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Abstract

Background: Exercise capacity is associated with lung function decline in chronic 
obstructive pulmonary disease (COPD) patients, but a discrepancy between exercise 
capacity and airflow limitation exists. This study aimed to explore factors contributing 
to this discrepancy in COPD patients.
Methods: Data for this prospective study were obtained from the Korean COPD Sub-
group Study. The exercise capacity and airflow limitation were assessed using the 
6-minute walk distance (6-MWD; m) and forced expiratory volume in 1 second (FEV1). 
Participants were divided into four groups: FEV1 >50%+6-MWD >350, FEV1 >50%+6-
MWD ≤350, FEV1 ≤50%+6-MWD >350, and FEV1 ≤50%+6-MWD ≤350 and their clinical 
characteristics were compared.
Results: A total of 883 patients (male:female, 822:61; mean age, 68.3±7.97 years) were 
enrolled. Among 591 patients with FEV1 >50%, 242 were in the 6-MWD ≤350 group, and 
among 292 patients with FEV1 ≤50%, 185 were in the 6-MWD >350 group. The multiple 
regression analyses revealed that male sex (odds ratio [OR], 8.779; 95% confidence in-
terval [CI], 1.539 to 50.087; p=0.014), current smoking status (OR, 0.355; 95% CI, 0.178 
to 0.709; p=0.003), and hemoglobin levels (OR, 1.332; 95% CI, 1.077 to 1.648; p=0.008) 
were significantly associated with discrepancies in exercise capacity and airflow lim-
itation in patients with FEV1 >50%. Meanwhile, in patients with FEV1 ≤50%, diffusion 
capacity of carbon monoxide (OR, 0.945; 95% CI, 0.912 to 0.979; p=0.002) was signifi-
cantly associated with discrepancies between exercise capacity and airflow limitation. 
Conclusion: The exercise capacity of COPD patients may be influenced by factors oth-
er than airflow limitation, so these aspects should be considered when assessing and 
treating patients.

Keywords: Chronic Obstructive Pulmonary Disease; Exercise Capacity; 6-Minute Walk 
Distance; Forced Expiratory Volume in 1 Second 

https://orcid.org/0000-0002-3438-006X
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Kim+NY&cauthor_id=35690367
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Park+JH&cauthor_id=28860740
https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Jung+JY&cauthor_id=36533883
https://pubmed.ncbi.nlm.nih.gov/?term=Ra SW%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Jung KS%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Yoo KH%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Yoo KH%5BAuthor%5D
https://orcid.org/0000-0002-3262-0672
mailto:hochkim@gnu.ac.kr
http://crossmark.crossref.org/dialog/?doi=10.4046/trd.2023.0068&domain=pdf&date_stamp=2024-04-01


TH Kim et al.

https://doi.org/10.4046/trd.2023.0068 https://e-trd.org/ 156

Introduction

Reduced exercise capacity is a key clinical feature in 
chronic obstructive pulmonary disease (COPD) pa-
tients1 who are usually associated with a decline in 
lung function, particularly forced expiratory volume in 1 
second (FEV1)2. 

Studies on the association between the degree of air-
flow limitation and exercise capacity in COPD revealed 
that patients with minor airflow limitation do not have 
a decreased exercise capacity. However, patients with 
moderate airflow limitation are reported to exhibit a 
reduced exercise capacity3. In a study comprising 118 
COPD patients, the 6-minute walk distance (6-MWD) 
test results, used to assess exercise capacity, indicated 
that the performance of patients with severe airflow 
limitation was approximately 30% worse than those 
with mild airflow limitation4. 

However, the severity of the airflow limitation in 
COPD patients cannot be used to accurately predict 
a decline in exercise capacity. Spruit et al.5’s study in-
cluding 1,795 individuals with COPD investigated the 
predictors of poor 6-MWD test results (≤350 m). They 
reported that, in addition to significant airflow limita-
tion, a high degree of emphysema, more depressed 
mood, and greater perception of dyspnea symptoms 
were related to a decreased exercise capacity5. Fur-
thermore, regardless of the airflow limitation level, 
patients more vulnerable to dynamic hyperinflation dis-
play a more reduced exercise capacity6,7.

These studies suggest that decreased exercise ca-
pacity in COPD is highly complex, involving a wide 
range of contributing factors. In clinical practice, we of-
ten encounter patients with preserved exercise capac-
ity despite significant airflow limitations, while others 
exhibit profoundly reduced exercise capacity despite 
mild airflow restrictions. Thus, this study aimed to iden-
tify the variables that contribute to the discrepancy be-
tween exercise capacity and airflow limitation in COPD 
patients.

