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ABSTRACT Little is known about the long-term natural history of Mycobacterium avium complex lung
disease (MAC-LD) in untreated patients with stable course.

The aim of this study was to investigate the natural course of untreated stable MAC-LD, with a focus on
factors associated with clinical deterioration, spontaneous sputum conversion and prognosis.

Of 488 patients diagnosed with MAC-LD between 1998 and 2011, 305 patients (62.5%) showed
progressive MAC-LD resulting in treatment initiation within 3 years of diagnosis and 115 patients (23.6%)
exhibited stable MAC-LD for at least 3 years with a median follow-up duration of 5.6 years. Patients with
stable MAC-LD were more likely to have higher body mass index and less systemic symptoms at initial
diagnosis compared with patients with progressive MAC-LD, while positive sputum acid-fast bacilli smear,
fibrocavitary type and more extensive disease in radiological findings were more associated with
progressive MAC-LD. Of the untreated patients with stable MAC-LD, 51.6% underwent spontaneous
sputum conversion, with younger age, higher body mass index and negative sputum acid-fast bacilli smear
at initial diagnosis found to be predictors of this occurrence.

Advanced age, fibrocavitary type and abnormal pulmonary function were negative prognostic factors for
survival in patients with stable MAC-LD.
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Introduction
Nontuberculous mycobacteria (NTM) are ubiquitous organisms in the environment. Of the NTM-related
pulmonary diseases, Mycobacterium avium complex lung disease (MAC-LD) is the most common, with
the incidence and prevalence increasing in many countries [1–4].

MAC organisms consist of two main species, i.e. M. avium and Mycobacterium intracellulare, and two
radiological types of MAC-LD have been described. The fibrocavitary (FC) type usually develops in
middle-aged male smokers and accompanies apical fibrocavitary lesions. If left untreated, it can progress
within a relatively short time period, leading to extensive lung destruction and respiratory failure [1, 5]. In
contrast, the nodular bronchiectatic (NB) type occurs predominantly in post-menopausal, nonsmoking
females with frequent involvement in the right middle lobe or lingula and tends to have much slower
progression than the FC type [1, 6]. Generally, immediate treatment initiation is recommended for FC
cases or extensive disease due to the possibility of rapid lung destruction. However, when the course of
disease is stationary or demonstrates slow progression, treatment can be deferred at the discretion of the
attending physician, considering the potential benefits and risks of treatment, until definite aggravation of
disease is observed [1, 7].

To date, many indicators have been suggested to evaluate treatment efficacy for MAC-LD, such as sputum
culture conversion rate, relapse rate and mortality [5], and many clinical studies have been conducted to
determine the course of disease and identify prognostic factors in treated patients with MAC-LD [8–15].
However, little is known about the long-term natural history of MAC-LD in untreated patients with stable
disease.

Our present study aimed to investigate the natural course of stable MAC-LD in untreated patients, with a
focus on factors associated with clinical deterioration resulting in treatment initiation, spontaneous sputum
conversion and prognosis.

Methods
Study subjects
We identified a total of 488 patients with MAC-LD, newly diagnosed between January 1998 and December
2011 at Asan Medical Center (a 2700-bed tertiary referral hospital in Seoul, Korea), based on the 2007
American Thoracic Society/Infectious Diseases Society of America (ATS/IDSA) diagnostic criteria for
NTM lung disease [1]. Patients with a history of previous NTM lung disease were excluded and all
patients enrolled were free from HIV infection. This study was approved by the Institutional Review Board
of Asan Medical Center. Due to the retrospective nature of the study, the requirement for informed
consent was waived.

Clinical assessment
Baseline clinical characteristics at the time of diagnosis were obtained by medical chart review, including
age, body mass index (BMI), smoking status, previous history of pulmonary tuberculosis (TB),
comorbidities, presence of symptoms, sputum acid-fast bacilli (AFB) smear, mycobacterial culture and
pulmonary function test results.

Radiological assessment
Radiological abnormalities were classified into three categories according to computed tomography (CT)
findings at the time of diagnosis: NB, FC and unclassifiable types. Radiological findings of the NB type
were bronchiectasis and small centrilobular nodules predominantly in the right middle lobe or lingula of
the left upper lobe, while the FC type exhibited apical fibrocavitary lesions [1, 6]. Cases in which the FC
and NB types were both found were considered as FC type, as described previously [9]. Other CT findings
in which consolidations were present or a specific type could not be determined due to the presence of
underlying disease were designated as unclassifiable.

