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Introduction

Chronic obstructive pulmonary disease (COPD) is a critical

factor contributing to years of life lost and premature

mortality and is a leading cause of death in many countries

[1]. The term COPD is heterogeneous and encompasses a

number of distinct but often overlapping phenotypes,

including chronic bronchitis, small airway obstruction,

emphysema, and, in some individuals, a systemic component

[2]. Bronchiectasis with COPD may also be considered

a further phenotype [3, 4]. The characteristic of

chronic airflow limitation in COPD has been reported in

many studies [5, 6] to be caused by a combination of small

airway diseases and parenchymal destruction. The presence

of COPD has been reported to be increasing in critically ill

patients and to be an independent risk factor for mortality

and morbidity [7].

Nontuberculosis mycobacterium (NTM) disease can

lead to trapped air distal to the small airways [8]. Song

et al. [9] used high-resolution computer tomography

(HRCT) to show the extent of bronchiectasis, cellular or

inflammatory bronchiolitis, and emphysema in NTM

patients, which were found to correlate with small airway

disease in pulmonary function testing [9]. In addition, these

HRCT findings corresponded histopathologically to bronchiolectasis

and bronchiolar and peribronchiolar inflammation

with or without granuloma formation found in a

study by Jeong et al. [10]. These studies imply that NTM

infection may present as a small airway disease such as

hypersensitivity pneumonitis associated with Mycobacterium

avium complex (MAC) [11–13].

The most important risk factor for COPD is tobacco

smoking [14], and numerous studies have indicated that

chronic respiratory disease is a strong risk factor for NTM

pulmonary diseases [15, 16]. In contrast, other studies have

not reported NTM disease to be a predisposing risk factor

contributing to COPD. This study is the first on an Asian

population to indicate that NTM patients have an increased

risk of developing COPD.

Materials and Methods

Data Source

The universal National Health Insurance (NHI) program

was formed from the merger of 13 insurance-related systems

in Taiwan in March 1995. As of 2008, the NHI program

covered more than 99 % of the Taiwanese population

(23 million people). We acquired a dataset from the

National Health Insurance Research Database (NHIRD)

which was established by the National Health Research

Institutes (NHRI). The NHRI is authorized to manage the

insurance data, and the dataset consists of claims data

collected from inpatient claims from 1996 to 2010. Diseases

were diagnosed according to International Classification

of Diseases, 9th revision, Clinical Modification

(ICD-9-CM) codes. All personal information is encrypted

before being released to the public to protect patient privacy.

We confirmed that all of the data were deidentified

and analyzed anonymously. In addition, this study was

approved by the Ethics Review Board of the China Medical

University (CMU-REC-101-012).

Study Population

This study used a retrospective population-based cohort

design. Figure 1 is a flowchart indicating how the study

population was selected. A cohort of newly diagnosed

NTM patients (n = 3,005) (ICD-9-CM 031.0, 031.2,

031.8, and 0.31.9) from 1998 to 2008 was established and

compared with a non-NTM cohort. From the reimbursement

claims data files, 12,020 people free from NTM

infection were randomly selected as the reference cohort

and matched according to sex, age, index year, income, and

occupation for a ratio of NTM to non-NTM patients of 1:4

(Fig. 1). The principal outcome was COPD (ICD-9-CM

490–492 and 496). Follow-up appointments were terminated

when COPD was diagnosed or at the end of

December 31, 2010, whichever came first.

Comorbidities that may have an association with COPD

were also identified using the inpatient claims data and

catastrophic illnesses registry and included tuberculosis

(ICD-9-CM 010–018), bronchopneumonia (ICD-9-CM

485), pneumonia (ICD-9-CM 486), diabetes (ICD-9-CM

250), liver cirrhosis (ICD-9-CM 571), cancer (ICD-9-CM

140–208), cerebral vascular accident (ICD-9-CM 436, 437,

437.1, 437.8, 437.9, and 438), heart disease (ICD-9-CM

410–414 and 425–429), human immunodeficiency virus

(HIV; ICD-9-CM 042–044, V08, and 795.8), asthma (ICD-

9-CM 493 and 494), and stroke (ICD-9-CM 430-438) [17].

