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B S T R A C T

ackground: Recent studies suggest an association between allergic diseases, including asthma, and lower
itamin D level, a well-known risk factor of osteoporosis. However, it is not yet clearly known whether
atients with asthma are prone to bone loss.
bjective: To evaluate whether the occurrence of airway hyperresponsiveness (AHR) or asthma is related to

significant changes in bone mineral density (BMD).
Methods: We retrospectively enrolled 7,034 patients who had undergone a health checkup program,
including BMD tests and methacholine bronchial challenge tests, at the Seoul National University Hospital,
Healthcare System Gangnam Center, from November 1, 2004 to April 30, 2011. Asthma was ascertained by
self-reported medical diagnosis by a physician. Patients with a history of systemic corticosteroid medication
use were excluded from the study.
Results: Among a total of 7,034 patients, 216 (3.1%) had a positive AHR test result, and 217 (3.1%) had a
history of asthma. Lumbar spine and femur BMD of patients with AHR were significantly lower than those
without AHR (�0.53 � 1.50 vs �0.03 � 1.49, �0.47 � 0.97 vs �0.22 � 0.99, respectively; P < .001 for both).
After being adjusted for age, sex, body mass index, smoking status, postmenopausal state, and previous
history of hormone replacement therapy, the proportion of patients with osteopenia or osteoporosis was
much higher in the AHR-positive group than in the AHR-negative group (odds ratio, 1.715; 95% confidence
interval, 1.252-2.349) and in the ever-asthma group than in the never-asthma group (odds ratio, 1.526; 95%
confidence interval, 1.120-2.079).
Conclusion: In the current study, AHR and asthma were related to clinically meaningful BMD decrease,
although the causal relationship is unclear.
� 2014 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction

Allergic diseases and osteoporosis are common in the general
population worldwide. More than 20% of the general population
has allergic diseases, including allergic rhinitis and asthma.1 Prev-
alence of osteoporosis is as high as 13.1% for men and 24.3% for
women in Korean adults aged 40 to 79 years.2 Therefore, osteo-
porosis results in major personal and societal costs because of its
high morbidity and mortality related to low-trauma fractures in
elderly people.3

However, little attention has been paid to the association be-
tween allergic diseases and bone loss in the past. Most of the
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previous studies on bone mineral density (BMD) or osteoporosis in
asthma were mainly focused on the adverse effects of prolonged
corticosteroid treatment.4 Systemic corticosteroid use, a known
risk factor of osteoporosis, increases the risk of fractures in asthma
patients in a dose- and duration-dependant manner.4e6 Several
studies have reported a dose-related association between use of an
inhaled corticosteroid (ICS) and decline in BMD.7,8 In recent
decades, many studies have been performed on the association
between allergic disease and vitamin Ddan important factor in
bone mineralization. The serum vitamin D levels of patients with
asthma or airway hyperresponsiveness (AHR) are relatively lower
compared with those of healthy controls, and lower levels of
vitamin D were found to be related to increased asthma severity
and more frequent exacerbations.9,10

Considering that life-long persistence of asthma developed in
adulthood and the major role of vitamin D in bone mineralization,
asthma morbidity itself can be a potential risk factor for bone loss.
However, there are no definite data revealing the status of BMD in
Immunology. Published by Elsevier Inc. All rights reserved.
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Table 1
Demographic characteristics of the study population

Characteristic Finding (N ¼ 7,034)

