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A population-based retrospective cohort study
Chin-Kuo Lin, MDa,b , Yao-Hsu Yang, PhDc,d,e, Mong-Liang Lu, MSf, Ying-Huang Tsai, MDg,
Meng-Jer Hsieh, MDa,h, Yi-Chen Lee, MDi,j, Tsu-Nai Wang, PhDk,l, Yi-Lung Chen, PhDm,n,
Vincent Chin-Hung Chen, PhDd,j,o,∗

Abstract
Nontuberculous mycobacteria (NTM) infection may interfere in the diagnosis and treatment of tuberculosis (TB) in TB-endemic
regions. However, the population-based incidence of NTM disease and NTM–TB coinfection remains unclear.
We used Taiwan’s National Health Insurance Research Database to identify new diagnoses of NTM disease and TB from 2005 to

2013 and calculated the incidence rate and the proportion of NTM–TB coinfection. The patients with NTM disease or TB were
determined by the use of disease codes from International Classification of Diseases, Ninth Revision, Clinical Modification, laboratory
mycobacterium examination codes, and antimycobacterial therapy receipts.
From 2005 to 2013, the age-adjusted incidence rate of NTM disease increased from 5.3 to 14.8 per 100,000 people per year and

the age-adjusted incidence rate of NTM–TB coinfection was around 1.2 to 2.2 per 100,000 people per year. The proportion of NTM–

TB coinfection among patients with confirmed TB was 2.8%. Male and older patients had a significantly higher incidence of NTM
disease. The effects of urbanization and socioeconomic status (SES) on the incidences of TB and NTM disease were different. Rural
living and lower SESwere significantly associated with increasing the incidence of confirmed TB but not with that of NTM disease. For
NTM disease, those living in the least urbanized area had significantly lower incidence rate ratio than in the highest urbanized area.
The incidence of NTM–TB coinfection was higher in older patients and compared with patients aged <45 years, the incidence rate
ratio of the patients aged>74 years was 12.5.
In TB-endemic Taiwan, the incidence of NTM disease increased from 2005 to 2013. Male gender and old age were risk factors for

high incidence of NTM disease. SES did not have a significant effect on the incidence of NTM disease, but rural living was associated
with lower incidence of NTM disease. In TB-endemic areas, NTM–TB coinfection could disturb the diagnosis of TB and treatment,
especially in elderly patients.

Abbreviations: COPD = chronic obstructive pulmonary disease, ICD-9-CM = International Classification of Diseases, Ninth
Revision Clinical Modification, IRR = incidence rate ratio, LHID 2005 = longitudinal health insurance database 2005, NHI = National
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1. Introduction

Over the past decades, the clinical isolation of nontuberculous
mycobacteria (NTM) and the prevalence of NTM disease have
increased worldwide.[1–7] The annual prevalence of NTM disease
in North America and Australia ranges from 3.2 to 9.8 per
100,000 people per year; however, the population-based
prevalence or incidence of NTM disease in East Asia has not
been estimated.[8] For surveying the epidemiology of NTM
disease, some studies investigate the microbiological isolation
rate of NTM from laboratories; however, the prevalence rate of
NTM disease cannot be estimated because of limited clinical
information.[8,9] Other researchers used International Classifica-
tion of Diseases codes, electronic clinical data and diagnostic
information from integrated health care delivery systems to
estimate the prevalence or incidence of NTM disease.[4,8] Even
though the true rate could be underestimated in the integrated
health care delivery systems, there is another advantage for
this method, that is, it is able to estimate whether prevalence
of NTM is affected by demographic features or comorbid
conditions, which can be used to identify coinfection of NTMand
tuberculosis (TB).
Both of NTM and TB cause pulmonary and extra-pulmonary

