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Background: The natural course of chronic obstructive pulmonary disease (COPD) is characterized by 
symptom exacerbation and quality-of-life reduction. Therefore, symptoms should be properly assessed. Some 
studies have demonstrated a weak correlation between cardiopulmonary exercise testing (CPET) parameters 
and symptoms in patients with COPD; however, data on Asian patients are lacking. We investigated the 
value of CPET parameters in assessing symptoms and quality of life in Asian patients with COPD.
Methods: Of 681 patients who underwent CPET at Asan Medical Center between January 2020 and 
June 2022, we analyzed 195 patients with COPD in this retrospective study. A cycle ergometer was used 
for the incremental protocol. The modified Medical Research Council (mMRC) dyspnea scale and COPD 
Assessment Test (CAT) were administered to assess the patients’ symptoms.
Results: The mMRC grade was related to maximal oxygen uptake (VO2 max, L/min) (Spearman’s 
correlation coefficient ρ=−0.295, P<0.001) and physiological dead space/tidal volume ratio at peak exercise 
(VD/VT peak) (ρ=0.256, P<0.001). The CAT score was significantly correlated with VO2 max (L/min) 
(Spearman’s correlation coefficient ρ=−0.297, P<0.001) and VD/VT peak (ρ=0.271, P<0.001), but had no 
correlation with breathing reserve (ρ=−0.122, P=0.089). The optimal cut-off values of VO2 max and VD/VT 
peak for predicting the onset of clinically significant dyspnea were 1.099 L/min and 0.295, respectively.
Conclusions: VO2 max and VD/VT peak comprehensively reflect the symptoms and health-related quality 
of life of patients with COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is 
characterized by persistent airflow limitation (1) and many 
accompanying chronic respiratory symptoms (2). These 
symptoms worsen with disease progression, resulting 
in functional limitations and reduced quality of life (3). 
Therefore, it is important to evaluate the subjective 
complaints of patients with COPD. Several methods 
for assessing symptoms are available, among which the 
modified Medical Research Council (mMRC) dyspnea 
scale is mainly used to estimate the severity of dyspnea 
(1,4). The mMRC dyspnea scale is known to be strongly 
correlated with other methods of assessing the health status 
of patients (5) and is useful for predicting mortality (6). 
The COPD Assessment Test (CAT) is also a widely used 
method for evaluating symptoms (7). Rather than simply 
measuring breathlessness, CAT evaluates other respiratory 
symptoms and the ability to perform daily activities, thereby 
estimating the quality of life (8). The mMRC dyspnea scale 
and CAT are relatively simple measures that are included 
in the criteria for determining the treatment of COPD in 
the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) guidelines (1).

Cardiopulmonary exercise testing (CPET) is an 
important tool for diagnosis and functional evaluation 

in patients with cardiopulmonary diseases (9-12). CPET 
parameters are used to evaluate integrative physiological 
responses during maximal exercise and help identify factors 
that may be causing exercise limitations (13). In many cases, 
multiple factors are involved, including cardiopulmonary, 
musculoskeletal, neurological, metabolic, and psychological 
factors (13). In particular, as multiple factors often 
contribute to exercise intolerance in patients with COPD 
(9,14), CPET can provide useful information that can guide 
the diagnosis and subsequent treatment of COPD.

Thus far, only a few studies have examined the 
relationship of CPET parameters to symptoms and quality 
of life in patients with COPD. Previous studies assessed 
symptoms and quality of life by using instruments such as 
the St. George’s Respiratory Questionnaire (SGRQ) (15), 
20-item Chronic Respiratory Disease Questionnaire (16),  
and  Ni jmegen  In tegra l  As se s sment  Framework  
(NIAF) (17), all of which are too complex to use in daily 
practice. In those studies, only maximal oxygen uptake (VO2 
max), breathing reserve, and VO2/work rate ratio were 
found to be correlated with some of the instruments used, 
and the degree of relationship were weak. Furthermore, 
no study has investigated the utility of CPET parameters 
in evaluating subjective complaints in Asian patients with 
COPD.

