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Low muscle mass-to-fat ratio is an independent factor
that predicts worse overall survival and complications in
patients with colon cancer: a retrospective single-center
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Purpose: This study was performed to investigate influencing factors of preoperative muscle mass-to-fat ratio (MMFR) and
its impact on overall survival and postoperative complications of colon cancer.

Methods: Patients who underwent colectomy for stage I-Ill colon cancer at the Second Affiliated Hospital of Soochow
University between January 2016 and December 2022 were included. The skeletal muscle and fat area at the third lumbar
vertebra were measured with preoperative CT measurement. MMFR was defined as the ratio of skeletal muscle area to
total fat area, and low MMFR was defined as the 2 lowest tertiles (<0.585). Univariate and multivariable analyses were
conducted to assess the impact of MMFR on overall complications and survival outcomes. Kaplan-Meier survival curves
and log-rank test were used to compare the overall survival between high MMFR and low MMFR groups.

Results: A total of 885 patients were analyzed. Female sex, older age, high body mass index, sarcopenia, and high cancer
stage were more likely to result in low MMFR. Complications, including intestinal fistula, chylous fistula and organ space
surgical site infection were significantly higher in the low MMFR group. Low MMFR was an independent factor associated
with overall complications (odds ratio, 1.940; 95% confidence interval [Cl], 1.252-3.007; P < 0.01) and long-term survival
(hazard ratio, 2.222; 95% Cl, 1.443-3.425; P < 0.01). Furthermore, patients with high MMFR had a higher survival rate than
patients with low MMFR (P < 0.01).

Conclusion: Low MMFR is an independent factor that predicts worse overall survival and complications in patients with

colon cancer.
[Ann Surg Treat Res 2024;107(2):68-801]
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INTRODUCTION

Colon cancer, a common gastrointestinal malignancy
worldwide, is characterized by a poor prognosis and a low
survival rate. Various factors, including the patient's overall
health, tumor stage, and postoperative complications, influence

the clinical outcomes of colon cancer. Surgery is the primary
treatment approach for most patients, and the TNM staging
system is commonly used to determine treatment and
prognosis [1]. However, patients with the same TNM stage
may experience different clinical outcomes [2]. Therefore, a
new prognostic indicator is needed to personalize treatment
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strategies for patients with colon cancer.

Several large studies have demonstrated a strong correlation
between body composition, specifically skeletal muscle and fat,
and oncological outcomes [3]. CT-based analysis of muscle and
adipose tissue regions at the third lumbar (L3) provides valuable
insights into body fat and muscle mass, making it a powerful
tool for evaluating cancer patients. Sarcopenia, which refers to
the progressive loss of muscle strength, quantity, and function,
is commonly observed in patients undergoing surgery for
various cancers [4]. Sarcopenia reflects aggressive cancer biology,
systemic inflammatory responses, and increased metabolic
activity due to muscle depletion [5]. It has been shown to be
a reliable predictor of postoperative complications and long-
term prognosis in patients with colon cancer [6]. Additionally,
obesity has a stronger association with cancer mortality
compared to sarcopenia [7]. Obesity can contribute to immune
cell dysfunction in the tumor immune microenvironment and
lead to increased cancer risk, accelerated tumor growth, and
higher mortality rates in patients with gastrointestinal cancer
[8]. There are currently different results regarding the impact of
visceral or subcutaneous fat on prognosis in patients with colon
cancer. Recent research found that high subcutaneous fat area
(SFA) was correlated with better disease-free survival in patients
with colon cancer [9]. Another research found that the increased
subcutaneous fat in males and visceral fat in females are
associated with a higher risk of death in patients with stage I-
111 colon cancer [10]. The muscle mass-to-fat ratio (MMFR), as an
important indicator, has been shown to be useful in predicting
cardiac dysfunction and insulin resistance [11]. However, most
studies focused on the individual effects of skeletal muscle or
fat on colon cancer [12]. Few studies examined the combined
influence of skeletal muscle and fat on predicting the prognosis
of colon cancer.

Therefore, this study aimed to investigate the role of MMFR
in predicting postoperative complications and long-term
survival in colon cancer.

Patients who underwent colectomy for stage I-1Il colon cancer
and had a confirmed postoperative pathological diagnosis
from January 2016 to December 2022
(n=931)

METHODS

The study received approval from the Ethics Committee of
the Second Affiliated Hospital of Soochow University (No. JD-
HG-2023-0011) and written informed consent was obtained
from all the patients.

Patients
From January 2016 to December 2022, a total of 931 patients

who underwent colectomy for stage I-1II colon cancer at the
Second Affiliated Hospital of Soochow University, and who
had a confirmed postoperative pathological diagnosis, were
included in the study. Exclusion criteria were patients without
preoperative CT examination (44 patients) and patients who
died within 24 hours after surgery (2 patients). Ultimately, a
total of 885 patients were enrolled (Fig, 1).

CT image analysis of body composition
Image acquisition digital imaging and communications in

medical files for preoperative axial CT were obtained at mid-L3.
As shown in Fig, 2, skeletal muscle area (SMA), visceral fat area
(VFA), and SFA were quantified using SliceOmatic version 5.0
(TomoVision) according to the standard Hounsfield unit (HU)
range. The tissue ranges of skeletal muscle, subcutaneous fat,
and visceral fat are 29 to 150, —190 to —30, and -150 to —50 HU,
respectively.