disease, share similar clinical presentations and can coexist. The
increasing isolation of NTM can interfere in the diagnosis of TB.
For concerns of overdiagnosis of TB and potential under-
treatment of NTM infections, understanding the distribution and
clinical impact of NTM is of public health significance,
particularly in TB-endemic regions. Few studies have investigated
the incidence of NTM and NTM–TB coinfection in these
regions.[5,6,10] In China, the overall rate of NTM isolated from
mycobacterial culture-positive TB suspects was 5.9% between
2008 and 2012.[5] In Africa, of the individuals with presumptive
TB, 15.1% and 0.2% were found to have NTM disease and
NTM–TB coinfection, respectively.[11] However, the incidence of
NTM disease and NTM–TB coinfection explored from a
population-based survey is not investigated in East Asia and
possible factors have an effect on the discrepancy of the incidence
of NTM disease remains unclear.
In this study, we used the National Health Insurance (NHI)

Research Database (NHIRD) of Taiwan to investigate the
population-based incidence of NTM disease, the proportion of
NTM–TB coinfection cases, and the association of the incidence
of NTM disease and NTM–TB coinfection with demographic
and socioeconomic characteristics in Taiwan, a TB-endemic
region of East Asia.
2. Methods

2.1. Data source

The NHI program, which was launched onMarch 1, 1995 by the
Taiwanese government, covers more than 99% of Taiwan’s
inhabitants. The NHIRD contains details regarding the ambula-
tory care, inpatient care, prescription data, medical procedures,
and diagnostic codes of the beneficiaries of the NHI program. In
this population-based cohort study, the Longitudinal Health
2

Insurance Database 2005 (LHID 2005) was used as the data
source.
2.2. Ethics statement

This study was approved by the Institutional Review Board of
Chang Gung Medical Foundation (IRB No: 201700658B1).
2.3. Study design and population

LHID 2005 contains all the original claim data of 1,000,000
beneficiaries randomly sampled from the 2005 enrollment file of
NHIRD and all the claims data collected from January 1, 1997,
to December 31, 2013. Patients’ sociodemographic information,
including age, sex, urbanization level, and socioeconomic status,
was obtained from an enrollment data file in LHID 2005. The
urbanization level was categorized by the population density of
the residential area into 4 levels, with level 1 as the most
urbanized and level 4 as the least urbanized. The enrollee
category (EC) of all patients was used as a proxy measure of
socioeconomic status (SES) and classified into four ranks: EC 1
(civil servants, full-time, or regularly paid personnel in
governmental agencies and public schools, and self-employed
people); EC 2 (employees of privately owned enterprises or
institutions); EC 3 (other employee farmers’ or paid personnel,
and members of the farmers’ or fishers’ associations); and EC 4
(substitute service draftees, members of low-income families, and
veterans).[12,13] On average, the payroll-related amount for
health insurance was highest for EC 1, followed by EC 2, EC 3,
and EC 4. Accordingly, EC 1 is the highest SES and EC 4 is the
lowest SES. From inpatient and outpatient claims data, we
identified three groups of patients with NTM, suspected TB, and
confirmed TB, who had a new disease diagnosis between 2005
and 2013 (Fig. 1). In Taiwan, TB is a disease of public concern. If
a patient is clinically suspected of having TB, a doctor is
mandatorily required to notify the Taiwan Centers for Disease
Control and record the disease code of TB in the electronic
medical system of the NHI. The diagnosis of confirmed TB is
established based on final bacteriological results or the decision of
a pulmonary or infectious disease physician after referring to the
patient’s clinical assessments, including chest imaging studies and
treatment responses. A period of 1–2 months is mostly required
to obtain the final bacteriological results. If the final bacteriolog-
ical results confirm the diagnosis of TB, the disease code is added
into the electronic medical system. By contrast, if the final results
confirm the diagnosis of NTM, the physician excludes the disease
code of TB and adds that of NTM into the system. If the final
bacteriological results indicate no growth and no definitive
clinical treatment responses are identified, then the physician also
excludes the disease code of TB from the system. Base on the
above, the definitions of TB and NTM disease were modified and
used by the published literature.[14–16] Patients with suspected TB
(A) were defined as those with International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
codes 010–018. Patients with confirmed TB (B) were defined as
those should have: first, ICD-9-CM codes 010–018; secondary, at



