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Introduction

It has been estimated that the burden of chronic obstructive 
pulmonary disease (COPD) is increasing and it is likely to 
be the third global leading cause of death by 2030 (1,2). 
In addition to impact on survival, it is also well recognized 
that along with increasing severity, COPD has progressive 

adverse effects on daily symptoms, functional capacity, 
and health-related quality of life (3,4). Considering these 
unquestionable aspects of COPD, the patient reported 
daily symptoms and function status in assessment of the 
disease has been included in the new Global Initiative 
on Obstructive Lung Disease (GOLD) classification (5).  

Original Article

Correlation of cardiopulmonary exercise testing parameters with 
quality of life in stable COPD patients

Mahsa Mirdamadi1, Besharat Rahimi1, Enayat Safavi1, Hamidreza Abtahi1, Soheil Peiman1,2

1Thoracic Research Center, Tehran University of Medical Sciences, Tehran, Iran; 2Department of Internal Medicine, Tehran University of Medical 

Sciences, Tehran, Iran

Contributions: Conception and design: B Rahimi, E Safavi; (II) Administrative support: All authors; (III) Provision of study materials or patients: M 

Mirdamadi, B Rahimi, E Safavi, H Abtahi; (IV) Collection and assembly of data: M Mirdamadi, B Rahimi; (V) Data analysis and interpretation: All 

authors; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors. 

Correspondence to: Besharat Rahimi, MD. Advanced Thoracic Research Center, Tehran University of Medical Sciences, #1 Mohammad-Gharib Ave., 

Tehran 1419733141, I.R Iran. Email: atrc@tums.ac.ir.

Background: The precise head to head relationships between Cardio-pulmonary exercise testing (CPET) 
parameters and patients’ daily symptoms/activities and the disease social/emotional impact are less well 
defined. In this study, the correlation of COPD daily symptoms and quality of life [assessed by St. George’s 
Respiratory Questionnaire (SGRQ)] and COPD severity index (BODE-index) with CPET parameters were 
investigated.
Methods: Symptom-limited CPET was performed in 37 consecutive COPD (GOLD I-III) subjects during 
non-exacerbation phase. The SGRQ was also completed by each patient. 
Results: SGRQ-score correlated negatively with FEV1 (r=−0.49, P<0.01), predicted maximal work-
rate (%WR-max) (r=−0.44, P<0.01), V’O2/WR (r=−0.52, P<0.01) and breathing reserve (r=−0.50, P<0.01). 
However it did not correlate with Peak-V’O2 % predicted (r=−0.27, P=0.10). In 20 (54.1%) subjects in which 
leg fatigue was the main cause for stopping the test, Peak-V’O2, %WR-max, HR-Reserve and Breathing 
reserve were higher (P=0.04, <0.01, 0.04 and <0.01 respectively) than the others. There was also a significant 
correlation between BODE-index and ∆VO2/∆WR (r=−0.64, P<0.001) and breathing-reserve (r=−0.38, 
P=0.018).
Conclusions: The observed relationships between CPET parameter and daily subjective complaints in 
COPD were not strong. Those who discontinued the CPET because of leg fatigue were in the earlier stages 
of COPD. Significant negative correlation between ∆VO2/∆WR and BODE-index suggests that along with 
COPD progression, regardless of negative past history, other comorbidities such as cardiac/musculoskeletal 
problems should be sought.

Keywords: Chronic obstructive pulmonary disease (COPD); exercise capacity; ventilatory efficiency; quality of 

life; cardio-pulmonary exercise testing (CPET)

Submitted May 18, 2016. Accepted for publication May 27, 2016.

doi: 10.21037/jtd.2016.07.07

View this article at: http://dx.doi.org/10.21037/jtd.2016.07.07



2139Journal of Thoracic Disease, Vol 8, No 8 August 2016

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2016;8(8):2138-2145jtd.amegroups.com

