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Air pollution in Japan caused respiratory disease, such as chronic bronchitis and asthma, in many
individuals in the 1960s. Although air pollution has decreased, many victims of air pollution-related
respiratory disease are limited in their activities of daily living because of respiratory symptoms. The
purpose of this study was to evaluate the efficacy of pulmonary rehabilitation in victims of air pollutionrelated chronic bronchitis or asthma. Subjects were enrolled in a 12-week (2-week inpatient followed by
10-week outpatient) pulmonary rehabilitation program. The program comprised conditioning, strength
training, endurance training, and patient education. We assessed the Modified Medical Research Council
(MMRC) dyspnea grade, pulmonary function, peripheral muscle force, incremental shuttle walk distance
(ISWD), and physical activity at baseline and immediately after the program. Twenty-nine subjects (mean
age 74.2 ± 10.1 years, 11 males) completed the program, including 11 subjects with COPD and 18 subjects
with asthma. Following rehabilitation, the participants (n = 29) showed significant improvements in MMRC
dyspnea grade, vital capacity % predicted, quadriceps force and ISWD (all P < 0.05). Sub-group analyses
revealed that all these variables were significantly improved in subjects with asthma. In contrast, subjects
with COPD showed significant improvements only in quadriceps force and ISWD (both P < 0.05). Thus,
pulmonary rehabilitation is an effective method of improving exercise capacity and dyspnea in officially
acknowledged victims of air pollution-related asthma. In conclusion, we recommend that patients with
chronic bronchitis or asthma, resulting from exposure to air pollution, are referred for pulmonary
rehabilitation.
Keywords: air pollution-related respiratory disease; dyspnea; exercise capacity; physical activity; pulmonary
rehabilitation
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study conducted by the Ministry of Environment of Japan
in 2004 found that the activities of daily living (ADL) of
officially acknowledged victims of air pollution-related
respiratory disease are limited by respiratory symptoms that
worsen with aging.
Pulmonary rehabilitation is well recognized as an
effective intervention for patients with chronic obstructive
pulmonary disease (COPD) (Ries et al. 2007; Spruit et al.
2013). The benefits of pulmonary rehabilitation include
reduced dyspnea, increased exercise capacity, increased
skeletal muscle function, improved performance of ADL,
and health-related quality of life (HRQOL), decreased hospitalization for COPD exacerbations, and reduced anxiety
and depression. Pulmonary rehabilitation has also been

Introduction
In Japan, air pollution with industrially produced toxic
substances worsened during the high economic growth in
the 1950s, resulting in increased rates of respiratory diseases such as chronic bronchitis and asthma. Victims of air
pollution-related respiratory disease have been officially
acknowledged by the Japanese government to suffer damage to their health, and the prevention of such health damage is now ensured with the Basic Law for Environmental
Pollution Control (1967) and the Pollution-Related Health
Damage Compensation Law (1973). The percentage of
victims of air pollution-related respiratory disease ≥ 60
years accounted for 43% at the end of March 2013. The

Received September 2, 2013; revised and accepted December 12, 2013. Published online January 9, 2014; doi: 10.1620/tjem.232.1.
Correspondence: Hideaki Senjyu, Department of Cardiopulmonary Rehabilitation Science, Nagasaki University Graduate School of
Biomedical Sciences, 1-7-1 Sakamoto, Nagasaki, Nagasaki 852-8520, Japan.
e-mail: senjyu@nagasaki-u.ac.jp

1

2

N. Miyamoto et al.

reported to be beneficial in patients with interstitial lung
disease and asthma (Holland et al. 2008; Kozu et al. 2011;
Turner et al. 2011; Spruit et al. 2013). Ochmann et al.
(2012) reported that pulmonary rehabilitation improved
muscle strength and exercise capacity in patients with occupation-related respiratory disease. However, the effects of
pulmonary rehabilitation in officially acknowledged victims
of air pollution-related respiratory disease are currently
unclear. As the main symptom experienced by these
patients is dyspnea, similar to that of COPD patients, pulmonary rehabilitation may be a useful treatment modality
in this population.
The aim of this study was to evaluate the efficacy of
pulmonary rehabilitation in officially acknowledged victims
of air pollution-related respiratory disease.

