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Comparative analysis of real-world data on the @
efficacy and safety of and adherence to ICS/
LABA combinations in asthma management

Hee Sun Park', Jungkuk Lee?, Hasung Kim? and Seong-Dae Woo "

Abstract

Background Choosing effective devices (inhaled corticosteroid [ICS]-long-acting 32 agonist [LABA] combination
inhalers) as maintenance treatment is critical for managing patients with asthma. We aimed to compare ICS/LABA
combination efficacy, safety, and adherence across inhaler types and components in patients newly diagnosed with
asthma.

Methods Utilizing South Korea's National Health Insurance Service data, we conducted a population-based cohort
study involving patients aged 18-80 years, newly diagnosed with asthma who received ICS/LABA combination
therapy between January 2016 and December 2020. Outcomes assessed included treatment adherence, asthma
exacerbations, hospitalizations, emergency-department visits, mortality, and safety outcomes within 3-month and
1-year post-index periods.

Results Overall, 13,850 eligible patients were included, with subgroups categorized and compared according to
inhaler type and component (metered dose inhalers [MDIs] vs. dry powder inhalers [DPIs], budesonide vs. fluticasone,
and formoterol vs. salmeterol). Efficacy and safety profiles did not significantly differ across device types or ICS/LABA
combination components during the 3-month and 1-year follow-up periods. However, the DPI group exhibited

a significantly higher mean proportion of days covered (0.67 +0.23 vs. 0.62+0.23; P<0.001) and a lower risk of
discontinuation (adjusted hazard ratio, 0.867; 95% confidence interval, 0.804-0.927; P<0.001) than did the MDI group,
with no significant differences observed between the other subgroups.

Conclusions The choice of inhaler device (MDI vs. DPI) and specific ICS/LABA combination components does not
significantly impact efficacy and safety profiles in patients newly diagnosed with asthma. However, DPI use may be
associated with improved adherence. These results provide valuable insights for clinicians in selecting appropriate

and individually tailored inhaler therapies in real-world settings.
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Background

Asthma remains a global public health challenge, impact-
ing millions worldwide and imposing substantial strains
on healthcare systems [1]. Inhaled corticosteroids (ICSs)
combined with long-acting beta-agonists (LABAs) con-
stitute the cornerstone of maintenance therapy for mod-
erate-to-severe asthma [2]. However, choosing between
inhaler devices, specifically the types and components
among various ICS/LABA combinations, is a critical con-
sideration for clinicians aiming to improve symptoms,
prevent exacerbations, and minimize medication side
effects for individual patients.

Despite considerable research comparing the efficacy
and safety between metered dose inhalers (MDIs) and
dry powder inhalers (DPIs), as well as different ICS and
LABA components, the findings remain inconsistent
[3-12]. These discrepancies in research outcomes pres-
ent challenges in establishing evidence-based guidelines,
particularly regarding the impact of specific device types
and medication components on treatment effective-
ness, safety profiles, and patient adherence in real-world

settings. Furthermore, concerns surrounding potential
adverse events, such as pneumonia and oral candidiasis,
associated with specific ICS components, along with sys-
temic effects related to beta-2 agonists, such as tremors
and arrhythmia, underscore the need for more definitive
evidence to guide clinical practice [13-15].

To address the lack of real-world guidance on ICS/
LABA selection, we aimed to analyze the efficacy,
safety, and adherence across inhaler types and compo-
nents (MDIs vs. DPIs, budesonide vs. fluticasone, and
formoterol vs. salmeterol) in patients newly diagnosed
with asthma. Leveraging a large-scale population-based
cohort from the National Health Insurance Service
(NHIS) in South Korea, we aimed to provide valuable
insights into the real-world implications of inhaler selec-
tion for asthma management outcomes.

Methods
Data sources

This study utilized data from the NHIS in South Korea,
providing a comprehensive dataset covering nearly the
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country’s entire population. This comprehensive data-
base encompasses diverse health-related information,
including healthcare utilization, diagnosis codes (based
on the International Classification of Diseases, 10th Revi-
sion [ICD-10]), prescription details, sociodemographic
information, and causes of death. Specifically, the analy-
sis focused on NHIS claims data spanning from January
2008 to December 2020. This study was approved by the
Institutional Review Board of the Chungnam National
University Hospital (IRB No. 2022-04-114). As this was
a retrospective study, written informed consent was not
required; all data were extracted from existing records
and handled in accordance with ethical standards to
ensure participant confidentiality.

