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Abstract 
Introduction: in colorectal cancer (CRC) surgery, preoperative nutritional factors are often overlooked or underestimated. This situation represents 
a significant deficiency that may negatively affect patients' postoperative recovery processes. 

Objective: the objective of this study was to evaluate the impact of preoperative malnutrition, sarcopenia, obesity, and dietary inflammatory 
potential on early postoperative outcomes in CRC.

Methods: preoperative sarcopenia was identified using European Working Group on Sarcopenia in Older People (EWGSOP2) criteria based on 
skeletal muscle obtained from computed tomography (CT) scans, and malnutrition was identified using Global Leadership Initiative on Malnutrition 
(GLIM) criteria. Visceral and subcutaneous obesity were assessed using CT scans. The energy-adjusted dietary inflammatory index (E-DII) was 
calculated from dietary records. 

Results: a total of 121 patients were included in the study, and 45.5 % of them were malnourished according to GLIM, 15.7 % were sarcopenic 
according to EWGSOP2. Multivariate logistic regression analysis showed that sarcopenia [OR = 3.973 (1.028-15.353), p = 0.043], malnutrition 
[OR = 3.954 (1.479-10.575), p = 0.006], and E-DII [OR = 4.955 (1.397-17.571), p = 0.013] were independent risk factors for complications. 
Sarcopenia [OR = 6.894 (1.080-43.998), p = 0.041] was also risk factor for long-term hospitalization.

Conclusion: a comprehensive evaluation of preoperative nutrition and related factors in CRC surgery, along with timely interventions, has the 
potential to significantly reduce postoperative complications and length of hospital stays.
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Resumen
Introducción: en la cirugía del cáncer colorrectal (CCR), los factores nutricionales preoperatorios suelen pasarse por alto o subestimarse. Esta 
situación representa una carencia importante que puede afectar negativamente a los procesos de recuperación postoperatoria de los pacientes.

Objetivo: el objetivo de este estudio fue evaluar el impacto de la desnutrición preoperatoria, la sarcopenia, la obesidad y el potencial inflamatorio 
de la dieta en los resultados postoperatorios tempranos en el CCR.

Métodos: la sarcopenia preoperatoria se identificó mediante los criterios del Grupo Europeo de Trabajo sobre Sarcopenia en Personas Mayores 
(EWGSOP2) basados en el músculo esquelético obtenido mediante tomografía computarizada (TC), y la malnutrición se identificó mediante los 
criterios de la Iniciativa de Liderazgo Global sobre Malnutrición (GLIM). La obesidad visceral y subcutánea se evaluó mediante TC. El índice 
inflamatorio dietético ajustado a la energía (E-DII) se calculó a partir de los registros dietéticos.

Resultados: un total de 121 pacientes fueron incluidos en el estudio; el 45,5 % de ellos estaban desnutridos según la GLIM, y el 15,7 % sarco-
pénicos según el EWGSOP2. El análisis de regresión logística multivariante mostró que la sarcopenia [OR = 3,973 (1,028-15,353), p = 0,043], la 
desnutrición [OR = 3,954 (1,479-10,575), p = 0,006] y el E-DII [OR = 4,955 (1,397-17,571), p = 0,013] eran factores de riesgo independientes 
de complicaciones. La sarcopenia [OR = 6,894 (1,080-43,998), p = 0,041] también fue un factor de riesgo de hospitalización a largo plazo.

Conclusiones: una evaluación exhaustiva de la nutrición preoperatoria y los factores relacionados en la cirugía del CCR, junto con intervencio-
nes oportunas, tiene el potencial de reducir significativamente las complicaciones postoperatorias y la duración de las estancias hospitalarias.

Palabras clave: 
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Composición corporal. 
Cirugía colorrectal. 
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INTRODUCTION

Colorectal cancer (CRC) is the third most common malignancy 
and the second leading cause of mortality within the spectrum of 
all malignant neoplasms (1). Surgery is the main treatment for ear-
ly-stage CRC. Despite advances in surgical techniques and impro-
ved perioperative care, about one third of patients still experience 
complications after colorectal surgery (2). Surgical treatment can 
lead to inflammation and metabolic stress. Nutritional factors such 
as preoperative malnutrition or sarcopenia prevent the patient from 
tolerating surgical stress and lead to poor postoperative outcomes 
(3). Preoperative malnutrition is a common occurrence in gastroin-
testinal cancers. Malnutrition has been reported in approximately 
40 % of patients undergoing gastrointestinal surgery (4). Patients 
undergoing colorectal surgery are more susceptible to malnutri-
tion due to various factors, including inadequate intake caused by 
intestinal obstruction or cancer-related anorexia, malabsorption, 
excessive losses from intestinal fistulas and a marked inflam-
matory response (5). Different diagnostic criteria for malnutrition 
have been used, but there was no universal consensus. The Global 
Leadership Initiative on Malnutrition (GLIM) has recently published 
international consensus-based diagnostic criteria for malnutrition 
(6). Previous studies have reported that a preoperative diagnosis 
of GLIM malnutrition in various types of cancer adversely affects 
postoperative outcomes (7,8).

Computed tomography (CT) scans, a component of CRC can-
cer screening and therapy protocols, are also used to assess 
body composition factors such as skeletal muscle and adipose 
tissue (9). Sarcopenia, a condition marked by a reduction in both 
the quantity and functionality of skeletal muscle, has been shown 
to have an adverse impact on postoperative outcomes and survi-
val rates in CRC (10,11). The majority of studies have diagnosed 
sarcopenia solely on the basis of skeletal muscle mass obtai-
ned from CT scans. However, a reduced in muscle strength is 
the main diagnostic criterion for sarcopenia, according the most 
recent guidelines published by European Working Group on Sar-
copenia in Older People (EWGSOP2) (12). Not only sarcopenia or 
low skeletal muscle mass but also obesity affects surgical out-
comes. Studies examining the effect of obesity on surgical out-

comes in CRC based on CT-derived adipose tissue area (visceral 
or subcutaneous) are more limited and results are conflicting. 

The Dietary Inflammatory Index (DII) was developed based on evi-
dence of the relationship between diet and blood markers of inflam-
mation (13). A higher DII score, indicating a diet high in inflammation, 
was found to correlate with an increased likelihood of developing 
CRC (14). The effect of dietary inflammatory potential on the outco-
mes of colorectal surgery has not been extensively studied, except 
for one research article that examined its impact on the duration of 
hospitalization (15).

The objective of the study was to evaluate the impact of 
preoperative malnutrition, sarcopenia (defined by EWGSOP2 cri-
teria), obesity (assessed by CT scan), and dietary inflammatory 
potential on early postoperative outcomes in patients with CRC.

