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Background: In this comprehensive retrospective nationwide cohort study, we examined the relationships between various asthma
medications and bone health, utilizing data from the National Health Insurance Service database of South Korea.

Methods: From 2015 to 2019, the relevant dataset included 168,611 individuals aged 66 years, among whom 8,747 were diagnosed
with asthma. We focused on a subset of 6,173 patients, all 66-year-old women. Participants were categorized into four groups: non-
users of asthma medication (n=2,868), leukotriene antagonist users (n=2,281), inhaled corticosteroid (ICS) users (n=517), and
those using a combination of ICS and long-acting beta-agonist (ICS+LABA) medication (2=507). The primary outcomes measured
were the incidences of major osteoporotic fractures and hip fractures during the follow-up period.

Results: Over 2.7 years of follow-up, 615 cases of major osteoporotic fractures and 96 cases of hip fractures were recorded. ICS us-
ers exhibited a heightened risk of both injuries, with hazard ratios of 1.38 (95% confidence interval [CI], 1.18 to 1.63; P<0.001) for
major osteoporotic fractures and 1.56 (95% CI, 1.33 to 1.83; P<0.001) for hip fractures. Similarly elevated risks were observed in
the ICS+LABA group. Notably, the risk associated with ICS was particularly pronounced among patients with osteopenia for both
fracture types. Overall, the use of ICS, alone or in combination with LABA, in patients with asthma is associated with significantly
increased risks of osteoporotic fractures, especially among those with osteopenia.

Conclusion: These findings underscore the importance of considering bone health when managing asthma, especially in older pa-
tients and those with existing bone density issues.
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INTRODUCTION

Asthma is a prevalent condition affecting a significant portion of
the global population [1]. This disease often requires long-term
pharmacological intervention to manage symptoms and improve
quality of life [2]. However, the medications used for treatment
can have systemic effects that may impact other aspects of health,
including bone integrity [3].

Bone health is a growing concern among healthcare providers,
particularly for aging populations, who are particularly suscepti-
ble to conditions such as osteoporosis and fractures [4,5]. These
bone-related issues pose serious health risks and meaningfully
impact healthcare costs and patient morbidity [6]. Therefore, it is
crucial to investigate factors that may exacerbate or mitigate
these risks, especially in populations already at risk of poor bone
health.

Various medications are available for the management of
asthma, including inhaled corticosteroid (ICS), long-acting be-
ta-agonist (LABA), and leukotriene antagonist (LTA), among
others [7]. While these treatments are effective for airway man-
agement, they have different systemic effects that may impact
bone metabolism and health [3,8,9]. Previous studies have ex-
amined the association between corticosteroid use and reduced
bone mineral density (BMD) [8,10], but only limited research
has explored the risk of fractures across multiple types of asth-
ma medications, particularly LTA and/or LABA[11].

The National Health Insurance Service (NHIS) database of
South Korea represents an extensive resource for examining
health-related issues on a nationwide scale [12]. Over the past
decade, this database has captured approximately 97.2% of the
South Korean population and features rich datasets that include
patient demographics, medical prescriptions, and comorbidities.
The National Screening Program for Transitional Ages (NSP-
TA) further augments these data by conducting BMD testing,
facilitating an in-depth analysis of bone health.

This study was performed to investigate the relationships be-
tween various types of asthma medications and bone health, fo-
cusing on the risk of fractures. Patients from the NHIS database
were categorized into groups according to medication use: non-
users, LTA users, ICS users, and those using a combination of
ICS and LABA. By examining the issue from multiple perspec-
tives, this study sought to fill gaps in our understanding of the
systemic effects of asthma medications, particularly about bone
health.

Copyright © 2025 Korean Endocrine Society

METHODS

Data source

The study employed a nationwide retrospective design, utilizing
data collected from the NHIS database of South Korea from 2015
to 2019 [13,14]. Managed by the Korean government, this insur-
ance program covers approximately 97.2% of the population and
provides a wealth of healthcare reimbursement information, in-
cluding patient demographics, medical prescriptions, diagnoses,
and associated costs. The NSPTA, initiated in 2007, administered
BMD tests to 66-year-old women, primarily using dual-energy
X-ray absorptiometry for spine or femoral neck measurements
when spinal assessments were not feasible [15,16]. For longitudi-
nal follow-up, each participant was assigned an anonymized per-
sonal identification number. The Institutional Review Board of
the National Evidence-Based Healthcare Collaborating Agency
(NECA) approved this study (IRB No. 20-004). Due to the anon-
ymization of the data, the requirement for informed consent was
waived. The National Research Foundation of Korea and NECA
provided funding for this research.

