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Asthma is an important health problem worldwide and the prevalence is increasing in most part of the world. The burden of
this disease to governments, health-care systems, and patients and their families have been greater more than ever despite efforts
advocated by Global Initiative for Asthma for total asthma controls. Using Taiwan National Health Insurance Research Database, in
this review, the population-based prospective studies showed the costs and health care utilization of childhood asthma in Taiwan
was 2 folds higher than non-asthmatic children, and the prescription patterns of anti-asthmatic medications among physician in
different discipline were all far from satisfied. The appropriateness of combinational therapy of inhaled corticosteroids and long acting
B-agonists for moderate to severe childhood asthma was only 62%. In a government-sponsored disease management program for
asthmatic patients within national health insurance, though the total mean costs (26.5%) and outpatient costs (26.1%) increased, the
mean emergency department visits and hospitalization rates were significantly reduced by 34.4% and 51.74%, respectively, compared
to the previous year. Therefore, in the real-world situation, asthmatic patients as well as medical professions who take care of asthmatic
children still have much space for their symptoms controls and knowledge improvement to reduce the burden of asthma. From the
experience of care and management of childhood asthma in Taiwan may reveal same problems of childhood asthma care in the similar
cultural and ecological environments of Asian pacific countries, and suggest government-sponsored program may also have significant
impact aimed at improving the care of patients with asthma.
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INTRODUCTION

Asthma is an important health problem worldwide and the
prevalence is increasing in most part of the world [1, 2]. The
burden of this disease to governments, health-care systems, and
patients and their families has been greater more than ever. In
Taiwan, the prevalence of asthma increased from 5.8 to 12.7%
between 1985 and 1995 [3, 4]. These data revealed more than
tenfold increase in the prevalence of asthma in school children in
Taiwan from 1974 to 1995, but virtually no change in the decade
from 1995 to 2005. Maintenance medications and other controller
therapies allow many patients to control their asthma, but the
cost of treatment can be high. In addition, the treatment of acute
attacks and comorbidities of asthma consumes considerable
medical resources. As a leading chronic childhood illness in the
developed countries, asthma places a large burden on affected
children and their families. According to Health and Vital Statistics
Republic of China [5], asthma mortality in Taiwan has decreased
from 8.17 per 100,000 in 1981 to 4.5 in 2000, but the mortality
rate in Taiwan is still greater than that in the USA (1.6 per 100,000)
[6]. Although asthma is a major cause of childhood disability [7,
8] and in rare cases causes premature death, asthma morbidity
and mortality are largely preventable when patients and their
families are adequately educated about the disease and have
access to high-quality health care [9, 10]. That is, poor outcomes
for childhood asthma, such as hospitalizations and deaths, are
at least partially sensitive to the quality of ambulatory health
care [11]. Thus, it is important to simultaneously monitor trends
in asthma prevalence, health care utilization, and mortality to
estimate the burden of disease and to help assess the impact of
asthma prevention programs and changes in health care quality. It
is imperative to know the medical costs and health care utilization
of childhood asthma using a population-based analysis, to gain
the insight of real world situation for asthma treatments and
controls in general population as well as in health care providers [12,
13]. Although local data may be optimal for program evaluation
and resource allocation decisions, national data are presented in
analysis because population-based data for the entire spectrum
of measures may consistently available in the other areas with
same ecological and cultural background. Therefore this review
will summarized the reports conducted by using Taiwan National
Health Insurance Research Database (NHIRD) for an overall
understanding of the health care costs and utilization for children
with asthma. We think the experience in Taiwan may serve as
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an example on how to care and focus in different aspects of
childhood asthma control in this region of Asian pacific countries.

NHIRD

Since March 1, 1995, when Taiwan implemented universal
national health insurance (NHI) legislation, coverage has increased
from 57% to 98% of the population [14]. The Bureau of National
Health Insurance is the sole buyer of health services and regulates
payments for medical care, which added coverage for children,
elderly persons, and nonworking adults. In addition, copayments
(10% for inpatient and 20% for outpatient care) were waived
for the very poor, veterans, and aborigines. Since then, the NHI
reimbursement claims data have been managed by the National
Health Research Institutes (NHRI) in Taiwan and established
the NHIRD, a medical claim database (including inpatient
and outpatient services) has released for research purposes.
Specifically, the NHIRD provide a large population-based and
valuable source for epidemiology studies. Complete data including
enrollment data, hospitalization data, inpatient drug exposure
data, and outpatient diagnosis data are maintained by the NHI
research databases. Therefore, this database is also suitable for
cohort studies and case-control studies as well as offers a good
opportunity for a population-based study [15].

