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B S T R A C T

ackground: Clara cell secretory protein (CC16) is expressed primarily in the respiratory tract and is
potent anti-inflammatory agent that protects the airway from inflammation. The associations of the A38G
olymorphism in this gene with asymptomatic airway hyper-responsiveness (AHR), which is considered

a risk factor for future asthma in adults, and the development of adult-onset asthma are unclear.
Objective: To evaluate the association of the CC16 A38G polymorphism with asymptomatic AHR in healthy
young adults and the development of adult-onset asthma and the association between plasma CC16 level
according to this genotype and asymptomatic AHR.
Methods: Nonspecific AHR was measured in 154 asymptomatic, young, healthy adults using a continuous
methacholine inhalation method. The cumulative dose values of inhaled methacholine measured at the
inflection point at which respiratory conductance started to decrease (Dmin) were used as an index of AHR.
Caseecontrol analysis was performed for the association between this polymorphism and the development
of asthma in 1,086 unrelated Japanese subjects (504 subjects with asthma and 582 healthy subjects).
Results: The 38AA þ AG genotype was associated with lower Dmin values and lower plasma CC16 levels
(P ¼ .012 and .020). There was a significant positive correlation between Dmin values and plasma CC16 levels
(P ¼ .012). In the caseecontrol study, the 38AA þ AG genotype was significantly associated with late-onset
asthma (onset at >40 years; odds ratio, 1.63; P ¼ .016).
Conclusion: These results suggest that the CC16 A38G polymorphism may play a role in asymptomatic AHR
and contribute to the development of late-onset asthma.
� 2013 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction

Asthma is a common chronic respiratory disease characterized
by reversible airflow obstruction and airway hyper-responsiveness
(AHR). Recently, asthma has been described as a clinical syndrome
that can be caused by different pathologies rather than a single
disease.1 Several approaches for clustering asthma have suggested
that age of onset is a determinant that can be used to identify certain
asthma phenotypes and their underlying specific pathogenesis.2

In contrast to childhood-onset asthma, asthma that develops
during adulthood is more heterogeneous, and more complex
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environmental factors appear to be involved in its pathogenesis.3

Although the role of genetic predisposition in adult-onset asthma
is less clear than in atopic childhood-onset asthma, specific host
genetic factors may be important in the development of adult-
onset asthma. Notably, the authors previously reported that
a functional polymorphism on the promoter region of the CCL5/
RANTES gene and tissue factor genewere associatedwith adult late-
onset asthma in a Japanese population.4,5

Nonspecific AHR, which is objectively defined by an abnormal
response to a nonspecific stimulus such as histamine or meth-
acholine, is thought to be determined by several genetic and envi-
ronmental factors and is an important feature of asthma. Although
AHR is often accompanied by respiratory symptoms, it can occur
without any clinical respiratory symptoms, which is called asymp-
tomatic AHR. Although the clinical significance of asymptomatic
AHR and its relation to asthma is not fully understood, prospective
Immunology. Published by Elsevier Inc. All rights reserved.
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Table 1
Characteristics of subjects for measurement of airway hyper-responsiveness

Characteristics Data

Subjects, n 154
Age (y), median (range) 24 (18e35)
Men, n (%) 110 (71.4)
Atopy, n (%) 118 (76.6)
Smoking status: current/former/never 17/8/129
Dmin (log, unit), mean � SD 1.12 � 0.62
IgE (log, IU/mL), mean � SD 1.89 � 0.62
CC16 38GA genotype AA/AG/GG 29/67/58

Abbreviations: CC16, Clara cell secretory protein; Dmin, cumulative dose of inhaled
methacholine measured at inflection point at which respiratory conductance starts
to decrease; SD, standard deviation.
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studies have suggested that asymptomatic AHR is a risk factor for
future asthma in adults.6,7 Recent large prospective surveys con-
ducted in Europe also have shown that the presence of AHR in
a young adult is a significant risk factor for the development of new-
onset asthma.8

