
Abstract. Background/Aim: Sarcopenia contributes to a poor 
prognosis in patients with esophageal cancer; thus, any clinical 
support that prevents loss of skeletal muscle mass 
preoperatively and postoperatively should be actively 
investigated. This study aimed to evaluate physical activity 
during the perioperative period and its impact on postoperative 
skeletal muscle mass. Patients and Methods: Sixty-two patients 
who underwent esophagostomy at the Hamamatsu University 
School of Medicine between 2019 and 2023 were evaluated. 
The physical activity (measured by the step count) of patients 
scheduled for esophagectomy was assessed preoperatively 
using a fitness tracker. The percentage change in skeletal 
muscle mass index (SMI) was calculated preoperatively and 6 
months postoperatively. Factors associated with decreased SMI 
6 months after esophagectomy were analyzed using 
multivariate analysis. Results: The median decrease in SMI 
was –6.2%. Multivariate analysis revealed that factors 
associated with the reduction of SMI were age >69 years [odds 
ratio (OR)=7.21, 95% confidence interval (CI)=1.36-38.19, 
p=0.020], preoperative step count <7,800 steps/day (OR=5.17, 

95% CI=1.38-19.33, p=0.015), and postoperative step count 
<2,400 steps/day (OR=3.55, 95% CI=1.01-12.45, p=0.048). 
Conclusion: A low perioperative step count and older age were 
significant risk factors for skeletal muscle loss in patients with 
esophageal cancer undergoing surgery. For patients with a low 
number of steps in the perioperative period or for older 
patients, interventions to increase the number of steps may 
prevent skeletal muscle loss. 
  
Despite advances in minimally invasive surgery, esophageal 
cancer remains highly invasive with a high rate of 
postoperative complications (1, 2). Sarcopenia is a risk factor 
for postoperative complications, which underlines the 
importance of preventative measures before surgery (3). 
Sarcopenia is a condition characterized by reduced muscle 
strength and physical capacity due to loss of muscle volume. 
Sarcopenia is classified as primary sarcopenia when related 
to aging and as secondary sarcopenia when related to low 
activity, malnutrition, and disease (4). Low muscle mass may 
increase vulnerability to malnutrition, endocrine changes, 
muscle disuse, and low-grade systemic inflammation, and 
poor preoperative nutritional status affects prognosis (5). In 
addition, sarcopenia predicts chemotherapy toxicity and has 
an impact on prognosis (6). In contrast, recent studies have 
reported that patients undergoing esophagectomy have 
decreased skeletal muscle mass after surgery and an 
increased prevalence of sarcopenia in the long term (7-9). 
Therefore, interventions that prevent long-term postoperative 
skeletal muscle loss are urgently needed.  

The Hamamatsu Perioperative Care Team (HOPE) 
intervenes with patients undergoing esophagectomy at the 
Department of Surgery, at Hamamatsu University School of 
Medicine. HOPE assesses the physical function and 
nutritional status of the patient and provides individualized 
care according to the patient’s current condition. Prior to 
surgery, the patient is instructed by the physiotherapist to 
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of anastomotic leakage was 12.9% (8 cases). The mean numbers 
of steps/day before and after surgery were 8,160 and 3,335 
steps/day, respectively. Postoperative step count was significantly 
lower in the SMI severe loss group (4,163 vs. 2,536 steps/day, 
p=0.022) (Table I).   

Changes in body composition and nutritional indicators 
based on blood tests before and after surgery are shown in 
Table II. The postoperative change in weight compared with 
the preoperative weight was –10.1%±6.3% (p<0.001). The 
perioperative change in BMI was –10.3%±5.5% (p<0.001). 
Preoperative and postoperative SMIs were 7.2±1.1 and 
6.8±1.0 kg/m2, respectively, and the perioperative change 
rate of SMI was –6.2%±6.7%. There was no difference in 
PNI and albumin levels, but transthyretin levels decreased 
significantly after surgery (27.3 vs. 22.4 g/dl, p<0.001). 
 
