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INTRODUCTION
Obesity is one of the most important public health problems, and it is increasing in prevalence worldwide 
(1, 2). Obesity is an inflammatory disease that involves many systems in the body, especially the respiratory 
system, causing changes in pulmonary functions (2). Chronic obstructive pulmonary disease (COPD) is also 
an important public health problem usually accompanied by nutritional abnormalities (3, 4). The majority 
of COPD patients are overweight or obese rather than normal or low-weight (4). Obesity and COPD cause 
mortality and morbidity all over the world, and this global outbreak is predicted to be much higher in 
the future (5). Obesity might be the reason for respiratory symptoms alone due to decreased pulmonary 
compliance, increased work in breathing, and increased need for oxygen, even without airway obstruction. 
However, obesity might also increase the numbers of obstructed peripheral airways (6). It was determined 
that dyspnea perception is enhanced, health status is impaired, and quality of life (QOL) is reduced in obese 
COPD patients compared to non-obese COPD patients (7, 8). It has been shown that pulmonary rehabili-
tation (PR) reduces dyspnea, enhances exercise performance, improves QOL, and decreases psychological 
symptoms in COPD patients (9). The present study aimed to compare the gains of PR in obese, pre-obese, 
and normal-weight COPD patients who completed an 8-week outpatient PR program. 
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Abstract

Objective: We aimed to compare the gain of pulmonary rehabilitation (PR) in obese, pre-obese, and normal-weight patients with chronic 
obstructive pulmonary disease (COPD) who underwent a PR program.

Methods: COPD patients (n=137) underwent pulmonary and cardiac system examination and pulmonary function tests (PFTs) before PR. 
Chest X-rays, arterial blood gases, body mass index, quality of life (QOL) questionnaires, anxiety and depression scores, and Modified 
Medical Research Council dyspnea scale (MMRC) scores were evaluated in all patients. A 6-min walk test was performed to determine the 
exercise capacity of the patients. All patients underwent an 8-week outpatient PR program. The patients were reevaluated at the end of 8th 
week in terms of all parameters. 

Results: The study group consisted of 44 normal-weight, 52 pre-obese, and 41 obese COPD patients. Before PR, there was no significant 
difference in terms of 6-min walk distance (6MWD), PFT, MMRC, or QOL scores between the groups (p>0.05 for all). After PR, partial arte-
rial oxygen pressure and arterial saturation, MMRC, and QOL scores improved significantly in all three groups (p<0.05 for all). 6MWD and 
walkwork significantly increased after PR in all three groups (p<0.001 for all), but the gain in 6MWD was significantly lower in obese patients 
compared to pre-obese and normal-weight patients (p=0.049).

Conclusion: Pre-obese and obese patients benefit from PR similarly to the normal-weight patients in terms of gas exchange, dyspnea 
perception, and QOL. But it seems to be that exercise capacity improves less in obese COPD patients compared to pre-obese and nor-
mal-weight patients.
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METHODS
Chronic obstructive pulmonary disease patients (n=265) referred to 
the Pulmonary Rehabilitation Unit between January 2013 and May 
2016 were retrospectively reviewed from the hospital’s database. 
This retrospective cohort study was approved by our hospital’s ethics 
committee. The flowchart of the study is shown in Figure 1. After ac-
ceptance of the PR program, data from 208 patients with COPD who 
started the program were studied. Patients were excluded because 
of lack of PR coherence (lack of motivation, transportation problems, 
and symptom exacerbations). Also, patients were excluded if they 
had a BMI <21 or >40 kg/m2. Finally, a total of 137 COPD patients (122 
males) who completed the PR program were enrolled in the study. 
Demographic characteristics and clinical features of the patients as 
well as smoking history were obtained from the database. All study 
participants were called by phone and informed about the aim of 
study and analysis methods, and their consent for participation was 
obtained. The patients were questioned in detail about comorbid-
ities. Diabetes mellitus, hypertension, and coronary artery disease 
were evaluated from medical records. All patients routinely under-
went pulmonary and cardiac system examination and pulmonary 
function tests (PFT) before and after PR. Chest X-rays and arterial 
blood gases were evaluated. According to the World Health Organi-
zation criteria for body mass index (BMI), the patients were classified 
as normal-weight (BMI=18.5–24.9 kg/m2), pre-obese (BMI=25–29.9 
kg/m2), or obese (BMI=30–39.9 kg/m2) (10). COPD patients with BMI 
<21 had undergone a supportive nutrition program, so these pa-
tients were excluded from the study. COPD severity was classified ac-
cording to The Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) criteria as mild, moderate, severe, or very severe (11).

Respiratory Functions: Body plethysmography (Zan 500, Germany) 
and carbon monoxide diffusion capacity (TLCO) (Zan 300, Germany) 
were measured and recorded before and after PR.

Assessment of Dyspnea: The Modified Medical Research Council 
(MMRC) dyspnea scale, which consists of five items ranging between 

1 and 5, was used to determine the severity of patients’ shortness of 
breath (12). The score “1” represents the best level, and the score “5” 
indicates the poorest. 

Exercise Capacity: The patients underwent a 6-min walk test, and 
the 6-min walk distance (6MWD) was obtained from the database 
recorded before and after PR (13). The walkwork value was obtained 
by multiplying the patient’s walking distance by their body weight 
according to the formula in (14).

Psychological Symptoms: The Hospital Anxiety and Depression 
(HAD) scale, which consists of 14 questions, was used to determine 
the patients’ psychological status (15). A HAD score of 0–7 indicates 
normal, 8–11 indicates borderline disease, and >11 indicates the 
presence of anxiety or depression.

