Int J Clin Exp Med 2020;13(1):284-292
www.ijcem.com /ISSN:1940-5901/1JCEM0103752

Original Article

Metabolic syndrome associated

with adverse pathological features in
patients with colorectal adenocarcinoma

Zeran Yang?, Li Jint, Jie Ma?, Guangwei Qi?

1Department of Pathology, Zhejiang Provincial People’s Hospital, People’s Hospital of Hangzhou Medical College,
Hangzhou 310014, Zhejiang, China; Department of Pathology, Hangzhou Children’s Hospital, Hangzhou 310014,
Zhejiang, China

Received August 24, 2019; Accepted November 11, 2019; Epub January 15, 2020; Published January 30, 2020

Abstract: Previous studies suggested a link between metabolic syndrome (MetS) and colorectal cancer (CRC). It is
unclear whether MetS influences the prognosis of CRC via increasing the risk of adverse pathologic features. We
aimed to assess the association between MetS and pathological features of CRC, especially in different gender.
This retrospective cohort study included 2232 consecutive colorectal adenocarcinoma patients underwent radical
colectomy in a single medical institution. Patients were divided into subgroups of MetS and non-MetS according to
the criteria of China Diabetes Society. Data were collected for pathological subtypes, histological grade, invasion
depth, lymph node (LN) status, and tumor-node-metastasis (TNM) stage. Logistic regression analysis indicated that
MetS was significantly correlated with mucinous adenocarcinoma (MAC) (OR=3.56, 95% Cl: 1.94-6.52, P<0.001),
signet-ring cell carcinoma (SRCC) (OR=6.58, 95% Cl: 1.50-28.92, P=0.013), high grade (OR=1.95, 95% Cl: 1.29-
2.97, P=0.002), positive LN status (OR=1.80, 95% CI: 1.28-2.53, P=0.001), and high TNM stage (OR=1.69, 95%
Cl: 1.20-2.37, P=0.002) in women, while MetS was significantly correlated with SRCC (OR=4.74, 95% CI: 1.4-16.04,
P=0.012) and high grade (OR=1.58, 95% CI: 1.12-2.26, P=0.012) in men. Multivariately, hyperglycemia was sig-
nificantly correlated with SRCC, high grade, positive LN, and high TNM stage in men (P<0.05), but not in women.
Hyperglycemia was only significantly correlated with MAC in female (OR=2.56, 95% Cl: 1.34-1.88, P=0.004). Low
high-density lipoprotein cholesterol (HDL-C) was significantly correlated with positive LN (OR=1.76, 95% Cl: 1.30-
2.38, P<0.001) and high TNM stage (OR=1.85, 95% CI: 1.36-2.50, P<0.001) in women, but not in men. The finding
of the present study suggested that the presence of MetS and/or low HDL-C in women predicted risk of MAC, LN
metastasis of CRC and high TNM stage, while the presence of hyperglycemia in men predicted risk of high histologi-
cal grade, LN metastasis, and high TNM stage. Improvement of MetS and HDL-C status in women or hyperglycemia
in men may favor the prognosis of CRC patients complicated with MetS.
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Introduction

Metabolic syndrome (MetS) comprises combi-
nation of factors including central obesity,
elevated fasting glucose, hypertension and
dyslipidemia [reduced high-density lipoprotein
cholesterol (HDL-C) and/or elevated triglyceri-
de (TG)] [1]. MetS is one of the most preva-
lent comorbidities of colorectal cancer (CRC).
Epidemiological evidence shows a positive cor-
relation between MetS and the risk of many
kinds of cancers including CRC [2, 3]. The prog-
nosis of CRC is worse in patients with MetS
than in those without MetS [4].

