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Background: The effect of chronic sputum (CS) symptoms on health-related quality of life

(HRQOL) in patients with nontuberculous mycobacterial pulmonary disease (NTM-PD) has

not been studied. The aim of this study was to clarify the differences in the clinical

characteristics of NTM-PD patients with and without CS and to investigate the effect of CS

on HRQOL.

Methods: This cross-sectional study included patients with NTM-PD who were prescribed

pulmonary rehabilitation at the Fukujuji Hospital from March 2016 to June 2019. HRQOL

was evaluated using the MOS 36-Item Short-Form Health Survey (SF-36).

Results: Of the 99 subjects studied, 71 had CS (CSþ) (71.7%), and 28 (28.3%) did not have CS

(CS-). Patients in the CS þ group had a lower body mass index, forced vital capacity percent

predicted, and forced expiratory volume in 1 s percent predicted. Regarding the radiological

evaluation, the proportion of patients with the fibrocavitary form and the radiological score

were significantly higher in the CS þ group. The mental component summary (MCS) score
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Abbreviations

AFB Sputum acid-fast bacilli

Alb Albumin

BMI Body mass index

CAM Clarithromycin

COPD Chronic obstructive pulmonar

C-NB Cavitary nodular bronchiectat

CRP C-reactive protein

CS Chronic sputum

FC Fibrocavitary

FEV1% Forced expiratory volume in o

FVC Forced vital capacity

Hb Hemoglobin

HRCT High-resolution computed tom

HRQOL Health-related quality of life

MAC Mycobacterium avium complex

MCS Mental component summary

NC-NB Non-cavitary nodular bronchi

NTM-PD Nontuberculous mycobacteri

disease

PCS Physical component summary

PFT Pulmonary function test

SF-36 the MOS 36-Item Short-Form H

SGRQ St George's Respiratory Questi

TP Total protein

WBC White blood cell
of the SF-36 were significantly lower in the CS þ group. Multiple regression analysis

showed that the presence of CS was independently associated with a lower MCS score of

the SF-36.

Conclusions: NTM-PD patients with CS had more severe disease, with reduced pulmonary

function and severe radiological findings. CS was shown to independently affect HRQOL,

especially mental status.

© 2021 The Japanese Respiratory Society. Published by Elsevier B.V. All rights reserved.
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1. Introduction

The prevalence of nontuberculous mycobacterial pulmonary

disease (NTM-PD) has increased in many countries [1,2]. Pa-

tients with NTM-PD commonly present with cough, sputum,

hemoptysis, and systemic conditions includingdfatigue and

weight loss. The guidelines recommend long-term multidrug

treatment; however, its success rate is not high, and some

patients suffer from recurrence due to relapse and reinfection,

leading to the need for lifelong follow-up [3e5]. Therefore, the

evaluation and improvement of health-related quality of life

(HRQOL) are critically important [6].

It has been reported that several clinical parameters

correlated with HRQOL in NTM-PD. Maekawa et al. found that

high-resolution computed tomography (HRCT) findings such

as consolidation, cavity, and lobar volume reduction were

associated with HRQOL assessed by St George's Respiratory

Questionnaire (SGRQ) [7]. Asakura et al. showed that C-
reactive protein (CRP) and age were significant factors

affecting HRQOL assessed using the MOS 36-Item Short-Form

Health Survey (SF-36) [8]. Six-minute walk test parameters

were also reported to be correlated with SGRQ and SF-36

scores [9].

However, no studies have examined the influence of clin-

ical symptoms on HRQOL of the patients. While the most

common symptom patients with NTM-PD complain of is

chronic cough, associated with or without sputum symptoms,

sputum production could have a greater influence on HRQOL

status. It has been reported that chronic obstructive pulmo-

nary disease (COPD) persistent sputum producers have more

severe clinical characteristics than non-persistent sputum

producers; the mean SGRQ and COPD Assessment Test (CAT)

scores were higher in persistent sputum producers [10].

