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Abstract

Background Both insulin resistance (IR) and vitamin D
deficiency (VitDdef) have been suggested as risk factors
for colorectal neoplasms (CRNs). However, the asso-
ciations between the two with regard to CRNs are unclear.
Aims To determine whether IR is a risk factor for CRNs
and whether VitDdef confers an additive risk of CRNs.
Methods Colonoscopy-naive asymptomatic women under-
going aroutine health screening program were analyzed. IR was
defined as homeostatic model assessment of IR >3 and VitDdef
set as <20 ng/mL. Multivariable logistic regression was per-
formed between women with and without CRNs, matched for
age and body mass index, to investigate associations with CRNs
in IR, VitDdef, and VitDdef combined with IR.
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Results We analyzed 216 women with CRNs and 216
without CRNs. A significant association was found be-
tween IR and CRNs (OR 1.838, 95 % CI 1.029-3.285,
P = 0.040) but not with VitDdef. IR conferred a higher
risk in advanced CRNs (OR 3.244, 95 % CI 1.588-6.631,
P = 0.001) than CRNs. When VitDdef was combined with
IR, risks of both CRNs and advanced CRNs increased (OR
2.131, 95 % CI 1.077-4.216, P = 0.030 and OR 4.438,
95 % CI 2.058-9.571, P < 0.001, respectively).
Conclusions IR increases the risk of CRNs, and a com-
bination of IR and VitDdef further increases this risk. As
both VitDdef and IR are modifiable risk factors, such as-
sociations may have important clinical implications in the
prevention of CRNs.
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Introduction

Metabolic risk factors have been implicated in the for-
mation of colorectal cancer (CRC) [1-3]. Insulin resis-
tance and its associated pathological conditions, such as
elevated levels of fasting glucose, insulin, and insulin-
like growth factor-1 (IGF-1), have been reported to play
a role in colorectal carcinogenesis [4]. IGF-1 plays var-
ious roles in colorectal carcinogenesis such as prolif-
eration, differentiation, and antiapoptosis [4, 5]. IGF-1
may also have a role in the development of colorectal
neoplasms (CRNs) and advanced CRNs [6]. Although
the association between CRC risk and insulin resistance
has been well-documented, the relationship between in-
sulin resistance and colorectal adenomas is still contro-
versial [7, 8].

Serum vitamin D level has also been reported to be
associated with the risk of CRC [9, 10]. Vitamin D induces
antiproliferative, prodifferentiating, and growth inhibitory
effects on colorectal carcinogenesis, primarily by acting on
the WNT--catenin pathway [11, 12]. However, as with
insulin resistance, the association between vitamin D de-
ficiency and the risk of colorectal adenomas is less clear
[13-18].

Diabetes, metabolic syndrome, insulin resistance, and
vitamin D deficiency have close associations [19]. Vi-
tamin D deficiency reportedly increases insulin resis-
tance, although this also remains controversial and
vitamin D deficiency should not be regarded as a cause
of insulin resistance per se [19-21]. The effect of an
association between vitamin D deficiency and insulin
resistance on carcinogenesis has not been fully investi-
gated, although one study has suggested additive asso-
ciations in prostate cancer [22]. However, the effect of
this relationship on colorectal carcinogenesis has not
been explored. One recent study suggested that CRC
patients with a polymorphism of the Fokl vitamin D
receptor gene had increased CRC risk [23]. Another
study speculated that increased vitamin D levels may be
associated with a decreased risk of CRCs associated with
higher IGF-1 levels [24]. The aim of this study was
therefore to investigate the association between insulin
resistance and the risk of CRNs and to determine whe-
ther vitamin D deficiency confers an added risk in sub-
jects with insulin resistance.

Materials and Methods
Study Population

We conducted a cross-sectional study of women who had
routine colonoscopies performed during health screening
examinations at the Center for Health Promotion of Seoul
St. Mary’s Hospital (Seoul, South Korea) between October
2008 and December 2013. Colonoscopy-naive patients with
insulin and 25-hydroxyvitamin D (25-(OH)-D) values were
included in this study. Only women were included in this
study as women were more likely to have vitamin D defi-
ciency and our center’s routine health check-up program
recommends checking vitamin D levels for primarily
women [25]. Subjects were divided into two groups. The
CRN group was comprised of subjects who had histo-
logically confirmed CRNs during colonoscopy. The control
group, which was also from the routine, asymptomatic
health check-up population and did not have CRNs dis-
covered during colonoscopy, was selected by systematic
random sampling after being matched for age and body
mass index to those in the CRN group.