Clara cell secretory protein (CC16), also known as secretoglobin
1A1 (SCGB1A1), CC10, CCSP, and uteroglobin, is expressed primarily
in the respiratory tract and is a potent anti-inflammatory agent that
protects the airway from inflammation.9 Mice that are deficient in
CC16 expression exhibit a higher level of allergic airway inflam-
mation through augmented T-helper cell type 2 responses,10 and
reconstitution of CC16 in CC16-deficient mice can reverse this
altered phenotype.11

In humans, the CC16 gene is located on chromosome 11q12-13,
a region that was originally reported for its associations with
asthma, high serum total IgE levels, and AHR in several genome-
wide linkage studies.12e14 There have been several reports of an
association between pulmonary diseases and a guanineeadenine
substitution at position 38 (A38G) downstream from the tran-
scription initiation site within the noncoding region of this gene’s
exon 1. The A allele is associated with the decreased transcriptional
activity of this gene.15,16 Numerous studies have shown significant
associations of this polymorphismwith asthma and the presence of
wheeze and AHR, particularly in infants and children.17,18 However,
the possible association of this polymorphism with adult asthma,
particularly adult late-onset asthma, has not been well studied. In
addition, the association of this polymorphism with asymptomatic
AHR has not been reported.

As part of the authors’ research efforts on risk factors for asymp-
tomatic AHR and adult late-onset asthma,4,5,19 the present study
focused on CC16. First, the possible association between the CC16
A38G polymorphism and nonspecific AHR was evaluated in asymp-
tomatichealthysubjects. PlasmaCC16 levelsalsoweremeasured, and
their association with AHR was evaluated. Second, a caseecontrol
study was conducted to evaluate the possible association of this
polymorphismwith the development of late-onset asthma.

Methods

Study Populations

Asymptomatic healthy subjects for nonspecific airway
responsiveness determinations

As previously described,19 154 asymptomatic healthy subjects
(110 men and 44 women; median age, 24 years; range, 18e35
years) were recruited. These subjects’ characteristics are listed in
Table 1. These subjects were medical students from Hokkaido
University (Sapporo, Japan) or young doctors in the authors’
hospital who lived in Sapporo. All subjects provided their written
informed consent for enrollment in this study and all associated
procedures. The ethics committee of the Hokkaido University
Table 2
Characteristics of subjects for caseecontrol study

Healthy control subjects Patients wi

Early onset

Subjects, n 582 141
Age (y), median (range) 47 (18e79) 26 (16e73
Men, n (%) 299 (51.4) 82 (58.2)
Atopy, n (%) 294 (50.5) 138 (92.0)
Never smoker, n (%) 325 (56.5) 84 (59.6)
Age of onset (y), median (range) d 5 (0e19)
IgE (log IU/mL), mean � SD 1.84 � 0.63 2.60 � 0.63

Abbreviation: SD, standard deviation.
aThe c2 test was used for proportions and Kruskal-Wallis analysis was used for continuo
bThe Cochran linear trend was used for proportions and the Jonckheere-Terpstra test wa
School of Medicine approved this study. None of these subjects had
ever experienced wheezing, shortness of breath, or any other
respiratory disease. None of the participants reported any recent
respiratory infections. They were examined for total and specific
IgE antibodies. Atopic status was defined as a positive response to
at least 1 of the 10 common inhaled allergens, as previously
described.4,5,20 An increase in specific IgE antibody levels (IgE
multiple antigen simultaneous test score, lumicount >1.0) was
considered a positive response. Spirometry also was performed for
all subjects (Autospiro AS-300; Minato, Osaka, Japan).