Accordingly, this study aimed to compare the clinical

characteristics of NTM-PD patients with and without Chronic

sputum (CS) symptoms; and determine the influence of CS

symptoms on HRQOL in patients with NTM-PD.
2. Patients and methods

2.1. Study subjects

This study was conducted at the Fukujuji Hospital, Japan Anti-

Tuberculosis Association, a 340-bed tertiary hospital for myco-

bacteriosis in Tokyo, Japan. Among the patients who met the

American Thoracic Society/European Respiratory Society/Eu-

ropean Society of Clinical Microbiology and Infectious Disease/

Infectious Disease Society of America (ATS/ERS/ESCMID/IDSA)

criteria, we enrolled patients who underwent HRQOL evalua-

tion at the pulmonary rehabilitation center fromMarch 2016 to

June 2019. The exclusion criteriawere patientswho did not give

consent to be included in the evaluationand thosewithmissing

test data. Patients with comorbiditiesdCOPD or interstitial

pneumoniadwereexcludedbecause thesediseaseshaveworse

effects on HRQOL [11,12]. The present study was approved by

the Fukujuji Hospital Institutional Review Board on September

18, 2019 (approval number: 19020).

2.2. Clinical variables

Demographic data, including age, body mass index (BMI),

smoking history, duration of illness, treatment status,

comorbidities, and laboratory data, were collected from the

medical chart. Pulmonary function test (PFT) data collected

were forced vital capacity percent predicted (FVC% pred) and

forced expiratory volume in 1 s percent predicted (FEV1%

pred). For laboratory data, CRP and white blood cell (WBC)
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Fig. 1 e The flowchart for the inclusion and exclusion of the

study participants. NTM-PD, nontuberculous mycobacterial

pulmonary disease; COPD, chronic obstructive pulmonary

disease; IP, interstitial pneumonia.
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were used as indices of inflammation; hemoglobin (Hb), total

protein (TP), and albumin (Alb) were analyzed as indices of

nutritional status. Imaging findings were classified into four

patterns based on chest HRCT findings: non-cavitary nodular

bronchiectatic (NC-NB) form, cavitary nodular bronchiectatic

(C-NB) form, fibrocavitary (FC) form, and unclassifiable [13].

Two respiratory physicians (KF and KF) independently evalu-

ated the radiological severity score according to a previously

reported method [14]. Any discrepancies were resolved by

discussion.

Sputum acid-fast bacilli (AFB) smears and mycobacterial

cultures were performed according to standard methods.

Clarithromycin resistance was defined as a minimum inhibi-

tory concentration �32 mg/ml. In the smear test, we recorded

themaximumamount of smear result among three tests before

the evaluationdate. The semiquantitativemycobacterial smear

scoreswere analyzed as ordinal scales corresponding to: -: 0, ±:
1; 1þ: 2; 2þ: 3; and 3þ: 4. Chronic colonization by other bacteria

was defined as two or more positive sputum cultures of the

same species in the previous year.

2.3. CS symptoms and HRQOL assessment

At the start of pulmonary rehabilitation, we evaluated the

presence or absence of CS symptoms referring to the reports

on the diagnosis of chronic bronchitis based on the SGRQ

[10,15,16]. If the patients had sputum symptoms “most days a

week” or “several days a week,”we defined them as having CS

symptoms (CSþ). If the patients answered “a few days a

month,” “only with chest infections,” or “not at all,” they were

categorized as having no CS symptoms (CS-).

All patients completed the SF-36 version2 in Japanese

[17,18]. The SF-36 is a questionnaire about the patient's health
status and includes eight subscales (physical functioning, role

physical, bodily pain, general health, vitality, social func-

tioning, role emotional, and mental health). From the sub-

scales, two-component summary scores calculated for are the

physical aspect of QOL (physical component summary, PCS)

and the mental aspect of QOL (mental component summary,

MCS). For PCS and MCS, the two-component summary score

results based on the Japanese survey data were used. The

national average subscale and summary score were 50 points,

and any ratings higher than this indicates higher HRQOL [19].

2.4. Statistical analysis

Statistical analyses were conducted using the software pro-

gram IBM SPSS Statistics for Windows, Version 25.0 (IBM

Corp., Armonk, NY, USA). All data are presented as themedian

(interquartile range (IQR)) for continuous variables and the

number (percentage) for categorical variables. The Shapiro-

Wilk test tested the assumption of a normal distribution.

Differences between parametric data were assessed by two-

sample t-tests. The Mann-Whitney U test was performed to

test the differences between nonparametric data. The chi-

square test was performed to compare the categorical vari-

ables. The associations between PCS,MCS, and clinical indices

(age, BMI, disease duration, FVC% pred, FEV1% pred, CRP,

WBC, hemoglobin, TP, albumin, radiographic features, radio-

logical score, and smear score) were analyzed using
Spearman's rank correlation coefficient. For the correlation

analysis, radiographic features were converted to ordinal

scales (NC-NB: 0, C-NB: 1, FC: 2).