Materials and Methods

1. Study population 
This study included patients from the Korean COPD 
Subgroup Study cohort, since December 2011, a mul-
ticenter, prospective observational cohort of COPD 
patients from 53 centers in South Korea. The inclusion 
criteria were over 40 years old and a postbronchodi-
lator FEV1/forced vital capacity (FVC) ratio of 0.7. To 
enroll the patients, physicians or skilled nurses used 
case-report forms to record information such as age, 

sex, height, weight, smoking status, patient-reported 
education level, area of residence, comorbidities, and 
respiratory symptoms such as cough and sputum 
production. In addition, results for 6-MWD, the COPD 
assessment test (CAT), COPD-specific St. George’s 
Respiratory Questionnaire (SGRQ), Beck Depression 
Inventory (BDI) score, and modified Medical Research 
Council (mMRC) score for dyspnea severity were eval-
uated8. A serologic laboratory test was also performed. 
During the first year of follow-up after enrollment, the 
occurrence and frequency of exacerbations were ex-
amined. 

2. Pulmonary function test, 6-MWD test, and COPD 
severity

During enrolment, spirometer, diffusion capacity of 
carbon monoxide (DLCO), lung volume measurement, 
and 6-MWD were measured according to the recom-
mendations of the American Thoracic Society and Eu-
ropean Respiratory Society9. The severity of COPD was 
classified according to the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) guideline. Lung 
function severity was classified as GOLD stage 1 (FEV1 
≥80%), GOLD stage 2 (50%≤ FEV1 <80%), GOLD stage 
3 (30%≤ FEV1 <50%), and GOLD stage 4 (FEV1 <30%). 

3. Group assignment 
The patients were divided into four groups accord-
ing to their FEV1 and 6-MWD results. To differentiate 
between mild to moderate and severe to very severe 
airflow limitation, the threshold for FEV1 was 50%, 
which separates GOLD stages 1–2 from GOLD stages 
3–4. To distinguish between high and low exercise 
capacity among the participants, the threshold for the 
6-MWD was set as 350 m, which was considered “poor 
6-MWD” in the Evaluation of COPD Longitudinally to 
Identify Predictive Surrogate End-points (ECLIPSE) 
study10. Therefore, the four groups were as follows: 
group 1 (high FEV1 >50% and high 6-MWD >350 m), 
group 2 (high FEV1 >50% and low 6-MWD ≤350 m), 
group 3 (low FEV1 ≤50% and high 6-MWD >350 m), and 
group 4 (low FEV1 ≤50% and low 6-MWD ≤350 m). 

4. Ethics statement 
This study adhered to the Declaration of Helsinki 
guidelines, and written informed consent was obtained 
from all the participants. The study was approved by 
the Institutional Review Board of Gyeongsang National 
University Changwon Hospital (GNUCH-2023-03-029). 

5. Statistical analyses
Categorical variables are reported as frequencies and 
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percentages, whereas all continuous variables are de-
scribed as mean and standard deviation. To examine 
continuous variables for normal and nonnormal data 
distributions, respectively, a two-sample t-test or the 
Mann-Whitney U test was applied and the Fisher’s ex-
act test or the chi-squared test was used to assess cat-
egorical values. Multiple logistic regression analyses 
were conducted to assess the components that may 
contribute to the discrepancy between exercise ca-
pacity and airflow limitation. Covariates were selected 
for the logistic regression model based on univariate 
analysis (p>0.2) and clinical relevance. Age, sex, body 
mass index (BMI), smoking status, the Charlson comor-
bidity index (CCI), lung volume, the DLCO, and FEV1 
values from pulmonary function tests, the CAT and BDI 
scores, and the mMRC score were covariates along 
with exacerbation from the prior year and laboratory 
test. A p-value of 0.05 was regarded as statistically sig-
nificant for all comparisons. The SPSS version 25.0 for 
Windows (IBM Company, Armonk, NY, USA) was used 
for all statistical analyses.