MATERIAL AND METHODS

STUDY POPULATION

This prospective cohort study included patients scheduled for 
colorectal surgery at Bilkent City Hospital between July 2021 and 
December 2022. The following were the inclusion criteria: being 
diagnosed with CRC; being at least 18 years old; and being plan-
ned for colorectal surgical treatment. The following were exclusion 
criteria: having received neoadjuvant therapy; currently receiving 
corticosteroid or hormone therapy; distant metastasis; any ma-
lignancy other than CRC; autoimmune disease; active infectious 
disease. The flow chart of the study was shown in figure 1. During 
the study period, a cohort of 147 consecutive individuals diagno-
sed with CRC and scheduled for colorectal surgery were included 
in the study. A total of 26 patients were excluded from the study as 
a result of surgery cancellation, neoadjuvant therapy, and missing 
data; as a result, 121 patients remained in the final analysis.

The Non-Invasive Clinical Research Ethics Committee at Hace-
ttepe University gave its permission to this research (GO 21/499). 
The Declaration of Helsinki was followed in the conduct of the 
research, and the volunteer participants signed informed per-
mission forms.
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STUDY PROTOCOL

Researchers performed in-person interviews with patients du-
ring a timeframe of 1-3 days before to the operation. During these 
interviews, a questionnaire was administered that included general 
information, dietary records, and nutrition screening tests. Body 
weights were measured with the Tanita BC730 and height was 
measured using a stadiometer. Patients’ self-reported body wei-
ghts from 1, 3, and 6 months ago were recorded, and if weight loss 
was observed in the recorded data for the last 1, 3, and 6 months, 
the percentage of weight loss was calculated. The patients were 
asked whether the weight loss was intentional. A photographic 
food atlas was used to obtain the 24-hour dietary recall of patients. 
Energy and nutrient intakes were determined using the Nutrition 
Information System (BeBIS, version 8.1) software program.

Tumor location, TNM stage, comorbidities, information about 
surgery, and postoperative outcomes were obtained from hos-
pital records. In order to assess comorbidities, the Charlson Co-
morbidity Index (CCI) was used (16).

Biochemical parameters analyzed within 48 hours prior to sur-
gery were recorded from the hospital’s data system. The delta 
neutrophil index (DNI), neutrophil lymphocyte ratio (NLR), and 
prognostic nutritional index (PNI) were used for the evaluation of 
systemic inflammation. The DNI was obtained directly from the 
records as a routine blood count parameter. NLR was calculated 
by dividing the quantity of neutrophils by lymphocytes. PNI was 
determined using the following formula: {10 x albumin (g/dL)} + 
{0.005 x total lymphocyte count}.

MUSCLE STRENGTH 

Hand grip strength was measured using a Takei 5401 digital 
hand dynamometer (Takei Scientific Instruments, Tokyo, Japan) 

to evaluate muscle strength. The measurement was taken three 
times from each hand while standing, with the forearm at thigh 
level and away from the body. The mean of the six measurements 
was used to determine the grip strength. Low muscle strength was 
considered to be < 27 kg for males and < 16 kg for females (12).

BODY COMPOSITION ANALYSIS FROM CT 
SCANS

CT scans taken within one month prior to surgery were re-
ceived from the Picture Archiving and Communication System 
(PACS). Body composition analysis was performed on the third 
lumbar vertebra (L3) cross-sectional area using ImageJ 1.53j 
(National Institutes of Health, Bethesda, Maryland, USA) following 
the steps in the protocol detailed previously (17). Hounsfield unit 
(HU) thresholds specific for skeletal muscle, visceral, and sub-
cutaneous adipose tissue were used in the analyses (Fig. 2). All 
analyses were performed by a trained researcher (TNYK) blinded 
to the patient’s clinical information. To verify the accuracy and 
reproducibility of the results, 10 randomly selected patient ima-
ges were independently analyzed by a second blinded trained 
researcher (HFY). The intraclass correlation coefficient was 0.99 
(95 % CI, 0.98-1.00) for SMA, 1.00 (95 % CI, 0.99-1.00) for 
SATA and 1.00 (95 % CI, 0.99-1.00) for VATA.

SARCOPENIA AND CT-BASED OBESITY 
DEFINITION

Skeletal muscle area (SMA) were divided by the square of the 
patients’ height (m2) to obtain the skeletal muscle index (SMI). 
The SMI cutoff values determined by Martin et al. (18) were used 
to identify individuals with low skeletal muscle mass. For fema-
les, the cutoff was 41 cm2/m2. For males with a BMI < 25, the 
cutoff was 43 cm2/m2. For males with a BMI ≥ 25, the cutoff was 
53 cm2/m2. Sarcopenia diagnosis was established according the 
revised criteria of the EWGSOP2, beginning with the identifica-
tion of probable sarcopenia based on low muscle strength [10]. 
Within the probable sarcopenic patients, those with low skeletal 
muscle mass determined by CT have been diagnosed with sar-
copenia. As our study did not measure physical performance, we 
did not evaluate the severity of sarcopenia.

There was no widely accepted CT-based cut-off point to define 
visceral and subcutaneous obesity. We determined visceral adi-
pose tissue area (VATA) and subcutaneous adipose tissue area 
(SATA) cut-off points for CT-based obesity diagnosis by receiver 
operating characteristic (ROC). Figure 3 shows CT images of pa-
tients with different body composition from our study sample.

ASSESSMENT OF MALNUTRITION 

A systematic two-step approach was used to identify malnutri-
tion in patients. The initial assessment of patients for malnutrition 

Patients with colorectal cancer scheduled undergo surgery
(n = 147)

The �nal analysis included patients with colorectal cancer 
undergoing surgery (n = 121)

GLIM-de�ned malnutrition

No
(n = 66)

Yes
(n = 55)

Patients excluded (n = 26)
– Surgery canceled (n = 12)
– Missing computed tomography scan (n = 4)
– Neoadjuvant therapy (n = 6)
– Missing postoperative data (n = 4)

Figure 1. 

Flow chart of the patients included and excluded. GLIM: Global Leadership Initiative 
on Malnutrition.
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risk was conducted using NRS2002. Patients with scores of 3 or 
higher were identified as at-risk. Subsequently, these individuals 
underwent a second evaluation to determine if they met the cri-
teria for a malnutrition diagnosis, using the GLIM criteria. The 
GLIM criteria required that at least one phenotypic (involuntary 
weight loss, low BMI, decreased muscle mass) and one etiologic 
criterion (decreased food intake or assimilation, disease burden/
inflammation) be satisfied in order to diagnose malnutrition (6). 

