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Abstract

Background: In bronchiectasis patients, chronic Pseudomonas aeruginosa (PA) infection has been associated with
worse health-related quality of life (HRQL), but little is known about Mycobacterium avium complex lung disease
(MACLD) patients in this context. This study aimed to evaluate HRQL and investigate the impact of chronic PA
infection in MACLD patients.

Methods: This cross-sectional study was conducted using the Registry of Prospective Cohort Study including
MACLD patients. The 36-item Short-Form health survey (SF-36) and St. George’s Respiratory Questionnaire (SGRQ)
were administered to assess clinical outcomes. Clinical variables included treatment and sputum culture status,
pulmonary function tests, cavitary lesions, and modified Reiff scores on high-resolution computed tomography.

Results: The study included 244 MACLD patients (median age, 68 years; 196 women), 19 of whom had chronic PA
infection. Modified Reiff score was higher in patients with chronic infection than in those without (P = 0.028).
Regarding SF-36 scores, physical functioning subscale scores were significantly lower in patients with chronic
infection (P = 0.029). Additionally, SGRQ symptoms, impact, and total scores were significantly higher in patients
with chronic infection. During analysis of covariance comparisons, SGRQ symptoms and impact scores were
significantly higher for patients with chronic infection (P = 0.043 and 0.021, respectively).

Conclusions: MACLD patients with chronic PA infection exhibited significantly higher SGRQ scores, indicating
impaired HRQL. Chronic PA infection was significantly associated with the severity of bronchiectasis.

Keywords: Colonisation, Noncystic fibrosis bronchiectasis (NCFBE), Health-related quality of life (HRQL),
Mycobacterium avium Complex (MAC), Nontuberculous mycobacteria (NTM), Pseudomonas aeruginosa, St.
George’s Respiratory Questionnaire (SGRQ), 36-item short-form health survey (SF-36)
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Background
The incidence of lung disease caused by nontuberculous
mycobacteria (NTM) has increased worldwide [1, 2].
Mycobacterium avium complex (MAC), the most com-
mon cause of NTM in Japan, generally causes chronic,
slowly progressive lung disease in middle-aged men with
risk factors such as smoking and structural lung diseases
or in nonsmoking women without any of these risk
factors [3]. Antimicrobial therapy for MAC lung disease
(MACLD) for >12 months yields a success rate of
approximately 75% [4], but high rates of recurrence have
been reported after discontinuation of treatment [5].
Further studies have shown that the use of multiple anti-
microbials is associated with multiple potential adverse
effects, including ethambutol-induced ocular toxicity [3].
Because of the increasing prevalence and chronicity of
MACLD, as well as the limited data regarding antimicro-
bial therapies associated with potential adverse effects,
to monitor the patient’s overall health status, patient-
reported outcome measures that represent health-
related quality of life (HRQL) have become increasingly
important for MACLD [6].
Bronchiectasis is a respiratory disease characterised by

permanent dilation of the bronchus and chronic respira-
tory symptoms such as daily sputum, coughing, shortness
of breath, and recurrent respiratory infections [7]. The
severity of bronchiectasis has been associated with worse
HRQL, as evaluated by St. George’s Respiratory Question-
naire (SGRQ) and Leicester Cough Questionnaire, and
with a poor prognosis [8]. In addition to idiopathic causes,
the aetiology of bronchiectasis can include factors such as
previous severe respiratory infection, primary or sec-
ondary immunodeficiency, allergic bronchopulmonary
aspergillosis, rheumatic or connective tissue disease,
chronic obstructive pulmonary disease (COPD), or an
impairment of ciliary clearance such as primary ciliary
dyskinesia [9]. NTM has been described as both a
cause of bronchiectasis and a secondary feature of
established bronchiectasis that results from another
aetiology [10]. Notably, most MACLD patients had
bronchiectasis in high-resolution computed tomog-
raphy (HRCT) studies [11, 12].
Previous studies have reported that in bronchiectasis

patients, chronic Pseudomonas aeruginosa (PA) infection
was associated with worse HRQL and with significant
increases in disease exacerbation, hospital admission,
and patient mortality [13]. Additionally, few studies have
investigated the frequencies of or risk factors for chronic
PA infection in MACLD patients [14]. Accordingly, little
is known about the impact of chronic PA infection on
HRQL in MACLD patients. The current study aimed to
evaluate HRQL via the 36-item Short-Form health
survey (SF-36) and SGRQ to investigate the impact of
chronic PA infection on MACLD patients.