Microbiological assessment
Expectorated sputum or bronchoscopic samples were examined by Ziehl–Neelsen stain. The results of
smear microscopy were reported semiquantitatively and a positive smear was defined as one with >1 AFB
per 100 high-power fields [16]. AFB were cultured in solid Ogawa medium (Korean Institute of
Tuberculosis, Osong, Korea) and using the liquid MGIT (mycobacteria growth indicator tube) system
(Becton Dickinson, Sparks, MD, USA). Cultured isolates were identified as NTM using duplex PCR
(Seegene, Seoul, Korea). NTM species were identified using a PCR-restriction fragment length
polymorphism method, based on the rpoB gene [17].
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Routine practice for airway hygiene in patients with MAC-LD
Encouraging sputum expectoration with active coughing or with postural drainage was a basic treatment
policy of our respiratory clinic for all patients with MAC-LD. However, active bronchial hygiene therapies
using nebulised hypertonic saline or inhaled adrenergic agents were not applied for patients with
MAC-LD, and inhaled antibiotics were not available in Korea, except for nebulised colistin (nebulised
colistin was not applied for patients with MAC-LD).

Study design
Of the 488 patients diagnosed during the 14-year period, 305 patients were started on treatment with
macrolide-containing regimen within 3 years of initial diagnosis due to the progression of MAC-LD and
were therefore defined as the progressive group. Of the remaining 183 patients, after excluding 68
untreated patients who had a follow-up duration of <3 years, 115 patients who were stable for at least
3 years after initial diagnosis without evidence of clinical or radiological deterioration were designated as
the stationary group. The stationary group comprised 93 untreated patients and 22 patients started on
treatment after a stable period of at least 3 years from diagnosis (figure 1). Baseline characteristics at the
time of diagnosis were compared between the two groups and factors associated with disease progression
resulting in treatment initiation within 3 years of diagnosis were determined.

To elucidate the clinical course of stable MAC-LD, we further investigated the sputum culture conversion
rate during the follow-up period in the stationary group. The mean±SD number of sputum cultures was
19±15 in the 115 subjects in the stationary group. Sputum conversion was defined as three consecutive
negative cultures spanning at least a 2-month period, with the time of conversion defined as the date of
the first negative culture. As patients in this group were not treated, sputum culture conversion was
designated as “spontaneous sputum conversion”. If the patients demonstrated improvement of symptoms
without worsening of radiological findings and could not expectorate sputum even after hypertonic saline
induction, sputum was considered to be converted. Patients in the stationary group were followed through
December 2014 or until death before December 2014. Survival data were collected from medical records
and/or direct telephone interview.

Statistical analyses
Parametric data are presented as mean±standard deviation and nonparametric data as median (interquartile
range (IQR)). Categorical variables are expressed as either the percentage of the total or number as appropriate.
Numeric data were compared using the t-test, and categorical variables were compared using the Chi-squared
test or Fisher’s exact test. Cumulative rates for spontaneous sputum conversion or survival were estimated using
the Kaplan–Meier method. Cox proportional hazard regression analyses were performed to identify predictors
of clinical deterioration leading to treatment initiation, spontaneous sputum conversion and mortality in the
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FIGURE 1 Flow chart of patients diagnosed with Mycobacterium avium complex lung disease (MAC-LD)
between January 1998 and December 2011.

https://doi.org/10.1183/13993003.00537-2016 3

RESPIRATORY INFECTIONS | J.A. HWANG ET AL.



untreated stationary group. In all tests, two-sided p-values <0.05 were considered significant. All statistical
analyses were performed using SPSS version 18.0 (IBM, Armonk, NY, USA).

Results
Patient characteristics
Baseline patient characteristics are summarised in table 1. The median (range) age was 62 (21–89) years
and the median (IQR) follow-up duration for all patients was 3.6 (2.2–5.4) years. Of the 420 patients, 305
(72.6%) patients received treatment for MAC-LD within 3 years of initial diagnosis (progressive group),
while 115 (27.4%) patients belonged to the stationary group. The median (IQR) follow-up durations for
the progressive and stationary groups were 3.0 (1.8–4.1) and 5.6 (4.8–6.6) years, respectively.

