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Abstract

OBJECTIVES: Chronic respiratory diseases exert a global health burden with high health care costs, morbidity, and mortality. The aim
of the present study was to investigate the effect of pulmonary rehabilitation (PR) on emergency admission and hospitalization rates of
patients with chronic respiratory disease.
MATERIALS AND METHODS: In this retrospective cohort study, hospitalization rates and emergency admissions of patients before
(December 2014-December 2015) and after PR (January 2015-December 2016) were investigated. Patients with chronic respiratory
diseases were included. Chronic obstructive pulmonary disease (COPD) patients were classified based on the Global Initiative Chronic
Obstructive Pulmonary Disease assessment scheme. PR was applied by three physiotherapists over 8 weeks (2 days/week). Data on patient demographics, clinical and anthropometric data, spirometry, exercise capacity, and quality of life before and after PR were acquired.
RESULTS: This study evaluated 51 patients, of whom 76% were men. A total of 37 (73%) COPD patients and 14 (27%) non-COPD
patients (7 bronchiectasis, 4 interstitial lung disease, and 3 kyphoscoliosis) were included. The patients exhibited significantly improved
incremental shuttle walk test (ISWT) and endurance test scores (p<0.05) after PR. Similar to exercise capacity, the patients exhibited
significantly improved Modified Medical Research Council (mMRC) score, St. George’s Respiratory Questionnaire (SGRQ), anxiety and
depression scores (p<0.05) after PR. In COPD patients, differences in pre- and post-PR ISWT, COPD assessment test, mMRC, and SGRQ
scores were statistically significant (p=0.001). The number of emergency admissions and hospitalizations significantly decreased after PR
(p=0.001; p=0.001). The post-PR FEV1% of COPD significantly increased (p=0.029).
CONCLUSION: Pulmonary rehabilitation leads to an increase in exercise capacity as well as improved quality of life, resulting in a
decrease in emergency admissions and hospitalization rates. Considering the cost of hospitalization, it is important to add PR to the
management of patients with chronic respiratory diseases, in addition to medical therapy.
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INTRODUCTION
Chronic respiratory diseases exert considerable global health burden and are associated with high health care costs,
mortality, and morbidity [1,2]. Despite receiving optimal medical care, limited daily life activity, social isolation, and
depression result in reduced quality of life (QoL) [3]. Moreover, frequent emergency and hospital admissions for chronic
respiratory diseases result not only from exacerbation of the disease but also due to anxiety, lack of knowledge regarding
the disease, and care problems [4,5].
Pulmonary rehabilitation (PR) is a non-pharmacological, extensive interdisciplinary program for patients with reduced
daily life activity. The primary goal of PR is to restore the patient’s optimal functional level and QoL [3]. PR programs are
evidence-based and are individualized for each patient [6,7]. Nevertheless, data on the effects of PR on emergency admission and hospitalization rates in Turkey are limited [8].
The object of this study was to investigate the effect of PR on emergency admission and hospitalization rates of patients
with chronic respiratory diseases.
MATERIALS AND METHODS
The study was planned as a retrospective cohort study and was conducted in the PR unit of a tertiary training hospital
for chest diseases. Patients with hospital and emergency admissions before PR (December 2014-December 2015) and
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whose emergency and hospital admission information were
available after PR (January 2015-December 2016) were recruited.
The study was approved by the ethics committee of Health
Sciences University Süreyyapaşa Chest Diseases and Thoracic Surgery Training and Research Hospital (protocol code:
116.2017.022). The study was conducted in accordance
with the principles of the Declaration of Helsinki. All patients
provided written informed consent.
Patients
Patients with chronic respiratory diseases were included in
the PR program in a day-hospital setting. Patients with unstable cardiac disorders, cognitive disorders, neurological
disorders, or orthopedic diseases were excluded from the
program. Before PR, cardiological evaluation was performed
for all patients.
Patients with chronic obstructive pulmonary disease (COPD)
were diagnosed in accordance with the Global Initiative
Chronic Obstructive Pulmonary Disease (GOLD) assessment
scheme. All recruited patients were >40 years old, with a
forced expiratory volume in the first minute (FEV1) of <80%
of the predicted value and a ratio of FEV1 to forced vital capacity of ≤0.7 [9].
Patients with COPD were evaluated on the basis of the refined
GOLD assessment scheme and COPD assessment test (CAT)
[10]. Dyspnea was assessed in accordance with the Modified
Medical Research Council (mMRC) [11]. The GOLD system
has four grades, which are based on the assessment of symptoms/risk of exacerbations. Highly symptomatic (mMRC ≥2,
CAT ≥10) patients were classified into grades D and B [12].
Patients with diseases other than COPD, such as bronchiectasis, kyphoscoliosis, and interstitial lung disease, were referred
for PR.
This study included patients who completed the 8-week PR
program between December 2014 and December 2015. The
recruited patients had chronic respiratory diseases, were >18
years old, and had at least one emergency and/or hospital
admission 1 year before the PR program.
Patients were excluded if their emergency application and
hospital admission data were missing, if they were candidates for surgery due to malignancy or other causes, if they
were candidates for surgery and had undergone short-term
PR program before surgery, or if they could not perform a
walking test because they were bed-bound.
Measurements
Spirometry was performed before and after PR with ZAN
300. Body mass index and fat-free mass index were calculated with a bioelectrical impedance analyzer (Tanita Body
Composition Analyzer, Model TBF-300).
Exercise capacity was evaluated through the incremental
shuttle walk test (ISWT). Patients with low exercise capacity
and high disease burden were evaluated through the 6-min
walk test (6MWT).

