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Background: Although a wide variety of asthma medications have been developed and are used in clinical practice, there is limited 
evidence of their comparative effects on asthma exacerbations.
Methods: We used claims data provided by the Health Insurance Review and Assessment Service. We selected subjects commencing asthma 
treatment between July 1, 2017 and June 30, 2018, with no change in drug regimen. The primary outcome was asthma exacerbation requiring 
systemic corticosteroids. Cox regression analysis was used to assess outcomes considering the exacerbation-free period.
Results: Of the 254,951 asthma subjects, 107,694 subjects (42.2%) experienced asthma exacerbation. Inhaled corticosteroids (ICSs) 
(hazard ratio [HR], 0.378–0.508), ICS-long-acting β2-agonist (LABAs) (HR, 0.284–0.479), long-acting muscarine antagonists 
(LAMAs) (HR, 0.432–0.572), leukotriene receptor antagonists (LTRAs) (HR, 0.371–0.419), and xanthines (HR, 0.326–0.482) 
significantly reduced the rate of first and second exacerbation of asthma (all P-values, <0.001). The clinical effectiveness of asthma 
medications varied according to the active ingredient (HR 0.164–0.670) and was significant for all active ingredients (all P-values, 
<0.001). The effectiveness of combination treatment using ICS-LABA and LTRA varied (HR, 0.159–0.670); however, all combination 
treatment options evaluated were effective in preventing asthma exacerbations (all P-values, <0.001). Long-term use of ICS-LABA 
(HR, 0.278–0.653), LTRA (HR, 0.259–0.628), and xanthines (HR, 0.351–0.783) showed consistent effectiveness (all P-values, 
<0.001).
Conclusion: This real-world study showed that the effectiveness of asthma medications varied according to drug type, active 
ingredient, combination, and period of use, although effectiveness was significant in all cases studied.
Keywords: asthma, medication, exacerbation, real-world data, drug, combination

Introduction
Asthma is a common chronic airway inflammatory disease that requires continuous management with anti-inflammatory 
drugs. The Global INitiative for Asthma (GINA) guidelines suggest that asthma medications should be prescribed in asthma, 
although they do not specify specific active ingredients.1 Many patients with asthma use different asthma medications; 
however, there are insufficient data on the optimal combination of active ingredients. While there is currently increased 
availability of different categories of medication and regimens for the treatment of asthma, comparison studies between active 
ingredients or drug combination type are currently lacking and findings are inconsistent.2,3 Many clinicians are aware of the 
need to prescribe anti-inflammatory asthma medication in patients with asthma and the main difficulty concerns the choice of 
the optimal active ingredient for the individual patient. To assist clinicians in prescribing the appropriate regimen, large studies 
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in the real-world setting without sponsorship are required to compare the clinical effects of asthma medications according to 
the active ingredient and drug combinations.

As asthma is a chronic disease, many patients continue their medication for a long time. Continuous use of inhaled 
corticosteroids (ICSs), as the mainstream of anti-inflammatory treatment, is strongly associated with a decreased risk of 
asthma mortality.4 Recent guidelines highlight the importance of regularly using ICSs and recommend that ICSs are not 
stopped completely in all asthma patients.5 Although adherence to ICSs remains low (approximately 22–63%),6,7 many 
clinicians have tried to educate patients with asthma to continue with regular ICS treatment. However, there are 
insufficient data concerning the effects of continued use of non-ICS asthma medications. Therefore, we need to compare 
clinical effects of asthma medication, particularly non-ICS agents, according to the duration of medication use.

All medical institutions in South Korea claim medical expenses through the Korean Health Insurance Review and 
Assessment Service (HIRA), and this committee approves insurance reimbursement. Therefore, the HIRA collects the 
claims data including medical visits and medical records for almost the entire national population.8 These claims data 
provided by the HIRA represent real-world data without any intervention. We aimed to compare the effects of asthma 
medications according to the drug type, active ingredient, type of drug combination, and duration of medication use 
based on real-world big data, the HIRA claim data, in Korea.

