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Abstract

Background Diabetes and dyslipidemia have been linked
to an increased risk of colorectal neoplasm (CRN). How-
ever, previous studies evaluating these associations have
shown inconsistent results, and large-scale studies are few
in number.

Aim To investigate the associations between the pa-
rameters of glucose and lipid metabolism and the presence
of CRN.

Methods A cross-sectional study was performed on
38,490 Korean adults aged >30 years undergoing their first
colonoscopy as part of routine preventive health care be-
tween 2010 and 2011.

Results The prevalence of overall CRN increased with
increasing levels of glucose, hemoglobin Alc (HbAlc),
insulin, homeostasis model assessment of insulin resistance
(HOMA-IR), triglycerides, total cholesterol, low-density
lipoprotein cholesterol (LDL-C), and apolipoprotein B
(ApoB) and with decreasing level of apolipoprotein Al
(ApoAl). The adjusted prevalence ratios for overall CRN
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comparing the fourth with the first quartiles of fasting
glucose, HbAlc, insulin, HOMA-IR, triglycerides, total
cholesterol, LDL-C, ApoB, and ApoA-1 were 1.83 (95 %
CI 1.62-2.06), 1.17 (95 % CI 1.03-1.33), 1.09 (95 % CI
0.97-1.23), 1.22 (95 % CI 1.08-1.37), 1.31 (95 % CI
1.16-1.48), 1.19 (95 % CI 1.07-1.33), 1.38 (95 % CI
1.23-1.54), 1.30 (95 % CI 1.14-1.47), and 0.85 (95 % CI
0.76-0.95), respectively. There was also a significant as-
sociation between higher levels of glucose, LDL-C, and
ApoB with a higher prevalence of advanced CRN. More-
over, the risk of CRN increased further in cases in which
the parameters of glucose metabolism and lipid metabolism
worsened simultaneously.

Conclusions The levels of parameters of glucose and
lipid metabolism are significantly associated with the
prevalence of CRN. Altered glucose and lipid metabolism
may contribute to the development of CRN.

Keywords Colorectal neoplasia - Risk factors - Glucose
metabolism - Dyslipidemia

Introduction

Colorectal cancer (CRC) is the third most common cancer
in males and the second in females worldwide, accounting
for 8 % of all cancer deaths, making it the fourth most
common cause of death from cancer [1]. Moreover, the
incidence of CRC is rapidly increasing, especially in Asian
countries including Korea [2-5]. The substantial interest in
identifying potentially modifiable risk factors, such as
cigarette smoking, diabetes, hyperlipidemia, and obesity,
have kept pace with the increase in incidence of CRC.
Diabetes [6, 7] and metabolic syndrome [8—11] have
been linked to an increased risk of colorectal neoplasm
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(CRN). A meta-analysis study in which 29 articles were
analyzed showed that the risk of individuals with diabetes
to develop CRC is 1.22 times higher than that of indi-
viduals without diabetes [6]. In addition, previous studies
have reported that high fasting glucose level [12, 13],
hemoglobin Alc (HbAlc) [13], insulin level [12, 14], and a
high homeostasis model assessment of insulin resistance
(HOMA-IR) [13, 15] were associated with an increased
risk of colorectal adenomas. Dyslipidemia is also an im-
portant component of metabolic syndrome. Several studies
have demonstrated that hypertriglyceridemia [9, 11, 16—
18], high total cholesterol level [16, 17], high low-density
lipoprotein cholesterol (LDL-C) level [19], and low high-
density lipoprotein cholesterol (HDL-C) level [11, 19, 20]
were associated with an increased risk of CRN. These re-
sults suggest that diabetes and dyslipidemia may contribute
to colorectal carcinogenesis through insulin resistance/hy-
perinsulinemia, hyperglycemia, oxidative stress, and in-
flammatory pathways [20, 21]. However, most of these
studies included a relatively small number of subjects, and
the results were inconsistent [22, 23]. Therefore, the aim of
the present study was to investigate the associations be-
tween the parameters of glucose and lipid metabolism
(including lipoproteins as well as lipids) and the risk of
CRN in a very large sample of asymptomatic examinees
attending a health screening program.