Figure 1. Flowchart of case selection. Patients with nontuberculous mycobacteria (NTM), suspected tuberculosis (TB), and confirmed TB from the Longitudinal
Health Insurance Database (LHID) 2005, a data subset of the National Health Insurance Research Database (NHIRD) in Taiwan.
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least 2 of mycobacteria laboratory examination codes were used
for bacteriologic identification, including acid-fast smear
(13006C/13025C), mycobacterial culture (13012C/13026C),
acid-fast bacillus differentiation (13013C), tuberculin test
(12106C), tuberculosis test (13024C), and bronchoscopy
(28006C) results; third, received at least 1 prescription consisting
of three or more than three anti-TB drugs including isoniazid
(J04AC01), ethambutol (J04AD03), rifampin (J04AB02),
pyrazinamide (J04AK01), amikacin (J01GB06), kanamycin
(J01GB04), streptomycin (J01GA01), ciprofloxacin (J01MA02),
3

ofloxacin (J01MA01), moxifloxacin (J01MA14), levofloxacin
(J01MA12), prothionamide (J04AD01), clarithromycin
(J01FA09), and thioridazine (N05AC02) for at least 120 days
during a period of 180 days or any 1 fixed-dose compounds of
Rifater (J04AM05) and Rifinah (J04AM02) used for at least 60
days during a 180-day period. PatientswithNTMdisease (C)were
defined as those should have: first, an ICD-9-CM code for NTM
disease (031.0, 031.1, 031.2, 031.8, and 031.9); second, the
mycobacteria laboratory examination code criteria tobe consistent
with those for TB; third, received at least 2 drugs to treat NTM
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disease, including amikacin (J01GB06), cefoxitin (J01DC01),
ciprofloxacin (J01MA02), clarithromycin (J01FA09), doxycycline
(J01AA02), ethambutol (J04AK02), imipenem (J01DH51), levo-
floxacin (J01MA12), meropenem (J01DH02), minocycline
(J01AA08), moxifloxacin (J01MA14), rifabutin (J04AB04),
rifampin (J04AB02), tigecycline (J01AA12), and streptomycin
(J01GA01).[16] The patients had confirmed TB and concomitant
NTM disease were considered to have NTM–TB coinfection.

2.4. Statistical analysis

The annual incidence during the period 2005 to 2013 was
calculated as the rate of new cases divided by the yearly overall
population from the LHID 2005. The incidence rate ratio (IRR)
of suspected TB, confirmed TB, NTM disease, and NTM–TB
coinfection for various age groups, sexes, urbanization levels, and
SES were calculated. Poisson regression was used to assess the
IRR and the corresponding 95% confidence intervals of
suspected TB, confirmed TB, NTM disease, and NTM–TB
coinfection. In addition, all statistical analyses were conducted
using SAS 9.4 (SAS Institute, Cary, NC).
3. Results

3.1. Changes in the annual incidence of NTM disease and
NTM–TB coinfection in TB-endemic regions

During 2005–2013, 11,661 patients with suspected TB, 3,148
patients with confirmed TB, 450 patients with NTM disease, and
87 patients with NTM–TB coinfection were identified (Fig. 1).
The annual incidence rates of suspected TB, confirmed TB, NTM,
and NTM–TB coinfection are listed in Table 1. The age-adjusted
incidence rate of NTM disease increased from 5.3 per 100,000
people per year in 2005 to 14.8 per 100,000 in 2013. By contrast,
the age-adjusted incidence rate of confirmed TB decreased from
63.4 per 100,000 people per year in 2005 to 50.1 per 100,000 in
2013 (Fig. 2). The age-adjusted incidence rate of NTM–TB
coinfection was around 1.2 to 2.2 per 100,000 people per year
from 2005 to 2013, respectively. Furthermore, 2% of patients
with suspected TB were diagnosed with NTM disease, and 2.8%
of patients with confirmed TB were diagnosed with NTM–TB
coinfection (See Table, Supplement Content, http://links.lww.
com/MD/F437, which illustrates the proportions of NTMdisease
Table 1

