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Abstract: Colorectal neoplasm (CRN) and coronary heart disease
(CHD) share common risk factors. We aimed to assess the risk for CRN
in patients who are at high risk for developing CHD determined by
measurements, which are independent from the risk factors for CRN.

This study was conducted on individuals who underwent total colono-
scopic examination and were without history of CHD. Two-hundred
thirty-five subjects (82 with CRN and 153 with normal colonoscopic
findings) participated in the study. Colorectal carcinoma (CRC) was
defined as the presence of adenocarcinoma. We measured carotid intima
media thickness (CIMT), flow-mediated dilation (FMD), and calculated
Framingham risk score (FRS) for all participants. An increased CIMT
(>1.0mm), a decreased FMD (<10%), and a high FRS (>20%) were
defined as high risks for developing CHD. The risk and the prevalence of
CRN were analyzed in relation to the risk for developing CHD.

The ratio of the patients with overall-CRN and CRC was signifi-
cantly higher in individuals who are at high risk for developing CHD
compared with individuals who are at low risk for developing CHD by
each 3 risk estimation method (P < 0.05 for all). An increased CIMT, a
decreased FMD, and a high FRS score were significantly associated with
the high risk for the presence of CRC (odds ratio [OR]: 6.018, OR:
3.699, and OR: 4.120, respectively). An increased CIMT, a decreased
FMD, and an intermediate FRS were significantly associated with the
risk for the presence of overall-CRN (OR: 3.607, OR: 1.866 and OR:
2.889, respectively).

The risk for CRN increases as the risk for developing CHD
increases. It can be suggested that screening for CRN can be recom-
mended for individuals who are at high risk for developing CHD.
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Abbreviations: CHD = coronary heart disease, CIMT = carotid
intima media thickness, CRC = colorectal carcinoma, CRN =
colorectal neoplasm, FMD = flow-mediated dilation, FRS =
Framingham risk score, HOMA-IR = homeostasis model
assessment for insulin resistance, IR = insulin resistance.

INTRODUCTION

olorectal carcinoma (CRC) is the second most commonly

diagnosed cancer in women and the third most common in
men, and the second leading cause of cancer-related death.'
Removal of premalignant adenomas can prevent the cancer and
removal of localized cancer may prevent CRC-related death.
Screening colonoscopy is the best way for prevention and early
detection of the disease.

Risk estimation is important to identify individuals who
have high risk for CRC; therefore, high-risk patients should be
referred to screening for colorectal neoplasm (CRN) and inter-
ventions to reduce the burden of disease. For establishing
a targeting screening strategy for CRC, it is essential to define
patients who are at high risk for CRN, including CRC and its
biological precursors.? The current decision tool to determine the
risk for CRC includes age, positive fecal occult blood test, history
of inflammatory bowel disease, colonoscopic findings, family
history for CRC, and genetic syndrome predisposing to CRC.
Since screening programs have been applied, both the incidence
and mortality rates of CRC have been declining. However, it is
still ranking high among cancer-related burden.” Thus, there may
be other contributing factors for developing CRC.

Coronary heart disease (CHD) shares same risk factors
with CRN such as smoking, age, male gender, obesity, and
diabetes mellitus.* It has also high incidence rates. Recently,
investigators have suggested the presence of significant associ-
ation between evident CHD and CRN.*"® Chan et al® have
showed strong coexistence of CRN and overt CHD.* Then, they
have found that the prevalence of CRN was greater in patients
with CHD in population undergoing coronary angiography.
Yang et al® have also found the prevalence of colorectal
adenoma was greater in subjects with low-grade coronary
atherosclerosis or significant CHD detected by coronary com-
puted tomography angiography. Screening for CRN has been
suggested in patients with overt CHD.*~® But patients with
overt CHD have increased risk for complications related with
CHD and medications such as anti-platelet agents or anti-
coagulants during the course of colonoscopic evaluation. In
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contrast, patients who have risk factors for developing CHD, but
not established CHD, are free from these limitations and screen-
ing of CRN may be more reliable in these individuals.’ But there
has not been enough data about the prevalence and the risk for
CRN in patients who are at high risk for developing CHD.
Therefore, it is important to investigate the association between
the presence of CRN and developing CHD.