Adenocarcinoma accounts for >90% of CRC
cases. Colorectal adenocarcinoma can be
further divided into mucinous carcinoma and
non-mucinous adenocarcinoma (or classic ad-
enocarcinoma) according to mucin content in
tumor tissue. Classic colorectal adenocarcino-
ma is composed of irregularly distributed tu-
bular structures in desmoplastic stroma. Mu-
cinous carcinoma can be further divided into
two subtypes including mucinous adenocarci-
noma (MAC) and signet-ring cell carcinoma
(SRCC). Most mucinous carcinomas are more
aggressive than classic adenocarcinomas [5,
6].
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As a component of MetS, diabetes was shown
to be associated with worse histopathological
features of CRC [7]. Given the close relation-
ship between diabetes and MetS, we hypothe-
sized that MetS status might influence the
prognosis via increasing the risk of adverse
pathological features of CRC. We performed
the retrospective cohort study to determine
whether MetS and its components were associ-
ated with adverse pathological features of CRC,
especially for patients of different genders.

Patients and methods
Patients

The retrospective cohort study included 2232
consecutive primary colorectal adenocarcino-
ma patients who underwent radical colectomy
between January 2011 and December 2018 in
Zhejiang Provincial People’s Hospital.

Patients were excluded in this study including:
(1) Patients with missing clinical data to deter-
mine MetS status and/or tumor-node-metasta-
sis (TNM) stage (n=124); (2) Patients were
treated with preoperative chemotherapy and
radiotherapy (n=38), because preoperative
treatment may change the pathological fea-
tures such as TNM stage of CRC. Other histo-
pathological types of CRC including neuroen-
docrine carcinoma, squamous carcinoma, un-
differentiated carcinoma were not enrolled in
this study due to their rarity in radical resected
specimens of CRC.

Medical records including gender, age, blood
pressure, body weight, height, preoperative lev-
els of fasting blood glucose, blood TG, and
blood HDL-C, were collected. Pathological
parameters of the CRC were collected from the
pathological reports of the patients, which
included pathological subtypes, histological
grade, invasion depth, tumor location, lymph
node status, and TNM stage. The pathological
sections and clinical data were reviewed for
accuracy of pathological features and TNM
stage. If a few patients have more than 2 loca-
tions and/or histologic subtypes, only the more
aggressive one was adopted for the study.

Ethics

This study was reviewed and approved by
the Ethics Committee of Zhejiang Provincial
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People’s Hospital (KY2019012). The retrospec-
tive analysis used anonymous clinical data that
were obtained after each patient agreed to
treatment by written consent and the need for
informed consent was waived by the Ethics
Committee.

Diagnostic criteria for MetS

MetS was diagnosed in the presence of any 3
or more of the following 4 factors according the
criteria of China Diabetes Society (CDS) [1]: (1)
central obesity: body mass index (BMI) > 25.0
kg/m? (2) hyperglycemia: fasting plasma glu-
cose > 6.10 mmol/L or already diagnosed as
type 2 diabetes (T2D) and receiving hypoglyce-
mic drug treatment; (3) hypertension: systolic
blood pressure > 140 mmHg and/or diastolic
blood pressure > 90 mmHg and/or already
diagnosed as hypertension and receive antihy-
pertensive drug administration; and (4) dyslip-
idemia: hypertriglyceridemia (fasting plasma
TG = 1.7 mmol/L) and/or reduced blood levels
of HDL-C: fasting plasma HDL-C <0.9 mmol/L
for males or <1.0 mmol/L for females).

Pathological subtypes

According to World Health Organization (WHO)
definition and previous reports [8, 9], CRC was
further divided into four subtypes: (1) Classic
adenocarcinoma (well, moderately or poorly-
differentiated adenocarcinoma); (2) MAC (>50%
of the tumor is composed of pools of extracel-
lular mucin that contain malignant epithelium);
(3) SRCC (tumor cells with abundant intracyto-
plasmic mucin and >50% of the tumor cells
have prominent intracytoplasmic mucin); and
(4) AC with components (adenocarcinoma with
presence but <50% of MAC and/or SRCC).

Histological grade

According WHO definition, CRC was divided into
3 grades based on the extent of well-formed
glands [8], which included well-differentiated
(>95% glands), moderately differentiated (50-
95% glands), and poorly differentiated (<50%
glands). To reduce interobserver’s variability in
evaluation of histological grade, classic adeno-
carcinoma and AC with components was simply
divided into low grade (well-differentiated and/
or moderately-differentiated adenocarcinoma)
and high grade (poorly-differentiated adenocar-
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cinoma) [10], while MAC, SRCC were not further
graded.