In this study, we investigated which CPET parameters 
can explain and reflect the symptoms and quality of life of 
Asian patients with COPD, as assessed using the mMRC 
grade and CAT score. We present this article in accordance 
with the STROBE reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-23-185/rc).

Methods

Patients

This retrospective single-center study enrolled 681 adult 
patients who underwent CPET at Asan Medical Center 
(Seoul, Republic of Korea) between January 2020 and June 
2022. Patients in whom COPD had been diagnosed on the 
basis of compatible clinical symptoms and confirmed using 
spirometry with a post-bronchodilator forced expiratory 
volume in 1 s (FEV1)/forced vital capacity (FVC) ratio of 
<0.7 were included. Patients were excluded for the following 
reasons: (I) lack of medical records, (II) presence of relevant 
comorbidities (stage IV lung cancer based on tumour-node-
metastasis stage (18), heart failure, history of lung resection, 
interstitial lung disease, and neuromuscular disease), (III) 
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Key findings
•	 Among the parameters of cardiopulmonary exercise testing 

(CPET), maximal oxygen uptake (VO2 max) and physiological 
dead space/tidal volume ratio at peak exercise (VD/VT peak) 
comprehensively reflect symptoms and quality of life in patients 
with COPD.

What is known and what is new? 
•	 Previous studies assessed the correlation between CPET 

parameters and symptoms and quality of life by using complex 
instruments, and the correlation was weak. Also, no studies were 
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•	 We discovered that VO2 max and VD/VT peak significantly 
correlate with the mMRC grade and COPD Assessment Test score. 
In addition, we proposed the optimal cut-off values of VO2 max 
and VD/VT peak for predicting the onset of clinically significant 
dyspnea and poor quality of life.
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•	 VO2 max and VD/VT peak are reliable indicators of symptoms 

and health-related quality of life in patients with COPD and would 
suggest when to consider more aggressive treatment.
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presence of features of asthma, (IV) a submaximal test 
defined by a maximal respiratory exchange ratio of <1.15, 
and (V) any COPD exacerbation within the previous two 
months. Clinical data, including age, sex, body weight, 
height, body mass index, and symptoms, were reviewed 
from medical records.

Assessment of symptoms

The mMRC dyspnea scale was administered to assess the 
degree of dyspnea. The mMRC scale categorizes patients 
into one of five grades (0–4) based on the degree of  
dyspnea (1). CAT was used to evaluate the patients’ quality 
of life, including respiratory symptoms (e.g., cough and 
chest tightness), ability to perform daily activities, and sleep. 
Each item is scored from 0 to 5 points, with a higher score 
indicating a worse outcome. As the CAT questionnaire 
contains a total of eight items, the worst possible score 
is 40 points (8). Previous studies have demonstrated that 
CAT scores are strongly associated with SGRQ scores (7). 
Patients were stratified into two groups based on mMRC 
grade (either <2 or ≥2) and CAT score (either <10 or ≥10), 
differentiating those with less subjective and more subjective 
complaints.

CPET

CPET was performed using an electronically braked cycle 
ergometer (VIAsprint 150P; CareFusion Inc., San Diego, 
CA, USA) (19). A continuous incremental protocol based 
on the American Thoracic Society/American College of 
Chest Physicians guidelines on CPET was selected, and 
the test was performed under medical supervision (13,20). 
Inhaled and exhaled gas concentrations were measured 
through a face mask (V2TM Oro-Nasal Mask; Hans Rudolph 
Inc., Kansas City, MO, USA) and analyzed using the 
breath-by-breath method (13). All patients underwent 
spirometry before CPET on the same day. During CPET, 
electrocardiography, arterial saturation, heart rate, and 
blood pressure were monitored.