Methods
Study population
This single-centre cross-sectional study was con-
ducted using the prospective, observational cohort
registry at Keio University Hospital with patients aged
20 years or older who had been diagnosed with
MACLD (UMIN000007546). MACLD was diagnosed
in accordance with the 2007 American Thoracic Society/
Infectious Disease Society of America guidelines [3].
Patients with MACLD who completed the HRQL ques-
tionnaire between May 2012 and July 2014 were included
in the study. The Keio University Hospital ethics review
board approved the study protocol (#20110267). All
patients provided written informed consent. We
followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) statement
(http://www.strobe-statement.org/).

HRQL assessment
For the HRQL assessment, all patients completed the
SF-36 version 2 [15] and the SGRQ in Japanese [16].
Both questionnaires have been validated for MACLD
[17]. The internal consistencies of the SF-36 and SGRQ
were assessed using Cronbach’s α.
The SF-36 included eight subscales: physical function-

ing, role-physical, bodily pain, general health perception,
vitality, social functioning, role-emotional, and mental
health. Three summary scores were derived from the
eight subscales, which were adjusted for Japanese
patients: physical, mental, and role/social component
summary scores [18]. The eight subscales ranged from 0
to 100, and the three summary scores were transformed
to fit a norm-based score for the general Japanese popu-
lation, with a mean score of 50 and a standard deviation
of 10. Higher scores indicated better HRQL.
The SGRQ included symptoms, activity, and impact

components that corresponded with measures of
respiratory symptoms, impairment of physical activity,
and social and psychological disturbances, respectively.
The total score was calculated with the inclusion of each
component. Possible scores were derived from the
SGRQ range of 0–100, with higher scores indicating
worse respiratory HRQL.

Assessment of clinical parameters
Assessed patient characteristics included age, sex, body
mass index (BMI), disease duration, smoking status,
underlying pulmonary diseases, Charlson Comorbidity
Index (CCI) [19], treatment status, bacterial smear and
culture results for MAC, and laboratory data. Treatment
status was classified as never treated, previously treated,
or currently treated. MAC isolates were identified as
previously described [20]. Sputum smear or culture data
were defined based on results obtained between 6 months
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before and 6 months after registration. If patients did not
expectorate sputum, then they were recorded as negative.
Chronic PA infection was deemed present when PA was
isolated from sputum culture on two or more occasions
≥3 months apart during the period of 6 months prior to
registration through 6 months after registration [21].

Assessment of pulmonary function tests and
high-resolution computed tomography
Pulmonary function tests (PFTs) and HRCT images were
evaluated within 1 week of HRQL assessment. Patients
who were in stable condition performed PFTs with an
electronic spirometer (Chestac-9800 or HI-801; Chest
M.I., Tokyo, Japan) in accordance with American Thoracic
Society/European Respiratory Society recommendations.
HRCT images were assessed for the presence of

cavitary lesions and severity of bronchiectasis. Two
pulmonologists who were blinded to the clinical data
performed the evaluations, and consensus review with
an additional investigator was utilised to resolve any dis-
crepancies. Bronchiectasis was assessed using a modified
Reiff score, as in previous bronchiectasis studies [21].
The number of lobes involved (of a total of six; the
lingula was considered separate) and the degree of
dilatation (tubular = 1, varicose = 2, and cystic = 3) were
calculated (range, 0–18).