Factors related to SMI reduction 6 months after esophagectomy. 
Multivariate analysis revealed that factors associated with SMI 
reduction 6 months after surgery were age >69 years (OR=7.21, 
95% CI=1.36-38.19, p=0.020), preoperative step count <7,800 
steps/day (OR=5.17, 95% CI=1.38-19.33, p=0.015), and 
postoperative step count <2,400 steps/day (OR=3.55, 95% 
CI=1.01-12.45, p=0.048) (Table III). The AUC from ROC 
curves obtained for each factor assesses the ability to predict the 
SMI reduction, and the following AUCs were obtained: age, 
0.65 (95% CI=0.51-0.79); preoperative step count, 0.61 (95% 
CI=0.46-0.75); postoperative step count, 0.69 (95% CI=0.55-
0.82) (Table IV). 

The postoperative number of steps was significantly 
correlated with the preoperative number of steps (r=0.533, 
95% CI=0.32-0.69, p<0.001) (Figure 2).  

Discussion 

The main finding of the study was that age and perioperative 
step count were independent predictors of skeletal muscle 
loss 6 months after esophagectomy. To our knowledge, this 
is the first report evaluating the relationship between age and 
perioperative step count and long-term skeletal muscle loss 
after esophagectomy. Furthermore, we showed a correlation 
between the number of preoperative and postoperative steps. 
This suggests the importance of maintaining or increasing 
activity levels in anticipation of the postoperative period in 
patients with low preoperative activity levels.   

Esophagectomy is a highly invasive procedure that increases 
the likelihood of skeletal muscle loss associated with 
postoperative hypoactivity compared to other gastrointestinal 
cancer surgeries. As skeletal muscle loss is associated with 
prognosis in patients with esophageal cancer, it is important to 
identify the risk of skeletal muscle loss and to prevent it (17). 
Previous reports have identified factors associated with loss of 
skeletal muscle in postoperative patients with esophageal 
cancer, including preoperative BMI, postoperative grip strength, 
tube feeding at discharge (8), percentage change in quadriceps 
muscle strength 1 month after surgery (9), and activity level 
immediately after discharge (7). In our study, the median rate 
of reduction of SMI at 6 months postoperatively was 6.2%, 
which is a new finding suggesting that the perioperative step 
count is an influential factor. With respect to physical activity 
and skeletal muscle mass, increasing the number of daily steps 
may decrease the risk of developing sarcopenia in older patients 
(18). Therefore, walking is considered an important factor for 
the prevention of skeletal muscle loss. Furthermore, in this 
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Figure 1. Flowchart of study participants.



study, the preoperative step count was significantly correlated 
with the postoperative step count. Similar to previous studies, 
our results suggest that the preoperative step count may be a 
predictive indicator of the risk of postoperative hypoactivity 
(19). Previous studies have shown that preoperative activity 
levels can predict postoperative complications and delirium (20, 
21). In older patients, the number of steps and maximum 
oxygen consumption (VO2Max) measured using a wearable 
device before surgery correlate with the 6- Minute Walk Test 
and Clinical Frailty Scale, suggesting that they may be 
indicators of mobility and frailty (22). Collectively, the 
preoperative step count may be more useful in identifying 
patients for intervention.  

Although the importance of combined exercise therapy and 
nutritional intervention for sarcopenia has been suggested (23), 

the result of this study may provide additional important 
information. Although active intervention to prevent sarcopenia 
is important, the correlation between preoperative and 
postoperative step counts suggests the importance of 
intervention in overall daily living throughout the perioperative 
period for patients with low activity levels. Identifying the 
factors that contribute to the decline in activity levels and 
interventions to address these factors will help improve activity 
levels. The number of steps can also be monitored using a 
smartphone, which is a convenient indicator of activity levels 
and is useful for patient guidance (24). Furthermore, based on 
the present results, daily support to increase physical activity 
in older patients should also be considered. 

Compared to other studies on preoperative cancer patients, 
the mean number of preoperative steps of 8,160 steps/day 
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Table I. Patient characteristics. 
 