Caseecontrol study
A total of 1,086 unrelated Japanese subjects were recruited,

including 504 patients with asthma and 582 healthy subjects
(Table 2 and eTable1). All patients with asthmawere recruited from
the pulmonary clinic of the First Department of Medicine, Hokkaido
University Hospital. Patients were considered asthmatic based on
the presence of recurrent episodes of at least 2 of 3 symptoms
(coughing, wheezing, or dyspnea) associated with demonstrable
reversible airflow obstruction and/or increased airway respon-
siveness to methacholine, as previously described.4,5,20 As healthy
controls, individuals who visited the clinic for annual routine
physical examinations and had no history of asthma or any other
chronic pulmonary diseases were recruited. All these subjects were
unrelated and of Japanese descent. Written informed consent was
obtained from all subjects for enrollment in this study. The ethics
committee of the Hokkaido University School of Medicine also
approved this study. The definition of atopic status was the same as
that for the study measuring nonspecific AHR.

Nonspecific Airway Responsiveness

Nonspecific airway responsiveness, as judged by the degree of
methacholine-induced bronchoconstriction, was determined by
continuous methacholine inhalation with simultaneous measure-
ment of respiratory resistance (Astograph; Chest, Tokyo, Japan), as
th asthma P valuea P valueb

Middle onset Late onset

150 213
) 37 (20e71) 59 (41e81) <.001 <.001

58 (38.7) 90 (42.3) <.001 .007
112 (79.4) 115 (54.0) <.001 <.001
78 (52.0) 108 (50.7) .011 .12
30 (20e40) 55 (41e80) <.001 <.001

2.38 � 0.67 2.25 � 0.62 <.001 <.001

us variables among the 4 groups.
s used for continuous variables among the 3 asthma groups.



Figure 1. Values of the logarithmic cumulative dose of inhaled methacholine
measured at the inflection point at which respiratory conductance starts to decrease
(log Dmin) and plasma Clara cell secretory protein (CC16) stratified by CC16 G38A
genotype. (A) Airway hyper-responsiveness (log Dmin) in young healthy subjects. A
significant difference is seen in log Dmin between 38A allele carriers and noncar-
riers. (B) CC16 concentration in plasma in young healthy subjects. A significant
difference is seen in plasma CC16 levels between 38A allele carriers and noncarriers.
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described previously.19,21 After recording baseline respiratory
resistance, beginning with the lowest concentration, increasing
doses of methacholine were inhaled at 1-minute intervals. As an
index of AHR, the cumulative dose values of inhaled methacholine
measured at the inflection point at which respiratory conductance
started to decrease (Dmin) were used. One Dmin unit represented
a 1-minute inhalation of 1 mg/mL of methacholine.22 Logarithmic
Dmin values as an index of AHRwere used because previous studies
have shown that AHR assessed by Dmin correlates well with degree
of airway inflammation, including exhaled nitric oxide concentra-
tions and sputum eosinophil counts, in patients with asthma.22,23

Genotyping

The CC16 A38G polymorphism (rs3741240) was identified using
the TaqMan system (assay ID, C_25473445_10; Applied Biosystems,
Foster City, California).

Plasma CC16 Concentrations

Plasma samples were available for 137 of the 154 asymptomatic
healthy subjects and used for measurements of CC16 levels; 7 mL of
whole blood was collected in tubes containing ethyl-
enediaminetetraacetic acid and centrifuged for 10 minutes at
1,000g. The supernatant was separated and stored at �80�C until
analysis. Plasma CC16 levels were measured using a commercial
enzyme-linked immunosorbent assay kit (Bio Vendor Laboratory
Medicine, Inc, Brno, Czech Republic), as in several previous
studies.17,24 The sensitivity of this assay was 20 pg/mL.

Statistical Analysis

To compare differences among different subject groups, the
Kruskal-Wallis test and c2 test were used for nonparametric,
continuous, and categorical variables. In addition, the Cochran
linear trend test or Jonckheere-Terpstra test was used to evaluate
the trends among groups with asthma. Furthermore, to compare
the results of the standardized continuous variables (log Dmin
values and plasma CC16 levels) between the 2 groups (genotype
AA þ AG vs GG), unpaired t test or 1-way analysis of variance was
used to adjust for the independent variables of age, sex, smoking
status (never, former, and current), and atopic status.

