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Absence of non-alcoholic fatty liver disease in the
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Abstract: Background: Colorectal carcinoma (CRC) and non-alcoholic fatty liver disease (NAFLD) share common risk
factors. Insulin resistance (IR) has an important role in both diseases. It has been speculated that the prevalence of
colorectal neoplasms might be increased in patients with NAFLD. However, It is unclear whether NAFLD is an actual
risk factor or any association is incidental coexistance due to the role of IR in both disease. We aimed to assess
the risk for CRC in patients with NAFLD in relation to IR. Method: This study was designed prospectively and cross-
sectionally. We determined NAFLD by ultrasonography and measured IR by the homeostatic model of assessment-
insulin resistance model. Results: The prevalences of CRC and adenoma were shown to be significantly higher in
patients with IR (respectively; P: 0.005, P: 0.008). But prevalence of CRC was found to be significantly lower in
subjects with NAFLD (P: 0.001). On multivariate logistic regression analysis, the risks of colorectal adenoma and
carcinoma were significantly associated with the presence of IR (respectively; OR: 2.338, 95% Cl: 1.080-4.993, P:
0.003 and : 5.023, 95% Cl: 1.789-9.789, P: 0.001). The risk for CRC was significantly associated with the absence
of NAFLD (OR: 7.380, 95% Cl: 3.069-7.961, P: 0.010). The absence of NAFLD in the presence of IR was associated
with significantly high risk for CRC (OR: 5.218, 95% Cl: 1.538-7.448, P: 0.017). Conclusion: The risk of CRC can
increased in subjects with IR but without NAFLD. The absence of NAFLD in the presence of IR may predict the CRC.
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Introduction

Colorectal carcinoma (CRC) is one of the most
common cancers in the world, and is the sec-
ond leading cause of cancer-related deaths
world wide [1]. Insulin resistance (IR), defined
as a subnormal glycemic response to endoge-
nous insulin, is characterized by compensatory
hyperinsulinemia [2], and has been shown posi-
tively associated with CRC [3, 4].

It has been proposed that insulin may be
involved in colon carcinogenesis [4]. Moreover,
increased levels of plasma insulin and glucose,
glucose intolerance, obesity and physical inac-
tivity have been showed to be positively associ-
ated with CRC [4, 5].

Non-alcoholic fatty liver disease (NAFLD) is also
a common disease and is strongly associated

with IR, obesity, and dyslipidemia. It is also
regarded as a liver manifestation of metabolic
syndrome (MS) [6]. It has been showed that the
prevalence of MS in CRC patients was relatively
high [7]. Recently it has been suggested that
NAFLD might be a risk factor for colorectal neo-
plasms [8-10]. However, it is unclear whether
NAFLD is a risk factors for colorectal neoplastic
lessions, or this association is an incidental
coexistance because of both are accompaniy-
ing with IR.

We aimed to investigate NAFLD as one of the
potential risk factors for CRC in relation to IR.

Method
Study population

This study was a prospective, observational
study investigating NAFLD and IR as risk factor
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for CRC. This study was conducted by using a
registry of participants who underwent colo-
noscopy between February 2014 and July 2014
at a single center in Turkey. This study was
approved by the Institutional Ethical Board. The
written informed consent about the study and a
standard questionnaire regarding their person-
al medical history, present medications, family
history, and life style habits were obtained from
all participants. Physical examinations, labora-
tory assays, imaging studies were performed
after a fasting period of at least 12 hours on
the day of the colonoscopy.

During the study period, a consecutive series of
450 subjects, 26-85 years of age, were evalu-
ated. We excluded subjects with a history of
chronic alchocol consumption (n: 15), chronic
liver disease (n: 18), and seropositivity of hepa-
titis B virus (n: 60) and hepatitis C virus (n: 22).
We also excluded subjects who had colonosco-
pies in which the cecum was not reached (n:
22), poor bowel preparation (n: 108), inflamma-
tory bowel disease (n: 66), active gastrointesti-
nal bleeding (n: 10), history of coloretal surgery
(n: 7), CRC diagnosed beforehand (n: 4) and
hereditary cancer syndrome (n: 1). After exclu-
sion of above-mentioned conditions, 127 pati-
ents were included to the study.

