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Abstract
Background With the increased prevalence of obesity and sarcopenia, those patients with both visceral obesity and sarco-
penia were at higher risk of adverse outcomes.
Aim The aim of this study was to ascertain the combined impact of visceral obesity and sarcopenia on short-term outcomes 
in patients undergoing colorectal cancer surgery.
Methods We conducted a prospective study from July 2014 to February 2017. Patients’ demographic, clinical characteris-
tics, physical performance, and postoperative short-term outcomes were collected. Patients were classified into four groups 
according to the presence of sarcopenia or visceral obesity. Clinical variables were compared. Univariate and multivariate 
analyses evaluating the risk factors for postoperative complications were performed.
Results A total of 376 patients were included; 50.8 and 24.5% of the patients were identified as having “visceral obesity” 
and “sarcopenia,” respectively. Patients with sarcopenia and visceral obesity had the highest incidence of total, surgical, 
and medical complications. Patients with sarcopenia or/and visceral obesity all had longer hospital stays and higher hos-
pitalization costs. Age ≥ 65 years, visceral obesity, and sarcopenia were independent risk factors for total complications. 
Rectal cancer and visceral obesity were independent risk factors for surgical complications. Age ≥ 65 years and sarcopenia 
were independent risk factors for medical complications. Laparoscopy-assisted operation was a protective factor for total 
and medical complications.
Conclusion Patients with both visceral obesity and sarcopenia had a higher complication rate after colorectal cancer surgery. 
Age ≥ 65 years, visceral obesity, and sarcopenia were independent risk factors for total complications. Laparoscopy-assisted 
operation was a protective factor.
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Introduction

Around the world, colorectal cancer is the third most malig-
nant disease and the fourth most common cancer cause of 
death [1, 2]. More than 1.2 million patients are diagnosed 
with colorectal cancer and more than 600,000 die from the 
disease per year [3]. Radical resection is still regarded as 
the best treatment for curable colorectal cancer. However, 
the complication rate after surgery ranged from 19 to 30%, 
although an enhanced recovery after surgery program had 
been implemented for patients with colorectal cancer [4, 5].

Recently, lots of studies focused on the effect of body 
composition on the prognosis after surgery, such as body fat 
and muscle mass. Obesity was reported in epidemiological 
studies as a risk factor for colorectal cancer [6]. Moreover, 
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obesity was presumed to be a risk factor of postoperative 
complications in many types of abdominal surgery [7]. Vis-
ceral obesity was defined as a large accumulation of visceral 
adipose tissue, which was regarded as a more reliable factor 
than BMI as an indicator of obesity in Asians [8–10]. In 
addition, many studies demonstrated that visceral obesity 
negatively affected the outcomes of surgical treatment and 
resulted in longer operative time, increased intraopera-
tive blood loss, longer hospital stay, and higher morbidity 
[11–13]. Progressive and generalized loss of skeletal muscle 
mass and strength, known as sarcopenia [14], was identified 
as a poor prognostic factor for patients with cancer [15–17]. 
Also, it was reported that sarcopenia was associated with the 
outcomes after colorectal cancer surgery, including postop-
erative infectious complication and prolonged hospital stay 
[18, 19]. Most recently, a large-scale prospective study has 
investigated the impact of different sarcopenia stages on the 
postoperative outcomes and showed that severe sarcopenia 
was an independent risk factor for total postoperative com-
plications [20].

With the increased prevalence of obesity and sarcope-
nia, those patients with both visceral obesity and sarcopenia 
seemed to be at higher risk of adverse outcomes. A recent 
study investigated the effect of visceral obesity and sarcope-
nia on outcomes following pancreatic cancer surgery, indi-
cated that the combination of visceral obesity and sarcopenia 
was the best predictor of postoperative death [21]. However, 
to date, there is a lack of evidence of their impacts on out-
comes of colorectal cancer surgery. Moreover, most studies 
only used skeletal muscle mass to define sarcopenia, without 
including the functional aspect of sarcopenia. The purpose 
of this prospective study was to ascertain the combined 
impact of visceral obesity and sarcopenia on short-term out-
comes in patients undergoing colorectal surgery for cancer.