Patients and Methods
Study Population

The study population consisted of examinees who had
undergone a colonoscopy as part of a comprehensive health
screening program at the Total Healthcare Center of
Kangbuk Samsung Hospital, Seoul and Suwon, Korea,
between 2010 and 2011 (N = 62,171) [24]. In Korea, the
Industrial Safety and Health Law requires employees to
participate in annual or biennial health examinations. Ap-
proximately 60 % of the participants were employees of
various companies and local governmental organizations or
their spouses, and the remaining participants registered
individually for the program.

The setting of the study was a medical examination
center, not a clinic. Before the colonoscopy, interviews by
general practitioners were conducted to ensure that all of
the screened individuals were asymptomatic (i.e., no lower
abdominal pain or hematochezia). Subjects experiencing
symptoms were urged to seek medical care.

We only included subjects who were undergoing their
first colonoscopy screening. Exclusion criteria were as
follows: a history of prior colonic examination, colorectal
surgery, or colorectal neoplasia (n = 12,205); a history of

IBD (n = 225); an incomplete colonoscopy such as poor
bowel preparation (n = 5692) or a colonoscopy in which
the cecum was not reached (n = 48); lack of an adequate
biopsy (rn = 667); incomplete questionnaire answers
(n = 4488); missing data on anthropometry (n = 206); and
20-29 years of age (n = 150). Some individuals met more
than one criterion for exclusion. The total number of
potential participants for the study was 38,490 (Fig. 1).

This study was approved by the Institutional Review
Board of Kangbuk Samsung Hospital, which exempted the
requirement for informed consent due to retrospective
access of de-identified data.

Measurements and Definitions

Data on medical history and smoking were collected
through a self-administered questionnaire, whereas physi-
cal measurements and serum biochemical parameters were
measured by trained staff. The amount of smoking (pack-
years) was assessed. Family history of CRC was defined as
CRC in one or more first-degree relatives at any age. Self-
reported use of aspirin (regular use over the past month)
was assessed. History of diabetes was defined as a self-
reported diagnosis of diabetes or history of use of anti-
diabetic medication. History of dyslipidemia was defined
as a self-reported diagnosis of dyslipidemia or history of
use of medication for dyslipidemia. Body mass index
(BMI) was calculated by dividing measured weight (kg) by
height squared (m?).

Blood samples were collected from the antecubital vein
after at least a 10-h fast. Fasting glucose level was mea-
sured using the hexokinase method (Hitachi Modulator
D2400; Roche, Tokyo, Japan). HbAlc was measured using

Participants who underwent a colonoscopy for health checkup
at Kangbuk S: g Hospital in Seoul, Korea, from 2010 to 2011 (n=62,171)

Exclusion (n=12,430)

-A history of prior colonic examination, colorectal surgery, or
colorectal neoplasm (n=12,205)

- A history of inflammatory bowel disease (n= 225)

| Potential participants (n=49,741) |

Exclusion (n=6,407)

| - Inadequate bowel preparation (n= 5,692)
- Cecal intubation failure (n=48)

- Failure of an adequate biopsy (n=667)

| Potential participants (n=43,334) |

Exclusion (n=4,694)
—>! -Ani plete questi ire s (n=4,488)
- Missing data on anthropometry (n= 206)

| Potential participants (n=38,640) |

_>| Exclusion (n=150) — 20 to 29 years |

[ Paticipants included for the analysis (n=38,490) |

Fig. 1 Flow diagram illustrating the selection of study subjects
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an immunoturbidimetric assay with a Cobra Integra 800
automatic analyzer (Roche Diagnostics, Basel, Switzer-
land) at a reference value of 4.4-6.4 %. Fasting serum
insulin was measured by electrochemiluminescence im-
munoassay (Hitachi Modular E 170; Roche, Tokyo, Japan).
Insulin resistance was assessed with HOMA-IR according
to the following equation: fasting blood insulin (mU/
mL) x fasting blood glucose (mmol/L)/22.5. Serum levels
of total cholesterol and triglycerides were determined using
an enzymatic colorimetric assay; LDL-C and HDL-C
levels were determined using a homogeneous enzymatic
colorimetric assay; serum apolipoprotein Al (ApoAl) and
apolipoprotein B (ApoB) levels were determined using an
immunoturbidimetric assay.