Participants were classified into three groups
according to colonoscopic findings and histo-
logic subtypes of polyps, respectively adenoma
group who have tubuler, villous and tubulovil-
lous adenomatous polyps; control group who
have normal colonoscopic findings, and carci-
noma group who have adenocarcinomas.

Measurements, definitions and laboratory as-
says

Anthropometry, blood pressure, and laboratory
tests were measured after a fasting period of at
least 12 hours on the day of the colonoscopy.

Trained nurses measured the height and weight
of the participants, wearing light weight hospi-
tal gowns and no shoes, using a calibrated
stadiometer and a balance beamscale. Blood
pressure (BP) was measured in seated sub-
jects after a 5-min rest with a standard mercu-
ry sphyngomanometer. The presence of hyper-
tension (HT) was defined according to the 2013
guidelines on hypertension of the European
Society of Hypertension and the European
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Society of Cardiology [11], or the use of antihy-
pertensive medication. Waist circumference
(WC) was measured at the umbilicus level. In-
creased WC was based on the definition acc-
ording to the Regional Office for the Western
Pacific Region of World Health Organization cri-
teria [12]. The body mass index (BMI) was cal-
culated as kg/m?2. Diabetes mellitus (DM) was
determined by American Diabetes Association
guidelines, 2003 [13]. MS was defined as hav-
ing at least 3 of the criteria set by the Adult
Treatment Panel lll criteria, as updated by the
American Heart Association [14].

A venous blood sample was drawn from an
antecubital vein. The serum levels of liver
enzymes, lipids, glucose and other biochemical
markers were measured. Homeostatic model
of assessment-insulin resistance (HOMA-IR), as
an index of IR, was calculated with the fasting
serum insulin and glucose values of an individ-
ual [15]. If HOMA-IR score was 2.5 or more, the
patient was defined to have IR.

Hepatic ultrasonography (USG) scanning (a
3.5-MHz transducer [Logig P5; GE, USA]) was
performed for all participants by two train-
ed gastroenterologist blindly and independent-
ly. The diagnosis of NAFLD was made on the
basis of four known criteria, namely, hepatore-
nal echogenic contrast, liver brightness, deep
attenuation and vascular blurring [16].

Statistical analysis

The statistical analysis was performed with
the Windows SPSS program ver. 15.0 (SPSS,
Chicago, IL, USA). The statistical results are
presented as the mean + standard deviation or
percentages. Statistical analyses included an
independent sample One way ANOVA test. The
concordance between two USG measurements
was also measured with Mc Nemar test. Risk
estimation and comparisions of categorical
data were made by the chi square-test and
multinominal logistic regression analysis.
Stepwise linear regression analysis with both
backward elimination and forward selection
was employed to evaluate any association
between outcome variables. Adjusted factors
were determined from factors which had p
value < 0.05 by linear regression analysis indi-
cating to have independent effect on the
dependent variables. These factors were con-
sidered covariates and included into multivari-
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Table 1. Basal Characteristics of the Study Population