Data collection
The patient characteristics and preoperative factors in

this study included sex, age, body mass index (BMI), skeletal
muscle index (SMI), presence of sarcopenia, MMFR, presence
of preoperative serious underlying disease, tumor location,
TNM stage, and preoperative laboratory indicators (measured
2 days before surgery). Intraoperative characteristics included
operation methods (laparoscopy or open), operation time,
amount of bleeding, blood transfusion status, vascular

Exclusion criteria
< - Without preoperative CT examination (n = 44)
- Died within 24 hr after surgery (n = 2)

A 4
Final enroliment (n = 885)

A 4 A 4

High MMFR group (n = 295) | |

Low MMFR group (n = 590)

Fig. 1. Study flow chart. MMFR,
muscle mass-to-fat ratio.
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invasion, nerve invasion, and lymphatic invasion. Postoperative
characteristics included hospital stay, postoperative hospital
stay, intensive care unit (ICU) admission status, hospitalization
expenses, postoperative laboratory indicators (measured 3-5
days after surgery), survival time, and overall complications.
Overall complications included intestinal fistula, chylous
fistula, incisional surgical site infection (SSI), organ space SSI,
intestinal obstruction, gastroparesis, hemorrhage, thrombotic
events, pneumonia, sepsis, reoperation, 30-day mortality, and
other rare complications. SMI was defined as SMA (cm”)/height’
(m?. Sarcopenia was defined by sex-specific consensus [7].
Sarcopenia was defined as an SMI <41 cm’/m’ in female, <43
cm’/m’ in male with BMI <25 kg/m’, and <53 cm’/m’ in male
with BMI >25 kg/m’. The total fat area (TFA) was calculated as
the sum of VFA and SFA. The MMFR was defined as the ratio
of SMA to TFA. High MMFR was defined as the highest tertile
(>0585), while low MMFR was defined as the 2 lowest tertiles
(=0585).

Statistical analysis
The data were analyzed with IBM SPSS Statistics ver. 25.0

(IBM Corp.). The values were expressed as the median +
standard deviation for continuous variables or as a percentage
of the group for categorical variables. Categorical variables were
compared using the Fisher exact tests. Continuous variables that
fit the normal distribution were compared using the Student
t-test, and continuous variables that did not fit the normal
distribution were compared using the Mann-Whitney U-test.

Fig. 2. CT measurement of
skeletal muscle area at the third
lumbar vertebra (L3). (A) Sagittal
plane, the middle section of L3
is located on the yellow line.
(B) Coronal plane, the middle
section of L3 is located on the
yellow line. (C) Horizontal cross
section at L3. (D) Subcutaneous
fat (blue), abdominal fat (yellow),
and skeletal muscle (red).

Multivariate logistic regression was performed to examine
the independent effect of risk factors on overall complications
and the results were reported as the adjusted odds ratio (OR)
with their corresponding 95% confidence interval (CI). Cox
regression was performed to examine the independent effect
of risk factors on survival time and the results were reported
as the hazard ratio (HR) with their corresponding 95% CI. Only
variables with a significance of 0.05 in the univariate analysis
were included in the multivariate model. Survival curves were
estimated with the Kaplan-Meier method and compared using
the log-rank test. A P-value of <0.05 was considered to indicate
statistical significance.

RESULTS

Baseline characteristics
Out of the 885 patients enrolled, 295 patients met the criteria

for high MMFR (>0.585). Among these patients, there were
226 males and 69 females. On the other hand, 590 patients
were diagnosed with low MMFR, including 279 males and 311
females. As shown in Table 1, patients with low MMFR were
significantly older than those with high MMFR (P < 0.01).
Moreover, patients with low MMFR had a higher level of BMI (P
< 0.01), preoperative lymphocyte count (P < 0.01), and globulin
(P = 0.01), and had a higher incidence of sarcopenia (P < 0.01)
than those with high MMFR. Additionally, the proportion
of patients with low MMFR increased as the tumor stage
advanced (P = 0.021). No significant differences were observed
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Table 1. Patients’” demographic and clinical characteristics according to muscle mass-to-fat ratio (MMFR)

Characteristics

No. of patients

Sex
Male
Female

Age (yr)

Body mass index (kg/m?)

Sarcopenia
Yes
No

Tumor location
Ascending colon
Transverse colon
Descending colon
Sigmoid colon

TNM stage
I
Il
1]

Preoperative serious underlying disease
Yes
No

Preoperative laboratory examination
WBC (x10°/L)
Lymphocyte (x10%/L)
Neutrophil (x1 0%/L)
Platelet (x107/L)
Hemoglobin (g/L)
CRP (mg/L)
Albumin (g/L)
Globulin (g/L)
Albumin/globulin
Prealbumin (g/L)
International normalized ratio
aPTT (sec)
PT (sec)
Fibrinogen (mg/dL)

