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Assessment of metabolic and inflammatory risk factors in
patients with colorectal adenoma and carcinoma

Kolorektal adenoma ve karsinomlu hastalarda metabolik ve inflamatuvar risk
faktorlerinin degerlendiriimesi
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Background and Aims: Metabolic syndrome and its related components are thought to be risk factors for developing colorectal neoplasms due
to hyperinsulinemia, insulin resistance, and oxidative stress resulting in chronic low-grade inflammation. This study aims to explain the association
of colorectal neoplasms (colon adenocarcinoma and colon adenoma) with metabolic syndrome components, non-alcoholic fatty liver disease,
and inflammatory markers. Materials and Methods: Data of 151 patients diagnosed with colon adenoma and colorectal adenocarcinoma
were retrospectively reviewed. Demographic characteristics, routine blood tests, colonoscopic findings, pathology results, tumor-node-metastasis
stages of colorectal adenocancer, and hepatic ultrasonography findings were recorded. The Homeostatic Model Assessment for Insulin Resist-
ance scores were calculated. Results: The study cohort consisted of 71 patients with adenoma and 80 patients with colorectal adenocancer. The
number of patients with diabetes mellitus, hypertension, hypertriglyceridemia, metabolic syndrome, severe liver steatosis was significantly higher
in the colorectal adenocancer group compared to the colorectal adenoma group. Additionally, neutrophil-lymphocyte ratio, C-reactive protein, and
C-reactive protein to albumin ratio were significantly higher in the colorectal adenocancer group compared to the adenoma group. In univariant
analysis, patients with diabetes mellitus, hypertension, hypertriglyceridemia, metabolic syndrome, severe liver steatosis were found to have a
shorter duration of survival than those who did not have these risk factors. In multivariate analysis, advanced tumor-node-metastasis stage, severe
hepatosteatosis, hypertension, and hypertriglyceridemia were found to be independent risk factors for survival of the patients with colorectal ade-
nocancer. Conclusions: Metabolic syndrome, severe liver steatosis, and inflammatory process may be risk factors for the transition from colon
adenoma to adenocarcinoma and shorter survival in colorectal cancer patients.
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Giris ve Amac: Metabolik sendrom ve iligkili bilesenlerinin, hiperinsilinemi, insilin direnci ve kronik distk dereceli inflamasyonla sonucglanan
oksidatif strese bagll kolorektal neoplazmlarin gelisimi igin risk faktorleri oldugu dislinilmektedir. Bu calisma, kolorektal neoplazmlarin (kolon
adenokarsinom ve kolon adenomu) metabolik sendrom bilesenleri, non-alkolik yagli karaciger hastaligi ve inflamatuvar belirteglerle iliskisini agikla-
may!1 amaglamaktadir. Gerec ve Yontem: Kolon adenoma ve kolorektal adenokarsinom tanisi alan 151 hastanin verileri geriye déniik olarak
incelendi. Demografik 6zellikler, rutin kan tetkikleri, kolonoskopik bulgular, patoloji sonuglari, kolorektal kanserin tiimor-lenf nodu-metastaz evreleri
ve hepatik ultrasonografi bulgularn kaydedildi. insiilin direng testi skorlari hesaplandi. Bulgular: Calisma kohortu, kolorektal adenoma olan 71
hasta ve kolorektal kanseri olan 80 hastadan oluguyordu. Diabetes mellitus, hipertansiyon, hipertrigliseridemi, metabolik sendrom, siddetli ka-
raciger yaglanmasi olan hasta sayisi adenoma grubuna gore kolorektal kanser grubunda anlamli olarak daha yiiksekti. Ek olarak, nétrofil-lenfosit
orani, C-reaktif protein ve C-reaktif protein/albiimin orani, kolorektal adenoma grubuna gore, kolorektal kanser grubunda anlamli olarak daha
ylksekti. Tek degiskenli analizde diabetes mellitus, hipertansiyon, hipertrigliseridemi, metabolik sendrom, siddetli karaciger steatozu olan hast-
alarin, bu risk faktorlerine sahip olmayanlara goére daha kisa sagkalim siresine sahip olduklari bulundu. Gok degiskenli analizde, ileri timor-lenf
nodu-metastaz evresi, siddetli hepatosteatoz, hipertansiyon ve hipertrigliseridemi, kolorektal adenokanserli hastalarin sagkalimi i¢in bagimsiz risk
faktorleri olarak bulundu. Sonuc: Metabolik sendrom, ciddi karaciger yaglanmasi ve inflamatuvar sireg, kolorektal kanser hastalarinda, kolon
adenomundan adenokarsinoma gegcis ve daha kisa sagkalim igin risk faktorleri olabilir.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common
cancer worldwide and the third leading cause of
cancer-related deaths (1). During the development
of CRC, there is a progression from benign ade-
nomas to malignant adenocarcinomas. The risk
factors for this progression are not crystal clear.
However, hypertension, diabetes mellitus (DM),
hyperlipidemia, insulin resistance, non-alcoholic
fatty liver disease (NAFLD), and obesity are im-
portant risk factors that share the occurrence and
progression of colon neoplasms (2). Based on the
relationship between DM and insulin resistan-
ce which are components of metabolic syndrome
(MetS), hyperinsulinemia is thought to play a key
role in the pathogenesis of cancer by stimulating
cell proliferation through the insulin-like growth
factor (IGF) system (3). Indeed, MetS harbors ot-
her cancer risk factors, such as sedentary life, hi-
gh-calorie, and fatty diet intake, low fiber intake,
and oxidative stress (4). Visceral obesity also cau-
ses the production of inflammatory cytokines th-
rough adipocytes, resulting in chronic low-grade
inflammation (5). Nevertheless, although MetS is
associated with a 34% increase in the risk of colo-
rectal neoplasia (colorectal adenoma and CRC) (6),
there are also studies with contradictory results
(7-10).