Quality of Life: St. George’s Respiratory Questionnaire was used to 
determine disease-specific QOL (16). High scores define worsened 
disease and increased symptoms. Overall QOL was assessed by the 
SF-36 QOL Questionnaire (17). Increased scores were considered in 
favor of improved QOL.
PR and physiotherapy sessions, lasting 2 h, were performed twice a 
week for eight weeks to all patients that joined the program. The ex-
ercise program included breathing exercises, relaxation and stretch-
ing exercises, peripheral muscle strength training, and aerobic 
exercises. Breathing exercises consisted of pursed-lip breathing, dia-
phragmatic breathing, and thoracic expansion exercises. In addition, 
bronchial hygiene techniques and dyspnea-reducing positions were 
taught. Aerobic exercises were performed on a treadmill or bicycle 
for 30 min. An arm ergometer was used for the patients with joint dis-
orders or anatomical lower extremity disability. Exercise intensity was 
predetermined to be 60–90% of the maximum heart rate. Exercise 
intensity was gradually increased taking the severity of dyspnea as 
the basis. An intermittent exercise program with oxygen support was 
performed in the hypoxic or hypercapnic patients with severe COPD. 
All patients were informed about the importance of continuing exer-

Figure 1. Flowchart of the study
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cising at home. Patients were reevaluated at the end of 8th week in 
terms of all parameters.

Statistical Analysis
Statistical analyses were performed with the SPSS 17.0 program (Sta-
tistical Package for the Social Sciences Inc.; Chicago, Illinois, USA). 
The normality of the data was evaluated by the Kolmogorov–Smirn-
ov test. Results are shown as the change between post-treatment 
and baseline values (Δ values). The Kruskal–Wallis H-test followed by 
the Mann–Whitney U-test with Bonferroni correction was used for 
intergroup comparisons. The variables before and after PR were com-
pared in each group with the Wilcoxon Signed Rank Test. A p-value < 
0.05 is considered significant.

RESULTS
The study group consisted of 44 normal-weight, 52 pre-obese, and 41 
obese COPD patients. Demographic features and differences between 
three groups before PR are shown in Table 1. Each group was similar 
in terms of gender distribution (p=0.958). Age, gender, GOLD stage, 
smoking consumption, exacerbation history, arterial blood gas, 6MWD, 
and QOL scores did not differ between the three groups (p>0.05, Table 
1). The prevalence of hypertension was significantly higher in pre-
obese and obese patients as compared to the normal-weight patients 
(p=0.008, Table 1). Also, as expected, diabetes mellitus was significant-
ly more prevalent in obese patients compared to normal-weight and 
pre-obese patients (p<0.001, Table 1). TLCO was significantly lower in 
normal-weight patients as compared to pre-obese and obese patients 
(p<0.001, Table 1), but there was no significant difference between the 
groups in terms of 6MWD (p=0.761, Table 1). The walkwork value was 
significantly higher in obese patients as compared to both pre-obese 
and normal-weight patients (p=0.003 and p<0.001, respectively, Table 
1). When comparing post-PR outcomes with the baseline values, we 
found that forced expiratory volume in the first second (FEV1) was sig-
nificantly increased in normal-weight and pre-obese patients, whereas 
the increase in obese patients was not considered significant. None 
of the groups had a significant change in PFT results after PR (p>0.05, 
Table 2). Partial arterial oxygen pressure (PaO2) and arterial oxygen 
saturation (SaO2) were significantly increased in all groups, but the 
change in partial carbon dioxide pressure (PaCO2) was not significant 
in any of the groups (p>0.05, Table 2). The 6MWD and walkwork values 
were significantly increased and dyspnea scores were significantly de-
creased in all groups after PR (p<0.001, Table 2). Each group showed 
significant improvement in all scores of disease-related QOL and in 
most of health-related QOL scores after PR (p<0.05, Table 2). In the 
normal-weight patients, both anxiety and depression scores were sig-
nificantly decreased after PR (p<0.001 and p=0.003, respectively, Table 
2); however, a significant decrease was determined only in the anxiety 
scores in pre-obese patients (p=0.054, Table 2). There was no signifi-
cant decrease in depression scores in obese patients (p>0.05, Table 2).

When comparing the three groups in terms of post-PR benefits, it was 
observed that the increase in 6MWD was significantly lower in obese 
patients than normal-weight and pre-obese patients (p=0.049, Table 
3, Figure 2). Other improvements were similar in each group (p>0.05, 
Table 3, Figure 3). 

DISCUSSION
In the present study, although 6MWD was similar in each group be-
fore PR, the walkwork value was higher in the obese patients. After 

PR there were similar benefits in all groups with the exception of the 
increase in 6MWD. The gain in 6MWD was significantly lower in obese 
patients as compared to pre-obese and normal-weight patients. 

 In obese subjects, fat tissue accumulates in the chest wall, diaphragm, 
and abdomen and alters respiratory mechanics. Accumulated fat re-
duces lung volume and decreases airflow by mechanically compress-
ing the chest wall, diaphragm, and lungs (2). In addition, cytokines 
such as IL-6, which are released from visceral adipose tissue, cause 
systemic inflammation involving many systems, primarily the respi-
ratory system (2). There is conflicting data regarding PFTs in obese 
patients. One study found no difference between normal-weight 
and obese patients in terms of FEV1 and FEV1/Forced vital capacity 
(FVC) values (18), whereas another study found FEV1 values to be sig-
nificantly lower in normal-weight patients as compared to the over-
weight and obese patients (19). Moreover, in another study both FEV1 
and FEV1/FVC values were found to be significantly higher in obese 
versus non-obese patients (20). In our study, there was no significant 
difference between the groups in terms of FEV1 values, but the FEV1/
FVC value was significantly higher in the obese patients. This finding 
might be due to the decreased FVC levels in obese patients. Similar 
to the literature (18), we found that the TLCO value was significantly 
higher in the obese patients. This might have resulted from increased 
pulmonary blood volume in the obese patients (21). 

In our study, we observed significantly higher PaCO2 in the obese pa-
tients, but there was no significant difference between the groups 
in terms of PaO2 or SaO2. The ventilation-perfusion ratio in obese 
patients is impaired due to micro-atelectasis in the basal segments 
of the lungs, and gas exchange is unfavorably influenced leading 
to impaired oxygenation. Partial oxygen pressure might mildly de-
crease, while PaCO2 is mildly increased (22). In obese patients, dys-
pnea might be due to increased respiratory load and decreased static 
lung volume (23).

In the majority of previous studies, dyspnea scores were found to be 
higher in obese subjects compared to normal-weight subjects (7, 8). 
However, there are studies demonstrating no difference between 
obese and normal-weight patients in terms of dyspnea (21). In the 
present study, dyspnea scores were similar in each group.