As cancer met the etiological criterion, the presence of at least 
one phenotypic criterion was sufficient for the diagnosis of mal-
nutrition in this study. 

CALCULATION OF E-DII

We assessed the inflammatory potential of the diet using the 
Dietary Inflammatory Index (DII) developed by Shivappa et al. ba-
sed on 24-hour dietary recalls (13). The DII uses 45 food para-
meters to assess the inflammatory potential of the diet. Since we 
were able to obtain data on 37 food parameters from 24-hour 
dietary recalls and the BeBIS program, we included 37 of the 45 
food parameters. Food parameters not included were trans fatty 
acid, flavon-3-ol, flavonones, flavonols, flavones, anthocyanidins, 
isoflavones, eugenol. By summing the DIIs calculated separately 
for each food parameter, an overall DII score for the daily diet 
of individuals is obtained. We used the energy-adjusted E-DII in 
our research. For the E-DII, the individual’s food intakes were 
calculated per 1000 kcal and adjusted so that the global average 
food intakes were also per 1000 kcal. E-DII scores were then 
calculated for each individual following the same formula as in 
the DII calculation (19). Greater inflammatory potential of the diet 
was indicated by higher E-DII scores. The E-DII scores were clas-
sified into tertiles, with the inflammatory potential progressively 
increasing from the first tertile to the third tertile.

POSTOPERATIVE OUTCOMES

The postoperative outcomes encompassed the occurrence of 
complications within a 30-day period and the length of hospital 

Figure 2. 

Body composition analysis from third lumber vertebra cross-sectional area. Hounsfield unit (HU) values for skeletal muscle area, visceral or subcutaneous adipose tissue 
area were applied for each as indicated in the figure. Then, only the area within the yellow line was calculated from the resulting red area. The red area outside the yellow 
line was manually selected and subtracted from the final result.

Figure 3. 

Computed tomography 3rd lumbar vertebra cross-sectional area images of 
patients with different body compositions: A. Male with a healthy body com-
position. B. Male with sarcopenia. C. Female with sarcopenia and visceral and 
subcutaneous obesity. D. Female with visceral and subcutaneous obesity.
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stays after the surgery. The investigator responsible for monito-
ring postoperative outcomes was blinded to the results of the 
preoperative assessments. Postoperative complications were 
evaluated using the Clavien-Dindo classification (20), and only 
complications classified as Grade 2 or higher were considered in 
the analysis. A hospital stay was deemed long-term if it exceeded 
7 days.

STATISTICAL ANALYSIS

The sample size was established using the G*Power software 
program version 3.1, based on the association between nutritio-
nal risk status and the frequency of postoperative complications. 
Accordingly, the minimum sample size for our research was 117 
(error rate: 0.05; power: 80 %; effect size: 0.26). The data were 
analyzed using SPSS v22.0 (Chicago, USA). Statistical significan-
ce was determined by a two-sided p-value of less than 0.05. Ba-
sed on data distribution, continuous variables were presented as 
the mean ± standard deviation (SD) or the median and interquar-
tile range (IQR). The categorical variables were shown as frequen-
cies and percentages. The Chi-square test was used to compare 
categorical variables, while the Student t-test or Mann-Whitney 
U-test was utilized to compare continuous variables, according 
to the normality of the distribution. The cutoff points for VATA 
and SATA values for defining visceral and subcutaneous obesity 
were determined separately for males and females using ROC 

curve analysis, with obesity characterized as BMI ≥ 25 kg/m². For 
the purpose of identifying risk factors for long-term postoperative 
hospital stays and complications, univariate logistic analysis was 
followed by multivariate logistic regression analysis. To identify 
risk factors for long-term postoperative hospital stays and com-
plications, we conducted univariate logistic analysis followed by 
multivariate logistic regression analysis.

RESULTS

CLINICAL CHARACTERISTICS

Table I presents the clinical characteristics of the patients. Of 
the 121 patients included in the study, 55 (45.5 %) were diag-
nosed with malnutrition according to GLIM criteria. The mean 
age of the patients was 62.3 ± 12.08 years and the majority of 
patients (62.8 %) were male. There was no significant difference 
observed between those with malnutrition and those without in 
terms of gender, tumor location, stage, stoma presence, opera-
tion duration, and postoperative oral feeding time. Malnourished 
patients had a higher mean age, Charlson comorbidity index, and 
length of postoperative hospital stay (p < 0.05). Postoperative 
complications (Clavien-Dindo ≥  2) developed in a total of 39 
(32.2 %) patients. The frequency of complications in malnouri-
shed patients was 54.5 %, while in without malnutrition patients, 
it was 13.6 % (p < 0.05).

Table I. Clinical characteristics of patients

Variables Total (n = 121)
Malnutrition

p
No (n = 66) Yes (n = 55)

Gender
  Male
  Female

76 (62.8 %)
45 (37.2 %)

38 (57.6 %)
28 (42.4 %)

38 (69.1 %)
17 (30.9 %)

0.192

Age (years) 
  < 65 
  ≥ 65 

62.3 ± 12.08
58 (47.9 %)
63 (52.1 %)

60.0 ± 11.86
36 (54.5 %)
30 (45.5 %)

65.0 ± 11.88
22 (40.0 %)
33 (60.0 %)

0.023*
0.111

Charlson comorbidity index 4.0 ± 1.72 3.7 ± 1.76 4.4 ± 1.61 0.025*

Tumor location
  Colon
  Rectum

50 (41.3 %)
71 (58.7 %)

27 (40.9 %)
39 (59.1 %)

23 (41.8 %)
32 (58.2 %)

0.919

Surgical approach
  Laparoscopic
  Open

51 (42.1 %)
70 (57.9 %)

34 (51.5 %)
32 (48.5 %)

17 (30.9 %)
38 (69.1 %)

0.022*

TNM stage
  I
  II
  III

18 (14.9 %)
47 (38.8 %)
56 (46.3 %)

11 (16.7 %)
27 (40.9 %)
28 (42.4 %)

7 (12.7 %)
20 (36.4 %)
28 (50.9 %)

0.625

(Continues on next page)
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VISCERAL AND SUBCUTANEOUS OBESITY 
CUT-OFF VALUES

According to the ROC analysis, the VATA cut-off values in-
dicating visceral obesity were 172.03 cm² (AUC  =  0.817; 
95 % CI, 0.719-0.916; p < 0.001) for males and 128.43 cm² 
(AUC = 0.845; 95 % CI, 0.708-0.982; p < 0.001) for females. 
The SATA cut-off values indicating subcutaneous obesity were 
145.75 cm2 (AUC = 0.895; 95 % CI, 0.825-0.965; p < 0.001) 
and 218.81 cm2 (AUC  =  0.875; 95  % CI, 0.772-0.978; 
p < 0.001) in males and females, respectively.