Method

Patient

This study was a prospective study. From July 2014 to Feb-
ruary 2017, patients who underwent colorectal surgery for 
cancer at the Gastrointestinal Surgical Department, The First 
Affiliated Hospital of Wenzhou Medical University, were 
included. The inclusion criteria included patients who: (1) 
were ≥ 18 years old; (2) had ASA grade ≤ III; (3) planned to 
receive elective colorectal surgery for colorectal cancer with 
curative intent; and (4) had preoperative abdominal com-
puted tomography (CT) scans available for review (no more 
than 1 month before surgery). Patients were excluded from 
the study due to (1) undergoing palliative colorectal sur-
gery, emergency surgery; (2) receiving neoadjuvant chemo-
therapy or radiotherapy; and (3) age less than 18 years. All 

operations were performed by experienced surgeons who 
had abundant experience with more than 150 cases of radical 
colorectal resections for colorectal cancer. Each participant 
provided written informed consent, and the ethics commit-
tee of The First Affiliated Hospital of Wenzhou Medical 
University approved the protocol for this study.

Data Collection

For each patient, the following parameters were collected: 
(1) patient characteristics, including age, gender, body mass 
index (BMI), American Society of Anesthesiology (ASA) 
grade, hemoglobin concentration (anemia was defined as 
hemoglobin concentration < 120 g/L in men or < 100 g/L 
in women), plasma albumin concentration (hypoalbu-
minemia was defined as a plasma albumin concentration 
< 35 g/L), comorbidity (calculated by Charlson comorbid-
ity index score) [22], nutritional risk screening 2002 (NRS 
2002) scores, history of previous abdominal surgery, total 
abdominal muscle area (TAMA), visceral fat area (VFA), L3 
skeletal muscle index (L3 SMI), tumor location, and TNM 
stage; (2) operative details, including epidural anesthesia, 
laparoscopy-assisted operation, combined resection, and sur-
gical duration; and (3) postoperative short-term outcomes, 
including postoperative complications within 30 days after 
surgery, postoperative hospital stays, hospitalization costs, 
and readmissions within 30 days of discharge. Total postop-
erative complications were defined as those meeting the cri-
terion of grade II or higher according to the Clavien–Dindo 
classification [23].

Measurement of Muscle Strength and Physical 
Performance

Preoperative handgrip strength and 6-m usual gait speed 
were measured as muscle strength and physical performance, 
respectively, according to the Asian Working Group for Sar-
copenia [24]. Once hospitalized, patients were first asked to 
grip the electronic hand dynamometer (EH101; CAMRY, 
Guangdong Province, China), using the dominant hand with 
all of their strength. After that, patients were asked to walk 
over a 6-m course at their usual speed. Timing was started 
with the first footfall and stopped when the patient’s first foot 
completely crossed the 6-m end line. The maximum value 
of three consecutive tests was recorded.

Quantification of VFA and TAMA

Computed tomography (CT) was used to quantify the 
abdominal muscle area and visceral fat area. Preoperative 
abdominal CT scan was routinely available for colorectal 
cancer patients, generally used to assess tumor location and 
size and to look for abdominal metastases. A cross-sectional 
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CT image at the inferior aspect of the third lumbar verte-
bra (L3) was selected for estimating VFA and TAMA as 
described previously [18, 25]. Predefined Hounsfield unit 
(HU) thresholds were used for specific tissue demarcation. 
The Hounsfield unit threshold range of − 29 to + 150 was 
identified as skeletal muscle and − 150 to − 50 as visceral 
fat. Tissue boundaries were outlined manually as needed. 
One trained investigator supervised by a senior radiologist, 
blinded for the patient and surgical characteristics, analyzed 
CT images to measure VFA and TAMA with a dedicated 
processing system (version 3.0.11.3 BN17 32 bit; INFINITT 
Healthcare Co., Ltd). TAMA was normalized for height  (m2) 
and reported as L3 skeletal muscle index  (cm2/m2). The 
VFA/TAMA ratio was calculated for all patients, and the 
cutoff values of VFA/TAMA ratio were 1.19 for males and 
1.74 for females as previously obtained [20].

Definition of Visceral Obesity and Sarcopenia

Sarcopenia is characterized by low muscle mass, plus low 
muscle strength or low physical performance [14]. Low 
muscle mass was defined using predetermined sex-specific 
L3 skeletal muscle index cutoff values obtained from our 
previous study: < 40.8 cm2/m2 for men and < 34.9 cm2/m2 
for women [26]. Patients with handgrip strength < 26 kg for 
men and < 18 kg for women were defined as having low 
muscle strength; patients with 6-m usual gait speed < 0.8 m/s 
were defined as having low physical performance [24]. Vis-
ceral obesity was defined as men with a VFA > 130 cm2 and 
women with a VFA > 90 cm2, according to the cutoff levels 
of VFA for metabolic syndrome in the Japanese population 
[27].