In the present study, we aimed to assess the diffe-
rence between the patients with colorectal adeno-
ma and carcinoma concerning MetS components,
the degree of insulin resistance, and liver steato-
sis. We also scrutinized several serum inflamma-
tory markers such as C-reactive protein (CRP),
neutrophil-lymphocyte ratio (NLR), CRP to albu-
min ratio, and various other demographic data to
detect possible risk factors for an adenoma to car-
cinoma transformation. Finally, we aimed to deter-
mine whether these factors affect overall survival
in CRC patients.

MATERIALS and METHOD

Overall, 151 patients who had been diagnosed
with colonic adenoma and or CRC in our gastro-
enterology clinics between January 2017 - Janu-
ary 2019 were enrolled in the study. Files of the
patients included in the study were retrospecti-
vely reviewed from the hospital database, and the
data was recorded for analysis. Patients over 18
years old who were diagnosed with colon adenoma
or adenocarcinoma in our gastroenterology clinics
were included in this study.

Demographic characteristics such as age and gen-
der of the patients, body mass index, waist cir-
cumference, systolic and diastolic blood pressure,
total cholesterol, high-density lipoprotein (HD-
L)-cholesterol, low-density lipoprotein (LDL)-cho-
lesterol, triglyceride, fasting blood glucose, fasting
insulin level, HbAlc level, alanine aminotransfe-
rase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP),
transpeptidase (GGT), creatinine, complete blood
count (CBC), neutrophil-lymphocyte ratio (NLR),
C-reactive protein (CRP), albumin, 25-OH-vitamin