Pearson correlation coefficients were used to analyze the asso-
ciation between log Dmin and plasma CC16 levels. Patients with
asthma were divided into 3 subgroups based on age of onset: early
onset, 0 to 19 years; middle onset, 20 to 40 years; and late onset, at
least 41 years.4 Logistic regression analysis was used to estimate
odds ratios (ORs) with corresponding 95% confidence intervals (CIs)
as estimates of relative risk for the development of asthma (early,
middle, and late onset). The ORs were adjusted for sex, age,
smoking status, and atopic status. The Hardy-Weinberg equilibrium
(HWE) program was used to compare the observed numbers of
genotypes with the expected numbers of genotypes under the
HWE.5 Statistical analyses were performed using SYSTAT 11 for
Windows (Systat Softwear, Inc, Chicago, Illinois).

Results

CC16 A38G Polymorphism Is Associated With Plasma CC16 Levels
and Dmin Values

Of the 154 healthy subjects, 118 (76.6%) had specific IgE anti-
bodies to at least 1 of 10 inhaled antigens. A total of 129 subjects
(83.8%) had never smoked. Log Dmin values were normally
distributed among these 154 asymptomatic subjects (mean �
standard deviation [SD] for log Dmin, 1.12 � 0.62). The genotype
frequencies of CC16 were 18.8% for AA, 43.5% for AG, and 37.8% for
GG. In this study population, the frequency of the CC16 A38G
polymorphism did not deviate significantly from the HWE (P> .05).
When possible associations between CC16 A38G genotypes and
Dmin values were evaluated, the log Dmin values were significantly
different among these genotypes: log Dmin was lower for 38A
carriers (38AA þ AG; mean � SD, 1.03 � 0.61) than for noncarriers
(38GG; mean � SD, 1.28 � 0.61; P ¼ .012; adjusted P ¼ .020 by
analysis of variance; Fig 1A). Plasma CC16 levels were significantly
lower in 38A carriers (mean � SD, 6.36 � 2.74) than in noncarriers
(mean � SD, 7.57 � 3.21; P ¼ .020; adjusted P ¼ .012 by analysis of
variance; Fig 1B). As shown in Figure 2A, there was a significant
positive correlation between log Dmin values and plasma CC16
levels (P ¼ .012, r ¼ 0.214). Smoking status has been shown to have



Figure 2. Association between plasma Clara cell secretory protein (CC16) and the
logarithmic cumulative dose of inhaled methacholine measured at the inflection
point at which respiratory conductance starts to decrease (log Dmin). (A) There is
a significant positive correlation between log Dmin values and plasma CC16 levels.
(B) There is a significant positive correlation between log Dmin values and plasma
CC16 levels in never smokers.
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a significant effect on serum CC16 levels25e27; therefore, this
association also was evaluated in never smokers (n ¼ 115). As
shown in Figure 2B, a significant association was observed in never
smokers (P ¼ .008, r ¼ 0.245).

CC16 A38G Polymorphism Is Associated With Late-Onset Asthma

In this study population, patients with early-onset asthma were
more frequently atopic than those with late-onset asthma and
healthy controls (Table 2). Of the 3 asthma subgroups, patients with
late-onset asthmahad the lowestmean total serum IgE level and the
lowest frequency of atopic status. In addition, the frequency of
former smokers was highest in the late-onset asthma group
(Table 2). The A38G polymorphism did not deviate significantly
fromtheHWE in the control subjects (P> .05). TheA allele (AAþAG)
was significantly associated with late-onset asthma (adjusted OR,
1.62; 95% CI, 1.09e2.40; P ¼ .016). In contrast, there were no
significant differences in the genotype distributions of the A38G
polymorphism between healthy control subjects and patients with
early- or middle-onset asthma (Table 3). When healthy controls
were restricted to those older than 40 years, a similar association
was observed; the A38G polymorphismwas significantly associated
with late-onset asthma (adjusted OR, 1.61; 95% CI, 1.09e2.37;
P ¼ .017; eTables 2,3,4).
Discussion