Results

1. Baseline characteristics 
A total of 883 patients were included in the study. 
We only included patients who had completed the 
6-MWD test and pulmonary function tests, including 
diffusion capacity and lung volume measurements. 
These patients completed the CAT and SGRQ (Figure 
1). The median age of the 883 patients was 70 years 
(interquartile range, 64 to 74), with males accounting 
for 92.9% of the study population. The mean BMI of 
the patients was 23.4±3.33 kg/m2, and current smok-

ers accounted for 64.3% of the study population. The 
CCI was 0.3±0.69. The FEV1 was 1.76±0.64 and %FEV1 
was 60.3±19.76. The DLCO (%) was 66.4±20.86 and 
residual volume (RV)/total lung capacity (TLC) (%) was 
40.6±12.04. The 6-MWD was 384.7±112.83 m. CAT and 
SGRQ total scores were 12.9±7.46 and 25.5±18.36, re-
spectively. Table 1 shows the baseline characteristics 
of the study population.

2. Comparison of the clinical characteristics of four 
groups of COPD patients

The characteristics of the groups, including pulmonary 
function and 6-MWD, are shown in Table 2. There were 
591 patients with FEV1 >50% and 292 patients with 
FEV1 ≤50%. Among the 591 patients with FEV1 >50%, 
349 (59%) and 242 (41%) patients had 6-MWD >350 
m and ≤350 m, respectively (Figure 2). Age and the 
CCI were substantially higher in the 6-MWD ≤350 m 
group than in the 6-MWD >350 m group (70.1±9.1 vs. 
67.2±7.4, p=0.001; 0.34±0.76 vs. 0.29±0.63, p=0.001; 
respectively). However, the proportion of current smok-
ers was significantly higher in the 6-MWD >350 m 
group than in the 6-MWD ≤350 m group (34.4 vs. 15.3, 
p=0.001). For the pulmonary function test, the FEV1 (L), 
FVC (%), and FEV1/FVC (%) were significantly higher 
in the 6-MWD ≤350 m group than in the 6-MWD >350 
m group (2.0±0.47 vs. 2.17±0.63, p=0.001; 67.6±12.6 
vs. 75.3±16.5, p=0.001; 56.68±8.99 vs. 59.88±13.02, 
p=0.001; respectively). RV/TLC (%) was significantly 
higher in the 6-MWD >350 m group than in the 6-MWD 
≤350 m group (37.4±9.15 vs. 34.6±10.24, p=0.001). The 
6-MWD was significantly higher in the 6-MWD >350 m 
group than in the 6-MWD ≤350 m group (463.56±72.03 
vs. 278.37±52.15, p=0.001). In addition, the hemoglo-

No 6-MWT (n=1,000)
No measurement of lung volume or DLCO (n=2,076)
No assessment of SGRQs (n=33)
No assessment of CAT score (n=47)

Total COPD patients (n=3,440)

Enrolled COPD patients (n=883)

Figure 1. Flow diagram of the study population. COPD: chronic obstructive pulmonary disease; 6-MWD: 6-minute walk 
distance; DLCO: diffusion capacity carbon monoxide; SGRQ: St. George’s Respiratory Questionnaire; CAT: COPD assess-
ment test.
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bin levels and lymphocyte count (%) were significantly 
lower in the 6-MWD ≤350 m group than in the 6-MWD 
>350 m group (14.25±1.48 vs. 14.54±1.40, p=0.01; 
29.68±8.72 vs. 31.36±9.19, p=0.015; respectively). 

In 292 patients with FEV1 ≤50%, 185 (63.3%) and 
107 (36.7%) patients were in the 6-MWD >350 m and 
≤350 m groups, respectively. Age and the CCI were 
significantly higher in the 6-MWD ≤350 m group than 
in the 6-MWD >350 m group (69.29±7.55 vs. 67.28±7.1, 
p=0.012; 0.41±0.71 vs. 0.36±0.71, p=0.001; respective-
ly). However, the proportion of current smokers was 
significantly higher in the 6-MWD >350 m group than 
in the 6-MWD ≤350 m group (29.2 vs. 16.8, p=0.019). 
The pulmonary function test revealed that the FEV1 (L), 
FEV1/FVC (%), and DLCO (%) were significantly lower in 
the 6-MWD ≤350 m group than in the 6-MWD >350 m 
group (1.09±0.88 vs. 1.18±0.26, p=0.007; 38.06±9.10 vs. 
40.99±9.03, p=0.004; 49.6±18.6 vs. 59.7±17.5, p=0.001; 
respectively). RV/TLC (%) was significantly higher in 
the 6-MWD ≤350 m group than in the 6-MWD >350 m 
group (51.43±13.15 vs. 48.2±10.39, p=0.001). For the 
laboratory findings, the troponin I level was significantly 
higher in the 6-MWD ≤350 m group than in the 6-MWD 
>350 m group (0.07±0.41 vs. 0.05±0.05, p=0.012). CAT 
score, SGRQ total score, and BDI were significantly 
higher in the 6-MWD ≤350 m group than in the 6-MWD 
>350 m group (17.7±8.54 vs. 14.79±7.45, p=0.001; 
40.58±25.2 vs. 30.95±16.68, p=0.001; 8.84±10.03 vs. 
6.06±7.32, p=0.009; respectively). 