Health care utilization and costs of asthma in Taiwan
From 1985 to 1994, the estimated total cost of illness for
pediatric (younger than 17 years) asthma increased from $2.25
billion (in 1994 dollars) to $3.17 billion despite a 15.5% decrease
in the cost of care per child [16]. There are two types of costs
contributing to the total cost of an illness, i.e, direct and indirect
costs. Direct costs include both medical and non-medical
expenses associated with the disease. Medical direct costs include
those expenses generated in the disease’s prevention, treatment,
and rehabilitation. Non-medical direct costs include transportation
to and from the health provider and purchase of home health
care. Indirect costs include days missed from work, school days
lost (caretaker needs to refrain from usual daily activities to care
for the child), and loss of future potential earnings as a result of
premature death [17]. To investigate total health-care costs for
pediatric patients with asthma in Taiwan, Sun et al. [18] have
enrolled data of 33,461 patients aged 3-17 years in the NHIRD from
1 January to 31 December 2002. Health-care utilization and costs,
including those related to office, outpatient hospital, emergency
department, and inpatient hospital visits were compared between
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pediatric patients with and without asthma. Their findings
revealed that in 2002, the period prevalence of treated asthma
was 6.0%. Pediatric patients with asthma used substantially more
health services than did those without asthma in all categories.
Hospital outpatient visits and overall health-care expenditure for
patients with asthma were 2.2-fold higher than those of patients
without asthma (Fig. 1). Aimost three-fourths of all asthma-related
costs were attributable to office and hospital outpatient visits;
one-fourth was attributable to urgent care and hospitalizations. In
detail, total direct medical expenditure is approximately SNTD 275
million (@pproximately SUS 8.3 million) per year in this 1% (33,461)
sample of general population enrollees aged 3-17 years in Taiwan.
Asthma care accounted for 20-25% of all services that patients
with asthma received. Therefore, patients with asthma incurred
costs of approximately SNTD 7.1 billion (SUS 215 million). In 2002,
the exchange rate was SNTD 33.1 to SUS 1. The cost observed (SUS
83 per asthmatic children per year) was far lower than those of
other national surveys from Thailand (SUS 216 in the year 2007) [19],
Singapore (SUS 238 in the year 1999) [20], and the USA (SUS 333 in
the year 1994) [21]. The difference may have reflected our provider
payments (approximately SUS 10 per case), patient copayments
(approximately SUS 3-8 per visit), and laboratory and radiology
fees, which are lower than those of other countries. However,
asthma care still imposes a large economic burden on patients’
family in Taiwan. In another study, Sun and Lue [22] evaluated
95,110 patient aged 18-55 years who were enrolled in the NHIRD
in the same year of 2002, have also found the mean costs of
hospitalization for patients with asthma were 2.7-fold higher

Use of health-care services
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Fig. 1. Health care utilization and medical costs by asthmatic and non-
asthmatic children (data modified from Sun et al. [18]). ‘p < 0.05 (paired
Student's t test), as compared to the non-asthmatic children.
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than those of patients without asthma, and almost one-half of all
asthma-related costs were attributable to hospitalization.

Prescription patterns and appropriateness of anti-
asthmatic medications for children among physicians
with different disciplines

