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rates of healthcare use and medical costs of people with NTM infections in South Korea using

the National Health Insurance Service-National Sample Cohort from 2002 to 2015.

Methods: In this cohort study, people with and without NTM infection aged 20-89years were

matched 1 to 4 by sex, age, Charlson comorbidity index, and year of diagnosis. The overall

and annual average healthcare use and medical costs were calculated. In addition, trends in Correspondence to:

. K . Young Ae Kang
healthcare use and medical costs for each of the 3years before and after NTM diagnosis were  Division of Putmonary and

Critical Care Medicine,

investigated for people diagnosed with NTM infection. Department of Internal

Results: A total of 798 individuals (336 men and 462 women) diagnosed with NTM infection and L"jgl';t';‘fcsﬁsgznce

3192 controls were included in the study. NTM-infected patients had significantly higher rates  of Medicine, Yonsei
of healthcare use and medical costs than those in the control group (p <0.05). NTM-infected =~ Jnversiy. 0-1, Yonsei-ro,

Seodaemun-gu, Seoul

patients showed 1.5 times the medical cost and 4.5 times the respiratory disease cost of the 03722, Republic of Korea.
control group. People diagnosed with NTM infection incurred the highest medical costs in the  Institute of iImmunology

and Immunological

6 months before diagnosis. Disease, College

. . . . . . f Medicine, Y i
Conclusion: NTM infection increases the economic burden on Korean adults. Appropriate University, Seaul. Republic
diagnostic tests and treatment plans for NTM infections are needed to reduce the burden of of Korea

mdkangfyuhs.ac

the disease caused by such infection. Seung Won Lee

Institute of Immunology

and Immunological
Keywords: cost, nontuberculous mycobacteria infection, respiratory diseases Disease, College

of Medicine, Yonsei

University, Seoul, Republic
Received: 29 August 2022; revised manuscript accepted: 15 December 2022. of Korea

Shihwan Chang

Youngmok Park

Sol Kim

Division of Pulmonary and

Introduction involving the lungs.?2 One such disease is non- Critical Care Medicine,
Department of Internal

Nontuberculous mycobacteria (NTM) are a group tuberculous mycobacterial pulmonary disease Medicine, Severance
of more than 200 species of environmental myco- (NTM-PD). NTM-PD is most common in patients Hf"lap';?l-_ C%ege _

i K 3 . . . . . . of Medicine, Yonsei
bacteria found in a wide range of sources in our daily ~ with an already weakened immunity and pre-exist-  university, Seoul, Republic

lives (e.g. soil, dust, and water).! While exposure to  ing lung diseases, such as bronchiectasis,® chronic °f Korea

NTM is generally harmless and can naturally be obstructive pulmonary disease (COPD), asthma,* g::;or? r:::t"of Preventive
resolved through the human immune system, oppor- and lung cancer.> Thus, patients with N'TM infec- Medicine, College of
tunistic infections from a small number of NTM can  tions often experience aggravation of respiratory B"sl‘\j,':r';‘iyssezg‘bl'\';‘e'izzlhc

cause debilitating illnesses in humans, primarily symptoms that can require emergency care. of Korea

journals.sagepub.com/home/tar 1

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://journals.sagepub.com/home/tar
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:mdkang@yuhs.ac

THERAPEUTIC ADVANCES in
Respiratory Disease

Volume 17

In many countries, the increasing prevalence-8 of
NTM-PD is an emerging public health concern.
NTM-PD is of particular interest to public health
professionals, as its diagnosis is difficult and
requires lengthy and multiple processes that
involve the evaluation of symptoms, the interpreta-
tion of radiographic findings, and microbiological
confirmation through repeated laboratory tests.2°
Furthermore, NTM-PD treatments typically
involve species-specific multi-antibiotic therapies
lasting more than 12 months,!%!! and these lengthy
antibiotic therapies do not typically result in curing
the disease, thus indicating the need for chronic
disease management. For instance, the treatment
success rate for patients with Mycobacterium avium
complex is approximately 60%,!? while success
rates for the treatment of Mycobacterium abscessus
stand around 30% or less.!?> Finally, the chronic
nature of the disease progression and management
is associated with high medical expenses and finan-
cial burden for patients with NTM-PD.!415
Despite the emerging public health significance of
NTM-PD and its implications for healthcare costs,
only a limited number of studies examining the
costs and financial burden of NTM-PD have been
published.!4-17

