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Abstract: To investigate the association between plasma omentin-1 levels and the risk of colorectal cancer (CRC) 
and the pathological changes of CRC, a total of 358 colorectal adenocarcinoma patients were included in the ex-
perience group, and 286 people were included in the control group. Their levels of omentin-1, adiponectin, visfatin, 
leptin, and their anthropometric and metabolic parameters were determined, and we analyzed the tertile distribu-
tions in the control group, according to the different levels: low, medium, and high. The results showed that the 
omentin-1 levels in patients with CRC were higher than the levels in the controls [(67.28 ± 32.25) vs (33.16 ± 19.93) 
ng/mL, P = 0.005]. The patients with the highest concentration of omentin-1 presented significantly higher odds for 
CRC, adjusted for potential confounding factors for CRC (odds ratio: 5.76; 95% CI 1.81-8.95; P = 0.001). The plasma 
omentin-1 level in CRC yielded a receiver operating characteristic curve area of 88.4%. The optimal sensitivity and 
specificity were 81.2% and 69.8% in discriminating CRC from the normal control. A high omentin-1 level was signifi-
cantly associated the increasing stage of colorectal adenocarcinomas and the depth of invasion (P = 0.005, 0.026, 
respectively). The present study suggests an increased level of omentin-1 not only was a strong risk factor for CRC 
but could also represent a potential biomarker for CRC stage progression and CRC diagnosis in Chinese patients.
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Introduction

Many epidemiologic studies have shown that 
obesity is defined as an abnormal increase of 
adipose tissue, including an increase in the  
size and number of adipocytes, and is associ-
ated with an increased risk of many malignan-
cies, including colorectal cancer (CRC) [1, 2]. 
However, the potential mechanisms and rela-
tionship to carcinogenesis have not been fully 
elucidated. 

Adipose tissue is considered an active endo-
crine organ that secretes active adipocyto-
kines, participates in the regulation of physio-
logical and pathological processes, including 
appetite, insulin sensitivity and resistance, in- 
flammation, immunity, hematopoiesis, and an- 
giogenesis. Due to the significance of the ch- 
anges in cellular metabolic status in cancer 

and stimulation from exogenous factors on can-
cer cell growth, the potential influence of adipo-
cytokines on carcinogenesis cells has become 
a research hotspot [3]. A multitude of in vitro 
tests and epidemiological studies have been 
carried out on adipocytokines, in order to clarify 
the association between obesity and CRC, and 
hormones such as visfatin, adiponectin, leptin, 
and resistin have been under investigation 
[4-6].

As a new member of the adipocytokines, omen-
tin-1, also called intelectin-1, is a 34 kda rich-
adipocytokine which is selectively expressed  
in omental adipose tissue and abundantly in 
plasma. There are two highly homologous iso-
forms of omentin, omentin-1 and omentin-2. 
However, omentin-1 is the major circulating 
form in human plasma. Decreased omentin lev-
els are linked to increasing obesity and insulin 
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resistance [7]. Therefore, omentin levels may 
be predictive of the metabolic consequence, or 
co-morbidities associated with obesity [8].

Recently, a series of studies indicated that 
omentin-1 might participate in gastrointestinal 
carcinogenesis [9-12]. So far, few epidemiolog-
ic studies have examined the association of the 
circulating levels of omentin-1 with CRC or the 
interaction effect of several adipocytokines on 
the development of CRC [13, 14]. A recent 
study showed that higher pre-diagnostic omen-
tin concentrations have an independent asso-
ciation with higher colorectal cancer risk over a 
mean follow-up time of 10.4 years and suggest-
ed that circulating levels of omentin-1 have a 
close relationship with CRC progression [14]. 
However, there is no available data to demon-
strate the possible associations between om- 
entin-1 and the clinicopathological variables of 
CRC patients.

Here, we measured the concentration of om- 
entin-1 in plasma in middle-aged and elderly 
Chinese patients and attempted to investig- 
ate the association between omentin-1 levels 
and the risk of CRC (the known risk factors for 
CRC were taken into account, including plasma 
visfatin, adiponectin, leptin, resistin, and the 
anthropometric and metabolic parameters) 
and various clinicopathological parameters (in- 
cluding the site, the size, the histological grade 
and the stage of the tumors).

