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1. Abstract

[Introduction]

Postoperative functional decline in patients with gastrointestinal cancer may affect

subsequent adjuvant treatment (e.g., chemotherapy). In order to take early action against these

problems, it is important to predict postoperative functional decline. It has been reported that low

physical activity (PA) and prolonged sedentary time in the elderly are associated with functional

decline, suggesting that people with low PA or prolonged sedentary time have a higher risk of

functional decline in the future. In patients with gastrointestinal cancer, it has been reported that

preoperative PA is associated with the ability to stand without assistance after surgery and

postoperative hospital stay, suggesting that preoperative PA influences postoperative functional

recovery. However, the ability to stand up without assistance after surgery is an index that mainly

reflects lower limb muscle strength, and postoperative hospital stay is reported to be affected by

social factors, so it is difficult to say that these are index that reflects postoperative functional

recovery. On the other hand, 6-minute walking distance (6MWD) has been reported to be a valid

indicator of postoperative functional recovery in patients with gastrointestinal diseases. However,

there are no studies to investigate the relationship between preoperative PA or sedentary time and

postoperative functional recovery objectively assessed by 6MWD in patients with gastrointestinal

cancer.



[Purpose]

The present study aimed to investigate the association between preoperative PA or

sedentary time and postoperative functional recovery in gastrointestinal cancer patients.

[Methods]

In this prospective study, we included 101 patients who underwent colorectal or gastric

cancer surgery. Primary outcome was 6MWD decline ratio [(postoperative 6 MWD value —

preoperative 6MWD value) / preoperative 6 MWD value x 100 (%)], which was determined as

postoperative functional recovery. Patients were divided into two groups according to the median of

6MWD decline ratio: above the median (non-decline group) and below the median (decline group).

The International Physical Activity Questionnaire (IPAQ-SV) (the usual seven-day short version)

was used to assess preoperative PA and sedentary time. Multivariate logistic regression analysis was

performed to identify predictive factors of postoperative functional recovery.

[Results]

The median of 6MWD decline ratio was -9.0 %. Preoperative PA [odds ratio (OR): 3.812;

95% confidence interval (CI): 1.326-10.956; p=0.01], 6MWD (OR: 1.006; 95% CI: 1.002-1.011;

p<0.01), C-reactive protein (OR: 4.138; 95% CI: 1.383-12.377; p=0.01), and combined

resection (OR: 3.425; 95% CI: 1.101-10.649; p=0.03) were associated with postoperative functional

recovery.



[Conclusion)

Preoperative PA is a predictor of postoperative functional recovery in patients who

undergoing gastrointestinal cancer surgery.
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2. Introduction

Globally, gastrointestinal cancers, such as colorectal and gastric cancers, are some of the

most frequently diagnosed cancers in both sexes [1]. Patients who undergo abdominal surgery

experience postoperative functional decline, and cancer has been reported as a risk factor for

postoperative prolonged functional decline [2]. Furthermore, the percentage of patients who did not

return to their preoperative level of physical function 6 months after surgery was approximately 30%

among patients who underwent abdominal surgery [2]. Physical function and performance status are

negatively correlated in patients with cancer [3], and performance status before chemotherapy,

including adjuvant chemotherapy, has been associated with chemotherapy toxicities in patients with

gastrointestinal cancer [4]. As postoperative functional decline may negatively impact the

subsequent treatment, it is important to predict, prevent, and reduce postoperative functional decline.

Physical activity (PA) is one of the modifiable factors associated with physical function

[5]. We have reported that sedentary time, one of the PA indexes, was associated with postoperative

complications [6] and PA has been reported to be associated with postoperative complications [7].