In South Korea, the age-adjusted prevalence of
NTM infection between 2003 and 2017 increased
nearly 30-fold to 1.2per 100,000 and 33.3per
100,000.8 However, no study has assessed the
trends in healthcare costs associated with the
growing burden of NTM infections in Korea.
The objective of the current study was to estimate
the economic burden associated with NTM infec-
tion in Korea by focusing on healthcare use and
medical costs.

Methods

Data source

This study used data from the National Health
Insurance Service-National Sample Cohort
(NHIS-NSC) 2.0 database of the NHIS, a com-
pulsory single-payer national healthcare cover-
age system in South Korea. The NHIS-NSC is a
large-scale population-based cohort comprising
a representative sample of approximately 2%
(1,000,000 people) of the general Korean popu-
lation from 2002 to 2015. The database contains
a de-identified research dataset that includes
demographic information, disease diagnosis,
therapeutic procedures, and drug prescriptions

for participants. A more detailed description of
NHIS-NSCs has been reported in another
study.18

Study population

To investigate the cost of NTM infection using
the NHIS-NSC 2.0, we first used the NHIS-NSC
2.0 database to identify patients diagnosed with
NTM infection between 2002 and 2015. Figure 1
shows the selection process of the study popula-
tion. Individuals with two or more claims associ-
ated with NTM infection [International
Classification of Diseases, 10th Revision (ICD-
10) A31] between January 2002 and December
2015 were identified (n=1243). Among these
individuals, we excluded nine patients with a his-
tory of NTM infection in 2002 to ensure the
inclusion of only patients with newly developed
NTM infections. In addition, we limited the
study subjects to adults, excluding those below
the age of 20years because there may be differ-
ences between adults and children in disease pat-
tern, treatment, and medical cost system
(n=108). Also, since there was only one person
above the age of 90years, that person was
excluded. Finally, people who died before the
index date were excluded (n=327).

The selected patients with NTM infections were
matched by sex, age, and Charlson comorbidity
index (CCI) in the year of the index date with four
controls who had no claims related to NTM infec-
tion between 2002 and 2015, using propensity
score (PS) matching. PS matching reduced poten-
tial confounding factors and balanced the baseline
covariates of the two groups.!® PSs were derived
from the predicted probability of patients with
NTM infection versus those without NTM infec-
tion using a logistic regression model adjusted for
confounding by age, sex, CCI scores, and index
year. To reduce misclassification of exposure time
(thereby misrepresenting cumulative medical care
costs in the control group), time zero to track
medical care costs in the control group was aligned
to the index dates of the matching people with
NTM infection.? A total of 798 patients with
NTM infection and 3192 matched controls were
included in this matched cohort study. To investi-
gate trends in healthcare use and medical costs
before and after the diagnosis of NTM infection, a
subgroup of patients diagnosed with NTM infec-
tion between 2011 and 2012 (»=189) and
matched controls (n=756) were selected.
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Figure 1. Flow diagram of the study population.

NHIS-NSC, National Health Insurance Service-National Sample Cohort; NTM, nontuberculous mycobacteria; PS, propensity

score.

Outcomes and other variables

We compared the healthcare use (frequency of out-
patient department visits and inpatient hospitaliza-
tions) and medical costs (outpatient and inpatient
costs) of people with NTM infection to those with-
out NTM infection. We also investigated the
healthcare use and medical costs related to respira-
tory diseases (RDs), the most common comorbid-
ity in people with NTM infection.?l:22 RD was
defined as having two or more ICD-10 claims for
asthma (J45-J46), bronchiectasis (J47), and COPD
(J42-J44). Other comorbidities of interest, hyper-
tension (I10-I15), diabetes (E10-E14), gastroe-
sophageal reflux disease (GERD; K21), and cancer
(all C-codes) were considered as covariates. First,
we calculated the total healthcare use and medical
costs over the entire follow-up period. Second, we
calculated the average annual healthcare use and
medical costs by considering the follow-up period.
In addition, we calculated healthcare use and medi-
cal costs every 6months for each of the 3years
before and after the index date. Medical costs
included all costs related to diagnostic tests, proce-
dures, and treatments covered by the NHIS.?3

