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Changes in Exercise Capacity, Muscle Strength, and Health-related Quality of
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ABSTRACT Objective: To characterize the preoperative functional exercise capacity, muscle strength, anxiety, depression, and
health-related quality of life (QOL) in patients with esophageal cancer, and to evaluate the impact of radical esophagectomy on these
parameters. Methods: We performed a retrospective review of 36 consecutive patients with newly diagnosed resectable esophageal cancer
who underwent esophagectomy followed by postoperative rehabilitation from January to December 2019. Patients were tested for 6-min
walk distance (6MWD), knee-extensor muscle strength, hand grip strength, the Hospital Anxiety and Depression Scale (HADS), and the
chronic obstructive pulmonary disease (COPD) assessment test (CAT) before and two weeks after the surgery. Before surgery, the pul-
monary function test, and components of the MOS 36-item Short-Form Health Survey (SF-36) Questionnaire for general health were
assessed. Results: The mean age was 66.1+ 9.2 years. The patients were predominantly male (75.0%), had high rates of smoking history
(80.6%), and squamous cell carcinoma (94.4 %). 15 patients had COPD. The clinical stage was 0-I in 11 patients, I in 6 patients, Il in 15
patients, and IV in 4 patients. 29 patients (91.2 %) underwent open surgery. At the baseline, components of the SF-36 scores significantly
correlated with CAT and HADS scores, and the physical status was poorer in patients with COPD than those without (P<0.05). Compar-
isons between the preoperative and postoperative values revealed decreases in 6 MWD, hand grip strength, isometric knee extensor muscle
strength (P<0.05), and a increase in CAT scores but not in HADS scores after surgery (2>0.05). In multiple regression analysis, decreases
in 6MWD after the surgery correlated with the preoperative physical component summary of SF-36 (P<0.05). Conclusion: From the per-
spective of minimally invasive surgery and perioperative management, it is necessary to further improve perioperative rehabilitation. Two
weeks after surgery, esophagectomy is harmful to health-related QOL and physical health. Perioperative rehabilitation strategies need to
be established to improve postoperative outcomes.
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Table 1 Correlation Analysis of preoperative parameters

Power of gripping Knee extensor isolength strength
Parameter 6MWD
Right Left Right Left
r 1 0.551 0.496 0.495 0.521
6MWD
P 0 0.001(n=36) 0.002(n=36) 0.005(n=33) 0.001(n=33)
r -0.353 -0.501 -0.423 -0.505 -0.557
Cat score
P 0.070(n=33) 0.004(n=33) 0.028(n=33) 0.007(n=33) 0.003(n=33)
SF-36
Physiological T 0.467 0.141 0.261 0.362 0.371
function P 0.012(n=30) 0.489(n=33) 0.180(n=33) 0.082(n=33) 0.071(n=33)
Physiological r 0.355 0.424 0.501 0.572 0.469
ability P 0.073(n=30) 0.022(n=33) 0.006(n=33) 0.003(n=33) 0.016(n=33)
T 0.130 0.119 0.171 0.169 0.132
Somatic pain
P 0.509(n=30) 0.531(n=33) 0.392(n=33) 0.399(n=33) 0.556(n=33)
r 0.472 0.379 0.372 0.481 0.382
General health
P 0.012(n=33) 0.039(n=33) 0.049(n=33) 0.016(n=33) 0.061(n=33)
r 0.342 0.232 0.254 0.368 0.299
Social function
P 0.080(n=33) 0.251(n=33) 0.256(n=33) 0.071(n=33) 0.119(n=33)
r 0.301 0.349 0.401 0.429 0.279
Energy
P 0.129(n=33) 0.061(n=33) 0.037(n=33) 0.031(n=33) 0.172(n=33)
r 0.241 0.201 0.321 0.521 0.392
Emotional function
P 0.199(n=33) 0.298(n=33) 0.102(n=33) 0.006(n=33) 0.057(n=33)
T 0.379 0.118 0.321 0.363 0.309
Mental health
P 0.042(n=33) 0.531(n=33) 0.091(n=33) 0.079(n=33) 0.129(n=33)
2 RETSH ST AEAHEXES
Table 2 Correlation Analysis between preoperative parameters and pulmonary function
Parameter vC %VC FEV, % FEV, FEV//FVC
r 0.499 0.096 0.580 0.016 0.301
6MWD (n=36)
P 0.002 0.579 <0.001 0.942 0.089
r -0.420 -0.345 -0.409 -0.272 -0.263
Cat score (n=33)
P 0.022 0.069 0.018 0.152 0.153
SF-36
Physiological r 0.372 0.306 0.419 0.179 0.192
function (n=33) P 0.046 0.105 0.019 0.342 0.345
Physiological r 0.399 0.008 0.201 -0.321 -0.242
ability (n=33) P 0.028 0.959 0.299 0.093 0.221
Somatic pain r -0.001 -0.048 -0.031 -0.250 0218
(n=33) P 0.995 0.801 0.880 0.201 0.249
General health r 0.169 -0.082 0.139 -0.233 -0.065
(n=33) P 0.372 0.695 0.451 0.239 0.705
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Social function 0.182 0.280 0.209 0.176 0.110
(n=33) 0.362 0.153 0.282 0.355 0.590
0.332 0.108 0.260 -0.130 -0.102
Energy (n=33)
0.085 0.559 0.183 0.530 0.622
Emotional function 0.270 0.008 0.148 0.192 -0.201
(n=33) 0.155 0.969 0.445 0.323 0.299
Mental health 0.342 0.305 0.371 0.239 0.202
(n=33) 0.079 0.112 0.049 0.205 0.281
% 3 SF-36 5RET CAT 8 HADS BItEE M7
Table 3 Correlation analysis between SF-36 and preoperative cat or hads
SF-36 CAT Anxiety disorder Depression
r -0.392 -0.341 -0.505
Physiological function
P 0.038 0.069 0.007
r -0.319 =751 -0.562
Physiological ability
P 0.091 <0.001 0.003
T -0.171 -0.372 -0.249
Somatic pain
P 0.391 0.052 0.191
r -0.429 -0.555 -0.336
General health
P 0.022 0.003 0.089
r -0.662 -0.459 -0.399
Social function
P <<0.001 0.012 0.028
r -0.498 -0.501 -0.562
Energy
P 0.006 0.014 0.003
r -0.379 -0.601 -0.468
Emotional function
P 0.045 0.001 0.009
r -0.505 -0.382 -0.559
Mental health
P 0.005 0.052 0.003
® 4 RESEERMES T
Table 4 Correlation Analysis of postoperative parameters
Isometric muscle strength of knee
Ppower of gripping
Parameter 6MWD extensor
Right Left Right Left
6MWD 1 0.162 0.069 0.331 0.532
0 0.401 0.699 0.082 0.002
Cat score -0.049 -0.018 0.013 -0.419 -0.379
0.819 0.935 0.951 0.061 0.082
%5 RBIBRAE 6MWD, AL 71 . HADS Lb #4547
Table 5 Comparison and analysis of 6 MWD, muscle strength and hads before and after operation
Parameter Preoperative Postoperative P Change
6MWD, m (n=36) 501+ 70 395+ 102 <0.001* -106+ 85
N=5 N=5 1