Materials and Methods
Data
The national health insurance system covers all Korean citizens. The claims data for this national system provided by the 
HIRA contain all medical visits and the drug regimens prescribed by the medical institutions. We analyzed the HIRA 
claim data generated between July 1, 2016 and June 30, 2019.

Subjects
The definition of asthma has been previously described.9 Briefly, (1) age ≥15 years; (2) ICD-10 codes for asthma (J45 
and J46) as primary diagnosis or first sub-diagnosis; and (3) prescription of asthma medications on at least 2 occasions 
during outpatient visits10 or prescription of asthma medication following an outpatient visit and admission with systemic 
corticosteroids during the study period.

We selected patients with asthma commencing medication for the first time between July 1, 2017 and June 30, 2018 (study 
period). Of these, we excluded subjects who used asthma medication between July 1, 2016 and June 30, 2017 (wash-out 
period) and selected subjects diagnosed with asthma for the first time during the study period, to minimize the gap of asthma 
severity. In addition, we excluded subjects who changed their regimen between July 1, 2017 and June 30, 2019 (assessment 
period) to minimize the confounding effects of multiple use. During the assessment period, clinical outcomes of asthma 
according to asthma medication, asthma exacerbation requiring systemic corticosteroids were evaluated (Figure 1).

Study Design
This study was designed to evaluate the clinical effects of asthma medications according to drug type, active ingredient, 
drug combination type, and duration of medication use. First, we compared the effects of asthma medications according 
to the type: inhaled corticosteroid (ICS), ICS-long acting β2-agonist (LABA), long acting muscarine antagonist (LAMA), 
leukotriene receptor antagonist (LTRA), and xanthines. Second, we classified asthma medication users according to the 
active ingredients and their dosage. Third, we analyzed the effects of different combinations of ICS-LABA and LTRA. 
Finally, we classified asthma medication users according to the period of use: <3 months, 3–6 months, 6–9 months, and 
≥9 months. In all the subgroup analyses, we excluded subgroups with <100 subjects.

Period of Asthma Medication Use
We calculated the duration of asthma medication use by adding up the number of days on prescription for asthma during 
the study period.
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Charlson’s Comorbidity Index
The Charlson’s comorbidity index (CCI) which predicts disease prognosis was calculated to adjust for underlying 
diseases which can affect poor clinical outcomes. Well-known underlying conditions, which affect mortality and poor 
prognosis were assessed using the diagnostic code of claims data between July 1, 2017 and June 30, 2018.

Clinical Outcomes
We defined acute exacerbation of asthma, as the primary clinical outcome, as follows: admission to the medical center 
(out-patient or in-patient) with asthma symptoms (according to the ICD-10 code of asthma [J45 and J46]) resulting in the 
use of systemic corticosteroids. We assessed the first and second occurrence of acute exacerbations, and the exacerbation- 
free period to be used in Cox regression analysis.

Ethics
This study was approved by the Institutional Review Board of Severance Hospital (number: 4-2020-1355). The informed 
consent requirement was waived due to the minimal risk and retrospective nature of the study design which uses databases.

Statistical Analysis
We generated a time variable from the first date of asthma medication prescribed to the date of the event (first or second acute 
exacerbation of asthma) and defined this as the exacerbation-free period. Considering this time variable, we used Cox 
regression analysis to reveal comparative effects of asthma medications. The control group was defined as non-users of asthma 
medication in all the analysis. In addition, age, sex, and CCI were adjusted for in all the Cox regression analyses. The data were 
analyzed using SAS Enterprise version 6.1 (SAS Institute Inc., Cary, NC, USA). A P value <0.05 was considered to indicate 
statistical significance.

