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Abstract
Summary The effect of inhaled corticosteroid on bonemineral
density (BMD) was investigated in 44 asthmatic patients after
median treatment duration of 6.5 years. Compared with con-
trols, BMD decreased only in patients aged <50 years in both
the spine (11.3 %, p=0.013) and hip (8.8%, p=0.044), where-
as in patients ≥50 years BMD did not decrease significantly.
Introduction The results of studies which addressed the im-
pact of inhaled corticosteroid (ICS) therapy on BMD of pa-
tients with asthma are conflicting. This case–control study
aimed to compare BMD status in ICS user with asthma with
healthy controls according to age.
Methods BMD at the lumbar spine (LS), femoral neck (FN)
was measured by dual energy X-ray absorptiometry (DEXA).
Patients and controls were compared according to BMD gr/
cm2, BMD T-score, BMD Z-score, frequency of osteoporosis
(defined as BMD T-score ≤−2.5), and frequency of patients
with BMD Z-score <−1 at LS and FN with regard to age <50
and ≥50 years old.
Results Forty-four ICS user patients (females 63.6 %) with
median treatment duration of 6.5 years and 50 controls (fe-
males, 69.4 %) with respective mean age of 49.2±9.5 and

47.4±10.5 years (p=0.38 and p=0.35) entered the study.
Overall LS-BMD and FN-BMD gr/cm2 in total patients were
lower than in controls by 6 % (p=0.065) and 5.9 % (p=0.09),
respectively. In patients <50 years, mean LS-BMD gr/cm2

was lower than controls by 11.3 % (p=0.013) and FN-BMD
by 8.8% (p=0.044). MeanBMDT-score and BMDZ-score in
both measurement sites were also lower than controls (p=
0.013 and 0.01, respectively. Frequency of osteoporosis did
not differ but frequency of patients with BMD Z-score <−1
was significantly higher in patients (odds ratio (OR)=6.57
95 % CI, 1.8–23.9, p=0.004). In age group ≥50 years old,
reduction of BMD in both measurement sites did not reach
to a significant level.
Conclusion This study indicates that BMD reduction in ICS
user with asthma is dependent on age and appears that youn-
ger patients are at greater risk of BMD loss. These findings
suggest preventive measures particularly in patients
<50 years.
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Introduction

Pulmonary airway diseases like asthma and chronic obstruc-
tive lung disease (COPD) are associated with systemic inflam-
mation and increased levels of inflammatory markers as well
as proinflammatory cytokines [1–3]. Administration of in-
haled corticosteroids (ICS) is the mainstay of treatment which
are usually used in combination with conventional inhaled
bronchodilators [4–6].

In patients with asthma, in addition to conventional risk
factors of osteoporosis, inflammatory process and treatment
with corticosteroids may also predispose them for further bone
loss [7, 8].
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The impact of ICS on bone mineral density (BMD) of
patients with asthma has been investigated in several previous
studies but the results are conflicting [7, 9–14]. Many studies
have found significant BMD changes by administration of
ICS in patients with asthma [7, 13–15] but in several other
studies treatment with ICS for asthma was not associated with
BMD changes [9–11, 16].

In a longitudinal study, beclomethasone dipropionate
(BDP) for an average period of 7.7 years did not result in
BMD Z-score changes between patients taking high dose ver-
sus low doses of BDP [9]. The results of a meta-analysis
revealed that ICS therapy in asthma was associated with
BMD reduction by 4.1 % which did not differ with controls,
and so the authors concluded that ICS treatment in asthma can
be considered safe [17]. On the other hand, the results of a
population-based study, the Nord-Trøndelag Health Study
(the HUNT Study), found no dose response association
between ICS and BMD, or difference in BMD by type
of ICS [18].

Several factors such as study design, patients selection and
characteristics of the study population, measures of BMD
changes, age, sex, smoking status, reproductive and hormonal
factors, lifestyle, duration of asthma as well as duration of
treatment, and the dosages of medications vary across various
studies and so may differently affect the outcomes and result
in discrepancies.

To overcome these shortcomings, we performed the pres-
ent case–control study in patients with asthma and healthy
controls who have been recruited from a general population
with similar characteristics and lifestyle which is expected to
be associated with less confounding effect. Furthermore, we
provided additional data regarding several associated factors
of bone loss and used more sensitive measures of BMD
changes and appropriate data analyses to minimize the con-
founding effects.

The aim of this study was to compare BMD status in ICS
user asthmatic patients with age and sex-matched controls.

