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Rationale: COPD has attracted widespread attention worldwide. The prevalence of COPD in
Taiwan has been reported, but little is known about trends in health care resource utilization
and pharmacologic management in COPD treatment.

Obijective: The objective of this article was to study trends in health care resource utilization,
pharmacologic management, and medical costs of COPD treatment in Taiwan.

Materials and methods: Reimbursement claims in the Taiwan National Health Insurance
System from 2004 to 2010 were collected. The disease burden of COPD, including health care
resource utilization and medical costs, was evaluated.

Results: The pharmacy cost of COPD increased from 2004 to 2010 due to the increased
utilization of long-acting muscarinic antagonist (LAMA) and fixed-dose combination of
long-acting 2-agonist and inhaled corticosteroid (LABA/ICS), whereas the cost of all other
COPD-related medications decreased. The average outpatient department (OPD) cost per
patient increased 29.3% from 1,070 USD in 2004 to 1,383 USD in 2010. The highest average
total medical cost per patient was 3,434 USD in 2005, and it decreased 12.4% to 3,008 USD in
2010. There was no significant difference in the average number of OPD visits and emergency
department visits per patient. The highest average number of hospital admissions was 0.81 in
2005, and it decreased to 0.65 in 2010. The average number of intensive care unit (ICU) admis-
sions decreased from 0.52 in 2005 to 0.31 in 2010.

Conclusion: From 2004 to 2010, the average total medical cost per patient of COPD was
slightly decreased because of the decreased average number of hospital admissions and ICU
admissions. The costs of both LAMA and LABA/ICS increased, while the cost for all other
COPD-related medications decreased. These findings suggest that the increased utilization of
LAMA and LABA/ICS may have contributed to the decreased average number of hospital
admissions and ICU admissions in COPD patients from 2004 to 2010.

Keywords: COPD, health care resource utilization, pharmacologic management

Introduction

COPD has attracted widespread attention because of its increasing prevalence,
mortality rate, and economic burden worldwide.!? Patients with COPD have more
health care resource utilization than those without COPD because of the existence
of comorbidities and repeated acute exacerbation.>* Hospitalization due to acute
exacerbation of COPD (AECOPD) is the major contributor to the medical cost in
COPD patients.” Recent advances in the pharmacologic and non-pharmacologic
management of COPD have been shown to reduce the exacerbation rate in COPD
patients.® These findings suggest that health care resource utilization and medical
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costs of COPD might be affected by the pharmacologic
management provided to patients.

A previous study that used a population-based ques-
tionnaire survey has reported a COPD prevalence rate of
6.1% among adults who were 40 years or older in Taiwan.'
The frequency of exacerbation and unplanned health care
utilization and the delivery format of the prescribed medi-
cation have also been reported.!' However, detailed health
care resource utilization, pharmacologic management, and
medical costs of the COPD patients were not reported.
The National Health Insurance System covers >99% of the
population in Taiwan. The aim of this study is to use the
Taiwan National Health Insurance Research Database
(NHIRD) to investigate trends in health care resource uti-
lization, pharmacologic management, and medical costs of
COPD treatment in Taiwan from 2004 to 2010.

Materials and methods

Data source

This study was approved by the Chang Gung Medical
Foundation Institutional Review Board (IRB approval
number: 101-0990B). Reimbursement claims in the NHIRD
from 2004 to 2010 were collected for this study. The NHIRD
was released by the Bureau of National Health Insurance in
the electronic form. This database contains the registration
files and the original claims data for reimbursement, includ-
ing details of claims of hospitalization orders, outpatient
department (OPD) visits, and emergency department (ED)
visits. The International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) was used
as the coding system for the diagnosis of diseases in the
NHIRD. Various datasets were extracted from the NHIRD
for research purposes. In this study, the Longitudinal Health
Insurance Database (LHID) of all the national health insur-
ance (NHI) enrollees was used for analysis. The data in the
LHID included information on patient characteristics such
as gender, date of birth, date of admission and discharge, and
date of outpatient visit. All the LHID data used in this study
were anonymous and did not contain any identifiable personal
information. In addition, this database also included detailed
information on all claims for health insurance reimbursement
such as prescribed medications, dosage, duration, orders for
health examinations, and all medical costs. The longitudinal
design was applied in this study to investigate the health care
resource utilization of COPD in Taiwan.

