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Abstract
Background  This study examines incidence, mortality, medical expenditure and prescription patterns for asthma on a 
national scale, particularly in Asian countries for asthma is limited. Our aim is to investigate incidence, mortality, prescrip-
tion patterns and provide a comprehensive overview of healthcare utilization trends for asthma from 2009 to 2018.
Methods  We included patients diagnosed with asthma between 2009 and 2018. We excluded patients with missing demo-
graphic data. Our analysis covered comorbidities, including diabetes mellitus, hypertension, allergic rhinitis, eczema, atopic 
dermatitis, coronary artery disease, congestive heart failure, chronic kidney disease, chronic hepatitis, stroke, and cancer. 
Investigated medications comprised oral and intravenous steroids, short-acting beta-agonists, inhaled corticosteroids (ICS), 
combinations of ICS and long-acting beta-agonists, long-acting muscarinic antagonists, and leukotriene receptor antagonists 
montelukast. We also assessed the number of outpatient visits, emergency visits, and hospitalizations per year, as well as the 
average length of hospitalization and average medical costs.
Results  The study included a final count of 88,244 subjects from 1,998,311 randomly selected samples between 2000 and 
2019. Over the past decade, there was a gradual decline in newly diagnosed asthma patients per year, from 10,140 to 6,487. 
The mean age annually increased from 47.59 in 2009 to 53.41 in 2018. Over 55% of the patients were female. Eczema was 
diagnosed in over 55% of the patients. Around 90% of the patients used oral steroids, with a peak of 97.29% in 2018, while 
the usage of ICS varied between 86.20% and 91.75%. Intravenous steroids use rose from 40.94% in 2009 to 54.14% in 2018. 
The average annual hospital stay ranged from 9 to 12 days, with a maximum of 12.26 days in 2013. Lastly, the average medi-
cal expenses per year ranged from New Taiwan dollars 5558 to 7921.
Conclusions  In summary, both asthma incidence and all-cause mortality rates decreased in Taiwan from 2009 to 2018. 
Further analysis of medical expenses in patients with asthma who required multiple hospitalizations annually revealed an 
increase in outpatient and emergency visits and hospitalizations, along with longer hospital stays and higher medical costs.
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in Childhood
NHI	 �National Health Insurance
OPD	 �Outpatient department
SABA	 �Short-acting beta-agonists
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1  Introduction

Asthma is a widespread, long-term lung condition that 
impacts numerous individuals across various nations glob-
ally [1]. It is marked by fluctuating signs such as cough-
ing, wheezing, shortness of breath, and chest constriction, 
alongside inconsistent limitations in the outflow of breath. 
These symptoms and breathing restrictions typically fluc-
tuate in their severity and occurrence over time. Over the 
last ten years, advancements have been achieved in asthma 
management, especially regarding creative strategies that 
utilize current medications and new treatments for severe 
cases of asthma. Previously, for mild asthma, guidelines 
recommended a regimen of long-term low-dose inhaled cor-
ticosteroids (ICS) and as-needed short-acting beta-agonists 
(SABA) [2]. However, many patients with mild asthma 
show poor adherence to daily ICS due to sporadic symp-
toms, leading to a heavy reliance on SABA during acute 
exacerbation. Despite their seemingly mild condition, these 
patients remain at risk for serious asthma attacks and related 
fatalities. Additionally, both exclusive SABA treatment and 
its excessive use are linked to negative disease outcomes. 
These issues have prompted the asthma care community to 
explore new strategies and reconsider the existing approach 
to enhance the management of asthma [3]. A new once-daily 
fluticasone furoate (FF) was a monotherapy therapy for 
asthma, and when combined with vilanterol (VI), a novel 
once-daily inhaled long-acting beta-agonists (LABA), it is 
being studied for both asthma management and significant 
airway protection in individuals with asthma [4]. The Salford 
Lung Study [5] is a comprehensive Phase III trial involv-
ing over 4,000 patients across multiple centers. This open-
label, randomized controlled trial aims to assess the efficacy 
and safety of starting treatment with FF/VI to the standard 
care therapy for asthma over 52 weeks. Patients who began 
treatment with FF/VI demonstrated better improvements 
in asthma control compared to those who continued with 
their regular treatment, which typically includes ICS either 
alone or in combination with LABA. Tiotropium has proven 

