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SUMMARY

Use of i-BODE index to determine efficacy of pulmonary rehabilitation in 
COPD patients

Introduction: Pulmonary rehabilitation (PR) is well-proven approach on 
improving dyspnea, exercise intolerance which are two components of BODE 
index. But, PR is known to have minimal effect on pulmonary function which 
is another component of BODE index. There are few studies evaluating PR 
efficacy by using i-BODE index. Our aim was to evaluate efficacy of PR in 
patients with chronic obstructive pulmonary disease (COPD) with i-BODE 
index and to investigate changes in i-BODE index according to GOLD 2011 
combined assessment.

Materials and Methods: A total of 228 stable COPD patients who completed 
a comprehensive 8 week duration PR program were enrolled into this 
retrospective study.

Results: The patients were with mean age of 63.3 ± 8.6 years and mean 
FEV1% was 38.6 ± 16.2%. According to combined assessment of COPD, 23 
patients were group A, 30 patients were B, 31 patients were C and 144 
patients were D. Baseline i-BODE scores correlated with body compositions, 
pulmonary function, dyspnea, exercise capacity, psychological status, quality 
of life, and age. i-BODE index score decreased from 4.7 ± 2.2 to 3.5 ± 1.8 
after PR (p< 0.001), improved by 26%. Significant improvements were found 
in dyspnea, quality of life and i-BODE index in more symptomatic patients 
(group B and D).

Conclusion: This study highlights that changes in i-BODE scores after PR 
significantly correlated with improvements in dyspnea, exercise capacity and 
quality of life. i-BODE score could be a better predictor of efficacy of PR than 
some individual variables such as BMI or FEV1. Significant improvements in 
dyspnea sensation, quality of life and i-BODE index could be seen symptomatic 
patients in after PR.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a 
common respiratory condition characterized by air-
flow limitation. It has been mentioned that there are 
large heterogeneity of patients’ characteristics in sev-
eral studies (1-3). Because of heterogeneity in terms of 
clinical outcomes, disease severity and progression, 
the 2011 update of the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) proposed a multi-
dimensional clinical evaluation that classifies patients 
into four groups (A, B, C, and D) according to exacer-
bation history, level of symptoms, and severity of air-
flow obstruction (4). Besides the clinical heterogenity, 
COPD is found to be associated with loss of lean body 
mass, impaired muscle function and high morbidity 
and mortality (5). The BODE index, one of the most 
important mortality predictor and a multidimensional 
grading scale, composed of body mass index (BMI), 
airflow obstruction, functional dyspnea as measured 
by the Modified Medical Research Council (mMRC) 
dyspnea scale, and exercise capacity, has been 
developed in an attempt to better assess the severity, 
disability and prognosis. The BODE index has been 
found to be better than forced expiratory volume in 1 
second (FEV1) in predicting the risk of death and hos-
pitalization among patients with COPD (6,7). BODE 
also includes domains that relate to the quality of life 
of patients with COPD and has been shown to be 
sensitive to change with interventions like pulmonary 
rehabilitation (PR) (8). 

It was recently suggested that the incremental shuttle 
walking test (ISWT) could be substituted for the six 
minute walking test (6MWT) as an alternative mea-
sure of exercise capacity within the index and intro-
duced into the i-BODE score (9). Eventhough field 
exercise tests, the ISWT and 6MWT are closely relat-
ed, ISWT is considered to be closer to a maximal 
exercise test, whereas the 6MWT reflects a more 
functional exercise performance (10). ISWT cor-
relates well with VO2max in cardiopulmonary testing 
(CPET) and has been widely used as a measure of 
exercise capacity in many clinical studies involving 
patients with COPD and specifically in studies on PR 
(11-18). There are few studies evaluating multidisci-
plinary PR efficacy by using i-BODE index.

In this study, our primary aim was to evaluate the effi-
cacy of PR in COPD patients by using i-BODE index 
and secondary aim was to investigate the changes in 
i-BODE index when the patients were classified 
according to GOLD 2011 combined assessment.

