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Original Article
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Background: Little clinical information on high grade tuberculosis destroyed lung (TDL) is available. The 
aim of this study was to investigate the characteristics and healthcare utilization of high grade TDL patients, 
and compared the differences between acute exacerbation and healthcare burden according to inhaler 
compliance. 
Methods: This was an observational retrospective cohort study using the Korean Health Insurance Review 
and Assessment (HIRA) service database (2011–2015). Patients diagnosed with high grade TDL in 2011 
were enrolled and reviewed for 5 years. The patients were further divided into adherent and non-adherent 
groups. Their socioeconomic outcomes according to treatment adherence in 2012 were analyzed.
Results: Among the 13,346 patients diagnosed with high grade TDL, 3,637 were assigned to the 
adherent group and 9,709 to the non-adherent group. Overall, 65.91% of the enrolled patients were male 
and the mean age of the study population was 64.68±10.06 years. All patients visited a tertiary hospital, 
but 99.04% and 69.74% also visited primary and secondary hospitals, respectively. The mean number of 
hospital admissions per year was 1.38±2.03 times per patient. The average total annual per-patient cost was 
US$4,140.95±3,715.01 and each patient spent a total of 56.21±45.28 days per year using hospital services. 
The majority of the patients in the adherent group were male (80.09% vs. 60.60%, P<0.01), and were of 
older age (65.71±9.35 vs. 64.29±10.28, P<0.01) than the non-adherent group. The frequencies of visiting a 
tertiary hospital (96.87 vs. 90.12%, P<0.01), the total mean healthcare utilization costs (US$4,151.77±4,084.76 
vs. US$3,592.54±4,229.93, P<0.01), and the frequencies of exacerbations (0.72±2.03 vs. 0.46±1.51, P<0.01) 
were higher in the adherent group. However, healthcare services were used on significantly fewer days in the 
adherent group (52.96±50.87 vs. 56.67±50.81, P<0.01).
Conclusions: High grade TDL imposes a high socioeconomic burden in Korea. Estimated medical costs 
and exacerbation event rate were higher in the adherent group whereas number of days of healthcare usage 
was significantly lower.
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Introduction

The worldwide incidence of tuberculosis (TB) in 2016 
was 10.4 million and the number of deaths from TB in 
that same year was 1.7 million, according to the WHO 
Global Tuberculosis Report 2017 (1). Tuberculosis 
destroyed lung (TDL), in which the lung parenchyma 
is extensively damaged, is one of the most devastating 
sequelae of TB. The destructive effect of TB on the lung 
causes bronchiectasis and airway flow limitations, and thus 
progressive lung function decline, frequent exacerbations, 
respiratory failure and pulmonary disabilities (2-6). Several 
studies have shown that TDL is one of the most important 
risk factors for chronic obstructive lung disease (COPD) 
(2,7-15). Given the clinical similarities between TDL and 
COPD, the symptoms of both are commonly treated with 
various types of bronchodilators. The few studies that have 
specifically addressed the effect of inhaled bronchodilators 
on TDL noted significantly improved treatment outcomes 
with inhaled tiotropium and indacaterol (16,17).

No formal treatment guidelines for TDL because little is 
known about its clinical characteristics or burden in affected 
patients. Evaluations of treatment efficacy based on clinical 
and socioeconomic factors are also lacking. There are 
also no standard disease classification criteria that take the 
severity of TDL into account. Although it may be difficult 
to identify the severity with claim data because there is no 
pulmonary function data, our previous study defined severe 
patient as ‘high grade’ by using history of exacerbation and 
drug use (18). We intended to evaluate the burden of severe 
TDL patient by using the high-grade definition developed 
previously (18).

Korea has a unique medical insurance system, managed 
and supervised by the Korean government, called the 
Korean National Health Insurance (KNHI) system. All 
Koreans are compulsorily registered within the KNHI, 
and all healthcare utilization and essential medical data 
are managed by the Korean Health Insurance Review and 
Assessment (HIRA) service. The epidemiological data of the 
KNHI system can therefore be used to conduct nationwide 
studies.

