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ABSTRACT. There are limited data regarding the effects of activin A
on underweight, normal weight, and overweight patients with asthma.
We determined serum levels of activin A in asthmatic patients in relation
to body mass index. The study protocol included questionnaires,
measurement of exhaled nitric oxide, blood sampling for inflammatory
biomarkers, and high-resolution computed tomography of the lungs to
identify bronchial wall thickening. Serum and sputum activin A levels
were measured using an enzyme-linked immunosorbent assay in 94
asthmatic patients. Mean serum levels of activin A were significantly
(P = 0.001) higher in underweight (1781 + 327.3 pg/mL) than in
normal weight and overweight asthmatic patients, regardless of gender.
After stratification by gender, significantly higher mean values of
activin A were observed in females compared to males in the normal
and underweight groups (P = 0.003 and P = 0.0002, respectively).
Significant differences between groups were found in airway wall
area (%) (P < 0.0001). We also observed a much higher percentage of
sputum lymphocytes in the underweight group compared to the other
groups (P <0.0001). Correlations between bronchial wall thickness and
activin A were found in the underweight (r = 0.67, P = 0.48) and normal
weight groups (r = 0.51, P = 0.042). Correlations between fractional of
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exhaled nitric oxide, forced expiratory volume in 1 s, delayed treatment
years, and activin A in different groups were also observed. Increased
serum level of activin A indicates its role in the pathogenesis of asthma,
particularly in underweight and overweight patients.
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INTRODUCTION

As the prevalence of obesity increases worldwide (Flegal et al., 2002; Hedley et al.,
2004), concern regarding the association between body weight and higher mortality rates has
also increased. Additionally, the increasing prevalence of asthma and obesity suggests an as-
sociation between these diseases (Beuther et al., 2006). Although asthma is less prevalent
than being overweight, asthma affects approximately 7% of the adult population in the United
States (Pleis et al., 2009).

Many cross-sectional epidemiologic studies have identified a modest association
between obesity and asthma prevalence (Chen et al., 1999; Beckett et al., 2001; Guerra et
al., 2002). Beuther et al. (2006) compared normal weight, overweight, and obese subjects
(body mass index, BMI > 25) and found an increased odds of incident asthma, with an odds
ratio of 1.51.

Activin A is a pleiotropic cytokine that belongs to the transforming growth factor-3
superfamily and plays a critical role in fundamental biological processes, such as development
and tissue repair. Although the exact function of activin A remains uncertain, it also functions
to modulate inflammatory responses (Jones et al., 2007), and growing evidence indicates a
crucial role of activin-A in immune-mediated responses and associated diseases, while also
activating tissue repair programs (Sulyok et al., 2004). Activin A has a unique role in key
biological processes (Xia and Schneyer, 2009), and may play a role in airway remodeling by
inducing structural changes. Moreover, recent advances underscore the critical impact of ac-
tivin A on T helper type 2 cell-driven airway inflammation and associated asthmatic diseases
(Samitas et al., 2012; Tousa et al., 2012). However, whether activin A is correlated with BMI
in asthmatic patients remains unknown.

MATERIAL AND METHODS

The study group was comprised of randomly selected asthma patients from 215 asthmat-
ics who visited the outpatient clinics in West China Hospital of Sichuan University between Janu-
ary 2012 and March 2013. The study was approved by the Ethics Committee of the West China
Hospital of Sichuan University and written informed consent was obtained from all patients.

Study design and treatment

This was a cohort study to compare airway inflammation as assessed by induced spu-
tum and fraction of exhaled nitric oxide (FENO) in subjects with asthma. Induced sputum and
exhaled NO were collected on the same day. All subjects were adult nonsmokers or ex-smok-
ers for at least 5 years and with a smoking history of less than 10 pack-years, 18 years of age
or older with asthma, a 20% fall in forced expiratory volume in 1 s (FEV1) during a histamine
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challenge test, and showing clinical symptoms of asthma according to current American Tho-
racic Society (ATS, 1987) criteria. A questionnaire on respiratory symptoms, lung function
test, histamine challenge test, blood test, and induced sputum was administered.

Exclusion criteria included the presence of specific respiratory disease or any other
serious interfering disease. Patients were required to be in stable condition without an exacer-
bation in the previous 6 weeks. Patients with chronic obstructive pulmonary disorder or a >30
pack-year history of smoking were also excluded. FENO was measured using a chemilumi-
nescence analyzer (NiOX; Aerocrine, Stockholm, Sweden) before forced expiratory maneu-
vers according to current guidelines at an exhaled flow rate of 50 mL/s.