Factors affecting HRQOL were analyzed using multiple

regression analysis with the dependent variables as PCS and

MCS. For the explanatory variables, in addition to age, CRP, FC

form, and the radiological severity score, which have been

reported to affect HRQOL of NTM-PD patients [8,20,21], the

presence or absence of CS symptoms was selected. We

considered a P value < 0.05 to be significant.
3. Results

3.1. Patient characteristics according to the presence or
absence of CS

During the study period, 152 NTM patients underwent pul-

monary rehabilitation. Two of these patientswere excluded as

they did not consent to the questionnaire; two patients with

COPD, two with interstitial pneumonia, and 47 without suffi-

cient data (one patient with unknown smoking history, 25

missing PFT data, two missing laboratory data, two missing

smear test data and 17with insufficient HRQOLdata)were also

excluded. The remaining 99 patients were evaluated (Fig. 1).

Table 1 shows the clinical characteristics of the study

population. The median age was 67 (IQR; 60.0-72.0) years.

https://doi.org/10.1016/j.resinv.2021.09.011
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Among the 99 patients, 49 (49.5%) were currently on treat-

ment. Seventy-one patients (71.7%) had CS, and 28 patients

(28.3%) did not have CS. There were no differences in age, sex,

smoking, the duration of illness, treatment status, or comor-

bidities between the two groups, but BMI (p ¼ 0.032), FVC%

pred (p ¼ 0.020), and FEV1% pred (p ¼ 0.026) were significantly

lower in the CS þ group. Regarding the laboratory data, CRP

(p ¼ 0.027) and WBC (p ¼ 0.012) were higher in the CS þ group

than in the CS- group. Regarding the radiological evaluation,

the proportion of the FC form (p¼ 0.002) and radiological score

(p ¼ 0.027) were higher in the CS þ group. The
Table 1 e Clinical characteristics of the study subjects.

All patients (n ¼ 99) Chronic sp

Age, years 67 (60.0e72.0) 67.0

Females 94 (94.9) 66 (

BMI, kg/m2 18.0 (16.5e20.1) 17.9

Smoking history 16 (16.2) 13 (

Disease duration, years 4.0 (2.0e10.0) 5.0

Treatment status

Never treated 23 (23.2) 17 (

Previously treated 27 (27.3) 22 (

Currently treated 49 (49.5) 32 (

Underlying disease

Asthma 4 (4.1) 3 (4

Old pulmonary TB 3 (3.0) 1 (1

Pulmonary aspergillosis 3 (3.0) 3 (4

Diabetes 5 (5.1) 3 (4

PFT

FVC % pred, % 77.7 (59.0e89.5) 74.6

FEV1% pred, % 75.9 (58.8e91.0) 72.0

Laboratory data

CRP, mg/dl 0.31 (0.09e1.60) 0.43

WBC, 102/ml 54.7 (47.0e66.0) 56.8

Hemoglobin, g/dl 12.5 (11.6e13.2) 12.4

Total protein, g/dl 7.0 (6.7e7.6) 7.0

Albumin, g/dl 3.8 (3.4e4.2) 3.7

Radiographic features

NC-NB 39 (39.4) 23 (

C-NB 41 (41.4) 30 (

FC 18 (18.2) 18 (

Unclassifiable 1 (1.0) 0 (0

Radiological score 13 (8.8e16.3) 14 (

NTM species

MAC 67 (67.7) 47 (

M. abscessus complex 26 (26.3) 20 (

Other 6 (6.1) 4 (5

CAM resistance 27 (27.3) 19 (

Semiquantitative smear score

3þ 19 (19.2) 18 (

2þ 25 (25.3) 20 (

1þ 14 (14.1) 10 (

± 23 (23.2) 12 (

- 18 (18.2) 11 (

Chronic colonizationa

Pseudomonas aeruginosa 7 (7.1) 7 (9

Staphylococcus aureus 11 (11.1) 10 (

Other 11 (11.1) 8 (1

Data are presented as the number (%) of patients, medians (interquartile

function test; FVC, forced vital capacity; FEV1, forced expiratory volume

cavitary nodular bronchiectatic; C-NB, cavitary nodular bronchiectatic; F

terium avium complex; CAM, Clarithromycin.
a Chronic colonization was defined as two or more positive sputum cult
semiquantitative mycobacterial smear score was significantly

higher in the CS þ group (p ¼ 0.025). Pseudomonas aeruginosa

and Staphylococcus aureus were frequently identified in the

CS þ group, but these were not statistically significant.