Although more difficult to use than other tools such 
as COPD Assessment Test (CAT) or COPD Clinical 
Questionnaire (CCQ) during routine daily practice (6), the 
St. George’s Respiratory Questionnaire (SGRQ) is one of 
the most widely used self-complete measures in research for 
assessing patients’ symptoms, activities and quality of life 
(7,8). Along with this subjective measurement, functional 
capacity in COPD could be measured by objective tools such 
as cardio-pulmonary exercise testing (CPET) or 6-min walk 
distance (6MWD) (9-11). Considering the fact that at rest 
physiologic variable such as pulmonary diffusing capacity for 
carbon monoxide (DLCO), body mass index (BMI) or even 
forced expiratory volume in one second (FEV1) could not 
solely predict exercise intolerance, CPET has been proposed 
as the gold standard for evaluating the exercise intolerance in 
patients with pulmonary diseases, including COPD (12). But 
the precise head to head comparisons of CPET variable with 
patients’ daily symptoms/activities and the disease social/
emotional impact are less well defined. In one study among 
129 COPD subjects with GOLD stage II and III, there was 
at best a weak correlation between Peak-V’O2 (maximum 
oxygen uptake) % predicted and some sub-domains of health 
status (13). While in another study Peak-V’O2 was to some 
extent a predictor of physical function (r2 increased by 0.109) 
and health-related quality-of-life (r2 increased by 0.044) (14).

In this study, the correlation of COPD daily symptoms 
and quality of life (assessed by SGRQ) and COPD 
severity index (BODE index) with CPET parameters were 
investigated.

Methods

Study subjects

From May to November 2014, during a 7-month period, 
consecutive COPD subjects who presented to outpatient 
clinic at a referral teaching hospital of Tehran University 
of Medical Sciences entered the study. The subjects 
included the study according to the following criteria: 
(I) clinical features of COPD and associated spirometry 
compatible with the GOLD criteria (FEV1/FVC <0.7 in 
non-exacerbation phase) (5) and FEV1 ≥30% of predicted 
with no concomitant evidence of Cor-pulmonale; (II) no 
clinical feature of asthma and/or evidence of bronchodilator 
responsiveness on spirometry; (III) stable COPD with no 
recent history of exacerbation requiring hospitalization 
during the last 3 months; (IV) lack of medical records or 
clinical examinations compatible with coronary artery 
disease (e.g., coronary angiography with stenting, coronary 

artery bypass grafting, myocardial infarction, CCU 
admission, etc.) or congestive heart failure; (V) no neuro-
muscular, orthopaedic and/or medical diseases precluding 
from performing exercise testing; (VI) no cardio-pulmonary 
rehabilitation program within the last year. This study was 
approved by the Ethics Committee of Tehran University 
of Medical Sciences and written informed consent was 
obtained from each patient.

Quality of life measurement

St. George’s Respiratory Questionnaire (SGRQ) is a 
well-known and validated self-administered tool for 
measuring quality of life and well-being in patients with 
chronic respiratory diseases, particularly in those with 
COPD (7). This questionnaire consists of a total of 50 
items, categorized to two separate parts: Part I: measures 
frequency of recent respiratory symptoms; Part II: addresses 
the limitation to daily activity and social/emotional impact 
of disease. Each item ranges from 0 (the least possible 
weight of disease) to 100 (the most distressing condition). 
Consequently, higher scores of questionnaire point to more 
limitations. After obtaining written informed consent and 
before performing CPET, in a comfortable and quiet room, 
the Persian version (15) of SGRQ was completed by each 
patient. Then total and each subcategory score (Symptoms, 
Activity and Impact) were calculated for analysis.

CPET

CPET was performed on a magnetically braked cycle 
ergometer (Ergoselect 100 p, Ergoline GmbH, Bitz, 
Germany) based on the recommendations of the American 
Thoracic Society/American College of Chest Physicians’ 
statement on Cardiopulmonary Exercise Testing (16). 
At the beginning of the test, the subjects asked for 3 
minutes of unloaded cycling. Subsequently, a symptom 
limited, incremental exercise testing was performed at an 
incremental work rate of >10 W·min−1. Minute ventilation 
(V’E), oxygen uptake (V’O2) and rate of carbon dioxide 
production (V’CO2) were obtained during exercise through 
a face mask with less than 30 cc dead space (V2™ Oro-Nasal 
Mask, Hans Rudolph Inc., MO, USA). These parameters 
were measured via a breath-by-breath respiratory gas 
analysis system (Power Cube-Ergo, Ganshorn Medizin 
Electronic GmbH, Niederlauer, Germany). While CPET 
was being performed, each patient was monitored by 
continuous 12-lead ECG-telemetry (AT-104, Schiller, Baar, 
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Switzerland). Arterial oxygen saturation was measured by 
pulse oximetry. Patient’s symptoms, especially dyspnea 
(using modified Borg dyspnea scale), pulse rate and blood 
pressure were also monitored closely during the test by a 
specialist.