NUTRITIONAL AND INFLAMMATORY 
PARAMETERS

The nutritional and inflammatory parameters of the patients 
are presented in table II. The patients’ mean BMI was 27.1  ±   

5.09 kg/m2 and those with malnutrition had a lower mean BMI than 
those without malnutrition (p < 0.001). Additionally, SMI, VATA, and 
SATA were lower in patients with malnutrition. The prevalence of 
sarcopenia was 27.3  % among patients with malnutrition and 
6.1 % in those without malnutrition (p = 0.001). The prevalence 
of visceral and subcutaneous obesity was lower in patients with 
malnutrition (p = 0.028, p = 0.017, respectively). There was no 
significant difference in mean grip strength between patients with 
and without malnutrition (p = 0.139). Nevertheless, the frequency 
of low grip strength was higher in malnourished patients (45.5 %) 
(p = 0.037). The E-DII was 0.5 ± 1.46 in the patients with malnu-
trition and -0.2 ± 1.19 in those without malnutrition (p = 0.010), 
and individuals in E-DII tertile 3 (higher pro-inflammatory diet in-
dicator) accounted for approximately half (47.3 %) of the patients 
with malnutrition. While there was no significant difference in in-
flammatory biochemical parameters such as DNI and PNI, the fre-
quency NLR ≥ 3 was higher in patients with malnutrition (56.4 %) 
compared to those without (34.8 %) (p = 0.018).

Table I (Cont.). Clinical characteristics of patients

Variables Total (n = 121)
Malnutrition

p
No (n = 66) Yes (n = 55)

Stoma
  No
  Yes

68 (56.2 %)
53 (43.8 %)

37 (56.1 %)
29 (43.9 %)

31 (56.4 %)
24 (43.6 %)

0.973

Clavien-Dindo
  < 2
  ≥ 2

82 (67.8 %)
39 (32.2 %)

57 (86.4 %)
9 (13.6 %)

25 (45.5 %)
30 (54.5 %)

< 0.001*

Operation duration (min) 260.1 ± 71.14 259.5 ± 71.86 260.7 ± 70.92 0.928

Postoperative oral feeding time (days) 2.0 (2.00) 2.0 (2.00) 2.0 (4.00) 0.727

Length of postoperative hospital stay (days) 7.0 (5.00) 7.0 (2.00) 10.0 (7.00) < 0.001*

*p < 0.05 is significant.

Table II. Nutritional and inflammatory parameters of patients 

Variables Total (n = 121)
Malnutrition 

p
No (n = 66) Yes (n = 55)

BMI (kg/m2) 27.1 ± 5.09 28.7 ± 5.14 25.11 ± 4.29 < 0.001*

SMI (cm2/m2) 48.6 ± 9.81 51.1 ± 7.94 45.6 ± 11.01 0.002*

VATA (cm2) 157.4 (115.31) 185.7 (98.63) 139.8 (121.70) 0.027*

SATA (cm2) 171.7 (134.48) 207.1 (160.10) 144.4 (101.47) 0.001*

Grip strength (kg) 25.8 ± 8.70 26.9 ± 9.20 24.5 ± 7.95 0.139

Low grip strength 
  No
  Yes

78 (64.5 %)
43 (35.5 %)

48 (72.7 %)
18 (27.3 %)

30 (54.5 %)
25 (45.5 %)

0.037*

(Continues on next page)
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POSTOPERATIVE OUTCOMES

The results of the logistic regression analysis for risk factors 
predicting postoperative complications in CRC are shown in table 
III. Surgical approach (p = 0.034), sarcopenia (p = 0.003), visceral 
obesity (p = 0.041), malnutrition (p < 0.001), E -DII (p = 0.001) 
and NLR (p = 0.011) were risk factors associated with compli-
cations in univariate analysis. The multivariate analysis revea-
led that sarcopenia [OR = 3.973 (1.028-15.353), p = 0.043], 
malnutrition [OR = 3.954 (1.479-10.575), p = 0.006] and E-DII 
[OR = 4.955 (1.397-17.571), p = 0.013] were independent risk 
factors to predict postoperative complications.

In the univariate analysis of factors associated with long-term 
postoperative hospital stay, age (p = 0.039), surgical approach 

(p = 0.001), Charlson comorbidity index (p = 0.023), postope-
rative complication (p  <  0.001) sarcopenia (p  =  0.002), mal-
nutrition (p = 0.005), and NLR (p = 0.022) were significant. In 
the multivariate analysis surgical approach [OR = 2.962 (1.133-
7.747), p = 0.027], postoperative complication [OR = 16.993 
(4.616-62.558), p  <  0.001] and sarcopenia [OR  =  6.894 
(1.080-43.998), p = 0.041] were independent risk factors for 
long-term postoperative hospital stay (Table IV).

DISCUSSION

Our study has demonstrated the predictive role of various 
nutritional parameters in postoperative complications and long-
term hospital stay in CRC.

Table II (Cont.). Nutritional and inflammatory parameters of patients 

Variables Total (n = 121)
Malnutrition 

p
No (n = 66) Yes (n = 55)

Low skeletal muscle
  No
  Yes

76 (62.8 %)
45 (37.2 %)

50 (75.8 %)
16 (24.2 %)

26 (47.3 %)
29 (52.7 %)

0.001*

Sarcopenia
  No
  Yes

102 (84.3 %)
19 (15.7 %)

62 (93.9 %)
4 (6.1 %)

40 (72.7 %)
15 (27.3 %)

0.001*

Visceral obesity 
  No
  Yes

55 (45.5 %)
66 (54.5 %)

24 (36.4 %)
42 (63.6 %)

31 (56.4 %)
24 (43.6 %)

0.028*

Subcutaneous obesity 
  No
  Yes

56 (46.3 %)
65 (53.7 %)

24 (36.4 %)
42 (63.6 %)

32 (58.2 %)
23 (41.8 %)

0.017*

E-DII 0.1 ± 1.35 -0.2 ± 1.19 0.5 ± 1.46 0.010*

E-DII
  Tertile 1 (-3.87 to -0.57)
  Tertile 2 (0.57 to 0.75)
  Tertile 3 (0.75 to 3.17)

40 (33.1 %)
41 (33.9 %)
40 (33.1 %)

27 (40.9 %)
25 (37.9 %)
14 (21.2 %)

13 (23.6 %)
16 (29.1 %)
26 (47.3 %)

