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A B S T R A C T

Purpose: Adherence to guideline recommendations in the treatment of non-tuberculous mycobacterial lung dis-
ease (NTM-LD) is often difficult. Thus, this study aimed to investigate the impact of the integrity of NTM-LD 
treatment on treatment outcomes.
Materials and methods: The participants were screened from the National Taiwan University Hospital-Integrative 
Medical Database (NTUH-iMD) and the Taiwan National Health Insurance Research Database (NHIRD). The 
longest treatment duration during 3 consecutive months was defined as maximum chemotherapy possession days 
(MCPDs) and was categorized as low (28–55 days), medium (56–90 days), and maximum (≥91 days). We 
analyzed microbiological cure and 3-year mortality using MCPDs.
Results: Low, medium, and maximum MCPD groups had 83 (19.2 %), 94 (21.8 %), and 255 (59.0 %) participants 
in the NTUH-iMD cohort (N = 432) and 1203 (26.5 %), 1251 (27.6 %), and 2084 (45.9 %) participants in the 
NHIRD cohort (N = 4538), respectively. In the NTUH-iMD cohort, multivariable analysis showed that adjusted 
hazard ratios (aHRs) of 3-year mortality were 0.51 (95 % CI: 0.29–0.90) and 0.29 (0.18–0.49) in medium and 
maximum MCPD groups compared with the low MCPD group. The trends of survival benefit by maximum MCPDs 
were also found in the NHIRD cohort. The maximum MCPD group had 45.9 % participants with microbiologic 
cure, which was significantly higher than in medium and low MCPD groups (27.7 % and 4.0 %, respectively; p <
0.001).
Conclusion: Maximum MCPD for NTM-LD increased microbiological cure and reduced 3-year mortality by 71 % 
compared with low MCPD group. Maintaining NTM-LD treatment integrity as possible might positively impact 
disease outcomes.
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1. Introduction

Non-tuberculous mycobacteria (NTM) are environmental pathogens 
that are widely distributed and have the potential to colonize the res-
piratory tract, subsequently leading to pulmonary infections, particu-
larly in individuals who are at risk. Recent trends indicate a rise in the 
incidence of lung disease associated with NTM (NTM-LD). This condi-
tion has a considerable negative impact on health status, quality of life, 
and survival rates, particularly among older adults and those with 
multiple comorbidities.1,2 Lee et al. reported that the outcome of 
NTM-LD might be worse compared to pulmonary tuberculosis.3

In contrast to pulmonary tuberculosis, the treatment of NTM-LD is 
characterized by increased complexity and duration.4 Although the 
established guidelines uniformly advocate for standard treatment regi-
mens, referred to as guideline-based therapy (GBT), which should be 
maintained for a minimum of 12 months following sputum conver-
sion,4,5 adherence to long-term treatment remains a significant chal-
lenge. The reasons of non-compliance of GBT might be multi-factorial. It 
might include prolonged treatment duration, adverse drug effects and 
drug interaction of GBT.6 In addition, the possible complications of GBT 
might further compromise the compliance and confidence of GBT 
treatment in both physicians and patients.7,8 Various studies have 
indicated that the continuation of GBT at the six-month treatment is 
observed in only 17 %–41 % of patients with Mycobacterium avium 
complex lung disease (MAC-LD).9,10 Consequently, a common challenge 
in the management of NTM therapy is the need to address adverse effects 
and to modify treatment regimens.

In addition to adjustments in treatment protocols, instances of 
treatment interruption are occasionally observed.11 However, the ma-
jority of previous research has primarily focused on the consequences of 
non-compliance with GBT, comparison among various treatment regi-
mens, and differing durations of treatment.12,13 A study conducted in the 
Netherlands investigated the medication possession rate for NTM-LD 
treatment during the initial month; however, it did not explore the 
relationship between this rate and treatment outcomes.11 There is a 
paucity of information regarding the significance of uninterrupted 
NTM-LD treatment. Consequently, we undertook a retrospective study 
to analyze the maximum number of treatment days over a consecutive 
three-month period, with the aim to investigate the therapeutic impli-
cations of treatment duration integrity on three-year mortality and 
microbiological cure rates.

2. Materials and methods

2.1. Study design and participant recruitment

This retrospective study was undertaken to examine cohorts from the 
National Taiwan University Hospital-Integrative Medical Database 
(NTUH-iMD) spanning the years 2006–2020, as well as data from the 
Taiwan National Health Insurance Research Database (NHIRD) main-
tained by the Health and Welfare Data Science Center (HWDC) from 
June 2010 to December 2020. The study received approval from the 
Institutional Review Board of the hospital’s Research Ethics Committee 
(Approval No: 201704001RINB). Given the retrospective nature of the 
research, the requirement for written informed consent was waived.