beneficial as an additional maintenance therapy alongside 
medium or high-dose ICS, with or without LABA, for 
asthma treatment [6]. It has gained approval in the USA, 
countries in Europe for this use. Studies in adults have shown 
that tiotropium improved lung function and asthma manage-
ment while safety profile was similar to placebo [7]. More-
over, clinical trials in children with symptomatic asthma 
despite received ICS therapy indicate that tiotropium, when 
used as a supplementary treatment to ICS is safe and effec-
tive. It also shows a tendency to improve asthma control, 
echoing the results observed in adult populations [8]. While 
the development of innovative relief strategies and treat-
ments for severe asthma marks an exciting advancement, 
numerous challenges remain. Current clinical trials are in 
progress, aiming to address and overcome some of these 
challenges. The International Study of Asthma and Aller-
gies in Childhood (ISAAC) is a standardized asthma survey 
since 1995 [9]. Global Asthma Network (GAN), began in 
2012 [10], after the ISAAC and observed that the preva-
lence of asthma symptoms was on the rise in several coun-
tries, and some disease severities were high. GAN Phase I 
extends the research of ISAAC by gathering additional data 
on the prevalence, severity, diagnosis, and management of 
asthma, along with some allergic disease. It also looks into 
emergency room visits, hospital admissions, and the usage 
of essential asthma medications. Taiwan participated in this 
study, concentrating on a demographic of adolescents aged 
13–14 years who completed a questionnaire in 2017. The 
objective was to explore the current prevalence of asthma 
in Taiwanese teens. However, the study was limited to only 
surveying individuals within the 13-14-year age group [11]. 
The aim of our study utilized nationwide claims data to ana-
lyze the yearly patterns of asthma in Taiwan over the period 
from 2009 to 2018. Additionally, it assessed the trends in the 
incidence and mortality rates of patients with asthma and 
examined the medical expenditure, identifying the shifts in 
these aspects among asthma patients in Taiwan throughout 
the decade.

2  Materials and methods

2.1  Data Source

On January 1, 1995, the Department of Health of the Execu-
tive Yuan formally established the Central Health Insur-
ance Bureau, and on March 1, 1995, the National Health 
Insurance was officially implemented. So far, the national 
acceptance rate is as high as 99%. Since 2000, it has pro-
vided value-added services to the academic health insur-
ance database on the premise of protecting public privacy 
and data security to facilitate public health and academic 
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research. The disease coding for National Health Insur-
ance (NHI) database follows the International Classifica-
tion of Diseases, 9th Revision and 10th Revision, Clinical 
Modification (ICD-9-CM and ICD-10-CM). This study was 
approved by the Institutional Review Board of the Research 
Ethics Committee of China Medical University Hospital 
(CMUH110-REC1-038(CR-2)).

2.2  Study Population and Variables

Asthma (ICD-9-CM: 493; ICD-10-CM: J45) patients with 
at least two outpatient visits or one hospitalization record 
were identified between January 1, 2009 and December 31, 
2018; the date of the first record was defined as the date 
of asthma diagnosis (index date). The exclusion criteria 
include those missing age or gender data. Figure 1 was the 
flow chart of study design. The final number of subjects 
included was 88,244.