Materials and Methods
Study Design and Subjects
This was a prospective single-group intervention study. The
subjects were officially acknowledged victims of air pollution-related
respiratory disease who gave informed consent for participation in the
study. Registered victims all met the following criteria as determined
by the Public Relief Systems of Kurashiki and Kitakyushu cities, in
accordance with the Basic Law for Environmental Pollution Control
(1967) and the Pollution-Related Health Damage Compensation Law
(1973): (1) they resided or had spent time undertaking activities in an
area specified as having significant air pollution (Table 1), and (2)
they had been diagnosed with chronic bronchitis or asthma by a respiratory physician. Most subjects were diagnosed with respiratory disease more than 40 years ago. The exclusion criteria were: exacerbation of respiratory symptoms within the previous 4 weeks, inability to
perform exercise testing or training, neuromuscular disease, and cognitive impairment rendering them unable to complete the questionnaires. This study was approved by the Human Ethics Review
Committee of Nagasaki University Graduate School of Biomedical
Science.
Baseline Measurements
Gender, age, diagnosis, and use of long-term oxygen therapy
(LTOT) were recorded for all subjects at baseline. Height, weight,
dyspnea, pulmonary function, peripheral muscle force, exercise
capacity, ADL, HRQOL, depression, and physical activity were
assessed at baseline and immediately after a 12-week pulmonary
rehabilitation program.
Body mass index was calculated from the height and weight.
Dyspnea was evaluated using the Modified Medical Research Council
(MMRC) dyspnea scale, which grades the severity of dyspnea during

daily living from grade 0 to grade 4 (Mahler and Wells 1988).
Pulmonary function was evaluated using an electronic spirometer (FUDAC 70; Fukuda Sangyo Inc., Chiba, Japan). Forced expiratory volume in one second (FEV1), vital capacity (VC), and forced
vital capacity (FVC) were measured in accordance with the recommended guidelines (American Thoracic Society 1995) and were
repeated until at least three reproducible forced expiratory curves had
been obtained. Results are expressed as percentages of predicted normal values, using data published by the Japanese Respiratory Society.
Handgrip force (HF) was measured twice in the dominant hand
while standing, using a hand dynamometer (GRIP-D; OG Giken
Corp., Okayama, Japan). The maximum force was recorded.
Quadriceps force (QF) was measured as the peak force recorded during a maximal isometric knee extension maneuver with the hip and
knee in 90° flexion using a hand-held dynamometer with a fixing belt
(μ-Tas F-1; Anima Corp., Tokyo, Japan). The maximum value of
three attempts on the dominant side was recorded. HF and QF were
also calculated as percentages of the predicted values corrected for
gender, age, height, and weight (The National Isometric Muscle
Strength Database 1996).
Exercise capacity was assessed by the distance walked in the
incremental shuttle walk test (ISWT), performed according to published standards (Singh et al. 1992). The test was performed twice
and the maximum value was recorded.
ADL scores were evaluated using the Nagasaki University
Respiratory Activities of Daily Living questionnaire (Takigawa et al.
2007). This questionnaire consists of 10 items, plus a score for walking distance. Each item rates movement speed, dyspnea, and flow
rate of inspired oxygen from 0 to 3, and the continuous walking distance is scored from 0 to 10. The maximum total score is 100 points.
HRQOL was evaluated using the Japanese version of the St.
George’s Respiratory Questionnaire (SGRQ) (Jones et al. 1992),
which is a self-complete questionnaire. Depression was assessed
using the Japanese version of the Center for Epidemiologic Studies
Depression (CES-D) questionnaire (Radloff 1977). This questionnaire consists of 20 items with a maximum total score of 60 points,
and a score of 16 points or greater was considered to indicate depression (Iwata et al. 1995).
Physical activity was evaluated using a uniaxial accelerometer
(Lifecorder GS; Suzuken Corp., Nagoya, Japan). The accelerometer
was worn around the waist from the time of rising in the morning
until going to sleep at night (excluding bathing time). The energy
expenditure and number of steps were recorded for 7 days at baseline
and after pulmonary rehabilitation.
Pulmonary Rehabilitation Program
The pulmonary rehabilitation program included each patient’s
usual medical care, oxygen therapy as required, dietary instruction,