Results
Study Subjects
During the study period, 731,933 patients with asthma were assessed. Of these, 640,453 used study drugs (ICS, ICS-LABA, 
LAMA, LTRA, and/or methyl xanthines). After exclusion of patients who had already used a study drug during the wash- 
out period, there were 312,242 treatment-naïve patients diagnosed with asthma for the first time during the study period. We 
further excluded 57,291 patients who changed their regimen during the assessment period. Finally, we analyzed the data of 
254,951 patients with asthma to define the effects of asthma medication, to minimize confounding factors (Figure 2).

Figure 1 Study design and period.
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Baseline Characteristics and Outcomes of Study Subjects
Of the 254,951 patients with asthma, 155,624 (61.0%) were female. The mean age was 55.6±18.3 years. In total, 107,694 
subjects (42.2%) had an asthma flare-up during the assessment period. Severe exacerbation requiring in-patient admis-
sion occurred in 6379 (2.5%) subjects. Overall, 1901 (0.8%) subjects required admission to the emergency room. Total 
mortality rate regardless of asthma was 1.21% (Table 1).

Figure 2 Study flow. 
Abbreviations: ICS, Inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarine antagonist; LTRA, leukotriene antagonist.

Table 1 Baseline Characteristics and Outcomes of Study Subjects

Characteristics N (%)

Total 254,951 (100.0)
Sex Male 99,327 (39.0)

Female 155,624 (61.0)

Age 15–19 9477 (3.7)
20–29 17,258 (6.8)

30–39 27,800 (10.9)

40–49 34,870 (13.8)
50–59 46,772 (18.4)

60–69 53,169 (20.9)

70–79 45,199 (17.7)
80–89 18,749 (7.4)

90- 1657 (0.7)

CCI 1 99,648 (39.1)
2 63,287 (24.8)

Above 3 92,016 (36.1)

Outcomes N (%)

Total exacerbation 107,694 (42.2)
Severe exacerbation 6379 (2.5)

ER admission for asthma exacerbation 1901 (0.8)

Total Mortality 3096 (1.21)

Abbreviations: CCI, Charlson’s comorbidity index; ER, emergency room.
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Clinical Outcomes According to the Type of Asthma Medication
We compared the effects of asthma medication on acute exacerbations according to the type of drug using Cox regression 
analysis. Subjects using ICSs showed significantly reduced first (hazard ratio [HR], 0.508; 95% confidence interval [CI], 
0.495–0.520; P-value, <0.001) and second (HR, 0.378; 95% CI, 0.365–0.391; P-value, <0.001) exacerbation rate 
compared to that of subjects who did not use the study drugs. ICS-LABA also reduced the rate of first flare-up (HR, 
0.479; 95% CI, 0.469–0.488; P-value, <0.001) and second flare-up (HR, 0.284; 95% CI, 0.279–0.290; P-value, <0.001). 
LAMA, LTRA, and xanthines also significantly reduced acute exacerbation rates (all P-value, <0.001). ICS-LABA was 
the most effective medication to reduce exacerbations of asthma, and LAMA was the least effective (HR, 0.572–0.432; 
P-value <0.001) (Figure 3).

Clinical Outcomes According to the Active Ingredient of Asthma Medication
Among ICSs, budesonide (HR for first exacerbation, 0.525; HR for second exacerbation, 0.393), ciclesonide (HR for first 
exacerbation, 0.378–0.389; HR for second exacerbation, 0.249–0.295), and fluticasone propionate (HR for first exacerbation, 
0.233–0.265; HR for second exacerbation, 0.164–0.223) significantly reduced acute exacerbations of asthma (all P-value, 
<0.001). Among ICSs, fluticasone was the most effective active ingredient preventing asthma exacerbation.

Figure 3 Clinical outcomes according to asthma medication type. Reduction of asthma exacerbation at first event (A) and second event (B) adjusted by age, sex, and CCI 
using Cox regression analysis. 
Abbreviations: HR, hazard ratio; CI, confidence interval; ICS, Inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarine antagonist; LTRA, leukotriene 
antagonist.
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Among the ICS-LABAs, fluticasone furoate-vilanterol was the most frequently prescribed medication, followed by 
budesonide-formoterol, and fluticasone-salmeterol. These variable composite ICS-LABAs showed variable effects (HR for 
first exacerbation, 0.326–0.670; HR for second exacerbation, 0.210–0.495), and these were significant (all P-values, <0.001).