Study population

Between January 1, 2015 and December 31, 2016, a total of
168,611 individuals aged 66 years underwent NSPTA health ex-
aminations. These patients underwent follow-up until December
31, 2019. From this group, 8,747 individuals who were diagnosed
with asthma after the index date (defined as the date of the BMD
screening) were initially selected. A participant was considered to
have asthma if they were diagnosed with an International Classi-
fication of Diseases, 10th Revision (ICD-10) code of J45 or J46
at least twice. From the selected individuals, 876 patients diag-
nosed with rheumatoid arthritis, systemic lupus erythematosus,
systemic sclerosis, or inflammatory bowel disease were excluded
from the study. Additionally, 1,049 patients who were treated
with medications other than LTA, ICS, or a combination of ICS
and LABA, or who had received osteoporosis medications before
the index date, were excluded. Furthermore, 649 patients were
excluded due to the absence of test results caused by system er-
rors. Following these steps, 6,173 individuals remained and were
included in the final analysis (Fig. 1). Baseline clinical character-
istics and study eligibility were determined 1 year before the in-
dex date.

Patients were included in a specific medication group if they
had consistently used the same medication or combination for
over a year, maintaining the same regimen from the index date
until the end of the follow-up period. This inclusion criterion
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Participants who received national screening test including
dual-energy X-ray absorptiometry in 2015-2016 (n=168,611)

Excluded if
Not diagnosed with asthma after the index date (n=151,674)
Diagnosed with asthma within 1 year before the index date (n=8,190)

\ 4

Patients who were diagnosed with asthma after the index date (n=8,747)

Excluded if
Diagnosed with rheumatoid arthritis, systemic lupus erythematous,
systemic sclerosis, and inflammatory bowel disease (n=557)
Diagnosed with malignancy of any type (n=319)
Prescribed with combination of drugs other than LTA, ICS, ICS+LABA,
or osteoporotic medication (n=1,049)
Missing data was present (n=649)

\4

Final analysis set (n=6,173)

Fig. 1. Selection of study participants. LTA, leukotriene antagonist; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist.

was established to ensure the stability of the treatment variables
and to minimize the influence of changes in regimen on the
study outcomes. Anatomical Therapeutic Chemical codes for
the medications are presented in Supplemental Methods. Other
combinations of medications, including LABA only, short-act-
ing beta-agonists only, long-acting anticholinergics (LAMA)
only, LAMA+LABA, and biologics including omalizumab,
mepolizumab, reslizumab, benralizumab, and dupilumab were
excluded due to the limited numbers of patients who remained
on these specific combinations for over a year.

Operational definitions of fracture outcomes

The primary outcomes were major osteoporotic and hip fracture
events, as defined by ICD-10 diagnostic codes, that occurred
during the follow-up period. Major osteoporotic fracture events
were specified as hospital visits on two or more occasions after
the index date due to the following diagnostic codes: S22.0,
S22.1, S32.0, M48.4, M48.5, S42.2, S42.3, S52.5, S52.6. These
visits could be to either the admission or the outpatient depart-
ment. Hip fracture events were characterized by more than one
hospital visit after the index date for the relevant diagnostic
codes (S72.0, S72.1) to either the admission or outpatient depart-
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ment, accompanied by more than one corresponding treatment
code (N0O601, NO611, N0305, N0981, N0641, N0652, N0654,
NO0711, NO715). The follow-up period extended from the date of
cohort entry until the occurrence of a fragility fracture, a change
in the drug combination for asthma, death, or the end of the
study period on December 31, 2019, whichever came first.