Definitions

This study incorporated ICS/LABA combination medi-
cations approved by the Korean Food and Drug Admin-
istration, categorizing them based on their components
and device types (Table 1). Participants were identi-
fied as having asthma based on the ICD-10 codes J45-
J46. Systemic steroids evaluated in this study included
prednisolone, methylprednisolone, hydrocortisone, tri-
amcinolone, dexamethasone, deflazacort, and betameth-
asone. Demographic variables, such as age, sex, income,
region of residence, and comorbidities, were assessed at
the cohort entry. Individuals were classified into three
income classes, and their regions of residence were cate-
gorized as urban or rural areas, as described in a previous
study [16]. Comorbidities considered in this study were

Table 1 List of ICS/LABA combinations used in this study
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defined using ICD-10 codes and included acute respira-
tory disease, chronic liver disease, dementia, depressive
disorder, diabetes mellitus, gastro-esophageal reflux dis-
ease, hyperlipidemia, hypertensive disorders, osteoarthri-
tis, pneumonia, renal impairment, rheumatoid arthritis,
schizophrenia, ulcerative colitis, and urinary tract infec-
tions (Supplementary Table 1, Additional File). Addition-
ally, our study utilized the Charlson Comorbidity Index
to evaluate the mortality risk attributable to comorbid
diseases before the index date.

Study population and design

Patients newly diagnosed with asthma who initiated ICS/
LABA combination therapy between January 2016 and
December 2019, with data available through December
31, 2020, were enrolled in this study (Fig. 1). Patients
with at least one asthma-related diagnostic code (ICD-
10 codes J45-46) or at least one prescription for an ICS
or ICS/LABA between January 2008 and December 2015
were excluded. The index date was defined as the date
of the first prescription of ICS/LABA combinations in
patients aged 18—80 years. Patients were included if they
received at least three prescriptions of the same ICS/
LABA combination during the 3-month post-index date
and were excluded if they switched to different inhal-
ers during this period. This approach ensured that the
study population comprised patients who consistently
used the same inhaler, which we considered as a suf-
ficient period to assess the clinical impact of the device.
The 3-month period ensured consistent exposure to the

Budesonide

Fluticasone

Beclomethasone

Formoterol Duoresp spiromax 16/4.5 [DPI]
Duoresp spiromax 320/9 [DPI]
Symbicort turbuhaler 80/4.5 [DPI]
Symbicort turbuhaler 160/4.5 [DPI]
Symbicort turbuhaler 320/9 [DPI]
Symbicort rapihaler 160/4.5 [MDI]

Salmeterol Zephirus cap 150/25 [DPI]
Zephirus cap 300/25 [DPI]

Flutiform inhaler 50/5 [MDI]
Flutiform inhaler 125/5 [MDI]
Flutiform inhaler 250/10 [MDI]

Seretide 100 diskus
Seretide 250 diskus

Foster nexthaler [DPI]
Foster 100/6 HFA [MDI]

[DPI]
[DPI]

Seretide 500 diskus [DPI]
Airflusal forspiro 100 [DPI]
Airflusal forspiro 250 [DPI]
Airflusal forspiro 500 [DPI]
Compona compact 100/50 [DPI]
Compona compact 250/50 [DPI]
Compona compact 500/50 [DPI]

Vilanterol

Fluterol inhalation powder 100/50 [DPI]
Fluterol inhalation powder 250/50 [DPI]
Fluterol inhalation powder 500/50 [DPI]
Seretide evohaler 50 [MDI]

Seretide evohaler 125 [MDI]

Seretide evohaler 250 [MDI]

Relvar 100 ellipta [DPI]

Relvar 200 ellipta [DPI]

DPI, dry powder inhaler; ICS, inhaled corticosteroid; LABA, long-acting 3 2 agonist; MDI, metered dose inhaler
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Fig. 1 Schematic of the study design. COPD, chronic obstructive pulmonary disease; DPI, dry powder inhaler; ICS, inhaled corticosteroid; LABA, long-

acting S 2 agonist; MDI, metered dose inhaler

same inhaler, allowing for an initial assessment of clinical
impact. The 1-year period allowed for a comprehensive
evaluation of long-term efficacy, safety, and adherence,
providing a robust analysis of ICS/LABA therapies.
Patients who received systemic steroids within 60 days
before the index date were excluded. Patients diagnosed
with chronic obstructive pulmonary disease, malignant
diseases, or cystic fibrosis throughout the entire study
period, as well as those who had used biologics, were also
excluded from the study.