Among LAMAs, tiotropium (HR, 0.334–0.446) showed superior effects than ipratropium (HR, 0.450–0.595) (all 
P-values, <0.001). LTRAs and xanthines had variable but significant effect on reduction of asthma exacerbation (all 
P-values, <0.001). The difference in effect between the active ingredients in these two medications was small (Table 2).

Clinical Outcomes According to the Combination of ICS-LABA and LTRA
Regarding the combination of ICS-LABA and LTRA, the combination of fluticasone furoate and montelukast were most 
frequently prescribed, followed by budesonide-formoterol and montelukast. The effects of the combination of ICS-LABA and 
LTRA were variable (HR for first exacerbation, 0.305–0.670; HR for second exacerbation, 0.159–0.404), respectively; 
nevertheless, all combination treatment was effective. Among combinations of ICS-LABA and LTRA, the combination of 
fluticasone furoate-vilanterol and pranlukast was the most effective in preventing acute exacerbation of asthma (Table 3).

Clinical Outcomes According to the Period of Use of Asthma Medication
All the inhaler type drugs, including ICS, ICS-LABA, and LAMA, showed a decreasing pattern of use, with an increasing period 
of use. Long-term use of ICS-LABA (HR, 0.278–0.653; all P-value, <0.001), LTRA (HR, 0.259–0.628; all P-value, <0.0001), 

Table 2 Clinical Outcomes According to the Active Ingredient of Asthma Medication

Type Ingredient Number Exacerbation

First Event Second Event

HR (95% CI) P-value HR (95% CI) P-value

ICS BUD 29,869 0.525 (0.512–0.539) <0.001 0.393 (0.380–0.407) <0.001

CIC1 245 0.378 (0.275–0.518) <0.001 0.295 (0.191–0.455) <0.001
CIC2 1753 0.389 (0.347–0.437) <0.001 0.249 (0.210–0.296) <0.001

FP1 123 0.265 (0.161–0.436) <0.001 0.223 (0.114–0.437) <0.001

FP2 814 0.233 (0.188–0.289) <0.001 0.164 (0.120–0.225) <0.001
ICS-LABA BEC_FOR 8908 0.460 (0.439–0.483) <0.001 0.312 (0.291–0.333) <0.001

BUD_FOR1 139 0.524 (0.369–0.745) <0.001 0.352 (0.212–0.585) <0.001

BUD_FOR2 13,194 0.450 (0.433–0.469) <0.001 0.293 (0.277–0.310) <0.001
BUD_FOR3 758 0.602 (0.521–0.696) <0.001 0.379 (0.308–0.467) <0.001

FP_FOR2 1700 0.412 (0.368–0.461) <0.001 0.237 (0.200–0.282) <0.001

FP_FOR3 731 0.539 (0.462–0.628) <0.001 0.312 (0.248–0.393) <0.001
FP_SAL1 614 0.326 (0.265–0.402) <0.001 0.210 (0.155–0.285) <0.001

FP_SAL2 9224 0.527 (0.504–0.551) <0.001 0.398 (0.375–0.422) <0.001

FP_SAL3 936 0.670 (0.590–0.760) <0.001 0.495 (0.418–0.586) <0.001
FF_VIL1 15,949 0.481 (0.464–0.499) <0.001 0.320 (0.304–0.336) <0.001

FF_VIL2 3016 0.473 (0.436–0.513) <0.001 0.336 (0.301–0.376) <0.001

LAMA Ipratropium 6501 0.595 (0.565–0.626) <0.001 0.450 (0.420–0.482) <0.001
Tiotropium 1189 0.446 (0.388–0.512) <0.001 0.334 (0.276–0.404) <0.001

