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Background: As indoor activity increases with modern lifestyles changes, reduced exposure to sunlight may lead to 
reduced vitamin D synthesis. Previous studies demonstrated that increased vitamin D level is associated with de-
creased risk of colon cancer; therefore, this study attempted to determine the association between vitamin D and 
colon polyps, which may be precancerous lesions, in participants who underwent colonoscopy exams.
Methods: A total of 31,004 participants who underwent routine health checkups, including vitamin D level and 
colonoscopy, at Samsung Medical Center in South Korea from 2010 to 2018 were included in the study. Colorectal 
polyps were diagnosed through biopsy after performing colonoscopy exams. Participants were categorized into 
three groups according to level of vitamin D (deficient: <20 ng/mL), insufficient: 20≤ vitamin D <30 ng/mL, and 
sufficient: ≥30 ng/mL). We analyzed the presence of colorectal polyps according to vitamin D level, and performed 
multiple logistic regression analyses for the association between vitamin D level and colorectal polyps.
Results: About 50% of participants had colorectal polyps (hyperplastic polyp, n=4,864; adenomatous polyp, 
n=10,470; adenocarcinoma, n=24). There were no significant associations between vitamin D categories and 
colorectal polyp and colorectal cancer. However, when further analyzing by type of polyp, the risk of hyperplastic 
polyps significantly decreased with increasing vitamin D levels (P for trend=0.006).
Conclusion: We did not find evidence for an association between vitamin D and overall colorectal polyps; however, 
we observed a trend for decreased odds of hyperplastic polyps with increased vitamin D levels in comparison to vi-
tamin D deficient subjects.
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INTRODUCTION

Vitamin D is an essential hormone for calcium homeostasis, bone for-

mation and maintenance, and mineral metabolism, and is an essential 

nutrient that plays a significant role in the prevention and treatment of 

osteoporosis. However, the lifestyle of modern people is changing and 

indoor activities are increasing. This change of lifestyle may lead to de-

crease in ultraviolet exposure, and thus reduction in vitamin D synthe-

sis.1)

 According to statistics published by the National Health Insurance 

Service in 2015, it is estimated that about 18,000 people in Korea are 

treated for vitamin D deficiency. This figure increased more than 9 

times from 2009 to 2013, and continues to increase. In Korea’s National 

Health and Nutrition Survey in 2010, only 13.2% of men and 6.7% of 

women had sufficient vitamin D levels (more than 30 ng/mL), and the 

majority had deficient or insufficient levels.1)

 Several recent studies have shown that vitamin D deficiency is asso-

ciated with some types of cancers2-4) as well as chronic diseases such as 

hypertension,5) diabetes,6) cardiovascular diseases,7) and autoimmune 

diseases.8) In meta-analysis of retrospective studies, higher serum vita-

min D levels were associated with lower risk of colorectal and breast 

cancer.3,4) A meta-analysis of nine prospective cohort studies also 

showed that increase in vitamin D intake and serum 25-hydroxychole-

calciferol (25(OH)D) levels reduced the risk of colorectal cancer inci-

dence.9) In addition, increased calcium intake, which is closely associ-

ated with vitamin D, lowered the risk of developing colon and breast 

cancer.10) Currently, there is a growing interest in vitamin D’s function 

and its clinical value. Vitamin D may possibly exert cancer preventive 

effects by acting as a hormone that regulates cell growth.

 Recently, the mechanism of colorectal cancer is thought to progress 

as an “adenoma to carcinoma transformation”, which means conver-

sion from colorectal adenomas to colorectal cancer.11) There is an in-

creasing interest in analyzing environmental risk factors that can affect 

this transformation.12) Early detection and removal of colon polyps is 

an important preventive method of colon cancer, but primary preven-

tion to prevent the occurrence of colon polyps may be achieved by 

managing risk factors.

 In this study, we attempted to examine the association between vi-

tamin D and colon polyps by analyzing serum vitamin D levels of par-

ticipants who performed colonoscopy exams.