In the present study, there was an association between the A
allele of the CC16 A38G polymorphism and lower Dmin values, an
indicator of nonspecific airway responsiveness assessed by
methacholine-induced bronchoconstriction, in asymptomatic
healthy subjects. A significant association between the AA þ AG
genotype and low plasma CC16 levels indicated that decreased
expression of CC16 in the airway determined by the A38G poly-
morphism might contribute to the development of asymptomatic
AHR. In addition, the caseecontrol study provided evidence that
the CC16 A38G polymorphismwas associated with susceptibility to
the development of late-onset asthma.

Although AHR is often accompanied by respiratory symptoms, it
can occur without any clinical respiratory symptoms (ie, asymp-
tomatic AHR). Several prospective studies have shown that
asymptomatic AHR might be a risk factor for future asthma.6e8 The
significance of asymptomatic AHR as a risk factor for future asthma
could have 2 possible explanations. Studies that have examined
bronchial biopsies have reported that mild inflammatory and
structural changes in the airway mucosa occur in patients with
asymptomatic AHR,28 and it was speculated that these changes
could progress by the time respiratory symptoms appeared. In
contrast, other reports have shown that airway inflammation does
not necessarily play a determining role in the development of AHR
in patients with asymptomatic AHR, as assessed by the inflamma-
tory cell profiles in sputum.29 This result indicates that asymp-
tomatic AHR is due to a direct increase in airway smooth muscle
cell reactivity that is independent of inflammatory processes.
Although a significant association of CC16 A38G polymorphism and
plasma CC16 levels with AHR was observed in the present study,
the precise mechanisms of how CC16 is involved in the pathogen-
esis of asymptomatic AHR are unclear. Considering the anti-
inflammatory role of CC16 in T-helper cell type 2erelated airway
inflammation, it is plausible to speculate that airway inflammation
due to decreased CC16 levels in the airway might contribute to
asymptomatic AHR. Pathologic examination by bronchial biopsies
or sputum analysis will clarify how CC16 is involved in the devel-
opment of asymptomatic AHR.

In addition to the association between the A38G polymorphism
and asymptomatic AHR, therewas a significant association between
plasma CC16 levels and Dmin values. Previous reports have sug-
gested that circulating levels of CC16 might be a marker of respira-
tory disease, which could be influenced by epithelial cell
dysfunction. PlasmaCC16 levels are low inpatientswith asthma and
those with chronic obstructive pulmonary disease and are corre-
lated with disease activity.16,30,31 Therefore, mild airway inflam-
mation, which may develop in patients with asymptomatic AHR,
contributes to lower plasma CC16 levels, as shown in this study.
Alternatively, intrinsically lower CC16 expression determined by the
A38G polymorphism might contribute to the development of
asymptomatic AHR and eventually lead to late-onset asthma. In the
clinical setting, measuring plasma CC16 levels in young adults may
be useful for predicting the presence of nonspecific hyper-
responsiveness and the possibility of developing asthma in the
future. However, it should be noted that the correlation between



Table 3
Association of CC16 A38G polymorphism with asthma

Subjects, n CC16 A38G genotype, n (%) ORa 95% CIa P valuea

AA AG GG

Healthy controls 582 103 (17.7) 273 (46.9) 206 (35.4)
Asthma (all onset ages) 504 83 (16.5) 243 (48.2) 178 (35.3) 0.99 0.77e1.29 .96
Early-onset asthma 141 20 (14.2) 67 (47.5) 54 (38.3) 0.73 0.47e1.14 .16
Middle-onset asthma 150 26 (17.3) 65 (43.3) 59 (39.3) 0.75 0.51e1.11 .15
Late-onset asthma 213 37 (17.4) 111 (52.1) 65 (30.5) 1.62 1.09e2.40 .016