LTRA Montelukast 134,628 0.422 (0.415–0.429) <0.001 0.287 (0.281–0.293) <0.001

Pranlukast 18,493 0.398 (0.384–0.412) <0.001 0.262 (0.250–0.276) <0.001
Xanthine Aminophylline 33,661 0.536 (0.523–0.549) <0.001 0.416 (0.403–0.430) <0.001

Bamiphylline 6021 0.428 (0.403–0.454) <0.001 0.325 (0.299–0.353) <0.001

Doxofylline 61,322 0.456 (0.446–0.465) <0.001 0.350 (0.341–0.360) <0.001
Theophylline 19,870 0.486 (0.471–0.502) <0.001 0.373 (0.357–0.389) <0.001

Note: Adjusted by age, sex, and CCI using Cox regression analysis. 
Abbreviations: HR, hazard ratio; CI, confidence interval; ICS, Inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting muscarine antagonist; 
LTRA, leukotriene antagonist; BUD, budesonide 100 μg; CIC1, ciclesonide 80 μg, CIC2, ciclesonide 160 μg, FP, fluticasone propionate 100 μg; FP2, fluticasone 
propionate 250 μg; BUD1, budesonide 80 μg; BUD2, budesonide 160 μg; BUD3, budesonide 320 μg; BEC, beclomethasone; FOR, formoterol; SAL, salmeterol; 
FP3, fluticasone propionate 500 μg; FF1, fluticasone furoate 100 μg; FF2, fluticasone furoate 200 μg; VIL, vilanterol.
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and xanthine (HR, 0.351–0.783; all P-value, <0.001) showed consistent effects on reducing acute exacerbation of asthma, except 
for the following. The use of ICS for <6 months in the study period significantly reduced first (HR, 0.411–0.680; both P-value, 
<0.001) and second (HR, 0.267–0.530; both P-value, <0.001) flare-up. However, ICS use for >6 months did not (HR, 0.922– 
1.416). LAMA use for <6 months significantly reduced acute exacerbation (HR, 0.377–0.693; all P-value, <0.001); however, 
LAMA use for >6 months did not (Table 4).

Discussion
This study conducted in a real-world setting showed that asthma medications reduce asthma exacerbation and that their 
clinical effects vary according to drug type, active ingredient, drug type combination, and period of medication use. This 
study will be a useful guide for clinicians making decisions about prescribing asthma medications. This study has also 
confirmed that the protective effect of asthma medications depends on consistent use and we recommend that patients 
with asthma use their medications consistently.

First, we showed that all types of asthma medication reduced exacerbation, although their clinical effects varied. 
First-line asthma medications (ICSs, ICS-LABA, LTRAs, and xanthines) were effective and effectiveness was compar-
able (HR, 0.419–0.508 for first exacerbation; HR, 0.284–0.378 for second exacerbation). The ICS-LABA, which is the 
most frequently recommended combination of drugs prescribed to treat asthma according to GINA guidelines,1 was the 
most effective drug combination for the prevention of asthma exacerbation. However, the effects of LAMA, a second- 
line asthma medication,11 were modest, relatively (HR, 0.572 and 0.432, respectively). LAMA is not recommended for 
use in patients with a first-time diagnosis of asthma, and is generally recommended when first-line asthma medications 
(ICSs, ICS-LABA, LTRAs, or xanthines) fail to control symptoms.12 We included treatment naïve patients with asthma; 
therefore, LAMA may not be a suitable choice in the subjects included in this study. In addition, patients requiring 
LAMA in the first year following a diagnosis of asthma may have severe and uncontrolled asthma with poor clinical 
outcomes.