MATERIALS and METHODS

Two hundred twenty eight stable COPD patients, who 
completed a comprehensive, outpatient, 8 week dura-
tion PR program, were enrolled into this retrospective 
study. Patients’ and instutional review board approvals 
had been taken before the datas were recorded. 
Dyspnea sensation was assessed with mMRC scale, 
quality- of life with St George’s Respiratory 
Questionnaire (SGRQ), exercise capacity with incre-

ÖZET

KOAH’lı hastalarda pulmoner rehabilitasyonun etkinliğini belirlemek için i-BODE indeksinin kullanımı

Giriş: Pulmoner rehabilitasyon (PR)'un, BODE indeksinin iki bileşeni olan egzersiz intoleransı ve dispnenin düzelmesinde kanıtlanmış 
bir yaklaşımdır. Ancak, PR’nin, BODE indeksinin başka bir bileşen olan solunum fonksiyonuna minimal etkisi olduğu bilinmektedir. 
PR etkinliğini i-BODE indeksi kullanarak değerlendiren az sayıda çalışma vardır. Amacımız, kronik obstrüktif akciğer hastalığı (KOAH) 
olan hastalarda PR’nin etkinliğini i-BODE indeksiyle değerlendirmek ve GOLD 2011 kombine değerlendirmesine göre i-BODE indek-
sindeki değişiklikleri araştırmaktı.

Materyal ve Metod: Sekiz haftalık kapsamlı PR programı tamamlayan toplam 228 KOAH tanılı hasta retrospektif çalışmaya dahil 
edildi.

Bulgular: Hastaların yaş ortalaması 63.3 ± 8.6 yıl ve ortalama FEV1 %38.6 ± 16.2 idi. KOAH’ın kombine değerlendirmesine göre 23 
hasta grup A, 30 hasta B, 31 hasta C ve 144 hasta D idi. Bazal i-BODE skorları; vücut kompozisyonları, solunum fonksiyonu, dispne, 
egzersiz kapasitesi, psikolojik durumla ilişkili yaşam kalitesi ve yaş ile korele olarak izlendi. i-BODE indeks skoru PR sonrası %26’lık 
farkla 4.7 ± 2.2’den 3.5 ± 1.8’e düştü (p< 0.001). Daha semptomatik olan hastalarda (grup B ve D) dispne, yaşam kalitesi ve i-BODE 
indeksinde anlamlı gelişmeler bulundu.

Sonuç: Bu çalışma PR sonrası i-BODE skorlarındaki değişikliklerin dispne, egzersiz kapasitesi ve yaşam kalitesindeki düzelmelerle 
anlamlı bir şekilde ilişkili olduğunu vurgulamaktadır. i-BODE skoru, PR’nin etkinliğinin BMI veya FEV1 gibi bazı bireysel değişkenlerden 
daha iyi bir prediktörü olabilir. PR sonrası, semptomatik hastalarda dispne hissi, yaşam kalitesi ve i-BODE indeksinde önemli gelişme-
ler izlenebilir.

Anahtar kelimeler: Pulmoner rehabilitasyon; egzersiz; kronik obstrüktif akciğer hastalığı
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mental and endurance shuttle walk test (ISWT, ESWT), 
psychological status with hospital anxiety and depres-
sion scale (HAD) before and after the PR program. 
Body composition was evaluated by bioelectrical 
impedance method. BMI and fat free mass index 
(FFMI) were also calculated. 

