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ABSTRACT

Objective: This study was designed to determine the relationship between metabolic
syndrome as a risk factor for colorectal cancer.

Background: Overweight and obesity are leading risks for global deaths. Although the
increase in obesity over the last 35 years has been most dramatic in the US and western
industrialized countries, similar trends have also been seen in urban areas of many
developing countries. There are multiple common health consequences of an elevated body
mass index, including risk for several metabolic disorders, some cancers and ultimately
increased mortality

Patients and methods: A case control study was carried out on 150 patients 100 cases with
colorectal cancer (CRC), and 50 healthy age and sex matched controls. The patients were
randomly selected from those attending Gastroenterology Unit in Menoufia University
Hospital and Kafr el sheikh University Hospital, Egypt during April 2019 till February 2020. Al
subjects included in this study divided into Group | included100 patients with (CRC) with
colorectal cancer diagnosed based on pathological results and Group Il included 50 normal
healthy subjects of matched age and sex served.

Results: There was no statistically significant differences between the studied groups
regarding gender (p=0.074), and age/year (p=0.162). While, Insulin-like growth factor-1
level and carcinoembryonic antigen were significantly higher among colorectal cancer
patients than control groups (p<0.05).

Conclusion: Metabolic syndrome (MetS) is a state of chronic low-grade inflammation as a
consequence of complex interplay between genetic and environmental factors.
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INTRODUCTION
Overweight and obesity are leading risks for global deaths (1). The World Received: 10.09.2021
Health Organization estimates that at least 2.8 million adults die each year as Accepted: 24.11.2021

a result of being overweight or obese (1). Although the increase in obesity
over the last 35 years has been most dramatic in the US and western
industrialized countries, similar trends have also been seen in urban areas of Copyright © Celsius Publishing House
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many developing countries. There are multiple Common
health consequences of an elevated body mass index
(BMI), including risk for several metabolic disorders,
some cancers and ultimately increased mortality (2).
Cancer is the leading cause of death in developed
countries and a second leading cause of death in
developing countries. About 12.7 million cancer cases
and 7.6 million cancer deaths are estimated to have
occurred in 2008. It is estimated that 1,660,290 men
and women (854,790 men and 805,500 women) will
be diagnosed with and 580,350 men and women will
die of cancer of all sites in 2013. The number of
cancer cases is expected to rise due to both world-
wide population growth and an increasingly aged
population (3). Positive association between obesity
and CRC prevalence demonstrates an underlying
dose—response relationship according to BMI (4).
Timely screening of obese patients for CRC is thus
recommended. Gastrointestinal malignant tumors
involve a variety of diseases, and any of which have
poor prognosis. Although only colorectal and pancre-
atic cancers are among the 10 cancers with the high-
est incidence rates in the USA, five types of gastro-
intestinal tumor, including colorectal, pancreatic,
hepatic, esophageal, and gastric, are among the 10
cancers with the highest mortality. In Japan, among
the 10 cancers with the highest mortality in 2016, six
are gastrointestinal tumors, including colorectal,
gastric, pancreatic, hepatic, biliary tract, and esophageal.
At the time of diagnosis, many patients have either
metastatic or unrespectable cancers. Even after
curative-intent surgical treatment, the survival
time is still limited, and therapies for unresectable
carcinomas are typically minimally effective.
Therefore, we must seek a new marker to identify
gastrointestinal cancers (5).

Signals from a variety of growth factors are required
for carcinogenesis and cancer development in humans.
The insulin-like growth factor (IGF) system, which
includes both ligands of IGF1 and IGF2 and type 1
insulin-like growth factor receptor (IGF1R), may be an
important molecular target for cancer therapy (6).
Binding of the ligands to IGF1R causes receptor auto
phosphorylation and activates multiple signaling
pathways, which can stimulate cancer progression and
cellular differentiation (7). IGFs are produced by
hepatocytes and also by many extrahepatic sites
including stromal components and cancer cells. The IGF
axis is controlled by multiple steps under homeostatic
conditions (8).
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PATIENTS AND METHODS

A case control study was carried out on 150
patients 100 cases with colorectal cancer (CRC), and
50 healthy age and sex matched controls. The patients
were randomly selected from those attending
Gastroenterology Unit in Menoufia University Hospital
and Kafr el sheikh University Hospital, Egypt during
the period from April 2019 to February 2020. All
subjects included in this study were divided into two
groups: Group I: included 100 patients with (CRC) with
colorectal cancer diagnosed according to pathological
results. Group IlI: included 50 normal healthy subjects
of matched age and sex served.

