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Abstract
Background and Objectives The number of patients with pulmonary Mycobacterium avium complex
(MAC) disease is increasing worldwide, especially among middle-aged women and never-smokers.
Although sex and smoking status have attracted attention as predictors in the development and
exacerbation of pulmonary MAC disease, the exact associations remain unknown.The aim of the present
study was to clarify the associations of sex and smoking status with the clinical characteristics of
pulmonary MAC disease and to identify the predictors of exacerbations of pulmonary MAC disease.
Methods The subjects were 128 patients diagnosed with pulmonary MAC disease according to the 2007
American Thoracic Society/Infectious Disease Society guidelines from May 2011 to May 2016 at our
institute. Their medical records were retrospectively examined for their clinical �ndings. The radiological
�ndings at the time of the diagnosis and 1 year later were evaluated. Clinical characteristics were
compared by smoking status and sex. To identify the natural predictors of exacerbation, multivariable
analysis was performed with the data of 80 treatment-naïve patients. Results Female, never-smoker, and
nodular/bronchiectatic (NB) type were common in patients with pulmonary MAC disease. Univariate
analysis of data from treatment-naïve subjects showed that female, never-smoker, fewer lung diseases
other than MAC, extensive radiological �ndings, and ≥3 lobes involved were signi�cantly associated with
exacerbations. On multivariate analysis, fewer lung diseases other than MAC, extensive radiological
�ndings, and ≥3 lobes involved were signi�cantly associated with exacerbations, but female and never-
smoker were not. Conclusions In this study, extensive radiological �ndings, especially abnormal shadows
in ≥3 lobes and absence of lung diseases other than MAC, rather than sex and smoking status, were
predictors of exacerbations of treatment-naïve pulmonary MAC disease.

Introduction
Epidemiologic data suggest that the incidence and prevalence of nontuberculous mycobacterium (NTM)
infections are increasing in many countries.1–6 Mycobacterium avium complex (MAC), including M.
avium and M. intracellulare, is the most common aetiology in NTM.7,8 Although the progressive
improvements in diagnostic technology such as chest computed tomography (CT) and genetic
sequencing suggest that host and microorganism factors,9–12 as well as environmental factors,12 might
be involved, the exact reason for the increasing prevalence of MAC remains unknown.

The clinical outcomes of pulmonary MAC disease vary widely. Some patients respond well to standard
treatment including clarithromycin, ethambutol, and rifampicin, whereas others show resistance to
standard treatment with poor outcomes, and some other patients remain stable without any
treatments.7,13 Thus, it is critical to determine the predictors for the prognosis of pulmonary MAC disease.

It has long been considered that the causative species are critical predictors. According to statistics, the
incidence of M. avium is higher than that of M. intracellulare, especially in east Japan.14 Some studies
reported that the patients with M. intracellulare exacerbate more frequently than those with M. avium,15
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but others reported that patients with M. intracellulare recur less than those with M. avium.16 Collectively,
the difference in the prognosis between M. avium and M. intracellulare infections still remains uncertain.

Sex and smoking status have also attracted attention as predictors of exacerbations of pulmonary MAC
disease. The prevalence of pulmonary MAC is especially increasing in never-smokers and middle-aged
women.7,8,17 The roles of female hormones and adiponectin have been suggested,18 though the
underlying mechanisms are yet to be determined.

The aim of the present study was to clarify the associations of sex and smoking status with the clinical
characteristics of pulmonary MAC disease and to determine the strongest predictors of exacerbations of
pulmonary MAC disease.

Methods

Study population
From April 2011 to May 2016 at our institute, 315 NTM subjects were newly identi�ed by cultures. Of
them, 143 were diagnosed with NTM disease according to the 2007 American Thoracic
Society/Infectious Disease Society guideline.7 Those with a past history of NTM disease and NTM other
than MAC were excluded from the present study. Finally, 128 subjects were enrolled in the present study
(Figure 1). Clinical �ndings of the subjects including age, sex, past history of tuberculosis, laboratory
data, and radiological �ndings were retrospectively examined from their medical records. To clarify the
associations of sex and smoking status with the clinical characteristics of pulmonary MAC disease, the
subjects were divided by sex and smoking status. To identify the strongest predictors and to exclude
treatment bias, analysis was also performed of only treatment-naïve subjects.