Carotid intima media thickness (CIMT) and flow-mediated
dilation (FMD) are noninvasive and easy reproducible tech-
niques. Increased CIMT and decreased FMD have been shown
to be associated with a high risk for CHD.”® Framingham risk
score (FRS) has been developed to identify patients who are at
high risk for CHD® and can be used in primary care.

In the present study, we aimed to investigate the preva-
lence of and the risk for overall-CRN and CRC in individuals
who are at high risk for developing CHD determined by
measurements of CIMT, FMD, and FRS.

METHOD

Study Population

This cross-sectional study was conducted on individuals
without CHD who underwent colonoscopic evaluation through
appropriate indications between February 2014 and July 2014 at
a single center in Turkey. This study was approved by institu-
tional ethical board and was in accordance with the Helsinki
Declaration. The subjects were given written information about
the study and a standard questionnaire regarding their personal
medical history, present medications, family history, and life
style habits.

During the study period, a consecutive series of 637
subjects, 26 to 85 years of age, were evaluated. We excluded
the subjects with the history of cardiovascular disease (n = 70),
cerebrovascular disease (n=35), and peripheral vascular dis-
ease (n=22). We also excluded the subjects who had incom-
plete colonoscopic evaluation (n = 42), poor bowel preparation
(n=288), inflammatory bowel disease (n=69), active gastro-
intestinal bleeding (n=25), history of colorectal surgery
(n=9), CRC diagnosed beforehand (n=4), and hereditary
cancer syndrome (n=1). After exclusion of inappropriate
subjects, 272 subjects were eligible for the study. A total of
235 patients were accepted to participate into the study.
Participation rate was 86.4%.

The location, number, and size of CRN were recorded
according to the colonoscopy reports which were performed by
the experienced colonoscopists. The participants were classified
into 3 groups according to the colonoscopic findings and
histological subtypes of polyps. Subjects with normal colono-
scopic findings were defined as control group, subjects who
have >1 adenomatous polyps with or without adenocarcinoma
were included into overall-CRN group, and subjects who have
adenocarcinoma were defined as CRC group. The participants
were also classified according to their risk status for developing
CHD. High risk for CHD was defined as having increased
CIMT (>1.0 mm), decreased FMD (<10%), high or intermedi-
ate FRS (10%-20% and >20%, respectively).

Measurements, Definitions, and Laboratory
Assays

Anthropometric measurements, blood pressure, and
laboratory tests were measured after a 12-hour fasting period
on the day of the colonoscopy. Trained nurses measured the
height and weight of participants. Blood pressure was measured
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after a 5-min rest with a standard mercury sphygmomanometer.
The presence of hypertension was defined according to the
2013 hypertension guidelines of the European Society of
Hypertension and the European Society of Cardiology,'® or
the use of antihypertensive medication. Waist circumference
was measured at the umbilicus level. Increased waist circum-
ference was based on the definition of the Regional Office for
the Western Pacific Region of World Health Organization
criteria.'" The body mass index was calculated as kilogram
per square meter. Diabetes mellitus was determined by Amer-
ican Diabetes Association guidelines in 2003.'> Metabolic
syndrome was defined as having at least 3 of the criteria set
by the Adult Treatment Panel III criteria, as updated by the
American Heart Association."?

A venous blood sample was drawn from an ante-cubital
vein. The levels of liver enzymes, lipids, glucose, and other
biochemical markers were measured in the sera of subjects. The
Homeostasis Model Assessment for Insulin Resistance
(HOMA-IR), an index of insulin resistance (IR), was calculated
with the serum insulin and glucose values of an individual."*
Presence of IR was defined as having HOMA-IR score >2.5.