The test consisted of four phases: resting, warm-
up, exercise, and recovery. During the resting phase, the 
patients rested for 2 min without pedalling and baseline data 
were collected. In the warm-up phase, the patients started 
pedalling without a load for 1 min and 30 s at a speed of 
30–40 revolutions per minute (RPM). In the exercise phase, 
the patients pedalled at 65 RPM with increasing load at an 
individualized speed of 5–15 W/min, depending on fitness 

and spirometry results. The patients were encouraged 
to exercise up to their maximum capacity, for >10 min 
if possible. However, even if the maximum capacity was 
not reached, the test was immediately terminated on the 
patients’ request or in case of abnormal monitoring results. 
In the recovery phase, the patients pedalled at 30–40 RPM 
with no load until stabilization of vital signs.

Statistical analysis

Continuous variables are presented as means and standard 
deviations, and categorical variables are described as counts 
and percentages. The comparison of CPET parameters 
among groups stratified by symptom severity was conducted 
using Student’s t-test. The Kolmogorov-Smirnov test was 
used to test data normality. For variables with a normal 
distribution, we used Pearson’s correlation coefficients. 
For variables that did not follow a normal distribution, 
Spearman’s correlation coefficients were employed. Receiver 
operating characteristic (ROC) analysis and the Youden 
index were used to determine cut-off values. In all analyzes, 
statistical significance was determined at P<0.05 and 95% 
confidence interval. IBM Statistical Package for the Social 
Sciences (version 24.0; SPSS Inc., Chicago, IL, USA) was 
used for data analysis.

Ethics statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was approved by the Institutional Review Board (IRB) of 
the Asan Medical Center (approval No. 2021-0915), and 
individual consent for this retrospective analysis was waived.

Results

Between January 2020 and June 2022, a total of 681 adult 
patients underwent CPET at Asan Medical Center. Of 
these patients, 268 had been diagnosed with COPD. The 
most common indications for CPET were pre-operative 
evaluation and investigation of dyspnea. Of the 268 patients 
with COPD, 73 patients were excluded according to the 
exclusion criteria. Finally, 195 patients were included in the 
analysis (Figure 1).

The patients’ baseline characteristics, spirometry results, 
mMRC grades, and CAT scores are shown in Table 1, while 
CPET parameter values are summarized in Table 2.

The comparison of CPET results between groups 
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681 adult patients underwent CPET between 

January 2020 and June 2022

217 patients were eligible

195 patients were included in the analysis

268 patients had been diagnosed with COPD

413 patients had never been diagnosed with 

COPD

Lack of medical records (n=2)

Excluded because of a submaximal test

•	Maximal RER ≤1.15 (n=22)

Excluded because of comorbidities (n=49)

•	Stage IV lung cancer (n=12)

•	Heart failure (n=8)

•	History of lung resection (n=8)

•	Interstitial lung disease (n=7)

•	ACO (n=13)

•	Neuromuscular disease (n=1)

Figure 1 Study flowchart. CPET, cardiopulmonary exercise testing; COPD, chronic obstructive pulmonary disease; ACO, asthma-COPD 
overlap; RER, respiratory exchange ratio.

with less subjective and more subjective complaints are 
shown in Tables 3,4. Age did not differ between the two 
groups based on both mMRC grade and CAT score. In the 
comparison according to the mMRC scale, the group with 
higher mMRC grades showed significantly lower VO2 max 
(1.15±0.32 vs. 0.81±0.30 L/min, P<0.001), lower maximal 
minute ventilation (VE max) (53.1±14.7 vs. 39.4±14.7 L/min,  
P<0.001), and higher VD/VT peak (0.23±0.04 vs. 0.27±0.06, 
P=0.006). Further, no significant difference in breathing 
reserve and VD/VT at rest was found between the two 
groups divided according to mMRC grade. In the 
comparison according to the CAT result, the group with 
higher CAT scores showed significantly lower VO2 max 
(1.18±0.33 vs. 0.99±0.33 L/min, P<0.001), lower VE max 
(53.6±15.1 vs. 47.3±15.0, L/min, P=0.005), higher VD/VT at 
rest (0.38±0.07 vs. 0.40±0.05, P=0.002), and higher VD/VT 
peak (0.23±0.04 vs. 0.25±0.05, P=0.001). CPET parameters 
exhibiting differences between the two groups were 
subjected to logistic regression analysis, and the findings are 
summarized in Tables S1,S2. Maximal voluntary ventilation 
(MVV) and VD/VT peak emerged as independent predictors 