High MMFR Low MMFR P-value
295 590
<0.010*
226 (76.6) 279 (47.3)
69 (23.4) 311 (52.7)
62.79 £ 12.75 65.86 £ 11.93 <0.010*
21.47 £ 3.06 23.86 + 3.05 <0.010*
<0.010*
173 (58.6) 417 (70.7)
122 (41.4) 173 (29.3)
0.250
113 (38.3) 241 (40.8)
34 (11.5) 44 (7.5)
33 (11.2) 69 (11.7)
115 (39.0) 236 (40.0)
0.021*
60 (20.3) 107 (18.1)
133 (45.1) 222 (37.6)
102 (35.6) 261 (44.3)
0.415
15 (5.1) 23 (3.9
280 (94.9) 566 (96.1)
6.09 £ 2.51 6.38 +2.26 0.087
1.41 +£0.56 1.59 +0.88 <0.010*
4.07 £2.38 4.37 £3.78 0.219
251.4 +96.02 250.69 + 86.60 0.912
118.2 +26.25 118.4 £ 25.54 0.908
13.46 £ 33.75 14.46 £ 27.28 0.634
39.71 + 6.00 40.3 £5.21 0.136
26.53 +4.21 27.32 +4.28 0.010*
1.8+3.18 3.95+56.70 0.515
0.19 £ 0.07 0.19 + 0.07 0.842
1.03 £ 0.09 1.02 + 0.08 0.084
36.44 +£5.83 35.25+5.2 <0.010*
13.31 +0.89 13.21 £ 0.89 0.114
3.64 +0.94 3.72+1.10 0.290

Values are presented as number only, number (%), or mean = standard deviation.

*P < 0.05.

between patients with high and low MMFR in terms of other
background and preoperative characteristics, such as tumor
location, preoperative serious underlying disease, and other
preoperative laboratory indicators.

Intraoperative characteristics
As shown in Table 2, open surgery and operation time were

significantly higher in the low MMFR group compared to the
high MMFR group (P = 0.019 and P = 0.028, respectively). The
incidence of lymphatic invasion was also significantly higher
in the low MMFR group (P = 0.039). However, no significant
differences were found between patients with high and low
MMFR in terms of other intraoperative features, such as blood

loss, transfusion, vascular invasion, and nerve invasion.

Clinical results and complications
As shown in Table 3, postoperative levels of lymphocytes and

fibrinogen were higher in the low MMFR group compared to the
high MMFR group (P < 0.01). Overall complications in the low
MMEFR group were significantly higher than those in the high
MMEFR group (P < 0.01). Furthermore, the low MMFR group had
a significantly higher incidence of intestinal fistula, chylous
fistula, and organ space SSI compared to the high MMFR group
(P =0.023, P = 0.027 and P = 0.036, respectively).
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Table 2. Intraoperative characteristics according to muscle mass-to-fat ratio (MMFR)

Variable High MMFR (n = 295) Low MMER (n = 590)

Operation methods

Laparoscopic 225 (76.3) 489 (82.9)

Open 70(23.7) 101 (17.1)
Operation time (min) 210.86 = 64.77 220.84 + 62.78
Amount of bleeding (mL) 27.71 + 88.9 32.61 +137.94
Blood transfusion

Yes 21(7.1) 49 (8.3)

No 274 (92.9) 541 (91.7)
Vascular invasion

Yes 62 (21.0) 147 (24.9)

No 233 (79.0) 443 (75.1)
Nerve invasion

Yes 62 (21.0) 127 (21.5)

No 233 (79.0) 463 (78.5)
Lymphatic invasion

Yes 86 (29.2) 213 (36.1)

No 209 (70.8) 377 (63.9)

Values are presented as number (%) or mean =+ standard deviation.
*P < 0.05.

Table 3. Postoperative characteristics according to muscle mass-to-fat ratio (MMFR)

Variable High MMFR (n = 295) Low MMER (n = 590)

Overall complications

Yes 29 (9.8) 103 (17.5)

No 266 (90.2) 487 (82.5)
Intestinal fistula

Yes 4 (1.4) 25 (4.2)

No 291 (98.6) 565 (95.8)
Chylous fistula

Yes 1(0.3) 14 (2.4)

No 294 (99.7) 576 (97.6)
Incisional SSI

Yes 4 (1.4) 17 (2.9)

No 291 (98.6) 573 (97.1)
Organ space SSI

Yes 8(2.7) 35(.9)

No 287 (97.3) 555 (94.1)
Intestinal obstruction

Yes 3(1.0) 9(1.5)

No 292 (99) 581 (98.5)
Gastroplegia

Yes 2 (0.7) 3(0.5)

No 293 (99.3) 587 (99.5)
Hemorrhage

Yes 7(2.4) 12 (2.0)

No 288 (97.6) 578 (98)
Cardiopulmonary events

Yes 3(1.0) 10 (1.7)

No 292 (99.0) 580 (98.3)
Thrombotic events

Yes 3(1.0) 8(1.4)

No 292 (99.0) 582 (98.6)

P value

0.019*

0.028*
0.579
0.538

0.198

0.862

0.039*

P-value

<0.010*

0.023*

0.027*

0.160

0.036*

0.538

0.751

0.743

0.429

0.668
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Table 3. Continued

Variable

Pneumonia
Yes
No
Sepsis
Yes
No
Reoperation
Yes
No
30-day mortality
Yes
No
Other rare complications
Yes
No
Hospital stay (day)
Postoperative hospital stay (day)
Hospitalization expenses (x10* CNY)
ICU admission status
Yes
No
Postoperative laboratory examination
WBC (x107/L)
Lymphocyte (x10%/L)
Neutrophil (x1 0%/L)
Platelet (x10%/L)
Hemoglobin (g/L)
CRP (mg/L)
Albumin (g/L)
Globulin (g/L)
Albumin / Globulin
Prealbumin (g/L)
International normalized ratio
aPTT (sec)
PT (sec)
Fibrinogen (mg/dL)

SSI, surgical site infection; CNY, Chinese Yuan.
*P < 0.05.