METHODS

1. Study Population
All adults who visited the Health Promotion Center at Samsung Medi-

cal Center in Korea and underwent routine health check-ups from 

January 2010 to December 2018 were eligible for this cross-sectional 

study. Individuals were excluded if they: (1) were previously or cur-

rently diagnosed with colorectal cancer; (2) did not have data on body 

mass index (BMI) (n=55); (3) did not answer questions on physical ac-

tivity (n=2,454), smoking history (n=1,448), alcohol history (n=86); or 

(4) did not provide an answer on aspirin or take non-steroid anti-in-

flammatory drugs (NSAIDs) intake (n=1,923), which might affect vita-

min D metabolism. As a result, we excluded 5,966 individuals with 

missing data. A total of 31,004 participants (21,000 male and 10,004 fe-

male) were analyzed (Figure 1). The Institutional Review Board of the 

Samsung Medical Center (IRB approval no., SMC 2019-09-045) ap-

proved this study and renounced the requirement for informed con-

sent as we used only de-identified data routinely collected during 

health screening visits.

2. Data Collection
Most health check-up programs in this Health Promotion Center are 

based on both general health screening including national health 

screening for cardio-metabolic diseases and cancers according to na-

tional recommendation and on-demand individual screening. In Ko-

rea, subjects aged over 50 years and average-risk persons were recom-

mended to receive colonoscopy exams every 5 years for secondary 

prevention of colorectal cancer.13) Subjects who have any symptoms 

including bowel habit change or weight loss, or who want to be exam-

ined can also choose to perform colonoscopy in this health-care cen-

ter. There is insufficient evidence demonstrating benefits of screening 

for vitamin D deficiency at a population level. In the absence of this 

evidence, at this time, 25(OH)D measurement is reasonable in groups 

of people at high risk for vitamin D deficiency and in whom an imme-

diate response to optimization of vitamin D status could be expect-

All adults who visited the Samsung Medical Center Health Promotion Center

and underwent comprehensive health checkup examinations including serum

vitamin D & colonoscopy between January 1, 2010, and December 31, 2018

(n=36,970)

Exclusions (n=5,966)

Who did not measure height and weight for body mass index (n=55)

Who did not answer about physical activity (n=2,454)

Who did not answer about smoking history (n=86)

Who did not answer about alcohol history (n=86)

Who did not answer on a spirin or NSAIDs intake (n=1,923)

Participants included in this analysis (n=31,004)
Figure 1. Flowchart of study participants. 
NSAIDs, non-steroidal anti-inflammatory drugs.
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ed.14) But with the increasing importance of vitamin D, the programs of 

this Health Promotion Center include blood tests for vitamin D levels 

regardless of age.

 A standardized self-administered questionnaire and a comprehen-

sive physical examination were performed. The questionnaire includ-

ed questions about physical activity, family history, smoking status, al-

cohol consumption, medication use, and medical or surgical history. 

Physical activity was assessed by using the simple form of the Interna-

tional Physical Activity Questionnaire. Participants were required to 

answer questionnaires regarding whether they have family history of 

colorectal cancer or not. Smoking status was categorized into never, 

former, or current smoker. Former smokers were those who did not 

currently smoke but had smoked in the past. Current alcohol con-

sumption was categorized into none or moderate (<30 g/d in men and 

<20 g/d in women). BMI was calculated as weight in kilograms divided 

by height in squared meters. BMI was categorized into underweight 

(BMI <18.5 kg/m2), normal (18.5 kg/m2≤ BMI <23.0 kg/m2), overweight 

(23.0 kg/m2≤ BMI <25.0 kg/m2), and obese (BMI ≥25.0 kg/m2). Blood 

samples were collected after >8 hours of fasting. Participants were re-

quired to answer questionnaires on whether they regularly take aspi-

Table 1. Baseline characteristics of the study population

Characteristic Total (N=31,004)
Presence of polyp

P-value*
No (n=15,258) Yes (n=15,746)