PARAMETERS CONTROL ADENOM CARSINOM
N 83 26 18

Age (year) 55.7+12.1 62.2+11.6 62.0 + 14.5°
Female (n, %) 50 (60.2%) 11 (42.3%) 7 (38.9%)
Male (n, %) 33 (39.8%) 15 (57.7%) 11 (61.1%)?
BMI (kg/m?) 30.1+£5.0 275+ 4.0 28.6 £+ 5.6
DM (n, %) 23 (27.7%) 4 (15.4%) 6 (33.3%)
HT (n, %) 22 (26.5%) 6 (23.1%) 2 (11.1%)
MS (n, %) 32 (39%) 8 (31%) 7 (39%)
Increased WC (n, %) 38 (45.8%) 11 (42.3%) 6 (33.3%)
SBP (mmHg) 127.3+17.7 130.3+13.3 130.3 +18.7
DBP (mmHg) 773+ 15.9 74.4 £ 8.7 747 £79
Glu (mg/dl) 105.9+26.2 108.4 +41.3 110.7 + 40.8
ALT (IU/ml) 249 + 8.6 22.8+8.1 26.4 +2.7
TG (mg/dl) 156.7 £55.5 160.4 +£81.5 119.8 £+ 60.1
Cholesterol (mg/dl) 199.3+36.7 202.3+355 166.9 + 34.22°
HDL-C (mg/dl) 455 + 9.6 44.4 + 8.8 435+ 14.0
LDL-C (mg/dl) 1241 +29.3 128.1+34.8 99.6 + 29.2P
HbA1c (%) 6.2+1.3 6.0+0.7 6.7+ 1.6
Hb (g/dl) 13.2+2.1 13.5+2.1 11.7 + 2.8
HOMA-IR* 1.8 (0.38-15.1) 2.2 (0.01-17.8) 3.7 (0.23-14.3)a
Presence of IR (n, %) 34 (41%) 17 (65%)? 14 (77.8%)>°
Presence of NAFLD (n, %) 49 (59%) 13 (50%) 3 (16.7%)2°

Abbreviations: BMI: body mass index, CVD: cardiovascular disease, DBP: diastolic blood
pressure, DM: diabetes mellitus, HPL: hyperlipidemia, HT: hypertension, MS: Metabolic
syndrome, NS: not significant SBP: systolic blood pressure, ALT: Alanin amino transfe-
rase, Glu: Glucose, Hb: Hemoglobin, HDL-C: High density lipoprotein-cholesterol, LDL-C:
Low density lipoprotein-cholesterol, NS: not significant, TG: triglyceride. Results were
expressed as mean + SD or number of patients. "Results were expressed as median
(minimum-maximum). 2compared to control P < 0.005. "compared to adenoma groups
P < 0.005.

The subjects with colorec-
tal neoplastic lessions we-
re more likely to be above
age of 62 years and to be
male. The adenoma and
carcinoma groups had sig-
nificantly higher mean age
than control group (P:
0.023 and P: 0.039; res-
pectively). The carcinoma
group had significantly lo-
wer hemoglobine (Hb), to-
tal cholesterol, low density
lipoprotein-cholesterol
(LDL-C) levels than the ad-
enoma (respectively: P:
0.026, P: 0.005, P: 0.008)
and control groups (res-
pectively P: 0.022, P:
0.002, P: 0.007). The car-
cinoma group had higher
median HOMA-IR value
than the control group (P:
0.034). There were no sig-
nificant differences in oth-
er baseline characteristics
between groups. The car-
cinoma group had signifi-
cantly higher rate of IR
than the adenoma and
control groups (respective-
ly P=0.008 and P: 0.005).
Results of USG measure-
ments by two experts have
well concordance (Mc

ate regresion analysis. Each odds ratio (OR) is
presented together with its 95% confidence
interval (Cl). P < 0.05 was considered statisti-
cally significant.

Results
Baseline characteristics of the subjects

A total of 450 subjects were eligible for the
study. Of these individuals, 127 subjects were
included in the final analysis, after excluding
323 subjects according to exclusion criteria.

The baseline characteristics are summarized
in Table 1. The mean age of the enrolled sub-
jects was 57.3 + 12.8 and there were 59 men
(46%). A total of 44 patients (35%) had 1 or
more colorectal neoplastic lessions, of which
18 subjects (40%) had colorectal carcinoma.
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Nemar test, chi-square value: 0.112, P = 0.25).
there was lower prevalance of patients with
NAFLD in the carcinoma group compared to the
adenoma and control groups (respectively; P:
0,012, P: 0,023) (Table 1).