Materials and methods

Study subjects

A total of 358 Chinese patients of the Han eth-
nicity, age ≥ 35 years and with pathological- 
ly diagnosed colorectal adenocarcinoma con-
firmed by hospital pathologists, were enrolled 
in this study. We enrolled patients who suc-
cessfully completed a total colonoscopy exami-
nation by experienced gastrointestinal physi-
cians using video-endoscopy, between Septe- 
mber 2007 and September 2011 at the first 
affiliated Hospital of Anhui Medical University. 
Patients with familial adenomatous polyposis, 
hereditary nonpolyposis colorectal cancer, pre-
vious gastrointestinal tract surgery, inflamma-
tory bowel disease, serious liver and renal dys-
function, acute and chronic infectious disease, 
and those who were under dietary or drug treat-

ment for diabetes mellitus were excluded from 
this study. 271 of the 358 patients were diag-
nosed with colon cancer, and the others were 
diagnosed with rectal cancer. The controls were 
286 Chinese patients of the Han ethnicity, age 
≥ 35 years, and without colorectal polyps or 
inflammatory bowel disease, who accepted a 
total colonoscopy because of a voluntary health 
check-up or occult fecal blood loss during the 
same period and at the same hospital, with the 
same exclusion criteria. For every eligible case, 
an attempt was made to randomly identify a 
control as closely as possible in time to the 
admission of the corresponding case (± 1 mo) 
and matched to the case by age (± 5 y).

This study was approved by the Ethics Com- 
mittee of the first affiliated Hospital of Anhui 
Medical University. All patients signed an 
informed written consent in advance. The can-
cer lesions were treated appropriately by open 
surgical colectomy. For each case, the localiza-
tion and size of the tumor, the histological 
grade, and the clinical and pathological stages 
were recorded. Histological typing, grading and 
tumor staging were based on the criteria of the 
World Health Organization (WHO) classification 
and the TNM system. According to the tumor 
localization, the samples were classified as 
“right-sided” (localized in the caecum or in the 
ascending or transverse colon) or “left-sided” 
(set in the descendant or sigmoid colon or in 
the rectum). According to tumor size, two groups 
were identified: the first comprised tumors ≤ 4 
cm in size, and the second consisted of tumors 
> 4 cm in size. Local invasion was also classi-
fied into two groups, pT1-T2, and pT3-T4, res- 
pectively. Moreover, the cases were subdivided 
into two groups based on their histological 
grades, the first group comprising grade 1 and 
grade 2 cases, and the second group consist-
ing of grade 3 adenocarcinomas.

All enrollees in the study were encouraged to 
complete a questionnaire concerning their life-
style and personal and family medical history 
as described in a previous study [15]. In brief, 
the questionnaire inquired about their smoking 
habits, alcohol intake, physical activity, vegeta-
ble intake, medications (such as antihyperten-
sion drug use, aspirin, etc.), and family history 
of CRC and diabetes. Body weight, height, waist 
measurement, hip measurement, and blood 
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pressure were recorded, and the body mass 
index (BMI), as well as the waist/hip ratio  
(WHR) were calculated.

Laboratory procedures

The blood samples were collected after over-
night fasting when the endoscopic check was 
done, and the blood samples were preserved 
at -80°C until analysis. The glucose, insulin, 
omentin-1, visfatin, adiponectin, leptin, and 
resistin levels were measured in the plasma 
samples, and total cholesterol (TCH) and tri-
glyceride (TG) were measured in the serum 
samples. Insulin resistance was calculated by 
the homeostatic model assessment of insulin 
resistance (HOMA-IR) method as follows: HO- 
MA-IR = fasting glucose × fasting insulin/22.5, 
and the result is expressed in microunits/L  
and glucose in mmol/L. 

The plasma/serum level of each factor was as 
follows: plasma concentrations of omentin-1, 
adiponectin, leptin, and visfatin were analyzed 
in one run using a Human ELISA Kit (enzyme-
linked immunosorbent assay) (Biovision Inc., 
USA), respectively. The kit manufacturer has re- 
ported that intra-assay and inter-assay coeffi-
cients of variation for omentin-1 are 5.1-7.6%, 
5.6-7.1%, for visfatin 4.8-8.9%, 4.6-9.3%, for 
adiponectin 4.9-6.8%, 5.4-7.3%, for leptin 5.5-
7.8%, 5.9-10.1%, for resistin 5.9-9.9%, 5.2-
11.2%, respectively. Fasting glucose was mea-
sured by the glucose oxidase method, fasting 
insulin was measured using a radioimmunoas-
say (Tianjin Depp Co., PR CHN), with an intra-
assay coefficient of variation of 5.7-9.6% and 
an inter-assay coefficient of variation of 7.2-
11.8%. TCH was measured using the choles-
terol oxidase method, and TG was measured 
using the triglyceride oxidase method.