We conducted a screening of patients from the NTUH-iMD who met 
the microbiological diagnostic criteria for NTM-LD as outlined in the 
2020 guidelines established by the American Thoracic Society (ATS), 
European Respiratory Society (ERS), European Society of Clinical 
Microbiology and Infectious Diseases (ESCMID), and Infectious Diseases 
Society of America (IDSA).4 Conversely, within the medical database of 
the National Health Insurance Research Database (NHIRD), we identi-
fied patients during the study period based on diagnostic codes. Can-
didates were included if they had received a diagnosis of NTM-LD on two 
separate occasions using any of the three primary diagnostic codes 
associated with outpatient or emergency care, or on one occasion using 
any of the five primary diagnostic codes for hospital admissions. The 
index date for NTM-LD was defined as the date on which the microbi-
ological diagnostic criteria were met in the NTUH-iMD cohort, or the 
first instance of diagnostic coding for NTM-LD in the NHIRD cohort.

Following the screening process, we excluded individuals diagnosed 
with pulmonary tuberculosis within a six-month period preceding or 
following the index date of NTM-LD, as well as those co-infected with 
the human immunodeficiency virus. Patients were eligible for enroll-
ment if they received anti-NTM treatment for a minimum duration of 28 
days within any consecutive three-month interval during the three years 
of the index date. Anti-NTM treatment was operationally defined as the 
administration of at least two active species-specific anti-NTM medica-
tions, in accordance with the guidelines established by the British 
Thoracic Society in 2017 and the joint recommendations of ATS/ERS/ 
ESCMID/IDSA in 2020 (Supplement Table S1).4,5

2.2. Demographics, clinical data, and outcomes

The identification of comorbidities was conducted as detailed in 
Supplement Table S2. In the NTUH-iMD, cavitation was defined based 
on reports from chest computed tomography (CT) conducted within six 
months prior to or three years following the index date. The grade of 

Fig. 1. Flow chart of participants’ enrollment in (A) NTUH-iMD and (B) NHIRD 
Abbreviations: NTM-LD: non-tuberculous mycobacteria lung disease; NTUH-iMD: National Taiwan University Hospital integrative medical database; NHIRD: Na-
tional Health Insurance Research database *Microbiologic diagnostic criteria of NTM-LD: the criteria were (1) ≥ 2 sputum tests isolating the same species of NTM, 
(2) < 3 sets of negative cultures, and (3) no other NTM species identified between the 2 positive cultures of a certain NTM species.
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acid-fast staining (AFS) and the identification of NTM species were 
exclusively available in the NTUH-iMD, but not in NHIRD. The classi-
fication of NTM species was performed in accordance with our previous 
research as outlined in Supplement Table S314. The AFS grades of trace 
to 2+ were classified as weak positive, while grades of 3+ or 4+ were 
classified as strong positive.

The primary outcome of this study was three-year mortality. Data 
regarding mortality within three years from the index date were ac-
quired through the integration of the medical databases from NTUH- 
iMD and NHIRD with the Death Registry System maintained by the 
Ministry of Health and Welfare in Taiwan.14 In NTUH-iMD, microbio-
logic cure was assumed as a secondary outcome, defined in accordance 
with the criteria established by NTM-NET.15

2.3. Group classification by anti-NTM treatment

The most days in three consecutive months of anti-NTM treatment 
were indicated as maximum chemotherapy possession days (MCPDs). 
We classified them into three distinct groups: 28–55 days (low), 56–90 
days (medium), and ≥91 days (maximum) MCPD groups. A single 
course of anti- NTM therapy was defined as a continuous treatment 
period that was not interrupted for more than three consecutive months.

2.4. Statistical analysis

All statistical analyses were conducted using SAS 9.4 (Cary, NC, 
USA). Categorical and continuous variables were compared using the 
chi-square (or Fisher exact) and Student t tests, respectively. ANOVA 
was used for the comparison of multiple groups. Multivariable hazard 
ratios (HRs) were calculated by Cox proportional hazard regression. 
Factors with p < 0.05 in univariable analysis were included in the 
multivariable analysis while keeping the significant factors in the final 
multivariable model. Additionally, the study covered an extended 
timeframe. Variations in NTM-LD treatment, and supportive care for co- 
morbidities over the years of NTM-LD diagnosis could potentially 
confound the study findings. As a result, the year of NTM-LD diagnosis 
was incorporated into multivariable analysis. Kaplan-Meier (KM) sur-
vival and log-rank tests were used to analyze 3-year survival curves. 
Consistence between NTUH-iMD and NHIRD was verified by Cohen’s 
Kappa coefficient or McNemar’s test. Statistical significance was set as p 
< 0.05.

3. Results

3.1. The NTUH-iMD cohort

3.1.1. Participants’ selection and demographic and clinical characteristics
Fig. 1A illustrates the recruitment of participants (n = 432) in the 

NTUH-iMD cohort. The distribution of participants across the low, me-
dium, and maximum MCPD groups was 83 (19.2 %), 94 (21.8 %), and 
255 (59.0 %), respectively (Table 1). The maximum MCPD group was 
significantly younger than the other two groups (p = 0.001). There were 
no significant differences in sex, body mass index (BMI), smoking status, 
or comorbidities among the groups, with the exception of chronic res-
piratory failure (CRF) related to ventilator dependence. The maximum 

Table 1 
The clinical characteristics of subjects in NTUH-iMD.