Inclusion criteria included patients with colorectal
cancer (CRC) diagnosed according to pathological
results, Patients who did not receive radiotherapy,
chemotherapy or other treatment for cancer before
operation and All CRC presented as adenocarcinomas.
Also, oral drugs for hyper triglyceridemia, hyper-
tension and hyper-glycaemia were not used before
and during operation.

Exclusion criteria included patients with acute
inflammation, chronic liver and kidney damage,
acromegaly, hyperthyroidism, polycystic ovary
syndrome, cushing syndrome and other endocrine
patients taking glucocorticoids, thyroid hormones,
and other endocrine diseases, non-steroidal anti-
inflammatory drugs, diuretics and other drugs that
affect blood sugar and insulin, familial adenomatous
polyposis and patients had a history of familial malig-
nancy or other synchronous malignancy (such as
ovarian cancer, prostate cancer, breast cancer), were
excluded.

All selected patients included in this study were sub-
jected to the following: Full history taking including: A
purposely designed sheet was performed for all
patients included in this study, including: Personal
history: name, age, sex, address, residence, occupation,
marital status and special habits (smoking, alcohol),
Past history: Any medical disease and its nature, dura-
tion, treatment and any drug intake and its regimen and
duration of intake and Family history: of any similar
condition. Examination: Complete general and local
examination. Laboratory examination: Complete blood
picture, Kidney functions, Liver function test,
Quantification of serum lipid, Insulin like growth factor
1 (IGF-1) and carcinoembryonic antigen (CEA).
Radiological investigations, CT and Colonoscopy.

Surgery, Gastroenterology and Oncology, 26 (4), 2021



Statistical analysis

Results were collected, tabulated, statistically
analyzed by IBM personal computer and statistical
package SPSS version 22 (Armonk, NY: IBM Corp, 2013).
Descriptive statistics included Percentage (%), mean (x)
and standard deviation (SD) and analytic statistics
included chi-square test (y’) Student's t-test, Inter-
group comparison, Fisher's exact test, Correlation
coefficient test (Person test) and ROC curve analysis.
P value < 0.05 was considered statistically significant.

RESULTS

There were no statistically significant differences
between the studied groups regarding gender
(p=0.074), age (p=0.162), height (p=0.670), and
weight (p=0.102). While, body mass index and waist
were significantly lower among colorectal cancer
patients than control groups (p<0.001 and p=0.004,
respectively) as shown in table 1.

Evaluation of Metabolic Syndrome as A Risk Factor for Colorectal Cancer

Carcinoembryonic antigen (CEA) was significantly
increased among colorectal cancer patients than
control groups. Most of rectal cancer patients had T3NO
(32%) followed by T3N1 and T3N2 (16% and 16%). Also,
most of colon cancer patients had T3NO and
T3N1(29.33% and 29.33%) followed by T2N1(11.67%).
While Insulin-Like Growth Factor-1 were significantly
higher among colorectal cancer patients than control
groups (p<0.001) as shown in table 2.

There was no statistically significant relation
between body mass index and diastolic pressure,
systolic pressure, high density lipids, cholesterol, and
carcinoembryonic antigen among colon cancer
patients. While, triglyceride level was significantly
increased among overweight and obese patients than
normal patients. Also, waist, and low-density lipid were
significantly higher among obese patients than normal
and overweight patients (p=0.001). Also, triglycerides
were significantly decreased among overweight
patients lower than obese and normal patients.
Regarding insulin-like growth factor-1 was significantly

Table 1 - Comparison between the studied groups regarding demographic data and anthropometric measurements