Incremental shuttle walk test was conducted according
to the guidelines set by the European Respiratory Society/
American Thoracic Society [13]. Modified Borg dyspnea
score and blood pressure were recorded before and after
the walking test [14]. The patients were informed about the
test; the test was performed in a corridor between two cue
cones (the distance between the two cones was set at 10 m)
with guidance of voice signals in time to a set of beeps on a
CD in. The walking speed was increased at 1-min intervals.
The test was discontinued if the patient felt too breathless
to continue the test or when the patient failed to walk 10
m in the allowed time. Heart rate and oxygen saturation
were also monitored during the entire walking test. The
total walking distance was recorded in meters [15]. ISWT
was used to measure the sub-maximal exercise capacity of
the patient.
Similar to ISWT, the endurance shuttle walk test (ESWT) was
developed to evaluate the sub-maximal exercise capacity
of a patient. First, ISWT was performed before ESWT. Then,
walking speed was calculated as 85% of peak VO2 sustained
in ISWT. ESWT included a “warm-up” period to allow the
patient to adapt to the test. The patient then walked at a constant speed. The test was discontinued if the patient felt too
breathless to continue or if the test time of 20 minutes had
elapsed. The primary measurement of the test was the duration of walking expressed in seconds [15,16].
6MWT was performed in accordance with the guidelines of
the American Thoracic Society. The patients were guided to
walk back and forth in a 30-m-long corridor. Modified Borg
dyspnea score and arterial blood pressure were also recorded
before and after the walking test. The total walking distance
at the end of 6 min was recorded. The test was repeated, and
the best results were recorded [17,18].
Health-related QoL was assessed through the St. George’s
Respiratory Questionnaire (SGRQ). The total score was calculated from subcategory scores (symptoms, activity, and impact).The scores ranged from 0 (no impairment) to 100 (maximum impairment). A change of four units was considered as
minimally clinically significant [19,20]. Anxiety and depression were evaluated using the hospital anxiety and depression questionnaire (HADS), which has 14 items and scores
between 0 and 21 for either anxiety or depression [21].
The outpatient PR program was delivered by three physiotherapists in 8 weeks (2 days/week). Exercise programs and
workload intensity were targeted at 60%-85% of the maximal workload information gathered from 6MWT and ISWT
results. The PR sessions included upper and lower limb
strengthening and breathing exercises (0.5-1 kg dumbbell/
Cosfer dumbbell sets) and cycle ergometer and treadmill
training for 30 min. Workload intensity was increased in accordance with each patient’s improvement. The program also
included bronchial clearance techniques and energy conservation methods depending on the patients’ needs [22].
During the sessions, patients receiving long-term oxygen
therapy (LTOT) at home also received O2. The rest of the patients received O2 if SpO2 decreased below 90%.
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Patients completed pulmonary rehabilitation
program
December 2014-December 2015
Included:
• Age ≥18 years
• Emergency
application
and/or hospital
admission 1 year
prior to PR.
• Chronic
respiratory
diseases

Measurements:
Spirometry, BMI,
ISWT, 6MWT,
SGRQ, HADS,
CAT, GOLD grade
(A, B, C, D)

Excluded:
• Discontinued to
PR [33]
• Missing
emergency
application and
hospital admission
data [4]
• Preoperative
short-term PR
programme [3]
• Cannot perform a
walking test [3]
• Lung
transplantation
candidate [2]

