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SUMMARY

BACKGROUND: Previous studies have shown a reduction in health-related quality of
life (HRQoL) in patients with non-tuberculous mycobacterial pulmonary disease (NTM-
PD). However, the causes of this decline and the factors that contribute to it are unknown.
This study was conducted to analyse the association between the St George’s Respiratory
Questionnaire (SGRQ) and clinical parameters, including age, disease duration, body
composition, pulmonary function, chest X-ray findings, blood data and physical function.
METHODS: We performed a single-centre, cross-sectional, retrospective study of 101
patients with NTM-PD from December 2016 to October 2019. The relationship between
the SGRQ scores and clinical parameters was evaluated.

RESULTS: The median patient age was 67.0 years. Pulmonary function, radiological
score, albumin levels, C-reactive protein levels and incremental shuttle walk test distance
(ISWD) were significantly correlated with the total and component scores on the SGRQ.
Multiple regression analysis showed that the SGRQ score was significantly associated
with radiological score, pulmonary function and ISWD.

CONCLUSION: This study was the first to assess the effect of clinical parameters on
the SGRQ in patients with NTM-PD. HRQoL as determined using the SGRQ was
associated with the radiological score, pulmonary function and ISWD in patients with

NTM-PD.

KEY WORDS: non-tuberculous mycobacterial pulmonary disease; HRQoL; St
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function



The incidence of non-tuberculous mycobacterial pulmonary disease (NTM-PD) is
increasing globally, with a high incidence in middle-aged women.! In Japan, the incidence
is much higher in females than in males,? and the number of female patients is increasing
in Korea as well.? Differences in clinical parameters by sex* and a poorer prognosis in
men have been reported.’

NTM-PD is mainly treated with long-term chemotherapy. Although NTM-PD
incidence has steadily increased, treatment of NTM-PD is complex, and its outcome is
unsatisfactory.! Moreover, NTM-PD has a high recurrence rate, either due to relapse or
reinfection.®

The goals for NTM-PD treatment are to achieve a negative bacterial conversion,
terminate drug therapy and avoid recurrence. NTM-PD is a refractory disease, and in
addition to a negative bacterial conversion, alternative treatment goals include
improvement in symptoms, radiographic findings and health-related quality of life
(HRQoL)."’

The St George’s Respiratory Questionnaire (SGRQ) is a commonly used HRQoL
assessment instrument for respiratory disease that is also effective in patients with NTM-
PD.%? Patients with NTM-PD have an impaired HRQoL, and the SGRQ score has been
associated with radiographic findings.®!® In previous HRQoL studies, Mehta et al.
showed that the SGRQ score was lower in patients with impaired pulmonary function, as
well as in patients with NTM-PD, than in a healthy Canadian population.'® Maekawa et
al. showed an association between SGRQ score and exercise tolerance using the 6-min
walk test (60MWT) and high-resolution computed tomography (CT) scores.® Asakura et
al. reported that radiological findings, especially infiltration, are important parameters for
HRQoL, and HRQoL is associated with C-reactive protein (CRP).!!"1?

However, the cause of impaired HRQoL in patients with NTM-PD when the
associated factors described in previous are included studies remains unclear, as do the
factors that most influence the clinical parameters on the SGRQ score. We therefore
analysed the association between SGRQ scores and clinical parameters, including age,
disease duration, body composition, pulmonary function, chest X-ray (CXR) findings,
blood data and physical function. The purpose of this study was to determine the factors

that contribute to HRQoL in patients with NTM-PD.



STUDY POPULATION AND METHODS

Study populations

This study was conducted retrospectively at Fukujuji Hospital, Japan Anti-Tuberculosis
Association, Tokyo, Japan. We evaluated 151 patients with NTM-PD who fulfilled the
American Thoracic Society guidelines for diagnosing of NTM infection,' and who were
evaluated by the Department of Pulmonary Rehabilitation at the hospital from December
2016 to October 2019. Patient data from before the physical therapy intervention were
used.

