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INTRODUCTION

Follow-up with post-discharge rehabilitation to maintain 
and/or improve postoperative physical function and quality 
of life is becoming increasingly important in patients who 
undergo lung cancer resection. A meta-analysis of the ef-
fectiveness of rehabilitation after lung cancer surgery found 
that it significantly improved exercise tolerance.1) Moreover, 
the dyspnea score was also significantly improved by aerobic 
exercise in comparatively young patients whose preoperative 
respiratory condition was maintained.2)

Chronic obstructive pulmonary disease (COPD) accounts 
for 54% of the comorbidities of patients with preoperative 
lung cancer3) and affects the postoperative prognosis of those 
who undergo lung cancer resection.4) In addition to age ≥75 
years, obesity, and smoking,5) COPD is also a risk factor 
for postoperative pulmonary complications. The presence 
of COPD was found to significantly increased the length of 
hospital stay, the rates of prolonged mechanical ventilation, 
and postoperative complications after lung cancer resec-
tion.6) Postoperative complications are also more frequent in 
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Objectives: The aim of this prospective follow-up study was to investigate the difference before 
and after surgery in the six-minute walking distance (6MD) of lung cancer patients with chronic 
obstructive pulmonary disease (COPD) and to examine the long-term effect of the change in 
6MD in the early postoperative period. Methods: This was a retrospective analysis of 25 COPD 
patients who underwent lung cancer surgery and perioperative rehabilitation in our department. 
Assessments of 6WD were carried out preoperatively and at 1, 3, and 6 months postoperatively. 
The changes in 6MD at 1, 3, and 6 months postoperatively compared with the preoperative value 
were designated the 1-month Δ6MD, the 3-month Δ6MD, and the 6-month Δ6MD, and the as-
sociations between them were investigated. Results: The mean 6MD distance was 412.0±27.3 m 
(95% confidence interval) preoperatively, 369.0±33.8 m at 1 month, 395.6±32.2 m at 3 months, 
and 400.0±38.2 m at 6 months, with a significant difference between the preoperative and 1-month 
values (P<0.01). There were strong correlations between 1-month and 3-month Δ6MDs (r =0.74, 
P<0.0001) and between 1-month and 6-month Δ6MDs (r =0.88, P<0.0001). Conclusions: In lung 
cancer patients with COPD, the 1-month Δ6MD was strongly associated with both the 3-month 
Δ6MD and the 6-month Δ6MD. These findings suggest that the decrease in exercise tolerance of 
patients whose 6MD is low at 1 month postoperatively may be prolonged, and such patients may 
therefore be in greater need of postoperative outpatient rehabilitation.
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patients with COPD, irrespective of its severity.7)

Perioperative rehabilitation for lung cancer resection that 
starts before surgery has a beneficial effect on postoperative 
pulmonary complications, the duration of thoracic drain 
placement, and the length of hospital stay.8) Furthermore, 
studies of perioperative rehabilitation in lung cancer patients 
with COPD have also found that preoperative interventions 
help improve preoperative respiratory function and exercise 
tolerance.9) However, the postoperative decrease in the six-
minute walking distance (6MD) was found to be significantly 
greater in lung cancer patients with COPD than in those 
without COPD. Moreover, postoperative problems such as 
respiratory discomfort and recurrent pneumonia occurred in 
lung cancer patients with COPD even with postoperative re-
habilitation.10,11) Consequently, patients with COPD require 
more careful postoperative rehabilitation than do those with 
lung cancer alone.

After curative surgery in patients with lung cancer, exercise 
endurance measured by the shuttle walking test was on aver-
age restored to the preoperative level within 1 month after 
curative surgery even without implementation of an exercise 
program12); however, for some patients, exercise endurance 
was not restored within 1 month. Indeed, exercise capacity 
measured as maximal oxygen consumption after lobectomy 
had not improved to preoperative levels even 6 months after 
surgery in lung cancer patients. Therefore, we hypothesized 
that for some patients 6MD after surgery could take more 
than 3 or 6 months after surgery to return to preoperative 
levels. The objective of the current study was to examine 
changes in the 6MD before and after surgery in lung cancer 
patients with COPD and to investigate the persistence of the 
change in 6MD in the early postoperative period.

