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A Comparison of Exercise Tolerance, Measures of Cardiac 
Response to Exercise and Serum Markers in Chronic 
Obstructive Pulmonary Disease

Original Investigation

Objective: This study investigates the relationship between cardiac response measures and serum markers with exercise performance in patients with 
chronic obstructive pulmonary disease (COPD).

Methods: A total of 90 patients with stable COPD, diagnosed based on clinical findings and the GOLD spirometric criteria were included in this 
study. Each patient completed pulmonary function and lung diffusion tests, a six-minute walking test (6MWT), a Modified Medical Research Council 
Dyspnea scale, and a St. George Respiratory Questionnaire. The patient’s height and body weight were obtained, and the body mass index was 
calculated. Serum pro-brain natriuretic peptide (pro-BNP), tumor necrosis factor-α, interleukin-6 (IL-6), IL-8, transferrin, and C-reactive protein levels 
were measured.

Results: After the evaluation of exercise tolerance with a 6MWT, exercise performance was found to be significantly associated with spirometric 
measurements, the level of dyspnea, quality of life, and serum pro-BNP levels. When the measures of cardiac response to exercise were evaluated, 
significant relationships were noted between systolic pressure and pulse differences, and the distance walked in a 6MWT.

Conclusion: We believe that the many factors that determine exercise tolerance in COPD patients are interrelated. A clear demonstration of these 
relationships may, in the long-term, change the perspective of both the clinical course of the disease and its treatment strategies. 
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a slow-

developing, chronic, and progressive disorder of the 

respiratory system. Treatment is based on the patient’s 

symptoms, given that there is currently no treatment that may 

prevent the development or cure of COPD (1). Dyspnea is the 

most common symptom seen in COPD and is the leading 

cause of functional loss. It, therefore, plays an essential role 

in the choice of medication for COPD. The perceived level of 
dyspnea is considered as a marker of the patient’s quality of 
life (2). 

Musculoskeletal dysfunction and weakness are among the 
most common systemic effects of COPD and are frequently 
accompanied by a loss of fat-free mass. The loss of muscle mass 
is accompanied by muscle weakness, and this is a significant 
predictor of exercise capacity in COPD patients, irrespective of 
disease severity (3-5).
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In COPD patients, increased levels of tumor necrosis factor 
(TNF-α), interleukin 6 (IL-6), and IL-8, and decreased levels of 
calcium in the mitochondria may induce apoptosis in all body 
cells, including muscle cells, leading to a decreased body mass 
index (BMI) and weight loss (6,7).

Pro-B-type natriuretic peptide (Pro-BNP) is synthesized in 
response to a decrease in ventricular myocytes (8), and plasma 
pro-BNP levels are elevated in COPD patients that developed 
pulmonary hypertension and right ventricular overload (9). There 
are no studies on pro-BNP levels in stable COPD patients with no 
cor pulmonale or pulmonary hypertension (10).

A six-minute walking test (6MWT) is a valid and reliable test for 
the objective measurement of functional exercise capacity in 
individuals with pulmonary or cardiovascular diseases. The test 
is simple, reproducible, inexpensive, and well-tolerated. It better 
reflects the ability of a patient to engage in daily life activities 
compared to other walking tests (11-14). In this study, we compare 
the functional exercise capacity of COPD patients based on a 
6MWT with measurements of cardiac response to exercise and 
serum markers.

METHODS 
Patient selection: The study population included 90 patients 
with stable COPD, including 82 men and 8 women, selected 
from among the patients who were referred to our Clinics of 
Pulmonology Outpatient between February 2010 and April 2012, 
and who were invited to take part in this study through face-to-
face interviews or telephone contacts.

A written informed consent was obtained from each patient. 
Ethics committee approval was received from the University 
Clinical Research Ethics Committee for approval of the 
study (approval number: 2010.03, date: 15.01.2010). Written 
permission was obtained from University Medical School Dean’s 
Office in order to conduct the study in the Chest Diseases Clinic 
of Research and Application Hospital. The study was conducted 
in accordance with the principles of the Declaration of Helsinki.

Study inclusion criteria: Patients with a clinical picture consistent 
with COPD, diagnosed based on the GOLD spirometric criteria, 
and stable disease (no COPD exacerbation within the last six 
weeks) were included in this study.

Study exclusion criteria: Patients with severe physical disabilities 
who were unable to take the 6MWT, myocardial infarction or 
unstable angina within the last one month, or a history of heart 
failure were excluded from this study.