Colorectal cancer patients (N=100) Control (N=50) Vs P- Value
Rectal (N=25) Colon (N=75)
No. % No. % No. %
Gender
Male 1 44.00 41 54.67 17 34.00 2.207 0.074"
femae LS %600 M 4533 8 66.00 e
Age/year
Mean+SD 40.56+8.66 41.20+12.40 43.68+10.14 H=0.53 0.162"
Range 25-64 23-67 25-68
o Median 898 e OB R0
Hight/cm
Mean+SD 165.90+16.11 172.80+20.23 168.60x 3.30 F=1.88 0.670"
Range 160-175 166-180 159-180
Vo Median IS ] L1725 L
Weight/kg
Mean+SD 87.00£10.04 90.12+19.46 90.46+15.98 H=0.15 0.102'
Range 62-124 60-125 57-126
U Median B e BB ! AN
BMI (kg/m?)
Mean +SD 25.601.83 25.83+3.14 29.64+2.59 H=3222  <0.001**
Range 22-29 18.5-35 24-35
Medan 250 e O
POStHOC P1=0.706, P2.<0.001"", P8 0.001 7"
Waist circumference/cm
Meanz SD 81.804.02 58.31£5.68 87.06+7.93 F=5.783 0.004*
Range 75-88 70-103 70-110
_Medan 7T e 90 85 e
Post Hoc P1=0.022*, P2= 0.001*, P3= 0.132

BMI: Body mass index x* chi square, H: Kruskal Wallis test, NS: Non statistically significant, F-test: ANOVA F test, *: statistically significant,

**: Highly statistically significant.

P1: comparison between Rectal group and Colon group
P2: comparison between Rectal group and Control group
P3: comparison between colon group and Control group
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Table 2 - Comparison between the studied groups regarding pathology and Insulin-Like Growth Factor-1 and CEA

Colorectal cancer patients (N=100) Control (N=50) F test P value
Rectal (N=25) Colon (N=75)

IGF1

Mean+ SD 86.93 + 43.77 66.17 + 39.04 25.14 £11.82 35.184 <0.001**

Range 6-181 17-282 8-56
Medan 820 T - S
Posthoc oo P1= 0010, P2 000 PO
CEA

Means SD 14.616+9.13 14.636+6.21 8.56+4.05 15.87 0.046*

Range 2.10-4.00 5.40 -38.50 1.07-8.50
Medan 1840 1850 0045
Pathology

Moclcate deff. 2 9.09 0 000 %’=16.523 0.035*

Mass 30 cm anal 1 4.00 0 0.00

TINO 1 4.00 4 5.33

T1NT 2 9.09 9 12.00

T2NO 2 9.09 4 5.33

T2N1 1 4.00 11 11.67

T3NO 8 32.00 22 29.33

T3N1 4 16.00 22 29.33

T3N2 4 16.00 3 4.00

IGF1: Insulin-Like Growth Factor-1, CEA: Carcinoembryonic antigen, F-Test: ANOVA test.
*: statistically significant, NS: Non significant, **: Highly statistically significant, x* chi-square test.

P1: comparison between Rectal group and Colon group
P2: comparison between Rectal group and Control group
P3: comparison between colon group and Control group

increased among overweight patients (71.38+47.80),
then obese patients (67.57+19.84) with p value 0.026 as
shown in table 3.

There was no statistically correlation between
insulin- like growth factor-1 with age, BMI, BP,
Total cholesterol, Triglycerides, HDL, LDL, RBS and
carcinoembryonic antigen among the studied groups,
(p>0.05) as shown in table 4.

The best cutoff point of Insulin-Like Growth Factor-1
to differentiate between rectal and control groups was
85.70 with 90.60% sensitivity, 70.80 specificity, 25%
PPV, 50% NPV and 86.5% accuracy. Also, the best cutoff
point of Insulin-Like Growth Factor-1 to differentiate
between Colon and Control groups was 63.5 with 73%
sensitivity, 45.54 specificity, 75% PPV, 50% NPV and
90.80% accuracy. The best cutoff point of Insulin-Like
Growth Factor-1 to differentiate between Rectal and
Colon groups was 152.1 with 81.60tr% sensitivity, 52%
specificity, 29% PPV, 75% NPV and 81.10% accuracy as
shown in table 5.

DISCUSSION

There are multiple common health consequences of
an elevated body mass index (BMI), including risk for
several metabolic disorders, some cancers and
ultimately increased mortality (9). Cancer is the leading
cause of death in developed countries and a second
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leading cause of death in developing countries (10-12).
The number of cancer cases is expected to rise due
to both world-wide population growth and an
increasingly aged population. Timely screening of
obese patients for CRC is thus recommended. Insulin is
a major anabolic hormone which can stimulate both
normal and malignant cell proliferation and its effect on
cell proliferation is suggested to be with insulin-like
growth factor 1 (IGF-1) stimulation (14-16). The study
designed to determine the relationship between meta-
bolic syndrome as a risk factor for colorectal cancer.

