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Introduction

Obesity is a well-known risk factor of colorectal cancer 
(CRC) [1-3]. Proinflammatory factors, immune suppression, 
and changes in the metabolic functions of adipose tissue play 
an active role in establishing and promoting tumoral pro-
gression [1,4]. For this reason, many researchers have inves-
tigated the fundamental association of obesity with progno-
sis [5-13], however, the relationship is yet to be elucidated in 
patients with CRC. Although it is widely accepted that peo-
ple with obesity are prone to cancer [14], many report that 
patients with cancer and overweight live longer [7,10,12], 
which is a phenomenon called the ‘obesity paradox’. The 
reason for this remains a controversial issue. Some studies 
suggest that methodological errors, such as selection bias,  
reverse causality, and collider bias could explain this para-
dox [3,10].

Furthermore, the distribution of body weight significantly 
varies among races. Asians tend to store their body fat viscer-

ally rather than subcutaneously [15-17]. Body mass indexes 
(BMIs) of Asians tend to be lower than those of Caucasians, 
and even at the same BMI, Asians experience less favorable 
prognoses than Caucasians [16,17]. To account for this dis-
crepancy, the World Health Organization (WHO) set differ-
ent BMI cutoff values for obesity [15]. However, since pre-
vious research has focused primarily on Caucasians, further 
evidence regarding the obesity paradox in Asians is needed. 
Regarding Asians, the obesity paradox was reported less fre-
quently. Although previous studies have suggested BMI cut-
off values that predict survival of CRC patients [4,18], more 
data is needed as controversy remains on the existence and 
mechanism of obesity paradox.

We therefore analyzed the association between BMI and 
two main outcomes, overall survival (OS) and recurrence-
free survival (RFS) among Korean patients. We identified 
the optimal BMI cutoff that effectively discriminates survival 
and tested the clinical significance of this index.
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Materials and Methods

1. Patients 
Patients who underwent curative resection of stage I-III 

CRCs at Gangnam Severance Hospital, Yonsei University 
College of Medicine between June, 2004 and February 2014 
were enrolled in this study. Patients who had unusual histo-
pathological types (neuroendocrine or gastrointestinal stro-
mal tumor), tumors in certain locations (appendix or anus), 
hereditary colon cancer, Crohn’s disease, or primary cancer 
in multiple sites were excluded. Patients who received pre-
operative chemotherapy, chemoradiotherapy, or an emer-
gency operation were also excluded. We acquired a total of 
1,182 patients for our study (S1 Fig.). 

2. Follow-up and outcomes included
Preoperative staging included a physical examination, 

plain radiology, colonoscopy, computed tomography (CT), 
magnetic resonance imaging (MRI), and positron emission 
tomography (PET), as appropriate. All resections were per-
formed according to a standardized technique, and were 
either total mesorectal excisions or complete mesocolic exci-
sions. Curative resection was defined as the absence of any 
gross residual tumor and a surgical resection margin that 
was pathologically negative for tumor invasion. Postopera-
tive chemotherapy was mainly recommended for high-risk 
patients with stage II and stage III CRC. 

Patients were followed up, using our standard protocol, 
every 3-6 months for at least 5 years. This protocol included 
tumor marker tests, CT, and chest radiography. Bone scans 
were performed when bone metastasis was indicated. Colo-
noscopy, pelvic MRI, and PET scan were selectively carried 
out at the physician’s discretion.

Data collected from inpatient and outpatient records  
included demographic data (age, sex, height, weight), tumor-
specific data (pathological data) including T classification, 
lymph node metastasis, differentiation, lymphovascular  
invasion (LVI), tumor marker data including carcinoembry-
onic antigen (CEA) levels at diagnosis, recurrence, and sur-
vival outcomes. 

3. Definition of BMI category
BMI was calculated by dividing the patient’s weight in kil-

ograms by the patient’s height in meters squared. The height 
and weight data used to calculate BMI were measured at the 
time of surgery. Patients were grouped into four BMI catego-
ries according to the WHO definition of Asian-specific values 
[15]: underweight, < 18.5 kg/m2; normal, 18.5-22.9 kg/m2; 
overweight, 23-24.9 kg/m2; and obese, ≥ 25 kg/m2.