The variables in the study were age group (< 20, 20–29, 
30–39, 40–49, 50–59, ≥ 60), gender, comorbidities [diabetes 
mellitus (ICD-9-CM: 250; ICD-10-CM: E08-E13), hyper-
tension (ICD-9-CM: 401–405; ICD-10-CM: I10-I15), aller-
gic rhinitis (ICD-9-CM: 477; ICD-10-CM: J30), eczema 
(ICD-9-CM: 692.0-692.6, 692.81, 692.83, 692.89, 692.9; 
ICD-10-CM: L23-L25, L30.0, L30.2, L30.8, L30.9), atopic 
dermatitis (ICD-9-CM: 691; ICD-10-CM: L20), dyslipid-
emia (ICD-9-CM 272; ICD-10-CM: E77, E78), coronary 
artery disease (ICD-9-CM: 410–414; ICD-10-CM: I20-I25), 
congestive heart failure (ICD-9-CM: 428.0; ICD-10-CM: 
I50.2-I50.9), chronic kidney disease (ICD-9-CM: 585; 
ICD-10-CM: N18.4-N18.9), chronic hepatitis (ICD-9-CM: 
571.4; ICD-10-CM: K73), stroke (ICD-9-CM: 430–438; 
ICD-10-CM: I60-I69), and cancer (ICD-9-CM: 140–208; 
ICD-10-CM: C00-C99)], medications [oral steroids (ana-
tomical therapeutic chemical (ATC) code: A01AC01, 
A01AC91, A07EA06, A14AA02, A14AA03, G01AF04, 
G01AX05, H02AA02, H02AB01, H02AB02, H02AB04, 
H02AB05, H02AB06, H02AB08, H02AB10, H02BX, 
H02BX91, M01BA03, S02CA04, S02CA06), intrave-
nous steroids (ATC code: A14AB01, D11AH05, H02AB, 
H02AB01, H02AB02, H02AB04, H02AB06, H02AB08, 
H02AB09, H02BX), SABA (ATC code: R03AC), ICS (ATC 
code: R03BA), ICS/ LABA (ATC code: R03AK), long act-
ing muscarinic antagonists (LAMA) (ATC code: R03BB), 
and leukotriene receptor antagonists (LTRA) montelukast 
(ATC code: R03DC)], outpatient department (OPD) vis-
its per year, emergency room (ER) visits per year, hospi-
tal admissions per year, average days of hospitalization per 
year, and average medical costs of asthma care per year.

Detailed variable settings were described as follows. 
Comorbidities were identified before the asthma diagno-
sis, evaluating 5-year intervals before the index date. The 

medication regimen was identified during the first year since 
the asthma diagnosis. The OPD visits per year are defined 
and calculated as the total number of OPD visits during 
the first year since the asthma diagnosis. ER visits per year 
are defined and calculated as the total number of ER visits 
during the first year since the asthma diagnosis. Hospital 
admissions per year are defined and calculated as the total 
number of hospitalizations during the first year since the 
asthma diagnosis. The average days of hospitalization per 
year are defined and calculated as the total days of hospi-
talizations during the first year since the asthma diagnosis. 
The medical costs for the OPD visit, ER visit, and hospital-
ization were available, and all were recorded with the new 
Taiwan dollar (NTD) in the database. The average medical 
costs per year were defined and calculated as the total costs 
for asthma care (OPD, ER, and hospitalization) during the 
first year since the asthma diagnosis.

2.3  Statistical Analysis

The demographic characteristics of patients diagnosed with 
asthma in each year from 2009 to 2018 were analyzed. The 
patient’s age, gender, comorbidities, medications, OPD vis-
its per year, ER visits per year, hospitalizations per year, 
length of hospitalization per year, and medical costs per 
year are estimated. Categorical variables were represented 
by numbers and percentages, while continuous variables 
were represented by mean and standard deviation (SD). The 
all-cause mortality rate of asthma per year is calculated by 
dividing the total number of all-cause deaths of patients with 
asthma in a certain year (2009–2018) by the total population 
(the same mid-year), resulting in a rate per 1000 person-
years. The incidence rate of asthma per year is determined 
by dividing the total number of newly diagnosed asthma in 
a certain year (2009–2018) by the total population (the same 
mid-year), resulting in a rate per 1000 person-years. All sta-
tistical analysis were performed by SAS software, version 
9.4 (SAS Institute Inc., Cary, NC).

3  Results

The baseline characteristics of patients diagnosed with 
asthma from 2009 to 2018 are displayed in Table 1, includ-
ing age, gender, and comorbidities. Over the past decade, 
there has been a gradual decline in the number of patients, 
decreasing from 10,140 to 6487. The mean age annually 
varied from 47.59 (SD = 21.13) to 53.41 (SD = 17.67) years. 
Throughout these ten years, over half of the patients were 
female. More than 55% of the patients were diagnosed with 
eczema, persisting for the entire decade. The second most 
common comorbidity was allergic rhinitis.
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Fig. 1  The flow chart of study sample selection from NHI database in Taiwan
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4  Discussion

Our data indicates a declining trend in asthma incidence 
rates from 2009 to 2018 for overall, male, and female popu-
lations. The total incidence rates of asthma per 1000 per-
sons for overall, male, and female are 4.93, 4.28, and 5.58, 
respectively. Additionally, the data reveals that the average 
annual OPD visits ranged from 2 to 3, with ER visits and 
hospitalizations typically around 1. The duration of hospital 
stays fluctuated between 9 and 12 days per year. Further-
more, the annual mortality rates for the overall, male, and 
female populations have been decreasing. The overall mor-
tality rates per 1000 asthma patients were 0.46 for the total 
population, 0.51 for males, and 0.41 for females.