Male, No. (%) 2,909 (41.4)
Age, mean (SD), y 55.62 (10.78)
Body mass index, mean (SD) 23.94 (2.95)
Smoking status, non/ever/current, % 49.5/29.5/21.0
Postmenopausal state in females, No. (%) 1,907/2,909 (65.6)
Hormone replacement therapy in females, No. (%) 448/2,900 (15.4)
Hypertension, No. (%) 1,920 (27.4)
Allergic rhinitis, No. (%) 556 (10.6)
Diabetes mellitus, No. (%) 639 (9.1)
Bronchial asthma, No. (%) 217 (3.1)
Atopy, No. (%) 2,274/5,159 (44.1)
Airway hyperresponsiveness, No. (%) 216 (3.1)
Blood WBC counts, mean (SD), /mL 5,604.00 (1,597.23)
Blood eosinophil counts, mean (SD), /mL 156.51 (154.01)
Serum total IgE, mean (SD), U/mL 215.39 (652.06)
Alanine transaminase, mean (SD), IU/L 26.71 (20.74)
Creatinine, mean (SD), mg/dL 0.98 (0.22)
Alkaline phosphatase, mean (SD), IU/L 61.34 (19.21)
Calcium, mean (SD), mg/dL 9.24 (0.38)
Phosphorus, mean (SD), mg/dL 3.59 (0.56)
FEV1, mean (SD), % predicted 104.96 (14.51)
FVC, mean (SD), % predicted 97.38 (12.12)
FEV1/FVC, mean (SD), % 79.23 (6.81)
Bone mineral density
Lumbar spine, mean (SD) �0.04 (1.49)
Femur, mean (SD) �0.23 (0.99)
Normal/osteopenia/osteoporosis, % 65.9/30.0/4.1

Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital
capacity; WBC, white blood cell.
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patients with asthma. We performed a large-scale, cross-sectional
study on patients who underwent an annual heath checkup and
investigated the association between asthma or AHR and BMD.

Methods

Study Design

This was a cross-sectional study performed on patients older
than 18 years who had undergone a health checkup program at the
Seoul National University Hospital Healthcare System Gangnam
Center from November 1, 2004 to April 30, 2011. Electronic medical
records of the patients were reviewed. Among 7,078 patients who
had undergone both BMD and methacholine bronchial provocation
tests, 44 recipients with a history of systematic corticosteroid use
were excluded, leaving a total 7,034 recipients for subsequent
analysis. The BMD test was included in the routine basic health
checkup program, and themethacholine bronchial provocation test
was performed optionally in patients who had selected it. The
methacholine bronchial provocation test and the BMD test were
performed on the same day because all health checkup programs
provided in our center are designed to be completed within a half
day.

We investigated each patient’s age, sex, smoking status, co-
morbidity (eg, hypertension, diabetes mellitus, asthma, and allergic
rhinitis) diagnosed by a physician, body mass index (BMI), white
blood cell counts, peripheral eosinophil counts, serum creatinine
level, alanine transaminase level, alkaline phosphatase (ALP) level,
serum total IgE level, pulmonary function, and presence of atopy.
For women, information on menopause and history of hormone
replacement therapy (HRT) was also recorded because of their
potential to affect BMD. Atopy was defined as positivity to at least
one common inhalant allergen in the skin prick test or the multiple
allergen simultaneous test (MAST; Hitachi Chemical Diagnostics
Inc, Mountain View, California). This study was approved by the
institutional review board of Seoul National University Hospital,
and informed consent was waived.

Methacholine Bronchial Challenge Test

Methacholine was inhaled as an aerosol using a nebulizer
(DeVilbiss, Carlsbad, California) and Rosenthal-French dosimeter
(Laboratory for Applied Immunology, Baltimore, Maryland) in 5
inspiratory capacity breaths.11 The nebulizer used in the study
delivered 9 mL of solution per 0.6-second actuation during inhala-
tion. The methacholine concentrations used were 0.0625, 0.25, 1, 4,
and 16 mg/mL. The test was stopped when the forced expiratory
volume in 1 second (FEV1) decreased 20% or more from the base-
line. AHR was defined as the provocative concentration of meth-
acholine that causes a 20% decrease in FEV1 from the baseline
(PC20) being 16 mg/mL or lower.