Six-minute-walk test (6MWT)

6MWT was done according to American Thoracic 
Society (ATS) guideline for the 6MWT (17). This test 
was performed at a calm and flat indoor hallway with hard 
surfaced pavement. The hallway was more than 30 meter 
long with marked turning around point. O2 saturation and 
distance (6MWD) were measured every one minute till  
6 minutes during patient walking on a flat place.

BODE index

The BODE index (Body mass index, airflow Obstruction, 
Dyspnea scale and Exercise) is multi-factorial scoring system 

that has been shown to have important prognostic value 
in patients with COPD (18). Before performing exercise 
test and for calculating BODE index, BMI, spirometry 
and dyspnea scale (by modified-MRC questionnaire) were 
obtained from each patient. In a session separated from 
CPET, 6-minute-walk test was performed according to 
ATS guideline for the 6MWT (see above). Them the final 
sum of points were calculated for these four variables: BMI  
(>21 kg/m2=0 point, ≤21 kg/m2=1 point), FEV1%pred 
(≥65% =0 point, 50–64% =1 point, 36–49% =2 point, and 
≤35%=3 point), MMRC scale (0-1 =0 point, 2 =1 point, 
3 =2 point and 4 =3 point) and 6MWD (≥350 m=0 point,  
250–349 m=1 point, 150–249 m =2 point and <149 m  
=3 point). The results of BODE index were compared with 
clinical/CPET parameters.

Statistical analysis

Data analysis was performed by SPSS 18.0 for windows 
(SPSS Inc., Chicago, IL, USA). In all statistical analysis, 
a P value less than 0.05 and 95% confidence interval 
were considered significant. Pearson’s R test was used for 
analyzing the correlation between the continuous variables. 
Independent two-sample t-test was used for comparing 
continuous variables in those with or without leg fatigue if 
variables were normally distributed. Mann-Whitney test 
was used if distribution of the difference was skewed. Chi-
square test was used for categorical variables.

Results

Finally 37 of 41 subjects completed the study. Four who did 
not fulfill the CPET protocol were excluded from the study. 
Baseline and CPET characteristics of subjects are shown in 
Table 1 and Table 2 respectively. The main cause for stopping 
the cycle exercise was leg fatigue in 20 (54.1%), dyspnea/
desaturation in 14 (37.8%), rise in blood pressure in  
2 (5.4%) and chest pain in 1 (2.7%) patient. Total SGRQ-
score correlated negatively with FEV1 (−0.49, P=0.002), 
percent of predicted maximal work-rate (%WR) (r=−0.44, 
P=0.007), breathing reserve (r=−0.50, P=0.002), heart rate-
reserve (r=−0.45, P=0.007). It also correlated positively 
with V’E/V’CO2 slope (r=0.45, P=0.017) and frequency of 
admission (r=0.44 P=0.006). However, it did not correlate 
with age (r=0.11, P=0.505), BMI (r=−0.20, P=0.241), Peak-
V’O2 % predicted (r=−0.27, P=0.103) or O2-pulse (r=−0.08, 
P=0.625). A separate analysis among patients with different 
subgroup based on GOLD classification by spirometry, also 

Table 1 Basal characteristics of the patients

Baseline characteristics Values

Age (year) 56.9±9.9

Sex (male/female) 31/6

BMI (kg/m2) 26.2±4.8

Smoking (pack. year) 19.9±26.5

FEV1 (% predicted) 65.1±22.4

GOLD stage

Stage I (%) 12 (32.4)