Not all of the above studies take the COPD severity into account, and 
in our study the MMRC scores might reflect the COPD severity, which 
was similar in all three groups. Exercise intolerance might increase 
in obese subjects due to increased metabolic need and mass load 
(5). Owing to the different body weights, the walkwork value shows 
differences among individuals. In one study, it was determined that 
the walkwork value reflects the patients’ functional capacity better 
than the other tests. (14). In two studies, which examined the pa-
tients in three groups as normal-weight, overweight, and obese, the 
6MWD was found to be significantly lower in the obese patients with 
significantly higher walkwork values (3, 20). In one study that inves-
tigated the patients in two groups as obese and non-obese, there 
was no significant difference between the walkwork values, while 
the 6MWD was significantly lower in the obese patients (20). Another 
study show no decrease in the exercise capacity in the obese patients 
versus normal-weight patients (21). In our study, 6MWD was not sig-
nificantly different before PR, but the walkwork value was significant-
ly higher in the obese COPD patients as compared to the other two 
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	 Normal	 Pre-obese	 Obese 
	 n=44	 n=52	 n=41	 p*

Age (years)	 63 (56,68)	 63 (58,69)	 63 (57,69)	 0,818

Male gender (n)	 39	 46	 37	 0,958

GOLD Stage

   Stage 1	 1/44	 -	 1/41	 0.765

   Stage 2	 12/44	 18/52	 15/41

   Stage 3 	 18/44	 21/52	 18/41

   Stage 4	 13/44	 13/52	 7/41	

Comorbidities

  Hypertension n (%)	 4 (9)	 18 (35)	 14 (34)	 0.008

  Diabetes mellitus n (%)	 0 (0)	 2 (4)	 10 (24)	 0.000

  Chronic Heart Diseases n (%)	 1 (2)	 4 (8)	 2 (5)	 0.483

  Other n (%)	 13 (30)	 11 (22)	 16 (39)	 0.189

  Body Mass Index (kg/m2)	 23 (22,24)	 27 (25,21)	 33 (31,34)	 <0.001

  Smoking (pack years)	 60 (40,80)	 50 (37,85)	 50 (40,70)	 0.579

  Emergency visits in the last year	 0 (0,1)	 0 (0,0)	 0 (0,0)	 0.113

  Hospitalization in the last year	 0 (0,0)	 0 (0,0)	 0 (0,0)	 0.531

Pulmonary Function Tests

  FEV1%	 40 (29,53)	 41 (29,62)	 41 (32,58)	 0.775

  FEV1/FVC	 51 (45,65)	 58 (52,69)	 64 (53,71)	 0.033

  IC (%)	 57 (34,86)	 65 (49,85)	 50 (38,70)	 0.125

  VC (%)	 68 (58,81)	 65 (52,81)	 62 (49,72)	 0.318

  RV (%)	 174 (120,215)	 172 (129,206)	 155 (124,186)	 0.423

  TLCO (%)	 25 (15,42)	 40 (30,81)	 44 (31,57)	 0.001

Arterial Blood Gas

  ΔPaO2 mmHg	 72 (67,79)	 71 (64,82)	 71 (63,78)	 0.844

  ΔPaCO2 mmHg	 39 (35,44)	 40 (38,44)	 42 (39,51)	 0.010

  ΔSaO2 (%)	 93 (94,96)	 94 (93,96)	 95 (92,96)	 0.907

  6MWD (meters)	 340 (272,410)	 355 (250,430)	 360 (315,402)	 0.761

  Walkwork	 22 (18,28)	 25(16,33)	 33 (26,38)	 0.000

  MMRC	 3 (2,4)	 3 (2,4)	 3 (3,4)	 0.835

SGRQ Scores 

  Symptoms	 62 (45,81)	 58 (40,85)	 50 (40,68)	 0.256

  Activity	 67 (53,80)	 61 (48,86)	 66 (54,86)	 0.889

  Impact	 50 (36,62)	 42 (29,60)	 49 (32,65)	 0.369

  Total	 49 (41,67)	 48 (40,73)	 56 (41,71)	 0.667

SF-36 Scores

  Physical Functioning 	 50 (20,75)	 45 (20,77)	 45 (25,70)	 0.953

  Social Functioning 	 62 (37,87)	 62 (50,94)	 62 (60,87)	 0.683

  Role Physical	 0 (0,50)	 25 (0,75)	 12 (0,75)	 0.376

  Role Emotional 	 0 (0,67)	 33 (0,100)	 33 (0,100)	 0.087

  General Health 	 40 (24,55)	 35 (20,58)	 45 (30,57)	 0.627

  Mental Health 	 64 (40,76)	 64 (42,80)	 72 (56,80)	 0.158

  Bodily Pain 	 54 (41,90)	 62 (32,87)	 62 (41,90)	 0.727

  Vitality 	 45 (25,65)	 55 (25,67)	 55 (40,75)	 0.430

HAD Scores

  Anxiety	 8 (5,11)	 7 (3,10)	 6 (3,10)	 0.426

  Depression	 7 (4,10)	 6 (2,10)	 5 (4,8)	 0.799
Data are expressed as median (interquartile range) or n (%), FEV1: Forced expiratory volume in the first second; FVC: Forced vital capacity; HAD: Hospital Anxiety and Depression 
Scale; IC: Inspiratory capacity; MMRC: Modified Medical Research Council; PaCO2: Partial arterial carbon dioxide pressure; PaO2: Partial arterial oxygen pressure; RV: Residual 
volume; SaO2: Arterial oxygen saturation; SF-36: Short-Form Health Survey; SGRQ: St. George Respiratory Questionnaire; TLCO: Carbon monoxide diffusion capacity; VC: Vital 
capacity; 6MWD: 6-min walk distance; * Kruskal–Wallis H-test 

Table 1. The demographic and clinical parameters of the patients before pulmonary rehabilitation
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groups. Thus we might conclude that obese COPD patients must do 
more “work” to complete the same 6MWD.