Univariate and multivariate logistic regression

analysis of risk factors for overall complications
Univariate logistic regression analysis was conducted

to determine the risk factors associated with overall
complications. The factors that showed a significant association
with overall complications were low MMFR (OR, 1.940; 95%
Cl, 1.252-3.007; P < 0.01), ICU admission (OR, 3.527; 95% CI,
2.208-5.413; P < 0.01), preoperative serious underlying disease
(OR, 2.792; 95% CI, 1372-5.084; P < 0.01), operation time =240
minutes (OR, 1.658; 95% CI, 1.122-2.450; P = 0.011), blood
transfusion (OR, 2.314; 95% CI, 1.318-4.064; P < 0.01), operation
methods (open vs. laparoscopic) (OR, 1.637; 95% CI, 1.066-2.513;
P = 0.024), preoperative level of WBC =9 x 10°/L (OR, 1.817;

High MMFR (n = 295) Low MMER (n = 590) P-value
0.693
5(1.7) 8(1.4)
290 (98.3) 582 (98.6)
0.368
2(0.7) 8 (1.4)
293 (99.3) 582 (98.6)
>0.999
4(1.4) 8(1.4)
291 (98.6) 582 (98.6)
0.209
1(0.3) 7(1.2)
294 (99.7) 583 (98.8)
0.830
4 (1.4) 7(1.2)
291 (98.6) 583 (98.8)
18.34 £7.37 18.06 + 6.69 0.566
11.51 £ 5.87 11.4 £ 4.71 0.781
5.65 +2.06 5.67 +2.16 0.796
0.638
41 (13.9) 89 (15.1)
254 (86.1) 501 (84.9)
7.67 £2.73 7.78 £2.84 0.586
0.95+0.38 1.11 +£0.98 <0.010*
6.00 = 2.63 599 +2.74 0.936
214.10 = 81.38 215.57 £ 77.72 0.794
110.75 +£20.28 109.76 + 20.39 0.498
63.22 £47.53 63.69 = 47.91 0.889
35.67 +4.87 35.59 + 4.91 0.818
23.67 +3.88 24.66 + 11.65 0.155
1.55+0.29 1.76 £ 3.04 0.097
0.12 + 0.05 0.13 £ 0.07 0.397
1.09 = 0.09 1.11 £ 0.40 0.488
35.73 £7.68 36.17 £ 7.02 0.406
19.04 + 88.80 13.92 +5.17 0.323
3.81+1.12 4.04 +1.11 <0.010*

95% CI, 1.073-3.077; P = 0.026), neutrophil >6 X 10%L (OR,
1.871; 95% CI, 1.162-3.012; P = 0.01), hemoglobin <100 g/L (OR,
1.899; 95% CI, 1.287-2.803; P < 0.01), CRP =10 mg/L (OR, 1.990;
95% CI, 1.314-3.015; P < 0.01), albumin <32 g/L (OR, 3.004;
05% CI, 1.742-5.180; P < 0.01), and albumin-globulin ratio <15
(OR, 1.690; 95% CI, 1.161-2.460; P < 0.01). Multivariate logistic
regression analysis revealed that low MMFR (OR, 1.955; 95%
Cl, 1.236-3.093; P < 0.01) and ICU admission (OR, 2.499; 95%
Cl, 1507-4.142; P < 0.01) were independently associated with
overall complications (Table 4).
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Table 4. Univariate and multivariate logistic regression analysis of risk factors for postoperative overall complications

Variable

Sex, female vs. male
Age >65 yr, yes vs. no
BMI <18 kg/m’, yes vs. no
Sarcopenia, yes vs. no
VFI >51.86 cm’/m’, yes vs. no
SFI >49.97 cm’/m’, yes vs. no
MMER, low vs. high
Tumor location
Transverse colon vs. ascending colon
Descending colon vs. ascending colon
Sigmoid colon vs. ascending colon
TNM stage
Ilvs. |
Ilvs. |
ICU admission status, yes vs. no
Preoperative serious underlying disease, yes vs. no
Operation time >240 min, yes vs. no
Amount of bleeding >100 mL, yes vs. no
Blood transfusion, yes vs. no
Operation methods, open vs. laparoscopic
Vascular invasion, yes vs. no
Nerve invasion, yes vs. no
Lymphatic invasion, yes vs. no
Preoperative laboratory examination
WBC 29 x 10”/L, yes vs. no
Lymphocyte <1.1 x 10/L, yes vs. no
Neutrophil 26 x 10%/L, yes vs. no
Platelet <125 x 10”/L, yes vs. no
Hemoglobin <100 g/L, yes vs. no
CRP 210 mg/L, yes vs. no
Albumin <32 g/L, yes vs. no
Globulin <25 g/L, yes vs. no
Albumin/globulin <1.5, yes vs. no
Prealbumin <0.2 g/L, yes vs. no
INR >1.3, yes vs. no
aPTT >45 sec, yes vs. no
PT >14 sec, yes vs. no
Fibrinogen <2 mg/dL, yes vs. no