4. Statistical analysis
Categorical variables and continuous variables were ana-

lyzed by the chi-square test and analysis of variance (ANO-
VA) test, respectively. OS was defined as time from date of 
surgery to date of death from any cause or date of last fol-
low up. RFS was defined from the date of surgery to the date 
of detection of recurrence or last follow-up or death. Com-
parison of OS or RFS across BMI categories was performed  
using Kaplan-Meier curves and the log-rank test. Crude and 
adjusted hazard ratios (HRs) and corresponding 95% confi-
dence interval (CI) were computed using Cox-proportional 
hazards modeling. Variables that had significance of p < 0.05 
on univariable analysis were eligible for inclusion in mul-
tivariable analysis. Factors associated with OS or RFS were 
analyzed by a backward stepwise selection of variables in the 
multivariable analysis.

We visualized the change of hazard rate of OS according 
to BMI using restricted cubic splines. We used model parsi-
mony and the Akaike information criterion for choosing the 
optimal number of knots in the model.

Next, the X-tile program [19] was used to determine the 
optimal cutoff value of BMI that effectively discriminates 
OS and RFS. For the validation of our newly developed BMI 
cutoff value, we divided our study population (n=1,182) into 
two groups, training set (n=827) and test set (n=355) by ran-
dom sampling. We tried to define new cutoff value using the 
training set and validated the newly defined value in the test 
set, Also, in the training set, we have tested if a three-tiered 
cutoff value would be useful in prediction of OS.

The discriminatory accuracy was compared between 
stage plus BMI cutoff value and stage only in the test set, 
by calculating the integrated area under the curve (iAUC) 
and Harrell’s concordance index (C-index). The iAUC  
determines the relevance of a certain biomarker in the dis-
ease status, as it takes both the changing levels of the bio-
marker and disease status throughout time into account. It is 
derived by integrating the time-dependent receiver operat-
ing characteristic curve of the selected biomarker over time. 
The C-index estimates the discriminating ability of the sur-
vival-predicting model. A C-index close to 1 denotes that the 
model accurately predicts one’s survival [20]. We calculated 
the C-index by a bootstrapping method.

All statistical analyses were performed using R ver. 3.6.3 
(R-project, Institute for Statistics and Mathematics, Vienna, 
Austria). A two-sided p < 0.05 was considered statistically 
significant.
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Table 1.  Patient characteristics according to BMI groups

	 Underweight	 Normal	 Overweight	 Obese
	 (< 18.5 kg/m2)	 (18.5-22.9 kg/m2)	 (23-24.9 kg/m2)	 (≥ 25 kg/m2)	 p-valuea)

	 (n=61)	 (n=450)	 (n=317)	 (n=354)

Sex
    Female	 29 (47.5)	 186 (41.3)	 123 (38.8)	 138 (39.0)	 0.556
    Male	 32 (52.5)	 264 (58.7)	 194 (61.2)	 216 (61.0)	
Age (yr)					   
    < 60	 27 (44.3)	 166 (36.9)	 114 (36.0)	 131 (37.0)	 0.676
    ≥ 60	 34 (55.7)	 284 (63.1)	 203 (64.0)	 223 (63.0)	
BMI (kg/m2)	 17.5±0.9	 21.3±1.2	 24.0±0.6	 27.1±1.8	 < 0.001b)