There were no differences in age, sex, smoking status, comorbidities such as diabetes mellitus, malignancy,
chronic liver disease or chronic kidney disease, use of immunosuppressants and pulmonary symptoms
such as cough, sputum, haemoptysis or dyspnoea between the two groups. However, patients in the

TABLE 1 Clinical characteristics of the 420 patients diagnosed with Mycobacterium avium
complex lung disease (MAC-LD)

Progressive group Stationary group p-value

Subjects 305 115
Age years 60.8±11.5 62.1±11.5 0.284
Male 161 (52.8) 54 (47.0) 0.286
BMI kg·m−2 20.2±2.9 22.1±3.6 <0.001
Smoker 144 (47.2) 53 (46.1) 0.837
Past history of pulmonary TB# 154 (52.7) 42 (41.2) 0.044
Comorbidities 270 (88.5) 110 (95.7) 0.026
Diabetes mellitus 34 (11.1) 12 (10.4) 0.835
Malignancy 62 (20.3) 17 (14.8) 0.195
COPD 59 (19.3) 33 (28.7) 0.039
Bronchiectasis 168 (55.1) 86 (74.8) <0.001
Chronic interstitial pneumonia 25 (8.2) 14 (12.2) 0.210
Other chronic lung disease¶ 4 (1.3) 0 (0) 0.579
Chronic liver disease 13 (4.3) 2 (1.7) 0.375
Chronic kidney disease 4 (1.3) 0 (0) 0.579
Use of immunosuppressant+ 17 (5.6) 10 (8.7) 0.245

Symptoms 275 (90.2) 103 (89.6) 0.855
Cough 172 (56.4) 54 (47.0) 0.084
Sputum 162 (53.1) 66 (57.4) 0.433
Dyspnoea 77 (25.2) 29 (25.2) 0.995
Haemoptysis 78 (25.6) 30 (26.1) 0.915
Fever 20 (6.6) 1 (0.9) 0.017
Fatigue 38 (12.5) 3 (2.6) 0.002
Weight loss 41 (13.4) 9 (7.8) 0.113

Positive AFB smear 189 (62.0) 35 (30.4) <0.001
Causative organisms 0.001
Mycobacterium avium 134 (43.9) 72 (62.6) 0.001
Mycobacterium intracellulare 171 (56.1) 43 (37.4) 0.001

Radiological types <0.001
Fibrocavitary 134 (43.9) 14 (12.2) <0.001
Nodular bronchiectatic 152 (49.8) 83 (72.2) <0.001
Unclassifiable 19 (6.2) 19 (16.5) 0.001

Radiological extent: no. of lobes§ 3.1±1.3 2.3±1.0 <0.001
Spirometry results
FVC % pred 78.1±18.8 84.1±17.2 0.008
FEV1 % pred 77.2±23.5 77.1±22.8 0.968
FEV1/FVC % 73.0±15.3 68.1±16.2 0.010

Data are presented as n, mean±SD or n (%), unless otherwise stated. BMI: body mass index; TB: tuberculosis;
COPD: chronic obstructive lung disease; AFB: acid-fast bacilli; FVC: forced vital capacity; FEV1: forced
expiratory volume in 1 s. #: progressive group n=292, stationary group n=102; ¶: chronic thromboembolic
pulmonary hypertension (n=2), primary pulmonary hypertension (n=1) and pneumoconiosis (n=1); +: patients
who were prescribed immunosuppressants at the time of diagnosis; §: radiological extent was estimated and
expressed as the number of lobes presumed to have been infiltrated by MAC organisms in computed
tomography at the time of diagnosis. p<0.05 was considered significant.
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stationary group were more likely to have higher BMI, chronic obstructive pulmonary disease,
bronchiectasis, positive cultures for M. avium, NB type, less extensive radiological lobar involvement and
higher forced vital capacity (FVC) at diagnosis than those in the progressive group. In contrast, previous
history of pulmonary TB, systemic symptoms such as fatigue or fever, sputum AFB smear positivity, M.
intracellulare isolation and FC type were more frequent in the progressive group.