Statistical analysis

The SPSS statistical software package for 
Window version 17.0 (SPSS, Chicago, IL, USA) 
was used for all statistical analyses. The mea-
surement data is expressed as (± s), and a 
paired t-test was used if the two groups met  
the normal distribution, which does not meet 
the paired non-parametric test (Wilcoxon). 
Count data using x2 test. Test level α = 0.05. 
The differences in age, gender, fasting plasma 
glucose (FPG), fasting insulin (FINS), TCH, TG, 

HOMA-IR, BMI, WHR, systolic blood pressure 
(SBP), diastolic blood pressure (DBP), adipo-
kines including omentin-1, visfatin, adiponec-
tin, leptin and resistin concentrations, and sev-
eral variables concerning lifestyle and personal 
and family medical history between patients 
and controls were assessed using an x2 test or 
a Wilcoxon rank sum test. Spearman correla-
tion coefficients were used to evaluate the cor-
relations between omentin-1 and other vari-
ables separately for the controls and cases. 
The associations of the localizations and sizes 
of the tumors, the histological grades, as well 
as the clinical and pathological stages and 
plasma omentin-1 levels were assessed using 
a Wilcoxon rank sum test. To measure the asso-
ciations between omentin-1 and the other vari-
ables with the risk of CRC, we calculated the 
adjusted odd ratios (OR) and their 95% CI us- 
ing a conditional logistic regression model. 
Potential confounding factors were adjusted in 
the logistic regression analysis, including age, 
SBP, DBP, BMI, WHR, FPG, FINS, HOMA-IR, TCH, 
TG, and adiponectin, leptin, visfatin, and resis-
tin levels, lifestyle characteristics, medications, 
and family history of CRC and diabetes. In the 
logistic regression analysis, omentin-1 and 
other variables were all analyzed as categorical 
variables and were classified into three catego-
ries, low, medium and high, based on the tertile 
distributions in the control group. Only adipo-
nectin was inversely categorized (high, medi-
um, and low). The values of fasting insulin, 
HOMA-IR, omentin-1, visfatin and resistin were 
natural log transformed when analyzed. Re- 
ceiver operating characteristic (ROC) curves 
were established to see if omentin-1 could be a 
potential biomarker for CRC. The optimal sensi-
tivity and specificity from ROC curves were 
determined by a commonly used method [16]. 
All P-values are two-sided and values less than 
0.05 were considered statistically significant.

Results

Selected characteristics of the controls and 
patients

There were no significant differences in mean 
age, sex, the distribution of the numbers of  
current smokers, ex-smokers, habitual alcohol 
drinkers, habitual NSAID users, habitual exer-
cisers, and habitual vegetable consumers 
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between the two groups. No significant differ-
ences with respect to SBP, DBP, BMI, WHR, 
HOMA-IR, and insulin, glucose, total cholester-
ol, triglyceride or leptin concentrations were 
observed between the two groups. However, 
plasma omentin-1, adiponectin, visfatin, and 
resistin concentrations were all significantly  
different between the two groups. The omen-
tin-1, visfatin, and resistin concentrations in 
the CRC patients were all higher than those in 
the control subjects (P = 0.005 for omentin-1,  
P = 0.026 for visfatin, P = 0.018 for resistin, 
respectively). By contrast, the adiponectin con-

was observed between the plasma omentin-1 
level and the other clinicopathological parame-
ters (Table 3). 

Evaluation of the risk for colorectal cancer

The ORs for CRC risk by control-defined tertiles 
of variables was 3.36 (95% CI, 1.67-9.06) for 
WHR, 1.97 (95% CI, 1.08-7.75) for fasting insu-
lin, 3.47 (95% CI, 1.83-8.35) for HOMA-IR, 6.12 
(95% CI, 2.86-10.47) for omentin-1, 2.11 (95% 
CI, 1.04-10.23) for leptin, 4.92 (95% CI, 2.26-
11.68) for visfatin, and 3.74 (95% CI, 1.98-

