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Abstract

Background A higher circulating vitamin D level is

inversely associated with the risk of colorectal cancer, but

the association with adenoma risk is less clear.

Aims We examined the association between the circu-

lating 25-hydroxyvitamin D3 [25(OH)D3] concentration

and colorectal adenoma in asymptomatic average-risk

participants undergoing initial screening colonoscopy.

Methods The study subjects were comprised of 143 cases

of colorectal adenomas and 143 age- and gender-matched

controls with normal colonoscopy among the 586 asymp-

tomatic average-risk subjects (median age, 58 years; range,

50–73 years) who underwent first screening colonoscopy

and measurement of the serum 25(OH)D3 between

December 2009 and April 2010, consistent with winter

months of the region.

Results The mean concentration of serum 25(OH)D3 in

the adenoma and control groups was 20.0 ± 11.0 ng/ml

and 25.0 ± 20.0 ng/ml, respectively (P = 0.009). Using

multivariate analysis, higher levels of 25(OH)D3 were

associated with a statistically significant decreased risk of

colorectal adenoma after multivariable adjustment (highest

vs. lowest quartile OR 0.38, 95% CI 0.18–0.80, Ptrend =

0.012). The inverse association of circulating 25(OH)D3

with colorectal adenoma was stronger among the patients

with proximal adenoma than that among the patients

without proximal adenoma (highest vs. lowest quartile OR

0.29, 95% CI 0.13–0.66, Ptrend = 0.001).

Conclusions The present study suggests that high levels

of circulating vitamin D are associated with a decreased

risk of colorectal adenoma, and especially adenoma located

in the proximal colon.
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Introduction

The protective role of vitamin D in colorectal carcino-

genesis has recently been suggested based on the ecologic

patterns of colorectal cancer (CRC) mortality according to

latitude as an indication of the regional variation in solar

radiation, which is required for vitamin D synthesis [1].

The hypothesis has been supported by animal and in vitro

studies that vitamin D induces cell differentiation and

apoptosis and inhibits proliferation, angiogenesis and

metastasis of CRC cells [2–5]. In epidemiologic studies,

the vitamin D status was inversely associated with the risk

of CRC, but the association with the risk of colorectal

adenoma, which is a well established precursor of CRC,

was less clear.

The findings from the studies that have investigated the

vitamin D–colorectal adenoma association have been null

or inconsistent. Although 90–95% of all vitamin D is

S. N. Hong � J. H. Kim � W. H. Choe � S.-Y. Lee �
D. C. Seol � I. K. Sung (&) � H. S. Park � C. S. Shim

Department of Internal Medicine, Konkuk University School

of Medicine, 4-12 Hwayang-dong, Gwangjin-gu, Seoul 143-729,

Korea

e-mail: 20070253@kuh.ac.kr

S. N. Hong � J. H. Kim

Medical Immunology Center, Institute of Biomedical Science

and Technology, Konkuk University School of Medicine, Seoul,

Korea

H.-W. Moon � M. Hur � Y.-M. Yun

Department of Laboratory Medicine, Konkuk University

Medical Center, Konkuk University School of Medicine,

Seoul, Korea

123

Dig Dis Sci (2012) 57:753–763

DOI 10.1007/s10620-011-1926-1



produced in the skin by the action of sunlight [6–8], most

observational studies were limited to assessing only poorly

measured dietary vitamin D intake and the findings from

these studies have mostly been null [9–21]. Most of the

studies that measured the circulating vitamin D concen-

tration have had also some limitations of the enrolled study

population, such as the enrolled participants were evaluated

for the status of only the distal colorectum using sig-

moidoscopy [12, 13, 22, 23], they were taking chemopre-

ventive agents or placebo for a chemoprevention trial

[20, 24], they had symptoms that needed colonoscopic

evaluations [4, 25] or they were all of one gender [22, 26].

Therefore, even though the studies showed a trend that a

better vitamin D status lowered the risk of colorectal ade-

noma, the findings from these studies have remained

inconsistent [12, 13, 20, 22–27]. To our knowledge, there

has been no previous study that has investigated the asso-

ciation between the circulating vitamin D levels and the

risk of colorectal adenoma in an asymptomatic, average-

risk, screened population.