Subjects with (1) missing colonoscopy or laboratory
records; (2) incomplete colonoscopic examination be-
cause of poor bowel preparation or incomplete insertion;
(3) any symptom of colorectal disease (abdominal pain,
bowel habit change, hematochezia); (4) a history of
malignant neoplasm or inflammatory bowel disease; (5) a
family history of cancer syndromes or polyposis; (6)
previous colectomy; (7) previous colonoscopy or col-
orectal polypectomy history; or (8) abnormal findings or
medical history from the health screening in sites other
than the colon were excluded.

Periodic routine health screening is very common in South
Korea because of the Industrial Safety and Health Law. This
study used medical records that did not include any identifying
features. This study was approved by the Institutional Review
Board of Seoul St. Mary’s Hospital, which waived the in-
formed consent because of the retrospective use of data
lacking any identifying features (KC14RISI0564).

Data Collection

All subjects completed a standardized self-administered
questionnaire during the screening program. The ques-
tionnaire asked about smoking, alcohol consumption, and
exercise; and medical history regarding prior malignancies,
surgery, diabetes, hypertension, dyslipidemia, cardiovas-
cular and cerebrovascular diseases, previous colonoscopy,
previous colon polypectomy, and pregnancy. Medication
history included current and regular use of aspirin,
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nonsteroidal anti-inflammatory drugs, antidiabetic medica-
tion, antihypertensives, and medication for dyslipidemia.
Trained nurses took anthropometric measurements includ-
ing weight, height, waist circumference, and blood pressure
(BP). Waist circumference was taken at the midpoint of the
lowest rib and the iliac crest in a horizontal plane. BP was
measured using a mercury sphygmomanometer in the right
arm, using an adequate cuff in a seated position after at
least 10 min of rest. Body mass index was calculated as
weight in kilograms divided by the square of height in
meters (kg/mz).

Fasting venous blood samples were taken in the morning
after an overnight fasting period of at least 12 h. Fasting
plasma glucose, glycated hemoglobin (HbAlc), total
cholesterol, triglyceride, high-density lipoprotein (HDL)
cholesterol, and low-density lipoprotein (LDL) cholesterol
levels were measured by the Hitachi 7150 Autoanalyzer
(Hitachi Ltd., Tokyo, Japan). Serum calcium and phos-
phate levels were measured using the Hitachi 7600 Auto-
analyzer. Fasting serum insulin level was measured by
using radioimmunoassay kits (Insulin RIA beads; TFB-
Japan Co. Ltd., Tokyo, Japan). Serum 25-(OH)-D con-
centration was measured with the Liaison® TOTAL
chemiluminescent immunoassay (DiaSorin, Stillwater,
MN, USA). Serum carcinoembryonic antigen level was
checked using an Architect i2000 chemiluminescent mi-
croparticle immunoassay (Abbott Laboratories, Abbott
Park, IL, USA).

Definition

Individuals with type 2 diabetes were defined as those
with an HbAlc level >6.5 %, a previous diagnosis of type
2 diabetes, or those taking antidiabetic medication.
Metabolic syndrome was defined according to the Amer-
ican Heart Association and the National Heart, Lung and
Blood Institute, along with the International Diabetes
Federation, if they had at least three of the following: (1)
waist circumference >90 cm in men and >80 cm in
women, which is the modified criteria for the Asian
population; (2) triglyceride level >150 mg/dL or triglyc-
eride-lowering medication; (3) low HDL cholesterol level
(<50 mg/dL); (4) systolic BP >130 mmHg, diastolic BP
>85 mmHg, or antihypertensive medication use; and (5)
fasting glucose level >100 mg/dL or use of antidiabetic
medication, or previously diagnosed type 2 diabetes [26].
Homeostatic model of insulin resistance (HOMA-IR;
fasting blood insulin (mlU/ml) x fasting glucose (mg/dl)/
405) was used to assess insulin resistance and the cutoff
value for insulin resistance set at 3 [27]. Vitamin D defi-
ciency was defined as subjects having a serum level of
25-(OH)-D of <20 ng/mL [28].
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Colonoscopic Examinations and Definition
of Colorectal Neoplasms

Colonoscopic examination was carried out by endoscopists
certified as experts by the Korean Society of Gastroin-
testinal Endoscopy in the standard manner after routine
preparation with 4 L of polyethylene glycol. Small polyps
(<0.5 cm) were removed via biopsy forceps, and large
polyps (>0.5 cm) were removed by snare polypectomy or
endoscopic mucosal resection. Polyp size was endo-
scopically measured by both visual estimation and com-
parison with biopsy forceps.