PR program: 8-week (2 days/week) outpatient PR program
• Cycle ergometer and treadmill,
• Upper and lower limb strengthening and breathing exercises
• Home-exercise program
2014-2015
Emergency/
Hospital admissions

Pulmonary
Rehabilitation

2015-2016
Emergency/
Hospital admissions

Figure 1. The flowchart of the study

COPD: Chronic obstructive pulmonary disease; mMRC: modified medical
research council; COPD assessment test; GOLD: Global Initiative Chronic
Obstructive Pulmonary Disease; ISWT: incremental shuttle walk test; 6MWT:
six-minute walk test; SGRQ: St. Georg's Respiratory Questionnaire; HADS:
hospital anexiety and depression questionmaire; BMI: body mass index; FFMI:
fat-free mass index

Table 1. Demographics of pulmonary rehabilitation
patients (n=51)
Age (mean±SD)

60±8

Sex, n (%)
Female

12 (24)

Male

39 (76)

Chronic pulmonary disease, n (%)
COPD

37 (73)

Non-COPD

14 (27)

Bronchiectasis

7 (14)

Interstitial lung disease

4 (8)

Kyphoscoliosis
Smoking history, n (%)
Smoking (pack-year), median (IQR)

3 (6)
42 (82)
35 (10-50)

LTOT, n (%)

23 (45)

NIV, n (%)

11 (22)

BMI (kg/m )*

26±6

FFMI (kg/m2)

20±3

2

mMRC, median (IQR)
FEV1 %*

2.5 (2-3)
40±17

*: mean±SD; LTOT: long-term oxygen therapy; NIV: noninvasive
ventilation; FFMI: fat-free mass index; BMI: body mass index
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The patients were encouraged to exercise at home apart
from the designated session days; for this purpose, a written home-exercise program diary, including exercise figures,
were given to all patients. Besides the exercise program, patients’ medical therapies were also optimized, and diseaserelated educational sessions were held and inhaler medica-

tion techniques were taught to the patients and their relatives.
Educational sessions were repeated at the beginning of the
PR program and weekly between the sessions by the training
nurse. Psychological and nutritional support was provided to
the patients when needed.
The study is summarized in the flowchart (Figure 1).
Data Collection
Patient demographics, clinical and anthropometric data, exercise capacity, and spirometry and QoL data were obtained
before and after PR. Data on emergency and hospital admissions were collected by accessing the hospital registration
system and medication records and by calling the patients
by telephone.
Outcomes
The primary outcome was hospital admissions and the secondary outcome was emergency admissions.
Statistical Analysis
The SPSS (Statistical Packege for Social Sciences) portable
20.0 package program (IBM Corp.; Armonk, NY, USA) was
used for statistical analysis. The median with interquartile
range was employed for non-parametric continuous variables, and mean ± standard deviation was used for parametric continuous variables. The non-parametric changes within
the groups were analyzed through the Wilcoxon test, and the
parametric changes within the groups were analyzed through
the t-test. Count and percentage were used when applicable.
A p<0.05 was accepted as statistically significant.
RESULTS
This study evaluated 51 patients, of whom 39 (76%) were
men and 12 (24%) were women. The patients had a mean
age of 60±8 years. A total of 37 (73%) COPD patients and
14 (27%) non-COPD patients (7 bronchiectasis, 4 interstitial
lung disease, and 3 kyphoscoliosis) were included. Out of
all recruited patients, 23 (45%) received LTOT and 11 (22%)
received noninvasive ventilation (NIV) at home. Table 1 summarizes patients’ demographics.
The exercise capacity and QoL of patients before and after
PR are shown in Table 2. The patients exhibited significant
improvement in walking distance in ISWT and endurance
time test scores (p=0.001, p=0.037) after PR. Eight patients
were subjected to 6MWT, given that they were unable to
carry on to ISWT as they had reduced effort capacity. The improvement in 6MWT after PR was not statistically significant
(p=0.08), whereas minimal clinically important difference
(MCID) (30 m) was established.
Similar to exercise capacity, the patients exhibited significantly improved mMRC, SGRQ, and anxiety and depression
scores (p=0.001, p=0.001, p=0.003, and p=0.022, respectively) after PR.
Changes in exercise capacity, QoL, emergency and hospitalization characteristics before and after completion of the
PR program of 37 COPD patients are defined in Table 3 in
accordance with the GOLD grade.
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Table 2. Exercise capacity and quality of life of patients
before and after pulmonary rehabilitation (n=51)