We excluded 13 patients who did not complete the SGRQ questionnaire, and 37
patients who failed to complete all evaluations (19 were missing incremental shuttle walk
test distance [ISWD] data, 3 were missing quadriceps force [QF] data, and 15 were
missing pulmonary function test [PFT] data). Finally, 101 patients were included in the
analysis (Figure). The Fukujuji Hospital Institutional Review Board, Tokyo, Japan,
approved this study (number: 19020).

Clinical data

Clinical characteristics, including age, sex, disease duration, smoking history, body mass
index (BMI) and percentage of ideal body weight, were collected from patients’ medical
records. Activity limitations due to dyspnoea were assessed using the modified Medical

Research Council (mMRC) dyspnoea scale.'?

Evaluation of spirometry data, radiological severity score and laboratory data
PFT data were examined for vital capacity percent predicted (VC% predicted) and forced
expiratory volume in 1 sec percent predicted (FEV1% predicted). Imaging findings were
classified into three patterns based on chest computed tomography (CT) findings: non-
cavitary nodular bronchiectatic (NC-NB) type, cavitary nodular bronchiectatic (C-NB)
type or fibrocavitary (FC) type.®

Two respiratory physicians scored the radiological severity from chest CT scans
and CXR using a previously reported method.'* The radiological severity score was
defined as the sum of these scores according to the calculations described above, with

total scores ranging from 0-96.*



We collected the most recent laboratory data from patients’ medical records,
including serum albumin levels as indices of nutritional status, CRP levels as indices of
inflammation, and sputum culture results for M. avium complex, M. abscessus complex,

and other species.

Physical function measures
Peripheral muscle strength compressed QF was assessed as the peak force developed
during a maximal isometric knee extension using a hand-held dynamometer (pu-TusF-1;
Anima Corporation, Tokyo, Japan) as per standard protocols.'* The highest value of three
satisfactory measurements was recorded and expressed in kilograms of force (kgf) as
percentage of body weight.

Functional exercise tolerance was assessed using the ISWD and evaluated as per
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a standardised protocol."® ISWD was recorded in meters and expressed as a percentage

of predicted values obtained from a Japanese sample.!”

Health-related quality of life

Patients completed the Japanese version of the SGRQ,'® comprising three components
(symptom, activity and impact) and a total score. The symptom component measures
respiratory symptoms; the activity component evaluates the impairment of mobility or
physical activities; the impact component assesses social, psychological and other effects
of pulmonary dysfunction. The score for each component and the total score ranged from

0 (best) to 100 (worst).

Statistical analysis

Statistical analyses were conducted using IBM SPSS Statistics for Windows v25.0 (IBM
Corp, Armonk, NY, USA). P <0.05 was considered significant. All data are presented as
the number (percentage) for categorical variables and the median (interquartile range
[IQR]) for continuous variables. The Shapiro-Wilk test was used to test the assumption
of a normal distribution. The association between SGRQ scores and each clinical measure
was determined using Pearson’s or Spearman's correlation coefficients. The correlation
coefficients were defined as follows: correlation coefficients of <0.20 as being interpreted

as "slight, almost negligible relationships", correlations of 0.20 to 0.40 as "low



correlation", correlations of 0.40 to 0.70 as "moderate correlation", correlations of 0.70
to 0.90 as "high correlation, marked relationship" and correlation >0.90 as "very high
correlation. '

Stepwise multiple regression analysis was performed to identify which clinical
parameters were significantly related to the SGRQ total and component scores as
dependent variables. Age, disease duration, FEV1% predicted, radiological score,
albumin, CRP, QF and ISWD were included in the multivariate analysis. FEV1%
predicted was included as an independent variable because patients with mycobacterial
avium complex pulmonary disease (MAC-PD) exhibit a significantly increased residual

volume, small airway dominance and air trapping than healthy individuals.?

RESULTS

Patient characteristics

One hundred and one patients were evaluated in this study (Figure 1). Their median total
SGRQ score was 34.4 (IQR 19.9-46.7), and all SGRQ scores were comparable to or
higher than those of previous studies.”!%!1-?!

Table 1 gives the patient characteristics. The median age was 67.0 years (IQR
60.5—71.8). Most had low BMI 18.0 kg/m? (IQR 16.6-20.2). The median radiological
score was 12 (8-15), and the radiological patterns were classified as NC-NB type (44
patients, 43.6%), C-NB type (15 patients, 14.9%) and FC type (42 patients, 41.6%). The
proportion of M. avium complex and M. abscessus complex were respectively 68.3% and

29.7%. The ISWD <AQ>Author: do you mean “mean [SWD”? Ed</AQ> was 430 m
(340-540).