The Risk Assessment for Estimating the 10-Year
Risk of Coronary Heart Disease

The 10-year risk for developing CHD was estimated by
using the Framingham/Adult Treatment Panel III Risk Score
2002, which has been validated as a predictive risk assessment
tool for the development of CHD.? The parameters, which are
included in the FRS calculation method, are sex, age, total
cholesterol level, high-density lipoprotein cholesterol level,
systolic blood pressure, medication for hypertension, and
cigarette smoking. The estimation for 10-year CHD risk was
categorized as low risk (<10 %), intermediate risk (10%—20%),
or high risk (>20%)."°

Measurement of CIMT

The carotid arteries were evaluated using the same
high-resolution B-mode system (Logiq P5, General Electric
Company, Wauwatosa, USA) with a transducer frequency of
7.5 MHz. Measurements were made by readers blinded to all
clinical information. The subjects were examined in the supine
position with the head turned slightly to the left. The near and
far wall of the right and left distal common carotid arteries was
scanned in accordance with the Rotterdam Study ultrasound
protocol.” The IMT was measured only at a plaque-free site,
along a 10-mm segment of the far wall of the common carotid
arteries and measured as the distance between the lumen—
intima interface and the media adventitia interface. For each
side, at least 3 optimal longitudinal images were frozen in end-
diastole by electrocardiogram R triggering. The average of the
intima-media thickness of each of the 3 frozen images was
calculated. For each individual, the general CIMT was deter-
mined as the average of measurements of both the left and right
arteries. Cut-off value for increased CIMT was determined as
>1.0 mm. 16

Measurements of FMD and Flow of Brachial Artery

We measured FMD of the brachial artery according to the
International Brachial Artery Reactivity Task Force guide-
lines'” using a novel ultrasound system equipped with an
edge-tracking system for 2-dimentional imaging and a pulsed
Doppler flow velocimeter for automatic measurement. The
right brachial artery was scanned over a longitudinal section,
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3 to 5 cm above from the right elbow and the arm was kept in the
same position throughout the study. A pneumatic tourniquet
placed around the distal forearm. first, the diameter of the
brachial artery was recorded in the cubital region at rest.
Subsequently, the cuff was inflated to 50 mmHg above from
the systolic blood pressure of patient for Smin and then
increased flow was induced by sudden cuff deflation. The
diameter of the artery was monitored continuously at the same
point, and the maximum dilatation after deflation was recorded.
The diameter of the brachial artery was measured from the
anterior to the posterior interface between the media and
adventitia (‘‘m line’”) at a fixed distance. All measurements
were made at both end diastole and end systole to avoid possible
errors resulting from variable arterial compliance. The change
in diameter caused by FMD was expressed as the percentage
relative to diameter in the initial resting scan. Cut-off value for
decreased FMD was determined as <10%.%

Statistical Analysis
The statistical analysis was performed with The Statistical
Package for the Social Sciences version 15.0 (SPSS Inc,

Chicago, IL). The statistical results are presented as the
mean + standard deviation, percentages or median (minimum-
maximum). We used One way ANOVA test for normally
distributed data. Kruskal-Wallis test and Mann Whitney U test
were used for non-normally distributed data. Kruskal—Wallis
test and Mann—Whitney U test were used for nonnormally
distributed data. Risk estimation and comparison of categorical
data were made by the x> test and multinominal logistic
regression analysis. Each odds ratio is presented together with
its 95% confidence interval. P value <0.05 was considered
statistically significant.

RESULTS

Baseline Characteristics of the Subjects

A total of 637 subjects were evaluated and 272 subjects
were eligible after excluding 365 subjects according to exclu-
sion criteria. Of these individuals, 235 subjects (86.4%
participation rate) were included in the final analysis. The mean
age of the enrolled subjects was 60.3 + 12.6 years and there
were 126 men (53%). A total of 82 subjects (35%) had

TABLE 1. Demographic and Clinical Characteristics of Groups

Parameters\ Control Overall CRN CRC

N 153 82 24
Female, n (%) 82 (53.6%) 27 (32.9%) 7 (29.2%)
Male, n (%) 71 (46.4%) 55 (67.1%)" 17 (70.8%)"
Age, y 56.0£12.8 60.8+£12.3" 63.5+132"
BMI, kg/m? 29.2+4,6 28.0+5.0 28.0+5.9
DM, n (%) 36 (23.5%) 22 (26.8%) 24 (10.2%)
HT, n (%) 63 (41.7%) 31 (37.8%) 8 (33.3%)
MS, n (%) 44 (28.8%) 29 (35.8%) 11 (47.8%)