Invasion depth

According to American Joint Cancer Committee
(AJCC) (8th edition) [11], T stages were divided
into Tis, T4, T2, T3, and T4 stage. In this study,
invasion depth was further divided into deep
invasion and non-depth invasion. Deep inva-
sion was defined as pT-stage > 3, which includ-
ed T3 (penetration through the muscularis pro-
pria) and T4 stage [involvement of the serosal
surface (visceral peritoneum) or directly invade
adjacent organs or structures]. Non-deep inva-
sion was defined as pT-stage <2, which includ-
ed Tis (invasion of lamina propria without pen-
etration through the muscularis mucosa), T1
(invasion of submucosa), and T2 (penetration
through the submucosa into but not through
the muscularis propria). High-grade intraepithe-
lial neoplasia was not assigned to Tis category,
because these lesions lack potential for tumor
spread.

TNM stage

Tumor stage was recorded according to TNM
staging of AJCC (8th edition) [11]. Stages were
further classified into low stage and high stage
in this study: Low stage included O, I, lIA, 1IB
and lIC (TAbNOMO), while high stage included
A (T1~2N1MO), 1B, NIC, IVA, IVB and IVC.

Statistical analysis

Continuous variables such as age were ex-
pressed as mean * standard deviation (SD)
and analyzed by T-test. Categorical data were
expressed as frequency and percentage, which
were further analyzed by x? test. Multinomial
logistic regression analysis were used to esti-
mate odds ratios (ORs) and 95% confidence
intervals (Cls) for risks of developing non-clas-
sic adenocarcinoma in association with MetS
orits individual component (classic adenocarci-
noma as references). Univariate or multivariate
binary logistic regression models were used to
determine ORs and 95% Cls of high grade, deep
invasion, positive lymph node status, and high
TNM stage in association with MetS or its
components.

Statistical analysis was performed with SPSS
version 19.0 (IBM Corp., Armonk, NY, USA).
Two-sided P<0.05 was considered significant.
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Results
Baseline characteristics

As showed in Table 1, the average age was
63.7 £ 12.8 years old (18-95 years old). There
were 1345 (60.3%) men. About 416 patients
(18.6%) were MetS. Data were available for BMI
in 2105 patients, while levels of fasting blood
glucose, TG, and HDL-C were collected in all
2232 patients.

Association between MetS and pathological
features of CRC

As showed in Table 2, for women, the ratios of
histological subtypes for classic AC, MAC,
SRCC, and AC with components were 83.1%,
4.2%, 0.7%, 12.0% in non-MetS group, while
the ratios were 72.9%, 12.4%, 2.3%, 12.4% in
MetS group. For men, the ratios of for classic
AC, MAC, SRCC, and AC with components were
83.6%, 4.6%, 0.6%, 11.1% in non-MetS group,
while the ratios were 80.8%, 4.2%, 2.1%, 13.0%
in MetS group. The ratios of high grade, positive
LN, and high TNM stage were 28.5%, 57.6%,
and 57.6% in MetS groups for women, which
were remarkably higher than those of non-MetS
groups (the ratios were 17.2%, 43.7%, and
45.5% in non-MetS groups, respectively).

As showed in Table 3, logistic regression
(adjusted by age) analysis indicated that MetS
was remarkably associated with increased risk
of MAC (OR=2.0, 95% CI: 1.30-3.08, P=0.002)
and SRCC (OR=5.70, 95% ClI: 2.24-14.49,
P<0.001) in all patients. MetS was significantly
correlated with increased risk of MAC (OR=3.56,
95% CI: 1.94-6.52, P<0.001), SRCC (OR=6.58,
95% ClI: 1.50-28.92, P=0.013), high grade
(OR=1.95, 95% Cl: 1.29-2.97, P=0.002), deep
invasion (OR=1.84, 95% Cl: 1.20-2.84, P=
0.006), positive LN (OR=1.80, 95% Cl: 1.28-
2.53, P=0.001), and high TNM stage (OR=1.69,
95% Cl: 1.20-2.37, P=0.002) in female, while
MetS was only significantly correlated with in-
creased risk of SRCC (OR=4.74, 95% CI: 1.4-
16.04, P=0.012) and high grade (OR=1.58,
95% Cl: 1.12-2.26, P=0.012) in male.