gamma-glutamyl

D levels were recorded. Those with fasting plasma
glucose = 126 mg/dl or HbAlc = 6.5 or those taking
oral anti-diabetic drugs and/or insulin were consi-
dered to have diabetes mellitus. The Homeostasis
Model Assessment-insulin resistance (HOMA-IR)
= [Fasting blood glucose (mmol/L) x Fasting insu-
lin (mU/ml)/22.5] was used to detect insulin resis-
tance. According to the anthropometric measure-
ments of the study participants, those with body
mass index (BMI) > 30 were classified as obese and
those with BMI > 25 as overweight [BMI: square
of body weight (kg) / height(m)]. For the diagnosis
of hypertension, those with a blood pressure level
above 120/80 mmHg or those taking antihyper-
tensive drugs were considered to be hypertensive.
MetS was defined according to the revised criteria
of the National Cholesterol Education Program/
Adult Treatment Panel III (NCEP /ATP III) pub-
lished in 2005.
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The diagnosis of colonic neoplasm was based on co-
lonoscopic findings and pathology results of samp-
les taken via colonoscopy. We especially paid spe-
cific attention to the localization of colonic tumors
in detail (the right colon, the left, and the rectum).
The diagnosis of NAFLD and the degree of liver
steatosis and/or fibrosis was diagnosed by ultraso-
nography, and/or histopathological examination of

the liver biopsy samples.

Liver steatosis was diagnosed and graded by ult-
rasound-based techniques and grading -criteria
were as follows: Absent, when the echogenicity of
the liver was normal; mild, when there was a sli-
ght and diffuse increase of liver echogenicity with
normal visualization of the diaphragm and the
portal vein wall; moderate, in case of a moderate
increase of liver echogenicity with the slightly dis-
rupted appearance of the portal vein wall and the
diaphragm; severe, in case of the marked increase
of liver echogenicity with poor or no visualization
of the portal vein wall and the diaphragm (11). In a
pathological examination of the liver biopsy samp-
les, the degree of steatosis between 5 and 33% was
classified as mild, 34-66% as moderate, and over
66% as severe steatosis (12). For the diagnosis of
NAFLD; alcohol consumption greater than 20 g
per day in women or greater than 30 g in men for
at least three consecutive months over the past 5
years and chronic hepatitis causes such as viral
hepatitis, autoimmune hepatitis, and other poten-

tial etiologies were excluded.

Patients with decompensated chronic liver disease,
acute, and chronic renal insufficiency, heart failu-
re, extra-colonic malignancies, history of splenec-
tomy, obesity due to endocrine disease, cerebrovas-
cular disease, and postpartum status within the
last 6 months were excluded. Those who receive
hormone replacement therapy and patients with

insufficient clinic files were not enrolled either.

Statistical Analysis

SPSS 21.0 (IBM, Armonk, NY, USA) was used for
data analysis. Statistical relationships between
categorical data were made using the Chi-Square
test. Two independent group t-tests were used for
the comparison between groups for the normally
distributed variables, and the Mann Whitney U
test was used for the non-normally distributed
variables. Receiver operating characteristics (RO-
C)-Analysis was used to find cut-off values for N/L
and CRP/lab values. Survival times were given
with Kaplan Mayer statistics, and it was decided
whether there was a difference between the survi-
val times between groups with the Log-Rank Test.
For multivariate analysis, independent factors
predicting survival were analyzed using Cox reg-

ression analysis.

Ethics Committee

An approval from Zonguldak Biilent Ecevit Uni-
versity, A Non-Interventional Clinical Research
Ethics Committee was obtained for the study (Pro-
tocol N0:2020/22, Approval date:18/11/2020). The
study protocol conforms to the ethical guidelines of
the 1964 Declaration of Helsinki.

RESULTS

Seventy one patients were diagnosed with colorec-
tal adenoma and 80 patients were diagnosed with
CRC. The mean age of the study cohort was 64.68
+ 12.90 years. This was 63.97 = 12.75 in the ade-
noma group and it was 65.31 + 13.09 in the CRC
group. There were 44 (62%) men and 27 (38%) wo-
men in the adenoma group and 46 (57.5%) men
and 34 (42.5%) women in the CRC group. There
were no statistically significant differences concer-
ning age and gender in both groups (Table 1). Out
of 80 patients diagnosed with colorectal cancer, 11
(7.3%) were classified as stage 1, 18 (11.9%) were
classified as stage 2, 17 (11.3%) were classified
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Table 1 Demographic features, co-morbidities, and laboratory results of patients.