Table 1. Clinical characteristics of the enrolled COPD 
patients

Characteristic COPD (n=883) 

Age, yr 68.3±7.97

Male sex 820 (92.9)

BMI, kg/m2 23.4±3.33

Education level (>12 years) 162 (18.3)

Residence, urban area 742 (83.8)

Smoking status 

      Current smoker 229 (25.9)

      Never smoker 85 (9.6)

      Ex-smoker 569 (64.4)

CCI score 0.3±0.69

Cough over 3 months/year 207 (23.4)

Sputum over 3 months/year 300 (33.9)

Pulmonary function test 

      FEV1, L 1.76±0.64

      FEV1, % 60.3±19.76

      FVC, L 3.38±0.80

      FVC, % 81.9±16.03

      FEV1/FVC, mL/min/mm Hg 52.0±13.40

      DLCO, mL/min/mm Hg 13.71±4.86

      DLCO, % 66.4±20.86

      RV/TLC, % 40.6±12.04 

mMRC 1.23±0.92

mMRC >2 260 (30.6)

CAT score 12.9±7.46 

SGRQ total score 25.5±18.36

BDI (n=744) 6.08±7.68

Exacerbation at recent 1-year, % 
   (n=441)

85 (9.6)

6-MWD 384.7±112.83

Laboratory finding 

      WBC, 109/L (n=831) 7.07±2.20

      Hemoglobin, g/dL (n=831) 14.4±1.43

      Hematocrit, % (n=829) 43.2±4.31 

      Neutrophil, % (n=820) 58.47±10.53

      Lymphocyte, % (n=820) 28.6±9.17

      Eosinophil, % (n=820) 3.19±3.05

      BUN, mg/dL (n=789) 16.55±5.76

      Creatinine, mg/dL (n=797) 1.03±0.89

      Albumin, g/dL (n=788) 4.47±0.35

      IgE, IU/mL (n=419) 263.5±442.26

      CRP, mg/L (n=439) 2.35±4.21

Table 1. Continued

Characteristic COPD (n=883) 

      IL-6, pg/mL (n=152) 173.9±710.06

      Troponin I, ng/mL (n=313) 15.9±4.47

      Pro-BNP, pg/mL (n=366) 161.2±408.9

      D-dimer, µg/mL (n=324) 0.5±0.64

Values are presented as mean±standard deviation or num-
ber (%). 
COPD: chronic obstructive pulmonary disease; BMI: body 
mass index; CCI: Charlson comorbidity index; FEV1: forced 
expiratory volume in 1 second; FVC: forced vital capacity; 
DLCO: diffusion capacity carbon monoxide; RV: residual 
volume; TLC: total lung capacity; mMRC: modified Medical 
Research Council; CAT: COPD assessment test; SGRQ: St. 
George's Respiratory Questionnaire; BDI: Beck depression 
inventory; 6-MWD: 6-minute walk distance; WBC: white 
blood cell; BUN: blood urea nitrogen; IgE: immunoglobulin 
E; CRP: C-reactive protein; IL: interleukin; BNP: brain natri-
uretic peptide. 
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3. Factors associated with the discrepancy between 
airflow limitation and exercise capacity in mild to 
moderate COPD patients

Multiple logistic regression analyses revealed that 
males (odds ratio [OR], 8.779; 95% confidence interval 
[CI], 1.539 to 50.087; p=0.014), current smoking sta-
tus (OR, 0.355; 95% CI, 0.178 to 0.709; p=0.003), and 
hemoglobin levels (OR, 1.332; 95% CI, 1.077 to 1.648; 
p=0.008) were substantially related to differences in 
exercise capacity and airflow limitation in patients with 
mild to severe COPD (Table 3). This discrepancy was 
not linked to pulmonary function test results or labora-
tory findings.