3.2. Comparison of the HRQOL scores between patients
with and without CS

Table2showstheHRQOLscoresof theCSþ andCS-groups. In the

SF-36 results, the four scoresother thanphysical functioning, role

physical, bodily pain, and role emotionalwere significantly lower
utum (þ) (n ¼ 71) Chronic sputum (�) (n ¼ 28) p-value

(61.0e72.0) 66.0 (60.0e72.5) 0.919

93.0) 28 (100) 0.182

(16.1e20.1) 19.0 (17.4e20.4) 0.032

18.3) 3 (10.7) 0.274

(1.0e10.0) 3.0 (3.0e10.8) 0.693

0.314

23.9) 6 (21.4)

31.0) 5 (17.9)

45.1) 17 (60.7)

.2) 1 (3.6) 0.683

.4) 2 (7.1) 0.192

.2) 0 (0) 0.364

.2) 2 (7.1) 0.620

(57.1e87.8) 81.7 (75.0e96.1) 0.020

(56.3e88.8) 80.8 (73.4e94.0) 0.026

(0.10e2.13) 0.13 (0.07e0.51) 0.027

(49.0e69.1) 51.1 (40.8e55.2) 0.012

(11.5e13.2) 12.6 (12.2e13.2) 0.193

(6.7e7.6) 6.9 (6.4e7.3) 0.309

(3.3e4.2) 3.9 (3.6e4.1) 0.150

32.4) 16 (57.1) 0.015

42.3) 11 (39.3) 0.892

25.4) 0 (0) 0.002

) 1 (3.6)

9e17) 11 (7e14) 0.027

66.2) 20 (71.4) 0.616

28.2) 6 (21.4) 0.492

.6) 2 (7.1) 0.547

26.8) 8 (28.6) 0.609

0.025

25.4) 1 (3.6)

28.2) 5 (17.9)

14.1) 4 (14.3)

16.9) 11 (39.3)

15.5) 7 (25.0)

.9) 0 (0) 0.089

14.1) 1 (3.6) 0.123

1.3) 3 (10.7) 0.623

range, IQR). BMI, body mass index; TB, tuberculosis; PFT, pulmonary

in 1 s; CRP, C-reactive protein; WBC, white blood cell; NC-NB, non-

C, fibrocavitary; NTM, nontuberculous mycobacteria; MAC, Mycobac-

ures of the same species in the previous year.
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Table 2 e HRQOL scores of the study subjects.

All patients(n ¼ 99) Chronic sputum(þ) (n ¼ 71) Chronic sputum(�) (n ¼ 28) p-value

SF-36

PF 43.4 (32.6e50.6) 39.8 (32.6e50.6) 48.8 (32.6e54.2) 0.133

RP 42.4 (29.1e55.7) 35.8 (29.1e52.4) 47.5 (33.3e55.7) 0.055

BP 50.1 (40.3e61.7) 50.1 (40.3e54.6) 52.4 (41.4e61.7) 0.498

GH 37.8 (32.5e44.2) 37.8 (32.5e43.1) 41.5 (35.8e48.9) 0.003

VT 46.6 (40.2e49.8) 43.4 (37.0e49.8) 49.8 (43.4e58.7) 0.002

SF 44.1 (31.2e57.0) 37.7 (31.2e57.0) 57.0 (39.3e57.0) 0.006

RE 47.7 (31.1e56.1) 43.6 (31.1e56.1) 51.9 (39.4e56.1) 0.084

MH 49.1 (41.1e54.5) 46.5 (38.4e54.5) 54.5 (47.2e59.9) 0.002

PCS 42.8 (28.6e52.3) 37.7 (28.4e51.6) 46.8 (32.7e52.6) 0.239

MCS 47.3 (41.8e53.0) 45.1 (40.1e50.0) 52.0 (47.5e56.6) <0.001

Data are presented as medians (interquartile range, IQR). HRQOL, health-related quality of life; SF-36, MOS 36-Item Short-Form Health Survey;

PF, physical functioning; RP, role physical; BP, bodily pain; GH, general health; VT, vitality; SF, social functioning; RE, role emotional; MH,mental

health; PCS, physical component summary; MCS, mental component summary.

Table 3 e Spearman correlation between HRQOL score
and clinical indices.