Association between individual component of
MetS and pathological features of CRC

Multivariately, hyperglycemia was significantly
correlated with increased risk of SRCC (OR=
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Table 1. Baseline characteristics (Overall and across metabolic syndrome status)

Variables Overall Non-MetS Mets P
Age (Mean + SD) 63.7 +12.8 63.1+13.1 66.2+11.1 <0.001
Male
No 887 710 177 0.194
Yes 1345 1106 239
BMI > 25 kg/m?
No 1655 1519 136 <0.001
Yes 450 213 237
Hypertension
No 1149 1117 32 <0.001
Yes 1083 699 384
Hyperglycemia (FPG > 6.1 mmol/L or treatment)
No 1622 1543 79 <0.001
Yes 610 273 337
Hypertriglyceridemia
No 1764 1526 238 <0.001
Yes 468 290 178
Low HDL-C
No 1499 1344 155 <0.001
Yes 733 472 261
Tumor location
Right 531 406 125 0.008
Transverse 83 66 17
Left 154 126 28
Rectosigmoid 1464 1218 246

BMI: body mass index; FPG: fasting plasma glucose.

Table 2. Distribution of pathological features (Overall and across both sex) in patients with colorectal
cancer according to metabolic syndrome status

Factors Female Male Overall
Non-MetS (%) MetS (%) P Non-MetS (%) MetS (%) P Non-MetS (%) MetS (%) P
Histology
Classic AC 590(83.1) 129(72.9) <0.001 925(83.6) 193(80.8) 0.136 1515(83.4) 322(77.4) 0.001
MAC 30 (4.2) 22 (12.4) 51 (4.6) 10 (4.2) 81 (4.5) 32(7.7)
SRCC 5(0.7) 4(2.2) 7(0.6) 5(2.1) 12 (0.7) 9(2.2)
Components  85(12.0) 22 (12.4) 123(11.1) 31(13.0) 208 (11.5) 53(12.7)
High grade
No 559(82.8) 108 (71.5) 0.002 886 (84.5) 174 (77.7) 0.012 1445(83.9) 282(75.2) <0.001
Yes 116 (17.2) 43 (28.5) 162 (15.5) 50 (22.3) 278 (16.1) 93 (24.8)
Deep Invasion
No 194 (27.3) 30(16.9) 0.004 257 (23.2) 63(26.4) 0.304 451(24.8) 93(22.4) 0.288
Yes 516 (72.7) 147 (83.1) 849 (76.8) 176(73.6) 1365 (75.2) 323 (77.6)
Positive LN
No 400 (56.3) 75(42.4) 0.001 630 (57.0) 130(54.4) 0.468 1030(56.7) 205 (49.3) 0.006
Yes 310 (43.7) 102 (57.6) 476 (43.0) 109 (45.6) 786 (43.3) 211(50.7)
High TNM stage
No 387 (54.5) 75(42.4) 0.004 609 (55.1) 129(54.0) 0.759 996 (54.8) 204 (49.0) 0.032
Yes 323 (45.5) 102 (57.6) 497 (44.9) 110 (46.0) 820 (45.2) 212 (51.0)
Right colon
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No 492 (69.3) 105(59.3) 0.011  852(77.0) 169 (70.7) 0.038 1344 (74.0) 274 (65.9) 0.001
Yes 218 (30.7) 72 (40.7) 254 (23.0) 70 (29.3) 472 (26.0) 142 (34.1)

Statistics: X? test. Mucinous AC: mucinous adenocarcinoma; SRCC: signet-ring cell carcinoma; Components: adenocarcinoma with mucinous
carcinoma components; LN: lymph node; Right colon: including cecum, ascending colon, transverse colon.