Univariate analysis

Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value
1.128 (0.777-1.635) 0.527
1.026 (0.709-1.486) 0.890
0.948 (0.392-2.297) 0.907
0.822 (0.560-1.207) 0.317
1.264 (0.862-1.855) 0.230
1.356 (0.935-1.968) 0.109
1.940 (1.252-3.007) <0.010* 1.955 (1.236-3.093) <0.010*
1.241 (0.660-2.330) 0.503
0.898 (0.485-1.665) 0.733
0.766 (0.502-1.169) 0.216
1.149 (0.658-2.007) 0.625
1.573 (0.917-2.698) 0.100
3.527(2.298-5.413) <0.010* 2.499 (1.507-4.142) <0.010*
2.792 (1.372-5.684) <0.010* 1.248 (0.555-2.807) 0.593
1.658 (1.122-2.450) 0.011* 1.459 (0.965-2.204) 0.073
1.353 (0.662-2.765) 0.406
2.314 (1.318-4.064) <0.010* 1.199 (0.625-2.299) 0.585
1.637 (1.066-2.513) 0.024* 1.017 (0.612-1.692) 0.948
1.041 (0.676-1.604) 0.854
1.099 (0.705-1.711) 0.677
1.234 (0.841-1.810) 0.282
1.817 (1.073-3.077) 0.026* 1.198 (0.474-3.023) 0.703
1.243 (0.826-1.870) 0.297
1.871 (1.162-3.012) 0.010* 0.973 (0.410-2.306) 0.950
1.332 (0.537-3.300) 0.536
1.899 (1.287-2.803) <0.010* 1.401 (0.895-2.191) 0.140
1.99 (1.314-3.015) <0.010* 1.123 (0.655-1.925) 0.673
3.004 (1.742-5.180) <0.010* 1.657 (0.864-3.179) 0.128
1.130 (0.762-1.675) 0.543
1.690 (1.161-2.460) <0.010* 1.097 (0.713-1.686) 0.673
1.278 (0.880-1.855) 0.197
1.272 (0.272-5.953) 0.760
1.280 (0.518-3.164) 0.592
1.136 (0.695-1.855) 0.612
1.045 (0.882-1.237) 0.613

OR, odds ratio; ClI, confidence interval; BMI, body mass index; VFI, visceral fat index; SFI, subcutaneous fat index; MMFR, muscle
mass-to-fat ratio; ICU, intensive care unit; INR, international normalized ratio.

*P < 0.05.

Univariate and multivariate Cox model survival

analysis

Univariate Cox regression analysis was performed to assess
the factors affecting prognosis. The factors that showed a
significant association with prognosis were age >65 years (HR,
1.759; 95% CI, 1.289-2.400; P < 0.01), sarcopenia (HR, 1.407;
05% CI, 1.005-1.970; P = 0.047), visceral fat index >51.86
cm?/m’ (HR, 1507; 95% CI, 1.109-2.047; P < 0.01), low MMFR
(HR, 2.375; 95% CI, 1.630-3.460; P < 0.01), TNM stage (III vs.

) (HR, 4.776; 95% CI, 2.694-8.469; P < 0.01), ICU admission
(HR, 2.245; 95% CI, 1597-3.157; P < 0.01), preoperative serious
underlying disease (HR, 3.067; 95% CI, 1.832-5.134; P < 0.01),
amount of bleeding =100 mL (HR, 2.658; 95% CI, 1.647-4.288;
P < 0.01), operation methods (open vs. laparoscopic) (HR, 2.036;
05% CI, 1.476-2.810; P < 0.01), intestinal fistula (HR, 2.118;
95% CI, 1.040-4.311; P = 0.039), cardiopulmonary events (HR,
3.078; 95% CI, 1.865-8.482; P < 0.01), sepsis (HR, 10.380; 95%
Cl, 4.210-25560; P < 0.01), vascular invasion (HR, 2.552; 95%
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Cl, 1.872-3.479; P < 0.01), nerve invasion (HR, 1.881; 95% CI,
1357-2.609; P < 0.01), lymphatic invasion (HR, 2.694; 95% CI,
1.991-3.646; P < 0.01), postoperative level of platelet <125 X
10°/L (HR, 1.786; 95% CI, 1.176-2.713; P < 0.01), hemoglobin
<100 g/L (HR, 1.936; 95% CI, 1.430-2.621; P < 0.01), albumin
<32 g/L (HR, 1.766; 95% CI, 1.267-2.461; P < 0.01), albumin-
globulin ratio <15 (HR, 1415; 95% CI, 1.040-1925; P = 0.027),
INR >1.3 (HR, 1.925; 95% CI, 1.045-3.548; P = 0.036), aPTT
>45 seconds (HR, 1.878; 95% CI, 1.177-2.997; P < 0.01), and
PT >14 seconds (HR, 1.363; 95% CI, 1.007-1.845; P = 0.045).
Multivariate Cox regression analysis revealed that low MMFR
(HR, 2.222; 95% CI, 1.443-3.425; P < 0.01), TNM stage (Il vs. I)
(HR, 3.123; 95% CI, 1548-6.299; P < 0.01), amount of bleeding

=100 mL (HR, 1.901; 95% CI, 1.120-3.222; P = 0.017), operation
methods (open vs. laparoscopic) (HR, 1.676; 95% CI, 1.163-2.414;
P < 0.01), intestinal fistula (HR, 2.335; 95% CI, 1.107-4.926;
P = 0.026), sepsis (HR, 4.214; 95% CI, 1.414-12.556; P = 0.01),
vascular invasion (HR, 1.663; 95% CI, 1.151-2.402; P < 0.01), and
postoperative level of platelets <125 x 10°/L (HR, 1.753; 95%
Cl, 1.108-2.772; P = 0.016) were independently associated with
prognosis (Table 5).