Statistical analyses
All statistical analyses were performed using JMP
version 12.0 (SAS Institute Japan Ltd., Tokyo, Japan).
Continuous variables were analysed as median and inter-
quartile range (IQR) or number and percentage (%).
Fisher’s exact test and the Mann-Whitney test were used
for comparisons between two groups, and the Kruskal-
Wallis test was used for comparisons between three
groups during the analysis of categorical and continuous
variables, respectively. To investigate the impact of
chronic PA infection on HRQL, we first performed uni-
variate analysis on each of the HRQL scores. An analysis
of covariance (ANCOVA), adjusted for age, sex, BMI,
CCI, and underlying pulmonary disease, was then
performed to test the statistical significance of group dif-
ferences. All P-values <0.05 were considered statistically
significant.

Results
Patient characteristics and clinical features
A total of 244 patients with MACLD were included in
the study. Table 1 shows clinical characteristics of the
244 MACLD patients with and without chronic PA in-
fection. The median age of the patients was 68 years and
the IQR was 62–75 years. A total of 196 patients (80%)
were women, and the median duration of disease was
5.7 years. The median BMI was 19.5 kg/m2, and 220

patients (90%) reported that they had never smoked. A
history of pulmonary tuberculosis was the most com-
mon underlying pulmonary disease (n = 23, 9.4%),
followed by asthma (n = 8, 3.2%), lung cancer (n = 3,
1.2%), COPD (n = 2, 0.8%), and interstitial lung disease
(n = 1, 0.4%). With regard to treatment status of
MACLD, 116 (48%) had never been treated, 40 (16%)
had been treated previously but were not currently
being treated, and 88 (36%) were currently undergo-
ing treatment. Sputum smear test results or cultures
obtained 6 months before and 6 months after regis-
tration were positive for MAC in 83 (34%) and 138
(57%) patients, respectively. CCI was significantly
higher in patients with chronic PA infection than in
those without (P = 0.048). Patients with chronic infection
tended to be older than those without, and they were less
likely to yield a positive sputum smear or culture; however,
these tendencies were not statistically significant.

PFT results, HRCT findings, and laboratory data
Table 2 shows the results of PFTs, HRCT findings, and
laboratory data in our cohort of MACLD patients. The
median values of PFT results were within normal ranges,
and there were no significant differences between
patients with and without chronic PA infection. There
was weak evidence that forced expiratory volume in the
first second was lower in patients with chronic infection
(P = 0.079). During the HRCT analyses, the incidence of
cavitary lesions did not differ significantly between the
two groups. Almost all patients exhibited bronchiectasis,
and the modified Reiff score was higher for patients with
chronic infection than for those without (Fig. 1). During
laboratory analyses, white blood cell counts, haemoglo-
bin, and C-reactive protein (CRP) were within normal
ranges. However, haemoglobin was significantly lower
(P = 0.049) in patients with chronic PA infection com-
pared with those without; in contrast, CRP was signifi-
cantly higher (P = 0.005) in patients with chronic PA
infection.

SF-36 and SGRQ
Table 3 shows the results of SF-36 and SGRQ in our
cohort of MACLD patients. The internal consistency of
these scores was good (Cronbach’s α coefficients: SF-36,
0.89–0.91; SGRQ 0.91–0.95). With regard to SF-36 sub-
scales, the physical functioning scores were significantly
lower in patients exhibiting chronic PA infection com-
pared with those patients without chronic PA infection
(P = 0.029). Nearly all of the SGRQ scores were signifi-
cantly higher in patients exhibiting chronic infection
compared with those without (P-values: symptom, 0.008;
impact, 0.006; total, 0.012); notably, the activity scores
were not significantly different between groups.
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Table 2 Pulmonary function test results, high-resolution computed tomography findings and laboratory data in 244 Mycobacterium
avium complex lung disease patients with and without chronic Pseudomonas aeruginosa infection

All patients
(n = 244)

With chronic infection
(n = 19)

Without chronic infection
(n = 225)

P value

PFT (n = 243) (n = 19) (n = 224)