Although in 1998, a learning program for physicians named the
Global Initiative for Asthma (GINA) program was begun in an effort
to raise awareness among health care workers and the general
public about the increasing rates of asthma and the need for
standardized asthma care [23], there was no consensus in defining
optimal medical care for asthma emerges from the knowledge,
attitudes, beliefs, and actual practice patterns of medical care
specialists in the year 2002 (The diagnosis and treatment guideline
of childhood asthma in Taiwan was published in 2008). According
to GINA guidelines, several drugs are recommended either alone
or in combination to treat asthma, including 2-agonists (oral
or inhaled form), corticosteroids (oral or inhaled form), xanthine
derivatives, and leukotriene receptor antagonists. Due to cultural
differences, an inefficient and poorly functioning referral system,
and comparatively convenient access to health care provided by
the NHI program in Taiwan, asthma care in children is provided
by a wider array of medical practitioners, including general
pediatricians, family physicians and other physicians, such as those
specializing in internal medicine. Sun et al. [24] have used the
NHIRD in the year 2002 to evaluate the differences in the quality
of care and care preferences for asthmatic children provided
by pediatricians, family physicians and other practitioners. Data
for a total of 225,537 anti-asthma prescriptions were collected
from the NHRI Database from January 1, 2002 to March 31, 2002.
Medications included inhaled and oral adrenergics, inhaled and
oral corticosteroids, xanthine derivatives, and leukotriene receptor
antagonists prescribed by general pediatricians, family physicians
and physicians in other disciplines. Oral 32-agonist was the most
commonly prescribed drug used as monotherapy by pediatricians
(70.4%), family physicians (46.9%) and other physicians (50.8%),
respectively. The prescription rate for inhaled corticosteroid (ICS)
monotherapy was surprising low, for 7.8% by pediatricians, 5.6%
by family physicians, and 8.0% by other physicians. In contrast,
the prescription rate for inhaled adrenergic (short acting 32-
agonist) was the highest in family physicians (14.9%), followed by
the other physicians (7.2%), and was lowest in pediatricians (3.1%).
Lozano et al found that the most common asthma medication
regimens used by children with asthma in the USA were oral 32-
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agonist (15.4%), f2-agonist plus theophylline (10.4%), theophylline
(6.1%) and B2-agonist plus corticosteroid (2.7%) [25]. Thus, oral
2-agonist, theophylline and oral corticosteroid are the most
commonly prescribed drugs in both Taiwan and abroad. GINA
guidelines emphasize the use of inhaled anti-inflammatory agents,
particularly corticosteroid. In Sun’s study [24], family physicians
demonstrated the lowest prescription rate of inhaled corticosteroid
(5.6%). This rate is lower than in studies from other countries. In
contrast, oral forms of therapy are easier for patients to use and
do not require physicians to spend additional time as would
be required to demonstrate how to use inhaled preparations.
This convenience may be one of the factors responsible for the
high rate of prescription of oral 32-agonists. Another important
issue is that, in Taiwan, many parents are concerned about the
side effects of inhaled corticosteroids that are to be used as
controller medications for at least 3 months. Such concerns may
affect a physician’s intention to prescribe inhaled corticosteroid.
In addition, the quality of the interaction between physicians,
parents and children affects treatment efficiency. Therefore, the
discrepancy between the ideal of asthma controls recommended
by GINA guideline and the reality in the prescription and practice
of physicians for childhood asthma was huge in 2002.

Appropriate use of combination therapy (inhaled
corticosteroid plus long acting beta 2 adrenergic
agonist) in asthma children

According to National Institutes of Health and GINA guidelines,
the preferred long-term control medications for persistent asthma
are ICSs. Addition of a long acting beta 2-adrenergic agonist
(LABA) to an ICS is the preferred treatment option for patients with
moderate or severe persistent asthma not adequately controlled
on previous medications, with high impairment, or at high risk for
an asthma exacerbation. Results from retrospective claims-based
studies in the U.S. and Canada showed that less than 40% of
patients started on ICS/LABA therapy had evidence of previous ICS
use, in other words, ICS/LABA combination therapy was not used
in accordance with guidelines in more than 60% of patients [26,
271. Sun’s study [24] found that combined treatment using both
ICS and LABA was prescribed at <1% of outpatient visits in all three
physician groups. This may be due to the lack of familiarity with
newer treatment concepts or underestimation of asthma severity
in pediatric patients. But the information about the appropriate
use with ICS/LABA is unavailable in Taiwan. From our unpublished
study that investigate sample population included pediatric
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patients (<18 year-old, n = 6,500) who initiated fluticasone/
salmeterol or budesonide/formoterol combination therapy in the
Data from 2007 NHIRD (January 1, 2006, to December 31, 2007).
Use was considered appropriate if patients met any of the criteria
during a 1-year period before ICS/LABA initiation, i.e. according
to GINA guideline with previous ICS used; or according to clinical
needs, such as previous SABA used (>once per day), > 1 pharmacy
claim for oral corticosteroid used for asthma attack, ER visit due to
asthma (oral corticosteroid used), and admission due to asthma.
Factors associated with appropriate initiation of ICS/LABA therapy
were also assessed. The results showed that ICS/LABA combination
therapies are being prescribed appropriately in 62.39% of study
population, and 37.61% of patients started on ICS/LABA therapy
had no evidence of previous ICS use and moderate to severe
asthma. With respect to the appropriate group, “>1 pharmacy
claim for oral steroids (OCs)" (55.4%), c>1 pharmacy claim for OCs
with asthmal and ICS (17.9%) are the most frequent indicators,
respectively. As for the inappropriate group, sustained-release
theopylline and leukotriene receptor antagonist were the most
frequent monotherapy. Results from our study revealed that ICS/
LABA therapy was prescribed earlier, and only 60% of ICS/LABA
prescribing was consistent with GINA or NAEPP asthma guidelines.