All (n 
= 432)

Low 
MCPD 
(n =
83)

Medium 
MCPD (n 
= 94)

Maximum 
MCPD (n =
255)

p

Age (years) 61.0 
± 14.2

65.9 ±
14.8

61.1 ±
14.8

59.3 ± 13.5 0.001

Age >65 173 
(40.1)

46 
(55.4)

41 (43.6) 86 (33.7) 0.002

Sex (Male) 201 
(46.5)

44 
(53.0)

46 (48.9) 111 (43.5) 0.28

BMI (n = 310) 103 
(33.2)

17 
(32.7)

25 
(34.77)

61 (32.87 
%)

0.95

AFS (n = 424)
negative 46 

(10.9)
7 (8.6) 11 (12.0) 28 (11.2) 0.65

Weakly positive 112 
(26.4)

20 
(24.7)

29 (31.5) 63 (25.1) ​

Strongly positive 266 
(62.7)

54 
(66.7)

52 (56.5) 160 (63.8) ​

Species
MABC 92 

(21.3)
24 
(28.9)

18 (19.2) 50 (19.6) 0.69

MAC 233 
(53.9)

40 
(48.2)

50 (53.2) 143 (56.1) ​

MK 57 
(13.2)

8 (9.6) 13 (13.8) 36 (14.1) ​

RGM 35 
(8.1)

8 (9.6) 9 (9.6) 18 (7.1) ​

SGM 15 
(3.5)

3 (3.6) 4 (4.3) 8 (3.1) ​

Smoking (active or 
former)

80 
(19.5)

12 
(15.8)

17 (19.8) 51 (20.6) 0.65

CKD 22 
(5.1)

7 (8.4) 6 (6.4) 9 (3.5) 0.17

ESRD 2 (0.5) 0 (0.0) 1 (1.1) 1 (0.4) 0.65
Chronic respiratory 

failure
12 
(2.8)

4 (4.8) 6 (6.4) 2 (0.8) 0.004

Asthma 22 
(5.1)

6 (7.2) 6 (6.4) 10 (3.9) 0.38

COPD 83 
(19.2)

19 
(22.9)

18 (19.2) 46 (18.0) 0.62

Bronchiectasis 147 
(34.0)

29 
(34.9)

28 (29.8) 90 (35.3) 0.62

IPF 18 
(4.2)

4 (4.8) 3 (3.2) 11 (4.3) 0.84

Cancer 65 
(15.1)

12 
(14.5)

19 (20.2) 34 (13.3) 0.28

GERD 42 
(9.7)

9 
(10.8)

8 (8.5) 25 (9.8) 0.87

HF 25 
(5.8)

9 
(10.8)

5 (5.3) 11 (4.3) 0.084

DM 45 
(10.4)

10 
(12.1)

12 (12.8) 23 (9.0) 0.52

Sinusitis 14 
(3.2)

2 (2.4) 3 (3.2) 9 (3.5) 1.00

Autoimmune
RA 5 (1.2) 0 (0.0) 1 (1.1) 4 (1.6) 0.83
SLE 4 (0.9) 0 (0.0) 0 (0.0) 4 (1.6) 0.49
Sicca syndrome 11 

(2.6)
2 (2.4) 1 (1.1) 8 (3.1) 0.64

Dermatomyositis 1 (0.2) 0 (0.0) 1 (1.1) 0 (0.0) 0.41
Transplantation 8 (1.9) 1 (1.2) 2 (2.1) 5 (2.0) 1.00
Cavity 70 

(16.2)
10 
(12.1)

16 (17.0) 44 (17.3) 0.52

Treatment duration 
(days)

253.2 
±

207.3

38.7 ±
10.7

122.8 ±
73.7

371.1 ±
188.8

<0.001

Intermittent therapy 19 
(4.4)

5 (6.0) 5 (5.3) 9 (3.5) 0.56

The duration from 
diagnosis to 
treatment (days)

128.0 
±

212.5

184.5 
±

274.0

118.4 ±
225.5

113.1 ±
180.1

0.03

Days of Follow-up 800.5 
±

365.7

680.7 
±

420.9

684.6 ±
419.3

882.3 ±
298.4

<0.001

Mortality 97 
(22.5)

29 
(34.9)

29 (30.9) 39 (15.3) <0.001

Data represented with mean ± standard deviation or number (%).
Abbreviations: AFS: acid fast staining; BMI: body mass index; CKD: chronic renal 
disease; COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; 
ESRD: end-stage renal disease; GERD: gastroesophageal reflux disease; HF: heart 
failure; IPF: idiopathic pulmonary fibrosis; MABC: Mycobacterium abscessus 
complex; MAC: Mycobacterium avium complex; MK: Mycobacterium kansasii; 
NTUH-iMD: National Taiwan University Hospital integrative medical database; 
RA: rheumatoid arthritis; RGM: rapid-growing mycobacteria; SGM: slow- 
growing mycobacteria; SLE: systemic lupus erythema.
The case numbers of cirrhosis, polymyositis and pneumoconiosis were zero.
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MCPD group exhibited the lowest prevalence of CRF at 0.8 % (p =
0.004). Furthermore, there were no significant differences in the pres-
ence of mycobacterial species, AFS grades, or cavitation among the three 
groups. Only 4.4 % of participants reported ever utilizing intermittent 
treatment three times a week, with no significant differences observed 
across the MCPD groups.