The incidence of tuberculosis, nontuberculousmycobacteria disease,
2005–2013.

suspected TB confirmed TB

Year N incidence rate 95% CI N incidence rate 95%

Total 11661 3148
2005 1955 359.3 343.5–375.8 356 63.4 57.0
2006 1825 341.1 325.6–357.4 379 68.4 61.7
2007 1506 284.3 270.0–299.4 369 67.5 60.9
2008 1261 239.8 226.5–253.9 383 71.6 64.7
2009 1116 220.4 207.6–233.9 369 70.6 63.7
2010 1156 228.6 215.4–242.7 362 69.5 62.5
2011 1003 199.6 187.1–213.0 339 66.4 59.5
2012 994 202.6 189.8–216.3 340 66.5 59.4
2013 845 176.2 164.2–189.1 251 50.1 44.0

Incidence rate: per 100,000 people per year; The data was adjusted by age.

4

in suspected TB and NTM–TB coinfection in patients with
confirmed TB).

3.2. Incidence of NTM disease and NTM–TB coinfection
according to demographic characteristics

The demographic characteristics of the patients with confirmed
TB, NTM disease, and NTM–TB coinfection are shown in
Table 2. The incidence rate of confirmed TB (96.5 vs 43.4 per
100,000 people per year) and NTM disease (10.9 vs 6.5 per
100,000 people per year) was higher in men than in women, and
the IRR of the men was 2.2 for confirmed TB and 1.7 for NTM
disease, respectively (P< .001 for both). In addition, the incidence
rate of confirmed TB and NTM disease increased with age.
Compared with patients aged<45 years, the IRR of the patients
aged >74 years with confirmed TB and NTM disease was 11.8
and 20.3, respectively (P< .001 for both). In respect to SES, lower
the payroll-related amount for health insurance, which is the
higher EC rank to represent the lower SES, was significantly
associated with increasing the incidence of confirmed TB but not
with that of NTM disease. In addition, rural living was also
significantly associated with increasing the incidence of con-
firmed TB. But for NTM disease, those living in the least
urbanized area had significantly lower IRR than in the highest
urbanized area (P= .043). Male predominance was observed
among the patients with NTM–TB coinfection, and the IRR of
the men with NTM–TB coinfection was 1.9 (P< .001). The older
patients had a higher incidence of NTM–TB coinfection, and the
IRR of the patients with NTM–TB coinfection aged >74 years
was 12.5 compared with that of the patients aged <45 years
(P< .001). Urbanization and SES had no statistical effect on the
incidence of NTM–TB coinfection.
4. Discussion

In this population-based retrospective cohort study of TB-
endemic region, we found that the annual incidence rate of NTM
disease increased from 5.3 per 100,000 people per year in 2005 to
14.8 per 100,000 in 2013. By contrast, the incidence rate of
confirmed TB decreased from 63.4 per 100,000 people per year in
2005 to 50.1 per 100,000 in 2013. During the study period, the
incidence of NTM–TB coinfection was around 1.2 and 2.2 per
100,000 people per year. 2% of patients with suspected TB were
and nontuberculousmycobacteria–tuberculosis coinfection during