Thus, PA index are important factors affecting the postoperative course in patients with

gastrointestinal cancer. Previous longitudinal studies have reported that low PA and longer sedentary

time adjusted PA were associated with functional decline in older people and suggested that people

with low PA or longer sedentary time have a higher risk of functional decline in the future [8,9]. In



gastrointestinal cancer patients, it has been reported that preoperative PA was related to

postoperative recovery, such as an ability to stand unassisted after surgery, and postoperative

hospital stay [10,11]. Although it is speculated that preoperative PA may affect postoperative

recovery in patients with gastrointestinal cancer, an ability to stand unassisted mainly reflects lower

limb muscle strength, and prolonged postoperative hospital stay is reportedly influenced by social

factors [12]. Therefore, an ability to stand unassisted and postoperative hospital stay is not an

adequate indicator of postoperative functional recovery. Hence, the association between preoperative

PA or sedentary time and postoperative functional recovery assessed by outcomes that are more

strongly reflect functional recovery needs to be clarified.

The 6-minute walk distance (6MWD) is a useful assessment of physical function and is

widely used in the field of rehabilitation. 6MWD is also reportedly a valid indicator of postoperative

recovery in patients undergoing gastrointestinal surgery [13,14]. A previous study reported that the

mean 6MWD in patients undergoing gastrointestinal surgery reduced from 478 m preoperatively to

429 m at 3 weeks postoperatively [13], and that this decrease was greater than the minimal clinically

important difference of 14 m for 6 MWD in patients undergoing colorectal surgery [15], indicating

that a large postoperative functional decline may also occur in patients undergoing gastrointestinal

cancer surgery. However, the association between preoperative PA or sedentary time and



postoperative functional recovery measured by 6MWD has not been clear in patients with

gastrointestinal cancer.

3. Purpose

The purpose of this study was to investigate the association between preoperative PA or

sedentary time and postoperative functional recovery measured by 6MWD in patients with

gastrointestinal cancer.

4. Materials and Methods

4.1 Study design, patients, and ethics

In this prospective study, 101 patients who underwent open or laparoscopic surgery for

primary colorectal (n=76) or gastric cancer (n=25) between October 2016 and August 2020 at

Kamiiida Daiichi General Hospital were enrolled. Exclusion criteria were patients who (1) needed

assistance to walk preoperatively, (2) had cognitive dysfunction preoperatively, (3) had simultaneous

cancer, (4) underwent palliative surgery, (5) had postoperative hospital stay of >3 weeks, and (6)

missing data. All patients underwent rehabilitation from the day after surgery (twice a day on week-

days and once on Saturdays), including mobilization; ambulation; and breathing, aerobic, and

muscle strength exercises. This study was approved by the ethics committee of Kamiiida Daiichi



General Hospital and Nagoya University School of Medicine. Prior to participation, all patients were

provided with a thorough explanation of the study and provided written consent in accordance with

the Declaration of Helsinki.

4.2  Outcome

The primary outcome was 6MWD decline ratio [(postoperative 6 MWD value -

preoperative 6MWD value)/preoperative 6MWD %100 (%)] calculated according to a previous study

[16], which was determined as postoperative functional recovery. The 6 MWD was measured within

1 week before surgery (preoperative 6MWD) and 1-3 days before discharge (postoperative 6MWD)

according to a standardized procedure described by the American Thoracic Society Committee on

proficiency standards for clinical pulmonary function laboratories [17]. Patients were instructed to

walk the predetermined course as far as possible for 6 min.

4.3 Preoperative physical activity and sedentary time

Preoperative PA and sedentary time were assessed using the Japanese version of the usual

seven-day short version of the International Physical Activity Questionnaire (IPAQ-SV) within 1

week before surgery. This questionnaire was used to assess vigorous- to moderate-intensity PA and

walking activity during the usual seven days and sedentary time during the usual a weekday [18,19].

Each activity type and intensity score were assigned a metabolic equivalent (MET) value according



to the published protocol (e.g., METs for vigorous intensity = 8.0, moderate intensity = 4.0, walking

= 3.3) [20]. Patients were classified into three groups (e.g., high, moderate, and low) according to

the published IPAQ scoring protocol. We then defined high and moderate as "active", and low as

"inactive" according to a previous study [21].