ISWT (m),*

Before PR

After PR

p

296±114

366±106

0.001

Table 4. Changes in emergency admissions and
hospitalization rates in 1 year: before and after
pulmonary rehabilitation
Before PR

After PR

p

Endurance time,(min)*

6.9±5.3

10.2±7.3

0.037

Emergency applications*

6MWT (m),*

234±50

310±81

0.08

All patients, (n=51)

2(1-4)

0(0-1)

0.001

BMI (kg/m2),*

26±6

26±6

0.13

COPD patients, (n=37)

2(1-5)

0(0-1)

0.001

All patients, (n=51)

1(0-2)

0(0-1)

0.001

COPD patients, (n=37)

1(0-2)

0(0-1)

0.001

FFMI (kg/m ),*
2

mMRC, median IQR

20±3

20±2

0.39

2.5(2-3)

2(1-2)

0.001

SGRQ score,* 			
Symptom

65±17

56±18

0.001

Activity

73±19

64±19

0.001

Impact

53±24

39±23

0.001

Total

61±19

49±18

0.001

HADS,*			
Anxiety

10±5

7±5

0.003

Depression

9±5

7±4

0.022

*: mean±SD; HADS: hospital anxiety and depression questionnaire;
SGRQ: St. George’s Respiratory Questionnaire; FFMI: fat-free mass index;
BMI: body mass index; ISWT: incremental shuttle walk test; 6MWT: 6-min
walk test was performed in 8 patients; IQR: interquartile range

Table 3. Exercise capacity and quality of life
characteristics before and after the pulmonary
rehabilitation program of COPD patients n=37
Before PR
ISWT (m),*

After PR

p

302±118

373±111

0.001

5.5(3.5-9.2)

6.6(4.2-20)

0.050

6MWT (m),*

227±72

302±114

0.47

BMI (kg/m2),*

26±6

27±6

0.46

FFMI (kg/m ),*

20±3

20±3

0.88

mMRC, median IQR

2(2-3)

2(1-2)

0.001

17(15-24)

11(8-17)

0.001

38±15

46±16

0.029

Endurance time
(min), median IQR

2

CAT, median IQR
FEV1%*

SGRQ score,* 			
Symptom

63±18

52±19

0.001

Activity

71±19

59±19

0.001

Impact

53±20

35±24

0.001

Total

50±21

44±20

0.001

HADS,* 			
Anxiety

9±5

7±4

0.014

Depression

9±6

7±3

0.027

COPD GOLD grade, n (%)			
GOLD B

20 (54)

26(70)

0.11

GOLD C

0

5(14)

0.025

GOLD D

17(46)

6(16)

0.001

*: mean±SD; GOLD: global initiative for obstructive lung disease
grade; HADS: hospital anxiety and depression questionnaire; CAT:
COPD assessment test; BMI: body mass index; FFMI: fat-free mass
index; ISWT: Incremental shuttle walk test; 6MWT: 6-min walk test
was performed in 4 patients; IQR: interquartile range