                                                                                              Total (n=62)                 SMI mild loss (n=30)            SMI severe loss (n=32)           p-Value 
 
Age (years)                                                                                65±9.1                                  62±7.6                                     67±10.1                         0.061 
Male/female                                                                                51/11                                     25/5                                          26/6                            0.548 
ASA score                                                                                                                                                                                                                           
 1/2/3/4                                                                                      4/56/1/1                                2/28/0/0                                    2/28/1/1                         0.585 
Clinical stage                                                                                                                                                                                                                      
 0/1/2/3/4                                                                               1/21/14/23/3                           1/10/8/8/3                               0/11/6/15/0                       0.171 
Preoperative chemotherapy                                                     28 (45.2)                              13 (43.3)                                  15 (46.9)                        0.490 
Weight (kg)                                                                             60.2±10.8                             61.2±10.1                                 59.2±11.4                        0.465 
BMI (kg/m2)                                                                            22.1±2.7                               21.9±2.6                                   22.3±2.8                         0.585 
SMI (kg/m2)                                                                              7.2±1.1                                 7.2±1.0                                     7.2±1.2                          0.939 
Risk of malnutrition                                                                39 (62.9)                              20 (66.7)                                  19 (59.4)                        0.371 
PNI                                                                                           48.6±4.3                               48.8±4.0                                   48.4±4.6                         0.701 
Albumin level (g/dl)                                                                 4.1±0.4                                 4.1±0.4                                     4.1±0.4                          0.749 
Transthyretin level (g/dl)                                                         27.3±5.4                               27.9±5.8                                   26.9±5.2                         0.504 
Respiratory function                                                                                                                                                                                                           
 %VC (%)                                                                              104.8±14.3                           106.5±14.9                               103.2±14.1                       0.379 
 FEV1.0% (%)                                                                         74.0±7.7                               74.1±7.0                                   74.0±8.6                         0.956 
Preoperative steps (steps/day)                                              8,160±3,044                         8,851±3,257                             7,511±2,672                      0.088 
Surgical procedure                                                                                                                                                                                                        0.553 
 Open esophagectomy                                                             13 (21.0)                               6 (20.0)                                    7 (21.9)                               
 Thoracoscopic esophagectomy                                              49 (79.0)                              24 (80.0)                                  25 (78.1)                              
Complications                                                                                                                                                                                                                     
 CD grade II or higher                                                            12 (19.4)                               5 (16.7)                                    7 (21.9)                         0.423 
 CD grade III or higher                                                            7 (11.3)                                4 (13.3)                                     3 (9.4)                          0.463 
 Pneumoniaa                                                                              1 (1.6)                                       0                                           1 (3.1)                          0.516 
 Anastomotic leakagea                                                              8 (12.9)                                4 (13.3)                                    4 (12.5)                         0.609 
Postoperative steps (steps/day)b                                          3,335±2,725                         4,163±3,325                             2,536±1,622                      0.022 
Postoperative hospital stay (days)                                         22 [19-26]                            21 [19-26]                                23 [20-27]                       0.177 
Oral energy intake (food+ONS)c (%)                                   48 [33-64]                       50.7 [36.4-67.6]                      46.1 [32.0-58.5]                   0.254 
EN intakec (%)                                                                  33.4 [27.4-37.7]                   31.7 [23.2-37.3]                      35.4 [29.0-38.2]                   0.467 
Total energy intakec (%)                                                   83.8 [70.0-94.8]                   82.5 [71.2-96.7]                      85.3 [67.6-93.0]                   0.767 
Postoperative chemotherapy within 6 months                       26 (41.9)                              14 (46.7)                                  12 (37.5)                        0.318 
 
Variables are expressed as mean±standard deviation, number of patients (percentages), and median [interquartile range: 25th percentile to 75th 

percentile]. ASA, American Society of Anesthesiologists physical status; BMI, body mass index; SMI, skeletal muscle mass index; PNI, prognostic 
nutritional index; %VC, percentage of vital capacity; FEV1.0%, forced expiratory volume % in 1 s; CD, Clavien-Dindo classification; ONS, oral 
nutritional supplementation; EN, enteral nutrition. aCD class II or higher. bValues at 3 weeks after surgery. cRatio to the nutritional requirements of 
energy intake during the 3 days before discharge.



was relatively high (19, 25) and comparable to that of 
healthy people of the same age (26). It is possible that the 
participants in this study took more steps because they were 
encouraged to remain active, in addition to the fact that the 
use of a fitness tracker is known to increase the number of 
steps (27). In contrast, the mean number of steps at 
postoperative week 3 was 3,335 steps/day. It is expected to 
take weeks to months for the postoperative gait to return to 
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Table II. Comparison of variables before and after surgery. 
 