Statistical Analysis

Continuous variables were presented as means ± stand-
ard deviations (SD) (normally distributed variables) or as 
medians and interquartile ranges (non-normally distributed 
variables). Continuous normally distributed data were com-
pared using the analysis of variance test. For continuous, 
non-normally distributed data, the Mann–Whitney U test 
and Kruskal–Wallis H test were used. Categorical variables 
are presented as numbers and percentages, which were com-
pared using Pearson’s Chi-square test or Fisher’s exact test. 
For the test of potential risk factors associated with the out-
comes, univariate analyses with clinically relevant param-
eters were performed. Variables with a value of P < 0.10 
in the univariate analyses were included in the subsequent 
multivariate (logistic regression or Cox proportional haz-
ards regression) analyses. All of the tests were two-sided 
and considered statistically significant when P values were 
less than 0.05. Statistical analyses were performed using the 

SPSS software for Windows (version 22.0 IBM, Armonk, 
NY, USA) statistical program.

Result

Grouping

From July 2014 to February 2017, a total of 376 patients 
met the inclusion criteria and took part in the study. Based 
on the diagnostic criteria, 92 (24.5%) of patients were iden-
tified as having “sarcopenia” and 191 (50.8%) of patients 
were identified as having “visceral obesity,” whereas 134 
(35.6%) of patients were identified as “normal.” The patients 
were classified into four groups according to the presence or 
absence of sarcopenia or obesity: 134 patients in the non-
sarcopenia and non-visceral obesity group (NN group), 51 
patients in the sarcopenia and non-visceral obesity group 
(SC group), 150 patients in the non-sarcopenia and visceral 
obesity group (VO group), and 41 patients in the sarcopenia 
and visceral obesity group (SO group).

Clinicopathologic Characteristics

Patient demographic and clinicopathologic characteristics 
are summarized in Table 1. Among the four groups, the old-
est age (P < 0.001), the most decreased L3 SMI (P < 0.001), 
and the lowest hemoglobin (P = 0.003) were found in SO 
group; in addition, female make up the majority of patients 
in SO group (P < 0.001). Patients in VO group had the 
highest BMI (P < 0.001) and VFA (P < 0.001). Patients 
in SC group had the lowest BMI (P < 0.001) and albumin 
(P < 0.001). There were no significant differences in NRS 
2002 scores, previous abdominal surgery, tumor location, 
TNM stage, laparoscopy-assisted operation, and epidural 
anesthesia among the four groups.

Short‑Term Outcomes

As is shown in Table 2, the incidence of total complications 
was the highest in SO group (12.7 vs 35.3 vs 32.7 vs 46.3%, 
respectively, P < 0.001). The incidence of surgical complica-
tions was 6.7% in NN group, 17.6% in SC group, 28.0% in 
VO group, and 31.7% in SO group, with a significant differ-
ence among the four groups (P < 0.001). For medical com-
plications, the SO group had the highest rate of 24.4%, while 
the rate was 6.7% in NN group, 23.5% in SC group, and 7.3% 
in VO group, with significant difference among the four 
groups (P < 0.001). Patients with sarcopenia or/and visceral 
obesity all had longer hospital stays and higher hospitaliza-
tion costs compared with normal patients. Wound infection 
was the most common surgical complication. Among the 
medical complications, pulmonary complications were the 
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Table 1  Patient demographic and clinical characteristic

Values in parentheses are percentages unless indicated otherwise
SD, standard deviation; IQR, interquartile range; BMI, body mass index; ASA, American Society of Anesthesiologists; L3 SMI, third lumbar 
vertebra skeletal muscle index; VFA, visceral fat area; TNM, tumor–node–metastasis
NN group, non-sarcopenic and non-visceral obesity group; SC group, sarcopenic and non-visceral obesity group; VO group, non-sarcopenic and 
visceral obesity group; SO group, sarcopenic and visceral obesity group
*Statistically significant (P < 0.05)

Factors Total (n = 376) NN group (n = 134) SC group (n = 51) VO group (n = 150) SO group (n = 41) P

Age, mean (SD) (years) 64.33 (12.3) 59.20 (13.0) 70.73 (12.61) 64.83 (9.92) 71.29 (10.24) < 0.001*
Gender < 0.001*
 Male 228 (60.6) 90 (67.2) 34 (66.7) 94 (62.7) 10 (24.4)
 Female 148 (39.4) 44 (32.8) 17 (33.3) 56 (37.3) 31 (75.6)