In this study, there was no statistically significant
differences between the studied groups regarding
gender, age/year, weight, height and BMI. Another
study conducted by Bayerdorffer et al., (17) found that,
mean age at baseline was 43.9 years in men and 44.1
years in women, and the mean follow-up was 12.8
years in men and 11.3 years in women. Ko et al., (18)
found no statistically significant differences between
the studied groups regarding height and weight. While,
body mass index and waist were significantly lower
among colorectal cancer patients than control groups.
Also, our results were consistent with Harlid et al., (19)
who found no significant difference between cases and
controls regarding weight, height and BMI. In the study
conducted by Milano et al.,, (20) there was highly
statistically significant differences between Positive and
negative colonoscopy patients regarding Waist circum-

Surgery, Gastroenterology and Oncology, 26 (4), 2021
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Table 3 - Relation between body mass index with lab investigation, IGF-1 and CEA among colon cancer patients

Colon cancer (N=75) Test sig. P value
Normal Overweight Obese
Wiaist

Means SD 81.815.66 86.45+3.87 88.71£10.29 743 0.001*
Range . T00%0 7000 T8O0AB0 .
Systolic pressure

Means SD 113.63+17.33 107.60+11.96 107.14+16.03 0.205 0.814 NS
Range oo 0440 00
Diastolic pressure

Means SD 70.09£12.50 66.21£11.76 69.42+17.65 0.783 0.461 NS
Range 092 . 092 ! 82402
RBS (x 1073/mm?)

Mean+ SD 144.36+73.99 133.11£52.09 103.28+13.87 3.357 0.026*
Range 80320 .. 830 . 80026 o
LDL (mg/dl)

Meanz SD 119.68+68.29 129.02+55.08 151.85+58.57 4,782 0.016*
Range 45950 e T3
HDL (mg/dl)

Meanx SD 41.04+7.70 4410+13.07 40.00+6.78 0.786 0.459 NS
CRenge 2553 o 848 308
Cholesterol (mg/dI)

Meanx SD 192.81+75.41 207.41+71.89 188.85+62.77 0.420 0.658 NS
CRenge M0 A 109282
Triglycerides (mg/dl)

Meanx SD 152.80+57.47 182.77+58.16 176.85+44.73 3.279 0.040*
JRenge 30 B35 o 12232
IGF1

Meanx SD 54.82+12.95 71.38+47.80 67.57+19.84 5.357 0.026*
JRenge 00 178282 B
CEA

Means SD 13.85:6.43 14.80+5.16 16.01£11.19 0.359 0.699 NS

Range 5.4-28.3 5.6-32 5.8-385

IGF1: Insulin-Like Growth Factor-1, CEA: Carcinoembryonic antigen, RBS: Random Blood Sugar, LDL: Low density lipids, HDL: High density lipids,

f-test: ANOVA test. NS: Non-significant, *: Statistically significant

ference and BMI (p<0.001). Also, Stocks et al., (21)
found that, the use of BMI as a measure of obesity is
hampered by the finding that BMI is not a specific

Table 4 - Correlation between Insulin-Like Growth Factor-1
and various parameters in Colorectal cancer patients

measure of abdominal fat mass, which is linked to
metabolic aberrations, such as insulin resistance (22).
This study showed no statistically significant

Table 5 - Diagnostic performance and test characteristics
of Insulin-Like Growth Factor-1

Parameters correlated Insulin-Like Growth Factor-1

Rectal (N=25) Colon (N=75)
r P-value r P-value
Age (years) -0.015
Bl (i o
BP(mm) 0059
Total cholesterol (mg/dL) 0.124
Trigcerides (mg/dl) 0,087
HOLmo/d) 0228
WDLmgdl) 0.089
RBC (x 10*3/mm3) 0.013

Carcinoembryonic antigen ~ 0.116

BMI: Body mass index BP: Blood pressure HDL: High density lipoprotein LDL: Low-
density lipoproteins RBC: Red blood cell, r: Spearman correlation coefficient, NS: Non
significant at P-value [10.05, S: Significant at P-value < 0.05, HS: Highly significant at
P-value <0.01