Correlations between the SGRQ score and clinical parameters

Table 2 shows the correlation coefficients between the SGRQ score and clinical
parameters. All SGRQ scores had low to moderate correlation with pulmonary function;
FEV1% predicted (total score: » = —0.454, P < 0.001; symptom score: r= —0.406, P <
0.001; activity score: » = —0.428, P < 0.001; impact score: » = —0.387, P < 0.001) and
radiological score (total score: » =0.426, P < 0.001; symptom score: »=0.411, P<0.001;
activity score: » = 0.401, P < 0.001; impact score: » = 0.380, P <0.001) and ISWD (total
score: r =—0.429, P <0.001; symptom score: » =—0.286, P = 0.004; activity score: » = —



0.466, P < 0.001; impact score: » = —0.355, P < 0.001). Neither age nor BMI was

significantly associated with SGRQ scores.

Factors determining HRQoL in patients with NTM-PD

Multiple regression analysis was performed to analyse the independent factors affecting
the SGRQ score (Table 3). When we performed stepwise multiple regression analysis
using clinical parameters, radiological score, FEV% predicted and ISWD were identified
as independent variables for the SGRQ total score. For the SGRQ symptom score,
radiological score and FEV1% predicted were independent variables. For the SGRQ
activity score and impact scores, radiological score, ISWD and FEV1% predicted were

independent variables.

DISCUSSION

We analysed the clinical parameters affecting SGRQ scores in patients with NTM-PD.
Worsening SGRQ scores were significantly associated with worse radiological findings,
poor lung function and poor exercise tolerance among other clinical parameters. To our
knowledge, this study was the first to assess the effect of radiological score and ISWD on
HRQoL using the SGRQ in patients with NTM-PD.

NTM-PD-associated mortality and morbidity are increasing in Japan,> and NTM-
PD-associated mortality is reported worldwide.?? Furthermore, the HRQoL of patients
with NTM-PD is reportedly reduced.'®?* In our study, the patients were characterised as
thin body types who still had NTM-PD even several years after the original diagnosis. In
addition, radiological scores were higher than those reported in previous studies,?**°
suggesting that the patients presented moderately to severely advanced disease (Table 1).

As previously reported for MAC-PD,!! CRP levels were also correlated with
SGRQ scores in our population. Similar to previous study results, our results support that
CRP levels are associated with HRQoL. Albumin levels were also correlated with SGRQ
scores (Table 2). Nutritional status, including albumin levels, are reported to be indicators
of disease progression, but we found no association between albumin levels and SGRQ
scores. Furthermore, the abdominal fat ratio, albumin levels and presence of cavities were
associated with NTM-PD progression.?® Albumin levels were correlated with SGRQ

scores, but this was not reflected in the independent factors affecting the SGRQ score in



multivariate regression analysis. Nutritional status must be assessed to understand and
predict the NTM-PD pathogenesis and prognosis.

Independent factors for SGRQ were radiological score, pulmonary function and
exercise tolerance (Table 3). SGRQ-based HRQoL has been suggested to correlate with
radiological findings and pulmonary function.!®!> NTM infection is also reported to
destroy lung structure, predominantly in the small airways, resulting in lung
dysfunction.?® In the present study, FEV % predicted was an influential factor on the
SGRQ score; NTM-PD with obstructive airway impairment, as well as chronic
obstructive pulmonary disease, could reduce the HRQoL.?’ Previous studies have shown
that higher radiological scores and delayed chemotherapeutic intervention are associated

with increased mortality rates,?*%

suggesting that therapeutic intervention should be
initiated at the earliest stage of disease.