Procedures

Spirometry was performed according to the ATS standards (Miller et al., 2005). Spu-
tum was induced using inhalations of increasing concentrations (3, 4, and 5%) of hypertonic
saline and processed as previously described. All slides were read at the same center. FENO
was collected by using a validated offline technique with sample bags in accordance with the
ATS recommendations.

High-resolution computed tomography (HRCT) scan

Prior to HRCT, all patients were shown how to breathe during the scanning procedure.
HRCT was performed using a multi-detector row spiral CT scanner (Sensation 16, Siemens
Medical System, Erlangen, Germany) with 16 detector arrays. Patients were scanned in the su-
pine position during 1 breath hold at deep inspiration. Scanning was performed at 120 kV and 80
mAs, regardless of patient size, using a 512 x 512 matrix. Scans were obtained using 16 x 1 mm
collimation at 10-mm intervals, with a table field of 11 mm per 0.5 s scanner rotation. Images
were reconstructed using a bone algorithm and a 512 x 512 matrix. Images were viewed in a win-
dow level of -450 Hounsfield units and a width of 1500 Hounsfield units. CT scans were inter-
preted by 2 radiologists (Zhang, Yang) who were unaware of the clinical history of the patients.

Bronchial wall thickening (BWT) was assessed as follows. End-expiratory scans were
obtained at 5 selected levels: 1 cm above the carina (Level A), 1 cm below the carina (Level
B), the right pulmonary vein (Level C), 3 cm below the top of the pulmonary vein (Level
D), and above the right side of the diaphragm (Level E) (King et al., 2000). BWT at these
5 levels was measured. The following parameters were determined using a semiautomatic
image-processing program: luminal area, total airway area, short axis of lumen, and short
axis of total airway. Airway wall area (WA) was calculated as total airway area - luminal area
and BWT was calculated as (short axis of total airway - short axis of lumen) / 2. Relative WA
[WA% = (WA / total airway area) x 100] was also calculated.

Measurement of serum and induced sputum activin A levels

Serum YKL-40 levels were measured using an enzyme-linked immunosorbent assay
(ELISA) kit according to manufacturer instructions (Human Chitinase 3-like 1 DuoSet ELISA
Development Kit, RnD Systems, Abingdon, UK). Activin A levels were measured in duplicate
using commercially available ELISA kits for activin A (Quidel, San Diego, CA, USA). Means
+ SD values are reported. Sputum induction and processing were performed according to Pa-
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vord et al. (1997). Briefly, prior to sputum induction, in order to decrease bronchi-construction
during the induction procedure, asthmatic patients were advised to inhale 400 mg Salbuta-
mol, sputum was induced by inhalation of nebulized hypertonic saline solution (3%) for 15
min, and then patients were encouraged to expectorate sputum. All adequate plugs of sputum
were separated from saliva and mixed with an equal volume (to dithiothreitol) of Dulbecco’s
phosphate-buffered saline. After centrifugation, differential cell counts were determined by
counting 400 non-squamous cells (eosinophils, macrophages, lymphocytes, and neutrophils
counts) in the stained specimens.

Anthropometric measurements

According to federal guidelines (NHLBI, 1998), being underweight for adults is de-
fined as a BMI less than 18.5, normal weight as a BMI from 18.5 to less than 25, overweight
as a BMI 25 to less than 30, and obesity as a BMI of 30 or greater. However, obesity is not
prevalent in China, and thus we did not calculate this group.

Statistical analysis

A comparison of the characteristics of patients with underweight, normal weight, and
overweight was first performed using one-way analysis of variance for normal distributions,
the Kruskal-Wallis test for non-normal distributions, or the x? test for categorical variables.
If these tests indicated a difference between the 3 groups, group-by-group comparisons were
performed using the Student -test, the Mann-Whitney U-test, or the y? test as appropriate.
Sputum and bronchial cell counts as well as exhaled NO data were analyzed after logarithmic
transformation. To identify associations between FEV1 and FENO, nonparametric correlation
analysis (Spearman rank test) was used. These tests were also used to compare the character-
istics of patients with FENO and biological markers in induced sputum.

RESULTS

The characteristics of the 94 subjects with asthma are presented in Table 1. Both
groups were similar with regard to age. Among asthma patients studied, 24 (18 females and
6 males) were overweight (BMI < 18.5), 40 (32 females and 8 males) were of normal weight
(BMI 18.5-25), and 30 (18 females and 12 males) were overweight (BMI > 25). The mean
values of immunoglobulin E and FEV 1/forced vital capacity (%) in asthmatics did not differ
from mean values determined for each group. Mean values of FENO, FEV1 (L predicted), and
peak expiratory flow in all groups showed significant differences.