Table 3. Association between metabolic syndrome and adverse pathological features in patients with
colorectal cancer

Factors Variable Female Male Overall
OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P
Histology
Mucinous AC MetS 3.56 (1.94-6.52) <0.001 0.98 (0.49-1.98) 0.962 2.00 (1.30-3.08) 0.002
SRCC MetS 6.58 (1.50-28.92) 0.013 4.74 (1.40-16.04) 0.012 5.70 (2.24-14.49)  <0.001
Components MetS 1.17 (0.71-1.95) 0.537 1.22(0.80-1.87) 0.353 1.24 (0.89-1.71) 0.202
High grade MetS 1.95 (1.29-2.97) 0.002 1.58(1.12-2.26) 0.012 1.74 (1.33-2.28) <0.001
Deep invasion MetS 1.84 (1.20-2.84) 0.006 0.85(0.62-1.17)  0.307 1.15 (0.89-1.48) 0.296
Positive LN MetS 1.80 (1.28-2.53) 0.001 1.12 (0.85-1.49) 0.430 1.38 (1.12-1.71) 0.003

High TNM stage ~ MetS 1.69 (1.20-2.37) 0.002 1.06 (0.80-1.40) 0.711 1.30 (1.05-1.61) 0.017

Statistics: Logistic regression with age as covariate. Mucinous AC: mucinous adenocarcinoma; SRCC: signet-ring cell carcinoma; Components:
adenocarcinoma with mucinous carcinoma components; LN: lymph node.

Table 4. Association between components of metabolic syndrome and histological subtypes in pa-
tients with colorectal cancer

Female Male Overall
OR (95% Cl) P OR (95% Cl) P OR (95% Cl) P

Factors MetS components

Subtypes
Mucinous AC Triglycerides > 1.7 mmol/L 1.16 (0.60-2.26) 0.654 0.81(0.42-1.57) 0.529 1.04(0.65-1.64) 0.879

BMI > 25 kg/m? 1.10(0.54-2.22) 0.799 0.91(0.47-1.74) 0.767 0.99 (0.62-1.59) 0.968
Hypertension 0.70 (0.36-1.36) 0.295 0.54 (0.30-0.97) 0.040 0.61(0.40-0.94) 0.026
Low HDL-C 3.06 (1.66-5.66) <0.001 1.38(0.80-2.40) 0.250 2.0 (1.34-2.98) 0.001

( (
Glycemia 2 6.1 mmol/L  2.56 (1.34-1.88) 0.004 1.79(0.99-3.23) 0.052 0.46(0.30-0.70) <0.001
SRCC Triglycerides > 1.7 mmol/L 0.42 (0.05-3.71) 0.437 0.67 (0.13-3.43) 0.628 0.55(0.15-1.96) 0.352
( (

BMI > 25 kg/m? 1.92(0.41-8.99) 0.405 0.87 (0.20-3.77) 0.856 1.25(0.44-3.54) 0.677
Hypertension 0.89 (0.17-4.76) 0.896 0.49 (0.11-2.18) 0.350 0.72 (0.24-2.15) 0.558
Low HDL:C 1.80 (0.42-7.65) 0.427 8.36(1.72-40.54) 0.008 3.88 (1.42-10.58) 0.008

Glycemia > 6.1 mmol/L  4.02 (0.83-19.52) 0.085 9.01(2.02-40.21) 0.004 5.75(2.01-16.41) 0.001
Components Triglycerides > 1.7 mmol/L 1.12 (0.66-1.88) 0.679 0.74 (0.46-1.18) 0.205 0.90 (0.64-1.28) 0.569

)
BMI = 25 kg/m? 0.53(0.28-1.02) 0.058 0.94 (0.61-1.46) 0.788 0.78(0.54-1.12) 0.176
Hypertension 0.84 (0.52-1.35) 0.464 0.92(0.63-1.35) 0.681 0.89(0.66-1.19) 0.429
Low HDL-C 1.25(0.79-1.99) 0.341 1.58(1.09-2.30) 0.016 1.45(1.09-1.94) 0.012
(

Glycemia 2 6.1 mmol/L  1.25(0.75-2.08) 0.383 1.39(0.92-2.08) 0.117 1.33(0.97-1.82) 0.079

Statistics: Multivariate logistic regression. Mucinous AC: mucinous adenocarcinoma; SRCC: signet-ring cell carcinoma; Components: adenocarci-
noma with mucinous carcinoma components; LN: lymph node.