This observational retrospective cohort study was 
performed using the HIRA database, specifically, data 
pertaining to the subset of patients with high grade TDL. 
This group of patients was expected to have higher medical 
service utilization costs than patients with other diseases. 
Within the group of patients with high grade TDL, 
differences in treatment adherence were expected. The aim 

of this study was to investigate the characteristics, drug use, 
and health care utilization of high grade TDL patients, and 
compare the differences between acute exacerbation, health 
care utilization and cost according to inhaler compliance.

Methods

Study population and design

Basic database
 The HIRA claims dataset and diagnostic criteria of the 
International Codes of Disease, 10th edition, Clinical 
Modification (ICD-10-CM), were used in this study. The 
HIRA database, which contains official healthcare service 
information for nationwide population, was searched to 
identify patients diagnosed with TDL (ICD code B90 or 
J984) between January 1, 2011 and December 31, 2011. 
Patients who had both ICD codes as the primary diagnosis, 
or as the second to fifth sub-diagnosis and were older than 
40 years of age were included in the study. Data on patient 
age, sex, insurance type, comorbidities, drug prescriptions 
(drug name and rate of prescription), billing codes and 
health care utilization status were extracted from the 
database. Information on drug prescriptions and healthcare 
visits was based on 5-year (2011–2015) claims data and 
was retrospectively analyzed. Medical costs and days of 
healthcare utilization were analyzed separately according to 
use of outpatient and inpatient services and were counted 
only for services related to TDL. All costs were assessed 
in US dollars (US$), based on an exchange rate with 
the Korean Won (KRW) on September 5, 2018 of US$ 
1=1,117.60 KRW.

High grade TDL
Among the TDL patients enrolled in the database, those 
who fulfilled both of the following criteria were defined as 
have high grade TDL: (I) visited a tertiary hospital at least 
once between January 1, 2011 and December, 31, 2011 
and (II) prescribed one or more of the following during 
the stated period: (i) at least two packages each of both 
inhaled corticosteroid/long-acting β2 agonist combination 
inhalers (ICS/LABA) and long-acting muscarinic antagonist 
inhalers (LAMA); (ii) systemic steroids, i.e., intravenous 
corticosteroids (IVCS) and oral corticosteroids (OCS), at 
least twice, and at least two packages of LAMAs; (iii) both 
IVCSs and OCSs, at least twice, and at least two packages of 
ICS/LABAs. Patients with high grade TDL were evaluated 
for 5 years, between January 1, 2011 and December 31, 
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2015, to assess their disease burden.

Groups
 Patients defined as having high grade TDL based on claims 
data in 2011 were divided into two subgroups to compare 
outcomes according to treatment compliance during a 
1-year period (2012). The adherent group comprised 
patients prescribed (I) 10 or more packs of ICS/LABAs or 
(II) 10 or more packs of LAMAs during the stated period. 
The non-adherent group included all other patients with 
high grade TDL not included in the adherent group. For 
both groups, claims data in 2012 were available and allowed 
comparison of patient outcomes for the period between 
January 1, 2012 and December 31, 2012.

Disease exacerbation was defined as an unexpected or 
unscheduled visit to a hospital emergency department, or 
hospitalization due to worsening of respiratory symptoms. 
Patients with moderate exacerbations were those (I) with 
outpatient service billing codes that included ICD code 
B90 or J948 and (II) who were prescribed systemic steroids, 
including IVCSs and OCSs. Severe exacerbation described 
patients (I) whose inpatient service or emergency room (ER) 
billing codes included ICD code B90 or J948, and (II) who 
were prescribed systemic steroids.

Statistical analysis

All statistical analyses were performed using SAS software 
(ver. 9.2; SAS Institute, Inc., Cary, NC, USA). The results 
are expressed as means ± standard deviation for continuous 
variables and as proportions for categorical variables. 
Differences between groups were assessed using Student’s 
t-test for continuous variables and the χ2 test for categorical 
variables. Negative binomial regression was applied to 
analyze the effect of adherence on disease exacerbation, and 
multiple linear regression was used to identify the factors 
affecting medical costs and days of healthcare utilization. All 
tests were two sided, and a P value <0.05 indicated statistical 
significance.

Ethics statement

To protect their confidentiality, all patients were assigned 
and anonymous identification code in the HIRA database 
that prevented the authors from identifying them. The 
study was approved by the Institutional Review Board of 
Seoul St. Mary’s Hospital, which waived the requirement 
for informed consent. 