Participants were classified into seven age groups
(20-29, 30-39, 40-49, 50-59, 60—69, 70-79, and
80-89years) to compare the risk of mortality by

age group of 10years old. The NHIS database ini-
tially classified participants into 11 classes based
on income (with class O indicating the lowest
income group and class 10 indicating the highest
income group). Because the income classification
was too detailed, we re-categorized these classes
into three groups with reference to previous studies
(low income, classes 0-2; medium income, classes
3-7; high income, classes 8-10). The regions of
residence were categorized into urban (Seoul,
Busan, Daegu, Incheon, Gwangju, Daejeon, and
Ulsan) and rural (Gyeonggi, Gangwon,
Chungcheongbuk, Chungcheongnam, Jeollabuk,
Jeollanam, Gyeongsangbuk, Gyeongsangnam, and
Jeju) taking into account regional characteristics.
CCI scores were divided into four groups (0, 1, 2,
3, or higher) considering the CCI score distribu-
tion of the subject.

Statistical analysis

Categorical variables were reported as frequencies
and percentages. For descriptive analyses, the mean
(M), standard deviation (SD), 95% confidence
interval (CI), median, and interquartile range (IQR)
were reported for all continuous variables. To com-
pare patients with NTM infection and matched con-
trols, appropriate univariate tests (i.e. a chi-square
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test of independence for categorical variables and
Wilcoxon—Mann—Whitney test for continuous vari-
ables) were used. All costs in the study are expressed
as recorded between 2002 and 2015 and have been
converted to US dollars (USD), with a conversion
rate of 1260.6 won per USD, based on the exchange
rate as of June 3, 2022. All analyses were performed
using the SAS Enterprise Guide 7.1 (SAS Institute
Inc., Cary, NC, USA). Statistical significance was
defined as a two-sided p value of <0.05.

Results

Baseline characteristics

The baseline characteristics of the study popula-
tion are shown in Table 1. In total, 798 patients
with NTM infection (M,,.=56.0years) and 3192
controls (M,,.=55.7years) were included. The
mean follow-up period was 3.6years. Among the
patients with NTM infection, 336 (42.1%) were
men and 462 (57.9%) were women. In both the
patient and control groups, the 60-69 years age
group accounted for the largest proportion of par-
ticipants, followed by the 70-79 years age group.
The difference in income levels between people
with and without NTM infection was statistically
significant, but income information for 693 peo-
ple in the control group was missing.

Since the participants were matched by sex, age,
and CCI score, there was no significant difference
in terms of these characteristics between people
with and without NTM infection. However, when
looking at the prevalence of comorbidities individu-
ally, the rates of asthma (47.1% wversus 13.2%),
bronchiectasis (28.8% versus 2.0%), COPD (38.6%
versus 18.2%), GERD (64.7% wversus 52.8%), and
cancer (20.4% wversus 14.3%) were significantly
higher in people with NTM than in those without
NTM infection (p<<0.0001 for all). In contrast,
hypertension (40.1% versus 49.4%) and diabetes
mellitus (27.8% versus 33.8%) were significantly
lower in patients with NTM infection than in those
without NTM infection (p<<0.01 for all).

Healthcare use and medical costs in the entire
follow-up period

People with NTM infection had significantly
higher rates of healthcare use and medical costs
than those without NTM infection (p<<0.05)
(Table 2). The number of inpatient visits (2.44
versus 2.18) and outpatient visits (97.98 wversus

87.46) was greater for people with NTM infec-
tion than in those without NTM infection
(»p<0.0001 for all). The number of inpatient vis-
its (1.00 wversus 0.32) and outpatient visits (13.50
versus 4.29) due to RD was also greater in those
diagnosed with N'TM than in the control group
(»p<0.0001 for all). The total number of inpa-
tient and outpatient visits in the patient group
was 1.1 times that of the control group, and the
number of inpatient and outpatient visits due to
RD was 3 times that of the control group.