Operational definitions of clinical variables

The history of fractures, diabetes mellitus, cardiovascular dis-
eases, cerebrovascular diseases, chronic renal failure, and ma-
lignancy was ascertained using diagnostic codes. To ensure the
accuracy of diagnosis, conditions were considered present if a
participant had received treatment for the specific condition on
two or more occasions. These conditions included diabetes mel-
litus (codes E10-E14), cardiovascular diseases (codes 120-122),
cerebrovascular diseases (codes 163, 164, 1693, 1694, G45, 160—
62, 1690—692), chronic renal failure (codes N183, N184, N185,
N258, 2491, 7492, 7940), chronic liver disease (code K746),
Parkinson disease (code G20), dementia (codes F00.x—F03.x,
F05.1, G30.x, G31.1), and malignancy (all C codes). The Charl-
son Comorbidity Index was calculated using the methodology
described in previous research [17]. Individuals were classified

Copyright © 2025 Korean Endocrine Society
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as oral steroid users if they had been exposed to glucocorticoids
chronically, defined as a daily dose of =5 mg of prednisolone-
equivalent steroid for a duration of =3 months.

Body mass index (BMI) was measured on the entry date. Data
were collected on the participant’s history of falls, social history
(including smoking and drinking patterns), and physical activity
(PA) through standardized self-administered questionnaires. Ev-
er-smokers were categorized as individuals who were either ex-
smokers or current smokers. Drinkers were defined as those who
consumed alcohol more than once per week. Baseline PA was
assessed using the International Physical Activity Questionnaire,
which evaluates mode, frequency, and intensity of activity [18].
Activity was further classified according to its intensity: walk-
ing, moderate, or vigorous. Moderate PA was characterized by a
slight increase in breathing or heart rate, or by a perception of
fairly hard exertion, such as carrying light loads, slow cycling,
or brisk walking. Vigorous PA was associated with a substantial
increase in breathing or heart rate, or a perception of moderately
hard exertion, and included activities such as carrying heavy
loads, fast cycling, running, mountain climbing, playing soccer,
or engaging in similar activities. Moderate-to-vigorous PA was
defined as engaging in moderate or vigorous PA at least once per
week over the past 6 months. Participants’ incomes on the index
date were assessed using data on NHIS insurance premiums.
Annual income levels were categorized into five groups based
on quintile ratios.

Statistical analyses

Continuous data are presented as meanztstandard deviation,
while categorical data are reported as number (percentage). Par-
ticipant characteristics were compared across groups using the
Student ¢ test for continuous variables and the chi-square test for
categorical variables. Cox proportional hazards regression mod-
els were applied to the four medication groups (non-users, LTA
users, ICS users, and ICS+LABA users) to estimate the 3 coef-
ficients, hazard ratios (HRs), and 95% confidence intervals
(ClIs) for major osteoporotic and hip fractures, considering death
as a competing risk using the Fine and Gray model [19]. The
survival time was calculated from the date of cohort entry until
the occurrence of fractures, a change in the asthma drug combi-
nation, death, or December 31, 2019, whichever came first.

To compare the four groups, an inverse probability of treat-
ment weighting (IPTW) analysis was applied with stabilized
weights derived from propensity scores [20]. The propensity for
each group was calculated using a logistic regression model with
baseline covariates, including BMD, smoking status, PA, history

Copyright © 2025 Korean Endocrine Society

of falls and fractures, BMI, income level, oral steroid use, and
comorbidities (diabetes mellitus, cerebrovascular disease, car-
diovascular disease, cancer, chronic kidney disease, liver failure,
and dementia). To evaluate the balance of baseline characteris-
tics across groups, the maximum absolute standardized differ-
ence (ASD) was calculated for each covariate. An ASD of <0.1
was considered to indicate a negligible difference in the covari-
ate among groups [21]. The risk of fractures in the four groups
was determined using weighted Cox proportional hazards re-
gression models with IPTW. HRs are presented with non-users
serving as the reference group. All analyses were performed us-
ing SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and R
version 3.4.3 (R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

Clinical characteristics of patients by medication(s) used
In the study cohort of 6,173 patients, we analyzed clinical char-
acteristics according to the type of medication used: no asthma
medication (classified as non-users, n=2,868), LTA (n=2,281),
ICS (n=517), and ICS+LABA (n=507) (Table 1). The distribu-
tion of patients with normal BMD, osteopenia, and osteoporosis
did not significantly differ across medication categories (P=
0.057). The highest prevalence of osteopenia was observed
among non-users (45.3%), whereas the ICS+LABA group had
the highest prevalence of normal BMD (20.7%). Smokers were
significantly more prevalent in the ICS+LABA group than in
the other categories (5.7%, P=0.015). No significant difference
was observed in the proportion of current drinkers between
groups (P=0.285). Furthermore, across the medication catego-
ries, no significant differences were found in the prevalence of
moderate-to-severe PA or history of falls. The prevalence of
cancer was significantly higher in the ICS+LABA group than in
the other groups (2.7%, P=0.002). The incidence of other co-
morbidities was similar across categories. The ICS+LABA
group included the highest proportion of patients using oral ste-
roids, a significant finding (3.1%, P=0.001). The follow-up du-
ration was shortest in the ICS group (2.5910.69 years) and dif-
fered significantly among the groups (P<0.001).