Outcomes

Asthma exacerbation (AE) was defined as the prescrip-
tion of systemic corticosteroids at a dosage of 15 mg/day
or its equivalent for at least 3 consecutive days to man-
age asthma symptoms. However, participants who used
systemic corticosteroids within 14 days of the outpatient
visit when asthma was diagnosed, were excluded from
the asthma exacerbation group. Asthma-related hos-
pitalizations were defined as inpatient admissions with
asthma-related diagnostic codes, including those admit-
ted via the emergency department (ED) or from outpa-
tient visits. Asthma-related ED visits were defined as
emergency department encounters with asthma-related
diagnostic codes. Patients were excluded from these cat-
egories if they received an initial asthma diagnosis during

hospitalization or an ED visit. All-cause mortality was
defined as death from any cause.

The safety outcomes of interest included the occur-
rence of pneumonia, oropharyngeal candidiasis, diabetes,
hypertension, arrhythmia, and tremors, identified using
the ICD-10 diagnostic codes (Supplementary Table 1,
Additional File). These outcomes were defined as those
occurring when the first diagnosis was made on the index
date.

The proportion of days covered (PDC), used as an indi-
cator of medication adherence, was determined by divid-
ing the total number of days the medication was available
by the length of the observation period. The study evalu-
ated both the average PDC and percentage of patients
who attained PDC values of >0.5 and >0.8, consistent
with the standards of the Healthcare Effectiveness Data
and Information Set. Persistence in the study was defined
as the period from the index date until therapy discontin-
uation, defined as a gap of > 120 days between subsequent
prescription fills. After meeting these discontinuation
criteria, the patients were no longer followed up.

Statistical analyses

To address potential measured confounding factors
and enhance the balance between the two groups, we
employed propensity score matching. Propensity scores
were calculated using logistic regression, modelling
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the probability of receiving treatment as a function of
observed baseline covariates, including age, sex, income,
residence region, and comorbidities. Subsequently, we
applied a greedy matching algorithm to pair treated and
control units based on the closest propensity scores,
without replacement. The caliper width was set at 0.5
standard deviations of the logit of the propensity score;
this width is recommended to maintain an adequate
sample size while ensuring that matched pairs are closely
aligned, thereby reducing bias and improving the accu-
racy of estimates.

The x* test and ¢ test were used to compare categorical
and continuous variables, respectively, between the two
groups. Cox proportional hazards models were used to
estimate the hazard ratios (HRs) for the risk associated
with the outcomes of efficacy and safety stratified by age,
sex, income, and region of residence. Logistic regres-
sion analyses were used to determine treatment adher-
ence, with PDC thresholds set at >50% and >80%. Cox

Page 5 of 11

proportional hazards models were employed to analyze
the rates of treatment discontinuation, thereby measuring
persistence. Kaplan—Meier survival analysis illustrated
the cumulative incidence rates across the two groups. We
conducted a complete case analysis wherein instances
of missing data in any variable of interest were excluded
from the analysis. The magnitude of the association was
denoted by the HR along with the 95% confidence inter-
vals (CIs). P<0.05 was considered indicative of statistical
significance. SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA) was used for all statistical computations.

Results

Study participants and baseline characteristics

Figure 2 shows a detailed flowchart of the study popu-
lation. Initially, the cohort comprised 230,680 patients
aged 18-80 years, who were initiated on combination
therapy with ICSs/LABAs following their asthma diag-
nosis between January 1, 2016, and December 31, 2019.

Patients aged 18-80 years with initiation of ICS/LABA combination therapy
after the first diagnosis of asthma between 01 Jan 2016 and 31 Dec 2020
N = 230,680

<3 prescription of ICS/LABA
»  during post-index period

A

N =199,672

Remaining patients
N = 31,008

Switching to other inhaler

A

device during post-index period
N =4,936

v

Remainin
N=2

g patients
6,072

Use of systemic steroids in

A

60 days prior to index date
N = 4,704

v

Remaining patients
N =21,368

COPD, Malignant diseases,

Y

v

Use of biologics
N=7,518

Remaining patients
N = 13,850

Fig. 2 Flow chart of the selection and exclusion of study participants. ICS, inhaled corticosteroid; LABA, long-acting S 2 agonist
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Subsequent exclusions were applied based on specific cri-
teria: switching to another inhaler device during the post-
index period; receiving <3 prescriptions of ICSs/LABAs
during the post-index period; using systemic steroids
60 days before the index date; and having a diagnosis of
chronic obstructive pulmonary disease or malignant dis-
eases or using biologics. After these exclusions, the final
cohort comprised 13,850 patients.