Abbreviations: CC16, Clara cell secretory protein; CI, confidence interval; OR, odds ratio.
aAdjusted for age, sex, atopy, and smoking status. Odds ratios were calculated for the presence of the 38A allele using multivariate logistic regression models.
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plasma CC16 levels and Dmin values was not strong (r ¼ 0.214; Fig
2A), which suggests that several environmental and other genetic
factors might be involved in asymptomatic AHR.19,32

Although several studies have shown significant associations of
the A38G polymorphism and asthma with the presence of wheeze
and AHR in infants and children,17,18 there have been few reports
showing an association between this polymorphism and adult
asthma. When the effect of the A38G polymorphismwas evaluated
for the entire asthma population in the present study, no significant
association was observed, which is consistent with a previous
report conducted in a Japanese population.33

Considering the biological function of CC16 in T-helper cell type
2erelated inflammation, the prolonged anti-inflammatory effect of
CC16 might eventually contribute to the development of late-onset
asthma. This may partly explain why an association with this poly-
morphism was found only with adult-onset asthma, but not with
childhood-onset asthma. Alternatively, a significant association of
this polymorphism with asymptomatic AHR and with late-onset
asthma might support the proposition that asymptomatic AHR is
a risk factor for the future development of asthma. However, it is not
certain how many subjects in the present study will eventually
develop asthmatic symptoms during their lifetimes. Prospective
studies will be needed to determine the significance of asymptom-
atic AHR as a risk factor for future asthma onset in this population.

Recently, asthma has been recognized as a heterogeneous and
genetically complex disease that cannot be explained by a single
mechanism. A precise definition of asthma phenotypes is becoming
more relevant, not only to improve the understanding of their
pathophysiologic mechanisms, but also to ascertain the specific
genes associated with these phenotypes. Several recent approaches
for clustering asthma have suggested that age of onset is one
determinant to identify certain asthma phenotypes and their
underlying specific pathogenesis.2 The age of asthma onset
encompasses awide range, and differentiating asthma based on age
at onset of disease can enhance the understanding of asthma
pathogenesis. Patients with childhood-onset asthma have been
shown to have a significantly greater likelihood of allergic sensiti-
zation and clinical responses to triggers than patients with adult-
onset asthma. Genetic factors related to atopy are involved in
childhood-onset asthma. In contrast, asthma that develops during
adulthood is more heterogeneous, there is usually no family history
of asthma, and more complex environmental factors appear to be
involved in its pathogenesis. Although the role of genetic predis-
position in adult-onset asthma is less clear than in atopic
childhood-onset asthma, a specific host genetic factor also might be
important in the development of adult-onset asthma. In addition to
the authors’ previous results showing an association of CCL5/
RANTES and tissue factor gene variants with adult-/late-onset
asthma, the present study may have identified a new genetic factor
involved in the development of adult late-onset asthma.4,5

Two major limitations need to be considered in interpreting the
present results. First, an oscillationmethod (Astograph)was used to
evaluate AHR in asymptomatic healthy subjects.19,21 With this
method, the change in respiratory resistance is monitored instead
of forced expiratory volume in 1 second (FEV1), which is recom-
mended as a primary outcome by the American Thoracic Society
guidelines for evaluating AHR.34 However, these guidelines also
indicate that the changes in respiratory resistance might be more
sensitive than the changes in FEV1 for detecting bronchocon-
striction. Therefore, to evaluate the factors associated with AHR in
asymptomatic healthy subjects, as in the present study, it may be
better to use respiratory conductance instead of FEV1. Further
studies using changes in FEV1 as an outcome will be needed to
confirm the present results.