DM					   
    No	 50 (82.0)	 362 (80.4)	 266 (83.9)	 277 (78.2)	 0.314
    Yes	 11 (18.0)	 88 (19.6)	 51 (16.1)	 77 (21.8)	
HTN					   
    No	 45 (73.8)	 299 (66.4)	 182 (57.4)	 167 (47.2)	 < 0.001
    Yes	 16 (26.2)	 151 (33.6)	 135 (42.6)	 187 (52.8)	
CEA (ng/mL)					   
    < 5	 38 (62.3)	 307 (68.2)	 220 (69.4)	 248 (70.1)	 0.919
    ≥ 5	 20 (32.8)	 121 (26.9)	 80 (25.2)	 90 (25.4)	
    Unknown	 3 (4.9)	 22 (4.9)	 17 (5.4)	 16 (4.5)	
Tumor location					   
    Rt. colon	 17 (27.9)	 123 (27.3)	 88 (27.8)	 76 (21.5)	 0.275
    Lt. colon	 29 (47.5)	 180 (40.0)	 138 (43.5)	 162 (45.8)	
    Rectum	 15 (24.6)	 147 (32.7)	 91 (28.7)	 116 (32.8)	
Tumor size					   
    < 5	 27 (44.3)	 269 (59.8)	 194 (61.2)	 236 (66.7)	 0.007
    ≥ 5	 34 (55.7)	 181 (40.2)	 123 (38.8)	 118 (33.3)	
Complications					   
    No	 42 (68.9)	 335 (74.4)	 252 (79.5)	 270 (76.3)	 0.217
    Yes	 19 (31.1)	 115 (25.6)	 65 (20.5)	 84 (23.7)	
Histologic grade					   
    G1 & G2	 50 (82.0)	 415 (92.2)	 295 (93.1)	 330 (93.2)	 0.021
    G3 & MC & SRC	 11 (18.0)	 35 (7.8)	 22 (6.9)	 24 (6.8)	
LVI					   
    Absent	 40 (65.6)	 282 (62.7)	 221 (69.7)	 247 (69.8)	 0.043
    Present	 14 (23.0)	 108 (24.0)	 53 (16.7)	 53 (15.0)	
    Unknown	 7 (11.5)	 60 (13.3)	 43 (13.6)	 54 (15.3)	
Retrieved LNs					   
    < 12	 6 (9.8)	 63 (14.0)	 54 (17.0)	 76 (21.5)	 0.017
    ≥ 12	 55 (90.2)	 387 (86.0)	 263 (83.0)	 278 (78.5)	
Stage					   
    I	 12 (19.7)	 101 (22.4)	 84 (26.5)	 112 (31.6)	 0.055
    II	 18 (29.5)	 158 (35.1)	 108 (34.1)	 116 (32.8)	
    III	 31 (50.8)	 191 (42.4)	 125 (39.4)	 126 (35.6)	
Chemotherapy					   
    No	 29 (47.5)	 168 (37.3)	 118 (37.2)	 147 (41.5)	 0.289
    Yes	 32 (52.5)	 282 (62.7)	 199 (62.8)	 207 (58.5)	
Values are presented as number (%) or mean±SD. BMI, body mass index; CEA, carcinoembryonic antigen; DM, diabetes mellitus; HTN, 
hypertension; LN, lymph node; LVI, lymphovascular invasion; MC, mucinous adenocarcinoma; SD, standard deviation; SRC, signet-ring 
cell. a)Chi-squared test was used unless indicated otherwise, b)Analysis of variance (ANOVA) test.
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Results

Of the 1,182 patients, 476 (40.3%) were female and 706 
(59.7%) were male. The majority of the patients were 60 or 
more years old (n=744, 62.9%). The median follow-up period 
was 95 months (interquartile range, 75 to 127 months). A total 
of 277 patients (23.4%) died and 144 patients (12.2%) showed 
recurrence during the study period.

1. Patient characteristics
Patients were categorized as underweight (n=61, 5.2%), 

normal (n=450, 38.1%), overweight (n=317, 26.8%) and obese 
(n=354, 29.9%) according to the WHO definition of Asian-
specific BMI values. Differences in BMI categories were 
observed for hypertension history rate (p < 0.001), tumor 
size (p=0.007), histologic grade (p=0.021), presence of LVI 
(p=0.043), and more than 12 total retrieved lymph nodes 
(p=0.017). The groups were balanced with respect to sex, age, 
diabetes mellitus (DM) history, preoperative CEA, tumor 
location, tumor stage, complications, and receipt of chemo-
therapy (Table 1). 

2. Kaplan-Meier survival curve according to BMI categories
The Kaplan-Meier curve for OS showed a significant dif-

ference in survival according to BMI category (5-year OS: 
underweight, 68.5%; normal, 83.5%; overweight, 85.6%; and 
obese, 89.8%; normal vs. underweight, p < 0.001; normal vs. 
overweight, p=0.626; normal vs. obese, p=0.080) (Fig. 1A). 

The Kaplan-Meier curve for RFS showed a significant differ-
ence for recurrence according to BMI category (5-year RFS: 
underweight, 78.8%; normal, 84.4%; overweight, 89.7%; and 
obese, 91.6%; normal vs. underweight, p=0.225; normal vs. 
overweight, p=0.019; normal vs. obese, p=0.003) (Fig. 1B).

3. Factors associated with OS
Table 2 shows the results of the univariable and multi-

variable Cox regression analyses for OS. In the univariable 
analysis, sex, age, DM, BMI, hypertension, CEA, tumor size, 
postoperative complications, LVI, retrieved lymph nodes, 
and stage were significantly associated with OS. Multivari-
able analysis showed that older age, underweight and obese 
status, high CEA, large tumor size, postoperative complica-
tions, less retrieved lymph nodes, and advanced stage were 
independently related with poorer survival. In particular, 
apart from well-known variables that determine survival 
such as CEA, tumor size, and stage in patients with CRC, 
being underweight affected survival with an HR of 2.27 (95% 
CI, 1.49 to 3.46). In contrast, obesity had a protective effect on 
survival, with an HR of 0.72 (95% CI, 0.35 to 0.97).