Risks of major osteoporotic and hip fractures by
medication(s) used

Over the follow-up period of 2.7 years, 615 cases of major os-
teoporotic fractures and 96 cases of hip fractures occurred. After
adjusting for confounders using the IPTW method (Table 2), the

www.e-enm.org




N EM I

Table 1. Clinical Characteristics of Patients by Medication(s) Used
Characteristic Total Non-user LTA ICS ICS+LABA Pvalue
(n=6,173) (n=2,868) (n=2,281) (n=517) (n=507)

BMI, kg/m*

<185 92 (1.4) 45(1.5) 27(1.1) 11(2.1) 9(1.7) 0.130

=18.5,<23 1,574 (25.5) 722 (25.1) 604 (26.5) 135(26.1) 113 (22.2)

=23,<25 1,618 (26.2) 748 (26.0) 617 (27.0) 136 (26.3) 117 (23.0)

=25, <30 2,444 (39.5) 1,161 (40.4) 865 (37.9) 197 (38.1) 221 (43.5)

=30 445(7.2) 192 (6.6) 168 (7.3) 38(7.3) 47(9.2)
Income level,

percentile (n=5,777)

<20 1,000 (16.2) 494 (17.5) 363 (16.2) 69 (13.6) 74 (14.8) 0.586

21-40 661 (10.7) 303 (10.7) 242 (10.8) 57 (11.2) 59 (11.8)

41-60 845 (13.6) 403 (14.3) 299 (13.4) 65 (12.8) 78 (15.6)

61-80 1,517 (24.5) 686 (24.3) 583 (26.1) 134 (26.5) 114 (22.9)

=81 1,754 (28.4) 812 (28.8) 641 (28.7) 154 (30.5) 147 (29.5)
BMD category

Normal BMD 1,127 (18.2) 477 (16.6) 442 (19.3) 103 (19.9) 105 (20.7) 0.057

Osteopenia 2,732 (44.2) 1,301 (45.3) 989 (43.3) 214 (41.3) 228 (44.9)

Osteoporosis 2,314 (37.4) 1,090 (38.0) 850(37.2) 200 (38.6) 174 (34.3)
Ever-smoker 218 (3.5) 96 (3.3) 82(3.5) 11(2.1) 29 (5.7) 0.015
Current drinker 568 (9.2) 283 (9.8) 203 (8.9) 39(7.5) 43 (8.4) 0.285
Moderate-to-vigorous PA 44 (0.7) 22 (0.7) 16 (0.7) 3(0.5) 3(0.5) 0.949
History of fall 5,703 (92.3) 2,665 (92.2) 2,096 (91.8) 470 (90.9) 472 (93.1) 0.268
History of fracture 308 (4.9) 139 (4.8) 106 (4.6) 29 (5.6) 34(6.7) 0.234
Diabetes mellitus 1,495 (24.2) 688 (23.9) 555(24.3) 128 (24.7) 124 (24.4) 0.978
Cerebrovascular disease 337(5.4) 145 (5.0) 137 (6.01) 29 (5.6) 26 (5.1) 0.501
Cardiovascular disease 669 (10.8) 293 (10.2) 252 (11.0) 56 (10.8) 68 (13.4) 0.192
Cancer 116 (1.8) 34 (1.1) 56 (2.4) 12 (2.3) 14 (2.7) 0.002
CKD 63 (1.0) 27(0.9) 19 (0.8) 8(1.5) 9(1.7) 0.154
Liver failure 24 (0.3) 17 (0.5) 7(0.3) 0 0 0.058
Dementia 135(2.1) 59 (2.0) 46 (2.0) 11(2.1) 193.7) 0.097
Parkinson disease 138 (2.2) 67 (2.3) 48 (2.1) 11 (2.1) 12(2.4) 0.944
CCl score