Our work conforms to the Helsinki declaration. This study 
was approved by the local research ethics committee, and 
all patients were informed about this study and provided 
written informed consent for their participation. The patients 
underwent physical examinations and clinical evaluations. 
To measure the severity of dyspnea and identify the COPD 
stage, all patients performed pulmonary function and lung 
diffusion tests and were assessed according to the Modified 

Medical Research Council (mMRC) dyspnea scale. Exercise 
performance was evaluated by a 6MWT. Height and body 
weight were obtained and BMI was calculated.

Pulmonary function test: This was performed by a pulmonary 
function test nurse in the pulmonary function test laboratories of 
our clinics using a Masterscope JLAB V5.22.1.50 (Cardinal Health, 
Germany, Hoechberg, 2006) spirometry device.

Lung diffusion test: This was carried out using a Vmax Encore 229 
(Viasys Respiratory Care, ABD, California, 2008) device, based on 
the single-breath diffusing capacity of lung for carbon monoxide 
(DLCO) method. 

Modified Medical Research Council Dyspnea scale: This scale 
is used to measure the shortness of breath that develops during 
walking or working, and differentiates five stages.

Six-minute walking test: This test was used to measure exercise 
capacity based on the recommendations of the American Thoracic 
Society. The total distance walked was measured and recorded at 
the end of the test. 

St. George Respiratory Questionnaire: This is a self-
administered questionnaire, standardized specifically for airway 
disorders, and includes questions related to three aspects of the 
disorder, including symptoms (8 questions), activity (16 questions) 
and impact (26 questions) (14).

Blood samples: TNF-α, IL-6, and IL-8 levels were measured twice 
using a high-precision enzyme-linked immunosorbent assay 
(Biosource, Nivelles, Belgium). C-reactive protein (CRP) levels 
were measured using a latex-enhanced immunonephelometry 
(Siemens, Dublin, Ireland). Plasma pro-BNP levels were measured 
through an electrochemiluminescence immunoassay using an 
Elecsys 2010 system (Roche Diagnostics, Mannheim, Germany). 
Transferrin levels were measured using the ELISA method.

Skinfold thickness measurement: Triceps measurements were 
obtained vertically from the midpoint of the distance between the 
acromion and olecranon while the arms were left to rest freely on 
either side of the body.

Statistical Analysis

The data were analyzed using SPSS Package Software version 15.0 
(IBM Corporation, Armonk, New York, USA). Descriptive data were 
presented as numbers, percentages, means, standard deviations, 
medians, and minimum-maximum values. Categorical data were 
analyzed with a chi-square test, while a Kruskal-Wallis test was 
used to compare continuous variables. Correlation analyses were 
carried out with Spearman, Pearson, and Kendall’s Tau tests, and 
correlation power values were interpreted as follows: 0.00-0.24, 
weak; 0.25-0.49, moderate; 0.50-0.74, strong; and 0.75-1.00, very 
strong. P<0.05 were considered statistically significant.

RESULTS
There were 82 men and 8 women included in this study, with a 
mean age of 59.7±5.8 years. Most patients were in the GOLD-
stage 2 (64.4%) and mMRC 2 (55.6%) groups (Table 1).
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When measuring exercise tolerance using the 6MWT, the 
minimum and maximum walking distances were 180 and 671 
meters, respectively, with a mean walking distance of 494.16±88.57 
meters.

Based on the GOLD spirometric staging, the relationship 
between the St. George Respiratory Questionnaire (SGRQ) scores 
and the total distance walked in the 6MWT was examined, using 
Spearman’s correlation test (Table 2).

In patients with stage 1 COPD (FEV1 ≥80%), a significant negative 
correlation was identified between the SGRQ symptom score 
and the total distance walked in 6MWT (rho: -0.611, p=0.009), 
and the SGRQ total score was found to have a significant 
negative but weak correlation with the 6MWT distance (rho: 
-0.493, p=0.044).

In patients with stage 2 COPD (FEV1 51%-79%), the SGRQ 
activity, impact, and total scores had significant negative but 
weak correlations with total distance walked in the 6MWT (for 

the activity score, rho: -0.532, p=0.0001; for the impact score, rho: 
-0.370, p=0.004; for the total score, rho: -0.390, p=0.003). Table 3 
shows the relationships between the 6MWT distance and other 
parameters investigated in this study (Table 3).