In contrast to the progressive group in which all patients were treated, only 22 (19.1%) patients in the
stationary group were started on treatment for MAC-LD after at least 3 years of stable disease. The median
(IQR) intervals from diagnosis to treatment were 2.7 (0.7–8.0) months for the progressive group and 65
(53–75) months for the stationary group.

NTM and bacterial cultures during follow-up
As the disease progressed, sputum specimens for NTM culture were more frequently collected in the
progressive group than in the stationary group (26±15 versus 19±15; p<0.001). The number of positive
sputum cultures was also significantly higher in the progressive group compared with the stationary group
(12±10 versus 10±8; p=0.004).

Additional analyses revealed no difference between the two groups in terms of the proportion of patients
who underwent more than one sputum bacterial culture (progressive versus stationary group: 72.8% versus
73.9%; p=0.816) and the proportion of patients who were administered antibiotics for the treatment of
respiratory bacterial infection during the follow-up periods (20.7% versus 21.7%; p=0.808). The mean±SD

numbers of sputum bacterial cultures during follow-up periods were 6±11 and 7±13 in the progressive and
stationary group, respectively (p=0.45).

No significant difference was noted between the two groups in terms of the frequency and spectrum of
isolated bacterial organisms. The most frequently isolated organism was Pseudomonas aeruginosa in 16.2%
and 20% of the patients in the progressive and stationary group, respectively, followed by Staphylococcus
aureus (10.4% versus 10.6%) and Klebsiella pneumoniae (9.5% versus 9.4%). In addition, Enterobacter spp.
(5.9%), Haemophilus influenza (4.5%), Acinetobacter baumannii (3.2%) and Streptococcus pneumoniae
(2.7%) were isolated with lower frequencies in the progressive group, and Streptococcus pneumoniae
(7.1%), Haemophilus influenzae (7.1%), Acinetobacter baumannii (4.7%), Moraxella catarrhalis (3.5%),
Stenotrophomonas maltophilia (3.5%) and Enterobacter spp. (2.4%) were isolated in the stationary group.

Predictors of disease progression necessitating antibiotic treatment
Cox proportional hazard regression analyses were conducted to determine factors associated with clinical
deterioration leading to treatment initiation within 3 years of diagnosis in the total patients (table 2).
Multivariate analysis revealed that patients with older age or higher BMI were less likely to receive treatment
during the follow-up period (age: hazard ratio (HR) 0.987, 95% CI 0.975–0.999; p=0.04; BMI: HR 0.926,
95% CI 0.882–0.973; p=0.002), while patients with systemic symptoms such as fever, fatigue or weight loss
(HR 1.490, 95% CI 1.095–2.028; p=0.011) or sputum AFB smear positivity (HR 1.811, 95% CI 1.350–2.428;
p<0.001) were more likely to be treated. Patients with the FC type (HR 2.102, 95% CI 1.519–2.908; p<0.001)
or more extensive disease (number of involved lobes: HR 1.178, 95% CI 1.050–1.322; p=0.005) also tended to
undergo clinical deterioration necessitating treatment more frequently than those without.

In subgroup analysis performed to identify risk factors for deterioration of MAC-LD in the stationary group,
chronic interstitial pneumonia as a comorbidity was the sole factor associated with the progression of MAC-LD
resulting in treatment initiation in multivariate analysis (HR 4.642, 95% CI 1.541–13.979; p=0.006).