Patients and method

The patients of this case–control study were recruited among
ICS user asthma patients presented to the Rouhani Teaching
Hospital Outpatient Clinic for follow-up examination. This
hospital is affiliated to the Babol University of Medical Sci-
ences, Babol, Iran. All patients were under follow-up for treat-
ment of asthma. The Diagnosis of asthma was confirmed by
compatible clinical features and pulmonary function tests
[19]. All patients of this study were treated with ICS according
to the guideline suggested by the National Asthma Education
and Prevention Program’s Expert Panel Report III [19]. Pa-
tients who have received ICS therapy for at least 1 year or
more were included to study consecutively.

Exclusion criteria were history of osteoporosis, treatment
with anti-osteoporotic drugs, premature menopause, metabol-
ic bone diseases, inflammatory musculoskeletal diseases, and
chronic renal and gastrointestinal diseases.

Sample size was calculated to detect 0.1 g/cm2 difference
in BMD gr/cm2 between the patients and controls with 95 %
confidence and 80 % of power. Based on data from our earlier
study of healthy controls [20], 36 patients for each group were
required. However, we recruited 20 % greater participants to
compensate for noncompliant patients or missed data.

Bone densitometry was performed using dual energy X-ray
absorptiometry (DEXA). BMD at the lumbar spine (LS) and
femoral neck (FN) was determined, and the results were
expressed as BMD gr/cm 2, BMD T-score, and BMD Z-score.
Osteoporosis was diagnosed according to the International
Society for Clinical Densitometry criteria defined as BMD
values of 2.5 SD or more below the mean value for young
adults (T-score≤−2.5) at either FN or LS measurement sites
(one diagnostic category) [21].

Data regarding, age, medications, duration of asthma, du-
ration of treatment with ICS, oral corticosteroid, menopausal
status, physical activity, duration of sunlight exposure, and
adherence to medications were collected frommedical records
as well as by interview.

Age- and sex-matched healthy controls without pulmonary
diseases were selected among subjects presented for bone
densitometry to the same center. A similar exclusion criterion
was also applied for the control group.

Since the World Health Organization (WHO) BMD classi-
fication according to T-score does not express similar signifi-
cance in men younger than 50 years or premenopausal women
as compared with ≥50 years [22], so the study population were
classified as age group of <50 years old and ≥50 years and
BMD Z-score which is more useful for this age group was
added as a measures of BMD changes.

In statistical analyses, the patients and controls were com-
pared with regard to BMD gr/cm2, BMD T-score, BMD Z-
score, and frequency of osteoporosis, frequency of low bone
mass (defined as BMD Z-score<−1).

Student t test and Mann-Whitney U test was used for com-
parison of quantitative variables with and without normal dis-
tribution, respectively. Chi-square test with calculation of
odds ratio (OR) and corresponding 95 % confidence interval
(95 % CI) was employed to determine association. Informed
consent obtained from all participants and the proposal of this
study was approved by the Ethics Committee of the Babol
University of Medical Sciences, Babol, Iran.

Results

A total of 44 ICS user patients (63.6 % females) with mean
(±SD) age of 49.2±9.5 years and 50 healthy controls (females,
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69.4 %) with mean age of 47.4±10.5 years (p=0.38 and p=
0.35, respectively, entered the study (Table 1).

Nineteen patients and 29 controls aged less than 50 years
old (mean age 40.9±8 and 40.4±7.3 years, respectively).
Characteristics of the study population are shown in Table 1.
The patients <50 years age group were similar to patients
≥50 years old regarding FEV1% (67 vs 58 % p=0.53), dura-
tion of disease (median, 10 vs 10 years, p=0.86), and duration
of treatment (median 7 vs 6 years, p=0.33), respectively.
Overall, the whole number of patients and controls were com-
parable with regard to age, menopausal status, using oral con-
traceptive, calcium and vitamin D supplement, smoking, du-
ration of physical activity, and sunlight exposure.

All patients received fluticasone with the median dosage of
650 mcg daily (500–1000), or BDP at median dosage of
600 mcg (400–1000) or budesonide at median dosage of
640 mcg (320–1280) for a median duration of 6.5 years. Eigh-
teen patients received oral CS in addition to ICS for a total
median period of 5 months. Analysis of these patients with
remainder patients did not demonstrate a significant difference
in BMD gr/cm2, BMD T-score, and BMD Z-score (data were
not shown).

BMD in patients versus controls

Overall, LS-BMD and FN-BMD gr/cm2 in patients were low-
er than controls by 6 % (p=0.065) and 5.9 % (p=0.09),
respectively.