of severe dyspnea.
The correlations among mMRC grade, CAT score, 

CPET parameters, and FEV1 are described in Table 5. A 
correlation between mMRC grade and VO2 max (L/min) 
was observed (Spearman’s correlation coefficient ρ=−0.295, 
P<0.001), as well as between mMRC grade and VD/VT peak 
(ρ=0.256, P<0.001), as illustrated in Figure 2. Similarly, 
CAT score demonstrated a correlation with both VO2 
max (L/min) (Spearman’s correlation coefficient ρ=−0.297, 
P<0.001) and VD/VT peak (ρ=0.271, P<0.001), depicted in  
Figure 3. The mMRC grade and CAT score had no 
significant correlation with breathing reserve (ρ=−0.108, 
P=0.13 and ρ=−0.122, P=0.089, respectively).

Additionally, we analyzed whether FEV1 has a correlation 
with VO2 max and VD/VT peak. The results showed that 
FEV1 (L) was correlated with VO2 max (L/min) (Pearson’s 
correlation coefficient r=0.450, P<0.001) and VD/VT peak 
(r=−0.466, P<0.001).

ROC curves for VO2 max and VD/VT peak were 
generated to determine the optimal cut-off values for 
predicting symptoms and quality of life in patients with 

https://cdn.amegroups.cn/static/public/JTD-23-185-Supplementary.pdf
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Table 1 Baseline characteristics of patients

Baseline characteristics Values

No. 195

Age, years 68.3±9.0

BMI, kg/m2 24.0±3.4

Height, cm

Male 166.7±5.9

Female 153.9±5.3

Weight, kg

Male 66.8±9.9

Female 55.4±13.8

Sex

Male 185 (94.8)

Female 10 (5.2)

FEV1, L 1.92±0.48

FEV1, % predicted 64.1±13.2

GOLD 1 14 (7.2)

GOLD 2 147 (75.4)

GOLD 3 31 (15.9)

GOLD 4 3 (1.5)

FEV1/FVC, % 57.1±10.5

DLCO, % predicted 67.3±18.6

mMRC dyspnea scale

Grade 0 115 (58.9)

Grade 1 55 (28.2)

Grade 2 17 (8.7)

Grade 3 4 (2.1)

Grade 4 4 (2.1)

CAT score 8.9±5.1

0–5 51 (26.2)

6–10 84 (43.0)

11–15 41 (21.0)

16–20 13 (6.7)

21–40 6 (3.1)

Continuous variables are presented as mean ± standard 
deviation, and categorical variables are described as counts and 
percentages. BMI, body mass index; FEV1, forced expiratory 
volume in 1 s; GOLD, Global initiative for Chronic Obstructive 
Lung Disease; FVC, forced vital capacity; VC, vital capacity; 
DLCO, diffusing capacity of the lung for carbon monoxide; 
mMRC, modified Medical Research Council; CAT, chronic 
obstructive pulmonary disease Assessment Test.