Many studies provide substantial evidence of a connec-
tion between allergic rhinitis and asthma, consistently show-
ing they often occur together. Findings reveal that allergic 
rhinitis are present in 28–78% of patients with asthma 
[12–14], markedly more than the 5–20% rate found in the 
general population [15]. A guideline report that as many 
as 38% of people with allergic rhinitis are also affected by 
asthma, while between 6% and 85% of those with asthma 
report experiencing nasal symptoms [16]. In our data, we 
conducted a 10-year follow-up and found that 42–49% of 
patients with asthma also had allergic rhinitis, which is con-
sistent with findings from previous studies. The presence of 
allergic rhinitis significantly impacts severe asthma, elevat-
ing its incidence among both older and younger populations. 
This link between allergic rhinitis and heightened asthma 
severity has been documented in studies involving both 
children and adults, as noted by several researchers [17–20].

Atopic dermatitis and eczema, persistent inflamma-
tory skin conditions often linked with respiratory allergies, 
stand as prevalent skin disorders seen in those with asthma. 
Asthma, eczema, and atopic dermatitis share numerous 
comorbidities and are associated with one another, poten-
tially due to immunological disruption, especially the 
expression of Th2 cytokines [21]. The prevalence of eczema 
in asthma patients varies, indicating a significant over-
lap between eczema and other allergic conditions, includ-
ing asthma. Atopic dermatitis, the most common form of 
eczema, is strongly linked to a personal or family history 
of asthma and other allergic diseases, suggesting a high rate 
of co-occurrence. Previous studies, including one by Pour-
pak et al. [22], indicate that asthma occurs more frequently 
in patients with atopic dermatitis, though the exact caus-
ative factors are unclear. According to Pourpak et al. [22], 
27.5% of patients with atopic dermatitis were found to have 
asthma. However, there is limited information regarding 
the prevalence of eczema and atopic dermatitis in patients 
with asthma. Nonetheless, our data highlight a signifi-
cant correlation between eczema and asthma, particularly 

Table 2 presents the seven common asthma medications, 
including oral steroids, intravenous steroids, SABA, ICS, 
ICS/ LABA, LAMA, and LTRA. Despite the yearly decrease 
in the number of asthma diagnoses, about 90% were treated 
with oral steroids, peaking at 97.29% in 2018. ICS usage 
also remained high, ranging from 86.20 to 91.75%. Addi-
tionally, the use of intravenous steroids increased from 
40.94% in 2009 to 54.14% in 2018.

Table  3 shows the average number of OPD visits, ER 
visits, and hospitalizations, as well as the average days 
of hospitalization and medical costs for asthma patients 
per year over the past decade. Figure 2 shows the trend of 
OPD visits, ER visits, and hospitalizations in patients with 
asthma by years. From 2009 to 2018, the average annual 
OPD visits were approximately 2–3, while ER visits and 
hospitalizations were about 1. Figure 3 shows the average 
days that patients spend in hospital per year. The average 
length of stay in hospital varied from 9 to 12 days, reaching 
a maximum of 12.26 days (SD = 16.80) in 2013. Lastly, the 
average medical expenses per year ranged from NTD 5558 
to 7922.

Table  4 presents the characteristics of asthma patients 
with more than two hospitalizations per year. Since 2011, 
the number of patients has consistently exceeded 100, peak-
ing at 171 in 2015, with over half being female. This group 
of patients with asthma experienced more than two hospital-
izations (acute exacerbations) per year, indicating they may 
have a more severe form of asthma (difficult to control with 
the current treatment). The overall number of OPD visits, 
ER visits, and hospitalizations, as well as the length of hos-
pital stay and medical costs, have increased.