Table 3 Clinical Outcomes According to Combination of ICS-LABA and LTRA

Combination of ICS-LABA and LTRA Exacerbation

ICS-LABA LTRA Number First Event Second Event

HR (95% CI) P-value HR (95% CI) P-value

BEC_FOR Montelukast 5376 0.435 (0.408–0.463) <0.001 0.273 (0.250–0.299) <0.001

BUD_FOR2 Montelukast 8056 0.408 (0.387–0.430) <0.001 0.258 (0.240–0.278) <0.001

BUD_FOR3 Montelukast 504 0.572 (0.478–0.685) <0.001 0.320 (0.245–0.418) <0.001
FP_FOR2 Montelukast 961 0.371 (0.317–0.434) <0.001 0.219 (0.174–0.277) <0.001

FP_FOR3 Montelukast 441 0.526 (0.431–0.641) <0.001 0.264 (0.193–0.361) <0.001

FP_SAL1 Montelukast 282 0.305 (0.222–0.418) <0.001 0.227 (0.149–0.346) <0.001
FP_SAL2 Montelukast 4809 0.464 (0.435–0.496) <0.001 0.321 (0.293–0.350) <0.001

FP_SAL3 Montelukast 494 0.670 (0.565–0.796) <0.001 0.404 (0.316–0.516) <0.001

FF_VIL1 Montelukast 9264 0.456 (0.434–0.478) <0.001 0.281 (0.262–0.300) <0.001
FF_VIL2 Montelukast 1911 0.499 (0.452–0.551) <0.001 0.333 (0.291–0.382) <0.001

BEC_FOR Pranlukast 614 0.344 (0.279–0.424) <0.001 0.197 (0.144–0.270) <0.001

BUD_FOR2 Pranlukast 727 0.370 (0.309–0.443) <0.001 0.210 (0.160–0.276) <0.001
FP_FOR2 Pranlukast 220 0.384 (0.279–0.529) <0.001 0.159 (0.091–0.277) <0.001

FP_SAL2 Pranlukast 436 0.396 (0.314–0.499) <0.001 0.276 (0.201–0.379) <0.001

FF_VIL1 Pranlukast 755 0.342 (0.283–0.414) <0.001 0.177 (0.131–0.238) <0.001
FF_VIL2 Pranlukast 140 0.472 (0.324–0.685) <0.001 0.272 (0.156–0.474) <0.001

Note: Adjusted by age, sex, and CCI using Cox regression analysis. 
Abbreviations: HR, hazard ratio; CI, confidence interval; ICS, Inhaled corticosteroid; LABA, long-acting β2-agonist; LTRA, leukotriene 
antagonist; BEC, beclomethasone; BUD2, budesonide 160 μg; BUD3, budesonide 320 μg; FP, fluticasone propionate 100 μg; FP2, fluticasone 
propionate 250 μg; FOR, formoterol; SAL, salmeterol; FP3, fluticasone propionate 500 μg; FF1, fluticasone furoate 100 μg; FF2, fluticasone 
furoate 200 μg; VIL, vilanterol.
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Second, we confirmed that asthma medications are associated with different clinical outcomes according to the active 
ingredient. In ICSs, fluticasone, followed by ciclesonide and budesonide were the most effective medications to reduce 
asthma exacerbation. The greater clinical efficacy, longer elimination half-life, and higher lipophilicity of fluticasone 
compared to others may contribute to this finding.13–16 Although previous clinical studies have not definitively confirmed 
the superior effects of fluticasone over other ICSs,17 the findings of this study support previous pharmacological research. 
With ICS-LABA, the effects were not quite different according to the active ingredient in this study. Formoterol, a rapid- 
onset LABA, works faster than other LABAs. Recent well-designed clinical studies have demonstrated the superior 
efficacy of ICS-formoterol, as maintenance and reliever therapy in the management of asthma compared to that of 
SABA, as a reliever therapy.18,19 However, real-world studies have shown inconsistent results.20 Further, this study did 
not demonstrate the superiority of ICS-formoterol over others. Interestingly, a lower dose of the active ingredient of ICS- 
LABA was more effective than a higher dose. Patients requiring higher doses of ICS-LABA may have severe and 
uncontrolled asthma with poor clinical outcomes. We speculated that this interesting result is lead to because severe 
asthma subjects selected high dose of ICS-LABA. We do not think high dose of ICS-LABA lead to poor outcomes. 
Among LAMAs, tiotropium showed better effects than ipratropium. In Korea, tiotropium is administered by portable 
devices, while ipratropium is frequently administered by a nebulizer which is frequently used when patients cannot use a 
portable device because of severe dyspnea, poor condition, or an acute attack of asthma. Therefore, ipratropium users 
may have severe asthma with poor outcomes. There were no significant differences between LTRAs and xanthines, 
according to the active ingredient.