0.008*

DNI
  < 0.1
  ≥ 0.1

94 (77.7 %)
27 (22.3 %)

54 (81.8 %)
12 (18.2 %)

40 (72.7 %)
15 (27.3 %)

0.232

NLR
  < 3
  ≥ 3

 
67 (55.4 %)
54 (44.6 %)

43 (65.2 %)
23 (34.8 %)

24 (43.6 %)
31 (56.4 %)

0.018*

PNI
  ≥ 45
  < 45

16 (13.2 %)
105 (86.8 %)

7 (10.6 %)
59 (89.4 %)

9 (16.4 %)
46 (83.6 %)

0.352

BMI: body mass index; SMI: skeletal muscle index; VATA: visceral adipose tissue area; SATA: subcutaneous adipose tissue area; E-DII: energy-adjusted dietary 
inflammatory index; DNI: delta neutrophil index; NLR: neutrophil lymphocyte ratio; PNI: prognostic nutritional index. *p < 0.05 is significant
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Tabla III. Logistic regression analysis for predicting postoperative complications  
(Clavien-Dindo ≥ 2) in colorectal cancer

Variables
Univariate analysis Multivariate analysis

OR 95 % CI p OR 95 % CI p 

Gender
  Male
  Female

Ref
0.463

0.200-1.074 0.073

Age (years)
  < 65 
  ≥ 65 

Ref
1.111

0.518-2.386 0.787

BMI (kg/m2)
  < 25
  ≥ 25

0.934
Ref

0.671

0.860-1.013

0.308-1.464

0.100

0.316

Tumor location
  Colon
  Rectum

Ref
0.747

0.346-1.613 0.457

Surgical approach
  Laparoscopic
  Open

Ref
2.424 1.067-5.509 0.034*

Ref
1.557 0.581-4.170 0.379

Charlson comorbidity index 1.160 0.924-1.455 0.201

TNM stage
  I
  II
  III

Ref
1.342
1.232

0.406-4.433
0.381-3.984

0.630
0.728

Stoma
  No
  Yes

Ref
1.563 0.725-3.367 0.254

Operation duration (min) 1.003 0.998-1.009 0.256

Sarcopenia
  No
  Yes

Ref
4.762 1.699-13.348 0.003*

Ref
3.973 1.028-15.353 0.043*

Visceral obesity
  No
  Yes

Ref
0.445 0.205-0.968 0.041*

Ref
0.586 0.222-1.545 0.280

Subcutaneous obesity 
  No
  Yes

Ref
0.547 0.253-1.183 0.125

Malnutrition
  No
  Yes

Ref
7.600 3.150-18.339 < 0.001*

Ref
3.954 1.479-10.575 0.006*

E-DII
  Tertile 1 (-3.87 to -0.57)
  Tertile 2 (0.57 to 0.75)
  Tertile 3 (0.75 to 3.17)

Ref
2.631
5.667

0.885-7.817
1.951-16.462

0.082
0.001*

Ref

4.955 1.397-17.571 0.013*

(Continues on next page)
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Table III (Cont.). Logistic regression analysis for predicting postoperative complications  
(Clavien-Dindo ≥ 2) in colorectal cancer

Variables
Univariate analysis Multivariate analysis

OR 95 % CI p OR 95 % CI p 

DNI
  < 0.1
  ≥ 0.1

Ref
1.985 0.823-4.790 0.127

NLR
  < 3
  ≥ 3

Ref
2.773 1.263-6.087 0.011*

Ref
1.779 0.676-4.682 0.243

PNI
  ≥ 45
  < 45

Ref
1.351 0.629-2.902 0.441

BMI: body mass index; E-DII: energy-adjusted dietary inflammatory index; DNI: delta neutrophil index; NLR: neutrophil lymphocyte ratio; PNI: prognostic nutritional 
index. *p < 0.05 is significant.

Table IV. Logistic regression analysis for risk factors predicting long-term (> 7 days) 
postoperative hospital stay in colorectal cancer

Univariate analysis Multivariate analysis

Variables OR 95 % CI p OR 95 % CI p 

Gender
  Male
  Female

Ref
0.992 0.474-2.074 0.983

Age (years)
  < 65 years
  ≥ 65 years

Ref
2.153 1.041-4.453 0.039*

Ref
1.488 0.459-4.820 0.508

BMI (kg/m2)
  < 25
  ≥ 25

Ref
0.569 0.269-1.202 0.140

Tumor location
  Colon
  Rectum

Ref
1.642 0.792-3.405 0.182

Surgical approach
  Laparoscopic
  Open
  Charlson comorbidity index

Ref
3.600
1.296

1.683-7.700
1.037-1.620

0.001*
0.023*

Ref
2.962
1.088

1.133-7.747
0.750-1.578

0.027*
0.656

TNM stage
  I
  II
  III

Ref
1.611
0.750

0.539-4.817
0.259-2.175

0.393
0.596

Stoma
  No
  Yes

Ref
1.930 0.931-4.003 0.077

Operation duration (min) 1.003 0.998-1.009 0.208

(Continues on next page)
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Tabla IV (Cont.). Logistic regression analysis for risk factors predicting long-term (> 7 days) 
postoperative hospital stay in colorectal cancer

Univariate analysis Multivariate analysis

Variables OR 95 % CI p OR 95 % CI p 

Postoperative complication
  No
  Yes

Ref
17.824 5.744-55.308 <0.001*

Ref
16.993 4.616-62.558 < 0.001*

Sarcopenia
  No
  Yes

Ref
10.767 2.363-49.051 0.002*

Ref
6.894 1.080-43.998 0.041*

Visceral obesity
  No
  Yes

Ref
0.523 0.253-1.080 0.080

Subcutaneous obesity 
  No
  Yes

Ref
0.561 0.272-1.157 0.118

Malnutrition
  No
  Yes

Ref
2.915 1.386-6.131 0.005*

Ref
0.722 0.258-2.017 0.534

E-DII
  Tertile 1 (-3.87 to -0.57)
  Tertile 2 (0.57 to 0.75)
  Tertile 3 (0.75 to 3.17)

Ref
0.864
1.353

0.361-2.066
0.560-3.267

0.742
0.502

DNI
  < 0.1
  ≥ 0.1

Ref
1.518 0.637-3.614 0.346

NLR
  < 3
  ≥ 3

Ref
2.368 1.135-4.940 0.022*

Ref
1.723 0.662-4.481 0.265 

PNI
  ≥ 45
  < 45

Ref
1.414 0.490-4.080 0.521

BMI: body mass index; E-DII: energy-adjusted dietary inflammatory index; DNI: delta neutrophil index; NLR: neutrophil lymphocyte ratio; PNI: prognostic nutritional 
index. *p < 0.05 is significant.