Spontaneous sputum conversion
Spontaneous negative conversion of sputum cultures occurred in 48 (51.6%) patients among the 93
untreated patients in the stationary group. Cumulative rates for spontaneous sputum conversion were
21.5%, 33.3% and 40.9% at 1, 2 and 3 years from diagnosis, respectively. The median (IQR) time from
diagnosis to spontaneous sputum conversion was 41.8 (13.7–64) months. When further analyses were
performed to identify predictors of sputum conversion in the untreated stationary group, age, BMI,
sputum AFB smear positivity and transient anti-TB medication (⩾1 month) at the time of diagnosis were
significantly associated in multivariate analysis (table 3). Namely, as age decreases or BMI increases,
patients were more likely to undergo spontaneous sputum conversion (age: HR 0.973, 95% CI 0.948–0.999;
p=0.043; BMI: HR 1.101, 95% CI 1.007–1.205; p=0.035). Conversely, patients with a positive sputum AFB
smear tended to experience culture conversion less frequently than those with a negative smear (HR 0.377,
95% CI 0.156–0.912; p=0.03). Transient anti-TB medication (⩾1 month) at the time of MAC-LD diagnosis
increased the probability of experiencing culture conversion (HR 3.769, 95% CI 1.505–9.435; p=0.005).
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Mortality in the stationary group
Death from any cause occurred in 16 (17.2%) patients over a median (range) follow-up duration of 6.4
(3.6–12.1) years in the untreated stationary group. Cumulative rates for all-cause mortality were 9.2% and
45% at 5 and 10 years from diagnosis, respectively. Causes of death included chronic interstitial
pneumonia progression (18.8%), nonpulmonary malignancy (18.8%), pneumonia (12.5%), lung cancer

TABLE 3 Predictors of spontaneous sputum conversion in the untreated stationary group of 93
patients

Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

Age years 0.969 (0.945–0.994) 0.015 0.973 (0.948–0.999) 0.043
Male 1.087 (0.612–1.929) 0.776 0.885 (0.484–1.621) 0.693
BMI kg·m−2 1.108 (1.018–1.205) 0.017 1.101 (1.007–1.205) 0.035
Nonsmoker 0.961 (0.542–1.704) 0.892
Presence of comorbidity# 1.309 (0.730–2.345) 0.366
Positive sputum AFB smear 0.536 (0.259–1.110) 0.093 0.377 (0.156–0.912) 0.030
Causative organism 0.817
Mycobacterium avium 1
Mycobacterium intracellulare 0.932 (0.514–1.691)

Radiological type: nodular bronchiectatic 1.246 (0.634–2.450) 0.524
Involved lobes 1.012 (0.770–1.329) 0.934
FVC % pred <80% 1.165 (0.655–2.072) 0.604
Transient anti-TB medication (⩾1 month)¶ 2.091 (0.974–4.490) 0.059 3.769 (1.505–9.435) 0.005

HR: hazard ratio; BMI: body mass index; AFB: acid-fast bacilli; FVC: forced vital capacity; TB: tuberculosis.
#: bronchiectasis was not included in the comorbidities because nodular bronchiectatic type significantly
overlapped with the presence of bronchiectasis; ¶: a few patients were transiently administered anti-TB
medication before isolation of nontuberculous mycobacteria due to radiological findings indistinguishable
from those of pulmonary TB or positive sputum AFB smear at the onset of disease; this was regarded as a
potential confounder and input into multivariate analysis to determine predictors of spontaneous sputum
conversion. p<0.05 was considered significant.

TABLE 2 Predictors of disease progression resulting in treatment initiation within 3 years of
diagnosis of Mycobacterium avium complex lung disease (MAC-LD) in a total of 466 patients#

Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

Age years 0.990 (0.980–1.001) 0.072 0.987 (0.975–0.999) 0.040
Male 0.976 (0.767–1.243) 0.846
BMI kg·m−2 0.890 (0.856–0.925) <0.001 0.926 (0.882–0.973) 0.002
Smoker 0.887 (0.695–1.133) 0.337
Past history of pulmonary TB 1.269 (0.991–1.624) 0.059 0.987 (0.746–1.306) 0.928
Presence of comorbidity¶ 0.911 (0.714–1.162) 0.452
Presence of systemic symptom+ 1.560 (1.191–2.045) 0.001 1.490 (1.095–2.028) 0.011
Positive sputum AFB smear 2.298 (1.795–2.941) <0.001 1.811 (1.350–2.428) <0.001
Causative organism 0.001 0.364
Mycobacterium avium 1 1
Mycobacterium intracellulare 1.512 (1.186–1.928) 0.869 (0.642–1.177)

Radiological type: fibrocavitary 2.695 (2.099–3.460) <0.001 2.102 (1.519–2.908) <0.001
Involved lobes 1.384 (1.260–1.519) <0.001 1.178 (1.050–1.322) 0.005
FVC % pred 0.991 (0.984–1.998) 0.011 1.001 (0.994–1.009) 0.712