Microbiological examination
Acid-fast bacilli (AFB) were cultured from extracted sputum or bronchial washings obtained by
bronchoscopy. The sputum samples were obtained on two or more occasions after the initial
presentation. MAC was con�rmed when cultures were positive for AFB and MAC-PCR showed positive
results. The diagnosis of pulmonary MAC disease was established when MAC was identi�ed in sputum
at least twice or in bronchial washings.

Radiologic examination
According to a previous report,7 chest radiological �ndings were classi�ed as �brocavitary (FC) type or
nodular/bronchiectatic (NB) type by high-resolution CT. Additionally, chest radiological �ndings at the
time of initial diagnosis were scored as follows. The lung �elds were divided into six zones based on
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anatomical structures, i.e. right upper, right middle, right lower, left upper, left lingular, and left lower. When
any abnormal �ndings including cavities, bronchiectasis, small nodules, consolidations, atelectasis, and
so on were found in each zone at the time of diagnosis, they were each counted as one point and
summed up in the six zones (maximum 6 points). The subjects were further classi�ed based on clinical
course during the follow-up periods into three categories: exacerbation, no change, or improvement. Each
category was de�ned as follows: exacerbation, abnormal shadows increased; no change, abnormal
shadows remained stable on the whole; and improvement, abnormal shadows decreased. The three
categories were classi�ed by �ve respiratory specialists in a blinded fashion.

Patient management
When patients did not receive medications for MAC during the observation period, radiographic �ndings
were evaluated at the time of the diagnosis and 1 year later. When patients received medications for MAC
during the observation period, radiographic �ndings were evaluated at the start of medications and 1 year
later. Those who discontinued medications and received medications for less than 6 months were
excluded in the analysis of the clinical response to medications.

Statistical analysis
The patients’ characteristics are presented as means±standard deviation (SD). Numerical data are
expressed as numbers (%). The differences between groups were examined for signi�cance using the
Mann-Whitney U test or Fisher’s exact test, as appropriate. To determine factors related to pulmonary
MAC disease in treatment-naïve patients, univariable and multivariable Cox proportional hazard
regression analyses were performed. All analyses were performed using SPSS Statistical software
(version 22.0; IBM Japan, Tokyo, Japan). P values < 0.05 were considered signi�cant.

Results

Baseline characteristics of pulmonary MAC patients
During the study periods, 128 patients with pulmonary MAC disease were enrolled, and their baseline
characteristics are summarized in Table 1. The causative organisms included M. avium in 100 patients
(82.6%) and M. intracellulare in 21 patients (17.4%). Mixed infections (M. avium and M. intracellulare)
were found in 7 patients. All patients were HIV-negative. Female (69.5%), never-smoker (61.7%), and NB
type (78.9%) were predominant in MAC patients. The average BMI was low (19.1 kg/m2). Abnormal
shadows were found predominantly in the right middle lobe and left lingular segment, and the average
number of abnormal zones was 3.27.
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Comparison of pulmonary MAC patients’
characteristics by smoking status
A total of 124 subjects, excluding 4 patients with unknown smoking history, were enrolled to compare the
characteristics by smoking status (Table 2). There were no signi�cant differences in age and laboratory
data irrespective of smoking status. Compared with current and past smokers, never-smokers had a
signi�cantly higher female ratio, lower BMI, fewer lung diseases other than MAC disease, and more
extensive radiological �ndings. In treatment-naïve patients, never-smokers had a signi�cantly higher
frequency of exacerbations than current and past smokers.

Comparison of pulmonary MAC patients’
characteristics by sex
Compared to male MAC patients, female patients had a signi�cantly lower BMI, higher serum albumin
levels, and less clinical response to MAC therapy (Table 3).

Comparison of female pulmonary MAC patients’
characteristics by smoking status
Approximately two-thirds of male subjects had a smoking history, as shown in Table 3. The effects of
smoking on the clinical characteristics of pulmonary MAC disease were evaluated only in female subjects
(n = 86) (Table 4). Compared to current and past smoker female patients, never-smoker female patients
had signi�cantly higher total protein, fewer lung diseases other than MAC, more extensive radiological
�ndings, and a higher frequency of exacerbations at 1 year after diagnosis.