Patient selection and data collection
To identify patients with COPD, all NHI enrollees who were
40 years or older and had a diagnosis of COPD (ICD-9-CM

codes 491, 492, and 496) in at least two outpatient (OPD)
visits or one hospitalization were screened.'>!® The index
date was defined as the date of first medical visit with the
ICD-9 CM code for COPD. Those screened patients who
had received short-acting muscarinic antagonist (SAMA),
long-acting muscarinic antagonist (LAMA), short-acting
[2-agonist (SABA), long-acting 32-agonist (LABA), inhaled
corticosteroid (ICS), fixed-dose combination of LABA
and ICS, or xanthines after the index date were enrolled in
this study.

Patient characteristics, diagnosis details, and dose and
duration of prescribed medications after the index date in
all enrolled patients were collected for analysis. To evalu-
ate the comorbidities and the disease severity, the Charlson
Comorbidity Index (CCI) of enrolled COPD patients was
calculated as previously described.'* Weights of CCI were
referred to the work of Charlson et al,'* and definition based
on the ICD-9-CM code system of the comorbid conditions
was given by the work of Deyo et al.'’ The comorbid condi-
tions were defined as conditions diagnosed using ICD-9-CM
codes for at least two outpatient visits or one hospitalization.
The pharmacy and non-pharmacy costs of OPD visits, ED
visits, and hospitalizations were recorded and defined as
total medical costs. The numbers of all-cause OPD visits,
ED visits, and hospitalizations after the index date were
recorded each year. Intensive care unit (ICU) admission was
defined as hospitalization with claims of reimbursement of
ICU cost.

Statistical analysis

Descriptive analysis was applied in the study. Continuous
variables are presented as values of mean * standard devia-
tion, and categorical variables are expressed as percentages.
Analysis of variance (ANOVA) and the ) test were used to
analyze continuous and categorical variables, respectively.
P-values <0.05 were considered as statistically significant.

Results

Patient characteristics

From 2004 to 2010, there were 385,453 patients who were
40 years or older and had a diagnosis code of COPD in at least
two OPD visits or one hospitalization. Among these patients,
351,375 patients received SAMA, LAMA, SABA, LABA,
ICS, fixed-dose combination of long-acting [32-agonist and
inhaled corticosteroid (LABA/ICS), or xanthines after the
index date and were enrolled in this study. The number,
average age, and gender of the enrolled patients for each
year are shown in Table 1. The number of enrolled COPD
patients in 2004 was 93,314, which accounted for 1.02% of
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Table | Number and characteristics of enrolled COPD patients in each year

2004 2005 2006 2007 2008 2009 2010 P-value

Patient number 93,314 159,592 197,137 227,688 249,023 265,338 276,499
Average age, years 71.59+10.57 70.64+11.53 70.42+11.82 70.33+12.01 70.32+12.14 70.30+12.24 70.34+12.28 <0.001
Gender, %

Male 76.6 73.1 72.1 724 70.9 70.3 69.8 <0.001

Female 234 26.9 27.9 27.6 29.1 29.7 30.2
Number of newly enrolled patients 93,314 69,053 48,767 44,757 37,995 34,252 29,928
CClI of newly enrolled patients 1.9£1.41 2.39+1.82 2.4+1.82 2.41+1.85 2.4+1.84 2.4+1.85 2.44+1.9 <0.001

Note: Values indicate number of enrolled COPD patients or newly enrolled patients in each year, percentage of male or female gender, and mean =+ standard deviation of

average age or score unit of CCl.
Abbreviation: CCl, Charlson Comorbidity Index.

the total population who were 40 years or older. The number
of patients was then gradually increased to 276,499 in 2010
and accounted for 2.6% of the total population who were
40 years or older. However, this number might not represent
the prevalence of COPD in Taiwan. Because only the first
three diagnosis codes in the OPD visit and the first five
diagnosis codes in the hospitalization were recorded in the
NHIRD, it is possible that the prevalence of COPD might
be underestimated by analysis using NHIRD. The number of
newly enrolled patients for each year was also listed. The CCI
of the newly enrolled patients for each year increased from
1.9 in 2004 to 2.39 in 2005. There was no significant differ-
ence in CCI from 2005 to 2010.