We also divided the NTM cohort into the MAC group and

non-MAC group according to ICD-9-CM code.

Statistical Analysis

The v2 test was used to analyze categorical variables and

Student’s t test was used to assess continuous variables

when comparing the NTM and non-NTM cohorts at

baseline. We used Poisson regression analysis to measure

the incidence rate ratio of COPD in the NTM and non-

NTM cohorts for these variables. Multivariate Cox proportional

hazards regression analysis was used to estimate

the hazard ratios (HR) and 95 % confidence intervals (CI)

of COPD in the NTM cohort compared with the non-NTM

cohort. Kaplan–Meier analysis was used to measure the cumulative COPD incidence for both study cohorts, and the

log-rank test was used to evaluate the differences between

the two cumulative incidence curves.

All statistical analyses were performed using the SAS

9.3 statistical package (SAS Institute Inc., Cary, NC, USA).

R software (R Foundation for Statistical Computing,

Vienna, Austria) was used to prepare the Kaplan–Meier

survival curves. A P value of less than 0.05 in 2-tailed tests

was considered to be statistically significant.

Results

We evaluated 3,005 NTM patients and 12,020 subjects

without NTM in this study (Table 1). There were no significant

differences in age, sex, income, and occupation between

the two cohorts. There wasmale predominance (59.3 %), and

more subjects were under 65 years of age (65.5 %), earned

less than 15,000 NTD per month, and were white collar

(48.6 %). TheNTMcohort had a higher proportion of patients

with comorbidities than the comparison cohort.

The overall incidence of COPD in the NTM cohort was

21.75 per 1,000 person-years, which was approximately

3.56-fold higher than that in the comparison cohort (6.11

per 1,000 persons-years) (Table 2). After adjusting for

potential confounders, the NTM cohort exhibited a 3.08-

fold (95 % CI 2.56–3.71) higher risk of developing COPD

than the comparison cohort. Age-specific analysis showed

that the incidence of COPD increased with age in both

groups. Compared to the non-NTM cohort, the adjusted HR

of the COPD was 3.55 (95 % CI: 2.53-4.98) in the NTM

cohort without comorbidities and 2.59 (95 % CI 2.12–3.17)

in the NTM cohort with comorbidities. The sex-specific

HR was highest in the NTM group, with an adjusted HR in

women of 3.57 (95 % CI 2.56–4.97) and 2.89 in men

(95 % CI 2.31–3.61) compared to the non-NTM cohort.

For the women, the adjusted HR was higher in the NTM

group aged \65 years (adjusted HR = 11.11, 95 % CI

4.94–25.01) than in those aged C65 years (adjusted

HR = 2.24, 95 % CI 1.49–3.37). The adjusted HR was

4.69 (95 % CI 2.86–7.67) in men aged\65 years and 2.25

(95 % CI 1.73–2.92) in men aged C65 years compared to

the non-NTM cohort.

The combined effects of NTM infection and comorbidity

on the risk of developing COPD are presented in

Table 3. We compared the effect of comorbidities on the

NTM cohort and on the non-NTM cohort and found that

the patients with NTM infection and comorbidities,

including bronchopneumonia, pneumonia, diabetes,

asthma, and heart disease, had adjusted HRs of 4.46 (95 %

CI 1.28–15.57), 1.78 (95 % CI 1.12–2.83), 2.51 (95 % CI

1.56–4.05), 3.97 (95 % CI 2.26–6.97), and 1.75 (95 % CI

1.15–2.66), respectively (P\0.05).