METHODS

Patients
Perioperative rehabilitation was implemented for a total 

of 97 consecutive patients who underwent lung cancer re-
section in the Department of Respiratory Surgery of Toho 
University Omori Medical Center between April 2010 and 
February 2018. These patients were at high risk of postop-
erative respiratory complications due to age ≥70 years or 
because pulmonary function tests had demonstrated an ob-
structive pulmonary disorder, of whom 60 had COPD. After 
the exclusion of 18 patients who failed to attend postopera-
tive outpatient appointments, 7 who were unable to undergo 
6MD measurement due to poor health, 4 who declined the 
assessment, 3 who could not undergo assessment because of 

postoperative readmission, 2 who died, 1 who moved house, 
and 1 who was found not to have lung cancer on intraopera-
tive diagnosis, the remaining 25 patients made up the study 
subjects and were followed up for 6 months (Fig. 1).

Respiratory Rehabilitation Program
In our hospital, patients with suspected lung cancer are 

examined as outpatients in the Department of Respira-
tory Surgery and then hospitalized for 2 days for biopsy 
and definitive diagnosis, after which the date of surgery is 
determined. Patients are then admitted 7 days preoperatively 
and ultimately discharged depending on their postoperative 
course. Respiratory rehabilitation is started after the preop-
erative outpatient examination or the biopsy.

Preoperative respiratory rehabilitation was conducted 
on an outpatient basis at least once a week, depending on 
preoperative tests and observations. Each respiratory reha-
bilitation session lasted 40 min and was led by a physiothera-
pist who used a pamphlet to instruct patients on breathing 
methods, coughing, and respiratory muscle stretching. 
Patients were instructed to keep a diary of the daily exercise 
they performed at home and to manage their exercises at 
home by themselves. In patients with cognitive decline or in 
whom motivation for exercise was low, the patient’s family 
was asked to get involved with the rehabilitation, and they 
were instructed to exercise together. If the patient did not 
opt to take part in preoperative rehabilitation, the patient 
was contacted directly by telephone by physiotherapists, 
or the respiratory surgeon was tasked to persuade them to 
undertake preoperative rehabilitation. Patients were also in-
structed to perform exercises postoperatively at the bedside. 
The patients were instructed to continue these exercises at 
home twice a day (morning and afternoon) for 20–30 min 
each time. From the standpoint of comprehensive respiratory 
rehabilitation, patients were also taught how to use inhaled 
medication for COPD and were instructed about postopera-
tive pain control and drain management.

On preoperative admission, patients continued to carry out 
rehabilitation as before and also used a cycle ergometer for 
endurance training. The target heart rate was set at 60% of 
the maximum heart rate, calculated as their age subtracted 
from 220. The exercise challenge at 60 rpm was adjusted 
according to the target heart rate, with an exercise time of 15 
min. The exercise load was 26.4±2.9 W before surgery and 
14.9±2.8 W after surgery. Postoperatively, starting from the 
day after surgery, the diaphragmatic respiration practiced 
from before surgery was performed at the bedside with the 
patients seated, and the patients started walking exercises 
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around the ward under the supervision of a physiotherapist. 
Once their chest drains were removed, patients carried out 
the endurance training they had practiced before preop-
erative admission in the rehabilitation room. Patients were 
encouraged to walk outdoors to improve their endurance 
at discharge. It was also explained that the exercise they 

performed at home should be written down on paper and 
managed by themselves. No outpatient rehabilitation was 
carried out post-discharge, because, postoperatively, only 
assessments were performed.