Within this cohort, we compared outcomes between
the MDI and DPI, budesonide and fluticasone, and for-
moterol and salmeterol subgroups, with baseline charac-
teristics presented in Supplementary Table 2, Additional
File. After propensity score matching, all variables were
well-balanced, with baseline characteristics of each com-
parison cohort detailed in Table 2.

Outcome 1: efficacy and safety of ICS/LABA combinations
during the 3-month post-index period

There were no significant differences between the DPI
and MDI groups in terms of asthma-related hospitaliza-
tions, ED visits, AEs, or all-cause mortality (P=0.065,
P=0.051, P=0.625 and P=0.706, respectively) (Fig. 3 and
Supplementary Table 3, Additional File). Upon compar-
ing the safety profiles of the DPI and MDI groups, the
incidence of diseases, such as pneumonia, oropharyngeal
candidiasis, diabetes mellitus, hypertension, arrhythmia,
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and tremors, was found to be similar between the two
groups.

In our comparative analysis, we assessed the efficacy
and safety profiles of the budesonide and fluticasone
groups, as well as the formoterol and salmeterol groups.
Our findings revealed no significant differences in AEs,
asthma-related hospitalization/ED visits, or all-cause
mortality across both comparisons. Furthermore, the
safety profiles, which included occurrences of pneumo-
nia, oropharyngeal candidiasis, diabetes mellitus, hyper-
tension, arrhythmia, and tremors, showed no significant
differences in the incidence rates in the budesonide vs.
fluticasone and formoterol vs. salmeterol comparisons.

Outcome 2: efficacy and safety of ICS/LABA combinations
during the 1-year post-index period

An extended 1-year efficacy and safety analysis showed
no significant differences between the DPI and MDI
groups in asthma-related hospitalizations, ED visits, AEs,
or all-cause mortality (P=0.072, P=0.058, P=0.770 and
P=0.612, respectively) (Fig. 4 and Supplementary Table
4, Additional File).

In our extended 1-year analysis comparing the effi-
cacy and safety profiles between the budesonide and
fluticasone groups, as well as the formoterol and sal-
meterol groups, we consistently observed no significant

Table 2 Baseline characteristics of the study cohorts after the propensity score matching

Types subcohort ICS subcohort LABA subcohort
DPI pMDI P-value Budesonide Fluticasone P-value Formoterol Salmeterol P-value
(n=4525) (n=4525) (n=3124) (n=3124) (n=1459) (n=1459)
Age (years) 490+153 493+152 0495 47.7+15.2 4774155 0.989 5094149 516+15.1 0.187
Female (n,%) 1979 (43.7) 2006 (44.3) 0.567 1485 (47.5) 1506 (48.2) 0.594 563 (38.5) 589 (40.3) 0324
Income
Low 1259 (27.8) 1262 (27.8) 0.995 883 (28.2) 896 (28.6) 0.935 474 (32.4) 468 (32.0) 0.879
Mid 1472 (32.5) 1468 (32.4) 1036 (33.1) 1031 (33.0) 493 (33.7) 486 (33.3)
High 1794 (39.6) 1795 (39.6) 1205 (38.5) 1197 (38.3) 492 (33.7) 505 (34.6)
Region
Urban 4172(92.2) 4171 (92.1) 0968 2904 (92.9) 2898 (92.7)  0.768 1350(92.5)  1352(926) 0.887
Rural 353(7.8) 354 (7.8) 220 (7.0) 226 (7.2) 109 (7.47) 107 (7.33)
Comorbidities
Hypertensive disorder 1557 (344) 1557 (344) 1.00 948 (30.3) 953 (30.5) 0.890 553 (37.9) 570 (39.0) 0.517
Diabetes mellitus 1476 (32.6) 1506 (33.2) 0.502 1007 (32.2) 999 (31.9) 0.828 503 (34.4) 523 (35.8) 0.438
Hyperlipidemia 2523 (55.7) 2602 (57.5) 0.093 1701 (54.4) 1675 (53.6) 0.509 792 (54.2) 788 (54.0) 0.881
Pneumonia 5(423) 1947(43.0) 0496 1294 (41.4) 1272 (40.7) 0.571 533(36.5) 544 (37.2) 0.673
Renal impairment 180 (3 9) 183 (4.0) 0.872 114 (3.6) 113 (3.6) 0.946 40 (2.7) 55(3.7) 0117
Liver disease 2744 (60.6) 2790 (61.6) 0321 1864 (59.6) 1873(59.9) 0816 897 (61.4) 890 (61.0) 0.790
Acute respiratory disease 4437 (98.0) 4447 (98.2) 0433 3070 (98.2) 3072 (98.3) 0.844 1419 (97.2) 1410 (96.6) 0332
Gastro-esophageal disease 1(79.8) 3618(79.9) 0.854 2477 (79.2) 2497 (79.9) 0.530 1003 (68.7) 1031 (70.6)  0.259
Urinary tract infection 584 (12.9) 598(13.2) 0.662 419(134) 394 (12.6) 0.347 68 (11.5) 174 (11.9) 0.729
Rheumatoid arthritis 76 (1.6) 81(1.7) 0.687 53(1.7) 50(1.6) 0.765 24 (1.6) 18(1.2) 0.351
Osteoarthritis 685 (15.1) 700 (15.4) 0.661 455 (14.5) 458 (14.6) 0914 197 (13.5) 213(14.6) 0.394
Dementia 84(1.8) 88(1.9) 0.758 48(1.5) 45(14) 0.754 19(1.3) 19(1.3) 1.00
CCl scores 1.71+1.11 1.72+1.11 0.671 1.65+1.05 1.66+1.05 0.800 1.74+1.12 1.77+£1.16 0.494

