are several interest-
ing findings in this study. BMI, both by itself and with
female gender, associated with asthma, and these associa-
tions were attenuated, but still significant, after adjusting
for hs-CRP concentrations. Our findings suggested that
the effect of BMI on asthma may not be mediated by hs-
CRP alone, and other mechanistic pathways are probably
involved in asthma pathogenesis. This study also found
that hs-CRP level is associated with asthma in females, but
this relationship disappeared after adjusting for BMIL
These findings suggested that BMI may confound the
correlation between hs-CRP and asthma, overestimating
the actual association.

An assay for high-sensitivity CRP is a crucial biomarker
used to detect low-grade system inflammation. Higher
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Table 2. The association of adiposity measures with asthma in males and females was analysed by logistic regression models

Women

Men

Total

aOR2

aOR1

COR

aOR2

aOR1

cOR

aOR2

aOR1

cOR

Case/

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95%CI) (95% CI) (95% CI)

(95% CI)

control *

BMI

1

196/246

Normal

(<25kg/m?)

Overweight

1.95 (1.22-3.12)

1.79 (1.21-2.67) 2.18 (1.40-3.41)

1.09 (0.61-1.94)

1.51 (1.06-2.16) 0.86 (0.53-1.42) 0.98 (0.57-1.68)

1.57 (1.12-2.19)

1.38 (1.01-1.88)

135/123

(25-29.9 kg/m?)
Obese (>30kg/m?) 41/13

P for trend test
P-value for

13.83 (3.15-60.7)

< 0.001

6.15 (2.61-14.5) 18.51 (4.31-79.6)

< 0.001

1.31 (0.42-4.04)

0.63

1.52 (0.52-4.46)

0.64

1.79 (0.64-5.03)

0.73

4.39 (1.94-9.94)
< 0.001

3.96 (2.06-7.56) 5.66 (2.57-12.5)

< 0.001
0.004

<0.001

<0.001

0.03

0.03

interaction
of gender
and BMI

*Dependent variable: presence of asthma Total IgE and hs-CRP levels were logarithmically transformed before controlling as confounding factors to meet the assumption of normal distribution.

Model 1: aOR1 was adjusted for age, gender (except gender-specific models), smoking and FEV,/FVC ratio.

Model 2: aOR2 was adjusted for variables in aOR1 plus log hs-CRP.

P-values for interaction of gender and WHR on asthma were 0.85 and 0.66 before and after adjusting for log hs-CRP (data not shown).

P-values for interaction of gender and waist circumference on asthma were 0.22 and 0.28 before and after adjusting for log hs-CRP, respectively (data not shown).

aOR, adjusted odds ratios; BMI, body mass index; cOR, crude odds ratio; FEV,, forced expiratory volume in 1s; FVC, forced vital capacity; hs-CRP, high-sensitivity C-reactive protein; 95% CI, 95%

confidence intervals; WHR, waist-hip ratio.

than normal levels of hs-CRP may lead to chronic inflam-
matory diseases, including cardiovascular diseases, dia-
betes mellitus [12-18] and asthma [20, 21, 26]. Sutherland
et al. [27] assessed the relationships between airway
inflammation and systemic inflammation in a birth cohort
of approximately 1000 individuals. However, they found
no association between hs-CRP and exhaled nitric oxide.
Sood et al. [28] hypothesized that the leptin level was
associated with asthma in women, but the relationship
disappeared after adjusting for BMI. A population-based
birth cohort study did not observe the relationship be-
tween leptin and asthma in either males or females [29]. A
cohort study suggested that asthma is linked with obesity
in adults, but leptin does not play a significant role in this
association [30]. Mai et al. [31] proposed that leptin was
possibly involved as a regulatory rather than the causal
mechanism of asthma pathogenesis.