After discharge, patients visited the respiratory surgery 
department after 1 week and then every month. In addition, 
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Fig. 1. Flowchart showing patient selection.
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the patients visited for rehabilitation assessment 1, 3, and 6 
months after surgery. The patients were instructed to engage 
in outdoor walking for at least 20 min a day. Target ratings 
of perceived exertion were based on the “somewhat hard” 
level to increase postoperative physical activity. The patients 
were also instructed in physical activities that mobilize the 
upper body and limbs with great care after permitted by the 
respiratory surgery department. Home rehabilitation imple-
mentation was confirmed by respiratory surgeons checking 
the records completed by the patients.

Items Investigated
Patients’ background characteristics, preoperative respira-

tory function, operative factors, and 6MD were collected 
from the medical records. Preoperative lung function testing 
was performed using the CHEST AC-8900 spirometer (man-
ufactured by CHEST, Tokyo, Japan), and the residual volume 
(RV) and total lung capacity (TLC) were calculated by the 
gas dilution method. The percentage of the predicted values 
for vital capacity (VC), forced vital capacity (FVC), and the 
forced expiratory volume in the first second (FEV1) were cal-
culated using Japanese Respiratory Society reference values 
(the LMS method). The percentage of the predicted values 
for diffusing capacity for carbon monoxide were calculated 
using Burrows’ equation (DLCO) and McGrath’s equation 
(DLCO’). The percentage of the predicted values for TLC 
were calculated using Rossier’s equation.

The background characteristics investigated were sex, age, 
height, weight, body mass index (BMI), Brinkman index, 
COPD severity evaluated by the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) stage, lung cancer stage, 
type of cancer, and the modified Medical Research Council 
(mMRC) Dyspnea Scale score.

The 6MD was measured following the ATS Guidelines,13) 
with patients instructed to walk as far as they could in 6 min 
while being encouraged verbally once every minute. At the 
same time, oxygen saturation (SpO2) and breathlessness, as 
assessed by the modified Borg scale, were also measured 
every minute. The 6MD was measured preoperatively and 
at 1, 3, and 6 months postoperatively, and the change at each 
time point was calculated with reference to the preoperative 
distance. The changes were designated the 1-month Δ6MD, 
3-month Δ6MD, and 6-month Δ6MD.

The preoperative 6MD was measured at the first reha-
bilitation session. The number of days between the bron-
choscopic biopsy and the preoperative 6MD measurement 
was 39.0±18.4 days, and the number of days between the 
preoperative 6MD measurement and the date of surgery was 

15.0±17.0 days. The number of preoperative rehabilitation 
sessions done with physiotherapists was 1.7±1.0; therefore, 
6MD measurement could be performed only once before 
surgery. We understood that the 6MD should be measured 
just before surgery; however, in the real-world clinical set-
ting, this was difficult to achieve.

Preoperative daily exercise was assessed using the Go-
din Leisure Time Exercise Questionnaire (GLTEQ). The 
GLTEQ calculates the weekly leisure activity score, and the 
scores were used to classify patients into three groups: the 
active group, 24 units and more; the moderately active group, 
14–23 units; and the insufficiently active/sedentary group, 
less than 14 units.14) For further analysis, the sedentary group 
was defined as those with a GLTEQ score of less than 14 
points, and the active group was defined as those with 14 
points or more. The GLTEQ has been frequently used as an 
index of physical activity in patients with lung cancer.15)

Statistical Analysis

RESULTS

Table 1 shows the patients’ characteristics. Among the 25 
patients, preoperative COPD was Stage I in 6 patients (24%), 
Stage II in 13 (52%), and Stage III in 6 (24%). Moderate air-
flow limitation was evident, with mean %FEV1 65.1%±19.3% 
and mean FEV1/FVC 56.5%±10.6%. However, vital capacity 
was maintained, with mean %FVC 88.7%±20.2%. In terms 
of operative factors, the approach was by thoracotomy in 9 
cases (36%) and by video-assisted thoracic surgery (VATS) 
in 16 (64%); lobectomy was performed in 22 cases (88%) and 
pneumonectomy in 3 (12%).