Results

Study population

Six hundred twenty thousand and six hundred sixty-nine 
patients diagnosed with TDL between January 1, 2011 and 
December 31, 2011. After excluding deceased patients and 
those who never visited a tertiary hospital, 13,346 patients 
diagnosed with TDL in 2011 fulfilled the criteria for high 
grade TDL and could be reviewed for 5 years (January 1, 
2011 to December 31, 2015) to analyze the burden of TDL. 
Among high grade TDL patients, 3,637 could be assigned 
to the adherent group and 9,709 to the non-adherent group. 
Both groups were reviewed during 2012.

Burden of high grade TDL

Baseline characteristics of patient with high grade TDL
 The baseline characteristics of the patients with high 
grade TDL in 2012 are shown in Table 1. Among the 
13,346 patients, 8,797 (65.91%) were male. The mean 
age was 64.68±10.06 years and most patients were in 
their 60s (35.87%). Primary hospitals being visited more 
frequently than secondary hospitals (99.04% vs. 69.74%). 
The most common, but not the only, comorbidities 
were gastroesophageal reflux disease (GERD, 87.07%), 
hyperlipidemia (77.07%) and hypertension (68.85%).

The baseline characteristics of the adherent and non-
adherent groups (2012) are also shown in Table 1. A higher 
percentage of patients were male in the adherent than 
in the non-adherent group (80.09% vs. 60.60%, P<0.01) 
and the mean age was higher (65.71±9.35 vs. 64.29±10.28, 
P<0.01). Patients in the adherent group were more likely 
than those in the non-adherent group to have utilized a 
tertiary hospital (96.87% vs. 90.12%, P<0.01) rather than a 
primary (91.34% vs. 95.06%, P<0.01) or secondary (31.95% 
vs. 40.88%, P<0.01) hospital.

 The five most prevalent comorbidities were the 
same in both groups; hypertension, diabetes mellitus, 
hyperlipidemia, GERD and osteoporosis. The difference 
in prevalence between the adherent and non-adherent 
groups was significant for hyperlipidemia (37.53% vs. 
43.14%, P<0.01), GERD (47.2% vs. 52.8%, P<0.01) and 
osteoporosis (16.52% vs. 20.98%, P<0.01).

Healthcare utilization
Table 2 shows the healthcare utilization frequency of 
patients with high grade TDL. Both the number of days 
of healthcare utilization during the study period and the 
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Table 1 Baseline characteristics of the patients with high grade TDL

Characteristic Total (%)a (n=13,346) Adherent group (%)b (n=3,637) Non-adherent group (%)b (n=9,709) P valuec

Male, n (%) 8,797 (65.91) 2,913 (80.09) 5,884 (60.60) <0.01

Age (years)d 64.64±10.06 65.71±9.35 64.29±10.28 <0.01

40–49 1,080 (8.09) 192 (5.27) 888 (9.15)

50–59 2,859 (21.42) 717 (19.71) 2,142 (22.06)

60–69 4,787 (35.87) 1,398 (38.44) 3,389 (34.91)

70–79 3,928 (29.43) 1,135 (31.21) 2,793 (28.77)

≥80 692 (5.19) 195 (5.36) 497 (5.12)

Insurance type, n (%)

Medical aid 3,034 (22.73) 968 (26.62) 2,066 (21.28) <0.01

Hospital type, n (%)

Primary 13,218 (99.04) 3,322 (91.34) 9,299 (95.06) <0.01

Secondary 9,307 (69.74) 1,162 (31.95) 3,969 (40.88) <0.01

Tertiary 13,346 (100) 3,523 (96.87) 8,750 (90.12) <0.01

Comorbidity, n (%)