In the age group of <50 years old, the magnitude of LS-
BMDgr/cm2 in patients was lower than the controls by 11.3%
(p=0.013), and FN-BMD gr/cm2 was lower by 8.8 % (p=
0.044). In addition, the BMD T-score and BMD Z-score in
patients were significantly lower than in controls (Table 2 a).
Osteoporosis was found in three (15.8 %) patients versus none
in the control group (p=0.056). Low bone mass was found in
12 (63.2 %) patients and 6 (20.7 %) controls, p=0.004. Treat-
ment of asthmawith ICS in this age group was associated with
increased frequency of low bone mass by OR=6.5 (95 % CI,
1.8–23.9, p=0.004) (Table 3).

In age group ≥50 years old, LS-BMD gr /cm2 was lower
than control by 1.6 % (p=0.18) and FN-BMD gr/cm2 by
0.18 % (p=0.89). The differences in BMD T-score and BMD
Z-score between patients and controls did not reach to a statis-
tically significant level (Table 2 b). In addition, the patients and
the controls of this age group had no significant differences in
frequency of osteoporosis as well as low bone mass (Table 3).

Discussion

The results of this study indicated that treatment of asthma
with ICS for a median period of 6.5 years was associated with
significant decrease in BMD at both BMD measurement sites
particularly in the lumbar spine only in patients aged less than
50 years old but not ≥50 years old. Since patients and controls
were similar regarding several associated factors of BMD loss
(Table 1), so the observed changes between patients and con-
trols should be attributed to ICS therapy. In this study, BMD
outcome has been shown by several BMD parameters includ-
ing BMD gr/cm 2, BMDT-score, Z-score as well as frequency
of osteoporosis and low bone mass at both BMD measure-
ment sites. Concurrent changes in all BMD parameters at both
measurement sites support validity of the BMD changes.

The results of this study showing particularly greater BMD
reduction in the lumbar spine are in agreement with previous
studies [13–15, 23]. In a cross-sectional study of perimeno-
pausal women, Laatikainen et al. revealed a negative correla-
tion between duration of treatment with ICS and LS-BMD
changes [13]. In another study of premenopausal women,
long-term treatment of asthma patients with ICS was associ-
ated with significant BMD changes in the lumbar spine and
femoral neck in women as compared with age-matched con-
trols without any BMD changes in men [14]. Similarly, in a
cross-sectional study of patients 20–40 years taking ICS at
mean current dose of 620 mcg daily; reduction of BMD was
observed in the spine and in women [23].

Table 1 Characteristics of patients with asthma treated with inhaled
corticosteroids and age-matched healthy controls

Controls Patients P
values

No. of patients 50 44 –

Females, no. (%) 34 (69.4) 28 (63.6) 0.35

Age, years, mean±SD 47.4±10.5 49.2±9.5 0.38

BMI, Kg/m2 28 (3.2),27 27±4.6 0.58

Duration of asthma, mean (±SD), year – 12.7±7.8) –
Median, years 10 (2–35)

Duration of treatment, mean
(±SD), year

– 7.3±6.1

Median (range), years – 6.5 (2–35)

Menopausal duration, years 3.6±4 2.7±4.6 0.10
Median (range) 4 (0–14) 1 (0–18)

Postmenopausal state no. (%) 12 (24) 15 (34) 0.40

FEV1 % (±SD) – 64.7±18.4 –

OCP users no. (%) 1 (2) 3 (6.8) 0.56

Taking Calcium+vitamin D, no. (%) 13 (26) 5 (11.3) 0.45

Oral CS users no. (%) – 18 (40.9)

Duration of taking oral CS, years – 2.6 (4)

Physical activity score (0–400)a 69 60 0.90

Smoking, no. (%) 3 (6) 2 (4.5) 0.60

Duration of sunlight exposure
median, hour/day

3 (1–4) 2.7 (1–4) 0.53

OCP oral contraceptive, Oral CS oral corticosteroid users, FEV1 force
expiratory volume in 1 s
a Determined using questionnaire for daily physical activity score
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Jung et al . , in a case–control study of airway
hyperresponsiveness (AHR)-positive patients (indicating asth-
ma) versus AHR-negative controls, have found significantly
lower LS-BMD and FN-BMD in patients. After adjustment for
age, sex, body mass index, smoking status, menopausal state,
and previous history of hormone replacement therapy, osteo-
porosis or osteopenia in AHA-positive subjects was 1.71 times
greater than that in AHA-negative patients [15].

In contrast, many studies have found no significant effect
of ICS therapy on BMD in asthma [7, 9, 10, 17, 24–26].

In one cross-sectional study, asthmatic patients who were
treated with ICS had lower BMD than controls but the differ-
ence was attributed to age and low BMI but not ICS [12].
Many case–control, longitudinal, and meta-analysis have
found no significant BMD changes by ICS therapy in asthma
and COPD, and so treatment with ICS has been considered
safe [7, 9, 10, 17, 24–26].