3.1.2. The temporal components of anti-NTM treatment
The interval between diagnosis and the commencement of treatment 

was significantly prolonged in the low MCPD group when compared to 
the medium and maximum MCPD groups (p = 0.03). A majority of 
participants (91.0 %) underwent only a single course of treatment. 
Additionally, the duration of treatment was notably greater in the 
maximum MCPD group (371.1 ± 188.8 days) relative to the other 
groups (p < 0.001).

3.1.3. MCPD associated with microbiologic cure
A total of 149 participants, representing 34.5 % of the cohort pop-

ulation, met the criteria for microbiologic cure. Among these in-
dividuals, 6 (4.0 %) were classified in the low MCPD group, 26 (27.7 %) 
in the medium MCPD group, and 117 (45.9 %) in the maximum MCPD 
group. Fig. 2 illustrates the KM curves for the probability of microbio-
logic cures, revealing that the rate of microbiologic cure was 

significantly greater in the maximum MCPD group (p < 0.001).

3.1.4. Three-year mortality and its associated factors
The three-year mortality rates for the low, medium, and maximum 

MCPD groups were recorded at 34.9 %, 30.9 %, and 15.3 %, respectively 
(p < 0.001) (Table 1). Kaplan-Meier survival curves for the three MCPD 
groups indicated that the maximum MCPD group exhibited the highest 
survival rates, whereas the low MCPD group demonstrated the lowest 
survival rates (p < 0.001, Fig. 3A). The univariable analysis of factors 
influencing three-year mortality revealed that age ≥65 years, male, and 
active or former smoking status were significant demographic risk fac-
tors for mortality (Table 2). In terms of NTM species, Mycobacterium 
avium complex (MAC) and Mycobacterium kansasii (MK) were associated 
with a reduced risk of three-year mortality. Comorbidities such as 
chronic kidney disease (CKD), CRF, cancer, diabetes mellitus (DM), 
heart failure (HF), gastroesophageal reflux disease (GERD), and chronic 
airway diseases, including chronic obstructive pulmonary disease 
(COPD) and idiopathic pulmonary fibrosis (IPF), were identified as risk 
factors for mortality, while bronchiectasis appeared to confer a protec-
tive effect against mortality. The maximum MCPD group was found to be 
a protective factor against mortality when compared to the low MCPD 
group. However, the year of diagnosis was not a significant factor 
associated with mortality (p = 0.90).

Fig. 2. The Kaplan-Meier curves of the probability of microbiologic cure in three MCPD groups in NTUH-iMD 
Abbreviations: MCPD: maximum chemotherapy possession days; NTUH-iMD: National Taiwan University Hospital integrative medical database; NHIRD: National 
Health Insurance Research database.

Fig. 3. The Kaplan-Meier survival curve of three MCPD groups in (A) NTUH-iMD and (B) NHIRD 
Abbreviations: MCPD: maximum chemotherapy possession days; NTUH-iMD: National Taiwan University Hospital integrative medical database; NHIRD: National 
Health Insurance Research database.
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In the multivariable analysis, several factors were identified as sig-
nificant risk factors for mortality. Specifically, male sex, CRF, cancer, 
HF, and DM were associated with increased mortality risk. Furthermore, 
both medium and maximum MCPD groups were associated with a 
reduced risk of mortality when compared to low MCPD group, with 
adjusted hazard ratios (aHRs) of 0.51 (95 % CI: 0.29–0.90, p < 0.001) 
for medium MCPD and 0.29 (95 % CI: 0.18–0.49, p < 0.001) for 
maximum MCPD. Subgroup analyses examining the impact of MCPDs on 
mortality, which included participants aged 65 years and older, as well 
as various comorbidities such as CRF, ESRD, cancer, HF, COPD, asthma, 
bronchiectasis, idiopathic pulmonary fibrosis (IPF), and treatment du-
rations exceeding 360 days, demonstrated that medium and maximum 
MCPD groups positively influenced survival outcomes in comparison to 
low MCPD group (see Fig. 4A).

3.2. Validation of MCPD impact using the NHIRD

3.2.1. Participants’ enrollment, clinical characteristics, and treatment
Fig. 1B presents a flowchart detailing the selection process of par-

ticipants, encompassing a total of 4538 participants. Among these, 1203 
(26.5 %) were classified into the low MCPD group, 1251 (27.6 %) into 
the medium MCPD group, and 2084 (45.9 %) into the maximum MCPD 
group. Notably, participants in the maximum MCPD group were 
significantly younger than those in the other two groups (p < 0.001) 
(Table 3). Additionally, this group exhibited a lower prevalence of 
comorbidities, such as ESRD, CRF, cancer, cirrhosis, COPD, HF, DM, 
GERD, and systemic lupus erythematosus (SLE), in comparison to the 
other groups. Conversely, the maximum MCPD group reported the 
highest incidence of bronchiectasis among the three categories (p <
0.001). Furthermore, the maximum MCPD group demonstrated more 
use of intermittent therapy (4.7 %, p = 0.003), the shortest interval from 
diagnosis to the commencement of treatment (49.7 ± 147.1 days, p <
0.001), the longest duration of treatment (324.5 ± 187.9 days, p <
0.001), and the lowest three-year mortality rate (14.9 %, p < 0.001) 
when compared to the other MCPD groups.