Third, the effects of combination therapy with ICS-LABA and LTRAs were variable. The ranking of effects in 
combination therapy was similar to that in ICS-LABA alone. Almost all cases of combination with ICS-LABA and 
LTRA showed better effects than ICS-LABA alone. However, the additional effects of LTRA, as an add-on therapy 
combined with high dose of fluticasone propionate-salmeterol or high dose of fluticasone furoate-vilanterol were not 

Table 4 Clinical Outcomes According to the Period of Use of Asthma Medication

Type Usage Duration Number Exacerbation

First Event Second Event

HR (95% CI) P-value HR (95% CI) P-value

ICS < 3 months 23,148 0.411 (0.398–0.424) <0.001 0.267 (0.254–0.279) <0.001

3–6 months 7324 0.680 (0.650–0.711) <0.001 0.530 (0.500–0.563) <0.001

6–9 months 1597 0.922 (0.848–1.003) 0.059 0.955 (0.866–1.053) 0.355
≥ 9 months 736 1.297 (1.162–1.448) <0.001 1.416 (1.251–1.602) <0.001

ICS-LABA < 3 months 39,189 0.426 (0.415–0.436) <0.001 0.278 (0.269–0.288) <0.001

3–6 months 9983 0.587 (0.563–0.611) <0.001 0.419 (0.397–0.443) <0.001
6–9 months 3494 0.653 (0.612–0.697) <0.001 0.470 (0.430–0.513) <0.001

≥ 9 months 2535 0.646 (0.599–0.697) <0.001 0.481 (0.434–0.532) <0.001

LAMA < 3 months 5820 0.520 (0.491–0.551) <0.001 0.377 (0.348–0.409) <0.001
3–6 months 1327 0.693 (0.624–0.770) <0.001 0.551 (0.480–0.633) <0.001

6–9 months 340 0.831 (0.683–1.011) 0.064 0.720 (0.564–0.920) 0.009

≥ 9 months 203 0.968 (0.762–1.230) 0.789 0.829 (0.615–1.118) 0.218
LTRA < 3 months 134,124 0.395 (0.389–0.401) <0.001 0.259 (0.254–0.265) <0.001

3–6 months 8413 0.562 (0.537–0.587) <0.001 0.443 (0.418–0.469) <0.001

6–9 months 3712 0.596 (0.558–0.636) <0.001 0.485 (0.447–0.526) <0.001
≥ 9 months 6933 0.628 (0.599–0.658) <0.001 0.468 (0.440–0.497) <0.001

Xanthine < 3 months 112,230 0.468 (0.461–0.476) <0.001 0.351 (0.344–0.359) <0.001

3–6 months 3894 0.780 (0.734–0.830) <0.001 0.783 (0.728–0.842) <0.001
6–9 months 1656 0.670 (0.607–0.738) <0.001 0.661 (0.588–0.743) <0.001

≥ 9 months 3194 0.600 (0.558–0.645) <0.001 0.554 (0.506–0.606) <0.001

Note: Adjusted by age, sex, and CCI using Cox regression analysis. 
Abbreviations: HR, hazard ratio; CI, confidence interval; ICS, Inhaled corticosteroid; LABA, long-acting β2-agonist; LAMA, long-acting 
muscarine antagonist; LTRA, leukotriene antagonist.
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conclusively established. The burden of the diseases is so great in patients with severe asthma, therefore LTRA as add-on 
therapy does not appear to be effective. In addition, the best effects on exacerbation reduction were observed for the 
combination of fluticasone furoate-vilanterol and pranlukast. Few studies have compared the efficacy of pranlukast and 
montelukast, and no significant difference between these treatments has been found in allergic asthma.21 Further research 
comparing the efficacy of pranlukast and that of montelukast as an added therapy to ICS-LABA is required.