Ischemic heart disease 2,950 (22.10) 318 (8.74) 848 (8.73) 0.98

Congestive heart failure 3,134 (23.48) 330 (9.07) 737 (7.59) 0.03

Hypertension 9,189 (68.85) 1,935 (53.20) 5,069 (52.21) 0.31

Diabetes mellitus 8,145 (61.03) 1,133 (31.15) 3,176 (32.71) 0.09

Hyperlipidemia 10,286 (77.07) 1,365 (37.53) 4,188 (43.14) <0.01

Gastroesophageal reflux disease 11,620 (87.07) 1,717 (47.21) 1,128 (52.82) <0.01

Osteoporosis 5,525 (41.40) 601 (16.52) 2,037 (20.98) <0.01

Depressive disorder 5,056 (37.88) 531 (14.60) 1,162 (16.81) 0.01

Arthritis 2,991 (22.41) 273 (7.51) 821 (8.46) 0.08

Pneumothorax 610 (4.57) 62 (1.70) 119 (1.23) 0.03

Anemia 785 (5.88) 41 (1.13) 177 (1.82) 0.01
a, the entire group of high grade TDL patients (2011–2015)); b, groups divided by treatment compliance (2012); c, for adherent group and 
non-adherent group; d, mean ± SD. TDL, tuberculosis destroyed lung; SD, standard deviation.

annual average frequency of utilization were determined 
for each patient. An ER visit or hospitalization on a general 
ward (GW) at least once was documented for 11,844 
(88.75%) patients, with an annual average of 1.38±2.03 
visits per patient. Intensive care unit (ICU) admission was 
required by 2,243 (16.81%) patients, with an annual average 
of 0.32±0.29 visits per patient.

Table 2 also shows the frequencies of the various 
examinations of TDL disease activity. Pulmonary function 
tests (PFTs, 95.14%) were the most frequently performed, 

followed by chest X-ray (67.56%) and chest computed 
tomography (CT, 8.51%). The annual per-patient frequency 
of PFT, chest X-ray and chest CT was 1.14±1.09, 0.88±1.0 
and 0.38±0.34, respectively.

The healthcare service utilization frequency did not 
differ significantly between the two groups (2012), nor 
did the percentage of patients who visited the ER or were 
hospitalized on a GW at least once (45.89% vs. 46.74%, 
P=0.38). The group difference in annual average per-patient 
frequency of ER visits or GW hospitalization was also no 
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Table 2 Healthcare utilization by patients with high grade TDL

TDL-related healthcare  
utilization

N (%) Utilization frequency d, mean ± SD

Totala 

(n=13,346)

Adherent  
groupb 

(n=3,637)

Non-adherent  
Groupb 

(n=9,709)
P valuec Total

Adherent 
groupb

Non-adherent 
Groupb P valuec

ER visit or GW hospitalization 11,844 (88.75) 1,699 (45.89) 4,538 (46.74) 0.38 1.38±2.03 1.16±2.24 1.23±2.3 0.11

ICU care 2,243 (16.81) 138 (3.79) 327 (3.37) 0.23 0.32±0.29 0.05±0.27 0.04±0.23 0.13

Performed studies

Chest X-ray 9,017 (67.56) 979 (26.92) 3,016 (31.16) <0.01 0.88±1.00 0.54±1.37 0.59±1.26 0.06

Chest computed tomography 1,136 (8.51) 74 (2.03) 177 (1.82) 0.42 0.38±0.34 0.03 ± 0.28 0.03±0.23 0.07

Pulmonary function test 12,698 (95.14) 2,438 (67.03) 4,943 (50.91) <0.01 1.14±1.09 1.24±1.56 0.91±1.35 <0.01

ER visit or GW hospitalization  
in 2011

– 1,843 (50.67) 5,166 (53.21) 0.01 – 1.42±2.44 1.44±2.31 0.61

a, the entire group of high grade TDL patients (2011–2015); b, groups divided by treatment compliance (2012); c, for adherent group and  
non-adherent group; d, annual frequency (number/year) per patient; TDL, tuberculosis destroyed lung; SD, standard deviation; ER,  
emergency room; GW, general ward; ICU, intensive care unit.

significant (1.16±2.24 vs. 1.23±2.30, P=0.11); this was also 
the case for ICU stay (3.79% vs. 3.37%, P=0.23; 0.05±0.27 
vs. 0.04±0.23, P=0.13).

In both groups, the most common test performed by 
patients at least once was PFT during the study period 
(67.03% vs.  50.91%, P<0.01). However, there was 
significant difference in the annual per-patient frequency 
of these tests only in the PFT (1.24±1.56 vs. 0.91±1.35, 
P<0.01).