CCl, Charlson Comorbidity Index; DPI, dry powder inhaler; ICS, inhaled corticosteroid; LABA, long-acting 3 2 agonist; MDI, metered dose inhaler
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3-month
Efficacy
Asthma-related hospitalization 1.231 (0.987-1.535) 0.065 = = 0.868 (0.656-1.148)  0.320 -J- 1.250 (0.868-1.800) 0.230 T
Asthma-related ED visit 1.488 (0.999-2.210) 0.051 —@— 0.444 (0.193-1.022)  0.056 — 1.111 (0.588-2.100)  0.746 ——
Asthma exacerbation 1.037 (0.895-1.202) 0.625 » 0.853 (0.710-1.023)  0.087 @ 0.935 (0.725-1.206)  0.604 -@-
All-cause mortality 1.333 (0.298-5.957) 0.706  —— - 0.952 (0.134-6.758)  0.961 ~———-—-@ 0.667 (0.111-3.990) 0.657 —=——————=@—
Safety
Pneumonia 1.134 (0.990-1.298) 0.069 o 1.115 (0.938-1.326)  0.218 . 1.115 (0.880-1.413)  0.366 E 2
Oropharyngeal candidiasis 1.348 (0.786-2.311)  0.278 e 0.875 (0.427-1.793)  0.715 . 0.833 (0.254-2.731)  0.763 —
Diabetes mellitus 1.030 (0.734-1.446)  0.863 R 1.000 (0.630-1.587)  1.000 Y 1.050 (0.569-1.937) 0.876 —
Hypetension 1.228 (0.866-1.742)  0.249 e 1.078 (0.824-1.412)  0.583 » 0.944 (0.487-1.833)  0.866 —
Arrhythmia 1.556 (0.673-3.594)  0.301 — 0750 (0.260-2.162)  0.594 — 1.800 (0.603-5.371)  0.292 —
Tremor 1750 (0512-5.978) 0372 | @ 2.000 (0.500-7.996)  0.327 —_—1@————— 1.902 (0.347-10.41)  0.459 —_—

05 1 2 8 0.125 025 05 1 2 4 8 0125 025 05 1 2 4 8

-— — -— — -— ]
Favors MDI Favors DPI Favors fluticasone Favors budesonide Favors salmeterol Favors formoterol

Fig. 3 Comparative analysis of efficacy and safety outcomes of ICS/LABA combinations during a 3-month post-index period. DPI, dry powder inhaler; ED,
emergency-department; ICS, inhaled corticosteroid; LABA, long-acting £ 2 agonist; MDI, metered dose inhaler