Stage II (%) 15 (40.5)

Stage III (%) 10 (27.0)

Stage IV (%) 0 (0.0)

6MWD (m) 434.1±105.2

Exacerbation with hospital admission in last year

<2 31

≥2 6

SGRQ-symptoms (score) 53.0±21.1

SGRQ-activity (score) 55.6±26.1

SGRQ-impact (score) 35.7±24.5

SGRQ-total 44.5±22.1

Values are presented as means ± SD. BMI, body mass index; 
FEV1, forced expiratory volume in 1st second; SGRQ, St. 
George’s respiratory questionnaire; 6MWD, 6-minute walk 
distance.
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didn’t revealed a significant correlation between Peak-V’O2 
and SGRQ-total score (P value=0.223 and 0.258 for GOLD 
I-II and GOLD III respectively).

Increase in V’O2 to work rate increment (∆VO2/∆WR) 
(mean=9.3±2.0 mL·W−1·min−1) was inversely related to the 
BODE index (r=−0.64, P<0.001) (Figure 1). There was also 
a significant correlation between BODE index and SGRQ-
score (r=0.56, P<0.001), and negative correlation with 
CPET parameters: peak-V O2 (r=−0.56, P<0.001), WR 
(r=−0.55, P<0.001), breathing-reserve (r=−0.38, P=0.018) 

and HR-reserve (r=−0.45, P=0.006).
Before performing the test the BORG scale of dyspnea 

were described for the patients. The patient experienced 
10/10 BORG scale were categorized as “non-leg fatigue” 
group and those who experienced significant leg fatigue 
without scoring high dyspnea scale classified as ‘leg fatigue” 
group. The Table 3 shows a comparison between those in 
which the leg fatigue caused the patient to discontinue the 
test with those in which other causes (non-leg fatigue) led 
to termination. The leg fatigue group had significantly 
higher FEV1 (P=0.017) and lower total-SGRQ-score 
(P=0.001) than non-leg fatigue group. Peak-V O2, predicted 
maximal WR and HR-Reserve and Breathing reserve were 
also higher in leg fatigue group (P=0.042, 0.005, 0.042 
and 0.001 respectively). In final interpretation of CPET, 
the pulmonary arterial disease and cardiac disease were 
diagnosed in 2 and 3 subjects respectively.

Discussion

Exercise intolerance is one of the important aspects of 
health related quality of life in COPD (19,20) and there 
is considerable evidences that pulmonary rehabilitation 
programs improve exercise tolerance and patients’ health 
related quality of life (21,22). There is little evidence about 
the relationship between subjective complaints in COPD 
and objective parameters. To the best of our knowledge, 
this is the first study that systematically investigated the 
relationships between CPET parameters and COPD 
symptoms/health status, assessed by SGRQ-score.

 Although weak correlations between SGRQ-score 
and predicted maximal WR, breathing reserve and HR-
reserve (r2 =0.19, 0.25 and 0.20 respectively) were found in 
this study, it was surprising that no significant correlation 
was found between SGRQ and predicted Peak-V O2 %. 
Verhage et al. (13) studied the value of CPET parameter in 
relation to COPD health status. In contrast to this study 
which used SGRQ, they employed Nijmegen Integral 
Assessment Framework (NIAF) to assess the health status, 
including physiological functioning, complaints, functional 
impairments and quality of life as its main domains. While 
there was significant correlation between predicted Peak-V 
O2 % and some health status sub-domains, the observed 
correlations were weak (highest value was r=0.36). As a final 
point, they concluded that Peak-VO2 is a weak indicator for 
health status and daily physical activities. 