Costs and days of use of high grade TDL related 
healthcare
Table 3 summarizes the costs and days of use of healthcare 
services related to high grade TDL (2011–2015). The 

annual average cost per patient was approximately 
US$1,046.14±1,1015.29  for  outpat ient  serv ices , 
US$1,210.52±786.72 for outpatient prescriptions and 
US$1,884 for inpatient services. The total average annual 
service cost per patient was US$4,140.95±3,715.01. The 
mean number of days per year on which outpatient and 
inpatient services were used per patient was 43.54±32.35 
and 12.66±30.12, respectively. The total number of days on 
which healthcare services was used annually per patient was 
56.21±45.28.

Table 3 also shows the costs and days of healthcare 
service utilization for both groups during the study 
period (2012). The total annual medical cost per patient 
was higher in the adherent than in the non-adherent 

Table 3 Costs and days of use of high grade TDL related healthcare

TDL-related 
healthcare  
utilization

Cost (US$)a, mean ± SD Days of serviceb, mean ± SD

Totalc Adherent groupd Non-adherent 
group d P valuee Total c

Adherent 
group d

Non-adherent 
group d P valuee

Outpatient service 1,046.1±1,015.29 1.081.40±1,359.46 978.33±1,067.84 <0.01 43.54±32.35 43.31±36.09 45.72±37.44 <0.01

Outpatient  
prescription

1,210.52±786.72 1,619.30±1,340.80 1,085.34±771.10 <0.01 – – – –

Inpatient service 1,884.29±3,248.46 1,451.06±3,403.81 1,528.66±3,813.21 0.26 12.66±30.12 9.65±33.53 10.94±32.64 0.05

Total 4,140.95±3,715.01 4,151.77±4,084.76 3,592.54±4,229.93 <0.01 56.21±45.28 52.96±50.87 56.67±50.81 <0.01
a, annual average cost (US$/year) per patient; b, annual average frequency (days/year) per patient; c, the entire group of high grade TDL 
patients (2011–2015); d, groups divided by treatment compliance (2012); e, for Adherent group and non-adherent group; TDL, tuberculosis 
destroyed lung; SD, standard deviation.
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group (US$4,151±4,084.76 vs. US$3,592.54±4,229.93, 
P<0.01), as was the annual personal cost for outpatient 
services and prescriptions (US$1,081.40±1,359.46 vs. 
US$978.33±1,067.84, P<0.01 and US$1,619.30±1,340.80 
vs. US$1,085.34±771.10, P<0.01). By contrast, the costs 
of inpatients service use were not significantly different 
(US$1,451.06±3,403.81 vs. US$1,528.66±3,813.21, P=0.26). 
The per-patient total number of days was lower in the 
adherent than in the non-adherent group (52.96±50.87 vs. 
56.67±50.81, P<0.01). This was the case for both outpatient 
and inpatient services (43.31±36.09 vs. 45.72±37.44, P<0.01 
and 9.65±33.53 vs. 10.94±32.64, P<0.05).

Frequencies and costs of respiratory medications 
prescribed for high grade TDL patients
Table 4 shows the frequencies and costs of the medications 
prescribed during the study period (2011–2015). The 
annual average cost per patient US$282.39±249.26 and 
the medications most commonly prescribed during the 

5-year study period were ICS/LABAs (91.11%) and 
methylxanthines (90.21%). ICS/LABAs were the most 
commonly used inhalers, followed by SABAs (78.24%), 
LAMAs (70.16%) and short-acting muscarinic antagonist 
inhalers (SAMAs, 51.24%). LABA/LAMA and SABA/SAMA 
combinations were used less frequently. The highest annual 
cost per person was for ICS/LABAs (US$200.86±168.02) 
and LAMAs (US$185.54±264.53).

The frequencies and costs of respiratory medications 
used by both groups during the study period are also 
summarized in Table 4 (2012). All patient in the adherent 
group used a respiratory medication (100%) compared to 
93.33% of the patients in the non-adherent group. Only 
systemic bronchodilators (including oral β2 agonists and 
patches) were used at similar rates by patients in both 
groups (43.08% vs. 44.32%, P=0.20); the usage patterns 
(frequencies) of all other medications differed significantly. 
LAMAs (100%) were the most commonly used inhalers 
in the adherent group, followed by ICS/LABAs (75.50%). 