Therefore, we investigated the association between the

circulating vitamin D level and risk of colorectal adenomas

in asymptomatic, average-risk individuals who underwent

first screening colonoscopy.

Patients and Methods

Study Participants

We conducted a cross-sectional case–control study using a

consecutive series of subjects who underwent health

screening examinations during November 2009 to April

2010 at the Healthcare Center of Konkuk University

Medical Center in Seoul, Korea. The details of the health

examination have been described previously [28]. The

examinees received written information about the screen-

ing program, including a toll-free telephone number to call

to obtain more information about the program or to sche-

dule an appointment for screening. Telephone interviews

were conducted to establish that the examinees who called

to make an appointment for screening were asymptomatic

(i.e., they reported no visible rectal bleeding, no recent

change in bowel habits and no recent lower abdominal

pain). The persons with symptoms were urged to seek

medical care. This study was approved by the Institutional

Review Board of Konkuk University Medical Center.

The flow diagram of the study is shown in Fig. 1.

A consecutive series of 586 asymptomatic, average-risk

subjects aged 50–74 years and who underwent first

screening colonoscopy and who had their serum

25-hydroxyvitamin D3 [25(OH)D3] level measured were

eligible. All colonoscopies successfully reached to the base

of cecum. We excluded a total of 41 subjects: five for

refusal to answer the questionnaire; 34 patients had an

increased risk of CRC, including a family history of CRC

in a first degree relative; and two had a history of colorectal

surgery. One hundred forty-three patients were found to

have at least one histologically confirmed adenoma without

invasive cancer. Among the 402 subjects with normal

colonoscopy, 143 age- and gender-matched subjects were

randomly selected as controls.

Colonoscopy

All the colonoscopies were performed with a CF-H260AI

(Olympus, Tokyo, Japan) or an EC-3490Fi (Pentax, Tokyo,

Japan) by experienced endoscopists accredited by the

Korean Society of Gastrointestinal Endoscopy. During

colonoscopy, the location, size and number of colorectal

adenomas were recorded. The boundary between the

proximal colon and the distal colon was defined as the

junction of the splenic flexure and the descending colon, as

assessed by the endoscopists. The polyp size was estimated

using open-biopsy forceps. For the patients with multiple

adenomas, the size and appearance of the adenoma with

advanced pathology or the largest adenoma were reported.

Laboratory Assays

Fasting serum was obtained for measurement of 25(OH)D3,

the total calcium and the albumin at the day of colonoscopy.

The serum 25(OH)D3 concentrations were measured by

direct competitive electrochemiluminescence immunoassay

(Vitamin D3 (25-OH) kit, Roche Diagnostics, Mannheim,

Germany) on an automated immunoassay analyzer (Elecsys

2010, Roche Diagnostics). The assay employs a monoclonal

antibody directed against 25(OH)D3, which was labeled

with ruthenium. In brief, 25(OH)D3 in the sample competes

with the biotin labeled vitamin D and the remaining amount

of the complex is dependent upon the analyte concentration

[29]. This method can measure the concentration of

25(OH)D3 in the range of 4–100 ng/ml. The serum levels of

the corrected total calcium were calculated by the most

commonly used formula in clinical practice: the corrected

Fig. 1 Flow diagram
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serum calcium = serum calcium ? (0.8) 9 (4 - serum

albumin) [30].

Lifestyle and Anthropometric Data

The eligible subjects received a standard questionnaire that

included questions regarding the patients’ personal medical

history (including a history of colorectal cancer or polyps),

the present medications, the family history (including

colorectal cancer or polyps), physical activity (using the

International Physical Activity Questionnaire) [31] and

lifestyle habits (smoking and alcohol consumption). The

body weight and height were recorded, and the body mass

index (BMI) was calculated as weight in kilograms divided

by the square of height in meters.