In the present study, the safety of ICS therapy in asthma
was observed in patients aged ≥50 years old, whereas in the
younger age group, treatment of asthma with ICS was associ-
ated with significant BMD loss.

Data regarding contribution of age in the development of
bone loss in ICS user patients with asthma are scarce.

Nonetheless, the study population of many previous stud-
ies which have shown a significant BMD loss were younger
than 50 years [13–15, 23].

Women during menopausal transition have accelerated
bone loss. Women of this age group, particularly during the
ensuing 5 years, are at greater risk of BMD loss. Detection of
BMD changes based on BMD T-scores alone is not sensitive
and so patients with lower rates of BMD changes may be
unrecognized by BMDT-score and somany high-risk patients
may bemissed by using theWHO criteria [27, 28]. In contrast,
bone turnover in older patients is not as active as in younger
patients. Moreover, osteoporosis or osteopenia is common in
this age group, and thus they are less sensitive to BMD

changes during ICS therapy. Selection of an appropriate pa-
rameter of BMD changes is of particular importance.

We used BMD Z-score for comparison of BMD changes
between patients and controls. BMD Z-score provides a direct
comparison of an individual bone density with other individ-
uals of the same age and so would not be affected by osteoar-
thritis which is common in the elderly subjects. This parame-
ter has been considered for evaluation of BMD in women
from age 20 years through menopause by the International
Society of Clinical Densitometry guidelines recommendation
[29] because the WHO BMD classification is not appropriate
for men younger than 50 years as well as for premenopausal
women [30]. In addition, the BMD Z-score <−1 which has
been used as a parameter of BMD changes has a potential to
predict fracture risk and necessity of treatment [22]. In older
subjects, development of osteoarthritis increases BMD T-
score falsely, and results in underestimation of BMD loss par-
ticularly in the spine [31]. Thus, application of BMD Z -score
is more reliable and preferable than BMD T-score for estima-
tion of BMD status in the older as well as in the younger age
group.

Many factors unrelated to asthma or its treatment, like
the level of physical activity, supplemental calcium, vita-
min D, and reproductive factors in women, may differently
affect BMD and confound the results [8, 15, 32–34]. Dis-
tribution and frequency of these factors as well as their
contribution in the development of BMD loss varies
among various populations and so may affect the results.
Nonetheless, the results of this study are expected to be
confounded minimally, because the patients and controls
were comparable regarding many common responsible fac-
tors of BMD loss.

Based on the results of this study, age <50 years old is a risk
factor for BMD loss in ICS user patients with asthma. This
issue has not been investigated adequately and requires further
studies.

Table 2 Bone mineral density (BMD) at lumbar spine and femoral neck in asthmatic patients treated with inhaled corticosteroids compared with age
and sex-matched healthy controls according to age of<or ≥50 years old

A=participants aged <50 years old

Lumbar spine Femoral neck

BMDgr/cm2 T-score Z-score BMDgr/cm2 T-score Z-score

Controls Mean (±SD) 1.0±0.18 −0.18±1 0.09±1 0.89±0.13 0.12±1.1 0.38±1.1

Patients Mean (±SD) 0.94±0.13 −1.07±1.1 −0.81±1.1 0.81±0.12 −0.77 (0.85) −0.38±89
P valuesα 0.016 0.013 0.01 0.048 0.016* 0.011

B=participants aged ≥50 years old

Lumbar spine mean (±SD) Femoral neck mean (±SD)

BMDgr/cm2 T-score Z-score BMDgr/cm2 T-score Z-score

Controls 0.91±0.16 −1.1±0.1.5 −0.16±0.1.3 0.77±0.15 −0.95±1.3 0.009±1.4

Patients 0.93±0.13 −1.1±1.3 −0.3±1.1 0.77±0.14 −0.83±1.1 0.15±1.2

P values 0.74 0.85 0.7 0.70* 0.80* 0.40*

αCompared with Mann-Whitney U test (*) or Student t test
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This study has a limitation regarding study design which is
cross-sectional, and the association between BMD loss and
ICS therapy does not indicate causality. On the other hand,
using several measures of BMD changes can be considered as
a strength.

In conclusion, the results of this study indicate that treat-
ment of asthma with ICS for a median period of 6.5 years is
associated with significant BMD reduction in patients aged
less than 50 years old. Whereas, in older patients, BMD re-
duction was non-significant. These findings highlights pre-
ventive measures by performing bone densitometry at regular
intervals in younger patients with asthma who receive ICS.
This context requires further studies.
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