Colonoscopy and Histologic Examination

Colonoscopy was performed by 1 of 13 experienced gas-
troenterologists using EVIS LUCERA CV-260 colono-
scope (Olympus). All bowel cleansing was performed
using 4 L of polyethylene glycol solution. All polypoid
lesions were biopsied or removed and histologically
assessed by experienced pathologists.

Polyps were classified by number, size, and histologic
characteristics (tubular, tubulovillous, or villous adenoma;
hyperplastic polyp; sessile serrated adenoma or traditional
serrated adenoma). Hyperplastic polyps, inflammatory
polyps, and lipomas were considered to be normal findings.
The grade of dysplasia was classified as low or high. A
neoplasm was defined as a cancer or adenoma. An ad-
vanced neoplasm was defined as a cancer or high-risk
adenoma that was defined as any adenoma larger than
1 cm, three or more adenomas, any adenoma with a villous
component, or high-grade dysplasia [25]. Many studies
support that patients with three or more adenomas have a
higher risk of advanced neoplasia [26-28]. Therefore, in-
dividuals with three or more adenomas were considered to
have an advanced neoplasm. For patients with multiple
neoplasms, the most advanced lesion was reported (e.g.,
adenoma with the largest diameter or the most dysplastic
histology).

Statistical Analysis

The Chi-square test for categorical variables and ¢ test or
Mann—Whitney U test for continuous variables were used
to compare differences in descriptive statistics between the
no CRN and CRN groups (any CRN, non-advanced CRN,
and advanced CRN).

The study end point was the prevalence of CRN,
recorded as one of the three categories: any CRN, non-
advanced CRN, and advanced CRN. Robust Poisson re-
gression was used to model the associations of the
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individual glucose and lipid markers with the prevalence of
any CRN, non-advanced CRN, and advanced CRN. We
calculated prevalence ratios and 95 % confidence intervals
(CIs) of CRN by comparing quartiles 2—4 of markers of
glucose and lipid metabolism with the first quartile. In
regression analyses, we fitted three models for each marker
of glucose and lipid metabolism: a crude model, a model
adjusted for age and sex, and a model further adjusted for
smoking status, family history of CRC, use of aspirin, BMI,
history of diabetes (only in markers of lipid metabolism),
and history of dyslipidemia (only in markers of glucose
metabolism).

Two-sided P values <0.05 were considered to be sta-
tistically significant. Statistical analyses were performed
using Stata version 13.0 (StataCorp LP, College Station,
TX, USA).

Results

Study Population: Comparisons Between No CRN
and Other CRN Groups

A total of 38,490 participants were eligible for analysis
(Fig. 1). Average age of the study participants was 41.4,
and the proportion of males was 73 %. The prevalence rate
of overall CRN, non-advanced CRN, and advanced CRN
was 7.4 % (n = 2863), 6.3 % (n=2421), and 1.1 %
(n = 442), respectively. A total of 23 CRCs (0.06 %) were
detected in the study population. The prevalence of CRN
was significantly higher among older participants, males,
current or ex-smokers, and among subjects with diabetes,
dyslipidemia, and a higher BMI. Compared with par-
ticipants without any CRN, those with CRN had higher
levels of serum fasting glucose, insulin, HbAlc, HOMA-
IR, triglycerides, total cholesterol, LDL-C, and ApoB and
lower levels of serum HDL-C and ApoA-1 (Table 1).