The PR consisted of a comprehensive, multidisci-
plinary, hospital based-supervised outpatient pro-
gram. The program consisted of education (education 
included disease education, how to control exacer-
bations, medication advices, bronchial hygiene tech-
niques, and breathing control techniques, energy 
conservation, relaxation, and dietary advices) exer-
cise training, psychological support, nutritional sup-
port. Educational courses were given by two pulmo-
nologists, two physical therapists, a dietician, a 
respiratory nurse and a psychologist. The rehabilita-
tion program was completely tailored to suit the 
needs of the individual. According to guideline  
recommendations, the exercise program was also 
tailored to the individual and a group of exercises 
was chosen for each patient according to their ability 
to tolerate exercise and their disease severity. The 
exercise training and the sessions included cycle 
ergometer and treadmill training (15 min each), 
strength training of both upper and lower extremities 
(5-10 min), and therapies for breathing and relax-
ation (15-20 min each) for a total of 70-90 min/day. 
Both workload for cycling and walking speed for 
treadmill ergometer were calculated from ISWT 
results using formulations and BORG dyspnea scores 
were also used for prescribing exercise (4-6). Patients 
were trained at 50% of the peak workload on cycle 
ergometer and 60-85% of VO2 peak on treadmill 
(19). Intensity of exercise was increased according to 
the progress of individual patient. Physiotherapists 
provided close supervision and heart rate, blood 
pressure and oxygen saturation were monitored 
during the training sessions. Supplemental oxygen 
was administered to a level of oxygen saturation 
above 90%.

Statistical Analysis

SPSS version 18.0 (SPSS, Inc., NY, USA) for Microsoft 
Windows (Microsoft Corporation, Redmond, 
Washington) was used for analysis. Data are expressed 
as mean ± SD unless stated otherwise. Shapiro-Wilks 
test was used for testing distribution of the data. The 
paired t-test was used for variables with normal dis-
tribution and the Wilcoxon signed-rank test was used 

for variables without normal distribution. For correla-
tion analysis, Pearson correlation analysis was used 
for variables with normal distribution and Spearman 
correlation was used when the variables distrubuted 
non-normally. Kruskal Wallis test was performed to 
compare the parameters distrubuted non-normally 
among groups. Post hoc analysis were applied to 
identify the differences between groups. Statistical 
significance was set to a p value < 0.05.

Allocation of Points for the i-BODE Index

In order to allocate points for the i-BODE index, it 
has been used before by Williams et al. (9). How the 
cut-off values for the 6MWT were assigned in the 
original BODE validation is not clear. Patients 
received points ranging from 0 (the least disabled 
patients who walked more than 250 m on the ISWT) 
to 3 (the most disabled patients who walked 80 m or 
less on the ISWT). An i-BODE score was then calcu-
lated for each patient (using the values for each com-
ponent as they were at the time of initial PR assess-
ment and after PR) and using the original BODE 
weightings and scoring system for the FEV1% predict-
ed, BMI and modified MRC scale. We replaced dis-
tance walked on the ISWT for the 6MWT distance 
with the allocation of points as described above:

RESULTS 

The mean age of 228 patients with COPD was 63.3 ± 
8.6 years. One hundred and eighty nine (80.3%) of 
them were males. Recorded parameters before and 
after PR, are given in Table 1. Mean FEV1 predicted 
was 38.6 ± 16.2%. Two (0.9%) of them were stage 1, 
50 (21.9%) were stage 2, 92 (40.4%) were stage 3 and 
84 (36.8%) were stage 4 according GOLD post-bron-
chodilator spirometric criteria. According to 2011 
combined assessment of COPD, 23 patients were 
group A, 30 patients were B, 31 patients were C and 
144 patients were D.  

Baseline i-BODE was negatively correlated with 
FVC% (p= 0.000, r= -0.624), FEV1% (p= 0.000, r= 
-0.679), BMI (p= 0.000, r= -0.306), FFMI (p= 0.000, 
r= -0.386), ISWT (p= 0.000, r= -0.782), ESWT (p= 

Variable 0 points 1 points 2 points 3 points

FEV1% predicted ≥ 65 50-64 36-49 ≤ 35

ISWT (meter) ≥ 250 150-249 80-149 < 80

mMRC scale 0-1 2 3 4

BMI kg/m2 > 21 ≤ 21
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0.000, r= -0.582), where a positive correlation was 
found with anxiety score (p= 0.012, r= 0.167), SGRQ 
total [p= 0.000, r= -0.551 (Figure 1)], mMRC (p= 
0.000, 0.801) and age (p= 0.000, r= 0.283). 