SGRQ is a well-known tool for measuring recent 
respiratory symptoms, limitation of daily activity and 

Table 2 Basal cardiopulmonary exercise testing characteristics of 
patients

Cardio pulmonary exercise testing variables Values

W-max (% predicted) 55.4±20.4

Peak-V’O2 (liter/min) 1.1±0.4

Peak-V’O2 (% predicted) 53.0±18.6

V’E (liter) 39.4±15.0

V’E (% MVV) 30.90±25.1

∆V’O2/∆WR (mL·W-1·min-1) 9.3±2.0

V’E/ V’CO2 slope 34.1±5.1

O2 pulse (mL/beat) 11.5±12.6

HR-reserve 31.4±24.1

VD/VT (at rest) 0.33±0.06

VD/VT (at max load) 0.30±0.07

W-max, Maximal workrate; Peak-V’O2, maximum oxygen 
uptake; V’E, minute ventilation; MVV, maximal voluntary 
ventilation; V’CO2, carbon dioxide production rate; HR-Reserve, 
heart rate reserve; BR, breathing reserve; WR, work rate; VD, 
dead space; VT, tidal volume.

Figure 1 Values of ∆V’O2/∆WR in relation to chronic obstructive 
pulmonary disease severity index (BODE-index) scores. ∆V’O2, 
Increments in Oxygen uptake; ∆WR, Increments in work rate.
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social/emotional impact of respiratory diseases including 
COPD. SGRQ mostly addresses the patient’s symptoms 
during ordinary daily activities (23). However the CPET 
parameters, notably Peak-V O2, are achieved by maximal 
tolerable exercise that could not be fully applicable to 
patient’s regular daily activities. Meanwhile, in view of 
complex disease pathophysiology, it has been shown that 
there are various potential factors that could affect the 
physical activity and/or quality of life in patients with COPD. 
These factors include skeletal muscle abnormalities (24),  
concomitant depression/anxiety (25,26), other co-morbidities 
and/or exacerbations (27).

In our study significant correlations (P<0.05) were found 
between six-minute walk distance and total SGRQ-score 
(r=−0.50) and its components including symptoms, activity 
and impacts (r=−0.36, −0.52 and −0.43 respectively). Some 
other studies have investigated the relationship between 
pulmonary function tests and subjective rating of patients 
about their exercise tolerance. By using an inter-subject 
assessment, Redelmeier et al. evaluated the threshold at 

which a difference in the 6MWD was associated with 
a noticeable difference in perceived walking ability for 
patients with COPD (28). They reported the threshold 
of ~54 m and, similar to our study, they also found a 
significant correlation between 6MWD and patients ratings 
of their exercise tolerance (r=0.59). However in a more 
systematically designed study, Puhan et al. (29) reported the 
threshold of ~26 m for 6MWD and ~4 W for WR obtained 
by CPET. This remarkable difference between achieved 
thresholds among various studies could also point to the 
fact that objective measurements are not exactly related to 
patient’s self-reported status.

In this study, leg fatigue was the main cause (54.1%) 
for stopping the CPET. These subjects had significant 
higher predicted FEV1 % than other subjects (76.0±22.0% 
vs. 55.7±19.6, P<0.05). Except for “Symptoms” sub-
domain of SGRQ, total score and two other sub-domains 
were significantly lower in leg fatigue group. W-max 
and Peak-V O2 were also significantly higher in these 
patients. Accordingly, those patients whose main cause 

Table 3 Demographic and Cardio-pulmonary exercise testing variables, between patients with and without leg fatigue at the end of the test