Statistical Analysis

Continuous variables are expressed as means ± standard

deviations, while the categorical variables are presented as

absolute values and percentages. The differences between

the continuous variables were analysed using the unpaired

Student’s t test, and differences between the categorical

variables were analysed using v2 tests and Fisher’s exact

tests, as appropriate. Study-specific quartiles of the serum

25(OH)D3 concentrations were calculated based on the

distribution in the cases and the controls. Logistic regres-

sion analysis was used to obtain the odds ratios (OR) and

95% confidence intervals (CI) of colorectal adenomas

according to the quartiles of 25(OH)D3 (the lowest quartile

as the reference group) and each 10 ng/ml increment of

25(OH)D3. In addition, we investigated the association

between the 25(OH)D3 quartiles and the adenoma charac-

teristics, including location (proximal colon, distal colon),

size (\10 mm, C10 mm) and number (1, C2). To examine

the potential confounders for colorectal adenoma, the multi-

variate models were adjusted for age, gender, the body mass

index, current smoking, alcohol consumption (C20 g/day

during the previous 12 months), physical activity (inactive,

minimally active and active) and the corrected calcium level.

In addition, subgroup analysis was performed according to

gender and age. Age was divided into two groups using the

median age of 58 years as the cutoff age. A P value less than

0.05 was considered to indicate statistical significance. The

analyses were performed with SPSS (version 12.0 K; SPSS

Inc., Chicago, IL).

Results

The characteristics of the study population are presented in

Table 1. The mean age was 58.7 ± 6.0 years (median,

58 years; range, 50–73 years) and 68% were male. The

cases and controls did not differ considerably with regard

to obesity, alcohol, smoking and physical activity. How-

ever, the serum 25(OH)D3 was significantly lower in the

subjects with colorectal adenoma than that in the controls

(20.0 ± 10.0 ng/dl vs. 25.0 ± 20.0 ng/dl, P = 0.001).

Table 2 shows the univariate and multivariate analyses

on the association of the circulating 25(OH)D3 concentra-

tion with colorectal adenoma. On the logistic regression

analysis, higher levels of 25(OH)D3 were associated with a

statistically significant decreased risk of colorectal ade-

noma after multivariable adjustment (highest vs. lowest

quartile OR 0.38, 95% CI 0.18–0.80, Ptrend = 0.012).

Similar inverse associations with colorectal adenoma per

10 ng/ml increment of the 25(OH)D3 were observed on the

analysis for circulating 25(OH)D3 as a continuous variable

in the multivariable model (highest vs. lowest quartile OR

0.78, 95% CI 0.65–0.95, Ptrend = 0.014).

Among the adenoma group, 82 patients had at least one

adenoma located in the proximal colon, 63 patients had two

or more adenomas and 30 patients had one or more adenoma

that was C1 cm in diameter. The inverse association of

Table 1 Clinical characteristics

and serum 25(OH)D3 levels

between the cases and the age-

and gender-matched controls

Characteristics Adenoma group (n = 143) Control group (n = 143) P

Age (years) 58.7 ± 6.0 58.7 ± 6.0

Male 97 (68%) 97 (68%)

Body mass index (kg/m2) 24.4 ± 2.5 24.1 ± 2.5 0.284

Alcohol drinking 41 (29%) 39 (27%) 0.895

Smoking 24 (17%) 27 (19%) 0.758

Physical activity 0.318

Inactive 63 (44%) 70 (49%)

Minimally active 54 (39%) 56 (39%)

Active 26 (18%) 17 (12%)

Serum 25(OH)D3 (ng/dl) 20.0 ± 11.0 25.0 ± 20.0 0.009

Vitamin D inadequacy (\30 ng/dl) 128 (86%) 117 (82%) 0.091

Corrected calcium (mg/dl) 8.5 ± 0.3 8.5 ± 0.3 0.743
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circulating 25(OH)D3 with colorectal adenoma was stronger

among the patients with proximal adenoma than among the

patients without proximal adenoma (highest vs. lowest

quartile OR 0.29, 95% CI 0.13–0.66, Ptrend = 0.001).

However, the inverse association of circulating 25(OH)D3

with adenoma did not substantially differ according to the

adenoma size and number, although the sample size was

relatively small for these analyses (Table 3).