Kaplan-Meier curve of long-term survival in

patients with high and low MMFR
During follow-up, patients with low MMFR showed no

significant difference in overall survival rate compared to

Table 5. Univariate and multivariate Cox regression analysis of risk factors for overall survival

Variable

Sex, female vs. male
Age >65 yr, yes vs. no
BMI <18 kg/m’, yes vs. no
Sarcopenia, yes vs. no
VFI >51.86 cm’/m’, yes vs. no
SFI >49.97 cm?/m’, yes vs. no
MMER, low vs. high
Tumor location
Transverse colon vs. ascending colon
Descending colon vs. ascending colon
Sigmoid colon vs. ascending colon
TNM stage
Ilvs. |
Ilvs. |
ICU admission status, yes vs. no
Preoperative serious underlying disease, yes vs. no
Operation time >240 min, yes vs. no
Amount of bleeding >100 mL, yes vs. no
Blood transfusion, yes vs. no
Operation methods, open vs. laparoscopic
Overall complications, yes vs. no
Intestinal fistula, yes vs. no
Chylous fistula, yes vs. no
Incisional SSI, yes vs. no
Organ space SSI, yes vs. no
Intestinal obstruction, yes vs. no
Gastroplegia, yes vs. no
Hemorrhage, yes vs. no
Cardiopulmonary events, yes vs. no
Thrombotic events, yes vs. no
Pneumonia, yes vs. no
Sepsis, yes vs. no
Reoperation, yes vs. no
Vascular invasion, yes vs. no
Nerve invasion, yes vs. no
Lymphatic invasion, yes vs. no

Univariate analysis

Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
0.828 (0.608-1.128) 0.232
1.759 (1.289-2.400) <0.010* 1.206 (0.848-1.715) 0.297
1.443 (0.802-2.596) 0.221
1.407 (1.005-1.970) 0.047* 1.238 (0.845-1.814) 0.273
1.507 (1.109-2.047) <0.010* 1.078 (0.753-1.544) 0.681
0.952 (0.687-1.319) 0.766
2.375 (1.630-3.460) <0.010* 2.222 (1.443-3.425) <0.010*
0.495 (0.248-0.988) 0.051
1.123 (0.714-1.766) 0.615
0.793 (0.566-1.112) 0.179
1.321 (0.703-2.480) 0.387 0.923 (0.484-1.762) 0.809
4.776 (2.694-8.469) <0.010* 3.123 (1.548-6.299) <0.010*
2.245 (1.597-3.157) <0.010* 1.307 (0.853-2.002) 0.219
3.067 (1.832-5.134) <0.010* 1.709 (0.929-3.143) 0.085
1.068 (0.766-1.489) 0.697
2.658 (1.647-4.288) <0.010* 1.901 (1.120-3.222) 0.017*
1.490 (0.914-2.429) 0.110
2.036 (1.476-2.810) <0.010* 1.676 (1.163-2.414) <0.010*
1.376 (0.923-2.053) 0.117
2.118 (1.04-4.311) 0.039* 2.335(1.107-4.926) 0.026*
1.403 (0.520-3.782) 0.504
1.239 (0.509-3.016) 0.637
1.574 (0.831-2.983) 0.164
1.585 (0.506-4.967) 0.429
0.049 (0-4,138.421) 0.603
1.329 (0.492-3.586) 0.575
3.978 (1.865-8.482) <0.010* 2.123 (0.814-5.539) 0.124
1.218 (0.302-4.914) 0.782
1.435 (0.458-4.496) 0.536
10.380 (4.210-25.560) <0.010* 4.214 (1.414-12.556) 0.010*
0.986 (0.245-3.978) 0.985
2.552 (1.872-3.479) <0.010* 1.663 (1.151-2.404) <0.010*
1.881 (1.357-2.609) <0.010* 1.406 (0.987-2.003) 0.059
2.694 (1.991-3.646) <0.010* 0.857 (0.512-1.434) 0.556
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Table 5. Continued

Univariate analysis

Multivariate analysis

Variable
HR (95% Cl) P-value HR (95% Cl) P-value
Postoperative laboratory examination

WBC 29 x 107/, yes vs. no 1.098 (0.789-1.527) 0.579
Lymphocyte <1.1 x 10%/L, yes vs. no 0.846 (0.622-1.152) 0.289
Neutrophil 26 x 10°L, yes vs. no 1.115 (0.825-1.508) 0.478
Platelet <125 x 10”/L, yes vs. no 1.786 (1.176-2.713) <0.010* 1.753 (1.108-2.772) 0.016*
Hemoglobin <100 g/L, yes vs. no 1.936 (1.430-2.621) <0.010* 1.212 (0.857-1.715) 0.277
CRP 210 mg/L, yes vs. no 0.921 (0.542-1.565) 0.761
Albumin <32 g/L, yes vs. no 1.766 (1.267-2.461) <0.010* 1.130 (0.770-1.659) 0.532
Globulin <25 g/L, yes vs. no 0.879 (0.649-1.192) 0.407
Albumin/globulin <1.5, yes vs. no 1.415 (1.040-1.925) 0.027* 1.242 (0.887-1.738) 0.207
Prealbumin <0.2 g/L, yes vs. no 1.520 (0.880-2.627) 0.133
INR >1.3, yes vs. no 1.925 (1.045-3.548) 0.036* 1.314(0.628-2.751) 0.469
aPTT >45 sec, yes vs. no 1.878 (1.177-2.997) <0.010* 1.282 (0.755-2.177) 0.357
PT >14 sec, yes vs. no 1.363 (1.007-1.845) 0.045* 0.979 (0.696-1.376) 0.902
Fibrinogen <2 mg/dL, yes vs. no 1.375(0.675-2.799) 0.380

HR, hazard ratio; Cl, confidence interval; BMI, body mass index; VFI, visceral fat index; SFI, subcutaneous fat index; MMFR, muscle
mass-to-fat ratio; ICU, intensive care unit; INR, international normalized ratio.