Table 1. Time required for certification of exposure to air pollution.
Certified disease
Chronic bronchitis
Asthma

A

B

C

24 months
12 months

48 months
30 months

36 months
18 months

A: subject resided in a designated area prior to 1973.
B: subject did not reside in a designated area, but spent at least 8 hours per day in a designated area.
C: subject resided in a designated area and then relocated, but returned for work in a designated area
for at least 8 hours per day.
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lyzed using nonparametric tests. Data were compared with respect to
the baseline characteristics between subjects with chronic bronchitis
and subjects with asthma, using unpaired t-tests, the Mann-Whitney
U test and chi-square test. Pre- and post-pulmonary rehabilitation
data were compared using paired t-tests, Wilcoxon signed-rank test
and chi-square test. Statistical significance was defined at P < 0.05.
All analyses were performed using IBM SPSS Statistics 18.0 for
Windows (IBM SPSS, Tokyo, Japan).

and patient education in parallel with exercise training. Physical
function and health status were evaluated at baseline, and the program
was tailored according to the needs of each patient. Exercise training
consisted of: (1) conditioning (breathing training, relaxation, and
stretches); (2) strength training (upper limb and lower limb); (3)
endurance training (ground-based and treadmill walking, cycling);
and (4) patient education (management of continued home exercise,
performance of ADL, and self-management of exacerbations). For
walking training, the initial intensity was prescribed at 60-80% of the
maximum speed achieved in the ISWT. Subjects underwent inpatient
rehabilitation (60 min of exercise training twice a day, 6 days per
week, for 2 weeks) followed by outpatient rehabilitation (1-2 times
per week for 10 weeks). They were instructed to follow a home program during outpatient rehabilitation that included conditioning,
strength training, and ground-based walking.

Results
Fifty-three officially acknowledged victims of air pollution-related respiratory disease consented to participate in
the study (Fig. 1). Twenty-nine of these subjects (55%)
completed all 12 weeks of the pulmonary rehabilitation program, and were assessed immediately after the program.
Of these 29 subjects, 11 had COPD and 18 had asthma.
The characteristics of the 29 subjects are shown in Table 2.
At baseline, 73% of subjects experienced significant dys-

Statistical Analysis
The Shapiro-Wilk test was used to examine the distribution of
the data. Data that did not conform to a normal distribution were ana-

Officially acknowledged victims of air
pollution-related respiratory disease n = 53
Excluded

n=7

Did not agree to inpatient rehabilitation
Inpatient rehabilitation (2 weeks)
n = 46
Excluded

n=3

Declined outpatient rehabilitation
Outpatient rehabilitation (10 weeks)
n = 43
Discontinued program

n=8

Exacerbation n = 3
Developed comorbidity n = 2
(dementia, CVA)
Did not wish to complete n = 1
Other reasons n = 2
12-week follow up

n = 35

Completed program

n = 29

Declined

n=6

Fig. 1. Flow-chart of subjects in the study.
Fifty-three officially acknowledged victims of air pollution-related respiratory disease consented to inclusion in the
study. Subjects who did not complete all 12 weeks of the pulmonary rehabilitation program were excluded from the
analyses. Twenty-nine subjects completed the program.

Fig. 1. Flow-chart of subjects in the study.
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Table 2. Characteristics of the subjects.
All Subjects

Chronic bronchitis
(n = 11)

Asthma
(n = 18)

P value

11 / 18

4/7

7 / 11

0.604c

74.2 ± 10.1

78.8 ± 5.2

71.4 ± 11.4

0.052a

5 (17%)

1 (9%)

4 (22%)

0.356c

Height, cm
Weight, kg

151.1 ± 11.9
56.2 ± 15.0

152.1 ± 9.5
56.0 ± 10.1

150.4 ± 13.4
56.4 ± 17.7

0.729a
0.953a

BMI, kg/m2

24.4 ± 4.7

24.1 ± 3.1

24.6 ± 5.5

0.793a

2.2 ± 1.0

1.9 ± 0.9

2.3 ± 1.1

0.207b

1 ( 3%)
7 (24%)
10 (35%)
8 (28%)
3 (10%)