Subgroup analysis was performed according to gender

and age. Table 4 shows the association of circulating

25(OH)D3 concentration with the overall adenoma and the

location of adenoma according to the gender. The rela-

tionship between circulating vitamin D level and proximal

adenoma showed a significant association in male partici-

pants, while there was a similar trend in women partici-

pants. Table 5 shows the association of circulating

25(OH)D3 concentration with the overall adenoma and the

location of adenoma according to the age group. The

relationship between circulating vitamin D level and

proximal adenoma showed a significant association in the

older group (C58 years), while there was a similar trend in

the younger group (\58 years).

Discussion

There is growing awareness of the role of vitamin D not

only for its role in metabolic bone disease, but also for its

association with a variety of chronic diseases such as

colorectal cancer and adenomas. Recent studies have found

that normal colonic epithelium and colorectal cancer cells

express the vitamin D receptor and a key vitamin D

metabolizing enzyme called 1a-hydroxylase, which

converts 25-hydroxyvitamin D [25(OH)D] to the active

1,25-(OH)2 vitamin D [1,25(OH)2D] [2, 3, 32, 33]. When

activated by 1,25(OH)2D, the vitamin D receptor is a

transcription factor that has been shown to decrease epi-

thelial cell proliferation and to induce differentiation and

apoptosis in colorectal neoplasia [2–5]. Thus, the colon can

produce 1,25(OH)2D from 25(OH)D locally to control the

genes that inhibit and suppress carcinogenesis. If a cell

becomes malignant, then 1,25(OH)2D can induce apoptosis

and inhibit angiogenesis, thereby reducing the potential for

the malignant cell to survive [26].

Although 1,25(OH)D is the biologically active form of

vitamin D, the half life of circulating 1,25(OH)D is only

4–6 h and the circulating levels of 1,25(OH)D are a thou-

sand-fold less than 25(OH)D [34]. Moreover, in one pre-

vious study, when a patient becomes vitamin D deficient or

had insufficient vitamin D, the increase in parathyroid

hormone levels induced renal 1a-hydroxylase activity and

this resulted in normal or elevated levels of 1,25(OH)D

[34]. Thus, the measures of circulating 25(OH)D levels

must consider the surrogates or determinants of vitamin D,

including the region of residence, the vitamin D intake and

the estimated sun exposure, or a combination of these [35].

Of particular interest is a recent observation that an inverse

association between plasma 25(OH)D and colorectal neo-

plasia was confined to the individuals with blood drawn

during the winter months, whereas no measurable associ-

ation was noted for those individuals with blood drawn in

the summer months [26, 36]. Thus, in the present study, we

measured the serum 25(OH)D concentration by only using

blood drawn during the winter months. In addition, of the

two forms of 25(OH)D measured in blood (D2 and D3), we

used 25(OH)D3 as the primary measure of the vitamin D

status in our analysis. Although 25(OH)D2 contributes to

the total circulating 25(OH)D, we expect this contribution

to be minimal. Unlike vitamin D3, vitamin D2 cannot

be synthesized by humans and is present mostly in fungus-

derived/yeast-derived products [25, 34]. In addition,

compared with vitamin D3, vitamin D2 may have lower

bioefficacy, which may be due to the lower binding affin-

ities of vitamin D2 and its metabolites to the vitamin D

receptor, vitamin D binding protein and CYP27A1 enzyme

[37]. A previous study reported the total 25(OH)D levels

were consistent with those reported for 25(OH)D3 [25].

Therefore, the potential misclassification of participants’

Table 2 Univariate and multivariate analyses on the association of circulating 25(OH)D3 concentration with colorectal adenoma

Serum 25(OH)D3 Number of cases Number of controls Univariate analysis Multivariate analysisa

OR (95% CI) Ptrend OR (95% CI) Ptrend

Quartile of 25(OH)D3 0.043 0.012

1st Quartile (\14.3 ng/ml) 31 42 1 1

2nd Quartile (14.3–18.5 ng/ml) 29 42 0.88 (0.45–1.72) 0.87 (0.43–1.74)

3rd Quartile (18.6–23.8 ng/ml) 41 31 0.46 (0.24–0.90) 0.40 (0.20–0.82)

4th Quartile (C23.9 ng/ml) 42 28 0.49 (0.25–0.96) 0.38 (0.18–0.80)

Per 10 ng/ml increment 0.82 (0.69–0.98) 0.030 0.78 (0.65–0.95) 0.014

a Adjusted for age, sex, body mass index, smoking, alcohol drinking, physical activity and corrected calcium level
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vitamin D status due to excluding circulating 25(OH)D2

concentrations can be considered to be negligible [25].