According to GOLD 2011 combined assessment of 
COPD, baseline i-BODE index, mMRC scale, SGRQ 
total score, ISWT and ESWT values were significantly 
different between groups (all values’ p= 0.000). 
Baseline i-BODE index scores were significantly dif-
ferent between the groups except in group B and C 
(Figure 2). Baseline SGRQ total scores of patients 
were significantly worse in Group B and D. Patients 
in group D had significantly decreased ISWT and 
ESWT than other groups (Table 2).

i-BODE index score decreased from 4.7 ± 2.2 to 3.5 
± 1.8 after PR (p= 0.000), improved by 25.5%. 
Change in i-BODE index correlated with changes in 
mMRC (p= 0.000, r= 0.472), SGRQ total (p= 0.000, 
r= 0.350), ISWT (p= 0.000, r= -0.300), ESWT (p= 
0.000, r= -0.297). 

Improvement after PR was assessed according to 
GOLD 2011 combined assessment of COPD. Changes 
in m MRC (p= 0.000), SGRQ total scores (p= 0.001), 
i-BODE index (p= 0.000- Figure 3) were statistically 
significant between groups. Significant improvements 
were found in dyspnea sensation, quality of life and 
i-BODE index in more symptomatic patients such as 
in Group B and D. [Differences between group A and 
B, A and D, B and C, C and D in mMRC score, group 
A and D, C and D in SGRQ score, group A and B, A 
and D, B and C, C and D in i-BODE index were sta-
tistically significant (Table 3)].

Table 1. Recorded parameters before and after pulmonary rehabilitation (PR)

Before PR After PR p

BMI (kg/m2) 25.5 ± 5.9 25.7 ± 5.8 0.001

FFMI (kg/m2) 19.0 ± 2.7 19.0 ± 2.4 0.251

mMRC 2.1 ± 0.8 1.3 ± 0.7 0.000

SGRQ total 63.2 ± 17 31.9 ± 12.7 0.000

Anxiety score 9.0 ± 2.3 5.6 ± 2.4 0.000

Depression score 9.2 ± 2.7 6.0 ± 3.3 0.000

ISWT (m) 218 ± 114 278 ± 121 0.000

ESWT (min) 7.4 ± 6.5 12.6 ± 7.6 0.000

i-BODE index 4.7 ± 2.2 3.5 ± 1.8 0.000

BMI: Body mass index, FFMI: Fat free mass index, Mmrc: Modified medical research council, SGRQ: St George’s respiratory questionnaire, ISWT: 
Incremental shuttle walk test, ESWT: Endurance shuttle walk test, HAD: Hospital anxiety and depression scale, i-BODE: Body mass index, 
obstruction (forced expiratory volume in 1 sec), mMRC dyspnea scale, exercise capacity (incremental shuttle walk test).

Figure 2. Baseline i-BODE index according to groups.

Figure 1. Correlation between change in SGRQ total and change 
in i-BODE index.
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DISCUSSION

The present study showed that baseline i-BODE 
scores correlated with body compositions, pulmonary 
functions, dyspnea sensation, exercise capacity, 
psychological status, quality of life, and age. After 
PR, improvements in i-BODE correlated with 
improvements in dyspnea sensation, exercise 

capacity and quality of life. It was also found that 
i-BODE could a better predictor of efficacy of PR 
than some individual variables such as BMI, FEV1 
and symptomatic patients had significant 
improvements in dyspnea sensation, quality of life 
and i-BODE index after PR.

PR improves dyspnea, exercise capacity, healthcare 
resource utilisation and has minimal effect on lung 
function (8). Two of these outcomes, dyspnea and 
exercise capacity, are components of the BODE 
index. It has been shown in a previous study, BODE 
index was found to be improved by 19% and 
decreased from 5 ± 1.5 to 4.1 ± 1.6 in 116 COPD 
patients after PR. In our study i-BODE index score 
decreased from 4.7 ± 2.2 to 3.5 ± 1.8 after PR, 
improved by 26%. As such, the BODE index could 
be used to evaluate the effect of PR. It was also 
shown that PR improves health status in COPD 
patients. The disease specific SGRQ is perhaps the 
most widely used and better tested of those instru-
ments available for patients with COPD. It has been 
proven to be responsive to several interventions in 
COPD such as pharmacological agents, pulmonary 
rehabilitation and lung volume reduction (20-23). In 
a study, it was found that SGRQ total score correlated 

Figure 3. Change in i-BODE index according to groups.