3.2.2. Factors associated with mortality
The univariable analysis revealed that various comorbidities, such as 

CRF, ESRD, asthma, COPD, IPF, cancer, HF, and DM, were identified as 
risk factors for mortality (Table 4). Conversely, bronchiectasis emerged 
as a protective factor against mortality. Furthermore, individuals in the 
medium and maximum MCPD groups exhibited a reduced risk of mor-
tality when compared to those in the low MCPD group, with HR of 0.58 
and 0.24, respectively, both statistically significant (p < 0.001). The KM 
survival curves indicated significant differences in 3-year mortality rates 
among the three groups (Fig. 3B). However, intermittent therapy was 
not significantly associated with mortality (p = 0.81). The multivariable 
analysis indicated that low MCPD, along with the aforementioned 
comorbidities—excluding asthma and DM—were associated with 
increased mortality. The aHRs for three-year mortality in the medium 
and maximum MCPD groups were 0.72 and 0.51, respectively, in com-
parison to the low MCPD group (p < 0.001). Additionally, bronchiec-
tasis and prolonged treatment duration were identified as protective 
factors against mortality. Consistent with findings from the NTUH-iMD 
study, subgroup analyses regarding the impact of MCPD on mortality 
also indicated that the medium and maximum MCPD groups conferred a 
protective effect against mortality when compared to the low MCPD 
group (Fig. 4B).

Table 2 
Risk factors of 3-year mortality in NTUH-iMD by multivariate analysis.

Crude HR p Adjusted HR p

MCPD Groups
Low (28–55 days) reference ​ reference ​
Medium (56–90 
days)

0.88 
(0.52–1.47)

0.61 0.51 
(0.29–0.90)

0.02

Maximum (≧ 91 
days)

0.34 
(0.21–0.55)

<0.001 0.29 
(0.18–0.49)

<0.001

The year of diagnosis 1.00 
(0.95–1.06)

0.90 ​ ​

AFS
Negative reference ​ ​ ​
Weakly positive 1.09 

(0.56–2.13)
0.80 ​ ​

Strongly positive 1.25 
(0.79–1.96)

0.34 ​ ​

Culture
SGM reference ​ ​ ​
MABC 0.77 

(0.32–1.85)
0.56 ​ ​

MAC 0.36 
(0.15–0.86)

0.021 ​ ​

MK 0.32 
(0.11–0.93)

0.037 ​ ​

RGM 0.59 
(0.22–1.63)

0.31 ​ ​

Age>65 2.10 (1.4–3.13) <0.001 ​ ​
Male 2.40 

(1.58–3.64)
<0.001 1.87 

(1.22–2.86)
0.004

BMI <18.5 1.00 
(0.64–1.58)

0.98 ​ ​

Smoking (active or 
former)

2.00 
(1.27–3.13)

0.003 ​ ​

CKD 2.47 
(1.28–4.75)

0.007 ​ ​

ESRD 3.93 
(0.97–15.96)

0.056 ​ ​

Chronic respiratory 
failure

15.55 
(8.24–29.34)

<0.001 9.56 
(4.83–18.91)

<0.001

Asthma 1.47 
(0.68–3.17)

0.33 ​ ​

COPD 2.06 
(1.34–3.17)

0.001 ​ ​

Bronchiectasis 0.40 
(0.24–0.67)

<0.001 ​ ​

IPF 3.17 
(1.65–6.10)

<0.001 ​ ​

Cancer 6.04 
(4.01–9.09)

<0.001 5.81 
(3.76–8.99)

<0.001

GERD 2.03 
(1.17–3.52)

0.012 ​ ​

HF 4.74 
(2.80–8.00)

<0.001 5.26 
(3.02–9.15)

<0.001

DM 2.69 
(1.64–4.40)

<0.001 2.90 
(1.75–4.81)

<0.001

Sinusitis 1.74 
(0.71–4.29)

0.23 ​ ​

Autoimmune
RA 0.96 

(0.13–6.90)
0.97 ​ ​

SLE 2.56 
(0.63–10.40)

0.19 ​ ​

Sicca syndrome NAa NAa ​ ​
Dermatomyositis NAa NAa ​ ​

Transplantation 1.30 
(0.32–5.27)

0.71 ​ ​

Cavity 0.92 
(0.53–1.60)

0.77 ​ ​

Treatment duration 0.997 
(0.996–0.998)

<0.001 ​ ​

The duration from 
diagnosis to 
treatment

0.997 
(0.996–0.999)

0.002 0.998 
(0.996–1.000)