                                                                          Preoperative                         Postoperativea                        Perioperative change (%)                    p-Value 
 
Weight (kg)                                                         60.2±10.8                                54.0±9.4                                         –10.1±6.3                                <0.001 
BMI (kg/m2)                                                        22.1±2.7                                 19.8±2.2                                         –10.3±5.5                                <0.001 
SMI (kg/m2)                                                         7.2±1.1                                   6.8±1.0                                           –6.2±6.7                                 <0.001 
PNI                                                                       48.6±4.3                                 49.4±5.0                                                                                            0.240 
Albumin level (g/dl)                                            4.1±0.4                                  4.1± 0.3                                                                                            0.879 
Transthyretin level (g/dl)                                    27.3±5.4                                 22.3±4.2                                                                                          <0.001 
 
Variables are expressed as mean±standard deviation. BMI, Body mass index; SMI, skeletal muscle mass index; PNI, prognostic nutritional index. 
aValues at 6 months after surgery.

Table III. Multivariate logistic regression analysis of risk factors for SMI reduction at 6 months after surgery. 
 
                                                                                                                             Univariate logistic regression                    Multiple logistic regression 
 
                                                                                                                    Odds ratio          95% CI          p-Value      Odds ratio        95% CI        p-Value 
 
Preoperative factors                                                                                                                                                                                                             
Age >69 years                                                                                                 7.00            1.76-27.89         0.006             7.21           1.36-38.19       0.020 
Sex (male vs. female)                                                                                     1.15             0.31-4.27          0.830                                                             
Clinical stage (0, 1, 2 vs. 3, 4)                                                                       1.52             0.55-4.21          0.417                                                             
Preoperative chemotherapy (present vs. absent)                                           1.15             0.42-3.14          0.779                                                             
BMI <22 kg/m2                                                                                               1.02             0.37-2.78          0.974                                                             
SMI                                                                                                                  1.02             0.64-1.62          0.938                                                             
Risk of malnutrition (present vs. absent)                                                       0.73             0.26-2.06          0.553                                                             
Albumin level <4.0 g/dL                                                                                0.73             0.41-1.46          0.425                                                             
Transthyretin level <22.5 g/dl                                                                        0.71             0.34-1.48          0.356                                                             
PNI <49.0                                                                                                        0.75             0.36-1.59          0.451                                                             
%VC <80                                                                                                         0.97             0.13-7.33          0.973                                                             
FEV1.0% <70                                                                                                  1.31             0.43-4.00          0.633                                                             
Preoperative steps <7,800 steps/day                                                              3.41             1.19-9.77          0.022             5.17           1.38-19.33       0.015 
 
Postoperative factors                                                                                                                                                                                                           
Complication CD grade II or higher                                                              1.40             0.39-5.00          0.605                                                             
Complication CD grade III or higher                                                            0.72             0.14-3.30          0.624                                                             
Postoperative hospital stay >22 days                                                             1.70             0.62-4.66          0.302                                                             
Oral energy intake (food+ONS)a <58%                                                        2.63             0.90-7.69          0.078                                                             
EN intakea >34%                                                                                            2.27             0.81-6.34           0.119                                                             
Total energy intakea <85%                                                                             0.59             0.22-1.61          0.302                                                             
Postoperative steps <2,400 steps/day                                                            5.43            1.76-16.79         0.003             3.55           1.01-12.45       0.048 
Postoperative chemotherapy within 6 months (present vs. absent)              0.69             0.25-1.89          0.466                                                             
 
CI, Confidence interval; BMI, body mass index; SMI, skeletal muscle mass index; PNI, prognostic nutritional index; %VC, percentage of vital 
capacity; FEV1.0%, forced expiratory volume in 1 s; CD, Clavien-Dindo classification; ONS, oral nutrition supplementation; EN, enteral nutrition. 
aRatio to the nutritional requirements of energy intake during the 3 days before discharge.

Table IV. Cutoff value, AUC, and 95% CI in SMI reduction at 6 months 
after surgery. 
 
                                      Cutoff value      AUC         95% CI        p-Value 
 
Age                                        69               0.65         0.51-0.79         0.041 
Preoperative steps              7,779            0.61         0.46-0.75         0.152 
Postoperative steps             2,376            0.69         0.55-0.82         0.008 
 
AUC, Area under the curve; CI, confidence interval.
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