4. Factors associated with recurrence-free survival
Factors significantly associated with RFS were BMI (over-

weight and obesity), high CEA, postoperative complications, 
histologic grade, LVI, stage, and receipt of chemotherapy. 
Multivariable analysis showed that high CEA, LVI, and  
advanced stage increased the HR of cancer recurrence. Con-
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Fig. 1.  Kaplan-Meier survival curve according to body mass index (BMI) category. Significant survival difference was observed among 
different BMI categories in patients with stage I-III colorectal cancer, in terms of overall survival (p < 0.001) (A) and recurrence-free survival 
(p=0.001) (B).
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Table 2.  Univariable and multivariable analysis of factors associated with overall survival (n=1,182)

	 No. of 	 Person-time               	 Univariable analysis	                 Multivariable analysis

	 events	 (mo)	 HR (95% CI)	 p-value	 HR (95% CI)	 p-value

Sex
    Female	 91	 68,777.6	 1 (		  1 (	
    Male	 186	 46,685.5	 1.39 (1.08-1.78)	 0.009	 1.23 (0.95-1.60)	 0.101
Age (yr)						    
    < 60	 54	 46,357.1	 1 (		  1 (	
    ≥ 60	 223	 69,106.0	 2.74 (2.03-3.69)	 < 0.001	 2.75 (2.04-3.71)	 < 0.001
BMI 						    
    Underweight	 27	 4,692.4	 2.27 (1.49-3.46)	 < 0.001	 2.38 (1.55-3.66)	 < 0.001
    Normal	 109	 43,773.7	 1 (		  1 (	
    Overweight	 72	 30,836.1	 0.93 (0.69-1.25)	 0.643	 0.91 (0.68-1.23)	 0.565
    Obese	 69	 36,160.8	 0.76 (0.56-1.03)	 0.078	 0.72 (0.53-0.97)	 0.036
DM						    
    No	 211	 93,946.7	 1 (			 
    Yes	 66	 21,516.4	 1.36 (1.03-1.8)	 0.027	 -	 -
HTN						    
    No	 139	 69,472.9	 1 (			 
    Yes	 138	 45,990.2	 1.49 (1.18-1.89)	 < 0.001	 -	 -
CEA (ng/mL)						    
    < 5	 163	 82,015.6	 1 (		  1 (	
    ≥ 5	 105	 28,045.0	 1.86 (1.45-2.38)	 < 0.001	 1.57 (1.21-2.02)	 < 0.001
    Unknown	 9	 5,402.5	 0.81 (0.41-1.60)	 0.562	 1.21 (0.61-2.38)	 0.581
Tumor location						    
    Rt. colon	 76	 28,481.0	 1 (			 
    Lt. colon	 113	 50,106.3	 0.84 (0.63-1.13)	 0.264	 -	 -
    Rectum 	 88	 36,875.8	 0.90 (0.66-1.22)	 0.501	 -	 -
Tumor size (cm)						    
    < 5	 141	 71,885.6	 1 (		  1 (	
    ≥ 5	 136	 43,577.5	 1.59 (1.26-2.02)	 < 0.001	 1.42 (1.09-1.85)	 0.009
Complications						    
    No	 184	 88,228.1	 1 (	  	 1 (	
    Yes	 93	 27,235.0	 1.65 (1.28-2.12)	 < 0.001	 1.59 (1.23-2.05)	 < 0.001
Histologic grade						    
    G1 & G2	 251	 106,845.9	 1 (			 
    G3 & MC & SRC	 26	 8,617.2	 1.29 (0.86-1.93)	 0.211	 -	 -
LVI						    
    Absent	 155	 75,917.7	 1 (			 
    Present	 72	 19,476.4	 1.79 (1.35-2.36)	 < 0.001	 -	 -
    Unknown	 50	 20,069.0	 1.23 (0.88-1.72)	 0.213	 -	 -
Retrieved LNs						    
    < 12	 66	 21,095.0	 1 (		  1 (	
    ≥ 12	 211	 94,368.1	 0.69 (0.52-0.92)	 0.010	 0.44 (0.33-0.60)	 < 0.001
Stage						    
    I  	 34	 31,687.3	 1 (		  1 (	
    II 	 96	 41,132.0	 2.19 (1.48-3.25)	 < 0.001	 2.00 (1.31-3.06)	 0.001
    III	 147	 42,643.8	 3.21 (2.21-4.66)	 < 0.001	 2.94 (1.97-4.39)	 < 0.001
(Continued to the next page)