HR: hazard ratio; BMI: body mass index; TB: tuberculosis; AFB: acid-fast bacilli; FVC: forced vital capacity.
#: analysed after excluding 22 patients who were started on treatment for MAC-LD after at least 3 years of
stable period from diagnosis and including 68 patients who were not treated with a follow-up duration of
<3 years to reduce selection bias (n=466); ¶: bronchiectasis was not included in the comorbidities because
nonfibrocavitary type (mostly nodular bronchiectatic type) significantly overlapped with the presence of
bronchiectasis; +: systemic symptoms included fever, fatigue or weight loss at the time of diagnosis. p<0.05
was considered significant.
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(12.5%), cardiovascular problems (12.5%) and unknown causes (25%). Death from MAC-LD itself did not
occur in any patient during the overall follow-up period.

Prognostic factors for survival in the untreated stationary group
When Cox proportional hazard regression analyses were conducted to determine prognostic factors for
survival in the untreated stationary group, older age, FC type and abnormal FVC at initial diagnosis were
significantly associated with mortality (age: HR 1.094, 95% CI 1.024–1.167; p=0.007; FC type: HR 3.700,
95% CI 1.225–11.174; p=0.02; FVC % pred <80%: HR 3.325, 95% CI 1.029–10.743; p=0.045) (table 4).
Additional analyses revealed that chronic interstitial pneumonia and use of immunosuppressants were
independent prognostic factors of poor survival among the comorbid conditions in the untreated
stationary group (chronic interstitial pneumonia: HR 35.369, 95% CI 7.571–165.229; p<0.001; use of
immunosuppressants: HR 6.430, 95% CI 1.191–34.725; p=0.031).

Discussion
We investigated 488 patients with MAC-LD to evaluate the natural course of MAC-LD and found that
patients with stable disease without clinical deterioration were more likely to have a higher BMI and less
systemic symptoms at initial diagnosis than those with progressive disease. However, positive sputum AFB
smear, FC type and more extensive disease on radiology were associated with the progressive course of
MAC-LD. About half of the untreated patients with stable MAC-LD course underwent spontaneous
sputum conversion, and younger age, higher BMI, negative sputum AFB smear and transient anti-TB
medication at diagnosis were predictors of spontaneous sputum conversion. Meanwhile, older age, FC type
and abnormal pulmonary function at diagnosis were associated with poor survival in those patients.

To date, there have been several studies that evaluated factors associated with deterioration of MAC-LD.
LEE et al. [18] stated that 48% of their 265 patients demonstrated progressive disease on serial CT over a
mean observation period of 32 months, and the presence of cavities and/or consolidation at initial CT
were independent predictors of clinical deterioration of MAC-LD. Although their study showed a
correlation between the presence of cavities and sputum smear positivity, sputum smear positivity was not
associated with disease progression [18]. However, according to the study by KOH et al. [14], factors
associated with treatment initiation in MAC-LD included sputum AFB smear positivity, FC type and age,
which is consistent with the findings of our present study. Older patients are less likely to receive
treatment than younger patients, which probably reflects poor tolerability or adherence to the current
treatment regimen for MAC-LD in older patients. While M. intracellulare infection was not related to
deterioration of MAC-LD after adjusting for confounders in our study, it was an independent risk factor
for unfavourable treatment response in their study [14]. Prior studies have also suggested that M.
intracellulare is more virulent with more frequent association with the FC type than M. avium [12, 19].
Further studies are needed to assess the difference in virulence in vivo according to different MAC species.

TABLE 4 Prognostic factors for all-cause mortality in the untreated stationary group of 93
patients

Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

Age years 1.097 (1.031–1.167) 0.003 1.094 (1.024–1.167) 0.007
Male 2.135 (0.737–6.181) 0.162
BMI kg·m−2 0.927 (0.797–1.077) 0.321
Smoker 1.946 (0.662–5.715) 0.226
Presence of comorbidity# 1.347 (0.451–4.023) 0.594
Positive sputum AFB smear 1.416 (0.483–4.151) 0.526
Spontaneous sputum conversion 0.626 (0.217–1.806) 0.386
Causative organism 0.130
Mycobacterium avium 1
Mycobacterium intracellulare 2.164 (0.797–5.876)