0 (0%)
4 (36%)
5 (46%)
1 (9%)
1 (9%)

1 (5%)
3 (17%)
5 (28%)
7 (39%)
2 (11%)

75 ± 26

77 ± 20

73 ± 29

0.658a

VC % predicted

92 ± 26

93 ± 21

91 ± 29

0.850a

FEV1/ FVC, %

68 ± 14

71 ± 12

67 ± 15

0.622b

21.7 ± 9.5

23.9 ± 10.4

20.4 ± 9.0

0.336a

72 ± 23

81 ± 21

67 ± 24

0.118a

17.2 ± 10.9

20.7 ± 12.3

15.1 ± 9.8

0.191a

61 ± 28

76 ± 25

52 ± 26

0.023a

202 ± 111

255 ± 96

168 ± 109

0.042a

NRADL score

70 ± 19

76 ± 14

65 ± 20

0.131a

SGRQ: Symptoms

71 ± 18

69 ± 19

73 ± 16

0.640a

Activity

68 ± 22

69 ± 18

67 ± 25

0.795a

Impacts

52 ± 18

49 ± 16

54 ± 19

0.523a

Total

60 ± 17

59 ± 14

60 ± 20

0.796a

CES-D: score ≥ 16

19 (66%)

7 (64%)

12 (67%)

score < 16
Physical activity:
Mean energy expenditure, kcal/day

10 (34%)

4 (36%)

6 (33%)

87.8 ± 47.3

100.7 ± 47.8

77.8 ± 46.1

0.237a

4,054 ± 1,724

4,606 ± 1,798

3,621 ± 1,594

0.324a

Characteristics
Gender, M/F
Age, years
LTOT

MMRC dyspnea grade
0
1
2
3
4
FEV1 % predicted

HF, kg
HF % predicted
QF, kg
QF % predicted
ISWD, m

Mean number of steps, counts/day

0.589c

Data are presented as mean ± standard deviation or numbers and percentages of subjects. P values are for chronic bronchitis versus
asthma.
LTOT, long term oxygen therapy; BMI, body mass index; MMRC, Modified Medical Research Council; FEV1, forced expiratory
volume in one second; VC, vital capacity; FVC, forced vital capacity; HF, handgrip force; QF, quadriceps force; ISWD, incremental
shuttle walk distance; NRADL, Nagasaki University Respiratory Activities of Daily Living questionnaire; SGRQ, St. George’s Respiratory Questionnaire; CES-D, Center for Epidemiologic Studies Depression scale.
aChronic bronchitis versus asthma using the unpaired t-test; bChronic bronchitis versus asthma using the Mann-Whitney U test;
cChronic bronchitis versus asthma using the chi-square test.

pnea during daily life (i.e. MMRC grade 2, 3, or 4). Both
HF and QF were impaired when compared to predicted normal values, and the rate of depression was high (66%).
Comparison of baseline measures in subjects with COPD
and those with asthma identified significantly higher ISWD
and more preserved QF (% predicted values) in those with
COPD (Table 2).
Pre- and post-pulmonary rehabilitation data are shown
in Table 3 and Figs. 2 and 3. For the total subjects (n = 29),
following pulmonary rehabilitation, there was a significant
decrease in the MMRC dyspnea grade (P = 0.008) and a
significant increase in percentage predicted VC (P < 0.05),

QF (P < 0.05), and ISWD (P < 0.01). There were no significant changes in HF, ADL score, HRQOL score, or
depression. Pre- and post-pulmonary rehabilitation data
were also compared separately in subjects with chronic
bronchitis (Table 4) and in those with asthma (Table 5). In
subjects with asthma (n = 18), the measures that significantly improved following rehabilitation were MMRC
grade, VC (% predicted), QF and ISWD (Table 5). In contrast, in those with COPD (n = 11), there was a trend
towards an improvement in dyspnea (MMRC grade 1.9 ±
0.9 vs. 1.6 ± 0.6 [pre- vs. post-rehabilitation, P = 0.083]);
however, only the improvements in QF (% predicted) and
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Incremental shuttle walk distance (m)

Quadriceps force % predicted (%)
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300
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20
0

0
Baseline

Baseline

12 weeks

Fig. 2. Box plots represent a significant increase in the percentage predicted quadriceps force after pulmonary rehaFig. 2. Box plots represent a significant increase in the percentage predicted quadriceps
bilitation.
In all box
plots, the
force after pulmonary
rehabilitation
(n =top
29).of the box represents the 75th
percentile, the bottom of the box represents the 25th percentile, and the line in the middle represents the 50th
percentile. The whiskers (the lines that extend out from
the top and bottom of the box) represent the highest and
lowest values that are not outliers or extreme values. The
P value measured is from the paired t-test (n = 29, * P <
0.01).