Last, steady use of asthma medications maintains a consistent clinical effect, overall. We recommend good medication 
adherence for patients with asthma, supporting previous recommendations.22 However, the effect seems to be weak during 
long-term usage. This phenomenon might be explained similar to the previous results of “less effects at higher dose”: more 
severe asthma patients may use asthma medications for a longer time than less severe cases. Between the duration and effects, 
linear correlation was not shown. Variable compliance and the disproportion of the subject number in each category might 
contribute to it. Especially, prolonged use of ICSs and LAMAs beyond 6 months did not reduce asthma exacerbation. In 
addition, in Korea, ICS only treatment without LABA is not frequently prescribed. Long-term ICS monotherapy is generally 
indicated in children, pregnant women, or other patients in whom LABAs are contraindicated. The effects of ICS appear to 
diminish with use because LABAs cannot be added to the treatment regimen despite clinical need. LAMA could not show 
significant effects in >6 months users. We postulate that the lack of statistical significance is due to the small number of 
patients (340 and 203 among 6–9-month users and ≥9-month users, respectively).

It is important to note the strengths of this study. First, this is a real-world study without any intervention during 
asthma treatment in treatment-naïve asthmatics; therefore, our findings may reflect the reality in clinical practice. 
Second, this study was conducted by the investigator with no sponsorship from pharmaceutical companies. The results 
of the comparison between different asthma medications are reliable because there was no conflict of interest. Third, 
we included almost all asthma patients in Korea. We participated in the Joint Project on Quality Assessment Research 
in 2021; thus, a government-affiliated organization, HIRA, provided all the original data regarding patients with 
asthma in Korea.23 Studies conducted by some institutions only have data obtained by the relevant institution; 
however, this study includes data from all institutions in Korea. This means that if patients with asthma moved 
from one institution to another for treatment, their data were not lost. Fourth, we designed this study to reveal the pure 
effects of asthma medication. To minimize the confounding effects of multiple use of asthma medications, we excluded 
all patients with a change in asthma medication use during the study period. To minimize the effects of previous 
asthma medication and differences between patients regarding the severity of asthma, we excluded patients who had 
used asthma medication in the previous year. Last, we did not use simple analysis, rather Cox regression analysis to 
consider the exacerbation-free period.

Some limitations of this study should be noted. First, we could not classify medications according to the device used 
to deliver the drug. The effects may vary according to the device used,24,25 although this information could not be 
obtained in this study due to the nature of the data. Second, some sub-groups include small numbers of patients, as we 
carefully selected subjects. Third, we could not adjust for asthma severity, although we did our best to control it. Severity 
of asthma is an important contributing factor in the choice of asthma medication. This confounding factor may affect the 
interpretation of our results. For example, higher doses of asthma medications should be more effective than lower doses, 
although in this study, the clinical results were poor among patients on higher doses of medication because severe asthma 
patient used the higher dose of medications. Last, we could not adjust for some factors predicting exacerbations,26 

including lung function, eosinophil count, exposure to environmental allergens, and compliance.

Conclusions
This real-world study which includes almost all patients with asthma in Korea revealed that the effectiveness of asthma 
medications varied according to drug type, active ingredient, type of combination, and period of medication use. 
However, all asthma medications showed significant clinical effects on the prevention of asthma exacerbation irrespec-
tive of the active ingredient and drug type combination. We recommend that patients with asthma use their medication 
steadily.
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Abbreviations
CI, confidence interval; HIRA, Health Insurance Review and Assessment Service; ICS, Inhaled corticosteroid; LABA, 
long acting β2 agonist; LAMA, long acting muscarine antagonist; LTRA, leukotriene receptor antagonist; OR, odds ratio; 
PFT, pulmonary function test; SABA, short-acting β2-agonist.
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