9.01, 95% CI: 2.02-40.21, P=0.004), high
grade (OR=1.78, 95% ClI: 1.27-2.48, P=0.001),
positive LN (OR=1.37, 95% CI: 1.06--1.78,
P=0.017), and high TNM stage (OR=1.37, 95%
Cl: 1.06-1.78, P=0.016) in male, while hypergly-
cemia was only significantly correlated with
increased risk of MAC (OR=2.56, 95% Cl: 1.34-
1.88, P=0.004) in female (Tables 4, 5).
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Low HDL-C was significantly correlated with
increased risk of MAC (OR=3.06, 95% Cl: 1.66-
5.66, P<0.001), deep invasion (OR=1.70, 95%
Cl: 1.20-2.43, P=0.003), positive LN (OR=1.76,
95% Cl: 1.30-2.38, P<0.001), and high TNM
stage (OR=1.85, 95% CI: 1.36-2.50, P<0.001)
in female, while low HDL-C was significantly cor-
related with increased risk of SRCC (OR=8.36,
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Table 5. Association between components of metabolic syndrome and adverse pathological features

in patients with colorectal cancer

Female Male Overall
Factors MetS components
OR (95% CI) P OR (95% ClI) P OR (95% CI) P

Hige Grade Triglycerides > 1.7 mmol/L  0.96 (0.62-1.50) 0.866 1.20 (0.83-1.72) 0.338 1.09 (0.83-1.45) 0.532
BMI > 25 kg/m? 1.0 (0.63-1.59) 0.990 0.89 (0.61-1.30) 0.554 0.92 (0.69-1.24) 0.599

Hypertension 1.15(0.79-1.67)  0.467 0.86 (0.63-1.18) 0.356 0.96 (0.76-1.22) 0.739

Low HDL-C 1.35(0.92-1.99) 0.126 1.21(0.87-1.68) 0.255 1.25 (0.98-1.61) 0.074

Glycemia = 6.1 mmol/L 1.25(0.82-1.90)  0.297 1.78 (1.27-2.48) 0.001 1.55 (1.20-2.02) 0.001

Deep Invasion Triglycerides > 1.7 mmol/L  0.64 (0.44-0.92) 0.017 0.73 (0.54-1.0) 0.048 0.69 (0.55-0.88) 0.003
BMI > 25 kg/m? 1.0 (0.67-1.50) 0.986 0.84 (0.62-1.15) 0.276 0.91 (0.71-1.17) 0.458

Hypertension 0.97 (0.70-1.34) 0.845 0.95 (0.73-1.24) 0.717 0.97 (0.79-1.19) 0.758
Low HDL-C 1.70 (1.20-2.43)  0.003 2.0 (1.47-2.71) <0.001 1.86(1.48-2.35)  <0.001

Glycemia = 6.1 mmol/L 1.28 (0.87-1.86)  0.207 0.88 (0.65-1.19) 0.401 1.02 (0.80-1.28) 0.896
Positive LN Triglycerides > 1.7 mmol/L  0.53 (0.37-0.75)  <0.001 0.79 (0.58-1.02) 0.066 0.67 (0.54-0.83)  <0.001
BMI > 25 kg/m? 0.96 (0.67-1.37)  0.822 0.94 (0.72-1.24) 0.671 0.94 (0.76-1.17) 0.594

Hypertension 1.25(0.94-1.67) 0.131 0.87 (0.69-1.09) 0.220 0.99 (0.83-1.18) 0.892

Low HDL-C 1.76 (1.30-2.38)  <0.001 1.20 (0.94-1.53) 0.144 1.39 (1.15-1.67) 0.001

Glycemia = 6.1 mmol/L 1.10 (0.80-1.53)  0.554 1.37 (1.06-1.78) 0.017 1.27 (1.04-1.56) 0.020