A significant moderate negative correlation was found between 
the 6MWT walking distance and pro-BNP levels (rho: -0.435; 
p=0.003). Post-test forced vital capacity (FVC) and FEV1 values had 
a significant moderate positive correlation with walking distance 
(For FVC, rho: 0.354; p=0.001; for FEV1, rho: 0.332 p=0.001). On 
the other hand, a weak positive correlation was found between 
the DLCO value and total walking distance (rho: 0.212; p=0.048), 
and a significant weak negative correlation between BMI and 
total walking distance (rho: -0.217; p=0.039). A moderate negative 
correlation was found between total distance walked in 6MWT 
and the degree of dyspnea at the end of the test (rho: -0.451; 
p˂0.01).

Values recorded during the 6MWT had a moderate negative 
correlation with the SGRQ symptom, impact, and total scores 
(rho: -0.364, p˂0.001; rho: -0.384, p˂0.001; rho: -0.449, p˂0.001, 
respectively), and a significant strong negative correlation with the 
SGRQ activity scores (rho: -0.524, p˂0.001).

The total walking distance had a moderate negative correlation 
with the level of dyspnea experienced after the test (rho: -0.311; 
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Table 1. GOLD and mMRC stages of patients

Stage Patient (n, %)

GOLD 1 17 (18.9)

GOLD 2 58 (64.4)

GOLD 3 14 (15.6)

GOLD 4 1 (1.1)

mMRC 1 19 (21.1)

mMRC 2 50 (55.6)

mMRC 3 18 (20)

mMRC 4 3 (3.3)

GOLD: mMRC: Modified medical research council

Table 2. Relationship between total walking distance and 
COPD stage based on GOLD spirometric measurement 
criteria (Spearman correlation) (rho: correlation coefficient)

Stage SGRQ score Total distance

Stage 1
(FEV1 %≥80)

Symptom score p=0.009 rho=-0.611

Activity score p=0.084 rho=-0.431

Impact score p=0.142 rho=-0.372

Total p=0.044 rho=-0.493

Stage 2
(FEV1 %51-79)

Symptom score p=0.063 rho=-0.245

Activity score p=0.0001 rho=-0.532

Impact score p=0.004 rho=-0.370

Total p=0.003 rho=-0.390

Stage 3
(FEV1 %31-50)

Symptom score p=0.503 rho=-0.196

Activity score p=0.792 rho=0.078

Impact score p=0.881 rho=-0.04

Total p=0.994 rho=-0.002

SGRQ: St. George respiratory questionnaire

Table 3. Relationships between 6MWT distance and other 
investigated parameters

Investigated parameter Associated-rho Significance-p

Serum Pro-BNP levels -0.435 0.003

Post-test FVC 0.354 0.001

Post-test FEV1 0.332 0.001

DLCO 0.212 0.048

BMI -0.217 0.039

SGRQ total** -0.449 ˂0.01

SGRQ-symptoms -0.364 ˂0.01

SGRQ activity -0.524 ˂0.01

SGRQ-impact -0.384 ˂0.01

MRC* -0.451 ˂0.01

Level of dyspnea at the end of 
the test

-0.311 0.003

Before/after the test - Pulse 
difference

0.348 0.001

Systolic blood pressure 
difference before/after test

0.266 0.01

Triceps skinfold thickness** -0.266 0.01

*The relationship between the total Six-minute Walking test (6MWT) 
distance and the medical research council was analyzed with a Kendall’s 
Tau test, **The relationships between the total 6MWT distance, the St. 
George respiratory questionnaire scores, and triceps skinfold thickness were 
analyzed with a Spearman’s correlation test
Pro-BNP: Brain natriuretic peptide, 6MWT: Six-minute Walking test, MRC: 
Medical Research Council, SGRQ: St. George respiratory questionnaire, 
FVC: forced vital capacity
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p=0.003), and positive moderate correlations with the pulse and 
systolic pressure differences recorded after the test (rho: 0.348, 
p=0.001; rho: 0.266, p=0.01). The relationship between the total 
walking distance and triceps skinfold thickness, as a marker of 
nutrition, was investigated. The 6MWT distance had a moderate 
negative correlation with triceps thickness (rho: -0.266, p=0.01) 
and with BMI (rho: -0.274, p˂0.01).

DISCUSSION 
In the present study, a 6MWT was used to evaluate the exercise 
capacity of COPD patients, as an easy-to-implement and practical 
test, and a correlation was identified between the performance of 
daily life activities of patients and their 6MWT results (15).

In line with the findings in the literature, we identified a 
relationship between the 6MWT distances and SGRQ scores of 
mMRC stage 1 and stage 2 COPD patients, which indicates that 
the quality of life of COPD patients becomes poorer as their 
exercise capacity decreases. Three percent of the patients in 
this study had very severe (stage 4), and 18% had severe (stage 
3) COPD. This insufficient number of patients with severe levels 
of the disease may represent an important limitation of our 
study.