Healthcare quality improvement program (HQIP) for
patients with asthma

According to the Department of Health, Republic of China
executives, the pharmaceutics cost related to asthma was
estimated at 673 million NT dollars in 1994, and increased by 84%
up to 1,224 million NT dollars in 1998. These results conclusively
demonstrated that asthma control in Taiwan fell markedly
short of goals specified in the GINA guideline, as evidences
showed above. In response to the increasing cost, increasing
prevalence rates and comparatively higher mortality of asthma,
the Bureau of National Health Insurance (BNHI) in Taiwan [14]
initiated a HQIP for patients with asthma in November 2001. The
primary objectives of the HQIP were to (i) improve patients’ self-
management practices; (i) improve clinical outcomes and quality
of care; (jii) reduce treatment cost related to asthma; (iv) increase
patient and physician satisfaction with continuity of care; and
(v) promote adherence to practice guidelines and appropriate
therapeutic recommendations to providers. The HQIP was a 1-
year package of interventions, financed with a fixed percentage of
the insurance premium [28]. If complication rates were lowered by
the program, the lower use and associated saving could result in
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extra reimbursement from the BNHI to the health care providers.
Features of the program were registry development, adherence to
guidelines, patient education and nursing care management (Fig.
2). For patients with asthma, health care providers had to complete
a 6-h BNHI-sponsored asthma skills training session to be certified
and to begin to recruit patients. In providing holistic care for the
patients with asthma, the asthma nurse played the role of case
manager, leading patients and coordinating collective care for
patients. The primary care physician retained accountability for
making the initial diagnosis and ensuring overall continuity of care.
The program was implemented in the following phases: (i) patient
identification and registry process; (i) care manager intervention;
and (jii) regular follow-ups, as shown in Fig. 2.

After one year of implementation, the preliminary report on the
impact of this government sponsored outpatient-based diseases
management for people with asthma on the economic outcome,
the physician’s and the patient’s satisfaction was reported by
Weng' s study [28, 29]. The specific objectives of the study were
to analyze and compare medical resource utilization associated
with asthma treatment before and after a 1-year implementation
of the HQIP in pediatric patients with asthma, and to investigate
the children’s and their parents’ satisfaction with the care provided
by HQIP. There were 854 patients completed 1-year follow-up
program and responded to questionnaire (27.7%). Although the
total mean costs (26.5%) and outpatient costs (26.1%) increased,
the mean emergency department (ED) visits and hospitalization
rates were significantly reduced by 34.4% and 51.74%, respectively,

Healthcare quality improvement program (HQIP) for

patients with asthma

‘[ Patients education }

Patient registration
and development

HQIP for
asthma

Nursing care Adherence to

management guidelines

Fig. 2. The notion of government-sponsored disease management
program for asthmatic patients in the Taiwan National Health Insurance.
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compared to the previous year. These findings would be
expected if outcome-based disease management were effectively
promoting clinically indicated outpatient interventions, thereby
avoiding complications that resulted in inpatient admissions and
ED utilization as well as higher costs. A majority of physicians (70-
85%) had positive opinions toward the HQIP. More than 80% of the
patients showed positive feedback to the HQIP. The majority of the
patients substantially adhered to physicians’ suggestions, and had
more accurate knowledge and better self-care skills concerning
asthma. These results have significance for the design of future
programs aimed at improving the care of patients with asthma in
NHI, Taiwan.

CONCLUSION

The burden of asthma, particularly in children, have been
greater more than ever to patients and their families as well
as to governments and health-care systems despite efforts
advocated by GINA for total asthma controls. Using Taiwan
NHIRD, the population-based prospective studies showed the
costs and health care utilization, the prescription patterns of anti-
asthmatic medications among physician in different discipline,
the appropriateness of combinational therapy of ICS and LABA for
moderate to severe childhood asthma were far from satisfaction.
Therefore, in the real-world situation, asthmatic patients as well
as medical professions who take care of asthmatic children still
have much space for their symptoms controls and knowledge
improvement to reduce the burden of asthma. From the
experience of care and management of childhood asthma in
Taiwan, it may reveal same problems of childhood asthma care in
the similar cultural and ecological environments of Asian pacific
countries, and suggest government-sponsored program may also
have significant impact aimed at improving the care of patients
with asthma.
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