Associations Between Parameters of Glucose
Metabolism and Risk of CRN

The prevalence of overall CRN, non-advanced CRN, and
advanced CRN increased linearly with increasing quartiles
of fasting glucose, HbAlc, insulin, and HOMA-IR
(Table 2). In multivariable-adjusted models, the asso-
ciations between markers of glucose metabolism and
prevalence of overall CRN weakened slightly but remained
significant for all markers. The prevalence ratios for overall
CRN comparing the fourth with the first quartiles of fasting
glucose, HbAlc, insulin, and HOMA-IR were 1.83 (95 %
CI 1.62-2.06; Pyena < 0.001), 1.17 (95 % CI 1.03-1.33;
Pirena < 0.001), 1.09 (95 % CI 0.97-1.23; Pyeng = 0.041),
and 1.22 (95 % CI 1.08-1.37; Pyeng < 0.001), respectively.
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Table 1 Characteristics of the study population according to colorectal neoplasm status

Characteristics Overall No CRN Any CRN Non-advanced CRN Advanced CRN
(N = 38,490) (N = 35,627) (N = 2863) (N = 2421) (N = 442)
Age (years) 414 £17.7 41.1£75 452 +£94 443 £ 8.9 49.8 £ 104
Male (sex) 28,117 (73.1) 25,763 (72.3) 2354 (82.2) 1995 (82.4) 359 (81.2)
Current or ex-smoker 20,618 (53.6) 18,674 (52.4) 1944 (67.9) 1641 (67.8) 303 (68.6)
Family history of colorectal cancer 1486 (3.9) 1314 (3.7) 172 (6.0) 141 (5.8) 31 (7.0)
Aspirin use 847 (2.2) 710 (2.0) 137 (4.8) 100 (4.1) 37 (8.4)
History of diabetes 2026 (5.3) 1766 (5.0) 260 (9.1) 201 (8.3) 59 (13.3)
History of dyslipidemia 3474 (9.0) 3117 (8.7) 357 (12.5) 300 (12.4) 57 (12.9)
BMI (kg/m?) 239 £ 3.1 239 £ 3.1 245 £ 3.0 245 £ 3.0 245 £3.0
Parameters of glucose metabolism
Fasting glucose (mg/dL) 93.7 £ 14.6 933 £ 14.3 98.0 £ 16.7 98.0 £ 16.8 98.3 £ 163
HbAlc (%) 57+£05 57+£05 58+ 0.6 58 £ 0.6 59+£0.7
Fasting insulin (mg/dL) 3.8 (2.5-5.5) 3.8 (2.5-5.5) 4.1 2.7-5.9) 4.1 (2.7-5.9) 42 (2.6-5.9)
HOMA-IR 0.9 (0.6-1.3) 0.9 (0.5-1.3) 1.0 (0.6-1.5) 1.0 (0.6-1.5) 1.0 (0.6-1.4)
Parameters of lipid metabolism
Triglycerides 96 (68-142) 95 (68-140) 112 (78-165) 111 (78-164) 115 (79-167)
Total cholesterol (mg/dL) 200 + 35 200 + 35 205 + 35 205 + 35 206 + 38
LDL cholesterol (mg/dL) 126 + 32 125 £+ 32 132 + 32 132 + 32 132 + 34
HDL cholesterol (mg/dL) 55+ 14 55+ 14 53+ 14 53+ 14 53+ 14
Apolipoprotein B (mg/dL) 91 £ 23 90 £ 23 95 £ 22 95 £ 22 96 + 23
Apolipoprotein Al (mg/dL) 135 £ 22 136 + 22 133 £ 22 133 £ 22 132 £ 22

Data are presented as mean £ SD, median (interquartile range), or number (%)

P value by ¢ test or Mann—-Whitney U test for continuous variables and Chi-square test for categorical variables

In the descriptive statistics, all comparisons of differences between no CRN and other CRN groups were highly significant (P < 0.001) except for
history of dyslipidemia (P = 0.002), total cholesterol (P = 0.002), HDL cholesterol (P = 0.008), and apolipoprotein Al (P = 0.002) in the

advanced CRN group

CRN colorectal neoplasm, BMI body mass index, HbA Ic hemoglobin Alc, HOMA-IR homeostasis model assessment of insulin resistance, LDL

low-density lipoprotein, HDL high-density lipoprotein

Similar associations were seen for non-advanced CRN
except for insulin, while the prevalence of advanced CRN
was associated with only glucose level. The prevalence of
advanced CRN comparing the fourth with the first quartiles
of glucose was 1.53 (95 % CI 1.14-2.07; Pyeng = 0.002)
(Supplementary Table 1).