*P < 0.05.

those with high MMFR in the TNM stage I and II (P = 0.159
and P = 0.068, respectively). Patients with low MMFR showed
significantly lower overall survival rates compared to those with
high MMFR in the TNM stage III (P = 0.01). The total patients
with low MMFR showed significantly lower overall survival
rates compared to those with high MMFR (P < 0.01) (Fig. 3).

DISCUSSION

This population-based retrospective cohort study examined
the impact of various factors on the risk of low MMFR and
investigated the role of MMFR in predicting postoperative
complications and long-term survival in patients with stage I-11I
colon cancer. The study found that female sex, older age, high
BMLI, sarcopenia, and high TNM stage were associated with
low MMFR. Additionally, the study revealed that low MMFR
can lead to changes in surgical methods, longer surgical times,
and an increased risk of lymph node metastasis. Importantly,
the study also revealed that low MMFR was strongly associated
with postoperative complications, such as intestinal fistula,
chylous fistula, and organ space SSI. Low MMFR was identified
as an independent risk factor for overall complications and long-
term survival in patients with colon cancer. To our knowledge,
this study is one of the few to systematically investigate the
effect of MMFR on overall complications and long-term survival
in patients with colon cancer.

In recent years, there has been significant attention given
to the influence of body composition parameters, such as
skeletal muscle and fat, on colon cancer. Some reports have

shown that sarcopenia is associated with longer hospital
stays and higher medical costs, leading to further muscle
loss [13]. In nonmetastatic colon cancer, sarcopenia has been
found to increase postoperative complications, mortality, and
tumor outcomes [14]. However, it can be challenging to screen
and manage nutrition in high-risk populations due to the
masking effect of overweight and obesity on sarcopenia. This
phenomenon may explain why BMI is not a reliable prognostic
indicator, as it fails to reflect differences in fat and muscle
mass distribution. Fat, as an important body component, can
contribute to the occurrence and development of colon cancer
by affecting insulin signaling, increasing inflammation from
adipose tissue, and disrupting sex hormone metabolism [15].
The increased subcutaneous fat in males and visceral fat in
females are associated with a higher risk of death in patients
with stage I-11I colon cancer [10]. The increased visceral fat is
also associated with poorer surgical outcomes, including higher
rates of postoperative complications, SSI, and anastomotic
fistula [16]. However, another research found that obese BMI
was associated with better survival than underweight BMI
in patients with colon cancer [17]. In this study, we found
that sarcopenia, high visceral fat, and low MMFR showed a
significant association with prognosis by using univariate Cox
regression analysis. However, low MMFR was an independent
factor that predicts worse overall survival instead of sarcopenia
and high visceral fat by using multivariate Cox regression
analysis. Considering the individual impact of skeletal muscle
or fat separately may overlook the masking effect of overweight
and obesity on sarcopenia. To evaluate postoperative
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Fig. 3. Overall survival according to muscle mass-to-fat ratio (MMFR). (A) Patients with the TNM stage 1. (B) Patients with the
TNM stage Il. (C) Patients with the TNM stage llI. (D) Patients with all stages.

complications and prognosis of colon cancer, we proposed
preoperative MMFR by combining muscle and fat.

Skeletal muscle mass decreases linearly with age, while fat
mass gradually increases. Moreover, females have a peak fat
mass of more than 8 kg higher than males at the same age.
Differences in muscle fiber size, composition, and hormone
levels (estrogen and testosterone) contribute to greater overall
skeletal muscle mass in males compared to females [18]. A
retrospective study also found that even after adjusting for
height and weight, males had greater overall skeletal muscle
mass than age-matched females [19]. These findings are
consistent with our study, which revealed that older females
tend to have lower MMFR. Furthermore, our study found a
significant correlation between low MMFR and higher levels of
BM], as well as a higher proportion of patients with sarcopenia.
Currently, BMI is widely used as the main diagnostic method
for obesity, and it is generally believed that higher BMI levels
indicate a higher level of fat mass.

Our study revealed a strong correlation between the

TNM stage and MMFR, indicating that the incidence of low
MMEFR increases as the tumor stage grade advances. In the
TNM staging system, lymph nodes play a crucial role and are
considered significant predictors of disease-free survival and
overall survival in patients with colon cancer. The complete
removal of the primary tumor and local lymph nodes is widely
recognized as the most critical treatment for colon cancer.
Therefore, accurately predicting the status of precancerous
lymph nodes and optimizing treatment strategies for colon
cancer are imperative [20]. Extensive lymph node resection
in patients suspected of having positive lymph nodes may
effectively reduce recurrence rates and improve long-term
survival. Our study found that patients with a low MMFR
were more likely to experience cancer lymph node metastasis
compared to those with a high MMFR. This suggests that
patients with a low MMFR may require a more extensive
lymph node removal procedure. Additionally, we observed
a close association between MMFR and operation methods.
Patients with a low MMFR often have increased abdominal
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adipose tissue, which poses challenges for surgeons during the
procedure. The presence of excess adipose tissue necessitates
operating on a larger mesentery, resulting in a blurred surgical
field of view. Consequently, it is difficult to identify an adequate
surgical plane and normal vasculature, leading to prolonged
operation times.