It has been demonstrated that PR programs significantly improve the 
clinical parameters in COPD patients such as physiological and clini-
cal tolerance and dyspnea as well as health-related QOL (22). For this 
reason, PR is considered to be one of the most efficient nonpharma-
cological methods in the treatment of COPD patients (24). Changes 

in pulmonary functions after PR show variation, however, and there 
are studies reporting no change in pulmonary functions (25, 26) as 
well as the studies reporting increased FEV1 values after PR (27-29). In 
our study, there was a significant increase in FEV1 values in the nor-
mal-weight and pre-obese patients, whereas the increase in obese 
patients was not significant. We believe that it can be more difficult 
to gain in FEV1 if there is an increased respiratory load on lung vol-
umes in obese COPD patients.

			   Normal Group n=44			   Pre-obese Group n=52			   Obese Group n=41

		  BPR	 APR	 p1*	 BPR	 A PR	 p2*	 BPR	 APR	 p3*

BMI (kg/m2)	 23 (22,24)	 23 (22,24)	 0.82	 27 (25,28)	 27 (25,27)	 0.74	 33 (31,34)	 32 (31,34)	 0,88

PFT

FEV1%	 40 (29,53)	 47 (31,53)	 0.003	 41 (29,62)	 44 (34,61)	 0.005	 41 (32,58)	 46 (32,56)	 0.225

FEV1/FVC	 51 (45,65)	 54 (43,68)	 0.844	 58 (52,69)	 60 (48,68)	 0.877	 64 (53,71)	 63 (53,74)	 0.968

IC (%)	 57 (34,86)	 67 (44,90)	 0.416	 65 (49,85)	 66 (43,82)	 0.566	 50 (38,70)	 61 (43,82)	 0.083

VC (%)	 68 (58,81)	 76 (66,81)	 0.086	 65 (52,81)	 64 (54,75)	 0.758	 62 (49,72)	 68 (53,76)	 0.064

RV (%)	 174 (120,215)	 161 (125,195)	 0.238	 172 (129,206)	 170 (133,188)	 0.845	 155 (124,186)	 146 (112,186)	 0.688

TLCO (%)	 25 (15,42)	 31 (18,40)	 0.087	 40 (30,81)	 40 (34,56)	 0.111	 44 (31,57)	 46 (40,59)	 0.666

Arterial Blood Gas

PaO2 mmHg	 72 (67,79)	 80 (73,86)	 <0.001	 71 (64,82)	 77 (75,82)	 <0.001	 71 (63,78)	 74 (63,87)	 0.001

PaCO2 mmHg	 39 (35,44)	 39 (35,42)	 0.304	 40 (38,44)	 39 (37,43)	 0.068	 42 (39,51)	 43 (40,46)	 0.521

SaO2 (%)	 95 (94,96)	 96 (95,97)	 <0.001	 94 (93,96)	 96 (94,97)	 <0.001	 95 (92,96)	 95 (92,97)	 0.016

6MWD (meters)	 340 (272,410)	 440 (355,490)	 <0.001	 355 (250,430)	 405 (317,487)	     <0.001 	 360 (315,402)	  410 (355,450)	 <0.001

Walkwork (kg·m)	 22 (18,28)	 28 (23,33)	 <0.001	 25 (16,33)	 30 (23,36)	 <0.001	 33 (26,38)	 36 (29,43)	 <0.001

MMRC	 3 (2,4)	 2 (1,3)	 <0.001	 3 (2,4)	 2 (1,3)	 <0.001	 3 (3,4)	 3 (1,3)	 <0.001

SGRQ Scores

Symptom	 62 (45,81)	 44 (32,59)	 <0.001	 58 (40,85)	 47 (38,66)	 0.015	 50 (40,68)	 44 (31,59)	 0.007

Activity	 67 (53,80)	 54 (42,79)	 <0.001	 61 (48,86)	 48 (36,79)	 <0.001	 66 (54,86)	 54 (42,73)	 <0.001

Impact	 50 (36,62)	 32 (20,49)	 <0.001	 42 (29,60)	 31 (18,55)	 <0.001	 49 (32,65)	 32 (19,50)	 <0.001

Total	 49 (41,67)	 41 (30,55)	 <0.001	 48 (40,73)	 41 (28,65)	 <0.001	 56 (41,71)	 40 (29,59)	 <0.001

SF-36 Scores

Physical Functioning 	 50 (20,75)	 60 (40,85)	 <0.001	 45 (20,77)	 65 (37,82)	 0.001	 45 (25,70)	 62 (49,85)	 0.001

Social Functioning 	 62 (37,87)	 87 (62,100)	 0.001	 62 (50,94)	 75 (50,100)	 0.366	 62 (60,87)	 75 (59,100)	 0.012

Role Physical 	 0 (0,50)	 50 (25,100)	 0.001	 25 (0,75)	 50 (0,100)	 0.006	 12 (0,75)	 50 (0,100)	 0.003

Role Emotional 	 0 (0,67)	 67 (33,100)	 0.007	 33 (0,100)	 67 (33,100)	 0.155	 33 (0,100)	 66 (27,100)	 0.095

General Health 	 40 (24,55)	 62 (30,75)	 0.001	 35 (20,58)	 52 (30,72)	 0.003	 45 (30,57)	 52 (35,71)	 0.002

Mental Health 	 64 (40,76)	 76 (60,88)	 <0.001	 64 (42,80)	 72 (44,84)	 0.062	 72 (56,80)	 76 (60,85)	 0.268

Bodily Pain 	 54 (41,90)	 90 (62,100)	 <0.001	 62 (32,87)	 72 (42,90)	 0.006	 62 (41,90)	 79 (52,100)	 0.094

Vitality 	 45 (25,65)	 60 (50,80)	 0.002	 55 (25,67)	 65 (35,80)	 0.003	 55 (40,75)	 75 (50,85)	 0.001

HAD Scores

Anxiety	 8 (5,11)	 6 (3,8)	 <0.001	 7 (3,10)	 5 (3,9)	 0.054	 6 (3,10)	 4 (1,7)	 0.003