%FVC 95 (81–108) 94 (75–102) 96 (82–109) 0.234

%FEV1 87 (73–99) 81 (66–98) 88 (74–100) 0.079

HRCT findings

Cavitary lesion 59 (24) 4 (21) 55 (24) 1.000

Presence of bronchiectasis 233 (95) 19 (100) 214 (95) 0.609

Modified Reiff score 4 (2–6) 5 (3–7) 3 (2–6) 0.028

Laboratory data

WBC/μL 5250 (4500–6375) 5700 (4700–7400) 5200 (4500–6200) 0.209

Haemoglobin, g/dL 13 (12–14) 12 (11–13) 13 (12–14) 0.049

CRP, mg/dL 0.1 (0.0–0.3) 0.3 (0.1–1.9) 0.1 (0.0–0.3) 0.005

Data show the median (interquartile range) or number (%) of patients
PFT, pulmonary function test; FVC, forced vital capacity; FEV1, forced expiratory volume in the first second; HRCT, high-resolution computed tomography;
WBC, white blood cell; CRP, C-reactive protein

Table 1 Clinical characteristics of 244 Mycobacterium avium complex lung disease patients with and without chronic Pseudomonas
aeruginosa infection

Characteristic All patients
(n = 244)

With chronic infection
(n = 19)

Without chronic infection
(n = 225)

P value

Age, years 68 (62–75) 74 (67–76) 67 (61–75) 0.055

Sex, female 196 (80) 14 (74) 182 (81) 0.546

Disease duration, years 5.7 (2.3–9.7) 5.3 (2.3–10.3) 5.8 (2.3–9.6) 0.622

Body mass index, kg/m2 19.5 (17.5–21.3) 18.8 (17.3–21.2) 19.6 (17.5–21.3) 0.515

Smoking status 1.000

Never 220 (90) 17 (89) 202 (90)

Former 25 (10) 2 (11) 23 (10)

Current 0 (0) 0 (0) 0 (0)

Charlson Comorbidity Index 0 (0–1) 1 (1–1) 0 (0–1) 0.048

Underlying pulmonary disease

History of pulmonary TB 23 (9) 4 (21) 19 (8) 0.089

Asthma 8 (3) 1 (1) 7 (3) 0.482

COPD 2 (1) 0 (0) 2 (1) 1.000

Lung cancer 3 (1) 1 (1) 2 (1) 1.000

Interstitial lung disease 1 (0.4) 0 (0) 1 (0.4) 1.000

Treatment status 0.452

Never 116 (48) 10 (53) 106 (47)

Previous 40 (16) 1 (5) 39 (17)

Current 88 (36) 8 (42) 80 (36)

Bacterial statusa

Positive smear 83 (34) 3 (15) 80 (36) 0.083

Positive culture 138 (57) 7 (37) 131 (59) 0.090

Data show the median (interquartile range) or number (%) of patients
TB, tuberculosis; COPD, chronic obstructive pulmonary disease
aBacterial status for mycobacterium
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Comparisons of physical component subscale score and
SGRQ based on nominal variables using ANCOVA
There was no significant difference in physical compo-
nent subscale score between patients with and without
chronic infection (P = 0.303). However, SGRQ symptoms
and impact scores were significantly higher in patients
exhibiting chronic infection (symptoms, P = 0.043; im-
pact, P = 0.021). There was weak evidence indicating that
total SGRQ scores were higher for patients with chronic
infection (P = 0.069) (Fig. 2).

Clinical characteristics associated with chronic PA
infection in MACLD patients
Table 4 shows the clinical characteristics associated with
chronic PA infection in the subset of 19 MACLD
patients who exhibited signs of this illness. Other under-
lying diseases included rheumatoid arthritis (n = 2),
mixed connective tissue disease (n = 1), gastroesophageal
reflux disease (n = 1), liver cirrhosis (n = 1), and chronic
sinusitis (n = 1). During PFTs, six patients exhibited
restrictive dysfunction and six exhibited obstructive dys-
function. Ten patients (53%) provided sputum cultures
and smears that were negative for NTM. With regard to
treatment status for MACLD, 10 (53%) patients had

never been treated, one (5%) had been treated in the
past but was not currently being treated, and eight (42%)
were currently undergoing treatment. Four patients pro-
vided sputum cultures and smears that were negative for
NTM, despite never having been treated for MACLD.
For patients who had previously received or were
currently receiving multiple antimicrobial therapy, the
median treatment duration was 4.3 years (IQR, 2.9–
10.1 years).