4.4  Preoperative muscle strength and gait speed

Grip strength was measured once on each side using a dynamometer (Grip-D, TKK 5401;

Takei Scientific Instruments Co., Niigata, Japan), and the average of each pair of measurements was

calculated [22]. Usual gait speed was measured over a 10-m distance between the 3- and 13-m marks

of'a 16-m walkway [23]. These measurements were obtained within 1 week before surgery.

4.5 Patient characteristics, surgery-related variables, and data collection

Age, gender, body mass index, Brinkman index, presence of polypharmacy, pulmonary

function, presence of comorbidities, eastern cooperative oncology group performance status, cancer

type (colorectal or gastric), and pathological TNM stage were recorded as patient characteristics.

Polypharmacy was defined as intake of five or more daily medications [24].

Surgery-related variables including surgical approach (open or laparoscopic), combined

resection, operative time, blood loss, and postoperative complications and postoperative hospital



stay were recorded. CD classification was used to grade postoperative complications (grades 1-5)

[25,26]. To eliminate the possibility of description bias in patient records, grade 1 complications

were excluded, and complications above CD grade 2 were considered postoperative complications.

The preoperative serum levels of albumin, C-reactive protein (CRP), and hemoglobin, and

white blood cell and total lymphocyte counts were collected from electronic medical records. The

prognostic nutrition index (PNI), a nutritional status indicator, was assessed using the following

equation: PNI = 10 x serum albumin (mg/dL) + 0.005 x total lymphocyte count [27].

4.6 Statistical analysis

All continuous variables were expressed as medians (interquartile ranges). Patients were

divided into the following two groups according to the median of 6 MWD decline ratio: above the

median (non-decline group) and below the median (decline group). Differences between the two

groups were analyzed using the chi-squared test or Fisher’s exact test for categorical variables and

the Mann-Whitney U test for continuous variables. Multivariate logistic regression analysis was

performed to identify predictive factors for postoperative functional recovery. Variables with p<0.10

in univariate analysis were entered as independent variables in multivariate analysis. Multivariate

logistic regression analysis was performed with (model 2) and without (model 1) sedentary time



adjustment. All statistical analyses were performed using EZR version 1.40 (Saitama Medical

Center, Jichi Medical University, Shimotsuke, Japan) [28].

5. Results

The median of 6MWD decline ratio was —9.0 % (figure 1). After dividing patients into two

groups based on the median of 6MWD decline ratio, 51 patients were assigned to the non-decline

group and 50 patients to the decline group. There was no significant decrease in 6 MWD in the non-

decline group [preoperative vs. postoperative: 460 (370-510) vs. 455 (390-510); p=0.39], although

there was a significant decrease in 6MWD in the decline group [preoperative vs. postoperative: 505

(431-572) vs. 397 (308-462); p<0.01] during the study period [median postoperative hospital stay:

12 (10—14) days] (figure 2). On analyses of patient characteristics, and comparisons of

characteristics and measured variables between the two groups (table 1), no significant differences

were observed, except for preoperative PA, 6MWD, CRP, and combined resection. Patients who

were inactive tended to be more, and with combined resection were significantly more in the decline

group than in the non-decline group (p=0.07 and p=0.04, respectively). Preoperative 6 MWD and

CRP levels were significantly higher in the decline group than in the non-decline group (p=0.01 and

p=0.02, respectively).



Preoperative PA, 6MWD, CRP, and combined resection had a value of p<0.10 on

univariate analysis, and underwent multivariate analysis as potential factors for postoperative

functional recovery (table 2). Preoperative PA [odds ratio (OR): 3.812; 95% confidence interval

(CI): 1.326-10.956; p=0.01], 6MWD (OR: 1.006; 95% CI: 1.002-1.011; p<0.01), CRP (OR: 4.138;

95% CI: 1.383-12.377; p=0.01), and combined resection (OR: 3.425; 95% CI: 1.101-10.649;

p=0.03) were identified as predictive factors for postoperative functional recovery, independently of

preoperative sedentary time. The OR for the occurrence of postoperative functional decline was

shown in increments of 1 m in 6 MWD and 1.00 mg/dL in CRP level.