BMI, mean (SD) (kg/m2) 23.02 (3.10) 21.84 (2.38) 20.50 (2.85) 25.01 (2.63) 22.70 (2.78) < 0.001*
Albumin, mean (SD) (g/L) 38.01 (4.55) 38.91 (4.60) 35.86 (4.79) 38.36 (4.11) 36.99 (4.66) < 0.001*
Hemoglobin, median (IQR) (g/L) 122 (33) 121 (37) 121 (32) 127 (33) 111 (20) 0.003*
ASA grade < 0.001*
 I 108 (28.7) 53 (39.6) 17 (33.3) 35 (23.3) 3 (7.3)
 II 244 (64.9) 73 (54.4) 29 (56.9) 111 (74.0) 31 (75.6)
 III 24 (6.4) 8 (6.0) 5 (9.8) 4 (2.7) 7 (17.1)

NRS 2002 scores 0.312
 ≥ 3 141 (37.5) 51 (38.1) 22 (43.1) 49 (32.7) 19 (46.3)
 < 3 235 (62.5) 83 (61.9) 29 (56.9) 101 (67.3) 22 (53.7)

Charlson comorbidity index 0.006*
 0 181 (48.1) 79 (59.0) 28 (54.9) 61 (40.7) 13 (31.7)
 1 136 (36.2) 39 (29.1) 19 (37.3) 61 (40.7) 17 (41.5)
 ≥ 2 59 (15.7) 16 (11.9) 4 (7.8) 28 (18.6) 11 (26.8)

Previous abdominal surgery 0.677
 Yes 72 (19.1) 26 (19.4) 11 (21.6) 25 (16.7) 10 (24.4)
 No 304 (80.9) 108 (80.6) 40 (78.4) 125 (83.3) 31 (75.6)

VFA, median (IQR)  (cm2) 106.4 (50.5) 70.1 (44.2) 52.0 (56.3) 165.0 (66.7) 139.3 (41.0) < 0.001*
L3 SMI, median (IQR)  (cm2/m2) 40.0 (12.9) 43.0 (8.1) 33.8 (9.8) 45.3 (14.5) 31.6 (5.2) < 0.001*
Handgrip strength, mean (SD) 

(kg)
25.08 (10.09) 27.20 (10.10) 19.00 (6.90) 27.90 (9.25) 15.39 (6.96) < 0.001*

Gait speed, mean (SD) (m/s) 0.90 (0.19) 0.94 (0.18) 0.79 (0.19) 0.93 (0.18) 0.81 (0.14) < 0.001*
Tumor location 0.981
 Colon 210 (55.9) 74 (55.2) 29 (56.9) 83 (55.3) 24 (58.5)
 Rectum 166 (44.1) 60 (44.8) 22 (43.1) 67 (44.7) 17 (41.5)

TNM stage 0.462
 I 65 (17.3) 22 (16.4) 7 (13.7) 27 (18.0) 9 (22.0)
 II 155 (41.2) 51 (38.1) 23 (45.1) 68 (45.3) 13 (31.7)
 III 145 (38.6) 59 (44.0) 20 (39.2) 48 (32.0) 18 (43.9)
 IV 11 (2.9) 2 (1.5) 1 (2.0) 7 (4.7) 1 (2.4)

Laparoscopy-assisted operation 0.382
 Yes 149 (39.6) 59 (44.0) 16 (31.4) 60 (40.0) 14 (34.1)
 No 227 (60.4) 75 (56.0) 35 (68.6) 90 (60.0) 27 (65.9)

Epidural anesthesia 0.462
 Yes 271 (72.5) 96 (71.6) 40 (81.6) 105 (70.0) 30 (73.2)
 No 103 (27.5) 38 (28.4) 9 (18.4) 45 (30.0) 11 (26.8)

Combined organ resection 0.012*
 Yes 26 (6.9) 2 (1.5) 7 (13.7) 13 (8.7) 4 (9.8)
 No 350 (93.1) 132 (98.5) 44 (86.3) 137 (91.3) 37 (90.2)
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most frequent. No case of mortality occurred. Moreover, 
the four groups did not show a significant difference in the 
surgical durations and readmission rate.

Results of univariate and multivariate analyses for risk 
factors of total complications were presented in Table 3. In 
the present study, age ≥ 65 years [OR 2.044 (1.226–3.409); 
P = 0.006], visceral obesity [OR 2.594 (1.573–4.277); 
P < 0.001], and sarcopenia [OR 1.822 (1.1–3.020); P = 0.012] 
were independent risk factors for total complications. As for 
surgical complications, rectal cancer [OR 1.905 (1.118–3.246); 
P = 0.018] and visceral obesity [OR 3.837 (2.141–6.874); 
P < 0.001] were independent risk factors for surgical com-
plications (Table 4). In terms of medical complications, 

age ≥ 65 years [OR 2.708 (1.214–6.039); P = 0.015] and sarco-
penia [OR 3.220 (1.608–6.448); P = 0.001] were independent 
risk factors for medical complications (Table 5). Laparoscopy-
assisted operation was a protective factor for total [OR 0.431 
(0.255–0.730); P = 0.002] and medical complications [OR 
0.187 (0.070–0.496); P = 0.001] (Tables 3, 5).