4. Factors associated with the discrepancy between 
airflow limitation and exercise capacity in severe 
to very severe COPD patients

Multiple logistic regression analyses showed that 
DLCO (OR, 0.945; 95% CI, 0.912 to 0.979; p=0.002) was 
substantially associated with the discrepancy between 
airflow limitation and exercise capacity in patients with 
severe to very severe COPD (Table 4). There was no 
correlation between the severity of airway obstruction, 
smoking status, and laboratory results. 

Discussion 

This study investigated the characteristics and factors 
that are related to reduced exercise capacity despite 
mild to moderate airflow limitation and a higher exer-
cise capacity despite severe to very severe airflow lim-
itation in patients who had COPD. The main findings of 
this study were as follows. First, many COPD patients 
showed a discrepancy between the degree of airflow 
limitation and exercise capacity. In this study, 40% of 

the COPD patients with mild to moderate airflow lim-
itation (FEV1 >50%) exhibited a lower 6-MWD (≤350). 
Conversely, 36% of COPD patients with severe to very 
severe airflow limitation (FEV1 ≤50%) exhibited a higher 
6-MWD (>350). Second, in patients with mild to mod-
erate airflow limitation, male sex, smoking status, and 
hemoglobin level were associated with a discrepancy 
between airflow limitation and exercise capacity. In 
COPD patients with severe to very severe airflow lim-
itation, the diffusion capacity of the lung was found to 
have an association with this discrepancy. 

In this study, smoking status was associated with 
discrepancies between the degree of airflow limitation 
and exercise capacity in COPD patients with mild and 
moderate airflow limitation. It was found that patients 
with mild to moderate COPD who were current smok-
ers had a considerably better capacity for exercise than 
anticipated. A previous study in China that compared 
the clinical characteristics of 4,331 COPD patients 
between current and former smokers indicated that 
current smokers have higher exercise capacity than 
former smokers11. This data reflects that in situations 
when the degree of airway obstruction is less severe, 
those with substantially higher exercise capacity are 
more likely to continue smoking. However, several stud-
ies have demonstrated that smoking status may have 
a negative influence on exercise capacity in healthy 
older individuals and patients with COPD. In another 
study of 154 older healthy individuals, 6-MWD accord-
ing to their smoking status was measured12. Although 
the level of physical activity did not differ according 
to smoking status, current and ex-smokers had about 
20% shorter 6-MWD than nonsmokers. In addition, cur-
rent smokers without COPD showed a shorter 6-MWD 
than nonsmokers. Although handgrip and limb muscle 

COPD Patients (n=883)

FEV <50% (n=292)1FEV >50% (n=591)1

FEV >50% and

6-MWD >350 m
(n=349)

1 FEV >50% and

350 m

(n=242)

1

6-MWD

FEV 50% and

>350 m
(n=185)

1

6-MWD

FEV 50% and

350 m

(n=107)

1

6-MWD

Figure 2. Classification of the patients into four groups according to forced expiratory volume in 1 second (FEV1) and 
6-minute walk distance (6-MWD). COPD: chronic obstructive pulmonary disease.
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strength were not different, the average 6-MWD in 
nonsmokers was significantly higher than that in smok-
ers13. In addition, COPD patients who stopped smoking 
showed shorter 6-MWD than those who did not stop 
(305.23±58.36 m vs. 368.87±53.49 m, respectively), 
but had similar airflow obstruction (1.44±0.56 m vs. 
1.57±0.77 m, respectively)14. 

In our study, male COPD patients showed higher 
exercise capacity at higher degrees of airflow limita-
tion. Data from the female COPD patients cohort study 
indicated that despite similar predicted FEV1 values, 
females exhibited significantly shorter 6-MWD than 
males (366±89.9 vs. 384±120.5)15. Therefore, sex may 
affect exercise capacity in COPD patients showing 
higher exercise capacity in male despite some degree 
of airflow limitation. 

 There is a significant relationship between hemoglo-
bin levels and exercise capacity in COPD patients. Low 
hemoglobin levels can contribute to reduced exercise 
capacity and poor 6-MWD in COPD patients. A previous 
study indicated that among 105 patients with COPD 

(FEV1=1.3±0.6), patients with anemia (12.3%) covered 
a significantly shorter 6-MWD (267.9±86.7) compared 
to patients without anemia (373.0±122.8, p=0.001) 
suggesting that hemoglobin levels were independently 
associated with decreased exercise capacity16. In a 
cohort of 683 stable COPD patients, patients with ane-
mia experienced significantly higher levels of dyspnea, 
reduced exercise capacity, and shorter median survival 
duration compared to their nonanemic counterparts17. 
In our study, in COPD patients with mild to moderate 
airflow obstruction, hemoglobin levels were found to 
be associated with a discrepancy between airflow lim-
itation and 6-MWD. This may reflect that maintaining 
hemoglobin levels may improve exercise capacity in 
COPD patients. Further, a previous study indicated that 
the intravenous administration of iron improved exer-
cise capacity and reduced breathlessness in COPD 
patients18.