Asthma is a leukotriene-related disorder. Pergola et al.
[32] found that leukotriene formation and neutrophils are
present in lower levels in males as compared with females
Their findings may be related to the activation of extra-
cellular signal-regulated kinases and the suppression of
leukotriene formation by androgens. These findings fit
well with data supporting that females are more likely to
develop asthma during adolescence [2, 5] and the reduc-
tion of asthma observed in males during puberty [11, 33].
Higher circulating hs-CRP levels also correlated with
lower total testosterone and sex hormone-binding globu-
lin (SHBG) levels in different groups, including elderly
men, adolescents during puberty and postmenopausal
women [34-36]. In this study, we did not measure sex
hormones or SHBG levels. Prospective studies are neces-
sary to confirm the results and include sex hormones and
other inflammatory biomarkers to examine the individual
contributions of these markers to asthma. In the present
study, we observed that circulating hs-CRP levels were
significantly higher in the obese than in the non-obese;
also, several obesity-related parameters (BMI, waist cir-
cumference and WHR) had greater correlations with hs-
CRP levels in females than in males (data not shown)
(correlation coefficient (r): 0.21-0.42 for females and
r: 0.18-0.23 for males). Therefore, obesity-related inflam-
mation may have a stronger association with the patho-
genesis of asthma in females.

Our study has several strengths. First, smoking, hs-CRP
and lung function were associated with both the indepen-
dent and the dependant variables and were included in
multiple logistic regressions to control for potential con-
founding effects. Second, to assess whether hs-CRP
showed a gender-disparity association with asthma, we
used interaction terms instead of subgroup analyses to
detect a gender difference. We did not find an interaction
of hs-CRP with gender in asthma but confirmed a statis-
tically significant interaction between BMI and gender in
asthma.

© 2010 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-6
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Table 3. The association of hs-CRP levels with asthma in males and females was analysed by logistic regression models

Model 1 Model 2 Model 3
Gender Risk factor cOR aOR aOR included BMI
Both
hs-CRP, tertile (mg/L)
Q1 (<0.41) 1 1 1
Q2 (0.41-1.22) 1.01 (0.70-1.45) 1.11 (0.75-1.65) 0.95 (0.64-1.42)
Q3 (>1.22) 1.72 (1.19-3.26) 2.12 (1.42-3.17) 1.56 (1.02-2.39)
P-value for trend test 0.003 < 0.001 0.04
Male
hs-CRP, tertile (mg/L)
Q1 (<0.41) 1 1 1
Q2 (0.41-1.22) 1.05 (0.56-1.96) 1.21 (0.63-2.33) 1.19 (0.62-2.28)
Q3 (=1.22) 1.46 (0.77-2.79) 1.76 (0.88-3.52) 1.61 (0.80-3.27)
P-value for trend test 0.24 0.11 0.19
Female
hs-CRP, tertile (mg/L)
Q1 (<0.41) 1 1 1
Q2 (0.41-1.22) 0.94 (0.59-1.49) 1.03 (0.63-1.67) 0.79 (0.47-1.31)
Q3 (>1.22) 1.85 (1.19-2.86) 2.26 (1.38-3.70) 1.45 (0.85-2.48)

P-value for trend test
P-value for interaction of gender and tertile of hs-CRP

0.007 0.001 0.18
0.66 0.61 0.62

Dependent variable: presence of asthma.
Model 1: cOR for hs-CRP.

Model 2: adjusted for age, gender (except gender-specific models), smoking and FEV,/FVC ratio.

Model 3: adjusted for variables in aOR plus BMIL.
Model 4: adjusted for variables in model 2 plus WHR (data not shown).

Model 5: adjusted for variables in model 2 plus waist circumference (data not shown).

The P-value for interaction of gender and tertile of hs-CRP on asthma in model 4 was 0.69 (data not shown).

The P-value for interaction of gender and tertile of hs-CRP on asthma in model 5 was 0.59 (data not shown).

aOR, adjusted odds ratios; BMI, body mass index; cOR, crude odds ratio; FEV, forced expiratory volume in 1s; FVC, forced vital capacity; hs-CRP, high-

sensitivity C-reactive protein; WHR, waist-hip ratio.

Symptoms controlled by medication use may influence
the plasma hs-CRP concentrations in asthmatic patients.
In previous study, serum hs-CRP levels were significantly
increased in the steroid-naive patients compared with
controls and this increase was not observed in asthmatic
patients who were using inhaled corticosteroids [20]. In
contrast, Butland et al. [22]. detected a positive associa-
tion between hs-CRP and the intake of asthma medication
in patients 24 h before providing blood samples. These
findings suggested that the steroid-related suppressive
effect of hs-CRP levels is still controversial. In conclusion,
BMI was associated with asthma in females, and asthma
interacted with both gender and BMI. The findings did not
provide evidence in support of a major role for hs-CRP in
linking obesity and asthma in females.
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