Figure 2A shows the mean and 95% confidence interval 
(CI) of the 6MD at each time point. The mean 6MD was 
412.0±27.3 m preoperatively, 369.0±33.8 m at 1 month, 
395.6±32.2 m at 3 months, and 400.0±38.2 m at 6 months, 
with a significant difference between the preoperative and 1 
month postoperative values (P<0.01). Figure 2B shows the 
mean and 95% CI of the lowest SpO2 during the 6MD at 
each time point. The mean value was 92.9%±0.9% preop-
eratively, 90.4%±1.6% at 1 month, 91.3%±1.5% at 3 months, 
and 91.3%±1.4% at 6 months, with significant differences be-
tween the preoperative value and those at 1 month (P<0.01), 
3 months (P<0.05), and 6 months (P<0.05).

Figure 3A shows the difference in Δ6MD (mean and 95% 
CI) between VATS and thoracotomy at 1 month. The values 
were 29.1±26.1 m for the VATS group and 67.8±25.3 m for 
the thoracotomy group, with no significant difference be-
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Table 1. Patient characteristics

Mean±SD
Preoperative characteristics
 Age (years) 70.5±6.5
 Sex (male/female) 20/5
 Height (m) 1.6±0.08
 Weight (kg) 58.8±8.0
 BMI (kg/m2) 22.2±2.6
 Brinkman Index 1084.4±372.1
 GOLD Stage (I/II/III/IV) 6/13/6/0
 TNM Stage (I/II/III/IV) 17/6/2/0
 Histology (squamous/adeno/large) 11/11/3/1
 GLTEQ 5.6±9.6
 GLTEQ (active/moderately active/insufficiently active) 2/3/20
 mMRC scale (0/1/2/3/4) 16/6/3/0/0
 6MD (m) 412.0±69.8
 %6MD (%) 87.6±14.8
Lung function
 VC (L) 3.1±0.7
 %VC (%) 89.7±17.9
 IC (L) 2.0±0.4
 FVC (L) 2.9±0.8
 %FVC (%) 88.7±20.2
 FEV1 (L) 1.6±0.6
 %FEV1 (%) 65.1±19.3
 FEV1/FVC (%) 56.5±10.6
 RV/TLC (%) 43.7±7.1
 IC/TLC (%) 35.7±4.7
 DLCO (L) 13.1±4.7
 %DLCO (%) 81.9±23.7
 DLCO’ (L) 12.5±5.0
 %DLCO’ (%) 79.3±24.2
 DLCO/VA (ml/min/mmHg/L) 3.1±1.3
 DLCO/VA (%) 70.4±28.8
Operation data
 Surgery time (min) 299.6±127.7
 Approach (thoracotomy/VATS: cases) 9/16
 Procedure (lobectomy/pneumonectomy: cases) 22/3
Postoperative status
 Using home oxygen therapy at discharge (cases) 2
 Length of hospital stay (days) 14.5±7.0
Complications (chylothorax/pulmonary fistula/pneumonia) 1/6/3
BMI, body mass index; GOLD stage, Global Initiative for Chronic Obstructive Lung Disease; TNM stage, tumor–lymph 

node–metastasis stage; mMRC scale, modified Medical Research Council scale; 6MD, 6-minute walk distance; VC, vital 
capacity; IC, inspiratory capacity; FVC, forced vital capacity; FEV1, forced expiratory volume at first second; RV/TLC, 
residual volume/total lung capacity; IC/TLC, inspiratory capacity/total lung capacity; DLCO, diffusing capacity for carbon 
monoxide using Burrows' equation; DLCO', diffusing capacity for carbon monoxide using McGrath's equation; DLCO/VA, 
diffusing capacity for carbon monoxide divided by alveolar volume; VATS, video-assisted thoracic surgery; parameters pre-
fixed with “%” show the percentage of the expected values.
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tween the groups. Figure 3B shows the difference in Δ6MD 
(mean and 95% CI) at 3 months between VATS and thora-
cotomy. The values were −5.0±23.8 m for the VATS group 