Our study reveals that MMFR is an independent risk factor
for overall complications. Low MMFR is closely linked to
intestinal fistula, chylous fistula, and organ space SSI. Previous
research has demonstrated that surgical complications are an
independent risk factor associated with reduced overall survival
and increased recurrence rates [21]. Inflammatory cytokines
released by surgical complications, such as anastomotic leakage
and abdominal abscess, are believed to play a significant role
in tumor progression or metastasis, thereby exacerbating
prognosis [22]. Postoperative intestinal fistulas in surgical
patients occur due to leakage of intestinal contents caused by
compromised integrity of the intestinal wall at the anastomotic
site. This leads to longer postoperative recovery time, higher
distant tumor recurrence rates, and adverse effects on overall
survival and disease-free survival [23]. Studies have reported
that the incidence of intestinal fistula after colon cancer
surgery ranges from 8% to 11.3%, with approximately 12% of
patients with colon cancer succumbing to intestinal fistula
[24]. A meta-analysis indicates that obesity increases the risk of
intestinal fistula [25], while sarcopenia is strongly associated
with postoperative intestinal fistula in patients with left colon
cancer [26]. Our results showed that low MMFR increases the
risk of intestinal fistula. Chylous fistula is a challenging disease
caused by a blocked or ruptured lymph gland, resulting in
significant nutritional and immunological consequences due to
the continuous loss of proteins and lymphocytes. Patients with
postoperative organ space SSI often experience an increased
inflammatory response, which can create an environment for
the survival and progression of residual cancer cells or latent
micrometastases [27]. This is believed to occur through the
stimulation of the angiogenesis pathway. Interestingly, a recent
study suggests that the combination of visceral obesity and
sarcopenia may be a more accurate predictor of postoperative
complications in colon cancer compared to visceral obesity
alone [28]. By implementing nutritional intervention and
physical training to reduce skeletal muscle loss and fat
accumulation before surgery, we can potentially reduce the
occurrence of severe complications.

The Kaplan-Meier and Cox regression analyses revealed a
significant association between low MMFR and low long-term
survival rate. The combination of sarcopenia and obesity can
increase the risk of death and recurrence rates in patients with
various cancers, including hepatocellular carcinoma, stomach
cancer, and pancreatic cancer. However, previous studies on this
topic have included patients with both sarcopenia and obesity

in the case group, using different definitions of obesity, such as
the 2 highest quintiles of body fat percentage, VFA >100 cm’,
or BMI >30 kg/m” [29,30]. These variations in the definition of
obesity may either diminish or enhance the predictive effect of
obesity on prognosis. Different from these studies, we quantify
muscle and fat through the evaluation of muscle and adipose
tissue area at L3 with CT scans. This approach allowed us to
explore the prediction of prognosis using the MMFR, which
holds great significance for comparing patients with different
body types. The low survival rate caused by low MMFR can
be attributed to several factors. Firstly, improvements in low
MMEFR can result in better management of other diseases,
including hypertension, diabetes, chronic heart failure,
and chronic obstructive pulmonary disease, and the risk
of mortality from these chronic diseases may be reduced.
Secondly, the decline in immune system function and the
creation of an inflammatory tumor microenvironment caused
by low MMFR contribute to the occurrence and progression of
cancer, thereby increasing the cancer mortality rate. Lastly, low
MMEFR can lead to poor tolerance of various treatments, such as
surgery, chemotherapy, and radiation.

The aims of low MMFR treatment are fat mass loss,
together with fat-free mass preservation and physical function
improvement. Preoperative dietary intervention combining
quality and quantity of protein, hypocaloric diet, omega-3 and
vitamin D may improve muscle strength, preserve muscle mass,
and reduce muscle fat infiltration. Meanwhile, a combination
of resistance and aerobic exercise before surgery could also
improve physical function and reduce frailty.

The study has several limitations that should be considered.
Firstly, it was a retrospective study conducted at a single center.
Although a large number of patients were included, it would
be beneficial to conduct the multicenter prospective study
to validate its applicability in clinical practice. Secondly, our
assessment of MMFR was limited to a single point before
surgery. Changes in MMFR throughout a patient’s cancer
treatment cycle could have a more significant impact on
prognosis. Thirdly, while we made efforts to collect data on
potential confounding factors, there were some variables that
were not included, such as eating habits, physical activity,
smoking status, alcohol consumption, and family history of
cancer. Lastly, we defined the highest tertiles as the critical
value of MMFR due to the lack of comprehensive research on
the optimal critical value. Since the ratio of sarcopenia was
exactly 2:3 in this study, we defined low MMFR as the 2 lowest
tertiles to compare whether MMFR was superior to sarcopenia
in predicting overall survival and complications. Further studies
are required to confirm and establish the ideal critical value of
MMFR.

In conclusion, the study indicated that MMFR was an
independent risk factor for overall complications and survival
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in patients with stage I-11I colon cancer. Meanwhile, an MMFR
cutoff value of 0585 for discriminating the prognosis, and the
clinical effectiveness of this value was demonstrated. Due
to the simultaneous consideration of the impacts of skeletal
muscle and fat, MMFR may be a more reliable predictor of
prognosis compared to sarcopenia in colon cancer patients.
Considering the individual impact of skeletal muscle or fat
separately may overlook the masking effect of overweight and
obesity on sarcopenia. A hypocaloric protein-enriched diet and
resistance and aerobic exercise before surgery to improve low
MMEFR could potentially enhance postoperative recovery and
prognosis in patients with colon cancer.
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