Prevalence of colorectal neoplasm in relation
to NAFLD and IR presence

Figure 1 shows prevalance of adenoma and
carcinoma in patients with NAFLD and seper-
ately in patients with IR.

The prevalences of adenomas and carcinomas
were found significantly higher in patients with
IR than without IR (respectively; P: 0.008, P:
0.005) and prevalence of carcinoma was found
significantly lower in patients with NAFLD than
without NAFLD (P: 0.001) (Figure 1).
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Figure 1. The prevalence of Colorectal Neoplasm in patients with NAFLD and IR.
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Figure 2. Association between IR and NAFLD in patients with carcinoma and adenoma.

Association between NAFLD and IR in patients
with adenoma and carcinoma

We also made subgroup analysis in adenoma
and carcinoma patients with IR for investigat-
ing presence of NAFLD. While 21.4% of carci-
noma patients with IR had NAFLD, 78.6% of
carcinoma patients with IR did not have NAFLD
and 29% of adenoma patients had NAFLD,
although 71% of adenoma patients with IR did
not have NAFLD. Seperately we investigated
rate of IR in adenoma and carcinoma patients
with NAFLD. While, all of carcinoma patients
with NAFLD had IR, 43% of adenoma patients
with NAFLD had IR (Figure 2).

Risk estimation for adenoma and carcinoma
according to presence of NAFLD and IR

Risk of adenoma and carcinoma in relation to
NAFLD and IR status were shown in Table 2. In
multivariate analysis; presence of IR was asso-
ciated with significantly high risk for both ade-
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noma and CRC (respectively; OR: 2.338, 95%
Cl: 1.080-4.993, P: 0.003 and OR: 5.023, 95%
Cl: 1.789-9.789, P: 0.001) (Table 2). Absence
of NAFLD was significantly associated with high
risk for carcinoma (OR: 7,380, 95% CI: 3.069-
7.961, P: 0.010). Absence of NAFLD in the pres-
ence of IR was significantly associated with
high risk for CRC (OR: 5.218, 95% CI: 1.538-
7.448, P: 0.017).

Discussion

In our study, we found significantly higher rates
of IR in the adenoma and carcinoma groups
compared to the control group. We found also,
presence of IR was associated with more than
two fold increase in the risk of adenoma, and
five fold increase in the risk of carcinoma.

Some enviromental factors are associated with
the high risk for CRC including dietary, phy-
sical inactivity. Giovannucci proposed that the
effects of dietary and lifestyle risk factors on
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Table 2. Risk of Adenoma and Carcinoma in relation to NAFLD and IR presence

ADENOM CARCINOM
Univariate Multivariate Univariate Multivariate
Total number Numberof o gsoc 0 pvaive  OR(95%C)  Pualve NUTPTOT oRp9s%C)  Pvale  OR(95%C)  Pvalue
of subject subject subject

IR

Absent 62 9 1 1 4 1 1

Present 65 17 2.732(1.21765.219) 0.008 2.338 (1080-4.993) 0.003 14 5130 (1.984-9.976) 0.008 5023 (1.789-9.789) 0.001
NAFLD

Present 65 13 1 1 3 1 1

Absent 62 16 1047 (0.8152.805) >0.05 1.586 (0.6052.156) >0.05 15 7.918(3223810) 0003 7.380 (3.069-7.961)  0.010
In subjects with IR

Presence of NAFLD 30 5 1 1 3 1 1

Absence of NAFLD 35 12 4.066 (1.655-5.960) 0.028 2.692 (0.532-4.849) >0.05 10 5.654 (1.756-7.660) 0.015 5.218 (1.538-7.448) 0.017