Patients with NTM-PD exhibit a reduced ISWD compared with that of age-
matched healthy controls. The ISWD% predicted decreased to 86.2% in patients in the
present study (Table 1). The SGRQ score has been associated with exercise tolerance
(6MWT and ISWD) in patients with NTM-PD.?!?® This study also suggested that ISWD
may be an important predictor of HRQoL in patients with NTM-PD. Moreover, reduced
exercise tolerance is strongly associated with the prognosis in respiratory disease.?**°
Although chemotherapy and surgical treatment are the mainstay of patients with NTM-
PD,!*! one study reported the effectiveness of respiratory physiotherapy for patients with
NTM-PD.*? Furthermore, a review article suggested the need for non-pharmacological
therapies, including pulmonary rehabilitation,*® which should prevent the progression of
disease in patients with NTM-PD by improving respiratory symptoms, HRQoL and
physical functioning. In future studies, we plan to demonstrate the effectiveness of our
system of respiratory physiotherapy as a treatment option for patients with NTM-PD.

Our study had several limitations. First, it was a single-centre, cross-sectional,
retrospective study. Participants were selected from among patients who underwent
pulmonary rehabilitation. The number of male patients in our study was small, and it is
necessary to examine the difference in HRQOL by sex in the future. Second, radiological
scores in the present study were higher than those in previous studies;**? therefore, our

patients were considered to have relatively severe NTM-PD. Finally, because this study

was cross-sectional in design, we could not clearly demonstrate whether SGRQ scores



were sensitive to disease progression or improvement after patients with NTM-PD were

treated.

CONCLUSION

This study was the first to assess the effect of clinical parameters on HRQoL in patients
with NTM-PD. SGRQ-based HRQoL was associated with radiological score, pulmonary
function and ISWD in patients with NTM-PD.

Acknowledgments

The authors thank all participants, technical staff, and coworkers for their help with this
study; T Raley (from Edanz Group (https://en-author-services.edanzgroup.com/ac) for
help with editing.

Conflicts of interest: none declared.

10



References

1

10

11

12

Griffith DE, et al. An official ATS/IDSA statement: diagnosis, treatment, and
prevention of nontuberculous mycobacterial diseases. Am J Respir Crit Care Med
2007; 175: 367-416.

Morimoto K, et al. A steady increase in nontuberculous mycobacteriosis mortality
and estimated prevalence in Japan. Ann Am Thorac Soc 2014; 11: 1-8.

Park SC, et al. Prevalence, incidence, and mortality of nontuberculous
mycobacterial infection in Korea: a nationwide population-based study. BMC
Pulm Med 2019; 19: 140-148.

Ikuyama Y, et al. Comparison of clinical characteristics of patients with
Mycobacterium avium complex disease by gender. Epidemiol Infect 2019; 147:
e108.

Kim HJ, et al. BACES score for predicting mortality in nontuberculous
mycobacterial pulmonary disease. Am J Respir Crit Care Med 2020; doi:
10.1164/rccm.202004-14180C

Koh WJ, et al. Outcomes of Mycobacterium avium complex lung disease based
on clinical phenotype. Eur Respir J 2017; 50(3): 1602503.

Kwak N, et al. Longitudinal changes in health-related quality of life according to
clinical course among patients with non-tuberculous mycobacterial pulmonary
disease: a prospective cohort study. BMC Pulm Med 2020; 20(1): 126.

Maekawa K, et al. High-resolution computed tomography and health-related
quality of life in Mycobacterium avium complex disease. Int J Tuberc Lung Dis
2013; 17: 829-835.

Hama M, et al. Health-related quality of life in patients with pulmonary non-
tuberculous mycobacteria infection. Int J Tuberc Lung Dis 2016; 20: 747-752.
Mehta M, Marras TK. Impaired health-related quality of life in pulmonary
nontuberculous mycobacterial disease. Respir Med 2011; 105: 1718-1725.
Asakura T, 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.

Asakura T, et al. Impact of cavity and infiltration on pulmonary function and

health-related quality of life in pulmonary Mycobacterium avium complex

11



13

14

15

16

17

18

19

20

21

22

23

24

25

disease: A 3-dimensional computed tomographic analysis. Respir Med 2017; 126:
9-16.

Mahler DA, Wells CK. Evaluation of clinical methods for rating dyspnea. Chest
1988; 93: 580-586.