Malnutrition was diagnosed using the recently validated GLIM 
criteria for CRC patients in our study (21). The use of the GLIM 
criteria can provide an objective and standardized assessment 
of malnutrition and can be an important tool in clinical practi-
ce. The prevalence of malnutrition defined by GLIM criteria was 
45.5 % in our study. Studies defining malnutrition in CRC using 
GLIM criteria are still limited. However, in a few recent studies, 
this prevalence has been reported to be approximately 23.6 % 
to 60.7 % (22-24). This wide range is thought to be due to di-
fferences in age, cancer stage and application of GLIM criteria 
(such as muscle measurement technique) in the study popula-
tions. We also found that the risk of complications was four times 
higher in patients with malnutrition defined according to GLIM 

criteria compared to those without. Previous studies have pre-
viously shown that malnutrition, as defined by different nutritional 
screening tools, affects postoperative outcomes in CRC patients 
(25,26). Furthermore, malnutrition, defined according to GLIM 
criteria in recent years, has also been shown to negatively affect 
postoperative outcomes in CRC, similar to our results (22,27,28). 

Our findings showed that a high preoperative pro-inflammatory 
diet increased the risk of postoperative complications. Previously 
published studies have reported that a high DII score increases 
the risk of developing CRC (14,29) and is even associated with 
post-diagnosis mortality (30). As far as we know, this is the first 
study investigating the impact of dietary inflammatory potential, 
as assessed by the E-DII, on the risk of postoperative complica-
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tions in CRC. However, it has been reported that n-3 polyunsatu-
rated fatty acids taken in the habitual diet in CRC patients lead to 
a decrease in the frequency of postoperative complications (31). 
In another study, a high intake of dietary fiber in the preoperative 
diet was associated with a lower risk of postoperative complica-
tions (32). Considering the anti-inflammatory properties of both 
n-3 fatty acids and dietary fiber, it can be said that these results 
parallel the findings of our study, which addressed the preope-
rative diet with the E-DII, incorporating both of these dietary 
components. In our study, we did not find a significant associa-
tion between the E-DII and the risk of long-term hospitalization; 
however, a previous study has shown that an anti-inflammatory 
DII score reduced the length of hospital stay (15). The DII, be-
ing an index created based on the relationship between dietary 
components and inflammatory processes (13), is likely to have 
an impact on surgical outcomes. However, studies assessing not 
only the nutritional status of patients before surgery but also their 
overall dietary consumption, including nutrient compositions, diet 
quality, and the inflammatory potential of the diet, are needed.

In our research, we employed CT images at the level of the 
third lumbar vertebra for the assessment of body composition. 
As CT scanning is part of the diagnostic process in CRC patients, 
it does not require additional expenses and radiation exposure. 
Moreover, it has been widely utilized for the measurement of body 
composition in cancer patients in recent years. Despite advances 
in treatment approaches, high mortality rates in colorectal cancer 
patients highlight the importance of the prognostic role of body 
composition-related parameters such as sarcopenia and obesity 
(1,33,34). Our study revealed that the prevalence of sarcopenia 
according to EWGSOP2 criteria was 15.7 % and, as expected, the 
prevalence of sarcopenia was higher in malnourished patients. In 
a recent meta-analysis, the prevalence of sarcopenia, defined on 
the basis of CT-based low skeletal muscle mass, was reported to 
be 34 % (35). Similarly, in our study, the prevalence of CT-based 
low skeletal muscle mass was 37.2 %. However, in the revised 
sarcopenia criteria, muscle strength has been established as the 
primary criterion, as it is considered better at predicting adver-
se outcomes than muscle mass (12). According to our findings, 
sarcopenia as defined by the revised criteria is an independent 
risk factor for postoperative complications and long-term hospi-
talization. Consistent with our findings, previous studies on CRC 
have reported that preoperative sarcopenia increases the risk of 
postoperative morbidity and mortality (10,11,33,36). Neverthe-
less, all of these studies defined sarcopenia based on skeletal 
muscle mass alone. As far as we know, the association between 
sarcopenia determined by EWGSOP2 criteria and postoperative 
outcomes in CRC has not been previously reported. The lack of 
universally accepted criteria for diagnosing sarcopenia, as well 
as variations in measurement techniques and cutoffs for skeletal 
muscle mass in studies, complicates the interpretation of results. 

In contrast to sarcopenia, the effect of visceral or subcuta-
neous obesity on postoperative outcomes has been less stu-
died and remains unclear. A recent meta-analysis reported that 
CT-derived visceral obesity had no effect on overall postoperative 
complications and mortality (37). Similarly, in our study, both vis-

ceral and subcutaneous obesity showed no significant impact on 
postoperative complications and length of hospital stay. However, 
some studies have found that visceral obesity increases the risk 
of postoperative ileus and general complications (38,39). On the 
contrary, some studies have shown favorable effects of visceral 
and subcutaneous obesity on survival in CRC (34,40). In a re-
cent study, no association was found between visceral obesity 
and survival and length of hospital stay (33). Although the rea-
son for these inconsistent results has not been clearly explained, 
different methods of determining adipose tissue area between 
studies, different cutoff values and population-specific factors 
such as ethnicity may influence clinical outcomes. Furthermore, 
our study determined CT-based cut-off values for visceral and 
subcutaneous adipose tissues using ROC curve analysis to over-
come the lack of population-specific cut-off values not available 
in the literature. These cut-off values are important for future 
studies as they provide confirmatory and comparable data.

Our study has some limitations such as being single-cen-
tered and the observational design limiting causal inference. 
In addition, although our aim was to obtain a 3-day dietary 
consumption record to assess the preoperative dietary inflam-
matory potential, we were only able to obtain a 1-day dietary 
record using the 24-hour recall method due to the preoperative 
fasting status of the patients. However, unlike most retrospec-
tive studies in this field, the strength of our study was its pros-
pective design and comprehensive assessment of preoperative 
nutritional factors.

CONCLUSION

Preoperative sarcopenia, malnutrition, and inflammatory capa-
city of the diet can be used as determinants of early outcomes in 
CRC surgery. As part of perioperative care, it is important to con-
duct a comprehensive examination of nutrition-related factors, 
including nutritional status, body composition, and inflammatory 
capacity of the diet. Timely intervention based on these factors 
can improve postoperative outcomes, which is beneficial for both 
patient welfare and hospital costs.