12 weeks

Fig. 3. Box plots represent a significant increase in the incremental shuttle walk distance after pulmonary rehabilitaFig. 3. Box plots represent a significant increase in the incremental shuttle walk distance
tion.
In allrehabilitation
box plots,(n the
after pulmonary
= 29).top of the box represents the 75th
percentile, the bottom of the box represents the 25th percentile, and the line in the middle represents the 50th
percentile. The whiskers (the lines that extend out from
the top and bottom of the box) represent the highest and
lowest values that are not outliers or extreme values. The
P value measured is from the paired t-test (n = 29, * P <
0.01).

Table 3. Pre- and post-pulmonary rehabilitation data in subjects with officially-acknowledged air pollution-related
respiratory disease (n = 29).
Baseline

12 weeks

P value

MMRC dyspnea grade

2.2 ± 1.0

1.8 ± 0.9

0.008b

FEV1 % predicted

75 ± 26

75 ± 25

0.775a

VC % predicted

92 ± 26

95 ± 25

0.029a

FEV1/ FVC, %

68 ± 14

68 ± 13

0.625a

21.7 ± 9.5

22.4 ± 9.0

0.375a

72 ± 23

75 ± 23

0.446b

17.2 ± 10.9

20.6 ± 9.9

0.011a

NRADL score

70 ± 19

73 ± 19

0.148a

SGRQ: Symptoms

71 ± 18

70 ± 18

0.697a

Activity

68 ± 22

68 ± 18

0.868a

Impacts

52 ± 18

47 ± 18

0.064a

Total

60 ± 17

57 ± 16

0.341a

CES-D: score ≥ 16

19 (66%)

20 (69%)

score < 16
Physical activity
Mean energy expenditure, kcal/day

10 (34%)

9 (31%)

87.8 ± 47.3

91.8 ± 76.0

0.677b

4,054 ± 1,724

4,087 ± 2,919

0.954a

HF, kg
HF % predicted
QF, kg

Mean number of steps, counts/day

0.780c

Data are presented as mean ± standard deviation or numbers and percentages of subjects.
MMRC, Modified Medical Research Council; FEV1, forced expiratory volume in one second; VC, vital
capacity; FVC, forced vital capacity; HF, handgrip force; QF, quadriceps force; NRADL, Nagasaki University
Respiratory Activities of Daily Living questionnaire; SGRQ, St. George’s Respiratory Questionnaire; CES-D,
Center for Epidemiologic Studies Depression scale.
aBaseline versus 12 weeks using the paired t-test; bBaseline versus 12 weeks using the Wilcoxon signed-rank
test; cBaseline versus 12 weeks using the chi-square test.
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Table 4. Pre- and post-pulmonary rehabilitation data in subjects with chronic bronchitis (n = 11).
Baseline

12 weeks

P value

MMRC dyspnea grade

1.9 ± 0.9

1.6 ± 0.6

0.083b

FEV1 % predicted

77 ± 20

78 ± 18

0.959b

VC % predicted
FEV1/ FVC, %

93 ± 21
71 ± 12

96 ± 19
68 ± 10

0.306a
0.451a

23.9 ± 10.4

24.7 ± 9.2

0.345a

81 ± 21

85 ± 21

0.122a

20.7 ± 12.3

24.3 ± 9.9

0.143a

76 ± 25

95 ± 28

0.028a

255 ± 96

285 ± 111

0.032a

NRADL score

76 ± 14

78 ± 14

0.732a

SGRQ: Symptoms
Activity

69 ± 19
69 ± 18

72 ± 14
70 ± 10

0.790b
0.904a

Impacts

49 ± 16

45 ± 12

0.297a

Total

59 ± 14

57 ± 9

0.582a

CES-D: score ≥ 16

7 (64%)