Discussion
To our knowledge, this is the first study to evaluate the
effects of chronic PA infection on HRQL, as determined
by the SF-36 and SGRQ, using only MACLD patients;
many of these MACLD patients exhibited bronchiec-
tasis. Our results showed that chronic PA infection re-
duced HRQL as determined by the SGRQ. The severity
of bronchiectasis in HRCT, but not the presence of
cavitary lesions, was associated with chronic PA infec-
tion in MACLD patients. We also determined clinical
characteristics associated with treatment and bacterial
infection status in these patients.
In the present study, chronic PA infection worsened

SGRQ scores of MACLD patients, which is consistent
with previous studies wherein bacterial infection affected
HRQL in COPD and bronchiectasis patients [22–25]. In
COPD patients, bacterial colonisation (particularly
Haemophilus influenza) and total bacterial load were the
primary factors associated with increased daily symptoms
and poorer SGRQ scores [22–24]. In studies of bronchiec-
tasis, SGRQ-determined HRQL was significantly worse in
patients with chronic PA infection compared to other pa-
tient groups [21, 25]. Although there was a small number
of patients with chronic PA infection in the current study,
our results suggest that chronic infection may affect the
physical functioning and role-physical subscales of the SF-
36, as well as the physical component summary. The
mechanisms by which chronic PA infection influences
HRQL are unclear; however, bronchiectasis patients with
chronic PA infection exhibit higher cytokine production
[26, 27], which may have contributed to the higher CRP
values observed in the current study.
Severity of bronchiectasis, rather than the presence of

cavitary lesions, was significantly associated with the
presence of chronic PA infection in MACLD patients
during this study. This association is consistent with
previous reports regarding chronic PA infection in bron-
chiectasis patients [28]. An Italian study of a cohort of
bronchiectasis patients indicated that NTM lung disease
produced cylindrical bronchiectasis, a disease of lesser
severity, and fewer pulmonary exacerbations than
chronic PA infection [29]. In addition to bronchiectasis,
MACLD may manifest as various types of lesions, in-
cluding infiltrates, nodules, and cavitary lesions. Notably,

Fig. 1 Modified Reiff scores associated with the presence or absence
of chronic Pseudomonas aeruginosa infection. Modified Reiff scores
were higher in the presence of chronic P. aeruginosa infection
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cavitary lesions have been associated with reduced
pulmonary function and lower HRQL, and they are
predictive of disease progression requiring treatment
and an ultimately poor prognosis [12, 30, 31]. Moreover,
cavitary lesions have been revealed as an independent
risk factor for MACLD that may develop into chronic
pulmonary aspergillosis [32], because Aspergillus colo-
nises both the airway and cavitary lesions. It has also
been reported that bronchiectasis is associated with
lower pulmonary function and is predictive of disease
progression requiring treatment, despite its unknown
impact on prognosis [12, 33]. Although it remains
unclear whether chronic PA infection is the cause or
result of advanced disease, our current study indicates
that chronic PA infection is associated with bronchi-
ectasis, in contrast to the Aspergillus colonisation that
is associated with both bronchiectasis and cavitary
lesions.
The nine patients who were either undergoing

treatment for MACLD or had previously undergone
treatment for MACLD received long-term antimicro-
bial therapy during this study; however, 10 patients
exhibited chronic PA infection despite no history of
treatment for MACLD. Moreover, four out of 10
patients exhibited negative results during analysis of
both sputum smears and cultures. Previous studies in-
dicated that NTM-infected bronchiectasis patients,

Fig. 2 Comparisons of physical functioning (PF) subscale scores
derived from the 36-item Short Form health survey (SF-36) and
symptoms, impact, and total (excluding activity score) scores derived
from the St. George’s Respiratory Questionnaire (SGRQ) presented as
least square means based on the presence or absence of chronic
Pseudomonas aeruginosa infection after adjustment for age, sex,
body mass index, Charlson comorbidity index, and underlying
pulmonary disease in Mycobacterium avium complex lung
disease patients

Table 3 Health-related quality of life in the 244 Mycobacterium avium complex lung disease patients with and without chronic
Pseudomonas aeruginosa infection

All patients
(n = 244)