The total medical costs during the entire follow-
up period for people with and without NTM
infection were US$6449.23 and US$5112.25,
respectively. When the inpatient and outpatient
costs were divided, the inpatient costs were sig-
nificantly higher than the outpatient costs in peo-
ple diagnosed with and without NTM infection.
The costs for the people with NTM infection
were significantly greater than those for the con-
trol group for both inpatient (US$3934.55 versus
US$2997.21) and outpatient costs (US$2514.69
versus US$2115.04) (p<0.0001 for all). Both
inpatient (US$2777.75 wersus US$748.33) and
outpatient costs (US$494.47 versus US$114.45)
due to RD were also significantly greater for
NTM patients than those in the control group
(»p<<0.0001 for all). The cost of RD for people
with N'TM infection was approximately 3.2 times
that of the control group (Table 2 and Figure 2).

In people with NTM infection, the inpatient cost
was 1.6 times that of the outpatient cost, and
58% of the inpatient cost was hospitalization due
to RD. The inpatient cost of the control group
was 1.4 times the outpatient cost, and the inpa-
tient cost due to RD accounted for 25% of the
total inpatient cost.

When we calculated the average cost per year consid-
ering the follow-up period of the individuals, the
average medical costs per year were 1.5 times higher
for people with NTM infection than those without
NTM infection (US$2279.99 wversus US$1496.26,
$<<0.0001) (Figure 3). The average medical cost due
to RD per year was 4.5 times higher for people with
NTM infection than those without NTM infection
(US$1196.75 wversus US$268.50, p=0.0022). For
both people with and without NTM infection, the
inpatient costs per year were significantly higher than
the outpatient costs per year (p<<0.0001). The inpa-
tient cost per year for people with NTM infection
accounted for 60% of the total medical cost per year
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Table 1. Baseline characteristics of the study population after propensity score matching.

Variables People with NTM People without NTM p value?
(n=798) (n=3192)
Sex 1.0000
Men 336 (42.1) 1344 (42.1)
Women 462 (57.9) 1848 (57.9)
Age, year 56.0+16.6 55.7%+16.9 0.7558
Age group (years) 1.0000
20-29 56 (7.0) 224.(7.0)
30-39 115 (14.4) 460 (14.4)
40-49 101 (12.7) 404 (12.7)
50-59 155 (19.4) 620 (19.4)
60-69 163 (20.4) 652 (20.4)
70-79 162 (20.3) 648 (20.3)
80-89 46 (5.8) 184 (5.8)
IncomeP 0.0030
Low (0-2) - (0.0 - (0.0}
Medium (3-7) 357 (44.7) 1271 (39.8)
High (8-10) 441 (55.3) 1228 (38.5)
Region® 0.6276
Urban 367 (46.0) 1435 (45.0)
Rural 431 (54.0) 1757 (55.0)
CCl scores 1.0000
0 131 (16.4) 524 (16.4)
1 204 (25.6) 816 (25.6)
2 147 (18.4) 588 (18.4)
=3 316 (39.6) 1264 (39.6)

Comorbidities

Asthma 376 (47.1) 422 (13.2) <0.0001
Bronchiectasis 230 (28.8) 63 (2.0) <0.0001
COPD 308 (38.6) 580 (18.2) <0.0001
Hypertension 320 (40.1) 1578 (49.4) <0.0001
Diabetes mellitus 222 (27.8) 1080 (33.8) 0.0014
GERD 516 (64.7) 1685 (52.8) <0.0001
Cancer 163 (20.4) 458 (14.3) <0.0001

CCl, Charlson Comorbidity Index; COPD, chronic obstructive pulmonary disease; GERD, gastroesophageal reflux disease; NTM,
nontuberculous mycobacteria infection. Data are presented as mean = standard deviation or mean and percent (%).