Table 2. Baseline values of  patients that grouped according to the global initiative for chronic obstructive lung disease (GOLD) 
combined assessment of COPD

GOLD (n) BMI mMRC SGRQ total Anxiety Depression ISWT ESWT i-BODE

A (23) 27 ± 6 2.0 ± 0 46 ± 13 8.3 ± 2.4 8.3 ± 2.3 303 ± 105 13 ± 6 1.4 ± 1.2

B (30) 29 ± 5 3.2 ± 0.5 64 ± 15 9.0 ± 2.1 9.9 ± 2.1 241 ± 114 9 ± 6 3.3 ± 1.5

C (31) 25 ± 5 2.0 ± 0.2 50 ± 15 8.2 ± 2.1 8.2 ± 2.2 316 ± 93 10 ± 6 2.9 ± 0.9

D (144) 24 ± 5 3.5 ± 0.6 68 ± 15 9.2 ± 2.3 9.3 ± 2.2 179 ± 98 5 ± 5 5.9 ± 1.6

BMI: Body mass index, Mmrc: Modified medical research council, SGRQ: St George’s respiratory questionnaire, ISWT: Incremental shuttle walk test, 
ESWT: Endurance shuttle walk test, HAD: Hospital anxiety and depression scale, i-BODE: Body mass index, obstruction (forced expiratory volume 
in 1 sec), mMRC dyspnea scale, exercise capacity (incremental shuttle walk test).

Table 3. Changes in values of  patients that grouped according to the global initiative for chronic obstructive lung disease 
(GOLD) combined assessment of COPD

GOLD (n) ΔBMI ΔmMRC ΔSGRQ total ΔAnxiety ΔDepression ΔISWT ΔESWT Δi-BODE

A (23) 0.12 ± 1.18 -0.3 ± 0.5 -22 ± 15 -3.2 ± 2.6 -4.2 ± 2.6 91 ± 71 5.3 ± 6 0.2 ± 1.7

B (30) 0.23 ± 0.99 -1 ± 0.5 -32 ± 14 -3.8 ± 2 -3.1 ± 3.4 61 ± 61 6.7 ± 7.3 -1.5 ± 1.7

C (31) 0.22 ± 0.76 -0.3 ± 0.5 -22 ± 16 -2.8 ± 2.6 -3 ± 2.7 54 ± 45 4.6 ± 5.4 -0.2 ± 0.9

D (144) 0.23 ± 0.96 -0.9 ± 0.5 -34 ± 15 -3.4 ± 2.3 -3.1 ± 2.4 55 ± 58 5.1 ± 6.7 -1.5 ± 1.1

BMI: Body mass index, Mmrc: Modified medical research council, SGRQ: St George’s respiratory questionnaire, ISWT: Incremental shuttle walk test, 
ESWT: Endurance shuttle walk test, HAD: Hospital anxiety and depression scale, i-BODE: Body mass index, obstruction (forced expiratory volume 
in 1 sec), mMRC dyspnea scale, exercise capacity (incremental shuttle walk test).
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better with BODE index than with FEV1% (23). 
Correlation was found between i-BODE index and 
SGRQ and after PR improvements in i-BODE index 
and SGRQ were also correlated in our study. In 
COPD patients, another factor that effects the quality 
of life is psychological status. Depression is frequent-
ly seen in patients with COPD. The presence of respi-
ratory symptoms causes substantial anxiety and 
depression. It was found that anxiety and depression 
themselves were risk factors of increased mortality 
(24). In most studies FEV1 was a bad predictor of 
anxiety and depression (25,26). Funk et al., in a study 
of 122 in-patients with COPD, reported that the 
BODE index better reflects the prevalence of depres-
sion, as opposed to the GOLD classification, which 
is based on the severity of lung function (27). In our 
study, however there was no significant correlation 
between depression score and i-BODE, significant 
correlation was found between anxiety and i-BODE. 
Another correlation found between i-BODE and age 
in our study. It has been shown that BODE index 
could had been applied in to an elderly COPD 
patient and had been valuable prognostic indicator 
for COPD patients of any age in previous study (28). 