1-year
Efficacy
Asthma-related hospitalization 1.159 (0.987-1.362)  0.072 o= 0.867 (0.705-1.065)  0.173 —& 1.242 (0.948-1.627) 0.116 o—
Asthma-related ED visit 1.310 (0.991-1.732)  0.058 —o— 0.726 (0.494-1.065)  0.102 ——t 1.147 (0.724-1.817)  0.559 —1—
Asthma exacerbation 1.017 (0.907-1.141) 0.770 E 2 0.954 (0.829-1.099)  0.517 o 1.005 (0.822-1.230)  0.959 ——
All-cause mortality 1.187 (0.611-2.309) 0.613 —_— 0.907 (0.400-2.055) 0.815 —_— 1.095 (0.445-2.695) 0.844 —_—l—
Safety
Pneumonia 1.050 (0.935-1.179)  0.408 - 1.052 (0.908-1.218)  0.501 -»- 1.097 (0.899-1.338) 0.363 -1—
Oropharyngeal candidiasis 0.943 (0.641-1.388)  0.768 — 1.030 (0.638-1.663)  0.903 ——— 1.000 (0.489-2.046) 1.000 —_—
Diabetes mellitus 0.994 (0.806-1.226) 0.957 — 1.045 (0.805-1.358)  0.739 —— 0.969 (0.683-1.374) 0.859 e
Hypetension 1.010 (0.828-1.232) 0.919 - 1.063 (0.803-1.407) 0.668 ® 1.250 (0.841-1.858)  0.269 e
Arrhythmia 1.333 (0.831-2.141)  0.234 ——e 1.120 (0.653-1.920)  0.681 R PR 1.385 (0.678-2.826) 0.371 R R ——
Tremor 1.750 (0.512-5.978)  0.372 P 0.818 (0.339-1.974)  0.655 > 0.568 (0.166-1.940) 0.367

| B R B | | R R R | | P I I —

05 1 2 4 8 025 (X3 1 2 4 L 0s 1 2 4
Pa— fR— P— — b e
Favors MDI Favors DPI Favors fluticasone Favors budesonide Favors salmeterol Favors formoterol

Fig. 4 Comparative analysis of efficacy and safety outcomes of ICS/LABA combinations during a 1-year post-index period. DPI, dry powder inhaler; ED,

emergency-department; ICS, inhaled corticosteroid; LABA, long-acting S 2 agonist; MDI, metered dose inhaler

differences. Furthermore, no significant differences were
observed in the incidence rates of AEs, asthma-related
hospitalizations/ED visits, all-cause mortality, pneu-
monia, oropharyngeal candidiasis, diabetes mellitus,
hypertension, arrhythmia, and tremors, indicating simi-
lar efficacy and safety profiles across both comparisons.
These findings underscore the consistency in both effi-
cacy and safety outcomes over an extended period.

Outcome 3: adherence to ICS/LABA combinations

Patients were more likely to discontinue the use of MDIs
than that of DPIs, with a HR of 1.133 (95% CI, 1.073—
1.196; P<0.001) (Fig. 5A). Additionally, the mean PDC
during the post-index period was significantly higher
in the DPI group than in the MDI group (0.67 £0.23 vs.
0.62+0.23; P<0.001) (Table 3). A significantly higher
proportion of patients using DPIs achieved a PDC of

>20.5 and 20.8, compared with those using MDIs (all
P<0.001). However, the time to discontinuation in the
follow-up period was not significantly different between
the budesonide and fluticasone groups (HR, 0.948; 95%
CI, 0.889-1.011; P=0.103) or between the formoterol
and salmeterol groups (HR, 0.898; 95% CI, 0.784—1.029;
P=0.121) (Fig. 5B, C). Furthermore, comparisons
between the budesonide and fluticasone groups, as well
as the formoterol and salmeterol groups, showed no
significant differences in the means and percentages of
patients achieving a PDC of >0.5 and >0.8 (Supplemen-
tary Table 5, Additional File).

Discussion

This study, leveraging the extensive database from the
NHIS in South Korea, provides a comprehensive analy-
sis of the efficacy, safety, and adherence profiles of
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Fig. 5 Kaplan—-Meier analysis of persistence to therapy. Cl, confidence interval; DPI, dry powder inhaler; HR, hazard ratio; MDI, metered dose inhaler

Table 3 Means and percent that achieved each threshold for

MDI vs. DPI
Types subcohort

Adherence DPI MDI P-value
(n=3193) (n=3196)

PDC, mean 4 SD 0.67+0.23 0.62+0.23 <0.001

>05% 3253 (71.9) 2854 (63.1) <0.001

>08,% 1518 (33.6) 1115 (24.6) <0.001
Adjusted HR (95% Cl)

Time to discontinuation 1 1.133 <0.001

(1.073-1.196)

Cl, confidence interval; DPI, dry powder inhaler; HR, hazard ratio; MDI, metered
dose inhaler; PDC, proportion of days covered