BMD Evaluation

By using DEXA (LUNAR Prodigy; GE Medical, Chalfont St Giles,
United Kingdom), we measured BMD of lumbar spines (L1-L4) and
femur.Onthebasisof the lowestTscores,weclassified thepatients into
3 groups according to the criteria of the World Health Organization.12

Normal BMD was defined as a T score of �1.0 SD or greater; osteope-
nia, between �1.0 and �2.5 SDs; and osteoporosis, �2.5 SDs or less.

Statistic Analysis

Analysis was performed with SPSS statistical software, version
17.0 (SPSS Inc, Chicago, Illinois). Both c2 and t tests were used for
comparisons according to the presence of AHR or allergic disease.
We performed linear regression tests and binary logistic regression
tests to adjust for other factors that could affect BMD. A Pearson
correlation analysis was used to confirm the association between
AHR level and BMD. P < .05 was considered statistically significant.

Results

Patient Demographics

Among a total of 7,034 patients, 2,909 (41.4%) were male, and
the mean (SD) age was 55.62 (10.78) years (Table 1). Hypertension,
found in 27.4%, was the most common underlying disease, followed
by diabetes, asthma, and allergic rhinitis. Skin tests or MASTs were
performed in 73.4% of study patients (957 skin tests and 5,147
MASTs), and the atopy rate was 44.1%. In women, 65.6% were
postmenopausal, and 15.4% had previous experience with HRT.

The mean (SD) FEV1 predicted value of the study patients was
104.96% (14.51%), and the forced vital capacity (FVC) predicted
value was 97.38% (12.12%). In the methacholine provocation test,
216 (3.1%) had positive AHR test results (Table 2). Among 217 pa-
tients with a history of physician-diagnosed asthma, 40 (18.4%)
demonstrated AHR on testing. Of the 6,817 patients without a
history of asthma, 176 (2.6%) had positive AHR test results.

Mean (SD) lumbar and femur BMDwere�0.04 (1.49) and �0.23
(0.99), respectively. A total of 2,110 patients (30.0%) had osteopenia;
290 (4.1%) had osteoporosis.

Comparison of Clinical Characteristics According to AHR

When the patients were grouped according to AHR, the positive
group was older and had a higher current smoking rate compared
with the negative group (P < .001 for both; Table 2). Atopy rate was
also higher in the AHR-positive group than in the AHR-negative
group (56.4% vs 43.8%; P ¼ .007). The mean (SD) FEV1 predicted
value (91.83% [13.37%] vs 105.38% [14.35%]; P < .001) and the mean
(SD) FEV1/FVC value (71.11% [7.79%] vs 79.49% [6.62%]; P < .001)
were significantly lower in the AHR-positive group than in the AHR-
negative group.

BMI, postmenopausal state, and history of HRT did not differ
between the groups. Serum creatinine, calcium, and phosphorus



Table 2
Comparison of clinical characteristics according to airway hyperresponsiveness

Characteristic Airway hyperresponsiveness P value

Negative Positive

Patients, No. (%) 6,818 (96.9) 216 (3.1)
Male, No. (%) 3,990 (58.5) 135 (62.5) NS
Age, mean (SD), y 55.47 (10.76) 60.47 (10.56) <.001
Body mass index, mean (SD) 23.93 (2.93) 24.22 (3.29) NS
Smoking status, non/ever/current, % 49.9/29.5/20.5 35.6/29.4/35.1 <.001
Atopy, No. (%) 2,208/5,042 (43.8) 66/117 (56.4) .007
Postmenopausal state in females, No. (%) 1,847/2,828 (65.3) 60/81 (74.1) NS
Hormone replacement therapy in females, No. (%) 439/2,820 (15.6) 9/80 (11.3) NS
Creatinine, mean (SD), mg/dL 0.98 (0.22) 0.99 � 0.20 NS
Alkaline phosphatase, mean (SD), IU/L 61.15 (19.16) 67.07 (20.03) <.001
Calcium, mean (SD), mg/dL 9.24 (0.38) 9.20 (0.37) NS
Phosphorus, mean (SD), mg/dL 3.59 (0.55) 3.61 (0.74) NS
FEV1, mean (SD), % predicted 105.38 (14.35) 91.83 (13.37) <.001
FVC, mean (SD), % predicted 97.51 (12.11) 93.18 (11.97) <.001
FEV1/FVC, mean (SD), % 79.49 (6.62) 71.11 (7.79) <.001