Depression	 7 (4,10)	 4 (2,7)	 0.003	 6 (2,10)	 6 (2,9)	 0.116	 5 (4,8)	 4 (2,8)	 0.091
Data are expressed as median (interquartile range), APR: After pulmonary rehabilitation; BMI: body mass index; BPR: before pulmonary rehabilitation; FEV1: forced expiratory volume in the first 
second; FVC: forced vital capacity; HAD: hospital anxiety and depression scale; IC: inspiratory capacity; MMRC: modified medical research council; PaCO2: partial arterial carbon dioxide pressure;  
PaO2: partial arterial oxygen pressure; PFT: pulmonary function test; RV: residual volume; SaO2: arterial oxygen saturation; SF-36: short-form health survey;   SGRQ: St. George Respiratory 
Questionnaire; TLCO: carbon monoxide diffusion capacity; VC: vital capacity; 6MWD: 6-min walk distance 
*Wilcoxon Signed Rank Test, p1: Comparison of clinical parameters before and after pulmonary rehabilitation in normal-weight groups, p2: Comparison of clinical parameters before and after 
pulmonary rehabilitation in pre-obese groups, p3: Comparison of clinical parameters before and after pulmonary rehabilitation in obese groups

Table 2. The difference in clinical parameters before and after pulmonary rehabilitation
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Decreased exercise tolerance is the main characteristic of COPD pa-
tients, and increasing exercise tolerance is the primary goal of PR (30). 
Earlier studies demonstrated increased exercise capacity after PR (27-
29). One study, which evaluated exercise capacity using an incremen-
tal shuttle walk test and endurance shuttle walk test by grouping the 
patients according to BMI found that the baseline ISWT value was 
significantly lower in obese patients and that there was a significant 
increase in all groups after PR, but the difference between the groups 
was not significant (31). According to the study that evaluated the 

COPD patients in two groups as obese and non-obese, obese pa-
tients showed lower but not statistically significant improvement in 
ISWT after PR, but the walkwork value was found to be significantly 
higher (20). In our study, the 6MWD and walkwork values were sig-
nificantly increased in all three groups. Comparing the changes be-
tween the groups, the increase in 6MWD was significantly lower in 
the obese group, but there was no difference between the groups 
in terms of the increase in walkwork value. So, even obese COPD 
patients significantly but also clinically improve in exercise capacity 

	 Normal	 Pre-obese	 Obese 
	 n=44	 n=52	 n=41	 p*

Body Mass Index (kg/m2)	 0 (0,1)	 -0,7 (-1,0)	 -1 (-1,0)	 0.732

Pulmonary Function Test

ΔFEV1%	 3 (-1,7)	 2 (-2,9)	 1 (-3,4)	 0.304

ΔFEV1/FVC	 0 (-7,7)	 1 (-5,6)	 0 (-7,5)	 0.984

ΔIC (%)	 2 (-31,46)	 -6 (-21,21)	 7 (-7,25)	 0.270

ΔVC (%)	 2 (-2,12)	 3 (-22,14)	 -3 (-3,11)	 0.713

ΔRV (%)	 -19 (-37,25)	 -11 (-55,54)	 6 (-27,31)	 0.567

ΔTLCO (%)	 3 (-2,12)	 4 (-6,12)	 1 (-6,9)	 0.523

Arterial Blood Gas

ΔPaO2 mmHg	 9 (3,13)	 6 (3,10)	 3 (0,10)	 0.074

ΔPaCO2 mmHg	 0 (-3,2)	 -2 (-5,1)	 -1 (-4,3)	 0.239

ΔSaO2 (%)	 2 (0,3)	 1 (0,3)	 1 (0,2)	 0.078

Δ6MWD	 3 (2,7)	 50 (30,80)	 30 (20,60)	 0.049

ΔWalkwork	 55 (30,115)	 4 (2,6)	 3 (2,6)	 0.690

ΔMMRC	 -1 (-1,0)	 -1 (-1,0)	 -1 (-1,0)	 0.255

SGRQ Scores

ΔSymptom	 -9 (-21,-2)	 -5 (-18,5)	 -8 (-15,1)	 0.184

ΔActivity	 -6 (-18,0)	 -7 (-18,0)	 -6 (-19,0)	 0.944

ΔImpact	 -16 (-25,-2)	 -6 (-15,1)	 -8 (-22,-3)	 0.062

ΔTotal	 -12 (-19,-4)	 -5 (-14,-2)	 -9 (-16,-2)	 0.087

SF-36 Scores

ΔPhysical Functioning 	 10 (0,25)	 10 (-2,25)	 10 (0,30)	 0.508

ΔSocial Functioning 	 12 (0,37)	 0 (-12,12)	 12 (0,25)	 0.126

ΔRole Physical 	 25 (0,75)	 0 (0,50)	 0 (0,50)	 0.423

ΔRole Emotional 	 33 (0,67)	 0 (-16,33)	 0 (0,33)	 0.116

ΔGeneral Health 	 12 (-1,25)	 5 (-1,22)	 10 (0,21)	 0.614

ΔMental Health	 8 (0,20)	 4 (-6,20)	 4 (-8,13)	 0.133

ΔBodily Pain 	 16 (0,43)	 10 (0,20)	 0 (0,21)	 0.183

ΔVitality 	 10 (0,30)	 10 (-2,30)	 12 (0,25)	 0.936

HAD Scores

ΔAnxiety	 -2 (-4,0)	 -1 (-4,1)	 -2 (-4,0)	 0.180

ΔDepression	 -2 (-3,0)	 -1 (-2,1)	 -1 (-4,1)	 0.426
Data are expressed as median (interquartile range). Results are shown as change between post-treatment and baseline levels (Δ values). FEV1: Forced expiratory volume in the first second; FVC: 
forced vital capacity, HAD: hospital anxiety and depression scale; IC: inspiratory capacity; MMRC: modified medical research council; PaCO2: partial arterial carbon dioxide pressure; PaO2: partial 
arterial oxygen pressure; RV: residual volume; SaO2: arterial oxygen saturation; SF-36: Short-Form Health Survey; SGRQ: St. George Respiratory Questionnaire; TLCO: carbon monoxide diffusion 
capacity; VC: Vital capacity; 6MWD: 6-min walk distance; * Kruskal–Wallis H-Test

Table 3. The comparison of differences after pulmonary rehabilitation between groups
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after PR. But this gain, which is smaller than the normal-weight COPD 
patients’ gain, requires nearly the same walkwork.