Since the hypothesis that vitamin D is protective against

CRC in humans was proposed on the basis of a geo-

graphical correlation between sunlight exposure and the

CRC mortality [1], numerous cohort and case–control

studies have observed a fairly consistent, protective asso-

ciation between vitamin D intake or the circulating

25(OH)D levels and CRC [35, 38, 39]. Furthermore, an

inverse linear dose–response relation has been shown for

both the dietary intake of vitamin D and the circulating

levels of 25(OH)D with the CRC risk. The recent studies

that include a meta-analysis of vitamin D exposure and

CRC risk have estimated there is a 50% decrease in the

incidence of colorectal cancer for individuals with a vita-

min intake C1,000 IU/day or C33 ng/ml circulating

25(OH)D [38, 39].

With regard to colorectal adenomas, one cross-sectional

study, six case–control studies and two cohort studies that

all used randomly selected subjects in chemoprevention

Table 3 Univariate and multivariate analyses on the association of circulating 25(OH)D3 concentration with the location, multiplicity and size

of colorectal adenoma

Quartile of 25(OH)D3 Number

of cases

Number

of controls

Univariate analysis Multivariate analysisa

OR (95% CI) Ptrend OR (95% CI) Ptrend

Location

Adenoma located on proximal colonb 0.008 0.001

1st Quartile 17 56 1 1

2nd Quartile 12 59 0.71 (0.36–1.40) 0.68 (0.33–1.40)

3rd Quartile 24 48 0.29 (0.13–0.63) 0.22 (0.10–0.52)

4th Quartile 29 41 0.43 (0.21–0.88) 0.29 (0.13–0.66)

Adenoma located on distal colonc 0.926 0.857

1st Quartile 26 47 1 1

2nd Quartile 22 49 0.96 (0.48–1.91) 0.92 (0.45–1.89)

3rd Quartile 25 47 0.81 (0.40–1.63) 0.75 (0.36–1.56)

4th Quartile 25 45 1.00 (0.50–1.97) 0.79 (0.37–1.67)

Multiplicity

Multiple (C2) adenoma 0.409 0.138

1st Quartile 16 57 1 1

2nd Quartile 11 60 0.83 (0.39–1.77) 0.77 (0.35–1.72)

3rd Quartile 17 55 0.49 (0.21–1.13) 0.39 (0.16–0.95)

4th Quartile 19 51 0.75 (0.35–1.62) 0.47 (0.20–1.10)

Single adenoma

1st Quartile 15 58 0.257 0.421

2nd Quartile 18 53 1.02 (0.51–2.06) 1.08 (0.52–2.24)

3rd Quartile 24 48 0.69 (0.33–1.44) 0.72 (0.34–1.54)

4th Quartile 23 47 0.53 (0.25–1.13) 0.60 (0.27–1.34)

Size

Large (C1 cm) adenoma 0.845 0.648

1st Quartile 7 66 1 1

2nd Quartile 6 65 0.85 (0.31–2.34) 0.75 (0.25–2.19)

3rd Quartile 8 64 0.63 (0.21–1.86) 0.57 (0.18–1.81)

4th Quartile 9 61 0.72 (0.25–2.05) 0.50 (0.16–1.58)

Small (\1 cm) adenoma 0.126 0.081

1st Quartile 24 49 1 1

2nd Quartile 23 48 0.95 (0.49–1.84) 1.01 (0.51–2.00)

3rd Quartile 33 39 0.54 (0.27–1.06) 0.50 (0.25–1.02)