Table 4 shows that the MAC group had a higher

adjusted HR for COPD than the non-MAC group compared

to those without NTM infection (adjusted HR = 3.72,

95 % CI 2.94–4.72; adjusted HR = 2.72, 95 % CI

2.19–3.38). The Kaplan–Meier survival analysis showed

that the cumulative incidence of COPD was greater in the

NTM group than in the non-NTM group by 11.96 % (17.65

vs. 5.69 %) by the end of follow-up (log-rank test,

P\0.0001; Fig. 2). Discussion

In Taiwan, pulmonary disease due to NTM is diagnosed if

the clinical, radiological, and microbiological characteristics

of the patient meet the criteria for nontuberculous

mycobacterial lung disease established in 1997 by the

American Thoracic Society (ATS) [18, 19]. Coding of the

NTM patients is performed after the consensus of chest

physicians, infection specialists, and personnel who work

in the coding room. Pleurisy due to NTM is diagnosed if

NTM are isolated from a pleural effusion specimen but not

from other body sites. Disseminated disease is diagnosed if

NTM are recovered from more than one body site or from

blood or bone marrow. Lymphadenitis due to NTM is

diagnosed if culture of a biopsy specimen or discharge of a

lymph node yields a NTM isolate. Skin/soft-tissue disease

or osteomyelitis is diagnosed if culture of a wound discharge

or biopsy specimen of a lesion involving the skin,

subcutaneous tissue, muscle, synovium, or bone yields a

NTM isolate [20].

The most important finding of this study is that women

with NTM disease aged\65 years had an increased incidence

of COPD (Table 2). Park et al. [21] observed a rapid

increase in NTM disease in women (women: 60.8 years old

vs. men: 66.5 years old, P\0.001). The age and predominant

sex of the patients with NTM disease observed in

this study are consistent with those observed by Kim et al.

[22] (M. massiliense: 32/34 women, aged 52 ± 13.6 years;

M. abscessus: 20/24 women, aged 56 ± 14.1 years). The

prevalence of NTM infection-associated hospitalizations

has been reported to be steadily increasing among young

women, with COPD being the most important associated

condition [23, 24]. In the current study, the incidence of

COPD increased in the NTM cohort irrespective of age and

sex (both P\0.05).

In this study, comorbidities, including bronchopneumonia

(HR: 4.46) and pneumonia (HR: 1.78), increased the

incidence of COPD in the NTM cohort. However, concurrent

tuberculosis infection with NTM disease was not an

independent risk factor for an increased incidence of

COPD (HR: 1.77, P[0.05, Table 3). Numerous studies

have indicated that microbiology with bronchopneumonia

or pneumonia such as Haemophilus influenzae and Pseudomonas

aeruginosa contribute to bronchiectasis [25–27].

Uncommon NTM isolated from respiratory specimens

should be considered serious pathogens in the presence of

clinical and radiographical manifestations unexplained by

other pathological processes. Colonization with NTM has

been reported to precede dissemination in AIDS patients

and present as NTM disease [28]. In this study, only two

events per 1,000 person-years among the patients with HIV

and NTM with COPD were noted (Table 3). Meanwhile,

the NTM cohort without tuberculosis (HR: 3.07), bronchopneumonia

(HR: 3.08), or pneumonia (HR: 3.22) also

had a higher incidence of COPD than the non-NTM cohort.

Bronchiectasis in NTM patients with lung lesions has been

reported to result from infection sources from NTM [29].

Pulmonary diseases caused by NTM infection such as

MAC can affect people without predisposing conditions,

particularly elderly women, and recognition of this disease is often delayed because it is indolent [30]. The increase in

pulmonary MAC is likely multifactorial and may be

affected by environmental or pathogenic factors other than

aging and COPD [31]. A previous study reported an

association between occupational lung disease and

obstructive small airways [32]. Positive exposure–response

relationships between silica, COPD, and NTM infection,

particularly with high exposures, have been reported [33].

A typical occupational lung disease associated with NTM

disease is hypersensitivity pneumonitis, which may

develop into obstructive airway disease [11, 34]. Therefore,

NTM disease may be a predisposing factor for obstructive

small airway diseases such as COPD. In this study, the

incidence of COPD in the NTM cohort without comorbidities

was higher than in those without NTM (HR: 3.55),

which supports this finding. We further analyzed subgroups

of the NTM cohort by MAC status. The incidence of

COPD among those with MAC (HR: 3.72) and without

MAC (HR: 2.72) were higher than in the non-NTM cohort,

irrespective of age, sex, income, occupation, and

comorbidity. Furthermore, Billinger et al. [35] reported the

frequency of COPD as a secondary diagnosis to be 33.5 %

when NTM disease was the first diagnosis.