Table 1. Selected characteristics of the patients with 
colorectal cancer and the controls n (%)
Characteristic CRC (n = 358) Control (n = 286) P-value
Age (yr) 60.9 ± 11.8 58.8 ± 12.9 0.715
Gender
    Male 202 169 0.591
    Female 156 117
Smokers
Current- 123 (34.36) 82 (28.67) 0.497
Ex- 31 (8.66) 17 (5.94) 0.268
Alcohol 86 (24.02) 65 (22.72) 0.736
NSAIDs 9 (2.51) 4 (1.40) 0.387
Exercise 95 (26.54) 77 (26.92) 0.703
Vegetable 120 (33.52) 82 (28.67) 0.631
SBP, mmHg 134 ± 12 128 ± 10 0.287
DBP, mmHg 83 ± 10 80 ± 7 0.301
BMI (kg/m2) 23.34 ± 1.44 23.11 ± 1.28 0.726
WHR 0.87 ± 0.08 0.86 ± 0.06 0.612
FPG, mmol/L 5.55 ± 0.31 4.77 ± 0.21 0.138
FINS, mIU/mL 11.21 ± 7.01 8.21 ± 4.57 0.193
HOMA-IR 2.77 ± 1.49 1.72 ± 1.02 0.108
TCH, mmol/L 4.59 ± 0.69 4.83 ± 0.81 0.421
TG, mmol/L 1.45 ± 0.65 1.46 ± 0.72 0.732
Omentin-1 (ng/mL) 67.28 ± 32.25 33.16 ± 19.93 0.005
Adiponectin (mg/L) 10.59 ± 3.27 13.26 ± 2.82 0.022
Leptin (ng/mL) 27.73 ± 9.19 22.84 ± 7.81 0.084
Visfatin (mg/L) 5.68 ± 1.18 3.94 ± 1.13 0.026
Resistin (ng/mL) 8.03 ± 4.99 5.69 ± 3.18 0.018
Age is expressed as means ± SD and the P-value was evaluated by 
ANOVA. The P-values were evaluated by χ2 test for current smokers, 
ex-smokers, habitual alcohol drinkers, users of non-steroid anti-inflam-
matory drugs (NSAID), habitual exercisers, and habitual consumers 
of vegetables and are expressed as the number of patients: controls. 
NSAID: non-steroid anti-inflammatory drug; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; BMI, body mass index; WHR, weight:hip 
ratio; FPG, fasting plasma glucose; FINS, fasting insulin; HOMA-IR, 
homeostatic model assessment of insulin resistance; TCH, total choles-
terol; TG, triglyceride.

centrations in the patients with CRC 
were lower than they were in the con-
trols (P = 0.012) (Table 1).  

Correlations between omentin-1 levels 
and metabolic and anthropometric 
variables and other parameters

Among the patients with CRC, the 
omentin-1 levels were marginally nega-
tively associated with WHR (r = -0.302, 
P = 0.059). When restricted to the con-
trol participants, the omentin-1 levels 
were negatively associated with FINS 
and WHR (r = -0.369, P = 0.041; r = 
-0.473, P = 0.018, respectively). We 
did not observe any significant correla-
tions of the omentin-1 levels with age, 
SBP, DBP, fasting glucose, total choles-
terol, triglyceride, fasting insulin, or adi-
ponectin, leptin, visfatin, and resistin 
levels (P > 0.05) in the case and con-
trol groups (Table 2).

The relationship between plasma 
omentin-1 levels and the clinicopatho-
logical features

The plasma omentin-1 levels were cat-
egorized into low (< 3.9 ng/mL) or high 
(≥ 3.9 ng/mL) according to a cut-off 
value calculated from the mean + 2SD 
of the values observed in the control 
subjects (The values of omentin-1 were 
natural log transformed when ana-
lyzed). Significantly positive associa-
tions were found between the plasma 
omentin-1 levels and a high stage  
of colorectal adenocarcinomas and  
depth of invasion (P = 0.005, 0.026, 
respectively). No significant correlation 
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9.76) for resistin when comparing participants 
in the highest tertile with those in the lowest. 
Meanwhile, the OR was 3.61 (95% CI, 1.92-
10.41) for adiponectin when comparing partici-
pants in the lowest tertile with those in the 
highest. A multivariate analysis (adjusted for 
age, BMI, WHR, SBP, DBP, TCH, TG, HOMA-IR, 
omentin-1, adiponectin, leptin, visfatin, resis-
tin, lifestyle characteristics, medications, fami-
ly history of CRC and diabetes) showed that 
WHR, HOMA-IR, omentin-1, adiponectin, visfa-
tin, and resistin were all significant risk factors 
for CRC. The other factors, including BMI, fast-
ing glucose, fasting insulin, SBP, DBP, TCH, TG, 
and leptin were not significant risk factors for 
CRC (Table 4).

Marker validation

To further verify the discriminating power of 
omentin-1 identified for CRC diagnosis, the 
plasma levels of omentin-1 were assessed on 
an independent group of 644 plasma samples 
including 358 CRC patients and 286 normal 
controls. ROC curve analyses showed that the 
ROC curve areas for omentin-1 in CRC were 

0.884 (95% CI 0.839-0.928). The optimal sen-
sitivity and specificity obtained by movement of 
the cutoff value of plasma omentin-1, which 
was 56.9 ng/mL, were 81.2% (95% CI 72.6%-
87.6%) and 69.8% (95% CI 63.8%-76.5%) in  
discriminating CRC from the normal control 
(Figure 1).