Discussion

In the current study, we prospectively investigate the impact 
of visceral obesity and sarcopenia on short-term outcomes 
for patients undergoing colorectal cancer surgery. It revealed 

Table 2  Short-term outcomes

Values in parentheses are percentages unless indicated otherwise
IQR, interquartile range
NN group, non-sarcopenic and non-visceral obesity group; SC group, sarcopenic and non-visceral obesity group; VO group, non-sarcopenic and 
visceral obesity group; SO group, sarcopenic and visceral obesity group
*Statistically significant (P < 0.05)
# Kruskal–Wallis test/groups individually tested by Mann–Whitney U test
$ Significant difference between SO/NN (P = 0.006), VO/NN (P = 0.002), SC/NN (P = 0.001)
**Significant difference between SO/NN (P = 0.019), VO/NN (P = 0.001), SC/NN (P = 0.014)
## Including prolonged postoperative ileus and diarrhea

Factors Total (n = 376) NN group (n = 134) SC group (n = 51) VO group (n = 150) SO group (n = 41) P

Total complications 103 (27.4) 17 (12.7) 18 (35.3) 49 (32.7) 19 (46.3) < 0.001*
Surgical complications 73 (19.4) 9 (6.7) 9 (17.6) 42 (28.0) 13 (31.7) < 0.001*
 Gastrointestinal 

 dysfunction##
1 (0.3) 0 (0) 1 (2.0) 0 (0) 0 (0)

 Wound infection 31 (8.2) 3 (2.2) 2 (4.0) 20 (13.3) 6 (14.6)
 Bleeding 5 (1.3) 0 (0) 3 (5.9) 1 (0.7) 1 (2.4)
 Intra-abdominal 

abscess
15 (4.0) 1 (0.7) 3 (5.9) 9 (6.0) 2 (4.9)

 Anastomotic leakage 16 (4.3) 3 (2.2) 1 (2.0) 9 (6.0) 3 (7.3)
 Intestinal obstruction 7 (1.9) 2 (1.5) 1 (2.0) 3 (2.0) 1 (2.4)

Medical complications 42 (11.2) 9 (6.7) 12 (23.5) 11 (7.3) 10 (24.4) < 0.001*
 Pulmonary complica-

tions
23 (6.1) 4 (3.0) 7 (13.7) 7 (4.7) 5 (12.2)

 Cardiac complica-
tions

1 (0.3) 0 (0) 1 (2.0) 0 (0) 0 (0)

 Venous thrombosis 7 (1.9) 2 (1.5) 0 (0) 3 (2.0) 2 (4.9)
 Persistent hypoalbu-

minemia
11 (2.9) 1 (0.7) 4 (7.8) 3 (2.0) 3 (7.3)

 Urinary infection 4 (1.1) 1 (0.7) 1 (2.0) 1 (0.7) 1 (2.4)
Duration of hospital 

stay, median (IQR) 
(days)

18 (8) 16 (5) 19 (10) 19 (9) 19 (10) 0.001*,$,#

Costs, median (IQR) 
(yuan)

50,097.5 (22,830.6) 45,347.6 (20,734.9) 52,793.4 (21,421.0) 52,154.0 (20,796.2) 51,846.4 (27,011.6) 0.003*,**,#

Surgical durations, 
median (IQR) (min)

180.0 (77) 180 (100) 180 (80) 180 (86) 170 (69) 0.664#

Readmissions within 
30 days of discharge

5 (1.3) 0 (0) 1 (2.0) 3 (2.0) 1 (2.4) 0.414
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Table 3  Univariate and 
multivariate logistic regression 
analyses of risk factors for total 
complications

OR, odds ratio; CI, confidence interval; BMI, body mass index; ASA, American Society of Anesthesiolo-
gists; VFA, visceral fat area; TAMA, total abdominal muscle area; TNM, tumor–node–metastasis
# Pearson’s Chi-square test
*Statistically significant (P < 0.05)

Factors Univariate  analysis# Multivariate analysis

Case with complication (%) P OR (95% CI) P

Age < 0.001*
 ≥ 65/< 65 71 (35.5)/32 (18.2) 2.044 (1.226–3.409) 0.006*

Gender 0.291
 Male/female 58 (25.4)/45 (30.4)

BMI 0.312
 < 18.5 7 (25.9)
 18.5–24 53 (24.7)
 > 24 43 (32.1)

Hypoalbuminemia 0.086
 Yes/no 28 (35.0)/75 (25.3)