Associations Between Parameters of Lipid
Metabolism and Risk of CRN

The prevalence of overall CRN, non-advanced CRN, and
advanced CRN increased linearly with increasing quartiles
of triglycerides, total cholesterol, LDL-C, and ApoB,
whereas it decreased linearly with increasing quartiles of
HDL-C and ApoA-1 (Table 3). In multivariable-adjusted
models, the associations between markers of lipid meta-
bolism and prevalence of overall CRN weakened slightly
but remained significant for all markers except for HDL-C.
The prevalence ratios for overall CRN comparing the
fourth with the first quartiles of triglycerides, total

cholesterol, LDL-C, ApoB, ApoA-1, and HDL-C were 1.31
(95 % CI 1.16-1.48; Pyeng < 0.001), 1.19 (95 % CI
1.07-1.33; Pyeng < 0.001), 1.38 (95 % CI 1.23-1.54;
Piena < 0.001), 1.30 (95 % CI 1.14-1.47; Pyeng < 0.001),
0.85 (95 % CI 0.76-0.95; Pyreng = 0.008), and 1.11 (95 %
CI 0.99-1.24; Peng = 0.235), respectively. Similar asso-
ciations were seen for non-advanced CRN, while the
prevalence of advanced CRN was associated with only
LDL-C and ApoB levels. The prevalence ratios for ad-
vanced CRN comparing the fourth with the first quartiles of
LDL-C and ApoB were 142 (95 % CI 1.08-1.86;
Pyena = 0.016) and 1.49 (95 % CI 1.07-2.09; Pyeng =
0.045), respectively (Supplementary Table 2).

Prevalence of CRN with Increasing Parameters
of Both Glucose and Lipid Metabolism

We sought to identify whether the risk of CRN further

increases in cases in which parameters of glucose meta-
bolism and lipid metabolism worsen simultaneously.

@ Springer
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Table 2 Prevalence of

colorectal neoplasm by quartiles Markers of glucose metabolism Quartile 1 Quartile 2 Quartile 3 Quartile 4 Pirend
of parameters of glucose Fasting glucose
metabolism )
Median (range) (mg/dL) 82 (49-85) 89 (86-91) 94 (92-97) 103 (98-348)
No CRN 95.62 93.79 92.40 89.07
Any CRN 4.38 6.21 7.60 10.93 <0.001
Non-advanced CRN 3.69 5.27 6.45 9.21 <0.001
Advanced CRN 0.69 0.94 1.15 1.72 <0.001
HbAlc
Median (range) (%) 53 (3.7-53) 55(5.4-55) 5.6(5.6-57) 5.9 (5.8-16.2)
No CRN 94.34 94.15 92.57 90.17
Any CRN 5.66 5.85 7.43 9.83 <0.001
Non-advanced CRN 5.03 4.96 6.34 8.12 <0.001
Advanced CRN 0.62 0.89 1.10 1.71 <0.001
Fasting insulin
Median (range) (mg/dL) 1.8 (0.2-2.5) 3.1 (2.5-3.8) 4.5(3.8-5.5) 7.2 (5.5-98.1)
No CRN 93.44 93.26 92.08 91.47
Any CRN 6.56 6.74 7.92 8.53 <0.001
Non-advanced CRN 5.58 5.73 6.60 7.25 <0.001
Advanced CRN 0.98 1.01 1.32 1.29 0.012
HOMA-IR
Median (range) 0.4 (0.03-0.6) 0.7 (0.6-0.9) 1.1 (0.9-1.3) 1.8 (1.3-33.0)
No CRN 93.94 93.48 91.89 90.94
Any CRN 6.06 6.52 8.11 9.06 <0.001
Non-advanced CRN 5.13 5.60 6.74 7.68 <0.001
Advanced CRN 0.93 0.91 1.37 1.38 <0.001