Discussion 

The results showed that the mean omentin-1 
levels of the CRC group were significantly high-
er than they were in the control group. Patients 
with a higher plasma omentin-1 present an 
elevated risk of CRC independent of age, SBP, 
DBP, BMI, WHR, FPG, FINS, HOMA-IR, TCH, TG, 
lifestyle characteristics, medications, family 
history of CRC and diabetes, and adiponectin, 
leptin, visfatin, and resistin concentrations, 
suggesting that there is little confounding by 
the environmental factors and other adipo-
kines. In addition, we observed the association 
between the high omentin-1 levels with the 
increasing stage of colorectal adenocarcino-
mas and depth of invasion. Moreover, we also 
found the plasma omentin-1 levels could pro-
vide a potential biomarker to predict CRC with 
an ROC curve area of 88.4% and discriminating 
CRC from the control subjects with the optimal 
sensitivity was 81.2% and the optimal specific-
ity was 69.8%. Therefore, the results of this 
case-control study suggest that an increased 
level of omentin-1 not only is a strong risk fac-
tor for CRC but also could represent a potential 
biomarker for staging progression and diagnos-
ing CRC in Chinese patients.

The results from different studies on the poten-
tial role of omentin-1 in gastrointestinal carci-
nogenesis were incompletely consistent among 
them, even paradoxical. Fazeli et al. demon-
strated that serum circulating omentin-1 levels 
were significantly high in patients with cancer 
independent of measures of obesity and pro-
posed that omentin-1 could play a role in the 
development of CRC [13]. Aleksandrova et al. 
reported that a higher omentin-1 concentration 
was associated with a higher risk of cancer in a 
prospective cohort study [14]. However, several 
studies revealed that omentin-1 may act as a 
tumor suppressor in gastrointestinal cancers. 
Li et al. found that high omentin-1 levels were 
significantly correlated with better outcomes in 

Table 2. Correlations between omentin-1 levels 
and metabolic and anthropometric variables and 
other parameters

Variables
CRC (n = 358) Control (n = 286)

ra P value ra P value
Age (yr) -0.134 0.521 -0.081 0.712
SBP (mmHg) 0.102 0.503 0.039 0.758
DBP (mmHg) 0.217 0.387 0.108 0.512
FPG (mmol/L) -0.085 0.614 -0.052 0.785
TCH (mmol/L) 0.145 0.472 0.017 0.821
TG (mmol/L) 0.032 0.771 -0.198 0.237
FINS (mIU/L) -0.147 0.346 -0.369 0.041
HOMA-IR -0.164 0.291 -0.186 0.195
BMI (kg/m2) -0.176 0.182 -0.271 0.078
WHR -0.302 0.059 -0.473 0.018
Adiponectin (mg/L) -0.171 0.284 0.287 0.086
Leptin (ng/mL) 0.238 0.096 0.095 0.643
Visfatin (mg/L) 0.283 0.065 -0.038 0.761
Resistin (ng/mL) 0.164 0.337 -0.122 0.426
aCorrelation coefficients and P values were determined 
using Spearman’s correlation analysis. SBP, systolic blood 
pressure; DBP, diastolic blood pressure; FPG, fasting plasma 
glucose; TCH, total cholesterol; TG, triglyceride; FINS, fasting 
insulin; HOMA-IR, homeostatic model assessment of insulin 
resistance; BMI, body mass index; WHR: waist:hip ratio.
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patients with gastric cancer [9]. Similarly, Zheng 
et al. revealed that the abnormal expression of 
omentin-1 in gastric cancer has a negative cor-
relation with the depth of invasion, lymph node 
metastasis, and clinical stage, and omentin-1 
may be a bio-marker for predicting the out-
comes of gastric cancer patients [10]. Kim et al. 
reported that the downregulation of omentin-1 
was related to a poor prognosis among patients 
with colorectal carcinoma at an advanced stage 
[11]. Maeda et al. and Kawashima et al. demon-
strated that a lack of TMEM207, which partici-
pates in the processing of omentin-1, leads to 
insufficient omentin-1 production, thus promot-
ing colorectal carcinogenesis, and is signifi-
cantly associated with poor prognosis, so the 
omentin-1/TMEM207 axis might be a prognos-
tic biomarker of colorectal carcinomas, espe-
cially in the case of the mucinous type [12, 17]. 

can’t conclude that there is a causality rela- 
tionship between omentin-1 and CRC, but, on 
the other hand, we can’t be sure whether the 
increase in omentin-1 levels observed was a 
consequence of a reactive elevation in res- 
ponse to CRC, or whether an increase in omen-
tin-1 can trigger CRC development, so further 
verification is worth conducting in the future to 
elucidate the underlying mechanisms of high 
plasma omentin-1 levels in CRC. 