Kurashima A, et al. A method for visual scoring of pulmonary mycobacterium
avium complex disease: "NICE Scoring System". Mycobacterial Dis 2013; 3: 127.
Katoh M, Yamasaki H. Test-retest reliability of isometric leg muscle strength
measurements made using a hand-held dynamometer restrained by a belt:
comparisons during and between sessions. J Phys Ther Sci 2009; 21: 239-243.
Singh SJ, et al. Development of a shuttle walking test of disability in patients with
chronic airways obstruction. Thorax 1992; 47: 1019-1024.

Itaki M, et al. Reference equation for the incremental shuttle walk test in Japanese
adults. Respir Investig 2018; 56: 497-502.
Jones PW, Quirk FH, Baveystock CM. The St George's Respiratory Questionnaire.
Respir Med 1991; 85: 25-31.

Guilford JP. Correlation methods. In: Fundamental statistics in psychology and
education. New York, NY, USA: McGraw-Hill, 1942: pp 198-226.

Kubo K, et al. Pulmonary infection with Mycobacterium avium-intracellulare
leads to air trapping distal to the small airways. Am J Respir Crit Care Med 1998;
158: 979-984.

Yagi K, 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.

Diel R, Lipman M, Hoefsloot W. High mortality in patients with Mycobacterium
avium complex lung disease: a systematic review. BMC Infect Dis 2018; 18: 206.
Yeung MW, et al. Health-related quality of life, comorbidities and mortality in
pulmonary nontuberculous mycobacterial infections: A systematic review.
Respirology 2016; 21: 1015-1025.

Furuuchi K, et al. Clinical significance of the radiological severity score in
Mycobacterium avium complex lung disease patients. Int J Tuberc Lung Dis 2017;
21: 452-457.

Wang PH, et al. Clinical course and risk factors of mortality in Mycobacterium

12



26

27

28

29

30

31

32

33

avium complex lung disease without initial treatment. Respir Med 2020; 171:
106070.

Kim SJ, et al. Characteristics associated with progression in patients with of
nontuberculous mycobacterial lung disease: a prospective cohort study. BMC
Pulm Med 2017; 17: 5.

Ekici A, et al. Factors associated with quality of life in subjects with stable COPD.
Respir Care 2015; 60: 1585-1591.

KuroyamaY, et al. Incremental shuttle walk distance as an indicator for functional
exercise capacity of pre-surgical patients with nontuberculous mycobacterial lung
disease. Tohoku J Exp Med 2020; 250: 43-48.

Durheim MT, et al. Six-minute-walk distance and accelerometry predict outcomes
in chronic obstructive pulmonary disease independent of Global Initiative for
Chronic Obstructive Lung Disease 2011 Group. Ann Am Thorac Soc 2015; 12:
349-356.

Singh SJ, et al. An official systematic review of the European Respiratory
Society/American Thoracic Society: measurement properties of field walking
tests in chronic respiratory disease. Eur Respir J 2014; 44: 1447-1478.
Hiramatsu M, Shiraishi Y. Surgical management of non-cystic fibrosis
bronchiectasis. J Thorac Dis 2018; 10: S3436-S3445.

Basavaraj A, et al. Effects of chest physical therapy in patients with non-
tuberculous mycobacteria. Int J Respir Pulm Med 2017; 4: 065.

Lan CC, Lai SR, Chien JY. Nonpharmacological treatment for patients with
nontuberculous mycobacterial lung disease. J Formos Med Assoc 2020; 119

(Suppl 1): S42-S50.

13



Table 1 Clinical characteristics of the patients with NTM-PD (n = 101)

Variables Median [IQR]
Age, years 67.0 [60.5-71.8]
Female sex, n (%) 96 (95.0)
Duration of disease* 5.0 [2.0-11.0]
History of smoking, n (%)

Never 84 (83.2)

Former 17 (16.8)
Body mass index, kg/m? 18.0 [16.6-20.2]
% 1deal body weight, % 82.0 [75.6-92.7]
mMRC Grade 1 [0-1]
Pulmonary function test

Vital capacity % predicted, % 75.5 [61.3-85.3]

FEV1 % predicted, % 78.4 [63.5-90.2]
Radiological score 12 [8—15]
Radiological pattern, n (%)

Non-cavitary nodular bronchiectatic type 44 (43.6)