and 54.4±29.2 m for the thoracotomy group, with a signifi-
cant difference between them (P<0.05). Figure 3C shows the 
difference in Δ6MD (mean and 95% CI) between VATS and 
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Fig. 2. Values from before surgery to 6 months after surgery of 6MD and the lowest SpO2 during the 6MD test. (A) 6MD 
at each measurement time and (B) the lowest SpO2 at each measurement time. aP<0.01 compared with before surgery by 
ANOVA. bP<0.05 compared with before surgery by ANOVA. Error bars represent 95% confidence intervals.
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thoracotomy at 6 months. The values were −11.9±27.7 m for 
the VATS group and 54.4±40.4 m for the thoracotomy group, 
with no significant difference between them.

Table 2 shows the GLTEQ and Δ6MD values at 1, 3, and 6 
months for the sedentary group and the active group. There 
was a significant difference in the GLTEQ between the sed-
entary group and the active group (P<0.0001), but Δ6MD at 
each time point was not significantly different between the 
groups.

Figure 4A–C shows the correlations between the values 
of Δ6MD at the different time points. There were strong 
correlations between 1-month and 3-month Δ6MDs (r =0.74, 
P<0.0001) and between 1-month and 6-month Δ6MDs (r 
=0.89, P<0.0001). There was also a strong correlation be-
tween 3-month and 6-month Δ6MDs (r =0.88, P<0.0001). 
This suggests that if patients had severely reduced exercise 
tolerance at 1 month postoperatively, this decrease in ex-
ercise tolerance would likely be prolonged until 6 months 
postoperatively. Because previous studies have shown a 
correlation between postoperative 6MD and age,16) this rela-
tion was also investigated; however, no such correlation was 
found (data not shown).

Correlations between preoperative %FEV1 and preopera-
tive 6MD and Δ6MD at each time point were as follows: pre-
operative 6MD r =0.33, P=0.10; 1-month Δ6MD r =–0.05, 
P=0.77; 3-month Δ6MD r =–0.02, P=0.93; and 6-month 
Δ6MD r =–0.05, P=0.78. No significant correlation was 
found in this analysis.

Correlations between preoperative IC and preoperative 
6MD and Δ6MD at each time point were as follows: pre-
operative 6MD r =0.37, P=0.06; 1-month Δ6MD r =–0.04, 
P=0.81; 3-month Δ6MD r =0.12, P=0.56; and 6-month 
Δ6MD r =0.02, P=0.89. No significant correlation was found 
in this analysis.

Correlations between preoperative IC/TLC and preop-
erative 6MD and Δ6MD at each time point were as follows: 
preoperative 6MD r =0.03, P=0.88; 1-month Δ6MD r =0.02, 
P=0.89; 3-month Δ6MD r =–0.01, P=0.95; and 1-month 
Δ6MD r =0.01, P=0.92. No significant correlation was found 
in this analysis.

Correlations between the GLTEQ score and preoperative 
6MD and Δ6MD at each time point were as follows: pre-
operative 6MD r =0.28, P=0.17; 1-month Δ6MD r =–0.09, 
P=0.64; 3-month Δ6MD r =0.19, P=0.34; and 6-month 
Δ6MD r =0.17, P=0.41. No significant correlation was found 
in this analysis.

In Table 3, patients were divided into two groups based on 
whether the 1-month Δ6MD was greater than the minimally 

important difference (MID); a MID value of 42 m for lung 
cancer was adopted.17) In comparisons between the groups, 
there were no significant differences in any characteristics 
(Table 3).