Age (y) 53.3±9.5 51.3±9.7 55.2±9.0 <0.001
Sex
   Male 21,000 (67.7) 9,108 (59.7) 11,892 (75.5) <0.001
   Female 10,004 (32.3) 6,150 (40.3) 3,854 (24.5)
Body mass index (kg/m2) 24.0±3.1 23.6±3.1 24.5±3.0 <0.001
   Underweight (BMI <18.5) 790 (2.6) 567 (3.7) 223 (1.4) <0.001
   Normal (18.5≤ BMI <23.0) 10,528 (34.0) 5,996 (39.3) 4,532 (28.8)
   Overweight (23.0≤ BMI <25.0) 8,514 (27.5) 4,012 (26.3) 4,502 (28.6)
   Obesity (BMI ≥25.0) 11,172 (36.0) 4,683 (30.7) 6,489 (41.2)
Physical activity 0.085
   No exercise 1,058 (3.4) 511 (3.4) 547 (3.5)
   1–2 days per week 10,741 (34.6) 5,189 (34.0) 5,552 (35.3)
   3–4 days per week 12,206 (39.4) 6,054 (39.7) 6,152 (39.1)
   More than 5 days per week 6,999 (22.6) 3,504 (23.0) 3.495 (22.2)
Family history of colorectal cancer 0.058
   No 28,669 (92.5) 14,153 (92.8) 14,516 (92.2)
   Yes 2,335 (7.5) 1,105 (7.2) 1,230 (7.8)
Smoking habits <0.001
   Non-smoker 14,531 (46.9) 8,428 (55.2) 6,103 (38.8)
   Ex-smoker 9,811 (31.6) 4,314 (28.3) 5,497 (34.9)
   Current smoker 6,662 (21.5) 2,516 (16.5) 4,146 (26.3)
Alcohol drinking <0.001
   Non-drinker 7,487 (24.2) 4,025 (26.4) 3,462 (22.0)
   Drinker 23,517 (75.9) 11,233 (73.6) 12,284 (78.0)
Regular aspirin or NSAIDs use <0.001
   No 26,282 (84.8) 13,218 (86.6) 13,064 (83.0)
   Yes 4,722 (15.2) 2,040 (13.4) 2,682 (17.0)
Vitamin D concentration† <0.001
   Deficient 19,218 (62.0) 9.702 (63.6) 9.516 (60.4)
   Insufficient 8,786 (28.3) 4,121 (27.0) 4,665 (29.6)
   Sufficient 3,000 (9.7) 1,435 (9.4) 1,565 (9.9)
Vitamin D concentration (WHO)† <0.001
   Deficient 3,579 (11.5) 1,974 (12.9) 1,605 (10.2)
   Insufficient 15,639 (50.4) 7,728 (50.7) 7,911 (50.2)
   Sufficient 11,786 (38.0) 5,556 (36.4) 6,230 (39.6)
Vitamin D concentration (IOM)‡ <0.001
   Deficient 6,398 (20.3) 3,375 (22.1) 2,923 (18.6)
   Insufficient 12,920 (41.7) 6,327 (41.5) 6,593 (41.9)
   Sufficient 11,786 (38.0) 5,556 (36.4) 6,230 (39.6)

Values are presented as mean±standard deviation or number (%).
NSAIDs, non-steroidal anti-inflammatory drugs; WHO, World Health Organization; IOM, Institute of Medicine.
*Serum levels of vitamin D were categorized into three groups: deficient (vitamin D <20 ng/mL), insufficient (20≤ vitamin D <30 ng/mL), and sufficient (30 ng/mL≤ vitamin D). 
†Vitamin D levels by WHO criteria: deficient (<10 ng/mL), insufficient (10≤ vitamin D <20 ng/mL), and sufficient (≥20 ng/mL). ‡Vitamin D levels by IOM criteria: deficient (<12 
ng/mL), insufficient (12≤ vitamin D <20 ng/mL), and sufficient (≥20 ng/mL).
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rin, and whether they take NSAIDs.