The mean values of activin A serum levels in all patients are shown in Figure 1. Mean
serum levels of activin A were significantly (P = 0.001) higher in underweight (1781 + 327.3
pg/mL) than in both normal weight asthmatic patients (888.9 + 799.3 pg/mL) and overweight
asthmatic patients (714.0 = 639.3 pg/mL), regardless of gender. After stratification by gender,
mean activin A concentration (P = 0.70) was not higher in underweight female subjects (1748
+ 88.86 pg/mL, N = 18) compared to male subjects (1669 + 182.0 pg/mL, N = 6). In the nor-
mal weight group, significantly higher (P = 0.003) mean values of activin A (840.7 + 142.1 pg/
mL, N = 32) were observed in female subjects compared to male subjects (320.0 + 77.98 pg/
mL, N = 8). In overweight group, significantly higher (P = 0.0002) mean values of activin A
levels (1405 £ 178.3 pg/mL, N = 18) were observed in female subjects compared to male sub-
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jects (515.0 £ 100.3 pg/mL, N = 12). There was a significantly higher mean activin A concen-
tration (P = 0.0001) in the underweight female group (1748 = 377.0 pg/mL) and overweight
female group (1405 £ 756.4 pg/mL) compared to females in the normal weight group (840.7 +
803.7 pg/mL). In underweight males, significantly higher (P < 0.0001) mean values of activin
A were observed compared to normal weight and overweight subjects (320.0 + 220.6 pg/mL
and 515.0 + 347.3 pg/mL, respectively).

We also identified an association between delayed treatment years and activin A in under-
weight patients (r=-0.43, P= 0. 03). However, we did not observe an association between delayed
treatment years and activin A in normal weight, overweight, and all group patients (Figure 2).

Compared with each group, we found that exacerbations in the past 2 years occurred
more frequently in the overweight group compared to other groups (P = 0. 027) (Figure 3).

Negative associations between asthma control test (ACT) scores and activin A were
observed in all subjects (r = -0.34, P = 0. 0004), although associations between ACT and un-
derweight, normal weight, and overweight patients were not observed (Figure 4).

Additionally, an association between FENO, FEV1 (L), and activin A in overweight
subjects was observed (r="0. 51, P=0. 003; r=-0.65, P <0.0001, respectively; Figures 5 and 6).

An association between FEV1 (L), peak expiratory flow (mL), and activin A was also
observed in all subjects (r =-0.48, P <0.0001; r =-0.42, P = 0.007, respectively; Figure 7).

Interestingly, although we did notdetect an association between sputum eosinophils (%),
sputum neutrophils (%), or sputum macrophages (%), we observed a much higher percentage of
sputum lymphocytes (%) in the underweight group than in other groups (P <0.0001; Figure 8).

We attempted to measure airway thickness on HRCT as a marker of remodeling
(included patients were 36). Although no differences between groups were found in wall
thickness (BWT) (P =0.31), a significant difference between groups was found in WA (%) (P
< 0.0001). A correlation between BWT and activin A was found in underweight patients (r =
0.67, P = 0.48) and normal weight patients (r =0.51, P = 0.042; Figure 9).

Table 1. Clinical data.

Groups Underweight Normal weight Overweight P value
N 24 40 30

Female (male) 18 (6) 32(8) 18 (12) -
Age (years) 49.5 (12.89) 46.00 (11.04) 46.87 (9.54) NS
BMI 17.44 (1.20) 22.31(1.58) 29.31(2.87) <0.0001
Delay treatment (years) 23.75 (18.19) 10.83 (15.47) 20.47 (19.83) 0.16
Disease duration (years) 24.00 (17.85) 15.33(15.82) 23.40 (19.66) 0.33
ACT scores 12.75 (3.01) 17.13 (4.17) 17.53 (3.10) <0.0001
IgE 208.7 (147.7) 105.4 (169.2) 202.3 (292.7) 0.07
Allergic rhinitis (N) 6 18 5 -
Best FEV1 (L predicted) 0.93 (0.59) 1.51 (0.75) 1.51 (0.81) 0.005
Best FEV1 (% predicted) 42.75 (20.85) 60.33 (23.66) 66.53 (19.96) 0.0005
FEV1/FVC (%) 66.50 (16.57) 64.97 (15.44) 64.23 (12.84) NS
PEF 147.8 (87.47) 201.5 (116.1) 302.0 (147.2) 0.038
FENO (ppb)* 90.00 (3.1) 47.00 (52.2) 40.62 (15.38) <0.0001
Sputum eosinophils (%) 12.54 (25.04) 14.59 (20.22) 21.00 (20.41) 0.19
Sputum neutrophils (%) 72.04 (23.92) 73.60 (24.90) 63.43 (23.49) 0.41
Sputum macrophages (%) 3.66 (5.10) 5.97 (8.76) 8.84 (17.64) 0.35
Sputum lymphocytes (%) 12.31 (13.14) 3.00 (2.83) 1.72 (1.41) <0.0001
Exacerbations in the past 2 years 1.50 (1.53) 1.06 (2.91) 4.06 (7.04) 0.027
Hospital 0.17 (0.38) 1.97 (4.48) 2.20 (6.20) <0.0001