DISCUSSION

To the best of our knowledge, this is the first study to re-
port long-term postoperative changes in 6MD in lung cancer 
patients with COPD and the long-term effect of the change 
in 6MD at 1 month postoperatively. In the present study, 
the mean 1-month Δ6MD was −43.0±62.7 m; the reported 
minimal clinically important difference in the 6MD of lung 
cancer patients is 22.0–42.0 m,17) and that for COPD is 23.5 
m.18) Therefore, the decrease in the 6MD of lung cancer pa-
tients with COPD at 1 month postoperatively was a clinically 
important reduction. This finding is consistent with those of 
other studies,19) but the present study is the first to restrict 
subjects to lung cancer patients with COPD and to measure 
changes in 6MD at 3 and 6 months postoperatively, as well 
as at 1 month.

Respiratory discomfort and chest pain are often prolonged 
in the early post-lobectomy period.20) Furthermore, COPD is 
a risk factor for pulmonary complications after pulmonary 
resection,5) and COPD significantly increases the postopera-
tive length of hospital stay compared to that of lung cancer 
patients without COPD.21) The postoperative hospital stay for 
lung cancer patients is reported to be 4.3 days with preop-
erative rehabilitation and 9.7–12.2 days without preoperative 
rehabilitation.8) In the present study, the mean postoperative 
hospital stay was 14.5±7.0 days, suggesting that prolonged 
hospitalization could make it difficult to maintain activity 
levels after surgery. Lung cancer resection surgery in pa-
tients with COPD usually requires a longer operation time 
and is a more difficult resection procedure. These factors 
are related to the postoperative lung function decrease, the 
postoperative maximal oxygen uptake decrease, respiratory 
distress, and decreased activity. These multiple combined 
factors likely contributed to the reduced 6MD at 1 month 
postoperatively.

Previous studies have shown that FEV1, VC, and maxi-
mum oxygen consumption do not recover to their preopera-
tive levels by 6 months after lobectomy,22) and that, in COPD 
patients who have undergone lobectomy, this decrease in 
maximum oxygen consumption persists for more than 6 
months.23) These findings suggest that the decrease in the 
area of the vascular bed due to pulmonary resection may 
impede smooth gas exchange following lung cancer surgery, 
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Fig. 3. Differences in Δ6MD between video-assisted thoracic surgery (VATS) and thoracotomy at 1, 3, and 6 months post-
operatively. (A) Difference in Δ6MD at 1 month after surgery, (B) difference in Δ6MD at 3 months after surgery, (C) differ-
ence in Δ6MD at 6 months after surgery. aP<0.05 compared with VATS by the Mann-Whitney U test. Error bars represent 
95% confidence intervals.
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and this mechanism may also have contributed to the failure 
of exercise tolerance to improve to its preoperative level in 
this study. However, lung volume reduction surgery (LVRS) 
in COPD patients reportedly causes decreased dynamic 
hyperinflation of the lung, thereby improving exercise tol-
erance and percutaneous oxygen saturation.24) The present 
study of lung cancer patients with COPD therefore included 
some patients whose 6MD improved presumably due to the 
LVRS effect of lobectomy.

The present investigation of the change in the 6MD com-
pared with the preoperative value in lung cancer patients 
with COPD showed that the 1-month Δ6MD was strongly 
associated with the 3-month and 6-month Δ6MDs. This sug-
gested that if 6MD was reduced at 1 month postoperatively, 
this effect was likely to last until 3 and 6 months postop-
eratively. To investigate the reasons for this, we examined 
whether preoperative COPD severity affected postoperative 
6MD. However, there was no correlation between postop-
erative 6MD and COPD severity as assessed using %FEV1 
or IC/TLC. In contrast, there was a significant difference 
in 3-month Δ6MD depending on the surgical approach. 
Therefore, we considered that the surgical approach was one 
of the reasons. Additionally, postoperative muscle strength 
and physical activity may have an effect. Furthermore, the 
effect of LVRS is more likely to be obtained in upper lobe 
resection than in lower lobe resection.25) In the present study, 
it was difficult to test the difference between the resection 
sites and postoperative 6MD because of the small number of 
subjects, but it is possible that the resection site had an effect. 
Multivariate analysis of factors such as excision site, physi-
cal activity, and lower limb muscle strength will be required 
in the future.