10 (91%)

score < 16
Physical activity
Mean energy expenditure, kcal/day

4 (36%)

1 (9%)

100.7 ± 47.8

114.8 ± 95.7

0.627a

4,606 ± 1,798

4,750 ± 3,465

0.895a

HF, kg
HF % predicted
QF, kg
QF % predicted
ISWD, m

Mean number of steps, counts/day

0.311c

Data are presented as mean ± standard deviation or numbers and percentages of subjects.
MMRC, Modified Medical Research Council; FEV1, forced expiratory volume in one second; VC, vital capacity;
FVC, forced vital capacity; HF, handgrip force; QF, quadriceps force; ISWD, incremental shuttle walk distance;
NRADL, Nagasaki University Respiratory Activities of Daily Living questionnaire; SGRQ, St. George’s Respiratory
Questionnaire; CES-D, Center for Epidemiologic Studies Depression scale.
aBaseline versus 12 weeks using the paired t-test; bBaseline versus 12 weeks using the Wilcoxon signed-rank test;
cBaseline versus 12 weeks using the chi-square test.

ISWD reached significance (Table 4).
The mean daily energy expenditure increased after the
pulmonary rehabilitation program, but this change was not
significant. The mean number of daily steps also did not
change significantly.

Discussion
This study aimed to evaluate the effects of pulmonary
rehabilitation in officially acknowledged victims of air pollution-related respiratory disease, including the effects on
physical activity. The results show that subjects had
increased exercise capacity and improved QF after pulmonary rehabilitation. In addition dyspnea decreased significantly in subjects with asthma, and there was a trend
towards a reduction in dyspnea in those with chronic bronchitis.
One of the reasons for the decline in exercise capacity
in COPD patients is skeletal muscle dysfunction.
Inflammatory cytokines (Wouters et al. 2002), malnutrition,
and oxidative stress (Rabinovich et al. 2001) may cause
systemic inflammation in these patients, resulting in deconditioning (Kim et al. 2008). Exercise training improves
deconditioning and increases exercise tolerance in COPD
patients by improving skeletal muscle function. In our
study population, exertional dyspnea and limitations to

ADL were similar to those experienced by COPD patients.
Skeletal muscle dysfunction was improved by exercise
training, as shown by the increase in QF after the pulmonary rehabilitation program. In addition, ISWD increased
by 45 m after pulmonary rehabilitation. In COPD patients,
the minimal clinically important difference (MCID) in
ISWD was reported to be 47.5 m (Singh et al. 2008). In
this study, the improvement in distance walked was close to
the MCID. This improvement may have resulted from
improved skeletal muscle function.
HRQOL and depression were not significantly
improved after pulmonary rehabilitation in this study. It
has been shown that patients with COPD have reduced
HRQOL accompanied by anxiety and depression due to
limitations in daily life and to social isolation (Hayashi et
al. 2011; Iguchi et al. 2013). Our patient population had
low HRQOL and a high rate of depression. In a previous
study of patients with occupation-related respiratory disease, mild or moderate decreases in pulmonary function and
exercise tolerance were significantly associated with a
poorer psychological status (Ochmann et al. 2012). It was
also reported that patients with occupational asthma had a
significantly poorer quality of life than other patients with
asthma (Dimich-Ward et al. 2007). Chronic disease lasting
for over 40 years may result in depression and low

7

Pulmonary Rehabilitation in Pollution-Related Illness
Table 5. Pre- and post-pulmonary rehabilitation data in subjects with asthma (n = 18).
Baseline

12 weeks

P value

MMRC dyspnea grade

2.3 ± 1.1

1.9 ± 1.0

0.035b

FEV1 % predicted

73 ± 29

74 ± 29

0.816a

VC % predicted
FEV1/ FVC, %

91 ± 29
67 ± 15

95 ± 29
67 ± 14

0.048a
0.737b

20.4 ± 9.0

21.0 ± 8.8

0.577a

67 ± 24

68 ± 21

0.692a

15.1 ± 9.8

18.3 ± 9.5

0.045a

52 ± 26

64 ± 30

0.029a

168 ± 109

222 ± 139

0.006a

NRADL score

65 ± 20

70 ± 21

0.121a

SGRQ: Symptoms
Activity

73 ± 16
67 ± 25

70 ± 20
67 ± 22

0.303a
0.877b

Impacts

54 ± 19

49 ± 21

0.145b

Total

60 ± 20

58 ± 19

0.492b

12 (67%)