COPD leads to enhanced chemotaxis and extracellular

inflammation [36]. Chronic bronchial sepsis, e.g., bronchiectasis,

displays the hallmark of a ‘‘vicious cycle’’ of

host-mediated, inflammatory tissue damage [37]. This

implies that a similar mechanism exists in COPD and

bronchiectasis. Martinez-Garcia et al. [38] presented an

intriguing article indicating the presence, severity, and

impact of bronchiectasis in COPD. Bronchiectasis is a

major finding in progressive NTM disease [39], and NTM

pulmonary disease is associated with a greater decline in

lung function in young patients with bronchiectasis, as

young adults with good lung reserve may decline to a

greater extent during NTM disease [40]. Huang et al. [41]

suggested that NTM disease may play a role in disease

progression and the deterioration of pulmonary function in

COPD patients. Disease with NTM such as M. abscessus

has been shown to play a role in airway inflammation, resulting in a persistent, indolent disease [42]. Kim et al.

[23] reported that the most common computed tomography

findings of NTM disease such as M. abscessus disease at

presentation were bronchiectasis (n = 24, 100 %) and a

decrease in overall computed tomography score after

12 months of therapy; there were only 8 (33 %) patients

with M. abscessus disease in bronchiectasis. This finding is

in accordance with the persistence of M. abscessus disease

contributing to irreversible bronchiectasis [23]. Similarly,

Billinger et al. [35] reported that the frequency of bronchiectasis

as a secondary diagnosis was 14.9 % when NTM

infection was the first diagnosis.

Phenotype classically refers to any observable characteristic

of an organism, and to date multiple disease characteristics

have been termed COPD phenotypes [3]. In our

study, the cumulative incidence of COPD in the NTM cohort was higher than that in the non-NTM cohort after a

follow-up time analysis. These results indicate that NTM

disease has a potential impact on the increasing incidence

of a COPD phenotype (bronchiectasis) [4, 43] accompanied

by a decrease in pulmonary function in patients with

progressive NTM infection (high frequency of bronchiectasis)

[41].

The strength of this study is that it is a nationwide

population-based cohort longitudinal study on the risk of

COPD development in patients with NTM disease. These

finding can be generalized to the general population.

However, several limitations must be considered when

interpreting these findings. The NHIRD does not provide

detailed information on lifestyle factors such as smoking,

body mass index, chest wall deformity, steroid use, environmental

factors, long-term antibiotic use, or purified

protein derivative skin tests, all of which are potential

confounding factors for this study [44]. Taiwan has been

vaccinating infants at birth with Bacille Calmette-Gue´rin

(BCG) since 1951. However, the protective effect of BCG

against pulmonary TB in previous studies remains controversial

[45].

In conclusion, this nationwide study of 3,005 NTM

patients with 12,020 person-years of follow-up shows that

NTM patients have an increased risk of developing COPD

compared with the general population (HR: 3.08). Kaplan–

Meier survival analysis showed that patients with NTM

disease had significantly higher COPD rates than those

without NTM disease (log-rank test, P\0.0001). Furthermore,

the incidence of COPD in the NTM cohort

without comorbidities was higher than in the non-NTM

cohort (HR: 3.55). These findings suggest the importance

of detecting subclinical NTM disease early because the

incidence of this indolent disease has been shown to be

increasing in recent years [22, 46]. Treatment with anti-

NTM (such as MAC) therapy has been shown to improve

pulmonary function in the patients whose pulmonary

function was abnormal to begin with [47]. Physicians

should treat this slow, progressive infection, with or

without comorbidities (such as cerebral vascular accidents,

heart disease including coronary artery disease) [48], early

to prevent it from developing into a COPD phenotype such

as bronchiectasis [10, 39, 49], thus reducing the in-hospital

burden of this disease [24, 25].