0.015

Abbreviations: AFS: acid fast staining; BMI: body mass index; CKD: chronic renal 
disease; COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; 
ESRD: end-stage renal disease; GERD: gastroesophageal reflux disease; HF: heart 
failure; IPF: idiopathic pulmonary fibrosis; MABC: Mycobacterium abscessus 

complex; MAC: Mycobacterium avium complex; MK: Mycobacterium kansasii; 
NTUH-iMD: National Taiwan University Hospital integrative medical database; 
RA: rheumatoid arthritis; RGM: rapid-growing mycobacteria; SGM: slow- 
growing mycobacteria; SLE: systemic lupus erythema.

a No mortality cases in the co-morbidities.
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3.3. Consistency of comorbidities derived from NTUH-iMD and NHIRD

The comorbidity data obtained from the NTUH-iMD were cross- 
referenced with the NHIRD database to ensure consistency. Conditions 
such as pneumoconiosis, cirrhosis, and dermatomyositis were excluded 
from the analysis due to having zero or one recorded case. Within the 
NTUH-iMD cohort, the reclassification of comorbidities and the cate-
gorization of MCPD groups by the NHIRD demonstrated consistency. 
(Table S4 and Fig. S1).

4. Discussion

The guidelines for the management of NTM-LD emphasize the 
importance of treatment protocols that are contingent upon the NTM 
species involved and the appropriate duration of therapy.4 Nevertheless, 
clinical practice is often hindered by issues such as drug resistance, 
extended treatment periods, and adverse events related to the therapy. 
Previous studies in differential areas indicate that modifications and 
interruptions to the NTM-LD treatment regimen are common during the 
treatment process, the issue of treatment integrity might be complicated 
with the outcome.9,10 The results of the current study highlight that the 
integrity of NTM-LD treatment is significantly associated with both 
microbiological cure and mortality outcomes.

Various factors, such as the prolonged duration of treatment, adverse 
effects associated with the treatment, and the fragility of patients, can 
hinder adherence to and continuation of therapy. A multitude of studies 
have documented instances of suboptimal adherence and discontinua-
tion of GBT in real-world settings.9,10,16 It is not uncommon for tem-
porary interruptions or modifications in antibiotic therapy during the 
treatment of NTM-LD. The current study highlights the therapeutic 
importance of sustaining NTM-LD treatment and minimizing in-
terruptions. Some research indicates that dual-drug regimens tend to 
result in fewer adverse effects that necessitate pauses or modifications 
compared to three-drug regimens, particularly during the initial phases 
of treatment.6,17,18 Consequently, certain experts have advocated for a 
gradual and stepwise introduction of antibiotics when commencing 
treatment for NTM-LD.19,20 Prior research has indicated that intermit-
tent therapy, as opposed to daily therapy, may be suitable for certain 
patients, as it can result in fewer adverse effects without compromising 
treatment efficacy.21 In addition to choose adequate drug regimens, 
engaging in shared decision-making with patients with NTM-LD prior to 

the commencement of treatment, well education and support by 
healthcare teams might also enhance adherence and integrity of the 
treatment.22

As previously indicated, there are additional factors that affect the 
outcomes of NTM-LD beyond the established treatment protocols and 
their duration. Research conducted by Mourad et al. demonstrated that 
patients with NTM-LD who also have comorbid conditions experience 
poorer outcomes compared to those without such comorbidities.23

Moreover, several studies have emphasized the significant influence of 
specific comorbidities on mortality associated with NTM-LD, which may 
be comparable to the mortality directly attributable to NTM-LD it-
self.2,14 The current study further corroborates the detrimental effects of 
comorbidities, including the need for ventilator support, the presence of 
cancer, HF, and DM on mortality rates. This finding highlights the 
critical importance of addressing comorbid conditions concurrently 
with the treatment of NTM-LD. Maintaining a heightened awareness of 
potential co-morbidities for early diagnosis, along with the imple-
mentation of multidisciplinary treatment teams, may be beneficial in the 
management of NTM-LD.

In contrast, the adjusted HR of three-year mortality in bronchiectasis 
was reported in NHIRD group was significantly less than 1, suggesting 
that bronchiectasis is linked to a reduced risk of three-year mortality, 
while comparing with others including those with fibrocavitary pattern. 
The relationship between bronchiectasis and mortality associated with 
NTM-LD is complex. It is well established that NTM-LD presents pri-
marily in two radiological patterns: fibrocavitary and nodular bronchi-
ectasis. The severity of the disease and associated mortality are generally 
greater in the fibrocavitary pattern compared to the nodular bronchi-
ectasis pattern.24 Numerous studies have also indicated that bronchi-
ectasis is less frequently associated with mortality among co-morbidities 
of NTM-LD.1,3,14 Despite that radiological patterns were lacked in the 
databases, bronchiectasis itself may not serve as a direct protective 
factor, it may, in certain instances, correlate with less severe NTM-LD 
with a diminished risk of death.24,25