SF-36 PCS SF-36 MCS

r p-value r p-value

Age �0.30 0.003 �0.02 0.885

BMI 0.21 0.038 0.24 0.017

Disease duration �0.07 0.488 �0.19 0.056

FVC% pred 0.31 0.002 0.19 0.058

FEV1% pred 0.27 0.007 0.18 0.082

CRP �0.38 <0.001 �0.17 0.087

WBC �0.17 0.092 �0.10 0.326

Hemoglobin 0.16 0.115 0.04 0.679

Total protein �0.02 0.868 �0.09 0.365

Albumin 0.32 0.001 0.12 0.234

Radiographic features �0.14 0.156 �0.17 0.101

Radiological score �0.27 0.006 �0.22 0.029

Smear score �0.04 0.692 �0.10 0.309

HRQOL, health-related quality of life; SF-36, MOS 36-Item Short-

Form Health Survey; PCS, physical component summary; MCS,

mental component summary; BMI, body mass index; FVC, forced

vital capacity; FEV1, forced expiratory volume in 1 s; CRP, C-reactive

protein; WBC, white blood cell; r, Spearman's rank correlation

coefficient.
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in the CS þ group. In the summary score analyses, MCS was

significantly lower in the CSþ group (p < 0.001), whereas the dif-

ference in the PCS score was not significant.
Table 4 e Multiple regression analysis for factors affecting HRQ

SF-36 PCS

Univariate analysis Multivaria
analysis

b p-value b p

Age �0.23 0.025 �0.21

CRP �0.39 <0.001 �0.35

FC �0.13 0.203 0.04

Radiological score �0.24 0.003 �0.13

Chronic sputum �0.12 0.231 �0.04

HRQOL, health-related quality of life; SF-36, MOS 36-Item Short-Form

component summary; CRP, C-reactive protein; FC, fibrocavitary; b, stand
3.3. Correlations between the HRQOL scores and clinical
indices

Table 3 shows the correlation coefficients between PCS, MCS,

and clinical indices. Significant correlations of PCSwere found

with age, BMI, FVC% pred, FEV1% pred, CRP, Alb, and radio-

logical score. Significant correlations with MCSwere found for

BMI and radiological score.

3.4. Multivariate regression analysis for factors
affecting HRQOL

Multiple regression was performed to analyze the indepen-

dent factors affecting PCS and MCS (Table 4). For the PCS

score, age and CRP were significantly associated. The MCS

score was significantly affected by only the presence of CS.
4. Discussion

In this study, we analyzed and compared the clinical charac-

teristics of patients with and without CS symptoms in NTM-

PD. We also investigated the impact of CS symptoms on

HRQOL. The study findings showed that patients with CS

symptoms had poor nutrition, low pulmonary function, high

amounts of inflammatory markers, severe radiological find-

ings, and higher sputum smear results. HRQOL was decreased
OL.

SF-36 MCS

te Univariate analysis Multivariate
analysis

-value b p-value b p-value

0.038 0.01 0.920 0.02 0.846

0.002 �0.10 0.346 0.09 0.435

0.726 �0.20 0.047 �0.07 0.530

0.222 �0.22 0.032 �0.15 0.175

0.709 �0.38 <0.001 �0.37 <0.001

Health Survey; PCS, physical component summary; MCS, mental

ardized partial regression coefficient.
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in the NTM-PD patients overall, and it was significantly lower

in patients with CS symptoms than in patients without CS

symptoms. Importantly, CS symptoms were significantly

associated with mental status rather than physical status.

The clinical characteristics of the patients with CS pro-

duction seemed to be related to the severe condition. A pre-

vious study showed the strong correlation between

radiological severity and nutritional status in patients with

Mycobacterium avium complex pulmonary disease (MAC-PD)

[22]. The factors associated with sputum discharge included

cough, ciliary clearance, and so on [23,24]. Thus, the severity

of NTM disease, which indicates malnutrition, decreased

respiratory function, severe radiological findings, and the

increased bacterial burden will be associated with CS

symptoms.

Regarding theHRQOL, the radiological score had significant

correlations with PCS and MCS. Previous studies reported that

imaging findings are associated with HRQOL in patients with

MAC-PD [7,25]; our study findings were consistent with these

data. CRP and age were significantly associated with PCS. A

previous study also showed that CRP and age affect HRQOL in

patients with MAC-PD [8]. The study findings indicated that

CRP could be more associated with the physical status of QOL.

We found that CS symptoms significantly influenced MCS.

Patients with NTM-PD tended towards having poor health

status and more anxiety/depression than healthy controls

[26]. Depression and anxiety symptoms have also been re-

ported to be associated with worsening HRQOL in patients

with bronchiectasis and COPD [27,28]. Moreover, a previous

study that evaluated QOL in patients with bronchiectasis

found that daily sputum production was strongly associated

with anxiety, and female patients showed a higher risk of

depression [29]. Thus, it is essential to note that CS symptoms

influence the mental status of NTM-PD patients.