0 1,621 (26.2) 762 (26.5) 589 (25.8) 142 (27.4) 128 (25.2) 0.224

1 1,791 (29.0) 872 (30.4) 635 (27.8) 134 (25.9) 150 (29.5)

2 1,226 (19.8) 554 (19.3) 473 (20.7) 109 (21.0) 90 (17.7)

=3 1,535 (24.8) 680 (23.7) 584 (25.6) 132(25.5) 139 (27.4)
Oral steroid user 82 (1.3) 23 (0.8) 35(1.5) 8 (1.5) 16 (3.1) 0.001
Follow-up duration, yr 2.81£0.66 2.87+0.64 2.80£0.67 2.59+0.69 2.70£0.67 <0.001
Values are expressed as number (%) or mean=standard deviation. Due to the characteristics and timeframe of the data, all patients were 66-year-old
women. Moderate-to-vigorous PA was defined as reporting moderate or vigorous activity at least once per week during the prior 6 months. Steroid users
were defined as patients who had received oral glucocorticoids for more than 3 months at a dose of at least 5 mg prednisolone-equivalent steroid daily
over the past year. Comparisons between groups were analyzed using the Student ¢ test for continuous variables and the chi-square test for categorical
variables. The analysis of income level included 5,777 participants, after excluding 396 participants for whom these data were not available.
LTA, leukotriene antagonist; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; BMI, body mass index; BMD, bone mineral density; PA,
physical activity; CKD, chronic kidney disease; CCI, Charlson Comorbidity Index.
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HRs for major osteoporotic and hip fractures were evaluated
across medication groups. Compared to non-users, those taking
asthma drugs had a significantly higher adjusted risk of major
osteoporotic fractures, with an HR of 1.16 (95% CI, 1.15 to
1.16; P<0.001). The HR for hip fractures among asthma drug
users was 1.07 (95% CI, 1.06 to 1.07; P<0.001) compared to
non-users (Supplemental Fig. S1). ICS users exhibited a signifi-
cantly elevated risk of both major osteoporotic and hip frac-
tures, with HRs of 1.38 (95% CI, 1.18 to 1.63; P<0.001) and

1.56 (95% CI, 1.33 to 1.84; P<0.001), respectively. Similarly,
users of ICS combined with LABA also demonstrated a signifi-
cantly higher risk of both fracture types, with HRs of 1.46 (95%
CI, 1.33 to 1.73; P<0.001) for major osteoporotic fractures and
1.38 (95% CI, 1.18 to 1.61; P<0.001) for hip fractures (Fig. 2).
When LTA users were used as the reference, the IPTW-adjusted
risks for ICS and ICS+LABA users remained significantly
higher. The HRs for major osteoporotic fractures were 1.51
(95% CI, 1.30 to 1.76; P<0.001) for ICS users and 1.34 (95%

Table 2. IPTW-Adjusted Risk of Major Osteoporotic and Hip Fractures by Medication(s) Used
Major osteoporotic fracture Hip fracture
Group
HR 95% CI P value HR 95% CI P value

Non-user (n=2,868) Ref Ref

User (n=3,305) 1.16 1.15-1.16 <0.001 1.07 1.06-1.07 <0.001
Non-user (n=2,868) Ref Ref

LTA (n=2,281) 1.04 0.87-1.24 0.683 1.03 0.87-1.23 0.680
ICS (n=517) 1.38 1.18-1.63 <0.001 1.56 1.33-1.84 <0.001
ICS+LABA (n=507) 1.46 1.33-1.73 <0.001 1.38 1.18-1.61 <0.001
LTA (n=2,281) Ref Ref

ICS (n=517) 1.51 1.30-1.76 <0.001 1.67 1.21-2.30 0.001
ICS+LABA (n=507) 1.34 1.15-1.56 0.001 1.78 1.30-2.44 0.001
Cox regression analysis with IPTW was performed.

IPTW, inverse probability of treatment weighting; HR, hazard ratio; CI, confidence interval; LTA, leukotriene antagonist; ICS, inhaled corticosteroid;
LABA, long-acting beta-agonist.