A previous study found that older patients had greater 
decreases in 6MD at 6 months postoperatively than younger 
patients did.17) In the present study, there was no correlation 
between age and Δ6MD at 1, 3, and 6 months, but this is 

the first study to show that decreased exercise tolerance at 1 
month postoperatively was correlated with the exercise toler-
ance at 3 and 6 months.

The subjects of the present study were patients with stable 
COPD, and their 6MD was already low preoperatively. In 
lung cancer patients with COPD, pulmonary resection causes 
pain, impaired respiratory function, and decreased maxi-
mum oxygen consumption in the early postoperative period. 
All these factors interfere with improving physical activity, 
and their effects may persist in the long term. However, in the 
present study, only respiratory function tests were performed, 
including FEV1, FVC, and DLCO, which are limiting factors 
for the 6MD of COPD patients.26) Furthermore, comparisons 
between the patients based on whether their 1-month Δ6MD 
was greater than the MID did not show significant differ-
ences in any characteristic (Table 3); this finding failed to 
support the pathophysiological mechanism of greater 6MD 
decline. Further studies are required.

The physical activity of cancer patients is currently a focus 
of attention, and in breast cancer patients, proactive physi-
cal activity after diagnosis has been shown to significantly 
reduce all-cause mortality.27) Other studies have similarly 
shown that physical activity levels are associated with sur-
vival rates in lung cancer survivors.28) However, few patients 
engage voluntarily in physical activity after lung cancer 
treatment.29) More proactive efforts at discharge or during 
outpatient rehabilitation, such as giving patients acceler-
ometers or other means of self-management, are therefore 
needed to improve the physical activity levels of lung cancer 
patients.

This study had some limitations, including the fact that the 
study was conducted at a single site with a relatively small 
sample size. Furthermore, because postoperative respiratory 
function and physical activity were not measured, these are 
topics for further study. Because the subjects of the present 
study were selected from among those who participated in 
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Table 2. Differences between the sedentary group and the active group

Sedentary group 
(n=20)

Active group 
(n=5)

P-value

GLTEQ 1.3±2.5 23.0±6.8 <0.0001
6MD (m) 403.5±68.1 446.0±58.9 0.29
1-month Δ6MD (m) 40.8±66.3 52.0±44.9 0.54
3-month Δ6MD (m) 9.5±65.3 44.0±61.5 0.22
6-month Δ6MD (m) 3.5±78.4 46.0±89.1 0.41
Sedentary, GLTEQ score less than 14; active, GLTEQ score 14 or over.
GLTEQ, Godin Leisure-Time Exercise Questionnaire; Δ6MD, change in 6MD between preoperative and the indicated 

number of months after surgery. 
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Fig. 4. Correlation of Δ6MD at 1, 3, and 6 months postoperatively. (A) Correlation of Δ6MD at 1 month and Δ6MD at 3 
months after surgery. (B) Correlation of Δ6MD at 1 month and 6 months after surgery. (C) Correlation of Δ6MD at 3 months 
and 6 months after surgery. Spearman’s rank correlation test was used.