Abbreviations: FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; NS, not significant.
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levels also did not reveal any difference. The ALP level was signif-
icantly higher in the AHR-positive group than in the AHR-negative
group (67.07 [20.03] IU/L vs 61.15 [19.16] IU/L; P < .001), although
the values were within the reference ranges for both groups.

Comparison of BMD According to AHR

The lumbar spine BMD level was significantly lower in the AHR-
positive group than in the AHR-negative group (�0.53 [1.50]
vs�0.03 [1.49]; P< .001; Table 3). Femur BMDwas also lower in the
AHR-positive group compared with the AHR-negative group (�0.47
[0.97] vs �0.22 [0.99]; P < .001).

After exclusion of 217 patients who had ever been diagnosed as
having asthma, the BMD of 6,817 patients according to the presence
of AHR were compared. Similar to the results above, the BMD scores
of both lumbar spine and femurwere significantly lower in the AHR-
positive group comparedwith the AHR-negative group (�0.39 [1.54]
vs �0.02 [1.49], �0.45 [0.99] vs �0.22 [0.99]; P ¼ .002 for both).

We performed linear regression analysis of BMDwith the factors
known to affect it. After linear regression of lumbar spine BMDwith
age, sex, BMI, smoking, postmenopausal state, HRT, and AHR, sta-
tistical significance was sustained in AHR (P ¼ .001). To exclude the
possibility of asthma medications affecting BMD, adjusted multiple
regression analysis was also performed in a subgroup of patients
without a history of asthma, showing the same significant differ-
ence in BMD according to AHR (P ¼ .03). This difference was not
found in the case of femur BMD.

We compared the proportion of patients with osteopenia and
osteoporosis by the presence of AHR (Fig 1). Osteopenia and
Table 3
Comparison of mean (SD) bone mineral density by airway hyperresponsiveness and
sex

Bone mineral density Airway hyperresponsiveness P value Adjusted
P valuea

Negative Positive

Total
Lumbar spine �0.03 (1.49) �0.53 (1.50) <.001 .001
Femur �0.22 (0.99) �0.46 (0.97) <.001 NS

Male
Lumbar spine 0.12 (1.47) �0.47 (1.58) <.001 .001
Femur �0.04 (0.94) �0.34 (0.97) <.001 NS

Female
Lumbar spine �0.24 (1.49) �0.64 (1.37) .03 NS
Femur �0.47 (1.01) �0.67 (0.94) NS NS

Abbreviation: NS, not significant.
aAdjusted by age, sex, body mass index, smoking, postmenopausal state, and
hormone replacement therapy.
osteoporosis were found in 44.6% and 6.1% in the AHR-positive
group, whereas only 29.5% and 4.1% were in the AHR-negative
group (P < .001). The odds ratio (OR) of osteopenia or osteopo-
rosis in patients with AHR was 2.052 compared with patients
without AHR (95% confidence interval [CI], 1.564-2.692; P < .001).
After adjusting for confounding factors, the statistical significance
was maintained (OR, 1.715; 95% CI, 1.252-2.349; P ¼ .001).

The study patients were classified into 3 groups according to
PC20 of themethacholine provocation test and correlatedwith BMD
(Fig 2). There were 6,671 patients whose PC20 were higher than 25
mg/mL, 147 with PC20 values between 16 and 25 mg/mL, 216 with
PC20 values of less than 16 mg/mL. Mean (SD) BMD scores of the
lumbar spine were relatively lower in groups with severe AHR
(�0.02 [1.48], �0.23 [1.68], �0.53 [1.50]; r ¼ 0.06; P < .001). This
correlation was also observed in femur BMD with a correlation
coefficient of 0.041 (r ¼ 0.41; P ¼ .001).