2An independent t test for continuous variables and the chi-square test for categorical variables were used.

bIncome was divided into 11 classes (class 1, lowest income; class 11, highest income), which were reclassified into three groups (low,
classes 1-3; medium, classes 4-8; high, classes 9-11]. In people without NTM, income information was missing for 693 cases (n=2499).
Region of residence was categorized into urban (Seoul, Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan) and rural (Gyeonggi, Gangwon,
Chungcheongbuk, Chungcheongnam, Jeollabuk, Jeollanam, Gyeongsangbuk, Gyeongsangnam, and Jeju).

journals.sagepub.com/home/tar 5


https://journals.sagepub.com/home/tar

THERAPEUTIC ADVANCES in

Respiratory Disease Volume 17
Table 2. Healthcare use and medical costs of people with and without NTM.
People with NTM (n=798) People without NTM (n=3192)
M(95% ClI) M (95% CI) p value?
Healthcare use
Inpatient visits 2.44(2.01-2.88) 2.18 (1.94-2.42) <0.0001
Inpatient visits per year 0.79 (0.66-0.93) 0.61(0.55-0.67) <0.0001
Inpatient visits due to RD 1.00 (0.72-1.28) 0.32 (0.25-0.40) <0.0001
Inpatient visits due to RD per year 0.41(0.25-0.56) 0.10 (0.07-0.13) 0.0002
Outpatient visits 97.98 (89.93-106.00) 87.46 (83.17-91.75) <0.0001
Outpatient visits per year 30.63 (28.36-32.91) 24.58 (23.65-25.51) <0.0001
Outpatient visits due to RD 13.50 (11.17-15.84) 4.29 (3.74-4.84) <0.0001
Outpatient visits due to RD per year 4.45 (3.59-5.31) 1.22 (1.04-1.41) <0.0001
Medical costs

Total medical costs 6449.23 (5453.30-7445.16) 5112.25 (4673.88-790.99) <0.0001
Total medical costs per year 2279.99 (1886.78-2673.20) 1496.26 (1371.01-1621.52) <0.0001
Total medical costs due to RD 2772.22 (1546.20-3998.24) 862.78 (672.99-1052.57) <0.0001
Total medical costs due to RD per year 1196.75 (608.34-1785.16) 268.50 (199.85-337.16) 0.0022
Inpatient costs 3934.55 (2987.75-4881.34) 2997.21 (2644.20-3350.22) <0.0001
Inpatient costs per year 1371.73 (998.24-1745.21) 874.04 (766.88-981.19) <0.0001
Inpatient costs due to RD 2277.75 (1062.51-3492.99) 748.33 (569.62-927.05) <0.0001
Inpatient costs due to RD per year 1001.54 (420.99-1582.09) 237.66 (170.44-304.87) 0.0105
Outpatient costs 2514.69 (2292.85-2736.51) 2115.04 (1929.49-2300.59) <0.0001
Outpatient costs per year 908.27 (800.74-1015.79) 622.23 (571.06-673.40) <0.0001
Outpatient costs due to RD 494.47 (418.29-570.65) 114.45 (90.60-138.31) <0.0001
Outpatient costs due to RD per year 195.21 (126.86-263.56) 30.85 (24.85-36.84) <0.0001

CCl, Charlson Comorbidity Index; NTM, nontuberculous mycobacteria infection; RD, respiratory disease. All costs had been converted to US dollars
(USD, $) with a conversion rate of 1260.6 Korean Won/ US$1. The frequency of healthcare use is presented as a count.
aThe p value was obtained by the Wilcoxon rank sum test.

(US$1371.73), and the inpatient cost of the control
group accounted for 58% of the total medical cost
per year (US$874.04). The annual costs due to RD
accounted for approximately 52% of the total medi-
cal cost per year (US$1196.75) in people with NTM
infection and 18% of the total medical cost per year
(US$268.50) in people without NTM infection.