LTA user (HR, 1.03; 95% CI, 0.87-1.23)

0.20 |- LTAuser (HR, 1.04;95% CI, 0.87-1.24) 0.05 b LTAuser(HR,1.03;95%CL, 0.87-1.23)
ICS user (HR, 1.38; 95% CI, 1.18-1.63) : ICS user (HR, 1.56; 95% CI, 1.33-1.84)
ICS+LABA user (HR, 1.46; 95% CI, 1.33-1.73) ICS+LABA user (HR, 1.38;95% CI, 1.18-1.61)
(Nonuser as a reference) (Nonuser as a reference)
0.04
015  pafeaeaaeas
7] il 7]
o S )
E s o E
3 3 0.03 -
< <
Zol0f 2
= =
= =
g g 0.02
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0.05
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--+ ICS+LABA . : .. ICS+LABA
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Time (yr)

Fig. 2. Risk of major (A) osteoporotic fracture and (B) hip fracture in patients with asthma by medication(s) used. LTA, leukotriene antago-
nist; HR, hazard ratio; CI, confidence interval; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist.
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CIL, 1.15 to 1.56; P=0.001) for ICS+LABA users. For hip frac-
tures, the HRs were 1.67 (95% CI, 1.21 to 2.30; P=0.001) for
ICS and 1.78 (95% CI, 1.30 to 2.44; P=0.001) for ICS+LABA.
In summary, the [IPTW-adjusted analysis suggests that the use
of ICS, either alone or in combination with LABA, is associated
with significantly elevated risk of major osteoporotic and hip
fractures. In contrast, LTA use does not appear to significantly
affect the risk of these outcomes. The results of the unadjusted
analyses are presented in Supplemental Table S1.

Subgroup analysis according to BMD

Subgroup analysis stratified by BMD revealed differences in the
risk of major fractures across the various medication groups.
Within all three BMD subgroups, the risk of major osteoporotic
and hip fractures was similar for medication users in general
compared to non-users. However, among individuals with nor-
mal BMD, those taking ICS had a significantly higher risk of
both major osteoporotic fractures (HR, 1.83; 95% CI, 1.31 to
2.57; P=0.001) and hip fractures (HR, 2.90; 95% CI, 1.61 to
5.19; P=0.001) than the reference group of non-users. For users

of LTA and ICS+LABA, the risks did not differ significantly
from those in the reference group (Table 3).

In the osteopenia subgroup, individuals using ICS demon-
strated a significantly increased risk of both major osteoporotic
fractures (HR, 1.27; 95% CI, 1.05 to 1.53; P=0.010) and hip
fractures (HR, 2.04; 95% CI, 1.45 to 2.87; P<0.001) compared
to non-users. Furthermore, those using combined ICS and
LABA therapy also exhibited significantly elevated risks for
both fracture types.

In individuals with osteoporosis, the use of ICS and ICS+
LABA was associated with a significantly increased risk of ma-
jor osteoporotic fractures (HR, 1.30; 95% CI, 1.09 to 1.55; P=
0.003 and HR, 1.48; 95% CI, 1.24 to 1.76; P<0.001, respective-
ly), but not hip fractures. In comparison, LTA users exhibited a
decreased risk of hip fractures (HR, 0.64; 95% CI, 0.43 to 0.98;
P=0.039). In summary, fracture risk varied considerably depend-
ing on BMD status and the type of medication used. ICS and
ICS+LABA users generally demonstrated an elevated risk, par-
ticularly among patients with osteopenia.