While the source of systemic inflammation in COPD has yet to 
be identified, there have been some suggested mechanisms. 
Smoking may result in systemic inflammation even in the absence 
of airway obstruction, and may also cause extrapulmonary 
conditions (3,4).

Another opinion suggests that inflammation in the lungs is an 
important source of systemic inflammation. Proinflammatory 
molecules, such as TNF-α and IL-1, IL-6, IL-8 and transforming 
growth factor beta, which are released from the inflammatory 
cells into the lung parenchyma, flow from the lungs and enter into 
the systemic circulation, leading to the activation of inflammatory 
cells and eventually causing systemic inflammation (3,16).

In addition to its contribution to the extrapulmonary effects 
of COPD, the severity of systemic inflammation is also directly 
associated with poor quality of life, increased airway limitation, 
and decreased exercise tolerance in COPD patients (3). In our 
study, we could not find a significant correlation between exercise 
capacity and inflammatory markers.

Garcia-Rio et al. (17) found out that the exercise tolerance measured 
using a 6MWT was negatively proportional to serum CRP, IL-6, and 
IL-8 levels contrary to our results. Several cross-sectional studies 
have reported significant relationships between plasma CRP 
levels, disease severity, quality of life, exercise capacity, treatment 
response, and mortality (18,19). Similar to our findings, however, 
Gagnon et al. (20) could not find a significant relationship between 
plasma IL-6 levels and exercise capacity in patients with mild 
COPD. The relationship between hyperinflation and inflammation 
is an interesting hypothesis that merits further investigation.

We identified a moderate negative correlation between 6MWT 
distance and pro-BNP levels. According to Stols’s hypothesis, 

BNP levels that increase in the presence of COPD as the small 
pulmonary arteries contract due to hypoxia result in increased 
pulmonary arterial pressure and cardiac stress (21).

In a study that evaluated cardiopulmonary exercise test (CPET) 
findings and BNP levels in COPD patients, Eroğlu et al. (22) 
identified a negative correlation between BNP levels and CPET 
parameters in patients with dyspnea and isolated left ventricular 
diastolic dysfunction. They suggested that BNP levels may be a 
beneficial biomarker of limited exercise capacity in patients with 
moderate to severe COPD (22).

Gas diffusion is impaired in COPD due to alveolar destruction and 
vascular bed loss (23). Consistent with the literature, we identified 
a positive correlation between 6MWT and DLCO (24,25).

Dyspnea is the most common symptom among COPD patients. 
The former is chronic, progressive, and persistent. COPD patients 
frequently develop dynamic hyperinflation during exercise 
that limits their daily activities (25). We evaluated the severity 
of dyspnea using the mMRC scale and identified a correlation 
between 6MWT and dyspnea severity. This finding is consistent 
with previous studies in which strong correlations are reported 
between exercise capacity and dyspnea severity experienced 
during exercise. (23-25).

We also identified significant correlations between 6MWT distance 
and pre-/post-test pulse and systolic blood pressure differences. 
Pulse response during the test is an important parameter 
regarding cardiac response to exercise, guiding the investigation 
of heart failure in patients with limited exercise capacity.

We evaluated malnutrition levels based on BMI and triceps skin 
thickness. The 6MWT distance of our patients was negatively 
correlated with BMI and triceps skin thickness. Malnutrition is 
associated with structural and metabolic changes in the peripheral 
respiratory muscles, and so may exacerbate shortness of breath 
and impair exercise tolerance and quality of life (26). While many 
previous studies have failed to identify a correlation between 
body weight and 6MWT distance, nutritional support significantly 
increased the distance walked in 6MWT (27-29).

Study Limitations

The limitations of the study include the collection of study data 
from a single center and the small sample size. Also, as this is a 
cross-sectional study, cause-effect analysis cannot be performed.

CONCLUSION
The data reported over recent years suggest that exercise 
performance in COPD patients may be a direct or indirect 
predictor of survival. While this process involves rather complex 
associations, it is specific for each patient. In this regard, all factors 
that reduce exercise capacity should be identified and eliminated 
to increase the patients’ quality of life and survival as much as 
possible.

The data collected in this study and the relevant analyses suggest 
that there are numerous and interrelated factors that affect 
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exercise performance in COPD patients. Appropriately designed 
studies conducted with larger patient cohorts are required to 
demonstrate these relationships more clearly.
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