Increased WC, n (%)
Smoking, n (%)
antiHT, n (%)

71 (47%)
52 (34.5%)
40 (26.5%)

Statin, n (%) 5(3.3%)
ASA, n (%) 4 (2.6%)
History of Family CHD 31 (20.5%)
SBP, mmHg 125.7+17.8
DBP, mmHg 75.44+10.1
Glu, mg/dL 101,0 £21.8
ALT, IU/mL 224+14.5
Insulin, I[U/mL 72455
Uric acid, mg/dL 56+1.5
TG, mg/dL 14524+93.2
Cholesterol, mg/dL 203.4+41.7
HDL-C, mg/dL 47.7+£11.9
LDL-C, mg/dL 129.1+£33.3
HbAlc (%) 6.0+1.0
Hb, g/dL 13.3+2.0
HOMA-IR* 1.43 (0.01-83.9)
CIMT, mm 0.6+0.02
FMD (%) 13.7+6.1

35 (42.7%) 11 (45.8%)

49 (60%) 13 (542%)
16 (19.5%) 2 (8.3%)

5 (6.1%) 1 (4.2%)

1 (1.2%) 1 (4.2%)
16 (19.5%) 1 (4.2%)
127.7+16.1 129.2+19.4
74.5+83 73.5+8.8
1143 +47.2" 11524394
22.94+13.6 2324225
13.3+1.5 172+11.5"

58+1.5 59+1.6
134.1 £ 69.3 116.5+55.1
192.5+43.8 166.5 £29.8"
4574+11.6 4444149
120.6 +39.0 99.0 +28.7

63+1.2 6.4+14
132422 11.8+2.7"

2,60 (0.01-83.9) 3.68 (1.01-18.84)"

0.8 +0.03" 0.9 +£0.03f

10.1+6.1 8.9+6.3"

Results were expressed as mean=+SD or number of patients. ALT =alanine aminotransferase, AntiHT = antihypertensive drug using,
ASA = acetylsalysylic acid, BMI =body mass index, CHD = coronary heart disease, CRC = colorectal carcinoma, CRN = colorectal neoplasia,
DBP = diastolic blood pressure, DM =diabetes mellitus, Glu=glucose, Hb =hemoglobin, HDL-C =high density lipoprotein- cholesterol,
HPL = hyperlipidemia, HT = hypertension, LDL-C = low-density lipoprotein-cholesterol, SBP = systolic blood pressure, TG = triglyceride.

,*Vs subjects control group P < 0.05.
"Vs subjects control group, P < 0.001.
¥Result was expressed as median (minimum-—maximum).
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FIGURE 1. Prevalence of colorectal neoplasm with respect to developing risk for coronary heart disease.

>1 CRNs, of which 24 subjects (10%) had >1 CRCs. The
subjects with CRN were more likely to be older than 50 years
and to be male.

The baseline characteristics are summarized in Table 1.
CRC and overall-CRN groups had significantly higher mean
age than control group (P <0.001). CRC group had signifi-
cantly lower mean hemoglobin and mean total cholesterol levels
than control group (P <0.001 and P <0.005, respectively).
CRC and overall-CRN groups had higher HOMA-IR and
insulin values than control group (P < 0.001). Overall-CRN
group had significantly higher mean serum glucose level than
control group (P <0.005). CRC and overall-CRN groups
had significantly higher mean CIMT values and significantly
decreased FMD values (P < 0.001). There were no significant
differences in other baseline characteristics between groups
(Table 1).

Prevalence of Colorectal Neoplasm in Relation to
Risk for Developing Coronary Heart Disease