Table 4 Frequencies and costs of respiratory medications prescribed for patients with high grade TDL

Respiratory  
medications

N (%) Cost (US$) d, mean ± SD

Total a

(n=13,346)
Adherent group b

(n=3,637)
Non-adherent 

group b (n=9,709)
P-value c Total a Adherent group b Non-adherent 

group b P value c

Any respiratory 
medication

13,346 (100) 3,637 (100) 9,061 (93.33) <0.01 282.39±249.26 532.36±905.76 244.20±186.42 <0.01

Systemic  
bronchodilator

10,474 (78.48) 1,567 (43.08) 4,303 (44.32) 0.20 10.88±25.88 17.72±41.43 10.44±30.25 <0.01

Methylxanthine 12,039 (90.21) 2,730 (75.06) 6,327 (65.17) <0.01 26.15±28.71 43.21 ± 38.86 23.03± 31.41 <0.01

ICS 6,123 (4588) 536 (14.74) 1,762 (18.15) <0.01 7.22±25.99 7.13±44.31 6.63±30.11 <0.01

ICS/LABA 12,160 (91.11) 2,746 (75.50) 6,805 (70.09) <0.01 200.86±168.02 308.96±249.49 189.96±193.61 <0.01

LABA 1,527 (11.44) 32 (0.88) 30 (0.31) <0.01 6.31±25.59 0.60±7.56 0.19±3.99 0.01

LAMA 9,363 (70.16) 3,637 (100) 3,617 (37.25) <0.01 185.54±264.53 492.07±905.85 89.28±145.67 <0.01

LABA/LAMA 603 (4.52) – – – 0.85±4.93 – – –

SAMA 6,838 (51.24) 735 (20.21) 1,719 (17.71) 0.01 4.20±17.28 4.30±24.92 3.21±16.05 0.01

SABA 10,442 (78.24) 1,614 (44.38) 3,997 (41.17) 0.01 8.44±22.47 11.19±33.65 7.62±22.75 <0.01

SAMA + SABA 158 (1.18) – 2 (0.02) - 0.05±0.67 – 0.002b±0.11 –

LTRA 9,771 (73.21) 1,349 (37.09) 4,749 (48.91) <0.01 69.20±99.68 74.96±139.87 73.83±120.51 0.67

PDE4 1,013 (7.59) – – – 4.69±24.02 – – –
a, the entire group of high grade TDL patients (2011–2015); b, groups divided by treatment compliance (2012); c, for adherent group and 
non-adherent group; d, annual average cost (US$/year) per patient. TDL, tuberculosis destroyed lung; SD, standard deviations; ICS, 
inhaled corticosteroid; ICS/LABA, inhaled corticosteroid/long-acting β2 agonist inhaler; LABA, long-acting β2 agonist inhaler; LAMA, 
long-acting muscarinic antagonist inhaler; SAMA, short-acting muscarinic antagonist inhaler; SABA, short-acting β2 agonist inhaler; LTRA, 
leukotriene receptor antagonist; PDE4, phosphodiesterase E4.
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Table 5 Frequencies of exacerbation in the patients in each group (2012)

TDL exacerbation
N (%) Exacerbation frequencya, mean ± SD

Adherent group Non-adherent group P value Adherent group Non-adherent group P value

Moderate 640 (17.6) 1,235 (12.7) <0.01 – – –

Severe 336 (9.2) 769 (7.9) 0.01 – – –

Moderate or severe 861 (23.7) 1,768 (18.2) <0.01 0.72±2.03 0.46±1.51 <0.01
a, annual average frequency (number/year) per patient; TDL, tuberculosis destroyed lung; SD, standard deviation.

In comparison, for the non-adherent group, ICS/LABAs 
(70.09%) were the most commonly used inhalers, and 
SABAs (41.17%) were in the second. In addition, inhaler 
use was more frequent in the adherent than in the non-
adherent group (all P<0.01). Regarding oral medications, 
methylxanthines were the most frequently used, especially 
by the adherent group (75.06% vs. 65.17%, P<0.01), 
whereas LTRAs were prescribed significantly more often in 
the non-adherent group (37.09% vs. 48.91%, P<0.01).