All retrieved polyps were reviewed by an experienced
gastrointestinal pathologist. CRN was defined as the pres-
ence of adenoma or adenocarcinoma components. Non-
neoplastic polyps such as inflammatory, lymphoid,
hyperplastic polyps, or mucosal tags were excluded. Pa-
tients were classified into the advanced CRN group if they
met either the high-risk adenoma category of the 2012
American Gastroenterological Association guidelines or
had an adenocarcinoma component [29]: (1) >3 adenomas;
(2) high-grade dysplasia; (3) villous features; (4) >1 cm in
size; or (5) adenocarcinoma.

Statistical Analysis

Categorical variables were examined through Pearson’s
Chi-squared test, and continuous variables were assessed
by the Student’s ¢ test. Two multivariable models were
constructed to determine whether there was an added ele-
ment of risk in CRN and advanced CRN subjects with
vitamin D deficiency, HOMA-IR > 3, and those with both
vitamin D deficiency and HOMA-IR > 3. Model 1 in-
cluded adjustment for age; model 2 added adjustments for
smoking and alcohol history in addition to model 1. Odds
ratios (ORs) and 95 % confidence intervals (ClIs) were
calculated for each variable in the multivariable analysis.
Multicollinearity was determined for all multiple regres-
sion models by calculating the tolerance and variance in-
flation factors. Any regression model with a variance
inflation factor >5 was excluded on the basis of significant
multicollinearity. P values <0.05 were accepted to be
statistically significant. All tests were two-sided and per-
formed at the 5 % level of significance by calculation via
SAS software (SAS; SAS Institute, Cary, NC, USA).

Results

A total of 4576 women who underwent health screening at
the Center for Health Promotion of Seoul St. Mary’s
Hospital between October 2008 and December 2013 had
both colonoscopies and fasting insulin levels examined. Of
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these subjects, 796 elected to have serum 25-(OH)-D levels
checked. Excluded from the analysis were 62 subjects with
a history of previous polypectomy or colonoscopy, 35 with
poor colonoscopic preparation, 26 with a previous history
of malignancy, and nine with incomplete medical records.
Of the 664 subjects analyzed, 216 were found to have
CRNs and compared with a control group of 216 non-CRN
subjects matched for age and body mass index.

Of the 216 subjects with CRNs, 42 had advanced CRNS,
and five of these were CRCs. The mean (£SD) number of
CRNs per subject was 1.5 £ 1.0. The baseline character-
istics of the non-CRN and CRN groups can be seen in
Table 1. The CRN group had a significantly higher number
of subjects with alcohol consumption and higher HOMA-
IR levels. There was no significant difference in the level
of serum 25-(OH)-D or prevalence of vitamin D deficiency
between the two groups.

The association between CRNs and vitamin D defi-
ciency, HOMA-IR, and vitamin D deficiency combined
with HOMA-IR is shown in Table 2. HOMA-IR > 3 was a
significant risk factor for both CRNs and advanced CRNs
(OR 1.838, 95 % CI 1.029-3.285, P = 0.040 and OR
3.244, 95 % CI 1.588-6.631, P = 0.001). Although vi-
tamin D deficiency was not a significant risk factor for
either CRNs or advanced CRNs in both models, vitamin D
deficiency combined with HOMA-IR > 3 significantly in-
creased the risk of CRNs and advanced CRNs (OR 2.131,
95 % CI 1.077-4.216, P = 0.030 and OR 4.438, 95 % CI
2.058-9.571, P < 0.001).

Discussion

Our study demonstrates that there is a clear association
between insulin resistance and the risk of CRNs and ad-
vanced CRNs. However, both CRNs and advanced CRNs
were not associated with vitamin D deficiency. When vi-
tamin D deficiency was combined with insulin resistance,
the risk of CRNs and advanced CRNs was elevated further
than with insulin resistance alone. These results suggest
that while insulin resistance is part of the CRN formation
pathway, vitamin D deficiency adds an element of risk to
CRN formation.