Mental health problems often affect adherence to treat-

ment [30]. Thus, it is necessary to evaluate depression and

anxiety for patients with CS symptoms and to provide psy-

chiatric care, such as intervention by a clinical psychologist.

For patients with a reduced capacity of sputum discharge,

sputum symptoms could be expected to improve by appro-

priate physical therapy [31,32]. CS symptoms become more

apparent with the worsening of NTM-PD; we believe that

aggressive chemotherapy before the disease progresses is

essential for preventing HRQOL decline. We also consider that

patients with CS symptoms need a multidisciplinary

approach of care, such as psychological evaluation and res-

piratory physiotherapy, in addition to drug therapy.

Our study has some important limitations. First, this study

was conducted at a single institution and was a cross-

sectional retrospective study. The participants were selected

from patients who were prescribed pulmonary rehabilitation.

Therefore, the study patients frequently had more severe

conditions than the general population of NTM-PD patients,

with cavitary disease accounting for approximately 60%.

Second, the number of subjects analyzed was relatively small

and mostly female patients. These limitations might inhibit

the generalization of the study findings. Third, the effects of

pharmacotherapy were not considered in the assessment of

CS symptoms. Finally, the presence of respiratory comorbid-

ities could affect the QOL of study subjects. However, since the
number of subjects with respiratory comorbidities is small,

the influence of the comorbidities on the study results would

be small. Despite these limitations, this study was the first to

clearly describe the clinical characteristics of patients with CS

symptoms and the association of CS symptoms with mental

status in patients with NTM-PD.
5. Conclusions

In conclusion, NTM-PD patients with CS symptoms were

likely to have undernutrition, low pulmonary function, high

inflammatory markers, severe radiological findings, and

higher smear findings. The effects of CS on HRQOL, especially

for mental status, were also shown. To improve the HRQOL of

patients with NTM-PD, multidisciplinary approaches to

reducing CS are needed in addition to antimicrobial therapy.
Conflict of Interest

The authors have no conflicts of interest.

Acknowledgment

The authors are grateful to all the hospital staff supporting

this research. This study was supported by the Japan Agency

for Medical Research and Development (JP20fk0108129,

21fk0108129h0802).
r e f e r e n c e s

[1] Namkoong H, Kurashima A, Morimoto K, Hoshino Y,
Hasegawa N, Ato M, et al. Epidemiology of pulmonary
nontuberculous mycobacterial disease. Japan. Emerg Infect
Dis 2016;22:1116e7.

[2] Prevots DR, Marras TK. Epidemiology of human pulmonary
infection with nontuberculous mycobacteria: a review. Clin
Chest Med 2015;36:13e34.

[3] Diel R, Ringshausen F, Richter E, Welker L, Schmitz J,
Nienhaus A. Microbiological and clinical outcomes of
treating non-Mycobacterium avium complex
nontuberculous mycobacterial pulmonary disease: a
systematic review and meta-analysis. Chest
2017;152:120e42.

[4] Diel R, Nienhaus A, Ringshausen FC, Richter E, Welte T,
Rabe KF, et al. Microbiologic outcome of interventions
against Mycobacterium avium complex pulmonary disease:
a systematic review. Chest 2018;153:888e921.

[5] Daley CL, Iaccarino JM, Lange C, Cambau E, Wallace RJ,
Andrejak C, et al. Treatment of nontuberculous
mycobacterial pulmonary disease: an official ATS/ERS/
ESCMID/IDSA clinical practice guideline. Eur Respir J 2020;56.

[6] Henkle E, Aksamit T, Barker A, Daley CL, Griffith D,
Leitman P, et al. Patient-centered Research priorities for
pulmonary nontuberculous mycobacteria (NTM) infection.
An NTM Research consortium workshop report. Ann Am
Thorac Soc 2016;13:S379e84.