4th Quartile 33 37 0.55 (0.28–1.08) 0.51 (0.24–1.07)

a Adjusted for age, sex, body mass index, smoking, alcohol drinking, physical activity and corrected calcium level
b Cecum to splenic flexure
c Descending colon to rectum
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Table 4 Multivariate analyses on the association of circulating 25(OH)D3 concentration with the colorectal adenoma according to gender

Quartile of 25(OH)D3 Male Female

Number

of cases

Number

of controls

Multivariate analysisa Number

of cases

Number

of controls

Multivariate

analysisa

OR (95% CI) Ptrend OR (95% CI) Ptrend

Overall adenomas 0.094 0.086

1st Quartile 22 11 1 20 17 1

2nd Quartile 26 22 0.62 (0.24–1.59) 15 9 1.41 (0.46–4.33)

3rd Quartile 23 31 0.36 (0.15–0.90) 6 11 0.33 (0.10–1.23)

4th Quartile 26 33 0.36 (0.15–0.91) 5 9 0.24 (0.04–1.30)

Adenomas located on proximal colonb 0.009 0.116

1st Quartile 17 16 1 12 25 1

2nd Quartile 16 32 0.49 (0.19–1.25) 8 16 2.06 (0.54–7.88)

3rd Quartile 10 44 0.20 (0.07–0.54) 2 15 0.19 (0.03–1.49)

4th Quartile 15 44 0.28 (0.11–0.72) 2 12 0.21 (0.02–2.68)

Adenomas located on distal colonc 0.873 0.484

1st Quartile 11 22 1 14 23 1

2nd Quartile 17 31 1.09 (0.42–2.85) 8 16 0.56 (0.16–1.92)

3rd Quartile 16 38 0.78 (0.30–2.01) 6 11 0.58 (0.16–2.15)

4th Quartile 22 37 1.01 (0.40–2.54) 4 10 0.24 (0.04–1.63)

a Adjusted for age, body mass index, smoking, alcohol drinking, physical activity and corrected calcium level
b Cecum to splenic flexure
c Descending colon to rectum

Table 5 Multivariate analyses on the association of circulating 25(OH)D3 concentration with the colorectal adenoma according to age group

Quartile of 25(OH)D3 Younger group (\58 years) Older group (C58 years)

Number

of cases

Number

of controls

Multivariate analysisa Number

of cases

Number

of controls

Multivariate

analysisa

OR (95% CI) Ptrend OR (95% CI) Ptrend

Overall adenomas 0.066 0.104

1st Quartile 20 18 1 22 10 1

2nd Quartile 25 16 1.53 (0.57–4.13) 16 15 0.47 (0.16–1.35)

3rd Quartile 14 21 0.44 (0.16–1.25) 15 21 0.31 (0.11–0.87)

4th Quartile 10 14 0.50 (0.15–1.60) 21 28 0.32 (0.12–0.89)

Adenomas located on proximal colonb 0.108 0.007

1st Quartile 13 25 1 14 18 1

2nd Quartile 15 26 1.25 (0.44–3.54) 11 20 0.39 (0.13–1.17)

3rd Quartile 6 29 0.31 (0.09–1.04) 11 25 0.17 (0.05–0.55)

4th Quartile 7 17 0.60 (0.17–2.12) 18 31 0.18 (0.06–0.55)

Adenomas located on distal colonc 0.899 0.757

1st Quartile 11 27 1 16 16 1

2nd Quartile 14 27 1.33 (0.46–3.88) 9 22 0.69 (0.25–1.96)

3rd Quartile 11 24 0.90 (0.30–2.71) 6 30 0.57 (0.20–1.60)

4th Quartile 8 16 1.11 (0.32–3.82) 10 39 0.72 (0.27–1.93)

a Adjusted for age, body mass index, smoking, alcohol drinking, physical activity and corrected calcium level
b Cecum to splenic flexure
c Descending colon to rectum
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trials have addressed the association of adenoma with the

plasma or serum concentrations of 25(OH)D (Table 6), and

they reported an inconsistent association with the preva-

lence of adenoma [12, 13, 22, 23, 25–27] and recurrence

[20, 24]. Three studies reported a statistically significant

inverse association [12, 25, 27], while the other three

studies did not find any significant association [13, 22, 26].