Comparison of BMD According to History of Asthma Diagnosis

We compared BMD according to the history of asthma (Fig 3A).
Mean (SD) lumbar spine BMD of the ever-asthma group was �0.45
(1.55), being significantly lower than that of the never-asthma
Figure 1. Proportion of patients with normal bone density, osteopenia, and osteo-
porosis according to airway hyperresponsiveness (AHR). P values calculatedwith the
c2 test. NS indicates not significant.



Figure 2. Correlation between bone density and severity of airway hyperresponsiveness. A, T score of lumbar spine; B, T score of femur. PC20 indicates the provocative
concentration of methacholine that decreased forced expiratory volume in 1 second forced expiratory volume in 1 second by 20% from the baseline value. P values were
calculated with correlation analysis.
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group (�0.03 [1.50]; P < .001). However, such differences were not
found in femur BMD. We compared the proportion of patients with
osteopenia and osteoporosis by the presence of allergic diseases
(Fig 3B). Osteopenia and osteoporosis were found in 39.2% and 7.4%
in the ever-asthma group, whereas only 29.7% and 4% were in the
never-asthma group, respectively (P < .001). The proportion of
patients with osteopenia or osteoporosis was much higher in the
ever-asthma group than in the never-asthma group (OR, 1.709; 95%
CI, 1.303e2.243; P < .001), and the statistical significance was
maintained even after correction of the abovementioned factors
(OR, 1.526; 95% CI, 1.120e2.079; P ¼ .007). When comparing BMD
according to the presence of allergic rhinitis or atopy, no significant
differences were found (P > .05).

Subgroup Analysis According to Sex

In males, the BMD levels of the lumbar spine and femur were
significantly lower in the AHR-positive group compared with the
AHR-negative group (�0.47 [1.58] vs 0.12 [1.47], �0.34 [0.97]
vs �0.04 [0.94], respectively; P < .001 for both; Table 3). After
adjusting already mentioned confounding factors, statistical sig-
nificance was sustained only in lumbar spine BMD (P ¼ .001).

In females, only the lumbar spine BMD level was lower in the
AHR-positive group compared with the AHR-negative group (�0.64
[1.37] vs �0.24 [1.49]; P ¼ .03). However, this difference did not
persist after linear regression.

Discussion

Our study demonstrated a significant reduction of BMD in pa-
tients who had positive AHR test results but never had a history of
Figure 3. Comparison of bone mineral density according to presence and absence of diag
osteoporosis. P values were calculated with the t test (A) and c2 test (B).
systematic corticosteroid. The proportion of patients with osteo-
penia or osteoporosis was much higher in the patients with AHR or
a history of asthma compared with those without AHR or a history
of asthma. These findings suggest that the BMD and AHR or asthma
are closely related, although the exact causal relationship cannot be
explained. Other than AHR or asthma, not all allergic conditions
were associated with BMD because this association was not
observed in patients with allergic rhinitis or atopic sensitization in
our study.

Currently, there are limited data on the bone density in asth-
matic patients, and most previous studies were mainly focused on
bone loss according to steroid treatment. Glucocorticoid is a well-
known risk factor of secondary osteoporosis13 and can affect bone
metabolism by directly inhibiting vitamin Dedependent calcium
absorptionwhen maintained systemically. Systemic corticosteroids
in asthma patients are known to induce osteoporosis and increase
the risk for fractures. One long-term, prospective study demon-
strated that repeated oral corticosteroid use for a period of years
can produce a dosage-dependent reduction in BMD.5 Ruegsegger
et al6 suggested that bone may also be lost on alternative day
therapy with oral corticosteroid in asthmatic patients, especially in
trabecular bone. However, systemic use of steroids has rapidly
decreased after the introduction of ICSs in recent decades.