Table 2 Values of CPET parameters 

CPET parameters Values

VO2 max, L/min 1.11±0.34

VO2 max, mL/kg/min 16.8±4.7

AT, L/min 0.67±0.24

AT, % predicted VO2 max 39.9±13.9

WR max, W 87.5±28.8

HR max, beats/min 134.0±20.4

HRR, beats/min 25.4±17.7

O2 pulse max, mL/beat 8.84±4.93

O2 pulse max, % predicted 80.4±24.3

Systolic BP max, mmHg 200.8±32.69

VE max, L/min 51.3±15.4

MVV, L/min 81.3±25.2

Peak PETCO2, mmHg 36.8±5.3

Breathing reserve, % 34.1±17.8

VD/VT at rest 0.39±0.07

VD/VT peak 0.24±0.05

Data are presented as mean ± standard deviation. VO2 max, 
maximal oxygen uptake; AT, anaerobic threshold; WR, work 
rate; HR, heart rate; HRR, heart rate reserve; BP, blood pressure; 
SpO2, saturation of percutaneous oxygen; VE, minute ventilation; 
MVV, maximal voluntary ventilation; PETCO2, end-tidal PCO2; VD, 
dead space volume; VT, tidal volume.

COPD (Figure 4). VO2 max =1.099 L/min and VD/VT peak 
=0.295 were optimal predictors of dyspnea assessed using 
the mMRC scale. VO2 max =1.078 L/min and VD/VT peak 
=0.235 were also optimal thresholds for predicting quality of 
life estimated using the CAT score in patients with COPD.

Discussion

In this retrospective study, we evaluated the utility of 
CPET parameters in predicting symptoms and quality of 
life in Asian patients with COPD. To our knowledge, this 
is the first study to evaluate the correlation between CPET 
parameters and patients’ symptoms using the mMRC scale 
and CAT. Among CPET parameters, VO2 max (L/min) and 
VD/VT peak showed the most significant correlation with 
both mMRC grade and CAT score. Further, we determined 
the optimal cut-off values of VO2 max and VD/VT peak for 
predicting clinically significant symptoms and poor quality 
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Table 3 Comparison of CPET parameters between mMRC grades <2 and ≥2

CPET parameters mMRC grade <2 mMRC grade ≥2 P value

Age, years 68.3±7.8 68.0±15.0 0.895

VO2 max, L/min 1.15±0.32 0.81±0.30 <0.001

VO2 max, mL/kg/min 17.4±4.6 12.9±4.19 <0.001

AT, L/min 0.69±0.23 0.57±0.29 0.028

AT, % predicted VO2 max 40.5±13.3 36.2±17.1 0.163

WR max, W 91.8±26.6 58.1±26.7 <0.001

HR max, beats/min 135.5±20.8 124.0±13.3 0.001

HRR, beats/min 24.0±18.0 34.8±12.8 0.004

O2 pulse max, mL/beat 9.15±5.12 6.77±2.63 0.024

O2 pulse max, % predicted 82.1±24.0 69.0±26.7 0.011

Systolic BP max, mmHg 201.3±32.2 196.8±36.0 0.515

VE max, L/min 53.1±14.7 39.4±14.7 <0.001

MVV, L/min 84.9±23.8 57.2±21.0 <0.001

Peak PETCO2, mmHg 37.1±4.9 34.3±6.6 0.012

Breathing reserve, % 34.7±18.1 29.3±15.5 0.120

VD/VT at rest 0.38±0.07 0.39±0.05 0.483

VD/VT peak 0.23±0.04 0.27±0.06 0.006

Data are presented as mean ± standard deviation. CPET, cardiopulmonary exercise testing; mMRC, modified Medical Research Council; 
VO2 max, maximal oxygen uptake; AT, anaerobic threshold; WR, work rate; HR, heart rate; HRR, heart rate reserve; BP, blood pressure; 
SpO2, saturation of percutaneous oxygen; VE, minute ventilation; MVV, maximal voluntary ventilation; PETCO2, end-tidal PCO2; VD, dead space 
volume; VT, tidal volume.

of life.
VO2 max can predict 5-year mortality and is generally 

considered the most important CPET parameter (21). It 
is determined by how much oxygen the body actually uses 
through the process of receiving oxygen from respiration 
and transporting it to the tissues (22). Therefore, various 
factors are involved in this process, including arterial blood 
oxygen partial pressure, blood hemoglobin concentration, 
cardiac output, and tissue perfusion (13). As dyspnea and 
decreased exercise capacity in patients with COPD are 
frequently due to extrapulmonary factors, VO2 max can be 
considered an important parameter in COPD (9).