6. Discussion

The main finding of the present study was that preoperative PA was positively associated

with postoperative functional recovery, independent of sedentary time in patients who underwent

gastrointestinal cancer surgery. Our study was the first to investigate the association between

preoperative PA and postoperative functional recovery by measuring 6 MWD in patients who

underwent gastrointestinal cancer surgery. Previous studies have reported that regular preoperative

exercise habits were related to postoperative early ambulation in patients who underwent open

abdominal aortic aneurysm surgery [29] and preoperative step counts were correlated with

postoperative step counts in colorectal cancer patients [30]. In a previous randomized control trial



comparing the early mobilization group with the normal group of patients who underwent abdominal

cancer surgery, postoperative 6 MWD was significantly higher in the early mobilization group than

in the normal group [31]. It was speculated that preoperative inactive patients might take longer to

progress to postoperative mobilization and might delay postoperative improvement in physical

function. Furthermore, Yasunaga et al. reported that the time spent in moderate-to-vigorous intensity

PA was more strongly associated with physical function than sedentary time among community-

dwelling older people [32]. Thus, moderate-to-vigorous intensity PA might be a strong factor

influencing short-term postoperative functional recovery compared to sedentary time.

Independent of PA, preoperative 6 MWD was found to be associated with postoperative

functional recovery in our study. Tahiri et al. reported that patients with higher preoperative physical

function were more likely to experience postoperative functional decline after abdominal surgery

[2]. Another previous study also indicated that patients with lower preoperative 6 MWD had greater

improvement in 6 MWD with prehabilitation compared to patients with higher preoperative 6MWD

in colorectal cancer patients [33]. The results of the present study support the results of these

previous studies and it was suggested that postoperative rehabilitation might have resulted in better

improvement in 6 MWD in patients with lower preoperative 6MWD. Therefore, it was assumed that

preoperative PA and physical function might respectively affect postoperative functional recovery.



In the present study, preoperative CRP level was related to postoperative functional

recovery assessed by 6MWD. A previous study showed that postoperative CRP was associated with

preoperative CRP in colorectal cancer patients [34]. It has also been reported that CRP is associated

with skeletal muscle mass loss [35], and skeletal muscle mass was associated with cardiorespiratory

fitness in community-dwelling people [36]. The 6 MWD was associated with peak oxygen

consumption in patients with gastrointestinal disease [37]. It was suggested that patients with higher

preoperative CRP might also have postoperative hyperinflammation and reduced skeletal muscle

mass, which might lead to postoperative functional decline evaluated by 6MWD.

We reported that the presence of combined resection was associated with postoperative

functional decline. Previous studies indicated that operative time was significantly longer in patients

with than without combined resection in cases of colorectal and gastric cancers, wherein patients

underwent laparoscopic surgery [38, 39]. In addition, the longer the operative time, the poorer the

recovery of physical function according to the questionnaire recorded after 1 month postoperatively

in colorectal cancer patients [40]. In our study, operative time was significantly longer in patients

with than without combined resection [303 (257-381) vs. 246 (186-318); p<0.01]. Therefore, it was

presumed that the risk of postoperative functional decline increased because physical burden

increased due to prolonged operative time by combined resection.



In recent years, prehabilitation, which involves preoperative exercise interventions to

improve postoperative outcomes, has received much attention. A previous study reported that

prehabilitation improved preoperative and postoperative 6 MWD in colorectal cancer patients [41].

To prevent postoperative functional decline, we need to focus not only on improving preoperative

functional capacity, but also on increasing PA. Previous studies indicated that resistance training

reduced CRP in community-dwelling older people with high CRP > 1.0 mg/ dL [42], and exercise

intervention reduced CRP in cancer survivors [43]. It has been suggested that inflammatory

suppression through exercise intervention may be one of the key factors in preventing postoperative

functional decline in perioperative gastrointestinal cancer patients.