Table 5 details the dosages of asthma prescriptions for 
SABA, ICS, ICS/ LABA, and LAMA. The dosages of 
SABA < 75  mg comprised about 72%, while over 90% 
of the ICS dosages were < 3750 µg. The dosages of ICS/ 
LABA < 6304, 6304–16,500, > 16,500  µg were evenly 
distributed. From 2009 to 2013, most LAMA dosages 
exceeded 583,200 µg, but after 2014, dosages of < 4,500 µg 
accounted for about half.

Table 6 shows the all-cause mortality rate of asthma per 
year. The mortality was calculated by dividing the total num-
ber of all-cause deaths of patients with asthma in a year by 
the total population in the same mid-year. All-cause mortal-
ity rates for the total asthma population, as well as for males 
and females, decreased annually. All-cause mortality rates 
of total asthma population, males, and females per 1000 
were 0.46, 0.51, and 0.41 during 2009–2018, respectively.

Table  7 shows the incidence rate of asthma during the 
study period. The incidence rates for total asthma popula-
tion, as well as males and females, also decreased annually. 
The incidence rates per 1000 were 4.93 for overall, 4.28 for 
males, and 5.58 for females during 2009–2018, respectively.
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among individuals with asthma and the association between 
eczema and varying degrees of asthma severity warrants 
further investigation.

From our data, we found that over 90% of patients with 
asthma had at some point received oral steroids, and more 
than 50% had received intravascular steroids after 2015. The 
trend for both oral and intravascular steroids use has been 
increasing. This may suggest that many asthma patients 
have poor control or frequent acute exacerbations, neces-
sitating systemic steroids treatment. Despite a 2010 study 
showing that adding LAMA to inhaled corticosteroids can 
improve symptoms and lung function in patients with inade-
quately controlled asthma, the percentage of asthma patients 
receiving LAMA treatment remains low.

The provision to exempt extended prescriptions for 
chronic diseases after a visit to the outpatient department 
was designed to reduce unnecessary outpatient visits for 
medication refills in Taiwan. Patients with stable chronic 
conditions can utilize this exemption to receive free medi-
cations for up to 60 days after obtaining a 30-day supply 
from the hospital. After receiving this initial supply from the 
hospital’s outpatient department, most patients can directly 
acquire an additional 60 days of outpatient prescription 
drugs from pharmacy stores. Patients with good adherence 
to their chronic disease management typically need to visit 
the hospital four times a year. According to our data, the 
average number of outpatient department visits for patients 
with asthma was 3.39 in 2018. This suggests that there is 
room for improvement in asthma treatment adherence.

Observational and database research has shown that 
patients with asthma who have a history of frequent exacer-
bations or eosinophilic inflammation face an increased risk 
of subsequent acute exacerbation [23–25].

Patients identified in respective US and UK databases 
were found to have varying experiences based on their 
asthma severity. Those with severe asthma, a history of 
two or more exacerbations compared to fewer than two, 
and severe uncontrolled asthma versus non-severe asthma 
experienced the highest rates of asthma-related emergency 
department visits and hospital readmissions within 30 days 
[26]. We analyzed our patients with asthma who had more 
than two hospitalizations per year. Since 2011, the number 
of patients in this group has consistently exceeded 100, 
reaching a peak of 171 in 2015, with over half being female. 
Their mean age ranged from 58 to 67, and they needed to 
OPD visits an average of 8 times per year, with an average 
of 2 ER visits annually. The length of their hospital stays 
ranged from 19 to 31 days per year. This group incurred 
significantly higher medical costs compared to the general 
asthma population.

Drawing from the 2019 Global Burden of Disease study, 
research outlined spatial and temporal patterns in asthma 
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incidence and mortality worldwide and in 204 countries 
from 1990 to 2019. Over this period, asthma incidence 
declined from 6.01 per 1,000 to 4.78 per 1,000, while 
asthma mortality rates fell from 8.60 per 100,000 to 5.96 per 
100,000 [27]. Our data show comparable trends. Between 
2009 and 2018, the incidence rates and mortality in patients 
with asthma for the overall population, as well as for males 
and females, have consistently decreased each year. Spe-
cifically, the total incidence rates for the overall population, 
males, and females are 4.93, 4.28, and 5.58 per 1,000 per-
sons, respectively.