The annual average per-patient cost of medications in 
the adherent group was approximately US$532.36±905.76, 
mostly attributable to LAMAs (US$492.07±905.85 
per patient). The cost of ICS/LABAs during the study 
period was US$308.96±249.49 per patient. In the non-
adherent group, the annual average per-patient cost of 
medications was US$244.20±186.42, mostly accounted 
for by ICS/LABAs (US$189.96±193.61 per patient), 
followed by LAMAs (US$89.28±145.67 per patient). 
Among oral medications, LTRA costs were the highest in 
both the adherent (US$74.96±139.87) and non-adherent 
(US$73.83±120.51) groups. With the exception of LTRAs 
(P=0.67), all medications costs were higher in the adherent 
group than in the non-adherent group (all P<0.05).

Exacerbations of TDL in the two patient groups

Table 5 shows the frequencies of moderate and severe 
exacerbations in the two groups (2012). Patients in the 
adherent group tended to suffer from exacerbations more 

frequently than did patients in the non-adherent group, 
whether moderate (17.60% vs. 12.72%, P<0.01) or severe 
(9.24 vs. 7.92%, P=0.01). Both the number of patients who 
suffered from any type of exacerbation at least once and the 
annual average frequency of exacerbations were higher in 
the adherent group than in the non-adherent group (23.67% 
vs. 18.21% and 0.72±2.03 vs. 0.46±1.51, respectively; both 
P<0.01).

The difference in incidence of exacerbations was 
evaluated based of the incident rate ratio (IRR), as shown 
in Table 6. Adjustments were made for age, sex, number 
of ER visits or hospitalizations in the previous year (2011) 
and insurance type. In the adherent group, the crude IRR 
for exacerbations was 0.64 [95% confidence interval (CI): 
0.58–0.72, P<0.01] and the adjusted IRR was 0.64 (95% CI: 
0.57–0.71, P<0.01).

Factors affecting healthcare utilization

Multiple linear regression was performed to identify the 
factors affecting healthcare utilization (Table 7). Age, sex, 
adherence, number of ER visits or hospitalizations in the 
previous year (2011) and insurance type were found to have 
significantly affected medical costs in 2012. Regarding the 
number of days of healthcare utilization in 2012, all of the 
variables except sex (–1.30, P=0.13) had a significant impact. 
Non-adherence was negatively related to medical costs and 
positively related to the number of days on which healthcare 
services were used.

Table 6 Comparison of exacerbation incidence according to patient group (2012)

Exacerbation incidence IRR 95% CI P value

Crude IRRa 0.64 0.58, 0.72 <0.01

Adjusted IRRa,b 0.64 0.57, 0.71 <0.01
a, reference: adherent group; b, adjusted by age, sex, ER visit or hospitalization in previous year (2011, detailed in Table 6), insurance type. 
IRR, incidence rate ratio; CI, confidence interval; ER, emergency room.
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Discussion

The severity and socioeconomic burden of TDL have been 
expected to be high, however, there has been no extensive 
investigation. This study is the first to evaluate the clinical 
characteristics and burden of high grade TDL and to 
estimate the socioeconomic impact of compliance to inhaler. 
In particular, using HIRA database enabled nationwide 
research implementation.

Among the causes of death worldwide, respiratory 
diseases account for four of the top ten, with COPD 
ranking third and TB ranking tenth (19). Specifically, 
TDL and COPD share certain features and both impose 
a considerable health burden (20). TDL causes air flow 
obstruction (AFO) (2,5,13,21,22) and has features similar to 
COPD (23-25). The annual number of hospital admissions 
among patients with high grade TDL was 1.38±2.03 
(0.32±0.29 for ICU admissions). The most prevalent 
comorbidity was cardiovascular diseases, including IHD 
(22.10%), CHF (23.48%), and hypertension (68.85%). 
The number of admissions is comparable to COPD and 
prevalence of comorbidity is similar (18,26).

Medical costs of inpatient services accounted for 83.50% 
of outpatients. However, given the fewer medical utilization 
days of inpatient (22.52% of all days) versus outpatient 
service utilization, medical costs were largely associated 
with inpatient services, as also reported from a COPD 
cohort (18,19,27,28). Similar results were seen in intergroup 
(adherent vs. non-adherent group) comparisons. Overall 
costs were higher in the adherent than in the non-adherent 
group, which might simply due to high compliance. 
However, cost for inpatient were similar between two 
groups (35.95% vs. 42.55%).