ICS/LABA combinations in patients with asthma. In
this cohort of patients newly diagnosed with asthma
who were beginning treatment with ICSs/LABAs, we
observed no significant differences in the efficacy and
safety among device types and inhaler compositions.
Notably, the specific composition of ICS/LABA combi-
nations did not affect the adherence rates, although DPIs
were associated with higher adherence, compared to that

by MDIs. Through rigorous methodology and exten-
sive data analysis, our findings provide robust insights
into the real-world application of ICS/LABA combina-
tion therapies for the initial treatment of asthma, help-
ing clinicians make more informed decisions tailored
to individual patient needs, thereby optimizing asthma
management and improving patient outcomes.

Our adherence outcomes revealed a higher persis-
tence rate in patients using DPIs than in those using
MDIs, suggesting a superior adherence to DPIs among
the study population. To the best of our knowledge, there
are no data comparing the real-world adherence to ICS/
LABA combinations among different inhaler types in
adult patients with asthma. Although controlled trials
are conducted under stringent conditions, they often
fail to reflect real-world adherence patterns, whereas
our study provides valuable insights by assessing adher-
ence within an actual clinical practice setting. Our find-
ings align with those of a previous research indicating
that patients using a DPI demonstrate superior adher-
ence to treatment with inhaled corticosteroids, compared
with those using an MD], although the study was limited



Park et al. Respiratory Research (2025) 26:12

to a sample size of only 270 adult patients with asthma
undergoing ICS monotherapy [17]. Our study results may
have been influenced by several factors reported in previ-
ous research, indicating that DPIs are easier to use, less
complex, and offer a higher rate of proper administra-
tion technique than are MDIs [7, 18, 19]. Our stringent
selection criteria, requiring patients to be prescribed the
same inhaler type three times over a 3-month post-index
period and ensuring continuous prescription within 120
days, strengthen the reliability of our adherence out-
comes. Despite the inherent limitations associated with
using the NHIS database, such as the lack of detailed
clinical parameters, our study’s methodology enhances
the understanding of adherence behaviors in asthma
management. Consequently, our findings highlight the
importance of considering inhaler type in initial asthma
management strategies, potentially attributable to fac-
tors, such as ease of use, device complexity, patient pref-
erence, and environmental impact of inhaler devices.

Our results indicated that the efficacy and safety pro-
files of MDIs and DPIs, when used in ICS/LABA com-
binations, did not differ significantly. This finding is
consistent with those of previous studies demonstrat-
ing no notable variation in the effectiveness of different
types of inhaler devices [3—-6, 11]. The comparable effi-
cacy and safety of MDIs and DPIs in asthma treatment
can be attributed to their comparable drug delivery effi-
ciency [20]. Although inhaler adherence is recognized
to impact clinical outcomes in patients with asthma, our
findings indicate that adherence might not be directly
correlated with efficacy. Asthma exacerbations are influ-
enced by a variety of factors beyond adherence, including
inflammatory phenotypic traits, asthma severity, airway
remodeling, and environmental exposure [21]. How-
ever, it is noteworthy that for severe AE, as indicated by
asthma-related hospitalizations and ED visits, the DPIs
consistently demonstrated lower rates than MDIs during
both the 3-month and 1-year periods, although these dif-
ferences did not reach significance. These trends suggest
that DPIs might offer a potential advantage in preventing
severe exacerbations, warranting further investigation in
larger cohorts with longer follow-up periods.

Our results indicated that the efficacy and safety pro-
files of budesonide and fluticasone, when used within
ICS/LABA combinations, did not differ significantly. This
finding, consistent with that of a randomized controlled
trial involving Chinese adult patients with asthma, indi-
cates no significant differences in lung function improve-
ment and safety profiles between the two treatments,
suggesting that both are equally viable for asthma man-
agement [8]. In a systematic review, fluticasone, com-
pared with budesonide and beclomethasone, was found
to offer benefits in patients with severe asthma owing to
its higher anti-inflammatory potency, despite it carrying
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a potential for increased side effects depending on the
dose [10]. Notably, our results comparing between the
budesonide and fluticasone subgroups, neither revealed
an increased risk of infections, such as pneumonia or oral
candidiasis, associated with either agent nor a difference
in the incidence of newly diagnosed diabetes mellitus.
Concerns regarding pneumonia, candidiasis, and new-
onset diabetes in patients with asthma using ICSs have
been highlighted; however, a notable lack of research
based on real-world clinical practice on the effects of spe-
cific ICS components exists. Our results underscore the
importance of our research within the context of existing
literature and provide valuable insights for clinical deci-
sions in real-world settings.