Diabetes has been established as a risk factor for the
development of CRC [1, 30], but the association between
glucose metabolism and the development of colorectal
adenomas is less clear [7, 8]. A recent large, cross-sectional
study comparing 5900 adenoma patients with 13,000 con-
trols reported that markers of glucose metabolism such as
fasting glucose levels, insulin levels, HbAlc, HOMA-IR,
and C-peptide levels were significantly associated with the
overall presence of colorectal adenomas. These asso-
ciations were even stronger for advanced adenomas than

for any adenomas, which is similar to the results of our
study [7]. This finding is supported by previous studies
reporting a positive association between insulin levels and
advanced adenomas or early CRCs [6, 31].

Serum vitamin D level has been reported to be inversely
associated with the risk of CRC [9, 10]. However, the as-
sociation between vitamin D deficiency and the risk of
colorectal adenomas is less clear. Several studies have re-
ported a significant inverse association similar to that for
CRC [13-15]. However, other studies have found that this
association exists only in women and is U-shaped or
nonsignificant [16—18, 32]. The results of our study are in
contrast to those of a recent meta-analysis, which has re-
ported an inverse association between vitamin D deficiency
and the risk of CRN [33]. However, the added element of
risk conferred by vitamin D deficiency in our study,
especially in advanced CRNs, may be corroborated by
reports suggesting that vitamin D deficiency is related to
different stages of adenoma development [34]. Our finding
is also supported by papers reporting that vitamin D defi-
ciency is related to an increased risk of larger adenomas or
those with villous histology [32, 33].

Vitamin D deficiency is associated with insulin-resistant
states such as metabolic syndrome, nonalcoholic fatty liver
disease, and diabetes [19, 35, 36]. Vitamin D has been
reported to enhance insulin sensitivity by stimulating in-
sulin receptor expression, promoting pancreatic beta cell
function, lessening the effects of systemic inflammation,
and improving insulin resistance by improving the uptake
of glucose by peripheral tissues [36, 37]. However, whether
vitamin D deficiency can be regarded as another manifes-
tation of insulin resistance, or vice versa, remains ques-
tionable. Although epidemiologic, cross-sectional, and
longitudinal studies have reported associations between
metabolic syndrome, diabetes, and vitamin D deficiency,
other studies have failed to find any relationship [16, 21,
37]. With regard to carcinogenesis, one study has reported
an additive effect between vitamin D deficiency and insulin
resistance, which is similar to our results. This study in-
vestigated the association between metabolic syndrome
factors and prostate cancer risk. It reported that subjects
with both metabolic syndrome and vitamin D deficiency
were at an increased risk of prostate cancer, whereas sub-
jects with either metabolic syndrome or vitamin D defi-
ciency were not at an increased risk. The authors theorized
that common putative pathways between vitamin D defi-
ciency and metabolic syndrome exist [22]. As prostate
cancers are associated with precancerous prostatic in-
traepithelial neoplasia [38], which may be considered
analogous to colorectal adenomas, a stepwise pathway may
indeed exist.

One possible pathway is the relationship between IGF
binding proteins (IFGBP) and vitamin D analogues, which