A previous study reported that VO2 max improved the 
prediction of self-reported function and health-related 
quality of life after controlling FEV1 (16). Another study 
assessed the relationship between the NIAF health status 
and VO2 max in patients with COPD, and found a weak 
correlation (17). In accordance with previous studies, our 
study showed that VO2 max had a weak correlation with 

mMRC grade and CAT score. Because most patients in this 
study had mild symptoms, the relationship may have been 
underestimated. Therefore, we divided the study population 
into two groups based on mMRC grade (<2 or ≥2) and CAT 
score (<10 or ≥10). We observed significant differences in 
VO2 max between the two groups. This suggests that VO2 
max is not only an indicator of prognosis in patients with 
COPD but is also a valuable parameter reflecting actual 
symptoms and quality of life in these patients. We also 
created ROC curves of VO2 max to determine the optimal 
cut-off value for predicting the onset of clinically significant 
symptoms and impaired quality of life. The extent to which 
CPET parameters vary as a disease progresses, and the 
clinical significance of such changes, remain inadequately 
understood compared to other objective measurements 
like FEV1 in spirometry. This lack of data contributes to a 
reluctance to utilize CPET, despite its proven usefulness. 
A decrease in VO2 max below the cut-off value during 
the patients’ follow-up should prompt physicians to 
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Table 4 Comparison of CPET parameters between CAT scores <10 and ≥10

CPET parameters CAT score <10 CAT score ≥10 P value

Age, years 68.3±7.7 68.3±11.0 0.994

VO2 max, L/min 1.18±0.33 0.99±0.33 <0.001

VO2 max, mL/kg/min 17.5±4.7 15.5±4.6 0.004

AT, L/min 0.70±0.23 0.62±0.24 0.023

AT, % predicted VO2 max 40.8±13.3 38.4±14.8 0.265

WR max, W 94.6±24.9 75.1±31.1 <0.001

HR max, beats/min 136.3±21.7 130.0±17.3 0.027

HRR, beats/min 22.8±18.2 29.7±16.1 0.009

O2 pulse max, mL/beat 9.35±5.83 7.96±2.54 0.058

O2 pulse max, % predicted 81.8±25.6 78.0±21.7 0.294

Systolic BP max, mmHg 202.4±32.6 198.0±32.8 0.365

VE max, L/min 53.6±15.1 47.3±15.0 0.005

MVV, L/min 86.5±24.3 72.3±24.4 <0.001

Peak PETCO2, mmHg 37.2±5.0 36.0±5.6 0.115

Breathing reserve, % 34.9±17.9 32.5±17.8 0.364

VD/VT at rest 0.38±0.07 0.40±0.05 0.002

VD/VT peak 0.23±0.04 0.25±0.05 0.001

Data are presented as mean ± standard deviation. CPET, cardiopulmonary exercise testing; CAT, chronic obstructive pulmonary disease 
Assessment Test; VO2 max, maximal oxygen uptake; AT, anaerobic threshold; WR, work rate; HR, heart rate; HRR, heart rate reserve; BP, 
blood pressure; SpO2, saturation of percutaneous oxygen; VE, minute ventilation; MVV, maximal voluntary ventilation; PETCO2, end-tidal PCO2; 
VD, dead space volume; VT, tidal volume.