Covariates in adjusted models included age, sex, metabolic syndrome, diabetes mellitus, obesity. Abbrevations: CRN: Colorectal Neoplasia, IR: Insuline resistance, NAFLD: Non-alcholic liver disease.
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CRC may be mediated through hyperinsuline-
mia [4]. In vitro, in vivo, and epidemiologic data
support this “hyperinsulinemia-colorectal can-
cer” hypothesis. In animal models, it has been
shown that exogenous insulin injection stimu-
lated the growth of CRC precursors [17, 18]. In
clinical studies, high circulating insulin levels
have been found independently associated
with increased risk for CRC [19, 20]. In addition,
type 2 DM has been found to be associated
with a 30%-40% increase in the risk of CRC
[21]. Patients with CRC have been shown to
have higher rate of IR than the control group in
previous studies similar to our results [8-10].
Excess insulin has been shown to affect devel-
opment of other cancers, including breast, liver,
and pancreas, as well as CRC [22-24].

Numerous mechanisms related with IR can be
responsible in colorectal carcinogenesis. Insu-
lin is a known growth factor and powerful mito-
genic agent. Insulin stimulates cell proliferat-
ion through two pathways [25]. The minor path-
way involves direct binding of insulin to either
insulin or insulin-like growth factor-1 (IGF-1) re-
ceptors; the major pathway is via inhibition of
IGF-binding proteins (IGFBP) and the resultant
increase in IGF-1 availability to the IGF-1 recep-
tor [25]. CRCs have a 10- to 50-fold increase
in IGF1, when compared with the adjacent nor-
mal colonic mucosa, and overexpression of
IGF1-R has been described in human CRC. The
IGF system is a potent growth regulator closely
linked with carcinogenesis [26]. For example,
hypersecretion of IGF-1 induced by growth hor-
mone is responsible for the increased risk of
CRC among patients with acromegaly. Because
CRC has been strongly suggested to be medi-
ated through the insulin pathway, Karimi K et
al. have hypothesized that polymorphisms in
the genes involving the insulin pathway are
associated with the risk of CRC susceptibility.
Although they have not found signifcant differ-
ence in genotype and allele frequencies betw-
een the cases with CRC and controls for the
IGF-1, IGFBP-3, insuline cell surface receptor,
and insulin receptor substrate-2 (IRS-2) gene
variants, they have presented an evidence for
the interaction between the rs2289046 variant
of IRS2 gene and BMI in the risk of CRC [27].

In the course of malignant progression of ade-

nomas to carcinoma, insulin also plays a mito-
genic role through ras oncogene. Ras muta-
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tions are important in colon carcinogenesis
and may involve the growth of adenomas into
cancers [4].

As a feature of IR, hyperglycemia, may also
affect the CRC risk through an inhibition of
colonic motility. Hyperglycemia also increases
advanced glycation end-product (AGE) forma-
tion [28]. The production of intracellular AGE
precursors damages target cells by modifying
proteins and altering their function. It has been
reported that plasma proteins modified by AGE
precursors bind to AGE receptors on endotheli-
al cells inducing receptor-mediated product-
ion of ROS. Also, AGE receptor ligation, by acti-
vating nuclear factor-kappa-B (NFkB), can in-
duce adverse changes in gene expression [29].
NFkB, which is strongly associated with abdom-
inal obesity and IR. This transcription factor
is involved in cytokine signaling and in cell
survival.

It is also possible that metabolic abnormalities
secondary to IR (i.e., triglycerides and glucose)
may act as a main source of energy for cancer
cell growth [30, 31].

As well as contribution of IR to carcinogenesis,
the carcinogenesis may further enhance IR via
chronic inflammatory pathways. IR is also stim-
ulate with low grade chronic inflammation. Tu-
mor necrosis factor-a (TNF-a) which is a cyto-
kine involved in chronic inflammatory states,
including cancer, obesity, and diabetes, it
blocks insulin signaling by preventing serine
phosphorylation of IRS-1 [32]. Overproduction
of TNF-a supports and even amplifies the
infammatory process leading to IR [33]. It has
been documented that the expression of inter-
leukin (IL)-6 in adipose tissue and its serum
concentrations positively correlate with obesi-
ty, IR, and type 2 DM, even in cancer patients
with IR [34]. Activation of STAT signaling, via
IL-6, is known to induce cancer cell prolifera-
tion, survival, and invasion, while suppressing
host antitumour immunity [35, 36].