REFERENCES

1.	 Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et 
al. Global cancer statistics 2022: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin 
2024;74:229-63. DOI: 10.3322/CAAC.21834

2.	 Ripollés-Melchor J, Ramírez-Rodríguez JM, Casans-Francés R, Aldecoa C, 
Abad-Motos A, Logroño-Egea M, et al. Association Between Use of Enhanced 
Recovery After Surgery Protocol and Postoperative Complications in Colorec-
tal Surgery: The Postoperative Outcomes Within Enhanced Recovery After 
Surgery Protocol (POWER) Study. JAMA Surg 2019;154:725-36. DOI: 
10.1001/JAMASURG.2019.0995

3.	 Gillis C, Ljungqvist O, Carli F. Prehabilitation, enhanced recovery after surgery, 
or both? A narrative review. Br J Anaesth 2022;128:434-48. DOI: 10.1016/J.
BJA.2021.12.007

4.	 Durán Poveda M, Suárez-de-la-Rica A, Cancer Minchot E, Ocón Bretón J, 
Sánchez Pernaute A, Rodríguez Caravaca G. The Prevalence and Impact 
of Nutritional Risk and Malnutrition in Gastrointestinal Surgical Oncology 



1043Preoperative nutritional factors as predictors of postoperative early outcomes in colorectal
cancer — A prospective cohort study

[Nutr Hosp 2024;41(5):1032-1043]

Patients: A Prospective, Observational, Multicenter, and Exploratory Study. 
Nutrients 2023;15:3283. DOI: 10.3390/NU15143283

5.	 Cheah YL, Toh GCH, Heng JW, Wee EWL. Transdisciplinary management 
of perioperative nutrition. Transdiscipl Perioper Care Color Surg An Integr 
Approach 2015:41-75. DOI: 10.1007/978-3-662-44020-9_4/COVER

6.	 Cederholm T, Jensen GL, Correia MITD, Gonzalez MC, Fukushima R, Higashi-
guchi T, et al. GLIM criteria for the diagnosis of malnutrition – A consensus 
report from the global clinical nutrition community. J Cachexia Sarcopenia 
Muscle 2019;10:207-17. DOI: 10.1002/JCSM.12383

7.	 Brown D, Loeliger J, Stewart J, Graham KL, Goradia S, Gerges C, et al. Rela-
tionship between global leadership initiative on malnutrition (GLIM) defined 
malnutrition and survival, length of stay and post-operative complications in 
people with cancer: A systematic review. Clin Nutr 2023;42:255-68. DOI: 
10.1016/J.CLNU.2023.01.012

8.	 Riad A, Knight SR, Ghosh D, Kingsley PA, Lapitan MC, Parreno-Sacdalan 
MD, et al. Impact of malnutrition on early outcomes after cancer surgery: 
an international, multicentre, prospective cohort study. Lancet Glob Heal 
2023;11:e341-9. DOI: 10.1016/S2214-109X(22)00550-2

9.	 Mourtzakis M, Prado CMM, Lieffers JR, Reiman T, McCargar LJ, Baracos 
VE. A practical and precise approach to quantification of body composition 
in cancer patients using computed tomography images acquired during 
routine care. Appl Physiol Nutr Metab 2008;33:997-1006. DOI: 10.1139/
H08-075

10.	 Trejo-Avila M, Bozada-Gutiérrez K, Valenzuela-Salazar C, Herrera-Esquivel 
J, Moreno-Portillo M. Sarcopenia predicts worse postoperative outcomes 
and decreased survival rates in patients with colorectal cancer: a system-
atic review and meta-analysis. Int J Colorectal Dis 2021;36:1077-96. DOI: 
10.1007/S00384-021-03839-4/FIGURES/5

11.	 Takenami T, Tsujinaka S, Miyakura Y, Kakizawa N, Maemoto R, Machida E, 
et al. Impact of sarcopenia on surgical and oncologic outcomes of laparo-
scopic surgery for colorectal cancer. Asian J Surg 2022;45:2686-90. DOI: 
10.1016/J.ASJSUR.2021.12.075

12.	 Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al. 
Sarcopenia: revised European consensus on definition and diagnosis. Age 
Ageing 2019;48:16-31. DOI: 10.1093/AGEING/AFY169

13.	 Shivappa N, Steck SE, Hurley TG, Hussey JR, Hébert JR. Designing and 
developing a literature-derived, population-based dietary inflammatory index. 
Public Health Nutr 2014;17:1689-96. DOI: 10.1017/S1368980013002115

14.	 Syed Soffian SS, Mohammed Nawi A, Hod R, Ja’afar MH, Isa ZM, Chan HK, et 
al. Meta-Analysis of the Association between Dietary Inflammatory Index (DII) 
and Colorectal Cancer. Nutrients 2022;14:1555. DOI: 10.3390/NU14081555

15.	 Galas A, Kulig P, Kulig J. Dietary inflammatory index as a potential determinant 
of a length of hospitalization among surgical patients treated for colorectal 
cancer. Eur J Clin Nutr 2014;68:1168-74. DOI: 10.1038/ejcn.2014.120

16.	 Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 
prognostic comorbidity in longitudinal studies: Development and validation. J 
Chronic Dis 1987;40:373-83. DOI: 10.1016/0021-9681(87)90171-8

17.	 Gomez-Perez S, McKeever L, Sheean P. Tutorial: A Step-by-Step Guide (Ver-
sion 2.0) for Measuring Abdominal Circumference and Skeletal Muscle From 
a Single Cross-Sectional Computed-Tomography Image Using the National 
Institutes of Health ImageJ. JPEN J Parenter Enteral Nutr 2020;44:419-24. 
DOI: 10.1002/JPEN.1721

18.	 Martin L, Birdsell L, MacDonald N, Reiman T, Clandinin MT, McCargar LJ, 
et al. Cancer cachexia in the age of obesity: skeletal muscle depletion is a 
powerful prognostic factor, independent of body mass index. J Clin Oncol 
2013;31:1539-47. DOI: 10.1200/JCO.2012.45.2722

19.	 Cervo MMC, Scott D, Seibel MJ, Cumming RG, Naganathan V, Blyth FM, et 
al. Proinflammatory Diet Increases Circulating Inflammatory Biomarkers and 
Falls Risk in Community-Dwelling Older Men. J Nutr 2020;150:373-81. DOI: 
10.1093/JN/NXZ256

20.	 Dindo D, Demartines N, Clavien PA. Classification of surgical compli-
cations: a new proposal with evaluation in a cohort of 6336 patients 
and results of a survey. Ann Surg 2004;240:205-13. DOI: 10.1097/01.
SLA.0000133083.54934.AE