Copyright © 2021 The Japanese Association of Rehabilitation Medicine

all the evaluations at 1, 3, and 6 months after the operation, 
the number of subjects was low. Therefore, the data were 
clearly representative of enthusiastic patients who attended 
three times in a row. In the future, it will be necessary to 

consider a follow-up system to reduce the number of drop-
outs. Regarding the study design, it will be necessary to 
compare patients with normal preoperative respiratory func-
tion and those with COPD to clarify the characteristics of 
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Table 3. Comparisons of subjects in whom the 1-month Δ6MD was less than or greater than the minimally important dif-
ference (42 m)

1-month Δ6MD >42 m 
(n=10)

1-month Δ6MD ≤42 m 
(n=15)

P-value

Preoperative characteristics
 Age (years) 71.5±6.9 69.9±6.7 0.54
 Height (m) 162.4±7.5 162.8±8.0 0.61
 Weight (kg) 58.3±8.7 59.2±8.0 0.69
 BMI (kg/m2) 22.0±2.7 22.3±2.8 0.61
 Brinkman Index 1062.0±377.2 1099.3±397.0 0.91
 GOLD Stage (I/II/III/IV) 2/3/5/0 4/10/1/0 0.12
 TNM Stage (I/II/III/IV) 5/4/1/0 12/2/1/0 0.35
 mMRC Scale score (0/1/2/3/4) 5/3/2/0/0 11/3/1/0/0 0.58
 GLTEQ 3.4±7.1 7.3±11.2 0.71
 6MD (m) 434.0±62.9 397.3±72.5 0.14
 %6MD (%) 95.2±14.7 82.5±13.0 0.052
Lung function
 VC (L) 3.1±0.5 3.0±0.9 0.57
 %VC (%) 88.4±12.5 90.5±20.6 0.93
 IC (L) 1.9±0.3 1.9±0.4 0.71
 FVC (L) 2.9±0.6 2.9±0.9 0.78
 %FVC (%) 87.2±16.4 89.7±22.3 0.84
 FEV1 (L) 1.5±0.6 1.7±0.6 0.57
 %FEV1 (%) 59.6±19.7 68.6±18.2 0.31
 FEV1/FVC (%) 52.1±11.5 59.4±9.6 0.07
 RV/TLC (%) 41.8±6.6 45.0±7.6 0.20
 IC/TLC (%) 35.3±5.0 35.8±4.8 0.91
 %DLCO (%) 75.2±20.6 85.8±25.9 0.49
 %DLCO’ (%) 73.9±23.4 82.4±24.8 0.49
 DLCO/VA (ml/min/mmHg/L) 2.7±0.7 3.2±1.4 0.49
 DLCO/VA (%) 63.3±17.8 74.6±33.6 0.53
Operation data
 Surgery time (min) 304.0±113.8 298.6±141.3 0.50
 Approach: cases (thoracotomy/VATS) 5/5 4/11 0.39
 Procedure: cases (lobectomy/pneumonectomy) 9/1 13/2 1.00
Postoperative state
 Using home oxygen therapy at discharge: cases 2 0 0.07
 Length of hospital stay (days) 15.4±5.1 13.9±8.1 0.27
Complications
 Chylothorax 0 1 0.40
 Pulmonary fistula 2 4 0.70
 Pneumonia 1 2 0.80
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COPD patients. Finally, in this study, univariate analysis was 
performed with a small number of subjects, and it was not 
possible to perform multivariate analysis of factors associ-
ated with postoperative Δ6MD.

CONCLUSIONS

It was found that, compared with the preoperative value, 
6MD decreased significantly at 1 month postoperatively in 
lung cancer patients with COPD. Moreover, the 1-month 
Δ6MD was strongly correlated with both the 3-month and 
6-month Δ6MDs. This suggests that the decrease in exercise 
tolerance of lung cancer patients with COPD whose 6MD is 
low at 1 month postoperatively may be prolonged, and such 
patients may therefore be in greater need of postoperative 
rehabilitation. However, exercise is not the only approach for 
improving postoperative 6MD. We believe that comprehen-
sive pulmonary rehabilitation, such as improving adherence 
to bronchodilators, patient education to improve physical ac-
tivity, and nutritional guidance to improve muscle strength, 
is important.
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