A correlation analysis showed that there is no 
significant correlation between plasma omen-
tin-1 levels and anthropometric (including mea-
sures of obesity, such as BMI, WHR) or meta-
bolic parameters among the case participants, 
which is consistent with previous studies [13, 
18]. In contrast, we revealed that the mean 
omentin-1 levels are negatively correlated with 

Table 3. The relationship between plasma omentin-1 lev-
els and clinicopathologic features

Variables/categories
Plasma omentin-1 levelsa  

n < 3.9 ng/mL ≥ 3.9 ng/mL P-value
Gender
    Male 202 90 112 0.240
    Female 156 80 76
Size, cm
    ≤ 4 200 92 108 0.111
    > 4 158 87 71
Site
    Right 187 96 91 0.672
    Left 171 83 88
Histological grade
    1-2 197 80 117 0.453
    3 161 72 89
T
    T1-T2 196 80 116 0.026
    T3-T4 162 47 115
N
    N0 229 107 122 0.223
    N1-N2 129 51 78
M
    M0 267 121 146 0.221
    M1 91 34 57
Stage
    1-2 192 90 102 0.005
    3-4 166 53 113
aCategorized according to a cut-off value calculated from the mean value 
+ 2SD of the values observed in the control subjects. Numbers in paren-
theses represent percentages.

In addition, Uyeturk et al. found that 
plasma omentin-1 levels are signifi-
cantly increased in stage III colon car-
cinoma patients without diabetes who 
were treated with surgery and che- 
motherapy, independent of the basic 
risk factors associated with elevated 
omentin levels [18]. These controver-
sial findings may reflect the “Janus-
faced” pathobiological properties of 
omentin-1 in various types of carcino-
genesis. Thus, further studies are 
needed to determine whether omen-
tin-1 acts as a tumor suppressor or 
promoter in colorectal carcinogene- 
sis.

Our study firstly assessed the associa-
tion of CRC risk with circulating levels 
of omentin-1, simultaneously taking 
into account known risk factors, in- 
cluding visfatin, adiponectin, leptin, 
resistin, and other risk factors such  
as physical activity and lifestyle char-
acteristics. In addition, we also found 
that the plasma omentin-1 levels 
could serve as a potential biomarker 
for predicting CRC. Furthermore, one 
important finding of our study is the 
correlation of high omentin-1 levels 
with the increasing TNM stages of 
CRC. Thus, our data suggest that 
omentin-1 may be a promising bio-
marker for CRC diagnosis and prog- 
nosis. However, in this context, we 
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Table 4. Evaluation of risks for CRC

Variable
Number Unadjusted Number Adjusted

Case/control OR 95% CI Case/control OR 95% CI
BMI by tertile (kg/m2)
    ≤ 22.7 67/96 1.00 67/96 1.00
    22.7-23.8 120/95 1.67 0.51-2.94 120/95 1.37 0.42-2.05
    > 23.8 171/95 2.89 0.94-7.02 171/95 2.11 0.87-6.28
    Trend test P = 0.078 Pa = 0.162
WHR by tertile
    ≤ 0.84 62/95 1.00 62/95 1.00
    0.84-0.87 111/96 1.97 1.17-6.28 111/96 1.73 1.04-5.92
    > 0.87 185/95 3.36 1.67-9.06 185/95 2.99 1.47-8.21
    Trend test P = 0.025 Pa = 0.045
SBP by tertile (mmHg)
    ≤ 126 87/95 1.00 87/95 1.00
    126-130 127/96 1.12 0.55-4.02 127/96 1.08 0.52-3.91
    > 130 144/96 1.68 0.43-4.99 144/96 1.42 0.42-4.56
    Trend test P = 0.321 Pa = 0.614
DBP by tertile (mmHg)
    ≤ 82 89/95 1.00 89/95 1.00
    82-86 131/96 1.15 0.62-6.27 131/96 1.11 0.47-5.98
    > 86 138/95 1.23 0.85-5.34 138/95 1.25 0.67-4.21
    Trend test P = 0.457 Pa = 0.702
FPG by tertile (mmol/L)
    ≤ 5.4 93/95 1.00 93/95 1.00
    5.4-5.7 122/95 1.22 0.52-7.04 122/95 1.18 0.48-6.87
    > 5.7 143/96 1.39 0.65-9.22 143/96 1.29 0.57-8.21
    Trend test P = 0.301 Pb = 0.598
TCH by tertile (mmol/L)
    ≤ 5.2 89/96 1.00 89/96 1.00
    5.2-5.6 118/95 1.26 0.38-7.04 118/95 1.17 0.42-6.11
    > 5.6 151/95 1.61 0.58-8.11 151/95 1.54 0.63-6.92
    Trend test P = 0.428 Pa = 0.779
TG by tertile (mmol/L)
    ≤ 1.5 67/96 1.00 67/96 1.00
    1.5-1.7 120/95 1.78 0.84-7.86 120/95 1.59 0.77-6.82
    > 1.7 171/95 2.54 0.97-8.25 171/95 1.96 0.92-7.63
    Trend test P = 0.148 Pa = 0.253
Ln (FINS) by tertile (mIU/L)
    ≤ 1.9 71/94 1.00 71/94 1.00
    1.9-2.3 120/96 1.62 0.92-5.62 120/96 1.33 0.88-5.14
    > 2.3 167/96 1.97 1.08-7.75 167/96 1.68 0.94-6.91
    Trend test P = 0.045 Pb = 0.161
Ln (HOMA-IR) by tertile
    ≤ 1.1 62/94 1.00 62/94 1.00
    1.1-1.4 125/96 2.24 1.47-7.62 125/96 1.98 1.28-6.08
    > 1.4 171/96 3.47 1.83-8.35 171/96 2.85 1.65-7.22
    Trend test P = 0.014 Pb = 0.026
Ln (omentin-1) by tertile
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the FINS and WHR in the control participants, 
which is consistent with previous studies, indi-
cating that omentin-1 is inversely related to 
obesity [8] and is down-regulated by insulin 
[19]. 