Second, caseecontrol studies based on questionnaires are
susceptible to recall bias. Definitions of physician-diagnosed
asthma have been shown to be specific but are somewhat lacking
in sensitivity and probably exclude milder cases of asthma. In the
present study, to judge the age of onset of asthma as accurately as
possible, patients were asked about episodes of dyspnea, wheezing,
or coughing during childhood and puberty. When uncertain, the
time of earliest respiratory symptoms was designated as the age of
onset of asthma symptoms. A recent study on the age at onset of
asthma in 2,524 Japanese adult patients with asthma found that
23.7% had developed the disease before 20 years of age, and 58.5%
had developed the disease at older than 20 years. This variation in
age at onset of adult asthma is similar to what was found in the
present study and provides evidence that the self-reported data on
age at onset of asthma obtained in this study are reliable.35

In summary, the results of the present study suggest that the
CC16 A38G polymorphism may play a role in asymptomatic AHR
and contribute to the development of late-onset asthma. This
newly described association between the CC16 A38G poly-
morphism and asymptomatic AHR and late-onset asthma provides
additional evidence suggesting that asymptomatic AHR is a risk
factor for the future development of asthma. Further prospective
studies will be needed to clarify the significance of asymptomatic
AHR, which is determined by the CC16 A38G polymorphism, in the
later development of symptomatic asthma.

Supplementary Data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.anai.2013.08.005.
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eTable 3
Characteristics of healthy control subjects and those with asthma older than 40
years in caseecontrol study

Healthy control
subjects

Subjects with
asthma

P value

Age >40 y Onset age >40 y

Subjects, n 405 213
Age (y), median (range) 52 (41e79) 59 (41e81) <.001b

Men, n (%) 210 (51.9) 90 (42.3) .023a

Atopy, n (%) 179 (44.2) 115 (54.0) .021a

Never smoker, n (%) 217 (53.6) 108 (50.7) .496a

Age of onset (y), median (range) d 55 (41e80) d

IgE (log, IU/mL), mean � SD 1.85 � 0.61 2.25 � 0.62 <.001b

Abbreviation: SD, standard deviation.
aBy c2 test.
bBy Kruskal-Wallis analysis.

eTable 4
Association of CC16 polymorphism with asthma in subjects older than 40 years

Subjects, n CC16 A38G genotype, n (%

AA AG

Healthy controls (>40 y old) 405 69 (17.0) 179 (
Late-onset asthma 213 37 (17.4) 111 (

Abbreviations: CI, confidence interval; OR, odds ratio.
aAdjusted for age, sex, atopy, and smoking status. Odds ratios were calculated for the pr

eTable 1
Characteristics of healthy control subjects and those with asthma in the casee
control study

Healthy
control
subjects

Subjects
with
asthma

P value

Subjects, n 582 504
Age (y), median (range) 47 (18e79) 49 (16e81) <.001b

Men, n (%) 299 (51.4) 230 (45.6) .001a

Atopy, n (%) 294 (50.5) 365 (72.4) <.001a

Never smoker, n (%) 325 (56.5) 270 (53.6) .004a

Age of onset (y), median (range) d 35 (0e80)
IgE (log, IU/mL), mean � SD 1.84 � 0.63 2.39 � 0.65 <.001b

Abbreviation: SD, standard deviation.
aBy c2 test.
bBy Kruskal-Wallis analysis.

eTable 2
Characteristics of healthy control subjects in caseecontrol study

Healthy control subjects P value

Age �40 y Age >40 y

Subjects, n 177 405
Age (y), median (range) 30 (18e40) 52 (41e79) <.001b

Men, n (%) 89 (50.3) 210 (51.9) .73a

Atopy, n (%) 109 (61.6) 179 (44.2) <.001a

Never smoker, n (%) 108 (61.0) 217 (53.6) .097a

IgE (log, IU/mL), mean � SD 1.82 � 0.66 1.85 � 0.61 .81b

Abbreviation: SD, standard deviation.
aBy c2 test.
bBy Kruskal-Wallis analysis.
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) ORa 95% CIa P valuea

GG

44.2) 157 (38.8)
52.1) 65 (30.5) 1.61 1.09e2.37 .017

esence of the 38A allele using multivariate logistic regression models.
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