Cancer Res Treat. 2022;54(3):860-872

864     CANCER  RESEARCH  AND  TREATMENT



versely, having overweight and obesity had a protective  
effect against recurrence, in comparison with the normal BMI 
group (overweight: HR, 0.64; 95% CI, 0.42 to 0.99, p=0.046; 
obese: HR, 0.58; 95% CI, 0.38 to 0.89; p=0.014). Being under-
weight was not associated with RFS (HR, 1.38; 95% CI, 0.74 
to 2.55), in contrast to OS (Table 3).

5. Prognostic effects of BMI on mortality
Restricted cubic splines were plotted to visualize the  

effect of BMI on OS and RFS. BMI was prognostic of OS and 
RFS in a reverse J-shaped curve, as shown in Fig. 2. Regard-
ing OS, risks were higher in people with underweight, and  
female patients with overweight experienced a longer lifes-
pan unlike male patients. Comparison of RFS according to 
BMI showed that underweight was associated with more  
recurrence, while overweight or obesity was not. 

6. BMI cutoff for the prediction of OS
In the training set (n=827), using the X-tile program, 

we found that 20.44 is the optimal BMI cutoff value that  
effectively discriminates OS (S2 Fig.). In the test set (n=355), 
Kaplan-Meier curves representing OS and RFS were drawn 
after stratification by this cutoff value. OS was significantly 
higher in the BMI ≥ 20.44 group than that in the BMI < 20.44 
group (5-year OS: BMI ≥ 20.44, 89.1% vs. BMI < 20.44, 76.0%; 
p < 0.001). RFS was significantly higher in the BMI ≥ 20.44 
group than that in the BMI < 20.44 group (5-year RFS: BMI 
≥ 20.44, 91.9% vs. BMI < 20.44, 81.1%; p=0.004) (Fig. 3). We 
also found that the optimal cutoff of BMI according to the 
RFS was 20.71 kg/m2 (S3 Fig.), which is similar to the cutoff 
defined by OS.

We tried to define three-tier classification in the training set 
using X-tile program. The suggested cutoff values of three 
tier classification were 20.44 kg/m2 and 24.73 kg/m2. The 
BMI < 20.44 group showed the worst prognosis compared to 
the other two groups, which is in line with the result shown 
in the two-tiered approach. Nevertheless, it seems that sur-
vival outcome is similar between the two groups with higher 
BMI (S4 Fig.). Thus, we believe that three-tier classification 
has no additive clinical significance compared to the two-

stage classification.

7. Clinical utility of adding BMI cutoff value to stage based 
on the iAUC and C-index comparison

 We evaluated the clinical implication of the newly  
developed BMI cutoff value (20.44) in the test set. The iAUC 
value of stage plus BMI cutoff for OS (0.658; 95% CI, 0.600 to 
0.712) was superior to that of stage (0.611; 95% CI, 0.549 to 
0.668; bootstrap iAUC mean difference, 0.047; 95% CI, 0.015 
to 0.089) throughout the observation period. The iAUC value 
of stage plus BMI cutoff value for RFS (0.668; 95% CI, 0.588 
to 0.750) was superior to that of stage (0.624; 95% CI, 0.540 to 
0.705; bootstrap iAUC mean difference, 0.043; 95% CI, 0.004 
to 0.106) throughout the observation period (Fig. 4). 

The C-index of stage plus BMI cutoff value showed supe-
rior discriminatory power compared with stage alone for OS 
(0.680 vs. 0.636; estimated difference, 0.044) and RFS (0.675 
vs. 0.634; estimated difference, 0.041), respectively (Table 4). 

Discussion

This study demonstrated that BMI, stratified by Asian-spe-
cific categories, is an independent prognostic factor for OS 
and RFS respectively, after adjusting for possible confound-
ers. Being underweight was associated with shorter survival, 
whereas overweight or obesity was related with longer sur-
vival compared with normal BMI. A BMI cutoff value of 20.44 
kg/m2 was set as an effective criterion for dichotomization, 
which maximizes the capability of predicting OS. Combining 
this BMI cutoff value with stage showed clinically added val-
ue for discriminating prognosis compared with stage alone, 
as assessed by comparing the iAUC and C-index.