21.	 da Silva Couto A, Gonzalez MC, Martucci RB, Feijó PM, Rodrigues VD, de 
Pinho NB, et al. Predictive validity of GLIM malnutrition diagnosis in patients 
with colorectal cancer. J Parenter Enter Nutr 2023;47:420-8. DOI: 10.1002/
jpen.2475

22.	 Song HN, Wang W Bin, Luo X, Huang DD, Ruan XJ, Xing CG, et al. Effect 
of GLIM-defined malnutrition on postoperative clinical outcomes in patients 

with colorectal cancer. Jpn J Clin Oncol 2022;52:466-74. DOI: 10.1093/
JJCO/HYAB215

23.	 Soria-Utrilla V, Sánchez-Torralvo FJ, González-Poveda I, Mera-Velasco S, Por-
ras N, Toval-Mata JA, et al. Prevalence of Anxiety and Depression Symptoms 
and Their Relationship with Nutritional Status and Mortality in Patients with 
Colorectal Cancer. Int J Environ Res Public Health 2022;19:13548. DOI: 
10.3390/IJERPH192013548

24.	 Ruan X, Wang X, Zhang Q, Nakyeyune R, Shao Y, Shen Y, et al. The per-
formance of three nutritional tools varied in colorectal cancer patients: a 
retrospective analysis. J Clin Epidemiol 2022;149:12-22. DOI: 10.1016/J.
JCLINEPI.2022.04.026

25.	 Zang Y, Xu W, Qiu Y, Gong D, Fan Y. Association between Risk of Malnutrition 
Defined by the Nutritional Risk Screening 2002 and Postoperative Compli-
cations and Overall Survival in Patients with Cancer: A Meta-Analysis. Nutr 
Cancer 2023;75:1600-9. DOI: 10.1080/01635581.2023.2227402

26.	 Lee DU, Fan GH, Hastie DJ, Addonizio EA, Suh J, Prakasam VN, et al. The clin-
ical impact of malnutrition on the postoperative outcomes of patients under-
going colorectal resection surgery for colon or rectal cancer: Propensity score 
matched analysis of 2011–2017 US hospitals. Surg Oncol 2021;38:101587. 
DOI: 10.1016/J.SURONC.2021.101587

27.	 Shen N, Wen J, Chen C, Chen X, Zhang W, Garijo PD, et al. The relationship 
between GLIM-malnutrition, post-operative complications and long-term 
prognosis in elderly patients undergoing colorectal cancer surgery. J Gas-
trointest Oncol 2023;14:2134-45. DOI: 10.21037/JGO-23-543/COIF

28.	 Zhou CJ, Lin Y, Liu JY, Wang ZL, Chen XY, Zheng CG. Malnutrition and visceral 
obesity predicted adverse short-term and long-term outcomes in patients 
undergoing proctectomy for rectal cancer. BMC Cancer 2023;23:1-10. DOI: 
10.1186/S12885-023-11083-Y/FIGURES/2

29.	 Li Z, Wang K, Shivappa N, Hébert JR, Chen H, Liu H, et al. Inflammatory poten-
tial of diet and colorectal carcinogenesis: a prospective longitudinal cohort. Br 
J Cancer 2022;126:1735-43. DOI: 10.1038/s41416-022-01731-8

30.	 Zheng J, Tabung FK, Zhang J, Murphy EA, Shivappa N, Ockene JK, et al. 
Post-cancer diagnosis dietary inflammatory potential is associated with sur-
vival among women diagnosed with colorectal cancer in the Women’s Health 
Initiative. Eur J Nutr 2020;59:965-77. DOI: 10.1007/s00394-019-01956-z

31.	 Berstad P, Haugum B, Helgeland M, Bukholm I, Almendingen K. Preoperative 
body size and composition, habitual diet, and post-operative complications in 
elective colorectal cancer patients in Norway. J Hum Nutr Diet 2013;26:359-
68. DOI: 10.1111/JHN.12002

32.	 Kok DE, Arron MNN, Huibregtse T, Kruyt FM, Bac DJ, Van Halteren HK, et 
al. Association of Habitual Preoperative Dietary Fiber Intake With Complica-
tions After Colorectal Cancer Surgery. JAMA Surg 2021;156:827-35. DOI: 
10.1001/JAMASURG.2021.2311

33.	 Lin WL, Wu LM, Huang WT, Guo HR, Chen JJ. Age as a modifier of the effects 
of sarcopenia on survival among colon cancer patients after surgery. J Surg 
Oncol 2023;128:1121-32. DOI: 10.1002/JSO.27405

34.	 Kim JM, Chung E, Cho ES, Lee JH, Shin SJ, Lee HS, et al. Impact of subcuta-
neous and visceral fat adiposity in patients with colorectal cancer. Clin Nutr 
2021;40:5631-8. DOI: 10.1016/J.CLNU.2021.10.001

35.	 He J, Luo W, Huang Y, Song L, Mei Y. Sarcopenia as a prognostic indicator in 
colorectal cancer: an updated meta-analysis. Front Oncol 2023;13:1247341. 
DOI: 10.3389/fonc.2023.1247341

36.	 Lee J, Cho JR, Kim DW, Yang IJ, Suh JW, Oh HK, et al. Clinical impact of 
preoperative and postoperative sarcopenia on oncological outcomes in 
non-metastatic colorectal cancer. Color Dis 2023;25:775-86. DOI: 10.1111/
codi.16439

37.	 Saravana-Bawan B, Goplen M, Alghamdi M, Khadaroo RG. The Relationship 
Between Visceral Obesity and Post-operative Complications: A Meta-analysis. 
J Surg Res 2021;267:71-81. DOI: 10.1016/j.jss.2021.04.034

38.	 Dong Q, Song H, Chen W, Wang W, Ruan X, Xie T, et al. The Association 
Between Visceral Obesity and Postoperative Outcomes in Elderly Patients With 
Colorectal Cancer. Front Surg 2022;9:1-8. DOI: 10.3389/fsurg.2022.827481

39.	 Morimoto Y, Takahashi H, Fujii M, Miyoshi N, Uemura M, Matsuda C, et al. 
Visceral obesity is a preoperative risk factor for postoperative ileus after 
surgery for colorectal cancer: Single-institution retrospective analysis. Ann 
Gastroenterol Surg 2019;3:657-66. DOI: 10.1002/ags3.12291

40.	 Park SW, Lee HL, Doo EY, Lee KN, Jun DW, Lee OY, et al. Visceral Obesity 
Predicts Fewer Lymph Node Metastases and Better Overall Survival in Colon 
Cancer. J Gastrointest Surg 2015;19:1513-21. DOI: 10.1007/S11605-015-
2834-Z/FIGURES/2