Table 3. Subgroup Analysis according to BMD
o Major osteoporotic fracture Hip fracture
BMD group Medication group
HR 95% CI P value HR 95% CI P value
Normal Non-user (n=477) Ref Ref
User (n=650) 1.31 0.92-1.88 0.143 1.62 0.85-3.07 0.135
Non-user (n=477) Ref Ref
LTA (n=442) 1.17 0.81-1.70 0.391 1.48 0.77-2.84 0.228
ICS (n=103) 1.83 1.31-2.57 0.001 2.90 1.61-5.19 0.001
ICS+LABA (n=105) 1.38 0.95-1.99 0.077 0.71 0.33-1.55 0.400
Osteopenia Non-user (n=1,301) Ref Ref
User (n=1,431) 1.19 0.93-1.43 0.059 1.39 0.97-1.99 0.072
Non-user (n=1,301) Ref Ref
LTA (n=989) 1.09 0.90-1.31 0.349 1.18 0.81-1.72 0.365
ICS (n=214) 1.27 1.05-1.53 0.010 2.04 1.45-2.87 <0.001
ICS+LABA (n=228) 1.66 1.39-1.98 <0.001 1.85 1.30-2.61 0.001
Osteoporosis Non-user (7=1,090) Ref Ref
User (n=1,224) 1.14 0.95-1.36 0.145 0.81 0.55-1.20 0.311
Non-user (7=1,090) Ref Ref
LTA (n=850) 1.02 0.85-1.23 0.801 0.64 0.43-0.98 0.039
ICS (n=200) 1.30 1.09-1.55 0.003 1.00 0.69-1.47 0.966
ICS+LABA (n=174) 1.48 1.24-1.76 <0.001 1.34 0.93-1.93 0.108
Cox regression analysis with inverse probability of treatment weighting was performed.
BMD, bone mineral density; HR, hazard ratio; CI, confidence interval; LTA, leukotriene antagonist; ICS, inhaled corticosteroid; LABA, long-acting be-
ta-agonist.
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DISCUSSION

In this study, we conducted a multidimensional analysis of a Ko-
rean nationwide cohort to explore the association between asth-
ma medication use and the risk of major osteoporotic and hip
fractures. We found that the use of ICS, both alone and in com-
bination with LABA, was associated with an increased risk of
major osteoporotic and hip fractures compared to non-users or
those taking LTA alone. Interestingly, among those taking both
ICS and LABA, subgroup analysis revealed an elevated risk of
hip fractures only in patients with osteopenia, and not in those
with normal BMD or osteoporosis. These results suggest that
ICS and ICS+LABA use may be significant risk factors for frac-
tures and that fracture risk can vary based on BMD status.

The association between the use of ICS and an elevated risk
of both major osteoporotic and hip fractures was a particularly
striking finding of this study. These results align with previous
research that has indicated a potential loss of BMD associated
with prolonged corticosteroid use [22-26]. Multiple studies have
reported dose-dependent decreases in BMD among patients
with asthma [22,23]. Furthermore, a meta-analysis revealed a
dose-response relationship with ICS use among patients with
asthma, as the risk of non-vertebral fractures increased with a
relative risk of 1.12 for every 1,000 g/day increase in inhaled
beclomethasone [24]. Another recent meta-analysis yielded
similar conclusions [26]. The underlying mechanisms connect-
ing corticosteroids to bone health include the inhibition of os-
teoblast activity, the stimulation of osteoclast activity [24], and
the disruption of bone remodeling [27]. A notable aspect of our
study is the incorporation of risk stratification based on BMD,
particularly for patients with osteopenia or normal BMD. For
these individuals, the HRs for major osteoporotic and hip frac-
tures are especially concerning. This suggests that even patients
who do not fall within the osteoporotic BMD range face an in-
creased risk for fractures in their old age if they use ICS for
more than a year. Consequently, our results may provide a basis
for recommending regular fracture risk assessments in patients
on long-term ICS therapy and the adoption of preventative strat-
egies.

Inhaled bronchodilators may have a synergistic effect on the
anti-inflammatory response of ICS drugs [28]. Our study re-
vealed that the combined use of ICS and LABA was associated
with an increased risk of fractures compared to non-users or
those using LTA alone. This finding complicates the discussion,
as it previous research suggested that LABAs can support the
anti-inflammatory effects of ICS by mechanisms such as aug-
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mented glucocorticoid receptor nuclear translocation [29]. Fur-
thermore, continuous treatment with a low-dose B-agonist has
been shown to decrease bone mass by increasing bone resorp-
tion without suppressing bone formation [30]. In a separate
study, the beta-adrenergic receptor was found to be expressed in
osteoblasts, and its activation led to a decrease in alkaline phos-
phatase expression levels in vitro [31]. Consequently, the syner-
gistic interaction between ICS and LABA may inadvertently
exacerbate adverse systemic effects on bone metabolism. None-
theless, it is difficult to definitively conclude that the combina-
tion of ICS and LABA poses a higher fracture risk than ICS
alone. This may stem in part from the lower dose of ICS used in
the combination group compared to the ICS-only group. Addi-
tionally, although we adjusted for this in the IPTW analysis, the
ICS+LABA group had a higher prevalence of ever-smokers,
which could have contributed to the observed increased risks
for major osteoporotic and hip fractures in this group. The re-
sults of our study highlight the need for further research to ex-
plore the interaction between ICS and LABA on bone metabo-
lism and fracture risk.