Hospitalizations*

*: median; IQR: interquartile range

The differences in pre and post-PR ISWT, CAT, mMRC, and
SGRQ scores were statistically significant (p=0.001). The
post-PR FEV1% of COPD significantly increased (p=0.029).
The depression and anxiety scores of COPD patients significantly improved after PR (p=0.014, p=0.027).
Before PR, COPD patients were more likely to be in the
GOLD grade B (n=20, 54%) and D (n=17.46%). After PR,
however, the number of patients in the GOLD grade D significantly decreased (p=0.001), whereas those in grades B and C
significantly increased (p=0.11, p=0.001).
Changes in emergency admissions and hospitalization rates
before and after PR are shown in Table 4. The number of
emergency admissions and hospitalization rates significantly
decreased after PR (2 vs 0.1 vs 0; p=0.001, p=0.001, respectively). Similarly, the emergency admissions and hospitalization rates of patients with COPD post-PR significantly decreased (p=0.001).
DISCUSSION
The present study demonstrates that PR decreases emergency
and hospital admissions of patients with chronic respiratory
diseases. In addition, PR improves the exercise capacity and
QoL of the studied patient group.
Gas exchange restriction, cardiac restriction, ventilatory limitation, malnutrition, hypoxia, systemic inflammation, and
lower extremity and respiratory muscle dysfunctions are the
major reasons for shortness of breath and movement restrictions experienced by patients with chronic respiratory disease [6,23]. O2 and NIV support, although sometimes necessary, restrict the patient’s mobility, consequently causing
the patient to stay at home frequently, to become withdrawn
and socially isolated. These social effects create a vicious
circle that must be broken through PR. On the basis of GOLD
guidelines, PR has been approved as a non-pharmacological comprehensive treatment in addition to medical therapy
[10]. Recent studies have shown that PR has positive effects
on older patients with COPD [20,21]. The present study included patients with COPD, as well as those with chronic
respiratory diseases other than COPD. The results suggested that PR is suitable not only for COPD but also for other
chronic lung diseases. Thus, patients with early-stage interstitial lung disease should undergo PR [24].
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The walking distance in ISWT and endurance time in ESWT
significantly improved. Although pre- and post-PR results of
6MWT, which was performed by only six patients, were not
statistically different, they exhibited minimal clinical significance. An increase in the walking distance of 47.5 m in ISWT
in the whole study group and in the COPD sub-group was
established [25,26]. There is no MCID value for endurance
time obtained with ESWT for PR yet [27]. The difference in
walking distance obtained by 6MWT between pre- and postPR exceeded the proposed 30 m, which is the MCID value
suggested for all chronic respiratory diseases [18]. A score of
1.5 for HADS, 4 for SGRQ, and 2 for CAT are all clinically
important values [16,19,21,26].
Dyspnea, the need for medication and care, social isolation,
emergency admissions, and hospital admissions often result
in depression and anxiety among patients with chronic respiratory disease [28,29]. The patients’ relatives and caregivers also exhibit emotional disorders. In this study, the anxiety
and depression scores of patients significantly improved after
PR (p=0.003, p=0.022). The anxiety and depression scores
and exercise capacity of patients who can cope with illnessrelated complaints, such as frequent coughing and increased
sputum production, significantly improved after PR. Inadequate medical treatments and the fear of the disease often
create anxiety and even panic in patients with interstitial lung
diseases. Depression should not be ignored while following
up with these patients, and psychological support should be
recommended if necessary.
The significant improvements in SGRQ score indicated that
PR achieved its main objective of ensuring that patients with
chronic respiratory disease become active and independent.
In addition to the 8-week (2 days/week) PR program provided
at the hospital, patients were encouraged to apply and practice PR at home using a printed home-exercise program diary
including exercise figures. Patients who exercise regularly are
convinced that exercise should be a permanent behavioral
change when they witness their gains.
Patients with COPD and bronchiectasis are often housebound, especially during autumn and winter, due to frequent
attacks of their illness. The implementation of PR increases
the awareness and ability of patients to control their disease
as well as improves relationship between patients and their
physicians. These effects collectively decrease the number
of hospital and emergency appointments [30]. Man et al.
[29] reported the importance of early PR after exacerbations;
moreover, they reported that hospitalization rates decreased
within the first 3 months after the implementation of PR. Although PR is an effective procedure, adherence to the program is still below expectations [9,31,32]. Golmohammadi
et al. [33] mentioned the cost effectiveness of PR for patients
with COPD and for those who had frequent emergency and
hospital admissions. However, the duration and components
of PR should be developed and optimized to enable its application in real clinical practice [34].
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Educational sessions on inhaler drug techniques, O2 therapy,
and energy conservation methods were provided as a component of rehabilitation to the patients and their caregivers.

These sessions applied at first days in the PR program and
repeated weekly between sessions by the training nurse.
The sessions positively affected patients’ compliance. Spencer et al. [31] emphasized the importance of education as a
PR component in decreasing healthcare costs [4,35]. In this
study, the FEV1% of COPD patients significantly increased
(p=0.029) after PR. Although it has not been reported that
PR increases respiratory function, in this study, we observed
improvement in FEV1% values. This result can be attributed to
an increase in compliance with treatment as a result of educational sessions on inhaler drug techniques and O2 therapy
and the positive effect of exercise on hyperinflation [13,36].
The present study has some limitations. This is a retrospective
study conducted at one center. In addition, the small sample
size of this study may limit the identification of small but
potentially significant associations; the number of interstitial
lung disease is inadequate; and there is no control group.
The strength of this study based on its collected data, which
indicated the importance of PR among patients with chronic
respiratory diseases.
In conclusion, PR increases the exercise capacity and QoL of
patients with chronic respiratory diseases. These positive effects will collectively decrease the emergency admission and
hospitalization rates of this patient population. Therefore, PR
should be added to the management of patients with chronic
respiratory diseases in conjunction with medical therapy to
decrease hospitalization costs. Furthermore, PR should be
promoted among pulmonologists to facilitate its use in reallife settings.
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