A total of 235 subjects were classified according to their
risk status for developing CHD as follows: subjects who have
normal CIMT (n=176, 81.9%) and increased CIMT (n=41,
19.9%); subjects who have normal FMD (n= 141, 65%) and
decreased FMD (n=76, 35%); subjects who have low FRS
(n=156, 66.4%), intermediate FRS (n =56, 23.8%), and high
FRS (n=23, 9.8%). The prevalence of the overall-CRN was
significantly higher in subjects with increased CIMT compared
with those with normal CIMT (28.3% and 68.2%, P < 0.005). Tt
was also significantly higher in subjects with decreased FMD
and intermediate FRS compared with those with normal FMD
and low FRS (26.2% and 52.3%, P <0.05 and 26.3% and
39.1%, P <0.05, respectively). The prevalence of the CRC
was significantly higher in subjects with increased CIMT,
decreased FMD, and high FRS compared with those with
normal CIMT, FMD, and low FRS (6.3% and 31.7%,
P <0.05; 7.1% and 18.4%, P <0.005; and 7.7% and 26.1%,
P <0.005, respectively). Figure shows that the proportions
of overall-CRN and CRC increased with the increasing risk
of CHD (Figure 1).

Risk factors for Colorectal Neoplasm

Table 2 shows the risk for overall-CRN and CRC accord-
ing to the presence of IR, and risk predictors for CHD. The
multivariate logistic regression analysis showed that the pre-
sence of IR, increased CIMT, decreased FMD, and high
FRS were significantly associated with the high risk for the
CRC (OR: 15.42, 95% CI: 4.34-54.800; OR: 6.018, 95%

4 | www.md-journal.com

CIL: 1.837-19.707; OR: 3.699, 95% CI: 1.362—10.047; and
OR: 4.120, 95% CI: 1.356—12.519, respectively). The presence
of IR, increased CIMT, decreased FMD, and intermediate FRS
were significantly associated with the high risk for the overall-
CRN in multivariate logistic regression analysis (OR: 3.097
95% CI: 1.718-5.583); OR: 4.29 95% CI: 1.916—9.606; OR:
3.061 95% CI: 1.656-5.659; OR: 2.889 95% CI: 1.521-5.488,
respectively).

Association Between the Characteristics of
Colorectal Neoplasm, Predictors of Coronary
Heart Disease, and Insulin Resistance

Table 3 shows the risk for developing CHD and presence
of IR according to presence of multiple (>3) CRNs, large
(>1cm) CRN, CRN with malignant or premalignant histology
(high-grade dysplasia or invasive cancer), and any CRN located
in the proximal colon. Multivariate logistic regression model
revealed that presence of large CRN was associated with a high
risk for increased CIMT and the presence of IR (OR: 2.12, 95%
CI: 1.104—4.075 and OR: 1.792 95% CI: 1.154—2.783; respect-
ively); presence of multiple CRNs was associated with a high
risk for intermediate FRS (OR: 6.175, 95% CI: 1.887-20.203);
CRN with malignant or premalignant histology was associated
with high risk for increased CIMT, high FRS, and presence of
IR (OR: 1.912, 95% CI: 1.108-3.298; OR: 5.333, 95% CI:
1.147-24.791; OR: 2.092, 95% CI: 1.480—-2.959, respectively).

DISCUSSION

This study showed a significantly increased risk for CRN
in patients who are at high risk for CHD determined by
measurements, which are independent from CRN risk factors.

In the literature, there is some evidence about significant
association between the presence of CRN and overt CHD.
Reicher-Reiss et al'® have observed an excess incidence of
CRC in patients with overt CHD. Chan et al*® and Yang et al®
have showed an increased prevalence of CRN in patients with
established CHD confirmed by coronary angiography or com-
puted tomography. However, there has not been enough knowl-
edge about the prevalence and the risk for CRN in patients who
are at high risk for developing CHD. In the literature, only, Lee
et al® have investigated the prevalence of CRN in patients who
are at high risk for CHD by considering FRS of patients and they
have showed an increased prevalence of CRN in subjects with
high FRS. However, this result has not been confirmed by any
further studies until now.