Several studies have reported that use of ICSs was also associ-
ated with a dose-related decline in BMD.7,8 Wong et al7 reported an
inverse relation between cumulative ICS dose and BMD at the
lumbar spine and proximal femur. Another study reported an as-
sociation between the decline in BMD and the number of puffs per
year of use in premenopausal women.8 On the other hand, the ef-
fects of ICSs on BMD are not reported to be significant in several
nosed asthma. A, T score of lumbar spine and femur; B, proportion of osteopenia or
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studies.4,14,15 Kinberg et al15 reported that asthmatic children
receiving corticosteroid treatment did not appear to have adversely
affected bone mass according to use of ICSs, oral corticosteroids, or
a combination of these. In meta-analyses, long-term use of ICSs in
patients was not related to significant change in bone density.16,17

Until now, no study has evaluated the relation between allergic
disease itself and bone density. By excluding patients with a history
of systemic steroid use, the effect of glucocorticoids on BMD was
minimized and the difference in BMD according to AHR itself could
be evaluated in this study. Although we had no information about
ICS use in patients diagnosed as having asthma, the difference of
BMD according to the presence of AHR was observed even after
excluding patients diagnosed as having asthma. This finding im-
plies that the correlation between AHR and BMD is not a secondary
finding of ICS treatment in asthma.

Given that steroid effect was minimized in our study, what
made this difference in BMD in patients with AHR or asthma? We
speculate that vitamin D can be one of the factors that affects BMD
in these patients. The effect of vitamin D on the bone density has
been established through extensive research. The cross-sectional
study by the US National Health and Nutrition Examination Sur-
vey III group reported that serum 25-hydroxyvitamin D levels
correlate with pelvis BMD in adult women.18 Vitamin D deficiency
causes secondary hyperparathyroidism, and parathyroid hormone
stimulates the transformation of preosteoclasts into mature oste-
oclasts, which cause osteopenia and osteoporosis and increase the
risk of fracture.19 Moreover, meta-analyses on 12 random clinical
studies revealed that vitamin D intake of more than 400 IU/d re-
duces the risk of nonvertebral fractures.20 In addition to its role in
bone mineralization, vitamin D has various essential roles in the
immune system, such as activation and proliferation of lympho-
cytes, differentiation of TH lymphocytes, homing of tissue-specific
lymphocytes, production of antibody isotypes, and immune regu-
lation.21 Several epidemiologic studies have reported that vitamin
D is associated with asthma. In asthma patients, vitamin D insuf-
ficiency was more frequently found than in the healthy popula-
tion10 and related to increased AHR, higher eosinophil counts, and
higher IgE levels in children.22 In addition, vitamin D is known to be
related to poor asthma control, resulting in more frequent hospi-
talizations and emergency department visits.22,23 In some genetic
studies, polymorphisms on the vitamin D receptor gene have
shown relationships with asthma and atopy.24,25 For the correlation
between BMD and AHR or asthma observed in our study, we
cautiously speculate that long-term vitamin D deficiency in pa-
tients with AHR and asthmamay contribute to their vulnerability to
osteopenia and osteoporosis.

Along with BMD, ALP is a marker of bone turnover and bone
remodeling. Because ALP increases in osteoporosis and active bone
formation, it is used as an indirect marker that indicates a decrease
in vitamin D.26,27 Although ALP levels were within the reference
range in both groups of our study, a slight increase of ALP and a
reduced BMD score were observed in the AHR-positive group but
not in the AHR-negative group. This finding also supports potential
differences between the 2 groups in terms of vitamin D status.

In our study, the difference of BMD according to AHR in the
logistic regression analysis was maintained only for lumbar spine
but not for femur. Moreover, femur BMD was not different ac-
cording to the presence of asthma history. The discrepancies relate
mainly to different patterns of bone loss at the various sites. Current
osteoporosis guidelines propose that the lumbar spine BMDmay be
a useful measure of bone loss because the spinal bone tends to be
lost faster than the femur.28 The North American Menopause So-
ciety recommends that the spine BMD may be a useful indicator of
bone loss, particularly in early postmenopausal women, and the
International Society for Clinical Densitometry also proposes the
spine as the preferred site, with the total hip as an alternative.28
Therefore, it is not surprising that the difference of BMD in the
logistic regression analysis was maintained only for lumbar spine
but not for femur in our study.