Anemia 0.829
 Yes/no 32 (26.7)/71 (27.7)

NRS 2002 0.045*
 ≥ 3/< 3 47 (33.3)/56 (23.8)

ASA grade 0.105
 III/II, I 10 (41.7)/93 (26.4)

Charlson comorbidity index 0.033*
 0 40 (22.1)
 1 40 (29.4)
 ≥ 2 23 (39.0)

Previous abdominal surgery 0.935
 Yes/no 20 (27.8)/83 (27.3)

Tumor location 0.129
Colon/rectum 51 (24.3)/52 (21.3)
TNM stage 0.668
 I 15 (23.1)
 II 46 (29.7)
 III 38 (26.2)
 IV 4 (36.4)

Epidural anesthesia 0.649
 Yes/no 76 (28.0)/27 (25.7)

Laparoscopy-assisted operation < 0.001*
 Yes/no 26 (17.4)/77 (33.9) 0.431 (0.255–0.730) 0.002*

Visceral obesity < 0.001*
 Yes/no 68 (35.6)/35 (18.9) 2.594 (1.573–4.277) < 0.001*

Sarcopenia 0.002*
 Yes/no 37 (40.2)/66 (23.2) 2.000 (1.164–3.437) 0.012*

VFA/TAMA ratio > 1.19 for 
males and 1.74 for females

< 0.001*

 Yes/no 49 (41.9)/54 (20.8)
Combined resection 0.689
 Yes/no 8 (30.8)/95 (27.1)

Surgical durations > 210 min 0.371
 Yes/no 29 (24.4)/74 (28.8)
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Table 4  Univariate and 
multivariate logistic regression 
analyses of risk factors for 
surgical complications

OR, odds ratio; CI, confidence interval, BMI, body mass index; VFA, visceral fat area; TAMA, total 
abdominal muscle area
# Pearson’s Chi-square test
*Statistically significant (P < 0.05)

Factors Univariate  analysis# Multivariate analysis

Case with complication (%) P OR (95% CI) P

Age 0.061
 ≥ 65/< 65 46 (23.0)/27 (15.3)

BMI 0.073
 < 18.5 2 (7.4)
 18.5–24 38 (17.7)
 > 24 33 (24.6)

Tumor location 0.021*
Colon/rectum 32 (15.2)/41 (24.7) 1.905 (1.118–3.246) 0.018*
Visceral obesity < 0.001*
 Yes/no 55 (28.8)/18 (9.7) 3.837 (2.141–6.874) < 0.001*

VFA/TAMA ratio > 1.19 for 
males and 1.74 for females

< 0.001*

 Yes/no 37 (31.6)/36 (13.9)

Table 5  Univariate and 
multivariate logistic regression 
analyses of risk factors for 
medical complications

OR, odds ratio; CI, confidence interval; VFA, visceral fat area; TAMA, total abdominal muscle area
# Pearson’s Chi-square test
*Statistically significant (P < 0.05)

Factors Univariate  analysis# Multivariate analysis

Case with complication (%) P OR (95% CI) P

Age < 0.001*
 ≥ 65/< 65 33 (16.5)/9 (5.1) 2.708 (1.214–6.039) 0.015*

Hypoalbuminemia 0.015*
 Yes/no 15 (18.8)/27 (9.1)

Anemia 0.049*
 Yes/no 19 (15.8)/23 (9.0)

ASA grade 0.039*
 III/II, I 6 (25.0)/36 (10.2)

Charlson comorbidity index 0.057
 0 14 (7.7)
 1 17 (12.5)
 ≥ 2 11 (18.6)

Laparoscopy-assisted operation < 0.001*
 Yes/no 5 (3.4)/37 (16.3) 0.187 (0.070–0.496) 0.001*

Sarcopenia < 0.001*
 Yes/no 22 (23.9)/20 (7.0) 3.220 (1.608–6.448) 0.001*

VFA/TAMA ratio > 1.19 for 
males and 1.74 for females

0.081

 Yes/no 18 (15.4)/24 (9.3)
Combined resection 0.056
 Yes/no 6 (23.1)/36 (10.3)
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that patients with both visceral obesity and sarcopenia had 
higher incidence of total, surgical, and medical compli-
cations, longer hospital stays, and higher hospitalization 
costs. Age ≥ 65  years, visceral obesity, and sarcopenia 
were independent risk factors for total complications. For 
surgical complications, rectal cancer and visceral obesity 
were independent risk factors. For medical complications, 
age ≥ 65 years and sarcopenia were independent risk fac-
tors. Laparoscopy-assisted operation was a protective fac-
tor for total and medical complications. To our knowledge, 
this is the first study to distinguish the combined influence 
of visceral obesity and sarcopenia on patients undergoing 
colorectal cancer surgery.