In light of these findings, we suggest that PR is an essential but not 
sufficient intervention for obese COPD patients. We believe that 
weight loss should be consistently encouraged in order to increase 
the benefit of PR in obese COPD patients. Decreased physical activi-
ty in COPD patients brings along psychological problems, which are 
associated with impaired QOL (32). It is known that PR improves the 
psychological status of COPD patients and enhances QOL (33). In the 
present study, all parameters of disease-related QOL were improved 
in all groups. With regard to the health-related QOL questionnaires, 
improvement was observed in all parameters in the normal-weight 
group and in most of the parameters in the pre-obese and obese 
groups.

There is a two-sided relationship between obesity and depression; 
while obesity increases the risk of developing depression, depression 
might be the precursor of obesity (22). Both depression and anxiety 
scores were significantly decreased in normal-weight patients, where-
as only the anxiety scores were decreased in pre-obese and obese 
patients without a significant change in depression score. This might 
suggest that depression usually occurs due to excessive weight.

There were some limitations to this study. We could not include COPD pa-
tients with BMI below 21 or above 40 kg/m2 in our study. Thus our study 
does not give any information about cachexic and morbidly obese pa-
tients. Moreover, we could not evaluate the body composition with a com-
prehensive method such as bioelectrical impedance. Therefore, a number 
of parameters related to body composition such as lean body mass, body 
fat ratio, and regional fat distributions could not be evaluated.

CONCLUSION
Pre-obese and obese patients benefit from PR similarly compared 
to the normal-weight patients in terms of gas exchange, dyspnea 
scores, and QOL scores. However, FEV1 % was not improved in the 
obese patients after PR, and the gain of 6MWD was significantly low-
er in obese patients as compared to pre-obese and normal-weight 
patients. Further studies are needed to assess the PR outcomes in 
obese COPD patients.

Ethics Committee Approval: Ethics committee approval was received for 
this study from the ethics committee of University of Health Sciences Dr. Suat 
Seren Chest Diseases and Surgery Training and Research Hospital.

Informed Consent: Written informed consent was obtained from patients 
who participated in this study. 

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept - H.D.Ş.; Design - H.D.Ş.; Supervision - H.D.Ş.; 
Resources - Y.V.; Materials - Y.V.; Data Collection and/or Processing - Y.V.; Anal-
ysis and/or Interpretation - İ.N.; Literature Search - İ.N.; Writing Manuscript - 
H.D.Ş.; Critical Review - B.K.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received no 
financial support.

REFERENCES
1.	 Sava F, Maltais F, Poirier P. The Impact of Obesity and Metabolic Syn-

drome in COPD. ISBN: 978-953-307-889-2, InTech, Available from:http://
www.intechopen.com/books/bronchitis/the-impact-of-obesity-and-
metabolic-syndrome-in-copd.

2.	 Faria AG, Ribeiro MA, Marson FA, Schivinski CI, Severino SD, Ribeiro JD, et 
al. Effect of exercise test on pulmonary function of obese adolescents. J 
Pediatr 2014; 90: 242-9. [CrossRef]

3.	 García-Rio F, Soriano JB, Miravitlles M, Muñoz L, Duran-Tauleria E, Sánchez 
G, et al. Impact of obesity on the clinical profile of a population-based sam-
ple with chronic obstructive pulmonary disease. Plos One 2014; 9: e105220. 
[CrossRef]

4.	 Galesanu RG, Bernard S, Marquis K, Lacasse Y, Poirier P, Bourbeau J, Mal-
tais F. Obesity in chronic obstructive pulmonary disease: is fatter really 
better? Can Respir J 2014; 21: 297-301. [CrossRef]

5.	 Franssen FM, O’Donnell DE, Goossens GH, Blaak EE, Schols AM. Obesity 
and the lung: 5. Obesity and COPD. Thorax 2008; 63: 1110-7. [CrossRef]

6.	 O’Donnell DE, Deesomchok A, Lam YM, Guenette JA, Amornputti-
sathaporn N, Forkert L, et al. Effects of BMI on static lung volumes in pa-
tients with airway obstruction. Chest 2011; 140: 461-8. [CrossRef]

7.	 Cecere LM, Littman AJ, Slatore CG, Udris EM, Bryson CL, Boyko EJ, et al. 
Obesity and COPD: Associated Symptoms, Health-related Quality of Life, 
and Medication Use. COPD 2011; 8: 275-84. [CrossRef]

8.	 Rutten EP, Calverley PM, Casaburi R, Agusti A, Bakke P, Celli B, et al. Chang-
es in body composition in patients with chronic obstructive pulmonary 
disease: do they influence patient-related outcomes? Ann Nutr Metab 
2013; 63: 239-47. [CrossRef]

Figure 2. The difference in 6-min walk distance after pulmonary 
rehabilitation

Figure 3. The change in walkwork value after pulmonary reha-
bilitation

Doğan Şahin et al. Effect of Body Mass Index on Pulmonary Rehabilitation Gains in COPD Patients Eurasian J Pulmonol 2017; 19: 152-9

158

https://doi.org/10.1016/j.jped.2013.08.005
http://www.ncbi.nlm.nih.gov/pubmed/25153331
http://www.ncbi.nlm.nih.gov/pubmed/25153331
https://doi.org/10.1371/journal.pone.0105220
http://www.ncbi.nlm.nih.gov/pubmed/24791257
https://doi.org/10.1155/2014/181074
http://thorax.bmj.com/search?author1=E+E+Blaak&sortspec=date&submit=Submit
https://doi.org/10.1136/thx.2007.086827
http://www.ncbi.nlm.nih.gov/pubmed/21310838
https://doi.org/10.1378/chest.10-2582
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3169653/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3169653/
https://doi.org/10.3109/15412555.2011.586660
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rutten%20EP%5BAuthor%5D&cauthor=true&cauthor_uid=24216978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Calverley%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=24216978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Casaburi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24216978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Agusti%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24216978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bakke%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24216978
http://www.ncbi.nlm.nih.gov/pubmed/?term=Celli%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24216978
http://www.ncbi.nlm.nih.gov/pubmed/24216978
https://doi.org/10.1159/000353211


9.	 Spruit MA, Singh SJ, Garvey C, ZuWallack R, Nici L, Rochester C, et al. An 
Official American Thoracic Society/European Respiratory Society State-
ment: Key Concepts and Advances in Pulmonary Rehabilitation. Amer-
ican Thoracic Society Documents. Am J Respir Crit Care Med 2013; 188: 
13-64. [CrossRef]

10.	 WHO BMI Classification. Available from: http://apps.who.int/bmi/index.
jsp?introPage=intro- 3.html. Last accessed date : 13.10.2016.