With chronic infection
(n = 19)

Without chronic infection
(n = 225)

P value

SF-36

Physical functioning 90 (75–95) 85 (69–90) 90 (78–95) 0.029

Role-physical 88 (63–100) 75 (56–88) 88 (63–100) 0.057

Bodily pain 74 (52–100) 74 (41–100) 74 (52–100) 0.269

General health 52 (40–62) 47 (40–52) 52 (40–65) 0.292

Vitality 63 (44–75) 56 (50–75) 63 (44–75) 0.654

Social functioning 88 (63–100) 75 (38–100) 88 (63–100) 0.135

Role-emotional 92 (58–100) 92 (58–100) 92 (58–100) 0.926

Mental health 75 (60–85) 70 (55–80) 75 (60–85) 0.461

PCS 48 (40–54) 40 (36–48) 48 (40–54) 0.071

MCS 50 (44–56) 49 (43–55) 51 (44–46) 0.702

RCS 51 (39–56) 50 (34–55) 51 (40–57) 0.451

SGRQ

Symptom 30 (16–48) 48 (30–52) 30 (14–46) 0.008

Activity 24 (6–46) 35 (19–48) 23 (6–46) 0.141

Impact 12 (4–31) 27 (17–42) 11 (3–30) 0.006

Total 20 (8–36) 30 (23–49) 18 (8–36) 0.012

Data show the median (interquartile range) or number (%) of patients
SF-36, 36-item Short-Form health survey; PCS, physical component summary; MCS, mental component summary; RCS, role/social component summary; SGRQ, St.
George’s Respiratory Questionnaire
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including those with cystic fibrosis, had a lower rate
of chronic PA infection compared with NTM-
uninfected patients [34–36]. In the present study,
MACLD patients with chronic PA infection exhibited
a lower rate of NTM-positive sputum cultures,
regardless of similar treatment status. Although the
parameters involved in the interaction between PA
and NTM in the lung are unknown, these results
may reflect a dominant pathogenic species, as has
been suggested in previous studies [34–36]. Further-
more, it was recently reported that almost half of
untreated patients with stable MACLD exhibited
spontaneous conversion [37]. Therefore, bronchiec-
tasis patients with chronic PA infection (that is pre-
dictive of a poor prognosis) may include post-
MACLD patients.
The current study had several potential limitations.

First, the study design was cross-sectional; therefore,
it was difficult to determine causal associations, par-
ticularly with regard to the influence of treatment or
the presence of MAC on bronchiectasis. Moreover,
we could not identify a risk factor for or assess the
impact of chronic PA infection on prognosis. Second,
the method and frequency of sputum smear/culture
testing for PA were dependent on each attending
physician rather than an established protocol. Further-
more, in our study, we used the most stringent defin-
ition of chronic infection that was used in previous
studies [13], resulting in a very small number of
patients who were classified as having chronic PA in-
fection. Although these biases may have underesti-
mated chronic PA infection, we identified impaired
HRQL associated with chronic PA infection. Third,
we did not include patients who exhibited chronic PA
infection without NTM infection. Although these
patients are an important control group, their exact
classification might be difficult due to the spontan-
eous conversion of MACLD [37]. Finally, we did not
identify any factors associated with pulmonary physi-
cians’ decisions regarding the initiation, continuation,
or discontinuation of antimicrobial therapy for
MACLD or chronic PA infection. However, the indi-
cations for treatment, optimal durations of treatment
for patients with MACLD, and management ap-
proaches for chronic PA infection were unclear in this
study. Further studies that include MACLD patients
with chronic PA infection are needed to investigate
the relationships between antimicrobial treatment and
patient outcomes. Additionally, to clarify risk factors
and the influence of chronic PA infection on progno-
sis, prospective observational multicentre studies are
needed that incorporate microbiological data and
imaging, especially those involving newly diagnosed
MACLD and bronchiectasis patients.

Conclusions
MACLD patients with chronic PA infection exhibited a
significantly lower HRQL than those without, as indicated
by higher SGRQ scores. Chronic PA infection was signifi-
cantly associated with the severity of bronchiectasis.
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