Predictors of exacerbation in treatment-naïve
pulmonary MAC subjects
To exclude the bias of treatment because the treatment period was not �xed, univariate analysis was
performed using only the data of treatment-naïve subjects (Table 5). The results indicated that female,
never-smoker, fewer lung diseases other than MAC, more extensive radiological �ndings, and ≥3 lobes
involved were signi�cantly associated with exacerbations. On multivariate analysis, fewer lung diseases
other than MAC, more extensive radiological �ndings, and ≥3 lobes involved were signi�cantly
associated with exacerbations; female sex and never-smoker were not found to be exacerbating factors.

Discussion
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In the present study, M. avium was the predominant species, found in 82.6% of MAC patients. The rate of
patients with M. avium infection was similar to other recent reports. Similarly, there were more female
than male patients in the present study. Generally, pulmonary MAC diseases develop more frequently in
female than in male patients. A recent biological study reported the effect of estrogen in the development
of pulmonary MAC disease, whereas the role of sex in disease susceptibility is yet to be determined.19

Smoking status might also be associated with the development of pulmonary MAC disease.20 Smoking
is a representative risk factor for human diseases, not only respiratory diseases, but also in general. A few
diseases likely occur in never-smokers. For example, quitting smoking is a risk factor for the onset and
recurrence of ulcerative colitis.21–23 Quitting smoking is also a risk factor for hypersensitivity
pneumonia,24–26 sarcoidosis,27 and Parkinson’s disease.28 To determine the role of smoking status in the
pathogenesis of pulmonary MAC disease, the present study compared patients’ characteristics based on
smoking status and found that never-smoker MAC patients had a signi�cantly higher frequency of
radiological exacerbations than current and past smokers. Nonetheless, it is impossible to conclude that
never-smoking is a factor associated with exacerbations of pulmonary MAC disease, since many never-
smoker MAC patients were female in the present study and treatment status varied. Additionally, current
and past smokers seemed to undergo radiological examinations more frequently than never-smokers,
because they had a signi�cantly higher frequency of other underlying lung diseases. Thus, there may be
more opportunities to identify the early phase of pulmonary MAC disease in current and past smokers.

To evaluate female sex as an exacerbating risk for pulmonary MAC disease, patients’ characteristics were
compared by sex. In treatment-naïve subjects, the frequency of radiological exacerbations was similar in
both sexes, while responses to MAC therapy were signi�cantly worse in women. The exact mechanisms
of treatment resistance in female MAC patients remain unclear. In the present study, female patients had
very low BMIs, and the role of poor nutritional status was suggested, whereas serum albumin levels were
rather higher in female patients, so that nutritional status alone did not explain the mechanisms. Other
factors including adiponectin and wet environmental exposure might be involved in treatment
resistance.12,18

In order to focus on smoking status and exclude sex as an exacerbating factor for MAC disease, patients’
characteristics by smoking status were compared only in female patients. Never-smoker female patients
had a signi�cantly higher frequency of radiological exacerbations than current- and past-smoker female
patients. This is probably due to signi�cantly more radiological abnormalities at initial diagnosis in the
never-smoker patients.

To determine the predictors of natural exacerbations, univariate logistic regression analysis was
performed with the data of treatment-naïve patients, and it indicated that female sex, never-smoker,
extensive abnormal shadows, ≥3 lobes with abnormal shadows, and the absence of other underlying
lung diseases were signi�cant. Multivariate logistic regression analysis demonstrated that extensive
abnormal shadows, abnormal shadows in ≥3 lobes, and the absence of underlying lung diseases were
signi�cant predictors of natural exacerbations. Although some authors reported radiological scoring
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methods in pulmonary MAC disease,29,30 they were complicated and required much effort. In contrast, our
scoring system is easy and not time-consuming.

Conclusion
Women and never-smokers were predominant among patients with pulmonary MAC diseases. Female
patients likely showed treatment resistance. The most critical exacerbating factor of pulmonary MAC
disease over 1 year is extensive abnormal shadows, especially the presence of abnormal shadows in ≥3
lobes in the lung. Thus, clinical attention should be focused on early diagnosis, and treatment should be
considered for those with extensive abnormal shadows at initial diagnosis.

Abbreviations
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Figure 1

Flow chart of patients diagnosed with pulmonary MAC disease between April 2011 and May 2016.
MGIT=mycobacterial growth indicator tube NTM=nontuberculous mycobacterium MAC=Mycobacterium
avium complex
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