Cavitary nodular bronchiectatic type 15 (14.9)

Fibrocavitary type 42 (41.6)
Laboratory data

Albumin, g/dl 3.9 [3.44.2]

CRP, mg/dl 0.2 [0.6-1.1]
Mycrobacterium species, n (%)

M. avium complex 69 (68.3)

M. abscessus complex 30 (29.7)

M. lentiflavum 2 (2.0)
QF, kgf 23.6 [18.0-26.6]
QF% body weight, % 51.8 [43.3-58.7]
ISWD, m 430 [340-540]
ISWD 9% predicted, % 85.9 [71.3-102.5]
SGRQ

Total score 344 [19.9-46.7]

Symptom score 51.9 [30.2-64.5]

Activity score 41.5 [18.4-55.0]

Impact score 254 [15.3-38.3]

* Interval between disease diagnosis and time of pulmonary rehabilitation evaluation.
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NTM-PD = non-tuberculous mycobacterial pulmonary disease; IQR = interquartile range;
mMRC = modified Medical Research Council; FEV = forced expiratory volume in 1

sec; CRP = C-reactive protein; QF = quadriceps force; ISWD = incremental shuttle walk

test distance; SGRQ = St George's Respiratory Questionnaire.
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Table 2 Correlations between SGRQ component or total score and clinical parameters*

Total score

Symptom score

Activity score

Impact score

r P value r P value r P value r P value
Age ¥ 0.781 t 0.965 t 0.907 ¥ 0.361
Duration of disease 0.261 0.008 t 0.213 0.223 0.025 0.295 0.003
BMI I 0.276 t 0.569 t 0.106 I 0.532
Vital capacity % predicted —0.469 <0.001 —0.389 <0.001 —0.498 <0.001 —0.369 <0.001
FEV1 % predicted —0.454 <0.001 —0.406 <0.001 —0.428 <0.001 —0.387 <0.001
Radiological score 0.426 <0.001 0.411 <0.001 0.401 <0.001 0.380 <0.001
Albumin —0.351 <0.001 —0.336 0.001 —0.347 0.001 —0.277 0.005
CRP 0.430 <0.001 0.447 <0.001 0.438 <0.001 0.338 0.001
Quadriceps force —0.265 0.007 t 0.159 —0.295 0.003 —0.227 0.022
ISWD —0.429 <0.001 —0.286 0.004 —0.466 <0.001 —0.355 <0.001

*Correlations are expressed as Pearson's or Spearman's coefficients.

T Not statistically significant in the regression analysis.

SGRQ = St. George's Respiratory Questionnaire; » = correlation coefficient; BMI = body mass index; FEV = forced expiratory volume in 1

sec; CRP = C-reactive protein; ISWD = incremental shuttle walk test distance.
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Table 3 Clinical parameters influencing SGRQ score in multivariate regression analysis*

Total score Symptom score Activity score Impact score

t B Pvalue ¢ B Pvalue ¢ B Pvalue ¢ B P value
FEV1 % predicted -2.90 —0.26 0.005 -3.04 -0.30 0.003 -2.64 -0.24 0.010 -2.23 -022 0.028
Radiological score 3.03 0.28 0.003 2.74 0.27 0.007 243 0.22 0.017  2.76 0.27 0.007
ISWD -3.18 —0.27 0.002 i t ¥ -3.82 -0.33 <0.001 -2.35 -0.22 0.021
Cumulative R 0.36 t i 0.23 t i 0.35 i i 0.25 t i

* Results calculated using stepwise multiple regression analysis.
T Not statistically significant in the multivariate regression analysis.
t = test-statistic; B = standardised coefficient; SGRQ = St George's Respiratory Questionnaire; FEV; = forced expiratory volume in 1 sec;

ISWD = incremental shuttle walk test distance.
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FIGURE LEGEND

Figure Flowchart for patient selection.
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Figure

Patients with non-tuberculous mycobacterial pulmonary disease
prescribed respiratory rehabilitation, December 2016—October 2019

(n =151)
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Excluded (n = 50)
e Incomplete questionnaire (n = 13)
e Missing data (n = 37)

Analyse patients
(n=101)
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