Although there are no definitive treatment guidelines 
for TDL (2,16,17), we found many TDL patients were 
prescribed COPD medication. In particular, ICS/LABA 
(91.11%) was prescribed more frequently than oral drugs and 
was also the largest proportion in cost. This can be inferred 
from the fact that TDL and COPD cause similar AFOs as 
mentioned above (23-25). Rhee et al. showed that LAMA 
or ICS/LABA can increase FEV1 in TDL patients (2).  
Yum et al. showed the tiotropium had therapeutic effect 
on TDL patients (16). More recently, in the multi-center, 
double-blind clinical trial, indacaterol significantly increased 
FEV1 and improved dyspnea compared with placebo (17).

In a previous study, 76.8% (457/595) of TDL patients 
had AFO with an average of 0.4 exacerbations per year; 
this rate was similar to that of COPD patients (0.4±0.05 
vs. 0.32±0.03, P=0.06) (2). In our study, there were large 
differences in exacerbation frequency between the two 
groups. Patients in the adherent group tended to have 
more exacerbations per year (0.72±2.03 vs. 0.46±1.51, 
P<0.01). However, in real world study, compliance may 
reflect disease severity. Patients with less symptom with 
less exacerbation usually used inhaler less. Thus, the more 
frequent exacerbations seen in the adherent group in this 
study may be attributable to the patient selection criteria. 
We divided the high grade TDL population according 
to compliance based only on the ICD and billing codes 
entered into the HIRA system, but we could not determine 
disease severity. Nevertheless, even taking this shortcoming 
into consideration, there were fewer days of healthcare 
service utilization (both outpatient and inpatient) in the 
adherent group. Adherence also significantly reduced the 
number of days of healthcare service use, as shown in the in 
multiple linear regression analysis.

Table 7 Multiple linear regression analysis of factors affecting healthcare utilization (2012)

Variables

Medical cost (US$)a Days usedb

Unadjusted Adjusted Unadjusted Adjusted

β P value β P value β P-value β P value

Age (year) 46.61 <0.01 37.64 <0.01 0.824 <0.01 0.765 <0.01

Sex (male) 657.46 <0.01 274.87 <0.01 2.412 0.01 –1.302 0.13

Non-adherentc –559.23 <0.01 –394.93 <0.01 3.709 <0.01 5.206 <0.01

ER visit or GW hospitalization in 
previous year (2011)

696.04 <0.01 637.42 <0.01 8.668 <0.01 7.925 <0.01

Insurance type (medical aid) 2,042.80 <0.01 1,364.28 <0.01 23.221 <0.01 16.092 <0.01
a, cost (us$) per patient; b, per patient; c, reference: adherent group. ER, emergency room; GW, general ward.



4232 Han et al. Burden of high grade TDL

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(10):4224-4233 | http://dx.doi.org/10.21037/jtd.2019.09.63

Our study had several limitations. PFT and disease 
symptoms are among the most important factors affecting 
the outcomes of patients with chronic AFO. However, 
PFT or symptom data are not contained within the HIRA 
database. Consequently, our adjustment for disease severity 
may not have been sufficient and it is possible that patients 
with severe symptoms or poor PFT results were more likely 
to be included in the adherent group. Because the HIRA 
database is a claims database, it contains relatively few 
measurable variables relevant to healthcare burden; only 
age, sex, treatment compliance, insurance type and hospital 
visits in the previous year could be analyzed. Second, we 
only analyzed one-year outcome data. Third, we did not 
test the normality of the data.

Despite these limitations, this was the first nationwide 
study to evaluate high grade TDL and estimate the 
socioeconomic burden of the disease. Issues such as medical 
service utilization, costs and drug usage status were analyzed 
accurately using officially certified HIRA claims data. Our 
results provide evidence of the positive effect of adherence 
and inhaled bronchodilator use on certain outcomes, 
especially days of healthcare utilization, in patients with 
high grade TDL.

Conclusions

High grade TDL imposes a considerable socioeconomic 
burden. Patients who adhered to treatment regimens had 
higher medical costs than did not. More exacerbation 
occurred in adherence group. Nonetheless, adhrerence 
was significantly associated with less healthcare utilization. 
Efforts  to prevent hospital izat ion due to disease 
exacerbation or comorbidities and to delay the progression 
of TDL itself, are important and should be taken to 
alleviate the socioeconomic burden associated with high 
grade TDL. Prospective clinical trial for TDL patients is 
needed to evaluate the effect of inhaled bronchodilator.
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