Adenoma CRC p-value
Sex, n (%) Male 4 (48%) 46 (52%) 0.620
Female 7 (44%) 34 (56%) '
Age, years [mean (=SD)] 63.97 (+ 12.75) 65.31 (+ 13.09) 0.413¢2
Body mass index > 30 (kg/m?2), n (%) 9(12.67%) 21(26.25%) 0.042""
Waist circumference (cm), mean (+SD) 80.85 (+ 12.56) 81.96 (£10.41) 0.4032
Co-morbidity, n (%) Diabetes mellitus 31 (43.66%) 49 (61.25%) 0.035"
Hypertension 43 (60%) 66 (82%) 0.002°"
Metabolic syndrome 17 (23.9%) 32 (40%) 0.026°"
Mild-moderate hepatosteatosis 28 (39%) 2 (40%) 0.046
Severe hepatosteatosis 4 (5%) 5(18%) 0.018°"
Laboratory, mean (+SD) Albumin (g/dL) 3.99 (+ 0.72) 3.64 (+ 0.82) 0.005%"
Total cholesterol (mg/dL) 187.55 (+ 52.49) 190.35 (+ 50.47) 0.739
LDL-C (mg/dL) 99.68 (+ 34.01) 99.61 (+ 37.58) 0.826
HDL-C (mg/dL) 45.08 (+ 16.10) 47.98 (+ 24.52) 0.596
Triglyceride (mg/dL) 91.09 (+ 100.06) 116.61 (+ 104.03) 0.000 **
CRP (mg/dL) 17.04 (£ 27.15) 41.04 (= 69.55) 0.014 =
CRP/Albumin 5.19 (+ 10.5) 14.06 (+ 29.51) 0.006
NLR 2.48 (£ 1.76) 453 (+5.517) 0.002
HOMA_IR 416 (£ 2.74) 5.26 (+ 2.66) 0.004>"
Fasting blood glucose (mg/dL) 129.55 (¥20.91) 145.30 (+ 41.18) 0.006%"
Fasting insulin level (mU/ml) 1211 (= 7.71) 19.20 (+ 9.82) 0.048
HbA1c (%) 5.80 (+ 0.66) 6.19 (+ 0.76) 0.000%"

aMann-Whitney U test, °Chi-square test, *p < 0.05

CRC: Colorectal cancer; CRP: C-reactive protein; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; NLR: Neutrophil-

lymphocyte ratio; HOMA_IR: Homeostasis Model Assessment-insulin resistance.

as stage 3, and 34 (22.5%) were classified as sta-
ge 4. The median overall survival duration was 50
months (95% confidence interval, 43-56) for the
CRC group.

Our study revealed prominent differences regar-
ding metabolic risk factors between adenoma
and CRC groups. For example, fasting blood glu-
cose, fasting insulin level, insulin resistance, and
HbA1lc levels were significantly higher in patients
with CRC than in those with colonic adenomas (p
= 0.031, p = 0.048, p = 0.032, p = 0.00, respecti-
vely) (Table 1). Moreover, DM was observed in 31
(43.66%) patients with a pathological diagnosis of
adenoma, and in 49 (61.25%) people with adenocar-

cinoma which signified the rate of DM was detec-
ted significantly higher in the CRC group than in
the adenoma group (p = 0.035). The presence of DM
had substantially bad consequences on the survi-
val of patients with CRC since the median survival
time in patients with CRC was 75 months where-
as it was 48 months in those with CRC and DM
(Table 2). We also encountered obesity more in the
CRC group than in the adenoma group (26.25% vs
12.67% respectively, p < 0.05). Similarly, the rate
of hypertensive patients was significantly higher in
the CRC group than in the adenoma group (83% vs
60%, respectively, p = 0.002). Moreover, while the

median survival time was 45 months in CRC pa-
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tients with hypertension, the median survival time
was 87 months in CRC patients without hyperten-
sion (Table 2). We also detected more patients with
hypertriglyceridemia in the CRC group than in
the adenoma group (p < 0.05) (Table 1). The cut-off
value for the triglyceride level was 159 mg/dl, de-
termined by the receiver operating characteristics
(ROC) analysis. It was observed that the median

survival time was 47 months in patients with CRC

whose triglyceride levels were > 159 mg/dl, while it
was 72 months in patients with CRC whose trigly-
ceride levels were < 159 mg/dl (Table 2).