Several studies have indicated that specific NTM species may be 
associated with increased mortality rates. A study conducted in Canada 
found that MK exhibited the highest odds ratio for 5-year mortality 
when compared to the control population.1 Our prior research corrob-
orated these findings, revealing an eight-year mortality rate of up to 60 
% for MK.14 The pathogenic virulence of MK among NTM species has 
been documented in various studies.26,27 However, the current study 

Fig. 4. Subgroup analyses of the effects of MCPD in 3 months on mortality in (A) NTUH-iMD and (B) NHIRD 
Abbreviations: MCPD: maximum chemotherapy possession days; NTUH-iMD: National Taiwan University Hospital integrative medical database; NHIRD: National 
Health Insurance Research database.
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revealed a negative association between MK and three-year mortality in 
the univariate analysis. This inconsistency with previous research may 
be attributed to the fact that the study population consisted of in-
dividuals undergoing treatment. The treatment response for MK lung 
disease (MK-LD) was notably favorable, with success rates reaching up 

to 90 %,28,29 which is significantly higher than the 60 %–70 % response 
rates observed for MAC and the 30 %–40 % rates for MABC.28 It is 
important to note that nearly 20 % of MK-LD patients in our earlier study 
were receiving treatment.14 Therefore, timely and appropriate thera-
peutic interventions may enhance patient outcomes.

A component of our research involved a retrospective analysis of 
data sourced from a single medical center. However, the robustness of 
the study is underscored by the validation of its findings through 
nationwide data from NHIRD. Nonetheless, the current study had some 
limitations. First of all, the specifics regarding treatment regimens and 
their durations were derived from prescription records, and there was a 
lack of direct monitoring of drug utilization. Secondly, the datasets 
utilized in this study did not include information on NTM subspecies or 
drug sensitivity testing. Consequently, the distribution of subspecies 
within MAC and MABC may have an impact on the results.2 Although 
data on drug sensitivity were not available, it is noteworthy that over 
half of the cases of NTM-LD were attributed to MAC, with macrolide 

Table 3 
The clinical characteristics of subjects in NHIRD.

All (n 
=

4538)

Low 
MCPD 
(n =
1203)

Medium 
MCPD (n 
= 1251)

Maximum 
MCPD (n =
2084)

p

Age 61.8 
± 15.6

64.7 ±
16.0

61.8 ±
16.4

60.2 ± 14.7 <0.001

Age> 65 2093 
(46.1)

657 
(54.6)

575 
(46.0)

861 (41.3) <0.001

Sex (Male) 2422 
(53.4)

722 
(60.0)

672 
(53.7)

1028 (49.3) <0.001

ESRD 168 
(3.7)

56 
(4.7)

57 (4.6) 55 (2.6) 0.002

Chronic respiratory 
failure

366 
(8.1)

151 
(12.6)

124 (9.9) 91 (4.4) <0.001

Pneumoconiosis -a -a -a -a 0.61
Asthma 460 

(10.1)
139 
(11.6)

120 (9.6) 201 (9.6) 0.16

COPD 1255 
(27.7)

395 
(32.8)

330 
(26.4)

530 (25.4) <0.001

Bronchiectasis 966 
(21.3)

200 
(16.6)

239 
(19.1)

527 (25.3) <0.001

IPF 203 
(4.5)

59 
(4.9)

44 (3.5) 100 (4.8) 0.16

Cancer 756 
(16.7)

229 
(19.0)

225 
(18.0)

302 (14.5) 0.001

Cirrhosis 14 
(0.3)

7 (0.6) 4 (0.3) 3 (0.1) 0.092

GERD 615 
(13.6)

140 
(11.6)

161 
(12.9)

314 (15.1) 0.015

HF 308 
(6.8)

116 
(9.6)

104 (8.3) 88 (4.2) <0.001

DM 902 
(19.9)

303 
(25.2)

261 
(20.9)

338 (16.2) <0.001

Sinusitis 94 
(2.1)

22 
(1.8)

29 (2.3) 43 (2.1) 0.70

Autoimmune
RA 89 

(2.0)
25 
(2.1)

18 (1.4) 46 (2.2) 0.28

SLE 71 
(1.6)

19 
(1.6)

11 (0.9) 41 (2.0) 0.049

Sicca syndrome 165 
(3.6)

34 
(2.8)

45 (3.6) 86 (4.1) 0.16

Dermatomyositis -a -a -a -a 0.82
Polymyositis -a -a -a -a 0.91

Transplantation 61 
(1.3)

19 
(1.6)

13 (1.0) 29 (1.4) 0.49

Treatment duration 
(days)

192 ±
183.1

41.5 ±
15.5

116.1 ±
76.2

324.5 ±
187.9

<0.001

Intermittent therapy 162 
(3.6)

25 
(2.1)

39 (3.1) 98 (4.7) 0.003

The duration from 
diagnosis to 
treatment (days)

70.4 
±

181.1

104.8 
±

225.5

71.6 ±
179.6

49.7 ±
147.1

<0.001

Days of Follow-up 
(days)

736.9 
±

394.5

595.7 
±

430.5

693.3 ±
410.8

844.5 ±
326.5

<0.001

Mortality 1237 
(27.3)

547 
(45.5)

379 
(30.3)

311 (14.9) <0.001

Data represented with mean ± standard deviation or number (%).
Abbreviations: AFS: acid fast staining; BMI: body mass index; COPD: chronic 
obstructive pulmonary disease; DM: diabetes mellitus; ESRD: end-stage renal 
disease; GERD: gastroesophageal reflux disease; HF: heart failure; IPF: idiopathic 
pulmonary fibrosis; MCPD: maximum chemotherapy possession days; NHIRD: 
National Health Insurance Research Database; RA: rheumatoid arthritis; SLE: 
systemic lupus erythema.

a In accordance with privacy regulations in Taiwan, the exact number of pa-
tients is not specified if it is less than 3.