The data of present study showed the prevalence of vis-
ceral obesity was 50.8%, while the previous studies reported 
this data ranging from 20.4 to 62.6% [8, 11]. The prevalence 
of sarcopenia in this study was 24.5%, which was compara-
ble to that previously reported [26, 28]. In addition, the prev-
alence of both visceral obesity and sarcopenia was 10.9%. 
It may be due to the heterogeneity in study population. This 
study firstly presented the data of visceral obesity based 
on the China population. It is interesting to find that there 
is the highest proportion of females in SO group. We per-
formed a subgroup analysis of postoperative complications 
based on gender and found the results were consistent with 
the above-mentioned results. In our study, there were 32 
patients (8.5%) diagnosed with obesity according to World 
Health Organization (WHO) Asian BMI cut points [29]. In 
the present study, BMI was not correlated with postoperative 
complications but visceral obesity was. Therefore, BMI does 
not always reflect the degree of obesity in the visceral cavity 
because the intra-abdominal fat distribution was individually 
different, as indicated previously [30].

Many trials had demonstrated that visceral obesity was 
associated with longer postoperative hospital stays, higher 
morbidity, and longer operative time. Furthermore, visceral 
obesity can independently predicted the incidence of overall 
postoperative complications after elective colorectal surgery 
[9, 12, 31]. Sarcopenia could impair the ability of daily liv-
ing, lose independence, and lead to disabilities or a higher 
risk of death [14]. Also, sarcopenia was proved to be linked 
with postoperative infections and longer hospital stay and 
was one of the independent risk factors for complications 
after surgery for colorectal cancer [18, 19]. A recent study 
indicated that combination of visceral obesity and sarco-
penia was the best predictor of postoperative death after 
pancreaticoduodenectomy for cancer [21]. For laparoscopic 
total gastrectomy, the combined state of visceral obesity and 
sarcopenia was an independent risk factor for the develop-
ment of surgical site infection [32]. However, these studies 
only used skeletal muscle mass as the unique parameter to 
define sarcopenia, without including muscle function and 
in physical performance. Our previous study had showed 

that definition of sarcopenia with a functional aspect had a 
good prediction of postoperative complications [18]. The 
present study also measured muscle function and physical 
performance to give a better definition of sarcopenia. Moreo-
ver, the data of the combined impact of visceral obesity and 
sarcopenia on the outcomes of colorectal cancer surgery 
were limited. This study indicated that the combination of 
visceral obesity and sarcopenia may have the worst effect 
on the outcomes in patients undergoing colorectal surgery 
for cancer and was an indicator of poor prognosis in patients 
with colorectal cancer.

The result of multivariate analyses showed that both 
visceral obesity and sarcopenia were risk factors for total 
complication, while visceral obesity was a risk factor for 
surgical complication and sarcopenia was a risk factor 
for medical complication. Surgery in obese patients was 
generally considered to be difficult due to the presence of 
excess intra-abdominal fat tissue, while it is correlated 
with visceral obesity. It is well known that performing 
colorectal surgery on obese patients requires more care-
ful effort because of the need to manipulate overly bulky 
mesenteries, obscure surgical views, and difficulties of 
identifying adequate surgical planes and normal vascula-
ture. Also, the massive and fragile fat tissue can be easily 
torn, further decreased precision of surgery [33]. In addi-
tion, visceral obesity was correlated with insulin resist-
ance, decreased oxygen tension within surgical wounds, 
prolonged operative times, and increased operative blood 
loss, resulting in raising the incidence of wound infec-
tion [32]. In the present study, result showed that wound 
infection was the most common surgical complication; 
patients only with visceral obesity had a higher incidence 
of surgical complications and consequently had longer 
hospital stays and higher costs compared with normal 
patients. Therefore, visceral obesity seemed to be a suit-
able indicator of surgical complications after colorectal 
cancer surgery. In terms of sarcopenia, it serves as a reflec-
tion of poor nutritional status, which can be associated 
with an increased postoperative complication rate [34]. 
In recent years, sarcopenia was demonstrated to be a poor 
prognostic factor for various cancers and impact clinical 
outcomes after surgery [35, 36]. Sarcopenia is described as 
a global phenomenon, resulting in impairment of multiple 
physiologic parameters resulting in a decreased ability to 
respond to stressors, especially the status of cancer and 
surgical strike [19, 37]. In this study, patients only with 
sarcopenia had a lowest BMI and albumin, which were 
both common indexes to evaluate nutritional status. Nutri-
tional status is always correlated with the postoperative 
outcomes. Patients only with sarcopenia also had a higher 
incidence of medical complications and longer hospital 
stays and higher costs according to the result of the pre-
sent study. Thus, sarcopenia was shown to be a strong 
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risk factor for medical complications. However, high VFA/
TAMA ratio was not identified as an independent risk fac-
tor for total complications, which means VFA/TAMA ratio 
may not representative for diagnoses of combined state 
of measurement of both visceral obesity and sarcopenia. 
Therefore, preoperative measurement of visceral fat and 
skeletal muscle mass and independent diagnoses for vis-
ceral obesity and sarcopenia could be more comprehen-
sive predictions of postoperative complications. Before 
surgery, surgeons can easily get this information to have 
a better understanding of patients’ nutritional status and 
intra-abdominal anatomic conditions, to predict surgical 
difficulties and outcomes.