@ Springer



2492

Dig Dis Sci (2015) 60:2488-2494

Table 1 Baseline

Non-CRN group (n = 216) CRN group (n = 216) P

characteristics of the groups

with and without colorectal Age 56.8 + 8.5 56.8 + 8.7 0.930

neoplasms Diabetes mellitus, n (%) 21 (9.7) 27 (12.5) 0.358
Hypertension, n (%) 46 (21.3) 61 (28.2) 0.095
Metabolic syndrome, n (%) 63 (29.2) 80 (37.0) 0.082
Body Mass Index (kg/m?) 237 £3.0 237 +33 0.725
Waist circumference, cm 84.0 + 8.0 85.2 + 8.7 0.137
Alcohol consumption, n (%) 71 (32.9) 97 (44.9) 0.010
History of smoking, n (%) 24 (11.1) 37 (17.1) 0.072
Aspirin/NSAID use, n (%) 28 (13.0) 27 (12.5) 0.885
Regular calcium use, n (%) 23 (10.6) 29 (13.4) 0.375
Total cholesterol (mg/dL) 206.1 £ 39.6 209.3 £+ 40.4 0.395
Triglyceride (mg/dL) 89.7 £57.8 93.8 £ 61.6 0.484
HDL cholesterol (mg/dL) 55.3 £ 12.6 553 £ 125 0.991
LDL cholesterol (mg/dL) 126.8 £ 35.2 129.1 £ 35.0 0.485
Fasting glucose (mg/dL) 95.4 £ 20.5 98.9 + 23.6 0.102
Fasting insulin (mIU/mL) 64 £5.0 73 £57 0.074
HbAlc (%) 57+0.7 57+£09 0.371
HOMA-IR* 16 £ 15 19+19 0.051
HOMA-IR® > 3, n (%) 21 (9.7) 37 (17.1) 0.034
HOMA-B® 83.8 £ 73.8 79.7 £ 76.9 0.566
CEA (ng/mL) 14+£1.0 1.6 £13 0.087
25-hydroxyvitamin D (ng/mL) 16.9 £ 8.9 16.0 £ 8.8 0.510
Vitamin D <20 ng/mL, n (%) 154 (71.3) 160 (74.1) 0.517
Ca (mg/dL) 92+ 04 92+ 04 0.434
P (mg/dL) 38+ 0.6 38+ 0.5 0.978

Data presented as mean =+ standard deviation or as proportion

CEA carcinoembryonic antigen, CRN colorectal neoplasm, HDL high-density lipoprotein, HOMA-
B homeostatic model assessment of beta cell function, HOMA-IR homeostatic model assessment of insulin
resistance, LDL low-density lipoprotein, NSAID nonsteroidal anti-inflammatory drug

? HOMA-IR = (fasting glucose x fasting insulin)/405

® HOMA-B = (360 x fasting insulin)/(fasting glucose — 63)

has been reported in breast, colon, prostate, and os-
teosarcoma cancer cell lines [39-42]. Vitamin D and its
analogues have been reported to inhibit the secretion of
IGFs and stimulate production of IGFBPs, which mostly
inhibit IGF action [40-43]. The insulin resistance states of
our subjects would lead to increased IGF levels, whose
carcinogenic effects would be even more augmented by
the lack of IGFBPs caused by vitamin D deficiency.
However, as our study was a cross-sectional study that
did not investigate the mechanisms between CRC, insulin
resistance, and vitamin D deficiency, further studies will
be needed.

In the CRN group, there was a tendency for higher
prevalence of hypertension, metabolic syndrome, history of
smoking, and fasting insulin. These findings imply that the
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CRN patients may have a more unhealthy lifestyle which
may have contributed as risk factors for CRNs.

In conclusion, our study demonstrates that there is a
significant association between insulin resistance and the
risk of CRNs. CRNs were not associated with vitamin D
deficiency, but when vitamin D deficiency was combined
with insulin resistance, the risk of CRNs was increased
further than with insulin resistance alone. These asso-
ciations were even more prominent when only advanced
CRNs were considered. Whether checking and correcting
vitamin D deficiency in subjects with insulin resistance
states as well as increasing colon screening in such subjects
leads to CRN prevention need more investigation. Also, the
stepwise progression in the CRC pathway suggested by our
study may lead to new areas of research and treatment.
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Table 2 Analysis of patients with colorectal neoplasms and advanced colorectal neoplasms according to vitamin D deficiency, HOMA-IR > 3,
and vitamin D deficiency combined with HOMA-IR > 3

Colorectal neoplasms

Advanced neoplasms

Odds Ratio 95 % CI P Odds Ratio 95 % CI P

Model 1

Vitamin D Def 1.159 0.754-1.783 0.501 1.134 0.558-2.305 0.729

HOMA-IR > 3 1.925 1.083-3.421 0.026 3.385 1.666-6.874 0.001

Vitamin D Def + HOMA-IR > 3 2.062 1.049-4.054 0.036 4.388 2.045-9.415 <0.001
Model 2

Vitamin D Def 1.144 0.741-1.765 0.545 1.122 0.550-2.288 0.751

HOMA-IR > 3 1.838 1.029-3.285 0.040 3.244 1.588-6.631 0.001

Vitamin D Def + HOMA-IR > 3 2.131 1.077-4.216 0.030 4.438 2.058-9.571 <0.001

Model 1: age
Model 2: model 1 + smoking + alcohol

HOMA-IR homeostatic model of insulin resistance, Vitamin D Def vitamin D deficiency
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