In the remaining studies, a statistically significant inverse

association was observed only in women [20, 23] or in the

calcium supplement groups [24]. In our opinion, such

differences between the adenoma and cancer studies could

have been caused by limitations in the selection of eligible

subjects in the adenoma studies. Most of the case–control

studies investigated only the distal colorectal adenoma risk

for a selected population [12, 13, 22, 23]. Two large nested

case–control studies from the Nurses’ Health Study and the

Self Defence Forces Health Study were performed on only

female or male patients [22, 26]. The other studies ana-

lyzed the data from the subjects who were enrolled in urso-

deoxycholic acid (UDCA) trials [20] and a Calcium Polyp

Prevention Study [24], which could have affected the

development of adenoma or the circulating 25(OH)D lev-

els, although they showed no effect of chemopreventive

agents on adenoma recurrence. Interestingly, in a colon-

oscopy-based cross-sectional study and a pooled case–

control study, the circulating 25(OH)D or 25(OH)D3 was

inversely associated with the risk of colorectal adenoma

[4, 25]. However, most of the participants in both these

studies were symptomatic and/or high-risk individuals that

needed colonoscopic evaluations [4, 25, 40]. The issues for

the enrolled subjects are important because they can affect

the scientific results. Therefore, to our knowledge, the

present study is a first report that has focused on the asso-

ciation of vitamin D and colorectal adenoma in average-risk,

asymptomatic individuals who underwent colonoscopy.

In the present colonoscopy-based, case–control study of

an asymptomatic average-risk population who underwent

first screening colonoscopy, we found that a high level of

circulating 25(OH)D3 during the winter season was asso-

ciated with a decreased risk of colorectal adenomas in the

proximal colon. Interestingly, the finding that the proxi-

mally located adenoma showed a significant inverse asso-

ciation with a higher level of circulating 25(OH)D3 was

reported in the pooled case–control study by Fedirko et al.

In addition, a pooled analysis of a large male cohort study

(Health Professionals Follow-Up Study) and a large female

cohort study (Nurses’ Health Study) reported that higher

plasma 25(OH)D levels were associated with decreased

risks of colon cancer, but not rectal cancer [36].

The risk of proximal adenomas was different regarding

gender and age group. On the subgroup analysis, the

inverse association of circulating 25(OH)D3 with proximal

adenoma was significant in males and the older group.

However, women and the younger group also showed

similar trends and the reason for failure to reach statistical

significance appeared to be small numbers of those groups.

Thus, we thought that it was difficult to conclude the effect

of gender and age group on vitamin D levels and colorectal

adenomas in our study results.

A recent study reported that the reduction of CRC

mortality using colonoscopy appears to be limited to distal

CRC, and not the proximal forms of the disease [41]. Thus,

if vitamin D could reduce the risk of proximal colorectal

adenoma, vitamin D might be used as a useful chemopre-

ventive agent. However, previous daily supplementation of

calcium with vitamin D for 7 years had no effect on the

incidence of colorectal cancer among postmenopausal

women [42]. Future large-scale randomized controlled

trials of vitamin D supplementation are required to deter-

mine the efficacy of vitamin D as a chemopreventive agent.

The present study had several limitations. First, the

sample size was relatively small. Second, inverse causality

is a concern when interpreting the findings from cross-

sectional studies, although the presence of colorectal ade-

noma probably did not influence the circulating vitamin D.

Third, the serum 25(OH)D3 level was determined at only

one time point during the winter season. The one-time

measurement may not have captured each individual’s

long-term vitamin D levels. Fourth, the extent to which the

results of this analysis can be applied to populations of a

similar age with different sociodemographic characteristics

is unclear as this study was performed at a single center

with a cohort comprised of ethnic Korean individuals.

Finally, we did not obtain complete estimations of nutrients

from our dietary questionnaire, which could have affected

the serum 25(OH)D3 levels.

We conclude that the asymptomatic, average-risk Kor-

ean screenees who have low levels of circulating

25(OH)D3 may have a higher risk of colorectal adenoma,

and especially adenoma located in the proximal colon.

Future randomized controlled trials may be needed to

establish a causal association.
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