The results of the present study strongly suggested that 
patients should receive preoperative diagnosis and treat-
ment of sarcopenia and visceral obesity in order to improve 
postoperative complications. A number of studies indicated 
physical exercise was one of the treatments for sarcopenia 
[38]. In addition, studies suggested a beneficial effect of 
physical exercise on abdominal fat accumulation [39]. So 
exercise therapy can be one of the interventions between 
cancer diagnosis and definitive surgical treatment. Pre-habil-
itation, such as preoperative exercise, has been suggested 
as a method to reduce postoperative complications [40]. 
Currently, multi-model pre-habilitation including exercise 
therapy, nutritional supplementation and hematinic optimi-
zation before surgery is not widely adopted [41]. Further 
studies should pay more attention to this issue.

Patients with rectal cancer had a much higher incidence of 
surgical complications compared to those with colon cancer 
in this study. On the one side, the total mesorectal excision 
(TME) surgery has been regarded as the standard operative 
mode for rectal cancer, which needs sharp dissection from 
the pelvic structures. On the other side, it could be techni-
cally challenging to give operative procedure with narrow 
pelvic exposure and distortion of “holy plane.” These poten-
tial reasons may raise the difficulty of rectal cancer surgery. 
In addition, laparoscopic surgery for colorectal cancer can 
be a protective factor for total postoperative complications. 
However, concerns remained about the safety and feasibil-
ity of laparoscopic surgery for rectal cancer. A randomized 
clinical trial was unable to establish non-inferiority of lapa-
roscopic surgery for T1–T3 rectal tumors compared with 
open surgery, although the overall quality of laparoscopic 
surgery was extremely high [42]. Further prospective studies 
with long-term follow-ups are required to solve this problem.

Age ≥ 65 years was another risk factor for total and med-
ical complications after colorectal cancer surgery. As we 
know, elderly patients often have a declined reserve capacity 
and a high incidence of comorbidity. Age was an independ-
ent risk factor for postoperative mortality and morbidity 
[43]. There is a challenge from the increasing proportion of 
elderly patients diagnosed with colorectal cancer in China. 

Because of this, a specific perioperative support with indi-
vidualized treatment plans should be recommended for 
elderly patients with colorectal cancer.

There were some limitations in this study. First, this was a 
single-center study. However, the data can be representative 
as our department is the largest center of colorectal cancer 
in the south of Zhejiang Province. In addition, this study 
included only Chinese patients. As the body composition 
differs from distinct regions, the result of this study may not 
be applicable to other biogeographic ethnic groups, espe-
cially western population. Further multicenter studies are 
needed to validate the conclusions of this study. Second, 
long-term outcomes were not reported in this study. A recent 
study reported that visceral obesity was significantly associ-
ated with decreased metastatic lymph node ratio and bet-
ter overall survival for colorectal cancer [44], so long-term 
follow-ups are needed in future studies to investigate the 
relationship between visceral obesity and disease-free sur-
vival rate or the loco-regional recurrence rate after surgery 
for colorectal cancer.

Conclusion

In conclusion, despite these limitations, the present study 
demonstrated that patients with both visceral obesity and 
sarcopenia had a higher postoperative complication rate, 
longer hospital stays and higher hospitalization costs after 
surgery for colorectal cancer. Moreover, age ≥ 65 years, 
visceral obesity, and sarcopenia were independent risk fac-
tors for total postoperative complications. Rectal cancer and 
visceral obesity were independent risk factors for surgical 
complications. Age ≥ 65 years and sarcopenia showed a sig-
nificant association with medical complications. Laparos-
copy-assisted operation was a protective factor. Assessing 
visceral fat and muscle areas before surgery could provide 
useful information to surgeon for a better preparation to 
reduce the risks of operation.
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