CRN colorectal neoplasm, HbAIc hemoglobin Alc, HOMA-IR homeostasis model assessment of insulin

resistance

Data are presented as median (range) or %

Prevalence ratios were adjusted for age, sex, smoking
status, family history of CRC, aspirin use, BMI, and in-
teraction effects of glucose and lipid parameters. The ad-
justed prevalence ratios of overall CRN increased with
increasing quartiles of both glucose and lipid parameters
including triglycerides (Fig. 2a), LDL (Fig. 2b), and ApoB
(Fig. 2¢). The prevalence ratios for overall CRN compar-
ing the fourth with the first quartiles of both glucose and
lipid parameters including triglycerides, LDL, and ApoB
were 1.94 (95 % CI 1.59-2.37, P < 0.001), 2.41 (95 % CI
1.89-3.08, P < 0.001), and 2.30 (95 % CI 1.78-2.98,
P < 0.001), respectively.

Discussion

In this large cross-sectional study, we found that levels of
parameters of glucose and lipid metabolism were associ-
ated with the prevalence of CRN. The prevalence of overall
CRN increased with increasing levels of glucose, HbAlc,
insulin, HOMA-IR, triglycerides, total cholesterol, LDL-C,
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and ApoB and with decreasing levels of HDL-C and
ApoA-1. These associations, with the exception of HDL-C,
persisted after adjusting for multiple risk factors for CRN.
In addition, higher levels of glucose, LDL-C, and ApoB
were significantly associated with an increasing prevalence
of advanced CRN. Furthermore, the risk of CRN further
increased in cases in which the parameters of glucose
metabolism (including glucose) and lipid metabolism (in-
cluding triglycerides, LDL-C, and ApoB) worsened
simultaneously.

Although the mechanisms linking altered glucose
metabolism, dyslipidemia, and CRN risk are not fully un-
derstood, there are several possible explanations. First,
hyperinsulinemia has been reported to promote carcino-
genesis through the effect of insulin-like growth factor 1
(IGF-1). Insulin reduces the production of IGF binding
protein 1 and consequently increases the level of bioactive
IGF-1. IGF-1 has mitogenic and anti-apoptotic activities
and can act as a stimulus for growing preneoplastic and
neoplastic cells [21]. Second, hyperglycemia and dyslipi-
demia can promote the formation of reactive oxygen