11.	 GOLD executive committee. Global strategy for diagnosis, management 
and prevention of COPD, [updated 2009; accessed 2010 July 1]. Avaliable 
from: http://www.goldcopd.com. Last accessed date: 14.07.2016.

12.	 Sweer L, Zwillich CW. Dyspnea in the patient with chronic obstructive 
pulmonary disease. Etiology and management. Clin Chest Med 1990; 11: 
417-45.

13.	 ATS Committee on Proficiency Standards for Clinical Pulmonary Func-
tion Laboratories. ATS statement: guidelines for the six-minute walk test. 
Am J Respir Crit Care Med 2002; 166: 111-7. [CrossRef]

14.	 Carter R, Holiday DB, Nwasuruba C, Stocks J, Grothues C, Tiep B. 6-minute 
walk work for assessment of functional capacity in patients with COPD. 
Chest 2003; 123: 1408-15. [CrossRef]

15.	 Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta 
Psychiatr Scand 1983; 67: 361-70. [CrossRef]

16.	 Polatlı M, Yorgancıoğlu A, Aydemir Ö, Yılmaz Demirci N, Kırkıl G, Atış Nay-
cı S, et al. Validity and reliability of Turkish version of St. George’s respira-
tory questionnaire. Tuberk Toraks 2013; 61: 81-7. [CrossRef]

17.	 Koçyiğit H, Aydemir Ö, Fişek G, Ölmez N, Memiş A. Validity and reliability 
of Turkish version of Short form SF-36. İlaç ve Tedavi Dergisi 1999; 12: 
102-6.

18.	 Aiello M, Teopompi E, Tzani P, Ramponi S, Gioia MR, Marangio E, et al. 
Maximal exercise in obese patients with COPD: the role of fat free mass. 
BMC Pulm Med 2014; 14: 96. [CrossRef]

19.	 Sava F, Laviolette L, Bernard S, Breton MJ, Bourbeau J, Maltais F. The impact 
of obesity on walking and cycling performance and response to pulmo-
nary rehabilitation in COPD. BMC Pulm Med 2010; 10: 55. [CrossRef]

20.	 Ramachandran K, McCusker C, Connors M, Zuwallack R, Lahiri B. The 
influence of obesity on pulmonary rehabilitation outcomes in patients 
with COPD. Chron Respir Dis 2008; 5: 205-9. [CrossRef]

21.	 O’Donnell DE, Ciavaglia CE, Neder JA. When obesity and chronic obstruc-
tive pulmonary disease collide. Physiological and clinical consequences. 
Ann Am Thorac Soc 2014; 11: 635-44. [CrossRef]

22.	 Dreher M, Kabitz HJ. Impact of obesity on exercise performance and pul-
monary rehabilitation. Respirology 2012; 17: 899-907. [CrossRef]

23.	 El-Gamal H, Khayat A, Shikora S, Unterborn JN. Relationship of dyspnea 
to respiratory drive and pulmonary function tests in obese patients be-
fore and after weight loss. Chest 2005; 128: 3870-4. [CrossRef]

24.	 Gloeckl R, Marinov B, Pitta F. Practical recommendations for exer-
cise training in patients with COPD. Eur Respir Rev 2013; 22: 178-86. 
[CrossRef ]

25.	 Karapolat H, Atasever A, Atamaz F, Kirazli Y, Elmas F, Erdinç E. Do the 
benefits gained using a short-term pulmonary rehabilitation program 
remain in COPD patients after participation? Lung 2007; 185: 221-5. 
[CrossRef]

26.	 Lan CC, Chu WH, Yang MC, Lee CH, Wu YK, Wu CP. Benefits of pulmonary 
rehabilitation in patients with COPD and normal exercise capacity. Respir 
Care 2013; 58: 1482-8. [CrossRef]

27.	 Ergün P, Kaymaz D, Günay E, Erdoğan Y, Turay UY, Demir N, et al. Com-
prehensive out-patient pulmonary rehabilitation: Treatment outcomes 
in early and late stages of chronic obstructive pulmonary disease. Ann 
Thorac Med 2011; 6: 70-6. [CrossRef]

28.	 Sahin H, Naz I, Varol Y, Aksel N, Tuksavul F, Ozsoz A. Is a pulmonary reha-
bilitation program effective in COPD patients with chronic hypercapnic 
failure? Expert Rev Respir Med 2016; 10: 593-8. [CrossRef]

29.	 Sahin H, Varol Y, Naz I, Aksel N, Tuksavul F, Ozsoz A. The effect of pulmo-
nary rehabilitation on COPD exacerbation frequency per year. Clin Respir 
J 2016; May 30. doi: 10.1111/crj.12507. [Epub ahead of print] [CrossRef]

30.	 Emtner M, Porszasz J, Burns M, Somfay A, Casaburi R. Benefits of supple-
mental oxygen in exercise training in nonhypoxemic chronic obstructive 
pulmonary disease patients. Am J Respir Crit Care Med 2003; 168: 1034-
42. [CrossRef]

31.	 Greening NJ, Evans RA, Williams JE, Green RH, Singh SJ, Steiner MC. Does 
body mass index influence the outcomes of a Waking-based pulmonary 
rehabilitation programme in COPD? Chron Respir Dis 2012; 9: 99-106. 
[CrossRef]

32.	 Santus P, Bassi L, Radovanovic D, Airoldi A, Raccanelli R, Triscari F, et al. 
Pulmonary Rehabilitation in COPD: A Reappraisal (2008-2012). Pulm 
Med 2013; 2013: 374283 [CrossRef]