Additionally, our comprehensive comparison of for-
moterol and salmeterol revealed no significant differ-
ences in their efficacy or safety profiles. A previous
study comparing formoterol and salmeterol in asthma
management found that both drugs offer comparable
bronchodilatory effectiveness [22]. Another study high-
lighted formoterol’s superior efficacy and quicker onset,
despite its greater risk of systemic side effects, such as
tremors and hypokalemia [12]. A systematic review and
meta-analysis comparing formoterol and salmeterol in
asthma treatment found them to be similarly effective,
although salmeterol might be superior in reducing post-
methacholine inhalation forced expiratory volume in 1 s
and enhancing asthma-free days [9]. Thus, prior research
on formoterol and salmeterol has yielded diverse out-
comes regarding their comparative efficacy and safety in
asthma management. However, our study, which utilized
an extensive cohort, significantly contributes by offer-
ing a detailed comparison of the effectiveness and safety
profiles of formoterol and salmeterol. Taken together,
our findings indicate that the overall efficacy and safety
of these ICS/LABA combinations (budesonide vs. fluti-
casone and formoterol vs. salmeterol) are comparable,
suggesting that no specific agent can be universally rec-
ommended as superior for asthma management. This
reinforces the concept that the choice of an ICS/LABA
combination can be tailored to individual patient needs
without concern regarding varying risk profiles.

The appropriate selection of inhalation devices plays
a crucial role in managing asthma effectively. Although
extensive research has been conducted on inhalers,
with a focus on device types and components, incon-
sistencies remain across the studies. Our study has sev-
eral strengths compared with previous investigations.
First, our research focused on patients newly diagnosed
with asthma who were beginning treatment with ICS/
LABA combinations. We collected data from Janu-
ary 2008 to December 2020, excluding those of patients
who were diagnosed with asthma or prescribed inhal-
ers before 2016. This approach ensures that our study
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provides relevant insights into the initial inhaler therapy
selection for asthma management. Second, our study
cohort included patients who initiated treatment with
ICS/LABA combinations between January 2016 and
December 2019. It is important to note that most inhal-
ers presently used in clinical settings were approved and
subsequently introduced to the market after 2016. Con-
sequently, prior research, predominantly centered on
inhalers available from the late 1990 through the 2000s,
may not accurately represent the features of present-day
inhalers. Therefore, our research offers a more pertinent
assessment of the inhaler options available in contempo-
rary clinical practice. Third, we established more strin-
gent methodological criteria by including only patients
prescribed the same ICS/LABAs at least three times
within a 3-month period following their initial asthma
diagnosis. This approach significantly enhanced the reli-
ability of our results concerning the effect of inhaler
choice on treatment outcomes, offering a methodological
advancement over prior research. Fourth, to the best of
our knowledge, this is the first real-world comparison of
prescription persistence across various device types and
components of ICS/LABA combinations. In summary,
our study presents significant advantages over previ-
ous studies by providing valuable insights for clinicians
regarding inhaler selection for patients newly diagnosed
with asthma who are beginning treatment with ICS/
LABA combinations.

Despite its strengths, this study has some limitations
inherent to retrospective cohort studies utilizing insur-
ance claims databases. Relying on ICD-10 codes for diag-
nosing asthma and identifying outcomes may result in
potential misclassification errors. The study’s applicabil-
ity is further limited by its exclusive focus on the South
Korean population, omitting potential ethnic variations
in the efficacy of asthma treatment. Additionally, assess-
ing medication adherence and exposure solely through
prescription records does not confirm the actual medica-
tion consumption, leading to possible exposure misclas-
sification. This retrospective design inherently restricts
control over all potential biases, including selection and
lead-time biases. Although statistical methods were
employed to minimize measured confounding factors,
the risk of residual confounding from unmeasured fac-
tors, including inhaler technique, environmental expo-
sure, and inflammatory phenotypic traits, persisted.
These limitations highlight the need for cautious inter-
pretation of our results and underscore the value of
future prospective research in this area.

Conclusion

Our study demonstrated comparable efficacy and safety
profiles between different inhaler types and composi-
tions in patients newly diagnosed with asthma. These
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findings reinforce the notion that clinicians can confi-
dently choose from the available ICS/LABA therapies
without concern regarding significant differences in
treatment outcomes.
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