10 (56%)

6 (33%)

8 (44%)

77.8 ± 46.1

73.8 ± 53.0

0.790a

3,621 ± 1,594

3,565 ± 2,414

0.925a

HF, kg
HF % predicted
QF, kg
QF % predicted
ISWD, m

CES-D: score ≥ 16
score < 16
Physical activity
Mean energy expenditure, kcal/day
Mean number of steps, counts/day

0.494c

Data are presented as mean ± standard deviation or numbers and percentages of subjects.
MMRC, Modified Medical Research Council; FEV1, forced expiratory volume in one second; VC, vital capacity;
FVC, forced vital capacity; HF, handgrip force; QF, quadriceps force; ISWD, incremental shuttle walk distance;
NRADL, Nagasaki University Respiratory Activities of Daily Living questionnaire; SGRQ, St. George’s Respiratory
Questionnaire; CES-D, Center for Epidemiologic Studies Depression scale.
aBaseline versus 12 weeks using the paired t-test; bBaseline versus 12 weeks using the Wilcoxon signed-rank test;
cBaseline versus 12 weeks using the chi-square test.

HRQOL. We therefore consider that it is important to provide medical care aimed at improving HRQOL and psychological status for officially acknowledged victims of air pollution-related respiratory disease. However, HRQOL and
depression did not improve significantly after our pulmonary rehabilitation program, and other treatments may be
required to address these issues.
Physical activity did not increase significantly after
pulmonary rehabilitation. COPD patients have a low physical activity level compared with healthy subjects (Mador et
al. 2011; Vorrink et al. 2011), and the physical activity level
is a strong predictor of mortality (Waschki et al. 2011).
Few studies have reported on changes in physical activity
after pulmonary rehabilitation. Mador et al. (2011) studied
29 COPD patients who attended an 8-week pulmonary
rehabilitation program, and found improved exercise capacity, muscle force, and HRQOL after the program, but no
change in the physical activity level. Ng et al. (2012) suggested that it may be possible to improve the physical activity level in COPD patients by offering supervised exercise
training at least 3 times a week for a minimum of 8 weeks.
Another study suggested that improvement in the physical
activity level in COPD patients requires changes in behaviors (modification of performance of ADL) and that these
require long-term training of at least 3 months duration

(Pitta et al. 2008). In this study, however, about 3 months
of pulmonary rehabilitation did not result in an increase in
physical activity. One reason for this may be that our program offered less frequent training than the programs used
in previous studies (Ries et al. 2007; Spruit et al. 2013).
Our study has some limitations. First, the number of
subjects was small and there was a high attrition rate (45%).
One of the reasons for this is that many of the subjects were
women, who were unable to participate in the inpatient pulmonary rehabilitation program for social reasons. There
fore, we consider that compliance with pulmonary rehabilitation programs may be poor in such individuals. Second,
there was no control group for comparison. Future studies
investigating pulmonary rehabilitation programs for officially acknowledged victims of air pollution-related respiratory disease should include a control group.
In this study, officially acknowledged victims of air
pollution-related respiratory disease had increased exercise
capacity and QF, and decreased dyspnea after participating
in a pulmonary rehabilitation program. These results suggest that pulmonary rehabilitation, which is well established
as an effective intervention in COPD patients, is also effective in patients with air pollution-related respiratory disease.
In conclusion, we examined the efficacy of pulmonary
rehabilitation in 29 officially acknowledged victims of air

8

N. Miyamoto et al.

pollution-related respiratory disease. The subjects participated in a 12-week pulmonary rehabilitation program that
was originally developed for COPD patients, and demonstrated improved dyspnea, and increased exercise capacity
and QF after the program. These results suggest that pulmonary rehabilitation is an effective intervention for officially acknowledged victims of air pollution-related respiratory disease.
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