NTM NTM-TB coinfection

CI N Incidence rate 95% CI N Incidence rate 95% CI

450 87
–70.5 34 5.3 3.6–7.8 8 1.2 0.5–2.7
–75.8 45 7.6 5.6–10.4 13 0.0 0.0–0.0
–75.0 44 7.6 5.5–10.4 12 2.2 1.3–3.9
–79.3 43 7.9 5.8–10.7 10 1.5 0.7–3.2
–78.3 45 8.4 6.3–11.4 13 2.0 1.0–4.0
–77.2 43 8.2 6.0–11.1 9 1.7 0.9–3.4
–74.0 51 10.0 7.6–13.2 9 1.6 0.8–3.3
–74.3 68 13.6 10.6–17.3 10 1.8 0.9–3.7
–57.1 77 14.8 11.6–18.9 3
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Figure 2. Annual age-adjusted incidence rate of nontuberculous mycobacteria (NTM) disease and confirmed tuberculosis (TB) during 2005-2013.
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diagnosed with NTM disease, and 2.8% of patients with
confirmed TB were diagnosed with NTM–TB coinfection. The
incidence of NTM disease was significantly higher in male and
older patients but lower in rural living. However, SES did not
significantly affect the incidence of NTM disease.
The incidence and prevalence of NTM disease have varied in

various populations and have increased worldwide.[3,7,17,18] In
North America, a population-based investigation indicated that
the incidence rate of pulmonary NTM disease increased from 4.8
per 100,000 people per year in 2007 to 5.6 per 100,000 in
2012.[7] In Europe, the incidence rate of NTM disease increased
Table 2

The incidence of tuberculosis, nontuberculous mycobacteria disea
according to demographic and socioeconomic characteristics adjus

confirmed TB NT

N Incidence rate 95% CI IRR P value N Incidence r

Total 3148 64.7 61.4–68.2 450 8.4
Gender
Female 997 43.4 40.3–46.7 1 171 6.5
Male 2151 96.5 91.4–101.8 2.2 <.001 279 10.9

Age
<45 917 15.8 14.6–17.0 1 102 1.4
45-64 933 47.7 44.2–51.5 3 <.001 132 5.8
65-74 630 125.2 114.7–136.6 7.9 <.001 108 20.4
>74 668 186.1 171.0–202.5 11.8 <.001 108 29.4

Urbanization level
∗

1 726 52.7 48.7–57.1 1 132 10
2 1344 55.7 52.3–59.4 1.1 .224 214 9.4
3 659 87 78.3–96.7 1.3 <.001 74 8.1
4 419 87 78.3–96.7 1.7 <.001 30 6.6

EC†

1 197 49.3 42.7–56.8 1 33 7
2 1066 56.4 52.6–60.3 1.1 .084 184 8.7
3 1398 73.9 70.0–78.1 1.5 <.001 168 8.5
4 487 85.4 77.5–94.0 1.7 <.001 65 9.6

Incidence rate: per 100,000 people per year; IRR: incidence rate ratio.
∗
The urbanization level was categorized by the population density of the residential area into 4 levels,

† EC: enrollee category, as a proxy measure of socioeconomic status and the payroll-related amount fo

5

from 5.6 per 100,000 to 7.6 per 100,000 in England, Wales and
Northern Ireland between 2007 and 2012.[19] In Australia, the
incidence rate of pulmonary NTM disease increased from 2.2 per
100,000 of the population in 1999 to 3.2 per 100,000 in 2005.[3]

Before the current study, there was lack of a large-scale and
precise investigation for the incidence of NTM disease in East
Asia. A study conducted in Japan evaluated the medical records
of 11 hospitals and indicated that the incidence rate of NTM lung
disease increased from 5.9 per 100,000 of the population in 2005
to 10.1 per 100,000 in 2009.[17] In Korea, Park and colleagues
used the NHI database to investigate the incidence of NTM
se, and nontuberculous mycobacteria–tuberculosis coinfection
ted by gender, age, urbanization level, and socioeconomic status.

M NTM-TB coinfection

ate 95% CI IRR P value N Incidence rate 95% CI IRR P value

7.3–9.7 87 1.5 1.1–2.1

5.4–7.9 1 31 1.1 0.7–1.7 1
9.3–12.8 1.7 <.001 56 2.1 1.4–3.0 1.9 <.001

1.1–1.8 1 19 0.3 0.2–0.5
4.7–7.1 4 <.001 31 1.3 0.8–2.1 5 <.001
16.4–25.4 14.1 <.001 24 4.4 2.7–7.1 16.5 <.001
23.7–36.4 20.3 <.001 13 3.3 1.8–6.1 12.5 <.001