Surgery, Gastroenterology and Oncology, 26 (4), 2021

Insulin-Like Growth Factor-1

Rectal vs. Colon vs. Rectal vs.
Control Control Control

<152.10

Test characteristics

Accuracy %

Sens.: sensitivity ~ Spec.: specificity PPV: positive predictive value NPV: negative
predictive value *: statistically significant, **: Highly statistically significant.
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Figure 1 - Cutoff point of Insulin-Like Growth Factor-1 to differentiate
between Rectal and Control groups

differences between colon and colorectal cancer
patients regarding carcinoembryonic antigen. while
insulin-like growth factor-1 were significantly higher
among colorectal cancer patients than control groups.
Our results consistent with Ishino et al., (23) who
found insulin resistance is characteristic of metabolic
syndrome, associated with high levels of fasting
glucose, insulin and insulin-like growth factor (IGF-1) in
the blood. It is considered that these conditions are
linked to T2DM, and a higher risk of colon cancer
(24-26). Also, Kuklinski et al., (27) showed no significant
differences in serum IGF | concentrations in patients
compared to controls (28). In particular, for colon
cancer, Giovannucci, (29) highlighted hyperinsulinemia
as a main component among the metabolic risk factors
because it mechanistically enhanced concentrations of
insulin-like growth factor-1. Similar but statistically
insignificant associations were noted in a small (n=41)
cohort of colorectal cancer patients from Greece (30).
Their results did not confirm the widely adopted
hypothesis that IGF | concentrations in colorectal
cancer patients are higher compared to healthy
individuals.

In the current study a significant difference found
among the studied groups regarding Pathology
(p=0.035). Most of rectal cancer patients had T3NO
(32%) followed by T3N1 and T3N2 (16% and 16%). Also,
most of colon cancer patients had T3NO and T3N1
(29.33% and 29.33%) followed by T2N1 (11.67%).
Kuklinski et al., (27) found the stage of disease was
classified based on histological criteria by WHO and
TNM clinicopathological classification. No T1 subjects
were found in the group studied. Stage T2, T3 and T4
tumors were revealed in 9 (7.2%), 93 (74.4%), and 23
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Figure 2 - Cutoff point of Insulin-Like Growth Factor-1 to differentiate
between Colon and Control groups
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Figure 3 - Cutoff point of Insulin-Like Growth Factor-1 to differentiate
between Rectal and Colon groups

(18.4%) patients respectively. Lymph node involvement
(group NO according to TNM) was absent in 62 (49.6%)
patients. N1, N2 and N3 subjects comprised 31 (24.8%),
28 (22.4%), and 4 (3.2%) cases respectively (31). In the
study by Forootan et al., (32) Obesity is considered one
of the major components of metabolic syndrome that
is measured by different indicators including body mass
index and abdominal obesity. 80% of women and 14%
of men had abdominal obesity according to waist
circumference that is in contrast with Pelucchi et al (33)
and Pelucchi et al., (33). In studies that were able to
separately examine the colon and rectum, relative risks
were consistently higher for developing cancers of
the colon. Similar relationships are seen for colon
adenomas, with stronger associations between obesity
and the incidence of larger (versus smaller) colon
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adenomas Giovannucci et al., (34).

This study showed that, there was no statistically
significant relation between body mass index and
diastolic pressure, systolic pressure, random blood
sugar among control groups. While, waist was
significantly higher among obese patients than
overweight patients. Moreover, low- and high-density
lipids, triglyceride as well as cholesterol levels were
significantly increased among overweight patients than
obese patients. There is converging evidence that
markers of obesity have been associated with higher
risk of colorectal cancer (35,36). The findings of the
study of Almurshed, (37) were not consistent with
these results. The explanation may be that, although
cases were newly diagnosed, they were in the
advanced stages of carcinoma and this would reduce
their weight, and therefore BMI. Though this is not in
agreement with the literature, it is still suggested that
colorectal cancer prevention programs should aim to
reduce obesity both by encouraging regular exercise
and consumption of diets rich in fibers, fruits, fresh
vegetables and resistant starches.