Table 4 
Risk factors of 3-year mortality in NHIRD by multivariate analysis.

Crude HR p Adjusted HR p

MCPD Groups
Low (28–55 days) Reference ​ Reference ​
Medium (56–90 
days)

0.58 (0.51–0.66) <0.001 0.74 
(0.64–0.85)

<0.001

Maximum (≧ 91 
days)

0.24 (0.21–0.28) <0.001 0.51 
(0.42–0.63)

<0.001

The diagnosis of year 1.00 (0.97–1.02) 0.77 ​ ​
Age>65 3.02 (2.68–3.41) <0.001 2.27 

(2.00–2.57)
<0.001

Male 1.85 (1.64–2.08) <0.001 1.35 
(1.20–1.53)

<0.001

ESRD 2.00 (1.58–2.53) <0.001 1.86 
(1.47–2.36)

<0.001

Chronic respiratory 
failure

5.17 (4.52–5.91) <0.001 3.45 
(3.00–3.97)

<0.001

Pneumoconiosis 1.61 
(0.23–11.35)

0.64 ​ ​

Asthma 1.26 (1.07–1.49) 0.007 ​ ​
COPD 2.03 (1.81–2.27) <0.001 1.27 

(1.12–1.44)
<0.001

Bronchiectasis 0.57 (0.48–0.67) <0.001 0.74 
(0.63–0.87)

<0.001

IPF 2.03 (1.64–2.51) <0.001 2.62 
(2.11–3.26)

<0.001

Cancer 2.97 (2.63–3.35) <0.001 3.12 
(2.76–3.53)

<0.001

Cirrhosis 1.98 (0.94–4.15) 0.072 ​ ​
GERD 1.00 (0.85–1.17) 0.96 ​ ​
HF 2.75 (2.34–3.23) <0.001 1.52 

(1.29–1.80)
<0.001

DM 1.71 (1.51–1.93) <0.001 ​ ​
Sinusitis 0.97 (0.65–1.44) 0.88 ​ ​
Autoimmune

RA 1.23 (0.85–1.78) 0.26 ​ ​
SLE 1.03 (0.65–1.62) 0.90 ​ ​
Sicca syndrome 0.69 (0.49–0.98) 0.038 ​ ​
Dermatomyositis 0 (0–2.96E87) 0.93 ​ ​
Polymyositis 1.51 

(0.21–10.68)
0.68 ​ ​

Transplantation 1.41 (0.93–2.15) 0.11 ​ ​
The duration from 

diagnosis to 
treatment (days)

1.0001 
(0.9999–1.0004)

0.35 ​ ​

Treatment duration 0.996 
(0.995–0.996)

<0.001 0.998 
(0.997–0.999)

<0.001

Intermittent therapy 1.04 (0.77–1.41) 0.81 ​ ​

Abbreviations: AFS: acid fast staining; BMI: body mass index; COPD: chronic 
obstructive pulmonary disease; DM: diabetes mellitus; ESRD: end-stage renal 
disease; GERD: gastroesophageal reflux disease; HF: heart failure; IPF: idiopathic 
pulmonary fibrosis; MCPD: maximum chemotherapy possession days; NHIRD: 
National Health Insurance Research Database; RA: rheumatoid arthritis; SLE: 
systemic lupus erythema.
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resistance in MAC in Taiwan being approximately 5 %.30 Thirdly, there 
was a major concern about immortal bias that survival status might 
affect the sampling of the longest treatment duration during three 
consecutive months of the entire treatment course. If focusing on the 
first 3 months of treatment, the impact of the treatment integrity on 
treatment outcome also yielded comparable results to those in main text 
(Please see Supplement data, Tables S5 and S6, Figs. S2 and S3). Finally, 
making alternative diagnosis other than NTM-LD shortly after initiating 
treatment might lead the bias on classification of MCPDs. To avoid the 
concern, one inclusion criteria of the present study was that participants 
must have received NTM-LD treatment for at least 28 days.

In conclusion, the current research indicates that maximum MCPD 
was responsible for approximately 50 % of the treatment cases for NTM- 
LD, potentially leading to improved microbiological cure rates and a 
reduction in three-year mortality compared to medium and low MCPDs. 
Consequently, maintaining the integrity of NTM-LD treatment is 
important. Certain comorbidities were identified as contributors to 
increased mortality. The effective management of comorbid conditions 
might also play an important role in NTM-LD treatment, independent of 
treating NTM-LD itself.
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