The association between underweight BMI and poor sur-
vival is coherently observed in patients with CRC [4,7,8, 
10,18,21,22]. However, one study showed that under-
weight BMI showed no significant difference in OS com-
pared to normal BMI in patients with stage III CRC (HR, 
1.29; 95% CI, 0.77 to 2.19) [5], although the exact reason of 
this discordance was unclear. Some speculate that being  

Table 2.  Continued

	 No. of 	 Person-time               	 Univariable analysis	                 Multivariable analysis

	 events	 (mo)	 HR (95% CI)	 p-value	 HR (95% CI)	 p-value

Chemotherapy						    
    No	 112	 40,445.3	 1 (			 
    Yes	 165	 75,017.8	 0.81 (0.63-1.03)	 0.095	 -	 -
BMI, body mass index; CEA, carcinoembryonic antigen; CI, confidence interval; DM, diabetes mellitus; HTN, hypertension; HR, hazard 
ratio; LN, lymph node; LVI, lymphovascular invasion; MC, mucinous adenocarcinoma; SRC, dignet-ring cell.
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Table 3.  Univariable and multivariable analysis of factors associated with recurrence-free survival (n=1,182)

	 No. of 	 Person-time               	 Univariable analysis	                 Multivariable analysis

	 events	 (mo)	 HR (95% CI)	 p-value	 HR (95% CI)	 p-value

Sex
    Female	 67	 44,023.4	 1 (			 
    Male	 77	 65,547.3	 0.77 (0.55-1.07)	 0.121	 -	 -
Age (yr)						    
    < 60	 58	 43,436.9	 1 (			 
    ≥ 60	 86	 66,133.8	 0.91 (0.65-1.28)	 0.617	 -	 -
BMI 						    
    Underweight	 12	 4,299.4	 1.48 (0.80-2.73)	 0.209	 1.38 (0.74-2.55)	    0.302
    Normal	 70	 41,137.0	 1 (		  1 (	
    Overweight	 31	 29,407.3	 0.60 (0.39-0.92)	 0.020	 0.64 (0.42-0.99)	    0.046
    Obese	 31	 34,726.9	 0.53 (0.34-0.81)	 0.003	 0.58 (0.38-0.89)	    0.014
DM						    
    No	 119	 89,381.5	 1 (			 
    Yes	 25	 20,189.2	 0.91 (0.59-1.40)	 0.669	 -	 -
HTN						    
    No	 95	 65,347.2	 1 (			 
    Yes	 49	 44,223.5	 0.73 (0.52-1.03)	 0.079	 -	 -
CEA (ng/mL)						    
    < 5	 85	 78,633.1	 1 (		  1 (	
    ≥ 5	 53	 25,666.5	 1.78 (1.26-2.51)	 < 0.001	 1.42 (1.00-2.01)	    0.045
    Unknown	 6	 5,271.1	 0.99 (0.43-2.27)	 0.984	 1.37 (0.59-3.19)	    0.460
Tumor location						    
    Rt. colon	 33	 27,637.9	 1 (			 
    Lt. colon	 63	 47,083.7	 1.13 (0.74-1.73)	 0.545	 -	 -
    Rectum 	 48	 34,849.1	 1.20 (0.77-1.88)	 0.401	 -	 -
Tumor size (cm)						    
    < 5	 80	 67,909.5	 1 (			 
    ≥ 5	 64	 41,661.2	 1.34 (0.96-1.86)	 0.079	 -	 -
Complications						    
    No	 102	 84,143.8	 1 (	  	 1 (	
    Yes	 42	 25,426.9	 1.44 (1.00-2.06)	 0.045	 1.37 (0.95-1.98)	    0.084
Histologic grade						    
    G1 & G2	 127	 101,554.6	 1 (			 
    G3 & MC & SRC	 17	 8,016.1	 1.71 (1.03-2.84)	 0.036	 -	 -
LVI						    
    Absent	 69	 72,903.4	 1 (		  1 (	
    Present	 51	 17,737.2	 2.85 (1.98-4.10)	 < 0.001	 1.80 (1.23-2.64)	    0.002
    Unknown	 24	 18,930.1	 1.71 (1.08-2.73)	 0.022	 1.80 (1.12-2.88)	    0.014
Retrieved LNs						    
    < 12	 26	 19,946.8	 1 (			 
    ≥ 12	 118	 89,623.9	 0.94 (0.61-1.44)	 0.786	 -	 -
Stage						    
    I  	 14	 30,832.0	 1 (		  1 (	
    II 	 39	 39,587.2	 2.22 (1.20-4.10)	 0.010	 1.98 (1.06-3.70)	    0.031
    III	 91	 39,151.5	 4.84 (2.75-8.49)	 < 0.001	 3.84 (2.12-6.98)	 < 0.001
(Continued to the next page)
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underweight reflects a more advanced disease status and this 
may be translated into worse outcomes [8,23]. In our study, 
the rate of stage III also tended to be higher in patients with 
underweight BMI, although this did not reach statistical sig-
nificance. In addition, common sarcopenic status in patients 
with underweight BMI may account for considerable associ-
ation with poor oncologic outcomes [24,25]. Various inflam-
matory substances such as tumor necrosis factor α (TNF-α), 
interleukin (IL)-1α, and IL-6 are prevalent in patients with  
cachexia, and TNF-α can stimulate tumor formation by  
inducing insulin resistance [14,24]. Nutrients from gluco-
neogenesis or amino acids produced by muscle wasting are  
increased in patients with cancer cachexia, and this may 
cause tumors to grow. This suggests malnourishment and 
cachexia with a lack of physiological reserves, which were 
more common in patients with under-weight BMI, seem to 
play a role. Our data revealed that underweight BMI was 
associated with poor OS compared with patients with nor-
mal BMI, whereas there was no significant difference in RFS. 
Therefore, the underlying cause of poor prognosis in under-
weight patient needs clarification.