High TNM stage  Triglycerides > 1.7 mmol/L  0.53 (0.38-0.76) <0.001 0.84 (0.63-1.11) 0.212 0.71 (0.57-0.88) 0.002
BMI > 25 kg/m? 0.89 (0.62-1.27) 0.524 0.86 (0.66-1.13) 0.284 0.87 (0.70-1.08) 0.197

Hypertension 1.24(0.93-1.66) 0.138 0.84 (0.67-1.05) 0.126 0.96 (0.81-1.15) 0.688
Low HDL 1.85(1.36-2.50) <0.001 1.25 (0.98-1.59) 0.070 1.45 (1.20-1.74) <0.001

Glycemia = 6.1 mmol/L 1.06 (0.77-1.48)  0.713 1.37 (1.06-1.78) 0.016 1.25(1.03-1.54) 0.028

Statistics: Multivariate logistic regression. LN: lymph node.

95% Cl: 1.72-40.54, P=0.008), AC with compo-
nents (OR=1.58, 95% Cl: 1.09-2.30, P=0.016),
and deep invasion (OR=2.0, 95% Cl: 1.47-2.71,
P<0.001) in male (Tables 4, 5).

The results also showed that hypertriglyceride-
mia was negatively associated with deep in-
vasion (OR=0.64, 95% CI: 0.44-0.92, P=0.017),
positive lymph node status (OR=0.53, 95%
Cl: 0.37-0.75, P<0.001), and high TNM sta-
ge (OR=0.53, 95% CI: 0.38-0.76, P<0.001) in
women (Table 5), while hypertriglyceridemia
was only negatively associated with deeper
invasion (OR=0.73, 95% Cl: 0.54-1.0, P=0.048)
in men (Table 5).

In addition, hypertension was negatively asso-
ciated with increased risk of MAC (OR=0.54,
95% CI: 0.30-0.97, P=0.040) in men (Table 4),
but not in women (P>0.05). High BMI was not
significantly associated with the assessed
pathological features of CRC (P>0.05).

Discussion

MetS and its components are related to patho-
logical features of many kinds of cancer, such
as prostate cancer, ovarian cancer, and blad-
der cancer [12-14]. MetS predicted risk of poor
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differentiation and LN metastasis in ovarian
cancer [13]. The presence of MetS was associ-
ated with increased risk of higher T stage and
histological grade in bladder cancer [14]. Our
present study suggested that the presence of
MetS predicted risk of more aggressive sub-
types (SRCC and MAC), high grade, lymph node
metastasis, and high TNM stage for all patients,
while the presence of MetS in female predicted
risk of MAC, SRCC, high grade, positive LN, and
high TNM stage. However, the presence of
MetS in male only predicted the risk of SRCC
and high grade. In a recent report, MetS was
positively associated with cancer mortality in
women, but not in men. Meanwhile, MetS was
associated with a high risk of colorectal cancer
death in women [3]. Our results support the
notion that MetS predicted risk of adverse
pathological features and poor prognosis of
CRC in women.

SRCC is extremely rare and even more aggres-
sive than MAC [15, 16]. Molecular features of
colorectal mucinous carcinoma are different
from those of classic adenocarcinoma [17].
Compared with classic adenocarcinoma, colo-
rectal SRCC shows decreased intracellular
adhesion molecules, high frequency of RAS or
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RAF mutation, stable microsatellite instability/
CpG island methylation phenotype, and high
frequency of loss of heterozygosity [18]. The
aggressive behavior of SRCC was supposed to
be associated with the above specific molecu-
lar features. Moreover, MAC is also different
from SRCC in biological behavior. Colorectal
MAC with absence of signet-ring cell compo-
nent had a favorable effect on survival of the
patients [19].