Another important finding in the present study
is about MetS and its influences on our patients’
survival. Indeed, MetS was detected in less than
a quarter of the patients with adenoma and near-
ly 40% of patients with CRC, and the difference
was significant (p < 0.05). Particularly, MetS had

Table 2 Results of log-rank univariate analysis for overall survival.

Variable n Median Survival, Months p-value
(95% ClI)
Gender Women 34 49 (43-54)
0.652
Men 46 50 (38-61)
Metabolic syndrome No 32 60 (49-60) 0032*
Yes 48 47 (40 - 55) '
Hepatosteatosis No 15 75 (68-89)
Mild-moderate 32 56 (41-70) 0.000*
Severe 33 45 (42-47)
Hypertension No 14 87 (70-90) 0.000*
Yes 66 45 (42-47)
Diabetes No 31 75 (70-90)
0.031*
Yes 49 48 (44-51)
Triglyceride <159 35 72 (70-88) 0.000*
>159 45 47 (44-49) i
TNM stage Stage 1-2 36 71 (70-90)
Stage 3 19 50 (38-61) 0.001*
Stage 4 25 45 (34-55)
Tumor site Right 54 50 (45-54)
Left 18 58 (33-58) 0.744
Rectum 8 47 (40-53)
RP <1 4 75 (70-
C 0 3 5 (70-89) 0.005%
>10 46 47 (43-50)
CRP/Albumin <3.89 34 80 (70-89) 0.015*
>3.89 46 47 (43-50) '
< R
NLR <2.52 27 80 (70-95) 0.039+
>2.52 53 48 (44-51)
Cigaret No 34 52 (44-59) 0.558
Yes 46 48 (41-54)
*p < 0.05

TNM: Tumor, node, metastasis; CRP: C-reactive protein; NLR: Neutrophil-lymphocyte ratio.
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terrible effects on the median survival time of our
CRC patients. Indeed, the median survival time of
the patients with CRC with MetS was found to be
thirteen months less than the patients with CRC
without MetS (Figure 1), (Table 2). Most of the
CRC cases with MetS had tumors located in the
right colon (69%) and the rest 17% in the left colon
and 14% in the rectum. In our cohort, there were
also 8 patients with colorectal adenoma and CRC
synchronously and we did not find a higher rate of
MetS in these patients compared to the rest of the
study cohort (p = 0.301).

It is already known that visceral obesity and MetS
have been associated with the vast production of
inflammatory cytokines through adipocytes, resul-
ting in chronic low-grade inflammation. Thus, we
researched several of the pro-inflammatory mar-
kers in our study cohort and we found out that
CRP, NLR, CRP/albumin ratio was significantly
higher in the CRC group than the adenoma group
(p=0.014, p = 0.002, p = 0.006, respectively). Addi-
tionally, we noticed that the median survival was
47 months in CRC patients with CRP = 10mg/dl,
and 75 months in CRC patients with CRP < 10 mg/

dl (Table 2). Cut-off values were also determined
by ROC analysis for NLR and CRP/albumin ratio
concerning the survival of patients with CRC. It
was determined as 2.52 for NLR and 3.89 for CRP/
albumin. The median survival time of CRC pa-
tients with a NLR greater than 2.52 was 48 mont-
hs, while those with a cut-off value of < 2.52 was
found to be 80 months (Table 2). Similarly, the me-
dian survival time was 47 months in patients with
CRC whose CRP/albumin ratio of = 3.89, while it
was 80 months in patients with a CRP/albumin ra-
tio of < 3.89 (Table 2).