Trends in costs of pharmacologic
management of COPD

The annual pharmacy cost for SAMA and/or SABA was
highest in 2006; it decreased in the following 4 years. The
costs for LABA/ICS and LAMA increased from 2004 to 2010
(Figure 1A). The cost for LABA was low in 2004, and this
cost decreased further during the study period. There was

Cost (USD, million) >
® °©

2004 2005 2006 2007 2008 2009 2010

® LABA/ICS O LAMA [J SAMA and/or SABA

Figure | Descriptive analysis of the utilization of COPD medication.

a slight decrease in the cost for ICS from 2005 to 2010.
The cost for xanthines was highest in 2006; it decreased in
the following 4 years (Figure 1B).

Trends in the medical costs for COPD

The total medical costs consisted of both the pharmacy and
non-pharmacy costs for all-cause OPD visits, ED visits,
hospitalizations, and ICU admissions. The average OPD
cost per patient increased 29.3% from 1,070 USD in 2004
to 1,383 USD in 2010, while the average hospitalization cost
per patient decreased 25% from 2,011 USD in 2004 to 1,508
USD in 2010 (Figure 2). There was a slight increase in the
average ED cost per patient from 79 USD in 2004 to 117 USD
in 2010. The highest average total medical cost per patient
was 3,434 USD in 2005, and it gradually decreased 12.4%
in the following 5 years to 3,008 USD in 2010.

Trends in the health care resource

utilization in COPD patients
Although the average number of OPD visits per patient
increased from 26.3 in 2004 to 28.6 in 2005, there was no

N w »

Cost (USD, million) @

— . o s

2004 2005 2006 2007 2008 2009 2010

[ Xanthines @ ICS O LABA

Notes: (A) The annual cost for LAMA, LABA/ICS, SAMA, and/or SABA from 2004 to 2010. (B) The annual cost for ICS, LABA, and xanthines from 2004 to 2010.
Abbreviations: LAMA, long-acting muscarinic antagonist; LABA/ICS, fixed-dose combination of long-acting B2-agonist and inhaled corticosteroid; SAMA, short-acting
muscarinic antagonist; SABA, short-acting B2-agonist; ICS, inhaled corticosteroid; LABA, long-acting $2-agonist.
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Figure 2 Descriptive analysis of the average cost per COPD patient.

Note: The average total medical cost, OPD cost, ED cost, and hospitalization cost
per patient from 2004 to 2010.

Abbreviations: OPD, outpatient department; ED, emergency department.

significant difference from 2005 to 2010 (Figure 3). The
same trend was also found in the average number of ED
visits per patient, which increased from 0.85 in 2004 to
0.95 in 2005; however, there was no significant difference
in the average number of ED visits per patient from 2005 to
2010. The highest average number of hospital admissions
of these enrolled COPD patients was 0.81 in 2005, and it
decreased to 0.65 in 2010. In addition, the average number
of ICU admissions also decreased from 0.52 in 2005 to
0.31in 2010.

Discussion
In this study, we found that the costs for LABA/ICS and
LAMA increased from 2004 to 2010 and the costs for all
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Figure 3 Descriptive analysis of the health care resource utilization of COPD in
Taiwan.

Note: The average number of OPD visits, ED visits, hospital admissions, and ICU
admissions per patient from 2004 to 2010.

Abbreviations: OPD, outpatient department; ED, emergency department; ICU,
intensive care unit.

other COPD-related medications decreased. Although the
average OPD cost per patient increased, the average total
medical cost per patient decreased due to the decreased
average hospitalization cost. Both the average number of
hospital admissions and ICU admissions were decreased,
whereas there were no significant differences in the average
OPD visits or ED visits.

The average medical cost per patient decreased from
2004 to 2010 in this study, and this decrease was due to the
decreased average hospitalization cost per patient. In addition,
the decrease in the average hospitalization cost per patient
was mainly due to the decrease in the number of hospital
admissions and ICU admissions. AECOPD-related hospi-
talization has been found to be the major contributor to the
total medical cost in COPD patients.’ The reported trends in
AECOPD-related hospitalization vary in different countries
and study periods. The incidence of AECOPD-related hos-
pitalization in the general population increased in France
between 1998 and 2007 and in Australia between 1993
and 2003.'%'” However, the incidence of AECOPD-related
hospitalization in the general population decreased in Spain
between 2006 and 2010, in the US between 1999 and 2011,
and in Puglia between 2005 and 2007.'*2° The incidence of
hospitalization for COPD can be significantly affected by the
prevalence of COPD and the regional health care policies.?!
In the aforementioned study in the US, both the prevalence
of COPD and the incidence of COPD-related hospitalization
decreased."” Another study using claims data of Medicare
beneficiaries in the US has also shown a substantial decrease
in the all-cause and respiratory-related hospitalization rate in
COPD patients from 1999 to 2008.2* Using the claims data
of the Taiwan NHIRD in this study, we found that both the
average number of all-cause hospital admissions and ICU
admissions in COPD patients decreased from 2005 to 2010
in Taiwan.