The present study indicated that the median preoperative 6 MWD and 6MWD decline ratio

were 470 m and —9.0%, respectively. A previous study has reported that 6MWD reduced, on an

average, from 478 m preoperatively to 429 m at 3 weeks postoperatively in patients with

gastrointestinal surgery [13]. Although the number of days between surgery and postoperative

6MWD measurement was lower in the present study than in the previous study, the degree of

6MWD decline was similar in both studies [13]. Therefore, postoperative functional recovery may

be better in the present study than that in the previous study. Previous studies have also reported that

the postoperative rehabilitation and age can affect postoperative physical function [44, 2]. Therefore,

the amount of postoperative rehabilitation in the present study may be more than that in the previous



study (the presence or absence of postoperative rehabilitation in the previous study is unclear), and

the inclusion of younger patients (< 65-years-old) were also included may have influenced the

results of the present study.

Our study has several limitations. First, patients with PS > 2 were excluded from this

study, which means that high-risk patients were excluded, resulting in a possible selection bias.

Second, present study’s results cannot be applied to patients who developed severe postoperative

complications because patients who had a postoperative hospital stay of longer than 3 weeks were

excluded to reduce the influence of social factors and, consequently, patients who developed severe

postoperative complications were also excluded. Third, although postoperative hospital stay was not

associated with the 6 MWD decline ratio in this study (r=0.17; p=0.07), the effect of postoperative

hospital stay on postoperative functional recovery cannot be completely ruled out. Therefore, future

studies with a unified measurement date are necessary. Fourth, the results may not adequately adjust

for confounding factors owing to the small sample size. Thus, our results must be interpreted with

caution. Fifth, the present study included patients who underwent colorectal and gastric surgeries.

Further studies are necessary to separately analyze patients with colorectal and gastric cancers.

Sixth, data on the postoperative course, such as postoperative ambulation process and course of

inflammation values, have not been measured. Further study is needed to investigate association

between preoperative PA and postoperative ambulation process in patients with gastrointestinal



cancer. Finally, due to a limitation of the 6 MWD measurement, our study found a couple of patients

with a 6 MWD decline ratio of plus 65%. Therefore, the actual functional decline in 6 MWD might

have been a little large.

7. Conclusion

The present study demonstrated that preoperative PA could predict postoperative

functional recovery in patients who underwent gastrointestinal cancer surgery.
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Table 1. Characteristics of overall patients and comparison of characteristics and measured variables

between two groups.

overall non-decline group decline group p value
(n=101) (n=51) (n=50)

Age, years 69 (63-77) 70 (59-77) 68 (63-76) 0.62
Gender, n 62/39 29/22 33/17 0.34
(male/female)
BMI, kg/m? 22.5(19.8-25.1) 22.3 (19.8-25.0) 22.7 (19.7-25.4) 0.67
Brinkman index 400 (0-690) 300 (0-600) 400 (0-727.5) 0.34
Polypharmacy, n 40/ 61 24/27 16 /34 0.12
(yes/no)
%VC, % 96.4 (87.1-107.6) 100.0 (86.8-107.8) 94.8 (87.3-107.4) 0.67
FEV1.0%, % 78.3 (73.5-82.7) 79.8 (75.4-83.7) 77.1 (70.2-82.3) 0.10
PS, n (0/1) 86/ 15 46/5 40/10 0.15
Comorbidities