Values are reported as means (SD) unless otherwise stated.*Kruskal-Wallis test is presented. NS = not significant.
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Figure 1. Comparison of serum levels of activin A in underweight, normal weight, and overweight patients by
gender. The results are reported as one-way analysis of variance. NS = not significant.
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Figure 2. Associations between activin A levels and delayed treatment years among underweight, normal weight,
and overweight patients.
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Figure 3. Comparison of hospital admissions in the past 2 years, exacerbations in the past 2 years, asthma control
test scores, and FENO in underweight, normal weight, and overweight patients. The results are reported as one-way
analysis of variance. NS = not significant.
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Figure 4. Associations between activin A levels and asthma control test scores among underweight, normal weight,
and overweight patients.
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DISCUSSION

In the present study, we found that in asthmatic patients, with respect to BMI, serum
activin A levels differed in underweight, normal weight, and overweight asthma patients. This
is the first study to demonstrate that activin A serum levels were increased in underweight and
overweight asthma patients by gender. We also found an association between activin A and
BWT and WA% of HRCT, FENO, asthma control test scores, FEV1 (L), and cells of induced
sputum in underweight and overweight asthma patients.

A recently published study showed that activin A expression was significantly in-
creased in the bronchial tissue of asthmatics, particularly in the sub-epithelium of severe asth-
ma patients, and that activin A was primarily expressed by infiltrating mast cells, neutrophils,
macrophages, and smooth muscle cells. Activin A receptors were colocalized in endothelial
cells, particularly in severe asthma, and was correlated with angiogenesis and disease severity
(Tousa et al., 2012). Activin A has been implicated in airway inflammation in mouse models of
allergen challenge (Rosendahl et al., 2002), was elevated in the serum of symptomatic patients
with asthma, and was detected in peripheral blood T helper type 2 cells from patients with
asthma (Kariyawasam et al., 2009).

In our study, we examined Chinese patients, and thus a large number of underweight
patients were included in the study. We previously found that activin A may be a marker of
airway remodeling (unpublished results). Obesity appears to be a risk factor for both airway
remodeling and asthma (Shore and Fredberg, 2005; Shore, 2008). Litonjua et al. (Litonjua
et al., 2002) reported an association between increased BMI and onset of airway hyper-re-
sponsiveness in a longitudinal study of aging in male subjects in the United States. Thus, we
designed this study to determine whether a relationship exists between activin A and BMI. Al-
though the results showed that activin A was increased in the overweight group, activin A was
increased in underweight patients to a much higher extent. This result may have been related
to gender. Methods for noninvasive assessment of airway remodeling remain limited. We used
HRCT to measure airway thickness as a marker of remodeling. Differences between groups
and a correlation between wall thickness and activin A were observed. Although the power for
detecting this difference was low in our study, these findings are consistent with the findings
of Gupta et al. (2009). The different results regarding HRCT in subjects with asthma may have
been due to the different patient populations sampled, disease duration, treatment history, and
different measurement techniques.

Activin A is a pleiotropic cytokine that belongs to the transforming growth factor-f3
superfamily and plays a critical role in important biological processes. Increases in serum
tumor necrosis factor-o in airway smooth muscle in obese patients were found to be very
interesting. Tumor necrosis factor receptors are expressed on airway smooth muscle, and ex-
ogenous tumor necrosis factor-a has been shown to increase the in vitro contractility of mouse
airways to a variety of contractile agonists (Chen et al., 2003). Because airway smooth muscle
is a key end effector of acute airway narrowing, obesity might influence airway smooth muscle
function and airway responsiveness. In this study, we found that cells of induced sputum, par-
ticularly sputum neutrophils, which were increased during airway remodeling of asthma, were
unrelated to activin A levels (except for sputum lymphocytes).

Limitations of our study were that patients were of a wide age range and that gender
bias may have existed. Asthma is more prevalent in females than in males, so it was not sur-
prising that there were more female subjects than male subjects in our study. Additionally, this
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study was performed in a specialty clinical sample; patients without asthma were included, but
we did not include a healthy control group. Our sample size was also very small, and future
studies involving a larger number of subjects should be conducted to verify our conclusions.

In summary, activin A is an important contributing factor to asthma in underweight
and overweight asthma patients. Activin A may be involved in the pathogenesis of asthma in
underweight and overweight asthma patients.
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