[7] Maekawa K, Ito Y, Oga T, Hirai T, Kubo T, Fujita K, et al. High-
resolution computed tomography and health-related quality

http://refhub.elsevier.com/S2212-5345(21)00179-9/sref1
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref1
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref1
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref1
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref1
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref2
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref2
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref2
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref2
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref3
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref3
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref3
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref3
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref3
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref3
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref3
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref4
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref4
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref4
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref4
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref4
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref5
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref5
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref5
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref5
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref6
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref6
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref6
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref6
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref6
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref6
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref7
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref7
https://doi.org/10.1016/j.resinv.2021.09.011
https://doi.org/10.1016/j.resinv.2021.09.011


r e s p i r a t o r y i n v e s t i g a t i o n 6 0 ( 2 0 2 2 ) 2 7 7e2 8 3 283
of life in Mycobacterium avium complex disease. Int J
Tubercul Lung Dis 2013;17:829e35.

[8] Asakura T, Funatsu Y, Ishii M, Namkoong H, Yagi K, Suzuki S,
et al. Health-related quality of life is inversely correlated
with C-reactive protein and age in Mycobacterium avium
complex lung disease: a cross-sectional analysis of 235
patients. Respir Res 2015;16:145.

[9] Yagi K, Asakura T, Namkoong H, Suzuki S, Asami T,
Okamori S, et al. Association between six-minute walk test
parameters and the health-related quality of life in patients
with pulmonary Mycobacterium avium complex disease.
BMC Pulm Med 2018;18:114.

[10] Khurana S, Ravi A, Sutula J, Milone R, Williamson R, Plumb J,
et al. Clinical characteristics and airway inflammation profile
of COPD persistent sputum producers. Respir Med
2014;108:1761e70.

[11] Lee H, Jhun BW, Cho J, Yoo KH, Lee JH, Kim DK, et al.
Different impacts of respiratory symptoms and
comorbidities on COPD-specific health-related quality of life
by COPD severity. Int J Chronic Obstr Pulm Dis
2017;12:3301e10.

[12] Chang JA, Curtis JR, Patrick DL, Raghu G. Assessment of
health-related quality of life in patients with interstitial lung
disease. Chest 1999;116:1175e82.

[13] Koh WJ, Moon SM, Kim SY, Woo MA, Kim S, Jhun BW, et al.
Outcomes of Mycobacterium avium complex lung disease
based on clinical phenotype. Eur Respir J 2017;50.

[14] Furuuchi K, Ito A, Hashimoto T, Kumagai S, Ishida T. Clinical
significance of the radiological severity score in
Mycobacterium avium complex lung disease patients. Int J
Tubercul Lung Dis 2017;21:452e7.

[15] Jones PW, Quirk FH, Baveystock CM. The St George's
respiratory questionnaire. Respir Med 1991;85:25e31.

[16] Kim V, Zhao H, Regan E, Han MK, Make BJ, Crapo JD, et al.
The St. George's respiratory questionnaire definition of
chronic bronchitis may Be a better predictor of COPD
exacerbations compared with the classic definition. Chest
2019;156:685e95.

[17] Ware JE, Sherbourne CD. The MOS 36-item short-form health
survey (SF-36). I. Conceptual framework and item selection.
Med Care 1992;30:473e83.

[18] Fukuhara S, Suzukamo Y. Manual of SF-36v2 Japanese
version. Kyoto: iHope International Inc.; 2004. p. 2019.

[19] Fukuhara S, Ware JE, Kosinski M, Wada S, Gandek B.
Psychometric and clinical tests of validity of the Japanese SF-
36 Health Survey. J Clin Epidemiol 1998;51:1045e53.

[20] Mehta M, Marras TK. Impaired health-related quality of life
in pulmonary nontuberculous mycobacterial disease. Respir
Med 2011;105:1718e25.
[21] Kawahara K, Tabusadani M, Yamane K, Takao S,
Kuroyama Y, Matsumura Y, et al. Health-related quality of
life associates with clinical parameters in patients with NTM
pulmonary disease. Int J Tubercul Lung Dis 2021;25:299e304.

[22] Morimoto K, Yoshiyama T, Kurashima A, Sasaki Y,
Hoshino Y, Yoshimori K, et al. Nutritional indicators are
correlated with the radiological severity score in patients
with Mycobacterium avium complex pulmonary disease: a
cross-sectional study. Intern Med 2014;53:397e401.

[23] Scherer PW. Mucus transport by cough. Chest 1981;80:830e3.
[24] Schlimmer P, Austgen M, Ferber E. Classification and

possible function of phospholipids obtained from central
airways. Eur J Respir Dis Suppl 1983;128:318e21.