In this study, the carcinoma group had signifi-
cantly lower rate of NAFLD than the adenoma
and control groups. The risk of CRC was signifi-
cantly higher in patients without NAFLD com-
pared to patients with NAFLD. As a main finding
in this study, we found the absence of NAFLD in
the presence of IR was associated with the
high risk for carcinoma.
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In the literature, there are some conflicting
results about the relationship between NAFLD
and colorectal neoplams [8-10]. Hwang et al.
presented the first evidence that there was
an association between NAFLD and an incre-
ased rate of colorectal adenomatous polyps by
including results of colonoscopy, abdominal
ultrasonography, and liver tests [8]. In a cross-
sectional study, Wong et al. showed that
patients with NAFLD had a higher prevalence
of colorectal adenomas and advanced neo-
plasms. They also showed that among patients
with biopsy-proven NAFLD, patients with NASH
had a higher prevalence of adenomas and
advanced neoplasms than those with simple
steatosis [9]. In a large retrospective cohort
study of Korean women, Lee et al. found that
the risk of adenomatous polyps was twice and
the risk of CRC was three fold in patients with
NAFLD compaired to patients without NAFLD
[10]. Finally, Stadlmayr et al. showed that the
patients with NAFLD had significantly more
colorectal adenomas and early CRCs compared
to those without NAFLD [37]. In contrast, Touzin
et al. in a retrospective observational study,
included subjects who underwent screening
colonoscopy and were evaluated for hepatoste-
atosis sonographically and histopathologically.
Prevelance of adenoma did not show signifi-
cant diferences between subjects with and
without NASH [38].

Most of these studies have concluded that
NAFLD could be a risk factor for CRC. But
underlying mechanisms of this association has
not been identified yet. IR, decreased adipo-
nectin levels, leptin and chronic inflammatory
states have been suspected as common mech-
anisms in carcinogenesis and NAFLD patho-
genesis [8-10]. But, It is unclear whether NAFLD
leads to colorectal neoplastic lessions by
means of these mechanisms, or this associa-
tion is an incidental coexistance because of the
same risk factors related with IR.

Although IR is common in individuals with
NAFLD, It is not known that NAFLD is a cause of
IR or a consequence of it.

NAFLD is defined as an accumulation of lipids
in the form of triglycerides in hepatocytes. The
term is used generally when the pathology of
metabolic liver disease is not known, or when
specifically referring to the fuller spectrum.
Both free fatty acids (FFA) and lipoprotein par-
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ticles provide lipids to the liver. Although some
lipoprotein particles are taken up by receptor-
mediated endocytosis in others, the TGs may
be broken down by hepatic lipase (HL), to pro-
duce FFA, which cross the hepatocyte mem-
brane by a combination of facilitated transport
and diffusion [39]. The sources of these FFA
include lipolysis of stored TGs in adipocytes
and dietary fat. The total uptake of FFA by hepa-
tocytes depends on both the concentration of
FFA in plasma and the capacity of the cells for
FFA uptake [40]. Influencing factors of capacity
of the cells for FFA uptake are not resolved in
NAFLD.

IR contribute the increase in serum-FFA sec-
ondary to lipolysis. But it is not obvious that
these FFA were uptaken by hepatocytes or they
were consumed by cancer cells as an energy
source.