To further clarify the relationship between MetS
and pathological features in CRC, multivariate
logistic regression model including all compo-
nents of MetS and age was used in the present
study. The results demonstrated that hypergly-
cemia predicted risk of MAC, SRCC, positive LN
status, and high TNM stage in all patients.
However, hyperglycemia predicted risk of high
grade, positive LN status and high TNM stage
in men, but not in women. Hyperglycemia is
characteristic of diabetes or pre-diabetes. Pre-
diabetes is characterized by elevated blood glu-
cose levels but not enough to diagnose as dia-
betes. Previous research suggested that colon
cancer risk is increased in pre-diabetic men,
but not in women [20]. Diabetes was reported
to be significantly associated with increased
risk of colorectal SRCC and AC with compo-
nents [7]. Long term antidiabetic medications
can significantly prolong the survival and im-
prove the prognosis of CRC [21].

The present results also demonstrated that
low HDL-C predicted risk of MAC, SRCC, posi-
tive LN status, and high TNM stage in all pa-
tients (Tables 4, 5). Moreover, low HDL-C pre-
dicted positive LN status and high TNM stage in
women, but not in men. It has been reported
that low HDL-C is correlated with poor differen-
tiation in some cancers such as prostate and
gastric cancer [12, 22]. Low HDL-C also showed
to be associated with the development of CRC
[23]. It is well known that HDL transports cho-
lesterol from cells to the liver. In addition, HDL
has anti-inflammatory and antioxidant proper-
ties [24]. Our present results suggested that
the presence of low HDL-C might predict ad-
verse pathological features and poor progno-
sis of CRC in women. Whether low HDL-C was a
causal factor for adverse pathological features
still needs further investigation.

The molecular mechanism for the association
between MetS or its components and patho-
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logical features is poorly understood. KRAS
mutation in CRC has been linked to aggressive
histological features and behavior [25]. Grow-
ing evidences suggested that hyperglycemia is
likely to be a causal factor for CRC development
and prognosis. At first, high glucose triggers
nucleotide imbalance through O-GIcNAcylation
of key enzymes and induces KRAS mutation in
pancreatic cells [26]. Secondly, hyperglycemic
condition can modify phosphorylation of the
tumor suppressor TET2 by AMPK and regulate
TET2 stability, so as to contribute to the onco-
genic status [27]. Third, hyperglycemia pro-
motes epithelial-mesenchymal-transition (EMT)
and stem cell properties in pancreatic ductal
epithelial cells [28]. Whether these mecha-
nisms were associated with the effects of hy-
perglycemia on pathological features of CRC
and prognosis needs further investigation.

Our present study also showed that hypertri-
glyceridemia was negatively associated with
deep invasion, positive lymph node status,
and high TNM stage in women, while hypertri-
glyceridemia was only negatively associated
with deeper invasion in men. It is reported th-
at patients with diabetes with hyperlipidemia
have more well-differentiated tumors, compar-
ed with patients with only diabetes [7]. Recent-
ly, @ negative correlation between hypertriglyc-
eridemia and positive lymph node status has
been described in prostate cancer [12]. The
association and molecular mechanism linking
hypertriglyceridemia and CRC need further
investigation.

Interestingly, hypertension was shown to be
negatively associated with risk of MAC for men
and all subjects in the present study, the rea-
son still needs further investigation.

Future research is needed to clarify the molec-
ular mechanisms linking MetS and its individu-
al components with pathogenesis and patho-
logical features of MetS-related cancer inclu-
ding CRC.

This retrospective cohort study had some limi-
tations. It was a single center clinical study and
there were only 21 cases of SRCC due to the
rarity of the disease. BMI values of 127 patients
were unavailable, which might have led to se-
lection bias. The present study was based on
the CDS criteria for diagnosis of MetS, and the
conclusions should be interpreted with caution,
especially if other criteria are adopted.
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In summary, MetS and its individual compo-
nents are differently associated with adver-
se pathological features of CRC in men and
women. The presence of MetS and low HDL-C
in women predicted risk of MAC, LN metasta-
sis, and high TNM stage of CRC, while the pres-
ence of hyperglycemia in men predicted risk of
high histological grade, LN metastasis, and
high TNM stage. Improvement of MetS and
HDL-C status in women or hyperglycemia in
men may improve the prognosis of CRC pati-
ent complicated with MetS.
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