Radiological type: fibrocavitary 5.356 (1.833–15.652) 0.002 3.700 (1.225–11.174) 0.020
Involved lobes n⩾4 1.297 (0.283–5.942) 0.738
FVC % pred <80% 4.418 (1.409–13.849) 0.011 3.325 (1.029–10.743) 0.045

HR: hazard ratio; BMI: body mass index; AFB: acid-fast bacilli; FVC: forced vital capacity. #: bronchiectasis
was not included in the comorbidities because nonfibrocavitary type (mostly nodular bronchiectatic type)
significantly overlapped with the presence of bronchiectasis. p<0.05 was considered significant.
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Our study demonstrated that higher BMI has a protective effect on the progression of MAC-LD, lowering
the risk of disease progression by 7.4% per unit increase in BMI. This is in line with the findings of a
previous study by YAMAZAKI et al. [7], in which older age and lower BMI were associated with aggravation
of MAC-LD, along with higher serum inflammatory markers. Although they included patients after at least
a 12-month observation period without treatment, total follow-up duration varied widely, ranging from 12
to 42 months, and the durations were not specified according to each group (deteriorated versus not
deteriorated group), making it difficult to discern how long the stability of MAC-LD was maintained in
the “not deteriorated group”. However, our study included only patients who had not experienced disease
progression for at least 3 years in the stationary group, with a median follow-up duration of 5.6 years, thus
clarifying the differences in the clinical characteristics between the progressive and stationary groups.

Our present data showed that the presence of systemic symptoms such as fever or fatigue at the onset of
disease was significantly associated with subsequent disease progression. To the best of our knowledge, this
is the first study to demonstrate a close correlation between systemic symptoms and clinical course of
MAC-LD. We speculate that the manifestation of these systemic symptoms reflects systemic inflammatory
responses triggered by MAC infection, suggesting more active advanced disease. This is supported by the
fact that an elevation in inflammatory markers such as C-reactive protein and erythrocyte sedimentation
rate was significantly associated with MAC-LD progression, further impacting the degree of sputum
conversion and MAC-specific mortality [7, 9, 20]. It has been found that many pro- or anti-inflammatory
cytokines are activated to varying degrees in severe, advanced MAC infection [21–23].

Our current analysis further indicated that the more extensive the disease at initial diagnosis, the more
likely a subsequent clinical deterioration becomes, which is in accordance with the findings of a previous
study by KIM et al. [24]. However, despite the long duration of follow-up, their study included a
considerable proportion of treated patients in both deteriorated and nondeteriorated groups, thus making
it difficult to exclude the possibility that treatment for MAC-LD influenced the course of the disease.

In our subgroup analyses, it was revealed that chronic interstitial pneumonia as a comorbidity was the sole
predictive factor of the need for antibiotics for MAC-LD after at least a 3-year stable period. This implies
that patients with chronic interstitial pneumonia tend to receive treatment for concurrent MAC-LD as
chronic interstitial pneumonia gradually progresses. Patients with chronic interstitial pneumonia show
structural lung damage such as honeycombing cysts or reticulation as the disease progresses to end-stage.
One prior study stated that characteristic radiological findings associated with MAC-LD encompass
consolidation with or without cavities in these changed structures, suggesting impaired local immunity in
the damaged lung [25]. In addition, chronic interstitial pneumonia patients are often treated with
immunosuppressants or have other immune-related conditions such as connective tissue diseases. This
possibly increases the risk of reactivation of dormant mycobacterial infections, including TB and NTM,
and predisposes patients to various opportunistic infections, which can often accelerate clinical
deterioration, leading to increased mortality in these patients [26–28]. This may explain our current
findings, emphasising the importance of treatment for concurrent MAC-LD as patients with chronic
interstitial pneumonia exhibit a gradually deteriorating course.

Our present study also revealed that half of the untreated patients with stable MAC-LD experienced
spontaneous sputum conversion, with positive predictors including younger age, higher BMI, negative
sputum AFB smear and transient anti-TB medication at the time of diagnosis. As some of our patients
exhibited radiological findings indistinguishable from those of pulmonary TB or sputum AFB smear
positivity at the onset of disease, they transiently received anti-TB medication in advance of MAC-LD
diagnosis. However, when we adjusted for those confounders in multivariate analysis, all of the
above-mentioned factors were still significant. Previous studies showed that factors associated with culture
response in treated MAC patients included presence of cavities and sputum smear positivity [10, 13, 29].
Similarly, these factors influenced time to smear or culture conversion in patients with pulmonary TB [30–
32], suggesting a common association between initial mycobacterial load and treatment response.
However, we demonstrated that sputum smear positivity also affects culture conversion in untreated
patients with stable MAC-LD, while the presence of cavities was not related.