Moreover, our data showed an association of 
increased OR for CRC risk with lower adiponec-
tin and higher visfatin and resistin levels, and 
higher WHR and HOMA-IR, according to a multi-
variate analysis, which is in agreement with 
previous studies [15, 20-22]. Adiponectin is a 
pleiotropic adipocytokine with insulin-sensitiz-
ing, anti-inflammatory, antiatherogenic, and an- 
tiproliferative properties. Several studies have 
indicated that there is an association between 
low levels of adiponectin and an increased risk 
of CRC [15, 20]. Visfatin was originally identi-
fied as a growth factor for immature B cells; 
however, a recent study demonstrated that vis-
fatin could directly interact with insulin recep-

tors and subsequently promote the prolifera-
tion of cancer cells. A few studies found that 
plasma visfatin levels are significantly increa- 
sed in patients with CRC compared to the con-
trols and gradually and significantly increase 
with tumor stage progression [21]. Resistin is 
secreted from adipose tissue and monocytes/
macrophages, and is reportedly involved in the 
process of inflammation which can increase 
the risk of cancer. A recent meta-analysis re- 
vealed a positive association with elevated 
resistin levels with CRC [22]. 

So far, several interesting reports on the molec-
ular mechanism of connecting omentin-1 and 
carcinoma including colorectal tumors have 
been published. It was reported that omentin-1 
could enhance Akt phosphorylation/activation 
in the absence of insulin [7]. It has been shown 
that Akt signaling pathway is not only vital for 
the regulation of essential cellular functions, 

    ≤ 3.14 48/96 1.00 48/96 1.00
    3.14-3.52 91/95 1.98 1.58-11.83 91/95 1.83 1.44-9.76
    > 3.52 219/95 6.12 2.86-10.47 219/95 5.76 1.81-8.95
    Trend test P ≤ 0.001 Pa = 0.001
Adiponectin (mg/L)
    > 14.12 59/95 1.00 59/96 1.00
    11.35-14.12 116/95 2.23 1.68-9.53 116/95 2.25 1.62-8.04
    ≤ 11.35 183/96 3.61 1.92-10.41 183/95 3.04 1.93-8.37
    Trend test P = 0.002 Pa = 0.019
Leptin (ng/mL)
    ≤ 18.56 75/94 1.00 75/94 1.00
    18.56-23.29 129/96 1.72 0.98-7.55 129/96 1.17 0.74-6.94
    > 23.29 154/96 2.11 1.04-10.23 154/96 1.98 0.96-8.73
    Trend test P = 0.042 Pa = 0.125
Ln (visfatin) by tertile (mg/L)
    ≤ 1.42 49/96 1.00 49/96 1.00
    1.42-1.57 131/95 3.28 1.92-9.02 131/95 2.74 1.78-7.83
    > 1.57 178/95 4.92 2.26-11.68 178/95 3.97 1.93-9.97
    Trend test P = 0.001 Pa = 0.008
Ln (resistin) by tertile (mg/L)
    ≤ 1.65 54/95 1.00 54/95 1.00
    1.65-1.94 127/95 2.68 1.73-10.47 127/95 1.99 1.48-9.36
    > 1.94 177/96 3.74 1.98-9.76 177/96 3.02 1.62-7.81
    Trend test P = 0.007 Pa = 0.016
aAdjusted for age, body mass index (BMI), waist:hip ratio (WHR), systolic blood pressure (SBP), diastolic blood pressure (DBP), 
total cholesterol (TCH), triglyceride (TG), homeostatic model assessment of insulin resistance (HOMA-IR), omentin-1, adiponec-
tin, leptin, visfatin, resistin, lifestyle characteristics, medications, family history of CRC and diabetes. bAdjusted for age, BMI, 
WHR, SBP, DBP, TCH, TG, omentin-1, adiponectin, leptin, visfatin, resistin, lifestyle characteristics, medications, family history 
of CRC and diabetes.
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including proliferation, apoptosis, metabolism, 
but also for the regulation of vascular permea-
bility, angiogenic response and subsequent 
vascular maturation [23, 24]. Neoangiogenesis 
and vascular leakage are important for angio-
genesis-dependent pathologies, Akt signaling 
is believed to play a crucial role in carcinogenic-
ity [25]. Itoh et al. reported that Akt activation 
plays an important role during the progression 
of CRC by enhancement of cell proliferation 
activity and the blocking of apoptosis [26]. In 
addition, endothelial nitric oxide synthase 
(eNOS), a downstream target of Akt, has been 
shown to be important in tumorigenesis, includ-
ing colorectal carcinogenesis [27]. Mogal et al. 
have demonstrated that omentin-1 can sup-
press prostate tumorigenicity via inhibiting the 
effect of Nkx3.1 on prostate tumors and found 
that knockdown of endogenous omentin-1 sup-
pressed the proliferation of prostate cancer 