Characteristics Leg fatigue cause (n=20) Non-leg fatigue causes (n=17) P value

Age 54.5±8.8 59.7±10.6 0.114

BMI 26.7±5.2 25.5±4.3 0.446

Hospital admission in last year 0.6±1.1 1.0±1.3 0.359

SGRQ-score

Total 33.86±17.8 57.1±20.3 0.001*

Symptoms 47.3±19.6 59.5±21.5 0.085

Activity 42.9±22.5 70.4±22.3 0.001*

Impact 24.5±17.0 48.8±25.8 0.002*

FEV1 (%predicted) 76.0±22.0 55.7±19.6 0.017*

6MWD (m) 450.5±90. 3 413.3±121.6 0.313

W-max (%predicted) 63.9±16.8 45. 5±20.1 0.005*

Peak-V’O2 (liter/min) 1.2±0.3 0.9±0.4 0.042*

V’E (liter) 42.6±14.7 33.3±16.5 0.081

V’E (%MVV) 43.06±25.6 16.6±15.4 0.001*

V’E/ V’CO2 slope 33.6±5.4 35.1±4.5 0.465

∆V’O2/∆WR(mL·W−1·min−1) 9.5±1.8 8.8±2.5 0.454

O2 pulse (mL/beat) 9.3±2.5 14.2±18.7 0.311

HR-reserve 38.1±27.2 22.4±16.1 0.042*

Values are presented as means ± SD. *, significantly different (P<0.05) between patients with and without Leg fatigue. BMI, body mass 
index; SGRQ, St. George’s Respiratory Questionnaire; FEV1, forced expiratory volume in 1st second; W-max, Maximal workload; Peak-V’O2, 
maximum oxygen uptake; V’E, Minute ventilation; MVV, maximal voluntary ventilation; V’CO2, carbon dioxide production rate; HR-Reserve, 
heart rate reserve.
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for discontinuing the CPET was leg fatigue were at an 
earlier stage of COPD, with more acceptable exercise 
and quality of life profile. Skeletal muscle dysfunction is 
a common problem in patients with COPD (24). Muscle 
fatigability following vigorous exercise is one of the most 
important components of muscle dysfunction. It has been 
shown that even patients with earlier stages of COPD have 
quadriceps muscle (the most important muscle during 
CPET) fatigability to an extent comparable to those with 
more advanced stages of COPD (30). Unfortunately in this 
study we missed the accurate pre-test data of our patients 
regarding the level of usual daily physical activity. At earlier 
stages of COPD in which muscle fatigue is a prominent 
problem, pulmonary rehabilitation program with exercise 
training could result in more effective fatigue resistance 
and exercise tolerance than starting the program during 
a more advanced stage of disease when other irreversible 
components ensue. Large controlled studies are needed to 
determine this issue. 

We also analyzed the correlation of COPD severity index 
(BODE index) with CPET parameter. Along with COPD 
progression, there are inappropriate consequences on the 
exercise parameter (31). In this study BODE index was 
inversely correlated with peak-V O2, WR and breathing-
reserve. But the BODE index was also surprisingly 
negatively correlated with ∆VO2/∆WR (r2=0.41) and HR-
reserve (r2=0.20). It has been quoted that ∆VO2/∆WR 
ratio is often normal in pulmonary diseases including 
COPD (32). In contrast, this ratio is often reduced in 
cardiovascular disorders. Although our subjects had negative 
history or physical examination compatible with such 
problems, referring to cardiology clinic disclosed notable 
cardiovascular problems (e.g., low ejection fraction) in 9 
(24.3%) subjects. As a result, other comorbidities in COPD 
such as cardiovascular/musculoskeletal problems should be 
sought and managed meticulously, even with unrevealing 
past history. This could be an important point in patient 
management since in contrast to the progressive nature of 
underlying lung disease, many of these comorbidities are 
potentially treatable.

 Considering the cross-sectional design and low patient 
number in this study, larger prospective studies are required 
for more precise identification of the relationships between 
CPET parameters and patients’ daily symptoms, exercise 
tolerance and health status. Meanwhile, describing these 
relationships following rehabilitation or other novel 
therapies must be defined.

Regarding the more complex course and multifactorial 

nature of stage-IV COPD, we excluded these subset of 
patients. However there is no doubt that these patients 
require a special attention with consideration of factors 
other than airway obstruction, such as muscle mass, 
psychosocial aspects, etc. More systematically designed 
studies with consideration of these aspects are required for 
assessment of this specific subgroup of COPD patients.

Conclusions

Regarding this study, while some correlations were found 
between CPET parameter and daily subjective complaints 
in COPD, the observed relationships were not strong. In 
our study, those who discontinued the CPET because of 
leg fatigue were in the earlier stages of COPD, and may 
benefit more from early rehabilitation. Finally, significant 
negative correlation was found between ∆VO2/∆WR and 
COPD severity indexes, mainly with BODE index. This 
finding suggests that along with COPD progression, other 
comorbidities such as cardiac/musculoskeletal problems 
should be sought and managed meticulously, even with 
unrevealing past history.
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