8.3–12.1 1 32 2.2 1.5–3.3
8.1–11.0 0.9 .601 35 1.4 0.9–2.1 0.6 .06
6.3–10.3 0.8 .146 13 1.3 0.7–2.3 0.6 .091
4.5–9.6 0.7 .043 7 1.3 0.6–2.9 0.6 .231

4.9–10.0 1 5 1 0.4–2.4
7.3–10.4 1.2 .244 34 1.5 1.0–2.2 1.5 .406
7.2–10.0 1.2 .32 36 1.8 1.2–2.5 1.8 .227
7.3–12.6 1.4 .145 12 2 1.1–3.7 2 .185

with level 1 as the most urbanized and level 4 as the least urbanized.
r health insurance was highest for EC 1, followed by EC 2, EC 3, and EC 4.

http://www.md-journal.com
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disease and found that the incidence of NTM infection was
increased from 2003 to 2016. The age-adjusted incidence was 1.0
per 100,000 of the population in 2003 and 17.9 per 100,000 in
2016.[20] The incidence rates of NTM disease are close to our
findings in Taiwan. However, in the study, a single diagnostic
code was used to establish the diagnosis of NTM that the true
incidence rates of NTM disease in Korea might be lower than
those in Taiwan. Lai and colleagues used the database of a
university hospital in northern Taiwan to identify NTM isolates
from clinical specimens and estimate the incidence of NTN
disease and showed that the incidences of NTM disease increased
from 2.7 per 100,000 inpatients and outpatients in 2000 to 10.2
per 100,000 in 2008.[21] In this study, we find that the incidence
rate of NTM disease in 2008 is 7.9 per 100,000 people per year,
which is lower than the findings of Lai’s study. In the study,
because there was not a clear disease-free period and the
incidence data was estimated from laboratory NTM isolates
without other clinical assessments, the incidence of NTM disease
could be uncertain and overestimated. In addition, for the study
was conducted in a tertiary-care center and lack of population-
based inferences, the results might not reflect the overall situation
in Taiwan. In the present study, we used the NHIRD, which
covers the medical records of almost all of Taiwan’s residents, to
investigate the incidence of NTM disease in the general
population. For validating the disease diagnosis, we used three
criteria of coding for NTM disease, mycobacteria laboratory
examinations, and medication treatment. In addition, we
excluded patients with the aforementioned disease codes before
2005 from the cohort to evaluate the incidence in accordance
with the frequency of new cases occurring in the defined
population over a specified time period. To compare with
previous studies, the incidence of NTM disease investigated in
this study is more precise and can represent the estimation of the
general population.
Sex, age, geographical location, and SES have been shown to

associate with the prevalence or incidence of NTM disease.[22,23]

However, sex distribution with respect to NTM disease remains
controversial.[8] In this population-based cohort study, we
discovered male predominance for NTM disease, which is
consistent with the findings of studies exploring the incidence of
pulmonary NTM disease in North America.[7,24] Studies that
have suggested substantial female predominance for NTM
disease have not been population-based cohort studies and have
generally been restricted to patients without predisposing
conditions such as chronic obstructive pulmonary disease
(COPD)[25,26] The recent population-based cohort study from
Korea showed that the incidence of NTM infection in 2016 was
about 2.5 times higher in women than that in men. However, the
proportions of COPD and bronchiectasis in female and male
patients were not clear.[20] Comorbidities such as COPD and
bronchiectasis are considered host risk factors for NTM
disease.[27] Studies have also reported a more frequent diagnosis
of COPD among men with pulmonary NTM and bronchiectasis
among women with pulmonary NTM.[28–30] The frequency of
comorbidities by sex can lead to discrepancies in the effect of sex
on NTM disease. Regarding the effect of age on NTM disease,
advanced age is strongly associated with pulmonary NTM.[31]