Whether overweight is associated with better survival  
remains a debatable topic and studies regarding patients 
with CRC have offered conflicting insights: some report  
being overweight has a protective effect [7,10,12], some  
report a hazardous effect [21], and some failed to find an  
association at all [5,6]. In terms of obesity and survival, 
the better survival outcome in patients with overweight is 
known as the ‘obesity paradox.’ This relation is observed in 
many cancer types, including colorectal, renal, hematologic, 
and metastatic malignancies [26]. There are possible explana-
tions for this phenomenon. Higher BMI reflecting a higher  
reserve of protein and energy for healing and receiving 
chemotherapy may be the underlying biological mechanism 
[3,27]. Methodological errors such as selection bias, reverse 
causality, and collider bias are also assumed to be the cause 
[26,28], although a study designed to minimize the biases 
found that the paradox is conserved even after correction 
[10]. Ujvari et al. [29] suggested that the immune system, 
which fights indolent types of precancerous colonies before 

they differentiate into cancer works more favorable in nor-
mal-weight people than obese people. Therefore, the propor-
tion—not the absolute number—of aggressive cancers may 
be lower in cancer patients with obesity than normal weight, 
leading to a seemingly better survival in the former [29].  
Although this is an interesting explanation, further clinical 
and experimental data supporting this hypothesis are need-
ed.

We found that obesity was associated with better OS, and 
overweight and obesity had a protective effect against cancer 
recurrence. Our finding supports the existence of the obesity 
paradox regarding OS and RFS, even in Asian patients with 
CRC. Nonetheless, a large body of literature demonstrates 
that patients with overweight and obesity have higher rates 
of CRC recurrence [2,6,30]. A brief review of current lit-
erature regarding the association between BMI and CRC is 
shown in Table 5.

Our study was unable to explain why the association of 
obesity with survival differs between studies, although the 
explanation is likely multifactorial. The different effect of fat 
distribution and their adverse effects among races may be 
the main reason [15,17].

Because BMI is closely related to survival outcomes, we 
evaluated the clinical utility of BMI on predicting progno-
sis in patients with non-metastatic CRC. A cutoff value of 
20.44 kg/m2 was proven to be an effective criterion for this 
purpose. Furthermore, aside from cancer stage, which is the 
current standard for predicting prognosis, we showed that 
BMI is also a useful and convenient prognosticator when 
combined with cancer stage. Its added value was assessed 
using iAUC and C-index. This cutoff value is similar to that 
of 20.2 kg/m2 used by a study based on a huge Korean popu-
lation [18]. A Japanese study also showed that BMI 20 kg/
m2 is a significant dichotomization value for predicting OS 
and RFS [4]. In this study, it was confirmed once again that a 
BMI reference value similar to the reference value proposed 
in two previous Asian studies could accurately predict a pa-
tient’s prognosis. In particular, it was confirmed that when 
the patient’s prognosis was predicted using the combination 
of BMI cutoff and staging, the prognosis could be predicted 