Healthcare use and cost for the previous 3years
and the following 3years from the index date
Figure 4 shows the medical costs of people diag-
nosed with NTM infection in 2011 and 2012
compared to those without NTM infection for
3years before and 3years after the date of
diagnosis.
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There was no significant difference in the total
healthcare use and cost for those diagnosed with
and without NTM infection between 12 and
36 months before the index date (Additional File
1: Table 1). However, healthcare use and costs
due to RD among those diagnosed with NTM
infection were higher than those of the control
group from 30 to 36 months before NTM infec-
tion was diagnosed. During the 12 months prior
to being diagnosed with NTM infection, the level
of healthcare use and medical costs of partici-
pants was significantly higher than in those with-
out NTM infection. In particular, the total
medical cost for those diagnosed with NTM
infection in the 6 months prior to being diagnosed
with NTM infection was about 2.1 times that of
those without NTM infection, and the cost of RD
was approximately 7.8 times that of those without
such infection.

Even after the index date, those diagnosed with
NTM infection had significantly higher total
medical costs than those without NTM infection
(Additional File 1: Table 2). In particular, the
cost of RD was consistently higher for those diag-
nosed with NTM infections than for those
without.

Discussion

This study compared healthcare use and medical
costs for individuals with and without a diagnosis
of NTM infection. This study found that people
who were diagnosed with NTM infection had
higher medical costs starting from the year before
they were diagnosed with NTM infection than
those who did not. The average medical costs per
year for those with NTM infection were 1.5 times
that of those without NTM infection, and the
average medical costs of RD per year were 4.5
times that of those without NTM infection.

Other countries have published studies compar-
ing healthcare use and costs of people with and
without NTM infections.41517 A matched cohort
study of 91 people who received a prolonged regi-
men (>1-month duration) of antimicrobial ther-
apy in Ontario, Canada, from September 2003 to
October 2008 found that people with NTM
infection and N'TM-related RD had higher medi-
cal costs than those without.!> Furthermore, in a
study conducted in Germany using a sample of
7,073,357 anonymized persons covered by
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Figure 2. Medical costs of people with and without NTM infection.
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NTM infection.

NTM, nontuberculous mycobacteria; RD, respiratory disease.

German public statutory health insurances, 125
patients with newly diagnosed NTM-PD in 2010
and 2011 were matched with 1250 control
patients by age, sex, and CCI. In that study, the
mean direct expenditure of patients with
NTM-PD was nearly four times higher than that
of the matched normal control group.!#4 In addi-
tion, the inpatient costs were approximately three
times higher in the NTM-PD group than in the
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Figure 4. (a) Total medical costs and (b) medical costs due to RD for each 3years before and after the index date for people with and

without NTM infection.
NTM, nontuberculous mycobacteria; RD, respiratory disease.

control group, accounting for 63% of the total
medical costs.

Another matched cohort study (1039 people with
NTM-PD and 2078 people without NTM-PD) in
the United States investigated healthcare use and
standardized healthcare expenditures for 12 months
prior to NTM-PD diagnosis (year 1) and 2years
thereafter (year 2).17 The average healthcare cost in
year 1 was US$72,475 [95% CI (US$58,510-
US$86,440)] for patients with NTM-PD and
US$28,405 [95% CI (US$8859-US$47,950)]
for the matched controls, with a difference of
US$44,070 [95% CI (US$27,132-US$61,008);
$<0.001]. The mean cost in year 2 was US$48,114
[95% CI (US$31,722-US$64,507)] for patients
with NTM-PD and US$28,990 [95% CI
(US$9429-US$48,552)] for the matched control
group, with a difference of US$19,124 [95% CI
(US$7865-US$30,383); p<<0.001].

Our findings, similar to those in other coun-
tries,!415:2¢ showed that people with NTM infec-
tion had significantly higher rates of healthcare
use and medical costs than those without. This
increase in average medical costs per year was
likely influenced by the increase in medical costs
due to RD. For those without NTM infection,
RD accounted for approximately 18% of the aver-
age medical costs per year, whereas for those with
NTM infection, RD accounted for 52% of the
average medical costs per year. In addition, inpa-
tient costs per year accounted for approximately

60% of the average medical costs per year for peo-
ple diagnosed with NTM infection, and 73% of
these inpatient costs were due to RD.