Although one previous study reported that being severely underweight (BMI <16 kg·m−2) was associated
with increased risk of delayed culture conversion in patients with multidrug-resistant TB [33], no other
studies have proven the relationship between BMI and culture conversion in MAC-LD. In that regard, our
study has clinical significance in demonstrating for the first time that host predisposing factors such as age
or BMI are relatively more important than microbiological factors in stable MAC-LD patients with low
mycobacterial burden.

Little is known regarding the prognosis of untreated stable MAC-LD. In our present study, all-cause
mortality for the stationary group was 17.2%, with no MAC-specific deaths, which was lower than the
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mortality rate seen for treated patients in previous studies [8, 9, 11]. According to previous studies, factors
that determine prognosis in MAC-LD include mycobacterial virulence and host predisposing factors [34, 35].
With regard to mycobacterial virulence, specific serotypes or genotypes with specific variable numbers of
tandem repeats and Mycobacterium xenopi infection are associated with a poor prognosis in MAC-LD [8,
36–38]. Among MAC species, conflicting data exist regarding the difference in virulence between M. avium
and M. intracellulare [14, 39], although our study showed no difference in terms of disease progression or
prognosis in stable MAC-LD. We speculate that host predisposing factors such as old age or reduced FVC
were of more importance than mycobacterial virulence factors in predicting the prognosis of stable MAC-LD
with presumable low virulence or mycobacterial burden. Previous studies including treated MAC-LD
patients revealed that old age, male sex and comorbidities were common negative prognostic factors [8, 9]. In
our study, chronic interstitial pneumonia was only associated with poor prognosis among comorbidities in
stable MAC-LD, although comorbidities as a whole were not related. Also, abnormal FVC was predictive of
poor prognosis. While one prior study suggested an association of lung function with health-related quality
of life in patients with MAC-LD [40], our current study is the first to demonstrate an association between
reduced lung function and mortality in MAC-LD. Although chronic interstitial pneumonia progression
strongly correlates with reduced lung volume, abnormal FVC was still an independent prognostic factor for
poor survival, even after excluding chronic interstitial pneumonia patients from the analysis. Decreased FVC
or FC type may indicate reduced pulmonary function in itself and reflect structural lung damage, which
predisposes frequent pulmonary infection afterwards with ultimately poor prognosis. However, further
studies are warranted to verify the above hypothesis.

Several limitations of our retrospective study should be noted. First, as this study was conducted at a single
tertiary referral centre, it is not representative of the national population. Second, the number of study
patients may have been underestimated as patients who were not treated with a follow-up duration of
<3 years were excluded from the analyses. Therefore, factors with clinical significance in reality may have
proven insignificant in the analyses with reduced statistical power. However, we believe that there were no
apparent differences in clinical features between included and excluded patients except for follow-up
duration. In addition, regarding spontaneous sputum conversion and prognosis in the stationary group,
factors meaningful in univariate analyses were still significant after adjusting for confounders in
multivariate analyses despite the limited number of patients.

Nonetheless, considering that many previous studies included considerable proportions of patients with
possible MAC-LD who only satisfied microbiological criteria, our present study is notable because we only
included patients with definite MAC-LD based on the 2007 ATS/IDSA diagnostic criteria, who had been
regularly followed up with clinical and microbiological assessments for a relatively long duration of time.
Furthermore, our findings have clinical significance in demonstrating for the first time the natural history
of MAC-LD in untreated patients with stable course.

In summary, patients with stable MAC-LD had higher BMI and less systemic symptoms at initial
diagnosis, and were less likely to have sputum smear positivity, FC type or extensive disease, compared
with patients with progressive MAC-LD. Spontaneous sputum conversion occurred in half of them, and
older age, FC type and abnormal pulmonary function were predictive of poor survival in these patients.
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