In a previous study, LAMA has been shown to reduce
hospitalizations, hospital stay, and average hospitalization
cost in COPD patients.?* However, the acquisition cost of
LAMA was not considered in that study. Utilization of
LABA/ICS had been shown to reduce the exacerbation rate
in COPD patients.”** However, the impact of the utilization
of LABA/ICS on the medical cost remains uncertain. Adding
formoterol/budesonide to tiotropium has been shown to
increase the short-term total direct cost for COPD patients
but reduce the indirect and total costs.”> However, utiliza-
tion of salmeterol/fluticasone propionate has been shown to
reduce the COPD-related total medical cost within 1 year
after patients’ discharge from a hospitalization or ED visit.?
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Both LABA/ICS and LAMA were approved for the treatment
of COPD in Taiwan in 2003. In this study, we found that
the costs for LABA/ICS and LAMA increased, whereas the
costs for all other COPD-related medications decreased.
Although the average OPD cost per patient increased slightly,
the average total medical cost per patient decreased due to
the decreased average number of hospital admissions and
ICU admissions. These findings suggest that the utilization
of LABA/ICS and LAMA might contribute to the decreased
number of hospital admissions and ICU admissions observed
in this study.

There are limitations in this study. First, the indirect cost
of COPD was not recorded in the NHIRD. The indirect cost
has been found to account for a substantial socioeconomic
burden in the working population with COPD.?”?® The lack
of this information in the NHIRD has prevented the investi-
gation of the impact of indirect costs on the socioeconomic
burden. Second, spirometry results were not recorded in the
NHIRD. In addition, the results of the average medical cost
and health care resource utilization were raw and unadjusted
numbers. Risk adjustment and a control cohort were not con-
sidered for evaluating the medical costs, pharmacy costs, and
health care resource utilization metrics. The degree of airflow
limitation has been shown to correlate with the mortality of
COPD patients.” However, the degree of airflow limitation
may not be the only predictor for the prognosis of COPD
patients.* In this study, there was no significant difference
in the average CCI of the newly enrolled patients from 2005
to 2010. The existence of comorbidities has been found to
be significantly correlated with respiratory impairment, risk
of acute exacerbation, and health care resource utilization
of COPD.*'*3 In addition, the CCI has been shown to be a
predictor of mortality and hospital readmissions in AECOPD-
related hospitalization.’** These findings suggest that the
CCI may be used as an indirect indicator of disease severity
and predictor of health care resource utilization of COPD.
Third, the mortality rate of COPD patients with frequent
hospitalizations is higher than that of patients without fre-
quent hospitalizations, and patients with frequent hospital-
izations were more likely to die during the study period.*¢8
The deaths of COPD patients with frequent hospitalizations
during the study period might also have contributed to the
decrease in the average hospitalization rate and ICU admis-
sion rate from 2004 to 2010. However, previous studies also
showed that even under effective treatment, the pulmonary
function of COPD patients still decreased over time.®” This
finding suggested that for patients who did not die during
the study period, the disease severity might be increased.

In addition, we performed descriptive analysis to investigate
the trends in pharmacologic management and health care
resource utilization of COPD from 2004 to 2010 in Taiwan.
The medical cost inflation during the study period might
contribute to the change in the average medical cost of
enrolled COPD patients. On the other hand, the medical
cost inflation had no effect on the decrease in the average
number of hospital admissions and ICU admissions observed
in this study.

Conclusion

In this study, we observed a slight decrease in the average
total medical cost per patient of COPD in Taiwan from 2004
to 2010. This decrease in the average total medical cost was
mainly due to the decrease in the average number of hospital
admissions and ICU admissions in COPD patients. At the
same time, the pharmacy cost for both LAMA and LABA/
ICS increased and the cost for all other COPD-related medi-
cations decreased. These findings suggest that the increased
utilization of LAMA and LABA/ICS may have contributed
to the decreased average number of hospital admissions and
ICU admissions in COPD patients from 2004 to 2010.
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