In the course of carcinogenesis multiple meta-
bolic changes occur. Cancer cells need high
energy uptake to grow up. This energy is sus-
tained by impairing peripheral insulin-mediated
glucose uptake, increasing hepatic glucose
production and increasing levels of FFAs
through IR [41]. Increase in FFAs involves
abnormalities in host fat metabolism including
increased lipolysis with increased FFA syntase
(FAS) activity, glycerol turnover, and decreased
lipogenesis with lowered lipoprotein lipase
activity. Normally FAS suplies storage of ex-
cess energy intake in the liver, but in cancer
patients it appears to play a pivotal role for the
growth and survival of many transformed cells
[42]. Lipolysis and utilization of hepatic glucose
cause decrease in hepatic lipid deposition.
Some cytokines such as TNF-alfa and IL-6 have
been shown to have role in these metabolic
changes in cancer patients. In advanced carci-
noma, this cathabolic mechanism leads to can-
cer-related cachexia and, IR, TNF-a also has
been observed in cachectic cancer patients
[41]. IL-1 is an cytokine which is released by
tumor enviroment and has also been shown to
cause decrease in hepatic lipase activity re-
ducing hepatic FFA uptake [43, 44]. According
to these results it can be suggested that in car-
cinogenesis while IR is increasing, fat deposi-
tion in the liver is decreased.

In previous studies, which showed increased
rates of patients with NAFLD in patients with
colorectal neoplastic lessions, the patients had

Int J Clin Exp Med 2015;8(10): 18601-18610



Screening for colorectal carcinoma

higher rates of MS components different from
IR which are related with NAFLD such as in-
creased triglyceride levels, obesity, and high
LDL-C levels [8, 9]. On the other hand in our
study, although the carcinoma group had high-
er rate of IR, they had lower LDL-C and total
cholesterol levels. In accordance with our re-
sults, in Framingham study, it has been shown
that there was an association between low
serum cholesterol levels and the colon cancer
risk [45]. In a metaanalysis, investigators have
found that total cholesterol was inversely asso-
ciated with all-cancer incidence including CRC
[46]. In addition, there were also no significant
differences in terms of BMI and presence of
increased WC between groups in our study.
Keneko et al. have found also no significant dif-
ferences between CRC and control groups in
WC and BMI measurements. They have sug-
gested that the association between these indi-
ces and CRC varies depending on gender, eth-
nic groups and reports [47]. We found similar
rates of patients with MS in all three groups
and the adenoma group had similar risk factors
for NAFLD with the control group. These differ-
ent results can be explained by the influence of
NAFLD risk factors which were also MS compo-
nents other than IR.

Although some researcher suggests that, the
components of MS may appear to have an addi-
tive effect on colon neoplasia development act-
ing through different pathophysiological path-
ways [48], A recent study conducted on ani-
mals, has shown that hyperinsulinemia, but not
other components of MS, seems to have a
more direct role in CRC risk [49].

We also evaluated the subgroup analysis
among patients with NAFLD and patients with
IR. Although all carcinoma patients with NAFLD
had IR, 21.4% of carcinoma patients with IR
had NAFLD. These results showed that the
presence of NAFLD in carcinoma patients only
depends on the presence of IR. Our results sug-
gest that the presence of NAFLD in carcinoma
patients can accompany IR, but the presence
of IR appears not to be associated with the
development of NAFLD in these patients.

Our study has several limitations; our sample
size was relatively small. We investigated hepa-
tosteatosis by means of USG. USG with a sensi-
tivity of 60-70% is used frequently inclinical
practice [50]. Although magnetic resonance
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imaging may have a little higher sensitivity of
detecting hepatosteatosis, cost effectiveness
of USG precludes its use routinely [50]. Liver
biopsy, due to its invasive nature, might be
appropriate in cases with only elevated trans-
aminases levels. The sensitivity rate of USG
may be increased with two experts. In our study
results of two experts were similar. Lastly, we
could not analyse effect of cancer stage,
because of limited numbers of patients with
CRC.

According to our results, the presence of NAFLD
may be only a coexistence because of the pres-
ence of MS components. Although the risk of
CRC is positively associated with increased
IR, it is negatively associated with NAFLD.
Accordingly, we may suggest that because of
the activation of catabolic mechanisms and
high energy uptake of tumor cells in carcino-
genesis, while IR is increasing in carcinoma
patients, hepatic fat deposition is decreasing.
Further studies should be conducted to clarify
the causality between IR and CRC.
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