Dig Dis Sci (2015) 60:2996-3004 3001
Table 3 Prevalence of colorectal neoplasm by quartiles of parameters of lipid metabolism
Markers of lipid metabolism Quartile 1 Quartile 2 Quartile 3 Quartile 4 Pirend
Triglycerides
Median (range) (mg/dL) 55 (21-67) 80 (68-95) 115 (96-141) 188 (142-1967)
No CRN 94.90 93.52 92.07 89.83
Any CRN 5.10 6.48 7.93 10.17 <0.001
Non-advanced CRN 4.33 5.44 6.77 8.55 <0.001
Advanced CRN 0.77 1.04 1.15 1.62 <0.001
Total cholesterol
Median (range) (mg/dL) 162 (80-175) 187 (176-197) 209 (198-221) 240 (222-433)
No CRN 93.81 93.35 92.30 90.85
Any CRN 6.19 6.65 7.70 9.15 <0.001
Non-advanced CRN 5.15 5.60 6.77 7.58 <0.001
Advanced CRN 1.04 1.05 0.93 1.57 0.002
LDL cholesterol
Median (range) (mg/dL) 89 (24-102) 113 (103-123) 134 (124-145) 163 (146-364)
No CRN 94.50 93.32 92.11 90.37
Any CRN 5.50 6.68 7.89 9.63 <0.001
Non-advanced CRN 4.63 5.62 6.81 8.06 <0.001
Advanced CRN 0.87 1.06 1.08 1.58 <0.001
HDL cholesterol
Median (range) (mg/dL) 40 (3—44) 49 (45-52) 57 (53-62) 71 (63-176)
No CRN 91.09 92.35 93.43 93.24
Any CRN 8.91 7.65 6.57 6.76 <0.001
Non-advanced CRN 7.47 6.54 5.58 5.69 <0.001
Advanced CRN 1.44 1.11 0.99 1.07 0.014
Apolipoprotein B
Median (range) (mg/dL) 64 (17-74) 81 (74-89) 96 (89-105) 117 (105-221)
No CRN 95.27 93.48 92.40 91.02
Any CRN 4.73 6.52 7.60 8.98 <0.001
Non-advanced CRN 4.12 5.48 6.57 7.54 <0.001
Advanced CRN 0.60 1.04 1.03 1.44 <0.001
Apolipoprotein Al
Median (range) (mg/dL) 111 (66-120) 126 (120-133) 140 (133-149) 161 (149-318)
No CRN 91.58 93.16 93.31 93.91
Any CRN 8.42 6.84 6.69 6.09 <0.001
Non-advanced CRN 7.10 5.83 5.76 5.19 <0.001
Advanced CRN 1.32 1.00 0.94 0.90 0.007

Data are presented as median (range) or %

CRN colorectal neoplasm, LDL low-density lipoprotein, HDL high-density lipoprotein

species (ROS), which can damage DNA and trigger cancer
progression by the modulation of gene expression, muta-

tion, and chromosomal rearrangement [29]. Third, glucose

and/or triglycerides may contribute to colorectal carcino-
genesis through an increase in bile acids or energy supply
to neoplastic cells [30]. Fourth, dyslipidemia can also in-
crease the production of inflammatory cytokines such as

interleukin-6 and tumor necrosis factor-a, creating a pro-
tumorigenic environment [31].

Several, but not all, studies have found associations
between the parameters of glucose and lipid metabolism
and the risk of CRN. Previous studies have reported that
high fasting glucose level [12, 13], HbAlc [13, 32, 33],
insulin level [12, 14, 34], and HOMA-IR [13, 15, 34] were
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Fig. 2 Adjusted prevalence ratios for colorectal neoplasm by quar-
tiles of glucose and lipid parameters [TG (a), LDL (b), and ApoB (c)].
Prevalence ratios were adjusted for age, sex, smoking status, family
history of colorectal cancer, aspirin use, BMI, and interaction effects

associated with an increased risk of colorectal adenoma.
On the other hand, a few studies have shown no statistically
significant associations among HbAlc [22, 23, 35] and
insulin level [36] and risk of CRN.

With regard to lipid parameters, research has been
conducted on the association between triglycerides and
CRN, but the results are inconsistent. In the Metabolic
Syndrome and Cancer Project (Me-Can), higher serum
triglyceride level was associated with risk of CRC in men
of a large European cohort (n = 578,700) [10]. An asso-
ciation between triglyceride level and colorectal adenoma
has also been observed in some Asian [9, 11, 18, 37, 38]
and European populations [16]. However, the European
Prospective Investigation into Cancer and Nutrition
(EPIC), composed of a cohort of 521,448 participants [20],
and an American study [39] did not confirm an association
between triglyceride level and CRC.