Lee et al® have suggested that patients who are at high risk
for developing CHD might be referred to the screening program

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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for CRN. Because the early detection of CRC and removal of
the precursor lesions can be life-saving, the screening program
is very important. To be cost-effective of a screening program of
a disease, it must be common in the determined risk group.
Because the calculation method of FRS includes age, sex, and
smoking habit, which are also parameters of colorectal screen-
ing score suggested by Asia-Pacific Working Group of CRC,"?
it is not surprising to find a high coexistence of these 2 diseases.
These results need to be confirmed by measurements, which are
independent from risk factors for CRN. In the present study, we
determined the risk for CHD by measuring CIMT as an
indicator of vascular structural alteration, and FMD as an
indicator of endothelial function. These parameters are also
predictors of the risk for CHD. We also calculated FRS to
confirm our results. We found that the prevalence of overall-
CRN and CRC increased as the risk for developing CHD
increased. In a previous study,” which showed the prevalence
of CRN among patients who are at high risk for CHD deter-
mined by FRS, the overall prevalence of CRN and CRC were
significantly higher in subjects with high risk for CHD com-
pared with those with low risk for CHD (25.6% and 4.9%,
53.4% and 17.8%,, respectively). Their findings are similar to
our results. Furthermore, the previous studies, which were
conducted on patients with established CHD, have regorted
the similar proportions in accordance with our study.*”

Our study also showed that an increased CIMT and a
decreased FMD were associated with significantly high risk for
overall-CRN and CRC. Although an intermediate FRS was
associated with an increased risk for overall CRN, high FRS
was associated with an increased risk for CRC in our study.
These results also support the previous findings strongly.

In the study performed by Lee et al,? they have found that
multiple CRNs (>3) and large CRN (>1 c¢m) have been associ-
ated with high risk for CHD calculated by FRS. Similarly,
we found that multiple CRNs, large CRN and malignant or
premalignant histology were associated with >1 predictors of
developing CHD.

Besides supporting the previous results, our study draws
attention to the common pathways in the pathogenesis of both
CRC and CHD. Both atherogenesis and carcinogenesis start on
the healthy surface. With the effects of triggering factors, vascular
endothelial cells and normal colonic mucosa show differences in
terms of genetic mutations, proliferation, and inflammation in the
course of time. CRC and CHD share similar risks factors, such as
diabetes mellitus; hyperlipidemia; sedentary lifestyle; high-fat,
low-fiber diet; obesity; and hypertension.?’~>

IR plays important role in pathogenesis of both CRC and
CHD:; it also acts on the basis of most of risk factors for both
diseases (obesity and diabetes mellitus). Insulin stimulates the
growth of colorectal cells and increases bioactive insulin-like
growth factor-1, which inhibits apoptosis and allows pro-
gression through the cell cycle. In the course of malignant
progression from adenoma to carcinoma, insulin also plays a
mitogenic role by means of ras mutations, which are important
in colon carcinogenesis.26 In previous studies, CRC has been
shown to be strongly associated with IR.>’7* In the present
study, we found that patients with IR had significantly very high
risk for overall-CRN and CRC.

IR is also activated in chronic inflammatory processes.*
Atherosclerosis and carcinogenesis are now well known as
chronic inflammatory states.>' The development of CRC in
patients with ulcerative colitis is an evidence for this concept.
The tumor microenvironment contains a variety of leukocytes
and inflammatory factors such as tumor necrosis factor-a and

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

interleukine-6. In addition, tumor cells themselves produce tumor
necrosis factor-a.®? Inflammation may be suspected for the
simultaneous development of these 2 conditions. Toxic agents,
high fat-containing diet, smoking, and obesity are known
to induce chronic inflammation. Although there are so many
similarities in the pathogenesis of both diseases, it cannot be
ignored that these 2 diseases could occur simultaneously.

Our study had some limitations. It was a single center
study, which had a relatively small sample size. Our study
population included participants who were referred to screening
colonoscopy because of they had the risk factors for CRN,
especially advanced age. This may cause selection bias; further
studies conducted on healthy subjects could clarify this issue. In
our study, inflammatory markers, which may be related with the
common mechanisms for both CRC and CHD, were not studied.
Such markers may be included in upcoming studies to clarify
the exact mechanism.

In conclusion, this study showed significant relationship
between the presence of CRN and the risk for CHD by measur-
ing independent factors from the risk factors for CRN. The
patients who are at high risk for developing CHD were found to
have an increased risk for the overall presence of CRN and
CRC. According to our results and previous results, it can be
suggested that relatively inexpensive screening tests such as
fecal occult blood test, rectosigmoidoscopy can recommended
for patients who are at high risk for developing CHD.
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