[25] Asakura T, Yamada Y, Namkoong H, Suzuki S, Niijima Y,
Kamata H, et al. Impact of cavity and infiltration on
pulmonary function and health-related quality of life in
pulmonary Mycobacterium avium complex disease: a 3-
dimensional computed tomographic analysis. Respir Med
2017;126:9e16.

[26] Hong JY, Lee SA, Kim SY, Chung KS, Moon SW, Kim EY, et al.
Factors associated with quality of life measured by EQ-5D in
patients with nontuberculous mycobacterial pulmonary
disease. Qual Life Res 2014;23:2735e41.

[27] Balcells E, Gea J, Ferrer J, Serra I, Orozco-Levi M, de Batlle J,
et al. Factors affecting the relationship between
psychological status and quality of life in COPD patients.
Health Qual Life Outcome 2010;8:108.

[28] Gao YH, Guan WJ, Zhu YN, Chen RC, Zhang GJ. Anxiety and
depression in adult outpatients with bronchiectasis:
associations with disease severity and health-related quality
of life. Clin Res J 2018;12:1485e94.

[29] Gir�on Moreno RM, Fernandes Vasconcelos G, Cisneros C,
G�omez-Punter RM, Segrelles Calvo G, Ancochea J. Presence of
anxiety and depression in patients with bronchiectasis
unrelated to cystic fibrosis. Arch Bronconeumol
2013;49:415e20.

[30] Quittner AL, Abbott J, Georgiopoulos AM, Goldbeck L,
Smith B, Hempstead SE, et al. International committee on
mental health in cystic fibrosis: cystic fibrosis foundation
and European cystic fibrosis society consensus statements
for screening and treating depression and anxiety. Thorax
2016;71:26e34.

[31] Basavaraj A, Segal L, Samuels J, Feintuch J, Alter K, Moffson D,
et al. Effects of chest physical therapy in patients with non-
tuberculous mycobacteria. Int J Respir Pulm Med 2017;4.

[32] Bott J, Blumenthal S, Buxton M, Ellum S, Falconer C, Garrod R,
et al. Guidelines for the physiotherapy management of the
adult, medical, spontaneously breathing patient. Thorax
2009;64:1e51.

http://refhub.elsevier.com/S2212-5345(21)00179-9/sref7
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref7
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref7
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref8
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref8
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref8
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref8
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref8
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref9
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref9
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref9
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref9
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref9
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref10
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref10
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref10
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref10
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref10
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref11
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref11
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref11
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref11
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref11
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref11
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref12
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref12
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref12
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref12
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref13
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref13
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref13
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref14
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref14
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref14
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref14
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref14
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref15
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref15
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref15
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref16
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref16
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref16
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref16
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref16
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref16
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref17
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref17
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref17
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref17
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref18
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref18
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref19
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref19
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref19
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref19
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref20
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref20
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref20
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref20
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref21
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref21
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref21
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref21
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref21
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref22
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref22
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref22
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref22
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref22
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref22
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref23
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref23
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref24
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref24
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref24
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref24
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref25
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref25
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref25
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref25
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref25
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref25
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref25
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref26
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref26
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref26
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref26
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref26
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref27
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref27
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref27
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref27
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref28
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref28
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref28
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref28
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref28
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref29
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref29
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref29
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref29
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref29
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref29
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref29
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref29
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref30
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref30
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref30
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref30
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref30
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref30
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref30
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref31
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref31
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref31
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref32
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref32
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref32
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref32
http://refhub.elsevier.com/S2212-5345(21)00179-9/sref32
https://doi.org/10.1016/j.resinv.2021.09.011
https://doi.org/10.1016/j.resinv.2021.09.011

	Influence of chronic sputum symptoms on quality of life in patients with nontuberculous mycobacterial pulmonary disease: A  ...
	1. Introduction
	2. Patients and methods
	2.1. Study subjects
	2.2. Clinical variables
	2.3. CS symptoms and HRQOL assessment
	2.4. Statistical analysis

	3. Results
	3.1. Patient characteristics according to the presence or absence of CS
	3.2. Comparison of the HRQOL scores between patients with and without CS
	3.3. Correlations between the HRQOL scores and clinical indices
	3.4. Multivariate regression analysis for factors affecting HRQOL

	4. Discussion
	5. Conclusions
	Conflict of Interest
	Acknowledgment
	References