A time-trend analysis of medical costs showed
that medical cost was the highest 6 months before
the index date in people with NTM infection. No
previous data were found to analyze the cost
before and after NTM infection, but considering
that most of the medical costs for patients with
active tuberculosis,?>:2¢ another bacterial disease,
are incurred during diagnosis and initial treat-
ment, high medical costs for 6 months before and
after diagnosis of NTM infection in our study may
be due to the cost of diagnostic tests and initial
treatment. In a previous study, total costs, includ-
ing direct medical costs (e.g. physician services,
diagnostic tests, and hospitalization expenses),
direct non-medical costs (e.g. transport and food
during healthcare visits), and indirect costs (e.g.
wage and income lost) before and after tuberculo-
sis diagnosis, were calculated through a systematic
literature review.2% Of the total costs for tubercu-
losis patients, direct medical costs were 17.2%
before diagnosis and 7.8% after diagnosis.

Medical costs due to RD in people diagnosed
with NTM infection were already high before
they were diagnosed with NTM infection, and
even after diagnosis, they were relatively higher
than in those who were not diagnosed with NTM
infection. Given that chronic lung diseases (e.g.
COPD, bronchiectasis, and asthma) are known
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risk factors for NTM infection, cause respiratory
symptoms, and require medical treatment even
before NTM diagnosis, medical costs due to RD
were relatively higher in people with NTM infec-
tion than in those without.

A previous study in Korea investigated the medi-
cal costs and healthcare utilization among people
with NTM infection according to accompanying
GERD.?7 In that study, among people with NTM
infection, those with GERD had higher rates of
medical use than those with only NTM, and
medical costs for the former group were approxi-
mately twice as high. Considering the frequent
chronic comorbidities in people with NTM infec-
tion,21-286 comorbid conditions other than RDs
may be an additional cost burden for people with
NTM infection.

Our study has several strengths. First, this study
used the NHIS-NSC 2.0 database of South
Korea, which is representative of the national
population and contains healthcare utilization
information from all settings in the country.
Second, our study is one of the few to examine
trends in healthcare use and costs among people
with NTM using national-level data. Since there
are limited data on medical use or costs related to
NTM infection, we believe that our findings will
be helpful to healthcare providers, health policy-
makers, and related researchers in the future.

Our study also has limitations to be discussed.
First, the diagnosis of NTM infection and comor-
bidities in this study was based on insurance
claims, which rely on the ICD-10 codes. The use
of administrative claims data may have resulted in
issues, such as coding accuracy (e.g. overcoding,
undercoding, or miscoding), diagnostic inertia,
and lack of disease specificity. Thus, we defined
disease based on at least two claims associated with
NTM infection (ICD-10, A31), similar to most
previous studies analyzing claims data.$17:24:29,30
Second, the study population was homogeneously
Korean, which may limit the generalizability of the
findings to other ethnic populations. Third, infla-
tion and changes in the won—dollar exchange rate
between 2003 and 2015 were not considered in
this study. However, as cost studies related to
NTM infection are very scarce, our study still pro-
vides the initial data necessary for conducting cost
studies related to NTM infection in the future.
Fourth, medical costs may differ depending on the
characteristics of patients with NTM infections,

the region in which they live, and the type of medi-
cal institution they visit, which was not considered
in this study. A study design and stratification
analysis that specifically considers NTM patients’
residential areas, the level of medical institution
used, and patient characteristics are needed in
future studies. Fifth, we could not assess potential
indirect healthcare costs for reasons, such as loss of
productivity. Therefore, the total healthcare
expenditures may be higher than those currently
reported. In addition, NTM infection has the
potential to affect long-term health or result in the
death of patients due to complications or comor-
bidities. A prospective cohort study of the effects of
NTM infection on mortality and long-term disease
burden is needed in the future.

In conclusion, patients diagnosed with NTM
infection had significantly higher rates of health-
care use and medical costs than those without. In
particular, the medical costs approximately
6 months before and after the diagnosis were high
in people with NTM infection. In conclusion,
NTM infection has been shown to increase the
economic burden on people, and appropriate diag-
nostic tests and treatment plans for NTM infec-
tion and control are needed to reduce the disease
burden on those diagnosed with NTM infection.
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