Table 3.  Continued

	 No. of 	 Person-time               	 Univariable analysis	                 Multivariable analysis

	 events	 (mo)	 HR (95% CI)	 p-value	 HR (95% CI)	 p-value

Chemotherapy						    
    No	 33	 39,487.7	 1 (			 
    Yes	 111	 70,083.0	 2.14 (1.45-3.15)	 < 0.001	 -	 -
BMI, body mass index; CEA, carcinoembryonic antigen; CI, confidence interval; DM, diabetes mellitus; HR, hazard ratio; HTN, hyperten-
sion; LN, lymph node; LVI, lymphovascular invasion; MC, mucinous adenocarcinoma; SRC, signet-ring cell.
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more accurately than through the cancer staging. This could 
confirm in more detail that BMI can be helpful in predicting 
the prognosis of patients. However, the clinical usefulness of 
this cutoff has mainly been validated in Asian patients with 
CRC. Considering that poor prognosis has also been report-
ed in underweight BMI in most of the previous studies, its 
clinical effect needs to be assessed in western patients with 
CRC. 

Our study had some limitations. Only BMI was used for 
classification of obesity, and this index does not reflect the 
visceral or subcutaneous distribution of fat. The relatively 
small subgroup sizes, especially for underweight BMI, 
could have possibly reduced the validity our results. Socio-
economic data, menopausal status, and diet were also not 
considered. Most of all, our mean BMI was around 23 kg/
m2 and only approximately 2.2% of patients had a BMI of 

Fig. 2.  Hazard ratio plot of preoperative body mass index (BMI) values. Risk of survival as a function of BMI are illustrated according to 
each sex subgroup for overall survival (OS) of all patients (A), men only (B), and women only (C), and recurrence-free survival (RFS) of 
all patients (D), men only (E), and women only (F). BMI was prognostic of OS and RFS in a reverse J-shaped curve, and this relationship 
varied by patient sex. The shaded area indicates 95% confidence intervals for the risk function.
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more than 30 kg/m2. The small sample size of this group did 
not allow for the analysis of BMI categorization of class I-III 
obesity. This difference of BMI distribution makes it difficult 
for our results to be generalized. Nevertheless, our study 
boasts outstanding strengths. The main forte of this study is 

that we quantitively assessed the significance of BMI cutoff 
value when incorporated into clinical decision-making. Oth-
er strengths include a long follow-up period, visualization  
using restricted cubic splines, and a large sized cohort of the 
Asian population.

Fig. 4.  Integrated area under the curve (iAUC) between stage and stage plus body mass index (BMI) cutoff value for overall survival (A) 
and recurrence-free survival (B). The discriminatory power of continuous markers of overall survival and recurrence-free survival was 
assessed using the iAUC. The time-dependent receiver operating characteristic curve for stage+BMI cutoff value was superior to that of 
stage only for both overall survival (bootstrap iAUC mean difference, 0.047; 95% confidence interval [CI], 0.015 to 0.089) and recurrence-
free survival (bootstrap iAUC mean difference, 0.043; 95% CI, 0.004 to 0.106) throughout follow-up.
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Fig. 3.  Kaplan-Meier survival curve according to body mass index (BMI) cutoff value. Kaplan-Meier curves according to BMI cutoff value 
(20.44) in patients with stage I-III colorectal cancer for overall survival (p < 0.001) (A) and recurrence-free survival (p=0.004) (B).
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Table 4.  Comparison of C-index between stage versus stage and BMI-cutoff in the test set (n=355)

Included variable
	                                         Overall survival		                                              Recurrence-free survival

	 Stage	 Stage+BMI-cutoff	 Stage	 Stage+BMI-cutoff

C-index (95% CI) (bootstrapped)	 0.636 (0.580-0.691)	 0.680 (0.622-0.735)	 0.634 (0.554-0.709)	 0.675 (0.589-0.762)
Estimated difference	                                        0.044 (0.012-0.093)		                                        0.041 (0.004-0.107)

BMI, body mass index; C-index, Harrell’s concordance index; CI, confidence interval.
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In conclusion, BMI was prognostic of OS and RFS for  
patients with stage I-III CRC. The results support the exist-
ence of the obesity paradox. The strength of this relationship 
varies by patient sex. We determined a BMI cutoff value of 
20.44 kg/m2 for discriminating the prognosis of patients with 
CRC, and the clinical effectiveness of the index was demon-
strated. BMI could be used to improve prognostic discrimina-
tion and should be integrated into clinical decision-making.
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