There was a widespread trend of observing lower age-
standardized asthma mortality rates in developed countries, 
while undeveloped countries exhibited higher mortality 
rates. This difference implies that unequal access to preven-
tive and treatment services among socioeconomically dis-
advantaged groups could impede continuous advancements 
in reducing asthma-related deaths. In numerous low-income 
and lower-middle-income countries, issues like underdiag-
nosis, misdiagnosis, and insufficient treatment lead to many 
preventable asthma incidents and fatalities [28].

The study encountered several limitations. One primary 
issue was the reliance on physician diagnoses for asthma 
without a universally accepted physiological benchmark. 
The precision of asthma incidence measurements was influ-
enced by access to healthcare. Furthermore, the analysis of 
incidence was based on estimated cross-sectional data from 
the population at mid-year. On the positive side, a major 
strength of this study lies in its national scale, employing 
a comprehensive insurance database that covers more than 
99% of the population in Taiwan. This broad reach pro-
vides a strong foundation for the credible observation of a 
decreasing asthma incidence and mortality trend in Taiwan.

5  Conclusion

In summary, both asthma incidence and mortality rates 
decreased in Taiwan from 2009 to 2018. There is potential 
to improve adherence among asthma patients. The utiliza-
tion of LAMA can be increased in patients with asthma who 
continue to experience symptoms and poor control despite 
receiving ICS/ LABA treatment. Patients with asthma who 
are hospitalized twice a year incur higher medical costs 
compared to the general asthma population.
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Fig. 2  Trend line of the average number of OPD visits, ER visits, and hospitalizations for asthma patients per year from 2009 to 2018. ER: emer-
gency room, OPD: outpatient department
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Fig. 3  Trend line of the average days of hospitalization for asthma patients per year from 2009 to 2018
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Table 6  The mortality rate of asthma by years
Overall Male Female

Year N Mid-year 
population

Rate (per 
103 person)

n Mid-year 
population

Rate (per 
103 person)

n Mid-year 
population

Rate (per 
103 person)

2009 1516 1,893,391 0.80 844 956,644 0.88 672 936,747 0.72
2010 1316 1,871,081 0.70 761 944,554 0.81 555 926,527 0.60
2011 1346 1,848,415 0.73 765 932,146 0.82 581 916,269 0.63
2012 1167 1,824,765 0.64 650 919,403 0.71 517 905,362 0.57
2013 901 1,801,870 0.50 509 907,124 0.56 392 894,746 0.44
2014 719 1,779,335 0.41 387 894,895 0.43 332 884,440 0.38
2015 643 1,757,286 0.37 355 883,013 0.40 288 874,273 0.33
2016 337 1,735,147 0.19 167 871,060 0.19 170 864,087 0.20
2017 227 1,713,217 0.13 106 859,364 0.12 121 853,853 0.14
2018 108 1,692,070 0.06 52 847,987 0.06 56 844,083 0.07
Mean 0.46 0.51 0.41

Table 7  The incidence rate of asthma by years
Overall Male Female

Year n Mid-year 
population

Rate (per 
103person)

n Mid-year 
population

Rate (per 
103person)

n Mid-year 
population

Rate (per 
103person)

2009 10,140 1,893,391 5.36 4528 956,644 4.73 5612 936,747 5.99
2010 9772 1,871,081 5.22 4412 944,554 4.67 5360 926,527 5.79
2011 10,773 1,848,415 5.83 4736 932,146 5.08 6037 916,269 6.59
2012 10,089 1,824,765 5.53 4371 919,403 4.75 5718 905,362 6.32
2013 9058 1,801,870 5.03 4074 907,124 4.49 4984 894,746 5.57
2014 8596 1,779,335 4.83 3743 894,895 4.18 4853 884,440 5.49
2015 8183 1,757,286 4.66 3606 883,013 4.08 4577 874,273 5.24
2016 7898 1,735,147 4.55 3321 871,060 3.81 4577 864,087 5.30
2017 7248 1,713,217 4.23 3092 859,364 3.60 4153 853,853 4.87
2018 6487 1,692,070 3.83 2730 847,987 3.22 3757 844,083 4.45
Mean 4.93 4.28 5.58
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