 Serum 25(OH)D levels for the three different types of vitamin D (D2, 

D3, and total) were measured by liquid chromatography-tandem 

mass spectrometry as a reference method to accurately estimate vita-

min D status. For this analysis, the sum of 25(OH)D2 and 25(OH)D3 

above the detection limit are reported as 25(OH)D concentrations.15) 

Finally, participants were classified by serum concentrations of 

25(OH)D into one of the three categories: deficient (vitamin D <20 ng/

mL), insufficient (20≤ vitamin D <30 ng/mL), and sufficient (30 ng/

mL≤ vitamin D). The main outcome of interest were findings from the 

colonoscopy exams including pathology reports, specifically the de-

tection of colorectal polyps. Detailed data regarding polyp characteris-

tics such as number, location, and histology were collected. Tissue bi-

opsy results for “adenomatous polyp” or “hyperplastic polyp” of any 

grade were defined as colorectal polyps. Biopsy showing results for 

colorectal adenocarcinoma were defined as such.

3. Statistical Analysis
The presence of any colorectal polyp was analyzed as a binary variable 

by chi-square test according to individual vitamin D level. The associa-

tion between serum 25(OH)D and colon polyp was estimated by mul-

tiple logistic regression. The odds ratios (ORs) for colon polyps were 

adjusted for covariates including age, sex, BMI, physical activity, family 

history of colorectal cancer, current smoking, drinking habits, and reg-

ular use of aspirin or NSAIDs. All analyses were conducted by Stata 

ver. 14.0 (Stata Corp., College Station, TX, USA).

RESULTS

Among 31,004 participants, the baseline characteristics of study par-

ticipants by presence of polyp, are described in Table 1. According to 

the presence of polyp, no colonic polyp was found in 15,258 and polyp 

were found in 15,746. Mean age±standard deviation for each group 

was 51.3±9.7 years in no presence of polyp group, 55.2±9.0 years in the 

presence of polyp group (P<0.001). In both groups, more than about 

60% of subjects were male (P<0.001). In the presence of polyp group, 

there were relatively more obese persons (BMI ≥25.0) (30.7% versus 

41.2%, respectively). Also, there are more polyp groups in smoking and 

regular aspirin or NSAIDs using group, statistically significant figures. 

 Table 2 shows the prevalence of colorectal polyps during the study 

period according to vitamin D levels. Of 31,004 people, 15,746 (50.8%), 

each type of polyp (hyperplastic polyp, adenomatous polyp, and ade-

nocarcinoma) was identified as having polyps after colonoscopy and 

biopsy. There was a significant difference among the groups according 

to vitamin D levels (P<0.001).

 Table 3 lists ORs and 95% confidence intervals (CIs) for colorectal 

polyps according to vitamin D levels. Compared to participants with 

vitamin D deficiency, the ORs (95% CIs) of hyperplastic polyps sug-

gested an inverse association between serum 25(OH)D (crude OR 

[cOR], 0.90; 95% CI, 0.84–0.97 for the insufficient group and cOR, 0.91; 

95% CI, 0.88–1.03 for the sufficient group, respectively). The risk reduc-

tion of hyperplastic polyps remained significant in multiple logistic re-

gression adjusted for selected variable (adjusted OR [aOR], 0.90; 95% 

Table 2. Presence of polyps according to vitamin D levels

Variable Total (N=31,004)
Vitamin D concentration*

P-value†

Deficient (n=19,218) Insufficient (n=8,768) Sufficient (n=3,000)

Presence of polyp <0.001
   No 15,258 (49.2) 9,702 (50.5) 4,121 (46.9) 1,435 (47.8)
   Yes 15,746 (50.8) 9,516 (49.5) 4,665 (53.1) 1,565 (52.2)
      Hyperplastic polyp 4,864 (15.7) 3,075 (16.0) 1,347 (15.3) 442 (14.7) 0.115
      Adenomatous polyp 10,470 (33.8) 6,249 (32.5) 3,164 (36.0) 1,057 (35.2) <0.001
Adenocarcinoma 24 (0.1) 16 (0.1) 5 (0.1) 3 (0.1) 0.684

Values are presented as number (%).
*Serum levels of vitamin D were categorized into three groups: deficient (vitamin D <20 ng/mL), insufficient (20≤ vitamin D <30 ng/mL), and sufficient (30 ng/mL≤ vitamin D). 
†Estimated by chi-square tests.