We also found that increasing levels of total cholesterol,
LDL-C, and ApoB and decreasing levels of HDL-C and
ApoA-1 were associated with an increased risk of CRN,
although the association with HDL-C did not persist after
adjusting for multiple risk factors for CRN. There have
been very few studies on the associations between total
cholesterol, its fractions, or apolipoproteins, and CRN.
Similar to our results, several previous studies have re-
ported that high total cholesterol level [10, 16, 17], high
LDL-C level [19], and low HDL-C level [11, 19] were
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of glucose and lipid parameters. FBG fasting blood glucose, TG
triglycerides, LDL low-density lipoprotein, ApoB apolipoprotein B,
CRN colorectal neoplasm, PR prevalence ratio

associated with an increased risk of CRN. Also, in the
EPIC study, concentrations of HDL-C and ApoA were
associated with lower risk of CRC, while total cholesterol
level was inversely associated with CRC risk, and there
was no association between ApoB level and CRC risk [20].
In contrast to our results, another Korean study showed that
higher levels of ApoA-1 and HDL-C were associated with
an increased prevalence of colorectal adenomas [18].

To date, most of the studies on the association between
altered glucose and/or lipid metabolism and CRN risk have
included a relatively small number of subjects or were
limited by lack of adjustment for CRN risk factors. These
limitations may be contributing to the discrepancy of re-
sults among studies. Although there have been a few large-
scale studies about CRC such as Me-Can and EPIC, there
have been very few large-scale studies about colorectal
adenoma. To the best of our knowledge, our study included
the largest number of patients (n = 38,490) on colorectal
adenoma. Similar to our study, two recent studies, which
were conducted in a Korean medical center, investigated
the associations of markers of glucose and lipid metabo-
lism with the prevalence of colorectal adenoma in a large
number of persons (approximately 19,000) and confirmed
the association between high levels of markers of glucose
and triglycerides and colorectal adenoma [13, 18]. How-
ever, our study had several additional strengths compared
to that study. First, our study included a larger number of
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subjects. Second, no final participants had missing data in
our study, while the previous study included participants
with missing data; 49 % of their study population did not
have information on apolipoproteins. Finally, our study
included only subjects who underwent their first colono-
scopy screening, whereas the previous study did not ex-
clude subjects with a history of prior colonic examination,
although they adjusted for history of polyps. These
limitations may have resulted in unexpected ApoA-1 and
HDL-C findings.

Another uniqueness of our study is that our cohort
included a relatively young population. The mean age of
the study participants was 41 years, and most of the study
participants were younger than 50 years of age (44 %
were 30-39 years old, and 43 % were 40—49 years old).
This is the reason why the prevalence of CRN is low in
our study. However, this unique quality of our cohort
made it possible to determine that altered glucose meta-
bolism, dyslipidemia, and dyslipoproteinemia are associ-
ated with a risk of CRN in a young population.
Furthermore, this is the first study to demonstrate that the
risk of CRN further increased if both glucose and lipid
parameters worsened simultaneously. Healthy lifestyles
and eating habits in younger adults may be important for
the prevention of CRC. In addition, our study showed that
the associations of the parameters of glucose and lipid
metabolism with CRN were within the normal ranges.
Our results suggest that the risk of CRN may increase
early in insulin resistance and in the chain of altered
glucose and lipid metabolism.

The current study had several limitations. First, this was
not a population-based study but rather was a retrospective
study that included a cohort composed of ethnic Korean
individuals who had been seen for a regular health main-
tenance examination in two centers. As a result, there was
likely some degree of selection bias. Interpretation of our
findings requires careful consideration when applied to
other populations or settings. Second, data on dietary,
economic, and occupational factors, which could be pos-
sible confounders, were not available. Finally, the cross-
sectional design precludes the determination of causality
because temporality cannot be established.

In conclusion, higher levels of glucose, HbAlc, insulin,
HOMA-IR, triglycerides, total cholesterol, and LDL-C and
lower levels of ApoB were associated with an increased
prevalence of overall CRN. There was also a significant
association between higher levels of glucose, LDL-C, and
ApoB and a higher prevalence of advanced CRN. More-
over, the risk of CRN was further increased if both glucose
and lipid parameters worsened simultaneously. Our study
provides strong evidence that altered glucose and lipid
metabolism play a role in colorectal carcinogenesis. Con-
sidering that glucose and lipid levels are modifiable via

lifestyle changes or medications, our study will contribute
to CRC prevention strategies.
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