We also investigated and compared the rate of
NAFLD in patients with adenoma and CRC. We
found that the rate of severe hepatosteatosis was
significantly higher in those with CRC than in the
adenoma group (p = 0.018). Additionally, the rate
of distant metastasis was noted significantly hig-
her in CRC patients with severe steatosis than in
CRC patients with mild-moderate steatosis (p =
0.048). As a result, the median survival time inpa-
tients with severe steatosis was 45 months, while
the median survival in CRC patients without ste-
atosis was 75 months (Figure 2), (Table 2). Liver

Survival Functions

Metabolic

Syndrome
—No

Yes
L = No-censored
’ —+— Yes-censored

0,67 s

0,4+ 1

Cum Survival
I

0,07

T T T T T T T
00 20,00 40,00 60,00 80,00 10000 120,00

Overall Survive

Survival Functions

§ 55 . Hepatosteatosis
L | —None
— "Mild
| Severe
—+—None-censored

— Mild-censored
+ Severe-censored

0,6 1

R

Cum Survival

0,47

0,21

0,0

T T T T T T T
00 20,00 40,00 60,00 80,00 100,00 120,00

Overall Survive

Figure 1 Overall survival in colorectal cancer patients
with metabolic syndrome.

Figure 2 Overall survival in colorectal cancer patients by
grades of hepatosteatosis.
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Table 3 Results of multivariate analysis for overall survival by the Cox proportional hazard model

Variable Hazard Ratio (95% Cl) P-value
Metabolic syndrome No vs. Yes 1.45(0.7-2.9) 0.303
Hepatosteatosis No vs. Mild-Moderate 3.42 (0.7-15) 0.10

No vs. Severe 7.51 (1.3-25) 0.08*
Hypertension No vs. Yes 2.17 (1.1-4.4) 0.018*
Diabetes Mellitus No vs. Yes 1.45 (0.7-2.9) 0,306
TNM /Stage Stage 1-2 vs. Stage 3 1.19(0.5-2.3) 0.038*

Stage 1-2 vs. Stage 4 2.24 (1.1-4.5) 0.022*
CRP <10vs. >10 1.26 (0.6-2.5) 0.523
NLR <2.52 vs. >2.52 0.31(0.7-2.9) 0.315
CRP/Albumin <3.89 vs. >3.89 1.13(0.4-2.2) 0.733
Triglyceride <159 vs. >159 2.53(1.2-5.5) 0.010*
*p < 0.05

TNM: Tumor, node, metastasis; CRP: C-reactive protein; NLR: Neutrophil-lymphocyte ratio.

cirrhosis was present in 18 out of 80 patients in
the CRC group and 10 out of 71 patients in the
adenoma group, and these rates were statistically
not significant (p = 0.177). 13 patients had a liver
biopsy with a diagnosis of non-alcoholic steatohe-
patitis (9 patients had CRC, 4 patients had ade-

noma).

According to the univariate analysis, DM (p =
0.031), hypertension (p = 0.00), hypertriglyceri-
demia (p = 0.00), severe liver steatosis (p = 0.00),
CRP (p = 0.005), CRP to albumin ratio (p = 0.015),
and NLR (p = 0.039) had significant influences on
the survival of our CRC patients. Nevertheless, the
multivariate analysis indicated advanced tumor,
node, metastasis (TNM) stage (p < 0.05), severe
steatosis (p < 0.05), hypertension (p = 0.018), and
hypertriglyceridemia (p = 0.01), to be independent
risk factors for shorter CRC survival (Table 3).

DISCUSSION

In the present study, we found that fasting blo-
od sugar, fasting insulin level, insulin resistance,

HbAlc levels, the rates of patients with a diagnosis

of obesity and or DM are significantly higher in the
adenocarcinoma group compared to the adenoma
group. In addition, we found that the presence of
DM had a significant negative impact on survival
in CRC patients in our cohort. Our findings are
in line with the current literature indicating that
the presence of diabetes in CRC patients worsens
the disease prognosis and shortens life expectan-
¢y (3,13). The potential mechanisms of interaction
between obesity, DM, and colorectal carcinogene-
sis include marked activation of the inflammatory
pathway that develops with insulin resistance,
hyperinsulinemia, and insulin-like growth factor
(IGF)-I associated with colonic epithelial prolifera-
tion (14,15). Furthermore, chronic oxidative stress
of hyperglycemia, inhibition of colonic epithelial
apoptosis by several mediators such as insulin,
adiponectin, leptin resistance, interleukin-6 (IL-6),
and tumor necrosis factor-a (TNF-o), are the im-
portant mediators that are believed to play impor-
tant role in the pathogenesis of CRC (16-19).