The 2011 revision of the GOLD strategy document 
presented a new ABCD group classification of COPD 
which intended to provide a better understanding of 
the impact of the disease on an individual patient 
than spirometric GOLD grades. Symptom burden is 
divided into low (A and C) and high (B and D), 
whereas airflow limitation and/or exacerbation 
history separates A from C, and B from D. Regarding 
the latter, patients should be placed in the group that 
gives the highest exacerbation risk according to 
airflow limitation (ppFEV1  < 50) or exacerbation 
history (≥ 2 last year) (GOLD). Nishimura et al. found 
significant correlations between the GOLD 2011 
A-B-C-D classification with maximal exercise 
capacity evaluated by the peak volume of oxygen 
intake (VO2), as well as with the modified BODE 
index (29). However, the authors did not present the 
correlation coefficient values and only highlighted 
that the peak VO2 was stratified by the GOLD 2011 
classification, showing a severity gradient from 
GOLD A to GOLD D, although no difference between 
groups B and C was observed as smiliar to our study. 
In a recent study, when analyzing the functionality 
assessed by the median of 6MWT (expressed as 
percentage of predicted values) between groups 
B-C-D and grades II-III-IV, both classifications 

discriminated group D from B and C and grade 4 
from 3 and 2, without significant differences among 
the other groups (30). In this study, patients in group 
D had significantly lower exercise capacity than 
other groups. 

In a study with 150 COPD patients, it was found that 
the relationship between the GOLD 2011 classifica-
tion and the psychological status evaluated by the 
HADS was not significant. The anxiety and depression 
scores on the HADS were worse in the GOLD B and 
GOLD D groups than in GOLD A and GOLD C. It 
was thought to be relationship between mood states 
and sypmtoms (29). In this study group B and D had 
worse scores of HADS than group A and C but it was 
not statiscally different. In a study it was found that 
GOLD B and GOLD D had the greatest prevalence of 
cardiac morbidities, diabetes, and depression in addi-
tion to the lowest employment levels, self-efficacy 
scores, and levels of physical activity. Patients with 
GOLD A had the least impaired disease-specific and 
generic HR-QoL, followed by patients with GOLD C, 
GOLD B, and GOLD D for all HR-QoL measures. 
Patients with GOLD C had a better quality of life than 
those with GOLD B. Patients with GOLD A had the 
lowest costs while patients with GOLD D had the 
highest (31). Several studies demonstrated that the 
unidimensional and multidimensional GOLD 2011 
classifications do not differ significantly in terms of 
ability to predict hospitalization and mortality, except 
for quality of life in which GOLD A-B-C-D is more 
closely associated with this outcome than GOLD I-II-
III-IV due to the nature of the A-B-C-D classification 
involving a measure of quality of life (30). In this study 
more symptomatic patients such as in group B and D 
had been found to have worse dyspnea sensation and 
quality of life than group A and C. It is also important 
to show that significant improvements were found in 
dyspnea sensation, quality of life and i-BODE index 
in patients of group B and D after PR so the assess-
ment of PR efficacy by using i-BODE index in more 
sympthomatic patients would be more accurate. 

CONCLUSION

This study showed that, i-BODE scores correlated not 
only with all the component of the itself but also 
correlated with psychological status, quality of life, 
and age. i-BODE index was found to be responsive to 
PR and after PR, improvements in i-BODE correlated 
with improvements in dyspnea sensation, exercise 
capacity and quality of life. This result was thought 
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that i-BODE could a better predictor of efficacy of PR 
than some individual variables such as BMI, FEV1. 
Symptomatic patients had significant improvements 
in dyspnea sensation, quality of life and i-BODE 
index after PR. 
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