Recently, an incidence survey of pulmonary NTM conducted in
the United States indicated that incidence increased with age; it
was more than 25 per 100,000 in patients aged ≥80 years.[7] In
TB-endemic East Asia, we also observed that the incidence of
NTMdisease increasedwith age; the incidence rate of the patients
6

aged >74 years was 29.4 per 100,000 people per year, and the
IRR of NTM disease among the patients aged >74 years was
20.3-fold higher than that among patients aged <45 years. In
respect to the relationship of urbanization with NTM disease, the
patients with disease due toMycobacterium kansasii (Mkansasii)
infection were significantly more likely to come from urban than
rural areas and there was a higher incidence ofM avium complex
in the population living in urban communities.[32,33] Cassidy
et al. further elucidated urban living could be a risk factor of
NTM disease after adjusting for differences in age and sex
distribution.[31] Their findings are consistent with the results of
the current study that there is a significantly lower incidence of
NTM disease in the population living in rural areas. The
supposed reason is that most urban areas lean onmunicipal water
systems which are reservoirs providing opportunity for biofilm
formation that promotes NTM growth.[34,35] Although a
diagnostic bias is concerned that persons living in urban areas
had more chance to seek medical care and be diagnosed with
NTM disease. However, the higher incidence of confirmed TB in
the population living in rural areas is also noted in this study that
does not support the diagnostic bias theory.
In TB-endemic countries, NTM–TB coinfection is not infre-

quent and disturbs the diagnosis of TB.[36] In Zambia, Africa, the
results of a nationwide survey of the prevalence of NTM revealed
that the proportion of NTM–TB coinfection was 0.2%.[11] In
India, South Asia, Singh et al. used molecular methods and
identified NTM in 17.6% of suspected multidrug-resistant
pulmonary TB cases and in 12.4% of suspected extrapulmonary
tuberculosis cases.[37] Another comprehensive meta-analysis
study that investigated the prevalence of NTM infections in
Iran showed that the proportion of NTM infections was 10.2%
among culture-positive TB cases.[38] The results of our popula-
tion-based cohort study showed that 2.8% of the patients with
confirmed TB harbored NTM infections. Furthermore, we
observed that the IRR of NTM–TB coinfection was higher in
older patients than in younger patients. These findings suggest
that clinicians should be vigilant regarding possible NTM–TB
coinfection, particularly when an older patient is diagnosed with
TB.
This study has several limitations of concern. First, since the

sample population used in the present study was a fixed cohort,
the disease incidence may be overestimated. For this concern, we
used Poisson regression to estimate the incidence, adjusted for
age. Besides, we obtained the population incidences of TB
reported on the Taiwan CDC for verification. The national TB
incidences in 2005 and 2013 are 72.5 and 49.4 per 100,000,
respectively, similar to those of the present study.[39] Second, for
validating the diagnosis, the incidence was determined by using
three rigorous criteria to survey the patients with NTM disease
from the NHIRD; thus, the actual incidence of NTM disease
could have been underestimated. Our findings may be better
interpreted as treated incidence. Third, for making a diagnosis of
NTM disease, clinical, radiographic, and microbiologic criteria
are equally important. The study used at least 2 of mycobacteria
laboratory examination codes for bacteriologic identification,
but that cannot represent the accurate bacteriologic results.
However, the initiation of therapy for NTM disease is decided by
a physician based on the diagnosis of NTM disease and potential
risks and benefits of therapy for individual patients.[40] We
utilized the criteria of receiving at least 2 drugs for NTM disease,
which represents the judgment from the physician to verify the
diagnosis of NTM disease.
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5. Conclusion

In TB-endemic Taiwan, the incidences of NTM gradually
increased in the last twenty years. Male and older patients had
a higher incidence of NTM disease. NTM–TB coinfection could
disturb the diagnosis of TB and treatment, especially in elderly
patients. For the number of people aged ≥60 years projected to
grow by 56% worldwide in the next ten years,[41] the increasing
incidence of NTM disease and NTM–TB coinfection in older
patients should be recognized as a crucial public health concern in
TB-endemic areas.
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