We also found that the prevalence of hypertensi-
on and MetS were significantly higher in the ade-
nocarcinoma group than in the adenoma group.
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Supporting, in a meta-analysis of 13 prospective
studies, it was estimated that hypertensive indi-
viduals are estimated to have an 11% higher risk
for CRC (20). Esposito et al. using both cohort and
case-control studies published another meta-a-
nalysis that found a 9% increase in the risk of CRC
due to hypertension (21). Also, the data supporting
the MetS as an independent risk factor for CRC
have been obtained from studies investigating the
markers of MetS (obesity, abdominal adipose tis-
sue accumulation, and physical inactivity), clinical
results of this syndrome (type 2 DM and hyperten-
sion), plasma components of metabolic syndrome
definition (hypertriglyceridemia, hyperglycemia,
and low HDL cholesterol) and the relationship
between hyperinsulinemia, underlying MetS, and
colonic neoplasms (6,8,10,22). This relationship
between MetS and colorectal tumorigenesis was
noticed strikingly more in the right colon neoplas-
ms rather than in the left colon neoplasms which
were exactly the same as our data (23,24). Kim et
al. found that MetS affected right colon adenomas
(OR = 1.50, 95% CI = 1.22-1.85), left colon adeno-
mas (OR =1.36, 95% CI = 1.05-1.76), and adeno-
mas in multiple anatomical locations (OR = 1.59,
95% CI = 1.19-2.12), but was not associated with
rectum (24) as Bowers et al’s study (7). Morita et
al. reported that MetS increased the risk of right
colon adenoma and large adenomas (> 5 mm in
diameter) (25). In our study, we also noticed that
MetS affected proximal rather than distal colonic
neoplasms. The reason for this association is not
clear, but in a rat model, Steinbach et al showed
that high-calorie diet intake increased the proli-
feration of abnormal crypt foci in the entire colon
except the distal location (26). The risk carried by
the entire syndrome is no more than the sum of the
risks carried by its components (21). Thus, it has
also been clearly shown that abdominal obesity
and abnormal glucose metabolism are responsible
for the relationship between MetS and CRC and

that MetS does not pose an increased risk beyond
these (10,27).

We also observed that serum triglyceride levels
were significantly higher in the CRC group compa-
red to the adenoma group. Data regarding the re-
lationship between plasma triglycerides and CRC
risk is contradictory. There are large-scale studies
in the literature indicating that hypertriglyceride-
mia increases the risk of both colorectal adenoma
(28,29) and cancer (30,31). However, other studies
have not been able to show an association between
plasma triglyceride levels and CRC risk (32,33). It
is emphasized that the level of triglyceride, whi-
ch is a component of MetS, increases the risk of
cancer by increasing free fatty acids (FFA) which
are transmitted through the circulation to various
organs after being released. Oxidative stress resul-
ting from FFA oxidation has been thought to incre-
ase the risk of CRC (34).