DM, n (yes/no) 27/74 14/37 13/37 0.86

CVD, n (yes/no) 9/92 4/47 5/45 0.74

COPD, n (yes/no) 2/99 0/51 2/48 0.24

HD, n (yes/no) 5/96 1/50 4/46 0.20
Cancer type, n 76 /25 40/ 11 36/14 0.45
(colorectal/gastric)
P-stage, n (0°-2/3—4) 65/36 30/21 35/15 0.24
PNI 48.7 (44.2-53.2) 48.1 (43.4-52.8) 49.2 (45.1-53.4) 0.27
Albumin, g/dL 4.0(3.74.3) 4.0(3.64.3) 4.0(3.84.3) 0.50
CRP, mg/dL 0.17 (0.06-0.34) 0.13 (0.05-0.24) 0.24 (0.08-0.49) 0.02
Hemoglobin, g/dL 12.8 (11.3-14.6) 12.5(11.2-14.3) 133 (11.4-14.9) 0.49
WBC, x10°/uL 6.2 (5.3-7.5) 6.1(5.4-7.2) 6.4 (5.0-8.1) 0.90
TLC, x10%/uL 1.6 (1.2-2.1) 1.5(1.3-1.9) 1.7 (1.2-2.2) 0.35
PA,n 34/67 13/38 21/29 0.07
(inactive/active)
Sedentary time, h/day 4 (3-7) 5(-7) 4 (2-7) 0.37
Grip strength, kg 28.3 (20.3-34.0) 23.8 (19.1-33.3) 28.6 (20.9-34.9) 0.40
Usual gait speed, m/s 1.25(1.11-1.43) 1.24 (1.10-1.42) 1.28 (1.09-1.45) 0.47
6MWD, m 470 (405-547) 460 (370-510) 505 (431-572) 0.01




Surgical approach, n
(open/laparoscopy)
Combined resection,
n (yes/no)

Gall bladder, n

(yes/no)

Other, n (yes/no)
Operative time, min
Blood loss, mL
Postoperative
complications, n

(yes/no)

52749

22/79

16 /85

71/94

268 (201-334)

60 (17-303)
25/76

24/27

71744

5746

3/48

273 (210-330)

91 (16-358)
12/39

28/22

15/35

11/39

4/46

264 (193-339)

59 (22-284)
13/37

0.75

0.04

0.69
0.89
0.77

Continuous variables are shown as median (interquartile range). Categorical variables were

compared using the chi-squared test or Fisher’s exact test. Continuous variables were compared

using the Mann-Whitney U test.

2 colorectal cancer only

BMI, body mass index; %VC, % vital capacity; FEV1.0%, forced expiratory volume in 1 second %;

PS, performance status; DM, diabetes mellitus; CVD, cerebrovascular disease; COPD, chronic
obstructive pulmonary disease; HD, heart disease; P-stage, pathological stage; PNI, prognostic

nutrition index; CRP, C-reactive protein, WBC, white blood cell count; TLC, total lymphocyte

count; PA, physical activity; 6 MWD, 6-minute walk distance



Table 2. Multivariate logistic regression analysis to predict postoperative functional recovery.

Model 1 Model 2
OR (95% CI) p value OR (95% CI) p value
PA, 0 = active 1 = inactive 3.115(1.183-8.201) 0.02 3.812 (1.326-10.956) 0.01
6MWD, per 1 m 1.006 (1.002—-1.011) <0.01 1.006 (1.002—-1.011) <0.01
CRP, per 1.00 mg/dL 3.900 (1.332-11.413) 0.01 4.138 (1.383-12.377) 0.01
Combined resection, 0 =no 1 = 3.281 (1.082-9.949) 0.03 3.425 (1.101-10.649) 0.03

yes

Four variables with p<0.10 (i.e., PA, 6 MWD, CRP, and combined resection) in univariate analysis
were entered into the multivariate logistic regression models.

Model 2 was adjusted for preoperative sedentary time.

OR, odds ratio; CI, confidence interval; PA, physical activity; 6MWD, 6-minute walk distance;
CRP, C-reactive protein
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Figure 1. Distribution of the 6 MWD decline ratio. The median of 6MWD decline ratio was -9.0 %.
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Figure 2. Changes in 6 MWD in the non-decline group and the decline group. There was no
significant decrease of 6MWD in the non-decline group [preoperative vs. postoperative: 460 (370—
510) vs. 455 (390-510); p=0.39], but there was a significant decrease in the decline group
[preoperative vs. postoperative: 505 (431-572) vs. 397 (308-462); p<0.01].
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