and colorectal tumors, particularly including 
controlled prospective studies. Similar studies 
are also needed with other ethnic groups, 
including Caucasians and other Asians to con-
firm and expand the findings. Moreover, when 
using a case-control design with plasma mea-
surement, causality cannot be inferred. Further 
investigations as to whether the change in 
omentin-1 level was the result and/or effects  
of colorectal cancer development are needed, 
and the elucidation of this causative associa-
tion will undoubtedly clarify the correlation 
between obesity and cancer. Also, in the con-
text of a case-control design, there is a poten-
tial selection bias, particularly in control groups. 
It is difficult to match for all covariates, and the 
uncontrolled differences between the groups 
may mask an association of plasma omentin-1 
with CRC. Histological studies on the expres-
sion of omentin-1 in cancer tissues should be 

Figure 1. A receiver operating characteristics curve analysis using plasma 
omentin-1 in CRC for discriminating between CRC and the healthy subjects. 
Diagonal segments are produced by ties. ROC curve analyses showed the 
ROC curve areas for omentin-1 in CRC 0.884 (95% CI 0.839-0.928). The 
optimal sensitivity and specificity obtained by movement of the cutoff value 
of plasma omentin-1, which was 56.9 ng/mL, were 81.2% (95% CI 72.6%-
87.6%) and 69.8% (95% CI 63.8%-76.5%) in discriminating CRC from the 
normal control.

cells [28]. The involvement of 
omentin-1 in cancer is further 
supported by a recent study 
showing that omentin can pro-
mote apoptosis by regulating 
Sirt1-dependent p53 deacety-
lation in hepatocellular carci-
noma cells [29]. It is neces-
sary for future research to 
elucidate the precise molecu-
lar mechanisms connecting 
omentin-1 and colorectal tu- 
mors because of the major 
clinical implications.

Conclusions and limitations

In conclusion, this study has 
analyzed the risk factors for 
CRC. Our findings suggest an 
increased concentration of 
plasma omentin-1 is associat-
ed with the processing of CRC 
in Chinese patients. And we 
also demonstrated that plas-
ma omentin-1 may be a poten-
tial biomarker for predicting 
CRC stage progression and 
diagnosis. However, as this 
study was done with a small 
number of patients, a large-
scale study is needed to clari-
fy the relationship between 
high expressions of omentin-1 
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conducted to determine whether omentin-1 de- 
rived from cancer tissues or adipose tissues 
can affect the carcinogenesis and tumor pro-
gression. In addition, it is important to examine 
the association between the omentin-1 expres-
sion in CRC tissue with scientific and rational 
clinical outcome. Therefore, the implications of 
our findings should be carefully evaluated, con-
sidering these limitations. Nevertheless, our 
study can provide some methodological stren- 
gths, such as the strict criteria for the inclu- 
sion of the case and control participants, the 
adjustment for major known risk factors, includ-
ing other adipocytokines, which can reinforces 
the observed associations, and the assess-
ment of adipokines in future studies, which we 
made using well-validated assays in the same 
laboratory and in a blinded fashion, which also 
eliminated uncontrolled confusion from these 
sources.
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