In addition, we detected higher serum CRP levels,
higher NLR, and lower albumin levels which are
indicators of ongoing systemic inflammation, in
the CRC group compared to the adenoma group.
Similarly, a study conducted by Kigawa et al. re-
ported that high plasma CRP levels were positi-
vely associated with a higher prevalence of colonic
adenoma (OR 1.30; p = 0.031). The authors also
noticed a significant relationship between the size
(= 5 mm) and numbers (= 2) of adenomas according
to the subgroup analysis (35). Moreover; in a me-
ta-analysis in which a total of 15 studies were inc-
luded; a high ratio of serum CRP level to albumin
before treatment was associated with poor overall
survival as our results (36). However, it was stated
that this difference was detected only in patients
with colon cancer, but not in those with rectal can-
cer (37). In the present study, the association of
MetS with right colon neoplasms suggests that the
degree of inflammation can be higher in the right
colon rather than in the left colon and or the rec-
tum. NLR has been suggested as a good marker
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of systemic low-grade inflammation and was re-
ported as a poor prognostic indicator in colorectal
neoplastic disease (38). In the present study, we
also noted that CRP, CRP/albumin ratio, and NLR
were found to be significantly higher in CRC than
in the adenoma group and these inflammatory pa-
rameters affect the survival of CRC patients nega-
tively.

Vitamin D also has been proven to have an an-
ti-inflammatory effect, and its deficiency has been
shown to increase the risk of CRC through regu-
lation of differentiation of colonic epithelium and
inhibition of angiogenesis in the colorectal mucosa
(39). In our study, we detected a significant defi-
ciency of serum 25-OH vitamin D levels in the CRC
group compared to the adenoma group. A signifi-
cant inverse relationship between serum 25-OH
vitamin D levels and CRC has been observed in

several meta-analyses in the literature (40,41).

Severe liver steatosis has been associated with an
increased risk of colorectal neoplasia and its recur-
rence (42). In this study, the rate of severe hepatos-
teatosis was significantly higher in the CRC group
than in the adenoma group. Moreover, the rate of
distant metastases was significantly higher and
overall survival was lower in patients with severe
steatosis than in patients with mild to moderate
steatosis. It has been shown in the literature as
well as in our study that NAFLD resulting from in-
sulin resistance, is positively correlated with CRC
risk, the patients with prior NAFLD have been
shown to have a worse prognosis than those CRC
patients without NAFLD (43).

In community-based studies, it was observed that
being over the age of 50 poses a significant risk
for colon adenoma and CRC (44,45). In the present
study, the average age is noted to be higher in tho-
se with CRC, although it is not statistically signifi-
cant compared to the adenoma group. Considering
the entire group, 80% of the patients with colonic

neoplasm are over 50 years old. We also scrutini-
zed the effect of gender on the risk of CRC develop-
ment. We noted that the number of male patients
was higher in both adenoma and CRC groups, but
that was not statistically significant. In the lite-
rature, it has been shown that the male gender is
an independent risk factor for advanced colorectal
neoplasm (44,46). In a multi-centric study, it was
found that the risk of CRC increases in men com-
pared to women in all components of MetS (47).
The possible cause of this condition has been asso-
ciated with the protective effects of estrogen and
progesterone in women receiving postmenopausal
hormone replacement therapy.

Our study has several limitations. Other possible
confounding factors that may be associated with
the risk of colonic neoplasia in patients, such as
diet and smoking have not been taken into consi-
deration. Another important limitation can be the
relatively small sample size of both groups of pa-
tients with colorectal adenoma and CRC.

In a conclusion, frequencies of DM, hypertensi-
on, hypertriglyceridemia, and severe liver steato-
sis were detected significantly higher in the CRC
group than in the adenoma group. Thus, MetS was
diagnosed substantially more in the CRC group in
our study cohort. Inflammatory markers such as
CRP, CRP to albumin ratio, and NLR were signifi-
cantly elevated in the CRC group as well. In univa-
riate analysis, DM, hypertension, hypertriglyceri-
demia, severe liver steatosis, CRP, CRP to albumin
ratio, and NLR had significant influences on the
survival of our CRC patients. We determined se-
vere hepatosteatosis, hypertension, hypertriglyce-
ridemia, and advanced TNM stage to be indepen-
dent risk factors for CRC survival. Nevertheless,
further studies are needed to make more clear-cut
conclusions on the effects of insulin resistance, se-
vere liver steatosis, hypertriglyceridemia, and se-
rum inflammatory markers in colorectal adenoma

and cancer formation.
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