In our study, an association between DLCO and dif-
ferences between the degree of airflow limitation and 
exercise capacity were observed in COPD patients with 

Table 3. Factors associated with a lower 6-MWD (≤350 m) in COPD patients with mild to moderate airflow obstruction 
(FEV1 >50%)

Variable
Univariate analysis Multivariate analysis

Adjusted 
OR 95% CI p-value Adjusted 

OR 95% CI p-value

Age, yr 0.956 0.936–0.976 <0.001 0.977 0.350–0.998 0.295

Male sex 1.868 0.939–3.716 0.075 8.779 1.539–50.087 0.014

BMI, kg/m2 0.994 0.942–1.049 0.835

Residence, urban area 1.618 1.007–2.600 0.047 1.499 0.696–3.229 0.301

Smoking status, current 0.344 0.228–0.521 <0.001 0.355 0.178–0.709 0.003

CCI 0.889 0.702–1.126 0.330

FEV1, % 0.965 0.953–0.976 <0.001 0.984 0.959–1.009 0.206

DLCO, % 1.003 0.995–1.011 0.461

RV/TLC, % 1.031 1.013–1.050 0.001 0.990 0.953–1.028 0.601

mMRC >2 1.450 0.979–2.147 0.064 1.842 0.892–3.805 0.099

CAT score 1.002 0.978–1.027 0.842

BDI 0.985 0.962–1.009 0.221

SGRQ 1.002 0.992–1.013 0.660

Exacerbation in the past 1 year 0.483 0.190–1.225 0.125 0.517 0.171–1.565 0.243

Hemoglobin 1.151 1.002–1.296 0.020 1.332 1.077–1.648 0.008

Lymphocyte count 1.021 1.002–1.041 0.031 1.012 0.981–1.044 0.444

Albumin, serum 0.603 0.364–0.990 0.050 0.752 0.312–1.812 0.525

6-MWD: 6-minute walk distance; COPD: chronic obstructive pulmonary disease; FEV1: forced expiratory volume in 1 second; OR: odds 
ratio; CI: confidence interval; BMI: body mass index; CCI: Charlson comorbidity index; DLCO: diffusion capacity carbon monoxide; RV: 
residual volume; TLC: total lung capacity; mMRC: modified Medical Research Council, CAT: COPD assessment test; BDI: Beck depres-
sion inventory; SGRQ: St. George’s Respiratory Questionnaire.
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severe to very severe airflow limitation. Several studies 
have reported that DLCO is a strong predictor of exer-
cise capacity in COPD patients. In a previous study that 
examined 6-MWD, spirometer, lung volume, and DLCO 
in 130 stable COPD patients, only DLCO was observed 
to be substantially linked with 6-MWD in multivariate 
analysis19. In addition, a decline of 6-MWD (>30 m) 
was reported to be associated with reduced DLCO re-
gardless of similar FEV1 value20. Similar to our findings, 
these studies suggest that even severe to very severe 
airflow obstruction COPD patients with preserved dif-
fusion capacity may demonstrate preserved exercise 
capacity. 

There were some limitations to our investigation. 
First, some COPD patients did not complete the 
6-MWD test due to dyspnea or muscle fatigue in their 
limbs. These patients were typically older, had a lower 
BMI, and experienced skeletal muscle atrophy, which 
could be attributed to medication use or the effects 
of COPD itself. Additionally, there may have been 
variations in the timing of the 6-MWD test among the 

study participants. The test is usually performed as an 
initial assessment for COPD, to avoid the influence of 
medication. However, it can also be conducted while 
patients are taking medications, such as bronchodila-
tors. Consequently, the exercise performance of these 
patients may have been compromised.

In conclusion, this study demonstrated that the 
discrepancy between airflow limitation and exercise 
capacity in COPD patients was associated with sex, 
smoking status, hemoglobin levels, and lung diffusion 
capacity. Therefore, it suggests that exercise capacity 
in COPD patients may be influenced by various factors 
beyond airflow limitation, highlighting the importance 
of considering these aspects when assessing and 
treating patients. 
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