Table 5 Correlations among mMRC grade, CAT score, CPET parameters, and FEV1

Variables
mMRC grade CAT score

ρ† P value ρ† P value

VO2 max, L/min −0.295 <0.001 −0.297 <0.001

VO2 max, mL/kg/min −0.282 <0.001 −0.252 <0.001

FEV1 −0.387 <0.001 −0.299 <0.001

O2 pulse −0.195 0.006 −0.142 0.047

Anaerobic threshold −0.135 0.07 −0.194 0.009

Breathing reserve −0.108 0.13 −0.122 0.089

ETCO2 −0.131 0.068 −0.145 0.043

VE max −0.248 <0.001 −0.232 0.001

VD/VT peak 0.256 <0.001 0.271 <0.001

†, Spearman’s correlation coefficient. VO2 max, maximal oxygen uptake; mMRC, modified Medical Research Council; CAT, chronic 
obstructive pulmonary disease Assessment Test; CPET, cardiopulmonary exercise testing; FEV1, forced expiratory volume in 1 s; VE, 
minute ventilation; VD, dead space volume; VT, tidal volume.
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consider more aggressive treatment, such as medication or 
rehabilitation, to control symptoms and ultimately improve 
quality of life. Additionally, improved interpretation of 
CPET results would facilitate its broader application in 
clinical practice.

In addition, we found that VO2 max was closely 
correlated with FEV1, which is a well-established prognostic 
factor and an important parameter for evaluating lung 
function in patients with COPD (23). The significant 
correlation of VO2 max with mMRC grade, CAT score, and 
FEV1 suggests that VO2 max can comprehensively reflect 
the lung function, symptoms, quality of life, and actual 
exercise capacity of patients with COPD.

In this study, VD/VT peak was more strongly correlated 
with mMRC grade and CAT score than other CPET 
parameters. COPD is characterized by airflow limitation, 
which becomes aggravated during exercise and leads to 
lung hyperinflation and increased dead space volume (24). 
When we compared VD/VT between the mMRC grade <2 

and ≥2 groups, we observed a significant difference in VD/
VT peak but not in VD/VT at rest between the two groups. 
This suggests that sudden hyperinflation of the lungs during 
exercise is one of the factors contributing to severe dyspnea 
during exercise, eventually causing exercise intolerance (25). 
The significant correlation of VD/VT peak with mMRC grade 
and CAT score implies that dyspnea and poor quality of life 
partially result from an increase in dead space during exercise.

VD/VT was also correlated with FEV1, with a stronger 
correlation between FEV1 and VD/VT peak than between 
FEV1 and VD/VT at rest. This suggests that air trapping 
during exercise and dynamic lung hyperinflation highly 
depend on the degree of airflow limitation.

In this study, we assessed dyspnea and quality of life 
in patients with COPD using the mMRC grade and the 
CAT score, both of which are readily available in clinical 
settings. The mMRC grade and CAT score demonstrated 
a significant correlation with VO2 max and VD/VT peak, 
substantiating the validity of these two straightforward 
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questionnaires. Therefore, we advocate for the increased 
utilization of these tools by physicians when assessing 
patients with COPD.

This retrospective study conducted at a single center 
is limited by the existence of relevant bias. Moreover, the 
generalizability of our findings is limited, as the majority 
of patients were male and the research was conducted 
exclusively on an Asian population. Also, the number of 
patients with severe symptoms (mMRC grade ≥2 or CAT 
score ≥10) was relatively small. Among patients with severe 
symptoms, few can undergo CPET and those who can 
frequently perform submaximal exercise owing to several 
reasons, including dyspnea and deconditioning. As the 
correlation is expected to be stronger if more patients with 

severe symptoms are analyzed, a larger prospective study 
involving such patients is required.

Conclusions

In this study, among CPET parameters, VO2 max and  
VD/VT peak demonstrated significant correlations with 
mMRC grade and CAT score. This suggests that VO2 max 
and VD/VT peak are reliable indicators of symptoms and 
health-related quality of life in patients with COPD.
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