33.	 Ries AL, Bauldoff GS, Carlin BW, Casaburi R, Emery CF, Mahler DA, et al. 
Pulmonary Rehabilitation: Joint ACCP/AACVPR Evidence-Based Clinical 
Practice Guidelines. Chest 2007; 131: 4-42. [CrossRef]

159

Eurasian J Pulmonol 2017; 19: 152-9 Doğan Şahin et al. Effect of Body Mass Index on Pulmonary Rehabilitation Gains in COPD Patients

https://doi.org/10.1164/rccm.201309-1634ST
http://apps.who.int/%20bmi/index.jsp?introPage=intro-%203.html
http://apps.who.int/%20bmi/index.jsp?introPage=intro-%203.html
http://www.goldcopd.com
https://doi.org/10.1164/ajrccm.166.1.at1102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carter%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12740255
http://www.ncbi.nlm.nih.gov/pubmed/?term=Holiday%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=12740255
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nwasuruba%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12740255
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stocks%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12740255
http://www.ncbi.nlm.nih.gov/pubmed/?term=Grothues%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12740255
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tiep%20B%5BAuthor%5D&cauthor=true&cauthor_uid=12740255
http://www.ncbi.nlm.nih.gov/pubmed/12740255
https://doi.org/10.1378/chest.123.5.1408
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.5578/tt.5404
http://www.ncbi.nlm.nih.gov/pubmed/24885001
https://doi.org/10.1186/1471-2466-14-96
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sava%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21054892
http://www.ncbi.nlm.nih.gov/pubmed/?term=Laviolette%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21054892
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bernard%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21054892
http://www.ncbi.nlm.nih.gov/pubmed/?term=Breton%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=21054892
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bourbeau%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21054892
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maltais%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21054892
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sava+F%2C+Laviolette+L%2C+Bernard+S
https://doi.org/10.1186/1471-2466-10-55
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramachandran%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19029231
http://www.ncbi.nlm.nih.gov/pubmed/?term=McCusker%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19029231
http://www.ncbi.nlm.nih.gov/pubmed/?term=Connors%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19029231
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zuwallack%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19029231
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lahiri%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19029231
http://www.ncbi.nlm.nih.gov/pubmed/?term=ramachandran+K+%2C+McCusker+C
https://doi.org/10.1177/1479972308096711
http://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Donnell%20DE%5BAuthor%5D&cauthor=true&cauthor_uid=24625243
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ciavaglia%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=24625243
http://www.ncbi.nlm.nih.gov/pubmed/?term=Neder%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=24625243
http://www.ncbi.nlm.nih.gov/pubmed/?term=When+obesity+and+chronic+obstructive+pulmonary+disease+collide
https://doi.org/10.1513/AnnalsATS.201312-438FR
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dreher%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22348704
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kabitz%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=22348704
http://www.ncbi.nlm.nih.gov/pubmed/22348704
https://doi.org/10.1111/j.1440-1843.2012.02151.x
http://www.ncbi.nlm.nih.gov/pubmed/16354856
http://www.ncbi.nlm.nih.gov/pubmed/16354856
http://www.ncbi.nlm.nih.gov/pubmed/16354856
https://doi.org/10.1378/chest.128.6.3870
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gloeckl%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23728873
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marinov%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23728873
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pitta%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23728873
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gloeckl+R%2C+Marinov+B%2C+Pitta+F
https://doi.org/10.1183/09059180.00000513
http://www.ncbi.nlm.nih.gov/pubmed/17487535
http://www.ncbi.nlm.nih.gov/pubmed/17487535
http://www.ncbi.nlm.nih.gov/pubmed/17487535
https://doi.org/10.1007/s00408-007-9011-4
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lan%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=23287013
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chu%20WH%5BAuthor%5D&cauthor=true&cauthor_uid=23287013
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=23287013
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=23287013
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20YK%5BAuthor%5D&cauthor=true&cauthor_uid=23287013
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=23287013
http://www.ncbi.nlm.nih.gov/pubmed/23287013
http://www.ncbi.nlm.nih.gov/pubmed/23287013
https://doi.org/10.4187/respcare.02051
http://www.ncbi.nlm.nih.gov/pubmed/21572695
http://www.ncbi.nlm.nih.gov/pubmed/21572695
http://www.ncbi.nlm.nih.gov/pubmed/21572695
https://doi.org/10.4103/1817-1737.78420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sahin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26954769
http://www.ncbi.nlm.nih.gov/pubmed/?term=Naz%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26954769
http://www.ncbi.nlm.nih.gov/pubmed/?term=Varol%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26954769
http://www.ncbi.nlm.nih.gov/pubmed/?term=Aksel%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26954769
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tuksavul%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26954769
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ozsoz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26954769
http://www.ncbi.nlm.nih.gov/pubmed/?term=Is+a+pulmpnary+rehabilitation+program+effective+in+COPD+patients
https://doi.org/10.1586/17476348.2016.1164041
http://www.ncbi.nlm.nih.gov/pubmed/27240018
http://www.ncbi.nlm.nih.gov/pubmed/27240018
https://doi.org/10.1111/crj.12507
http://www.ncbi.nlm.nih.gov/pubmed/12869359
http://www.ncbi.nlm.nih.gov/pubmed/12869359
http://www.ncbi.nlm.nih.gov/pubmed/12869359
https://doi.org/10.1164/rccm.200212-1525OC
http://www.ncbi.nlm.nih.gov/pubmed/22414784
http://www.ncbi.nlm.nih.gov/pubmed/22414784
http://www.ncbi.nlm.nih.gov/pubmed/22414784
https://doi.org/10.1177/1479972312439317
http://www.ncbi.nlm.nih.gov/pubmed/23365741
https://doi.org/10.1155/2013/374283
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ries%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=17494825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bauldoff%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=17494825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Carlin%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=17494825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Casaburi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17494825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Emery%20CF%5BAuthor%5D&cauthor=true&cauthor_uid=17494825
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mahler%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=17494825
http://www.ncbi.nlm.nih.gov/pubmed/17494825