Desaturation during 6MWTa
Grip strength, KGF (n=36)
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Right 30.4+ 8.9 29.1+ 8.2 0.01* -1.3+ 35

Left 28.7 8.8 273+ 7.2 0.01* -1.4+ 2.6
Isometric knee extensor muscle

strength(n=33)

Right 25.8+ 8.4 24.5¢ 79 0.08 -1.3+ 35
Left 255+ 9.2 23.1+ 7.3 0.02* -2.4+ 3.8
Anxiety disorder(n=28) 5.3+ 3.1 49+ 3.8 0.73 -0.4%+ 3.8
Score= 8 N=5 N=9 0.29
Depression(n=28) 5.6+ 3.5 5.3+ 39 0.53 -0.3+ 2.5
Score= 8 N=5 N=7 1
CAT(n=28) 10.8+ 6.1 16.1+ 6.2 0.03* 5.3+ 6.5

Note: Compared with the Preoperative, *P<0.05.

* 6 AEVIBRARE MWD Ik 5 H S MHEX M

Table 6 Correlation between 6MWD changes and other parameters after esophagectomy

Univariate analysis Multivariate analysis
Parameter Standard partial regression Standard partial regression
coefficient P coefficient P
Preoperative parameters
BMI -0.054 0.756 ND ND
%VC -0.331 0.065 -0.057 0.075
%FEV1 -0.305 0.092 0.372 0.269
6MWD 0.152 0.399 ND ND
The power of gripping
Right 0.271 0.128 ND ND
Left 0.256 0.164 ND ND
Isometric muscle strength of knee
extensor
Right(n=33) 0.025 0.879 ND ND
Left(n=33) -0.099 0.598 ND ND
CAT(n=33) 0.218 0.248 ND ND
SF-36 (n=33)
physiological function (n=33) -0.188 0.356 ND ND
Physiological ability (n=33) -0.009 0.959 ND ND
Somatic pain (n=33) 0.278 0.155 ND ND
General health (n=33) 0.501 0.805 ND ND
Social function (n=33) -0.219 0.274 ND ND
Energy (n=33) 0.208 0.289 ND ND
Emotional function (n=33) 0.029 0.888 ND ND
Mental health (n=33) -0.148 0.475 ND ND
Intraoperative parameters
Surgical blood loss 0.143 0.431 ND ND
Operation time 0.145 0.432 ND ND
Postoperative parameters
Postoperative hospitalization 0.048 0.799 ND ND

Grip strength change
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Right (n=33) 0.155
Left (n=33) 0.142
Changes of isometric muscle
strength of knee extensor
Right (n=33) 0.048
Left (n=33) 0.092
Cat score change (n=33) -0.221

0.409 ND ND
0.439 ND ND
0.821 ND ND
0.651 ND ND
0.309 ND ND
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