Many diverse factors are involved in the development of oste-
oporosis. Other than vitamin D deficiency, the known risk factors
for osteoporosis are as follows: old age, postmenopausal status, use
of oral corticosteroid for longer than 3 months, estrogen deficiency
at an early age, low body weight, excess alcohol use, tobacco
smoking, low physical activity, history of fracture as an adult, and
family history of osteoporosis.13 After adjustment for BMD-
affecting factors verifiable in our study participants, regression
analysis revealed that the AHR-positive group had an increased risk
of lower BMD scores than the AHR-negative group. Among various
factors that affect BMD, the most important factor is aging and
menopause.12 To correct the effect of estrogen on BMD, we per-
formed subgroup analysis according to sex. As a result, the differ-
ence of BMD according to AHR was sustained only in males, but
there was no statistically significant difference in females. The
effect of estrogen and progesterone on asthma is well known.
Although asthma exacerbation and hospitalization increased dur-
ing premenstrual and menstrual phase, HRT and oral contraceptive
therapy were associated with a decrease in asthma exacerbation
and improved lung function in asthmatic patients.29 BMI is another
factor known to affect both AHR and osteoporosis, but in a con-
trasting manner: high BMI is associated with AHR, whereas low
BMI is associated with increased risk of osteoporosis.13,30 Consid-
ering this, we adjusted for BMI in our analysis of AHR and BMD, and
their significant association remained after adjustment. Tobacco
smoking is an important factor affecting both AHR and osteopo-
rosis. To adjust for confounding by smoking, we performed linear
regression and binary logistic regression tests; BMD levels of the
lumbar spine and femur were rather higher in the current smoker
group compared with the nonsmoker group (data not shown).
Therefore, we could conclude that the association between AHR
and osteoporosis was not determined by smoking.

Although we have adjusted for many factors that affect BMD,
this study has a limitation in that some variables were investigated
through a questionnaire-based survey. Furthermore, many factors
that can affect vitamin D levels, such as level of physical activity,
duration of outdoor sun exposure, and intake of vitamin supple-
ments, were not included because they were difficult to quantify.
The health checkup program of the study participants was designed
for healthy adults free of active underlying disease. Therefore, it is
unlikely that the study result is merely due to low levels of outdoor
activity. Another important limitation of our study was that it was
cross-sectional. Thus, we could not determine the causality be-
tween AHR and decreased BMD. In our study, the positive rate of
methacholine challenge was only 18.4% among the patients with a
history of asthma. This relatively low positive rate may be attrib-
uted to loose inclusion criteria for asthma. In fact, therewas no limit
for years after diagnosis of asthma in the questionnaire used in the
study. Therefore, asthma diagnosis based on symptom only, tran-
sient wheezing in infancy, childhood asthma during the preschool
period, and eosinophilic bronchitis without AHR could be counted
as asthma. In a longitudinal study, more than half of children and
adolescents with asthma were in symptomatic remission during a
mean follow-up of 30 years.31 In adults with asthma, reported
prevalence of remission ranges from 5% to 40%.32

Despite numerous research on the clinical effects of vitamin D,
objective data on vitamin D and allergic disease are still insufficient
to draw a clear conclusion. In our study, there were no measure-
ments of vitamin D, sowe could not determinewhether therewas a
causal relationship between vitamin D deficiency and AHR. How-
ever, our study demonstrated the significant negative correlation
between AHR or asthma and decreased BMD in Korean adults and
also found that osteopenia and osteoporosis were more frequent in
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patients with AHR or asthma. Considering the results of our study,
we suggest physicians pay additional attention to bone loss when
providing care to patients with asthma.
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