In our results, no statistically correlation between
insulin- like growth factor-1 with some different
parameters among the studied groups. Kuklinski et al.,
(27) found IGF | concentrations were significantly
higher in patients below 60 years of age when
compared to subjects over 60 years of age. Age-related
changes in IGF | concentrations were described in detail
by Hall et al. Levels of IGF | start to increase from the 6”
month of life while growth is continued up to puberty
with a slight decrease thereafter. Then the concentra-
tion remains relatively constant to decrease again along
with age Hall and Sara, (38). Clinical studies on Japanese
males revealed inverse correlations between IGF | and
IGF BP3 concentrations and patient age (39).

In this study, IGF | was significantly higher in males
than in females. According to Clemmons et al., (40),
both estrogens and androgens modulate somatomedin
concentrations with similar impact. A small number of
clinical research papers published on gender-related
differences in IGF | levels do not allow for any further
comparisons with our study findings. (41). Most of
the published research deals with patient groups
homogenous in terms of gender. Moreover, gender-
related differences in IGF | concentrations found pre-
operatively and postoperatively may have resulted
from different body masses of the male and female
patients (42). Increased BMI was associated with
worsened outcomes for colon, cancer, but improved
outcomes for renal cell carcinoma and endometrial
cancer (43). There was no statistically significant
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difference regarding systolic and diastolic blood
pressures, and this was in agreement with a study in
Italy, which found a modest nonsignificant increase in
the risk associated with hypertension. A similar modest
nonsignificant association was found in another
prospective study Gunter et al., (44).

In the present study, no significant difference was
found with regarding total cholesterol, triglycerides,
low-density lipoprotein, and HDL among the three
studied groups. This was in agreement with Larsson et
al., (43) who found in a prospective study that men and
women in the top quartile of triglycerides have a non-
significant 40% increased risk of colorectal cancer.
Likewise, in another prospective study in the USA, an
elevated triglyceride level was not a risk factor for colon
cancer (45).

Regarding HDL, our finding was in agreement with a
study conducted in Italy that found no association
between the HDL-cholesterol level and the colorectal
cancer risk Ma et al., (46). Also, in a cohort study, men
and women in the top quartile of HDL-cholesterol had
about a 40% nonsignificant reduction in the risk relative
to those in the bottom quartile (47). The study was
limited to only 1 hospital, this may introduce an
element of selection bias for both cases and controls.

In our results, the best cutoff point of insulin-like
growth factor-1 to differentiate between rectal and
control groups was 85.70 with 90.60% sensitivity, 70.80
specificity, 25% PPV, 50% NPV and 86.5% accuracy.
Also, the best cutoff point of Insulin-Like Growth Factor-
1 to differentiate between Colon and Control groups
was 63.5 with 73% sensitivity, 45.54 specificity, 75%
PPV, 50% NPV and 90.80% accuracy. The best cutoff
point of Insulin-Like Growth Factor-1 to differentiate
between Rectal and Colon groups was 152.1 with
81.60% sensitivity, 52% specificity, 29% PPV, 75% NPV
and 81.10% accuracy. Yosry et al., (48) revealed that,
there was an overall significant lower level of IGF-1 in
CRC cases compared to normal controls. At a cutoff of
154 ng/ml, IGF-1 can predict CRC with 87.5% sensitivity
and 72.6 specificity (AUC=0.79 and P value 0.006 with
95% Cl; 0.99 - 1) but larger studies are recommended to
prove this association.

CONCLUSION

Insulin-like growth factor-1 were significantly higher
among colorectal cancer patients (rectal and clone)
than control groups, Insulin like growth factor-1 was
significantly increased among overweight and obese
patients, The best cutoff point of insulin-like growth
factor-1 to differentiate between rectal and control

281



A. Bahnasy et al

groups was 85.70 with sensitivity of 90.60% and
specificity of 70.80% with accuracy 86.5%, The best
cutoff point of insulin-like growth factor-1 to
differentiate between colon and control groups was
63.5 with 73% sensitivity, 45.54 specificity and 90.80%
accuracy, The best cutoff point of Insulin-Like Growth
Factor-1 to differentiate between rectal and colon
groups was 152.1 with 81.60% sensitivity, 52%
specificity, and 81.10% accuracy and We found that
higher IGFBP1 levels were associated with the risk of
colorectal cancer. Our findings indicate a potential role
of IGFBP1 in the pathway for colorectal carcinogenesis.
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