In this study, patients using LTA medications did not exhibit
an increased risk of fractures compared with non-users or those
using other medications. Furthermore, among a subgroup of pa-
tients with osteoporosis, those using LTA showed a decreased
risk of hip fracture compared to non-users. The differential in
fracture risk between LTA users and other groups may be attrib-
utable to the mechanisms by which these medications function.
LTA drugs block the action of leukotrienes, inflammatory medi-
ators that are part of the eicosanoid family [32,33]. The bron-
choconstriction caused by leukotrienes is crucial in the patho-
physiology of asthma, justifying the use of LTA in treating asth-
ma and similar airway diseases [34]. Leukotriene B4 has been
found to inhibit osteoblastic cell proliferation in a dose-depen-
dent manner [35], suggesting that LTA might have a beneficial
impact on bone health, in contrast to other drugs such as ICS or
[-agonists. Additionally, LTA medications have been shown to
promote endochondral bone formation during fracture repair
[36]. However, no evidence has yet indicated that the use of
LTA in patients with asthma is associated with a reduced risk of
fractures, warranting further research. Notably, despite using
IPTW to adjust for underlying diseases and anthropometric
measures—such as body weight—across the groups, the pa-
tients on LTA alone may have had less severe disease and, con-
sequently, a lower risk of fractures.

The primary strengths of this study lie in its nationwide scope
and large sample size. Our use of a national health database
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from South Korea, which covers nearly the entire population,
lends the findings considerable reliability and relevance for a
wide-ranging audience. Furthermore, the NSPTA provides
BMD measurements, allowing us to stratify the effects of each
medication based on bone health status. To minimize bias from
factors like underlying diseases or lifestyle differences, we em-
ployed IPTW, improving the reliability of our results. Addition-
ally, our comparison of various medication types, including
LTA, LABA, and ICS, offered more profound insights into the
impact of each medication on bone health.

However, this study has several limitations. First, due to data
constraints, we were unable to include dose-relationship infor-
mation and details on symptom severity or pulmonary function,
which limited our ability to fully reflect disease severity in the
analysis. Second, the absence of a control group and the omis-
sion of the effects of symptom-relief medications may have in-
fluenced the outcomes. Third, the retrospective design of the
study means that we cannot definitively establish causality and
temporal relationships among medication use, BMD status, and
fracture risk. Fourth, the relatively short follow-up period of 2.7
years and the specific focus on 66-year-old women may restrict
the long-term and demographic generalizability of our findings.
Additionally, the use of broad categories for bone health without
detailed bone density values may not entirely capture the im-
pacts of each medication type. The exclusion of key biochemi-
cal markers due to data limitations, including parathyroid hor-
mone and vitamin D, could also affect the interpretation of the
findings. Furthermore, limited data access precluded adjustment
for specific cancer types, and the analysis was instead adjusted
for the presence of any cancer. This limitation may have influ-
enced the results. While our study defined major osteoporotic
fractures as those occurring in the vertebra, hip, ankle, and wrist,
we acknowledge that this does not cover all potential fracture
sites, such as the pelvic bones. Additionally, certain relevant
ICD-10 codes, such as M808 (age-related osteoporosis with cur-
rent pathological fracture, vertebra) and S327 (multiple fractures
of lumbar spine and pelvis), were not included. The exclusion of
these codes is a limitation of our study, as it may lead to an un-
derestimation of the full spectrum of osteoporotic fractures.
These gaps highlight the need for future research to comprehen-
sively investigate these aspects.

In conclusion, this study reveals a significant association be-
tween the use of ICS and the combination of ICS and LABA
with an elevated risk of fractures in patients with asthma, partic-
ularly those with osteopenia. These findings underscore the
need for an integrated treatment approach that encompasses not
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only respiratory management but also the monitoring and miti-
gation of fracture risks. To make informed prescription deci-
sions, medical practitioners must be aware of these implications,
particularly when managing chronic respiratory conditions in
older adults and individuals with existing conditions like osteo-
penia or osteoporosis.
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