Table 3. Adjusted odds ratios and 95% confidence intervals for colorectal polyps according to vitamin D levels

Presence of polyp

Vitamin D concentration*

P for trend‡

Deficient
Insufficient Sufficient

cOR (95% CI) aOR† (95% CI) cOR (95% CI) aOR† (95% CI)

Polyp 1 (Ref) 1.15 (1.10–1.21) 0.98 (0.93–1.04) 1.11 (1.03–1.20) 0.95 (0.88–1.03) 0.200
   Hyperplastic polyp 1 (Ref) 0.95 (0.89–1.02) 0.90 (0.84–0.97) 0.91 (0.81–1.01) 0.91 (0.81–1.02) 0.006
   Adenomatous polyp 1 (Ref) 1.17 (1.11–1.23) 1.00 (0.94–1.05) 1.13 (1.04–1.22) 0.95 (0.87–1.03) 0.293
Adenocarcinoma 1 (Ref) 0.68 (0.25–1.87) 0.56 (0.20–1.55) 1.20 (0.35–4.13) 0.77 (0.22–2.71) 0.413

cOR, crude odds ratios; CI, confidence interval; aOR, adjusted odds ratio; Ref, reference.
*Serum level of vitamin D were categorized into three groups: deficient (vitamin D <20 ng/mL), insufficient (20≤ vitamin D <30 ng/mL), and sufficient (30 ng/mL≤ vitamin D). 
†Estimated by multiple logistic regression adjusted for age, sex, body mass index, physical activity, family history of colorectal cancer, smoking habits, alcohol drinking, and 
regular intake of aspirin or non-steroidal anti-inflammatory drugs. ‡P for trend for aORs.
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CI, 0.84–0.97 and aOR, 0.91; 95% CI, 0.81–1.02, respectively) with sig-

nificant dose-response relationship (P-trend=0.006). In case of adeno-

matous polyps, compared to participants with vitamin D deficiency, 

the OR for risk increased to 1.17 (95% CI, 1.11–1.23) for those with in-

sufficient vitamin D levels, and to 1.13 (95% CI, 1.04–1.22) for partici-

pants with sufficient vitamin D levels. However, there was no signifi-

cant association between each group of vitamin D and adenomatous 

polyps after adjusting for selected variables (aOR, 1.00; 95% CI, 0.94–

1.05 for the insufficient group and aOR, 0.95; 95% CI, 0.87–1.03 for the 

sufficient group). This showed similar patterns of results even if World 

Health Organization (WHO) and Institute of Medicine (IOM)’s stan-

dards for vitamin D levels changed (Supplementary Tables 1, 2). Sub-

group analyses were also done for sex, and by BMI categories which 

were categorized into two groups (underweight-normal, BMI <23.0 

kg/m2; overweight-obese, BMI ≥23.0 kg/m2). Results were consistent 

for hyperplastic polyp in men and in both BMI categories, except 

women, whose number of study participants were relatively small 

(N=1,148) (Supplementary Table 3).

DISCUSSION

In this large cross-sectional study, there was no association between 

vitamin D levels and colorectal polyps, and adenocarcinomas found 

through colonoscopy exams during routine health examinations, ex-

cept for hyperplastic polyps. To our knowledge, this is the first study to 

examine the association of vitamin D levels with both colorectal hy-

perplastic polyps and adenomatous polyps in a large population. This 

showed similar patterns of results even if WHO and IOM’s standards 

for vitamin D levels changed.

 Contrary to this study, a cross-sectional study of adenoma and hy-

perplastic polyps among 459 Americans of an integrated health plan 

evaluated via colonoscopy revealed a significant inverse association 

between vitamin D concentration and colorectal adenomas, but not 

hyperplastic polyps.15) The majority of other studies have also reported 

an inverse association between 25(OH)D levels and colon adenoma-

tous polyps.16-18) Whereas another study showed null results, consistent 

with our study’s results, in a predominantly white male, healthy popu-

lation presenting for routine colonoscopy screening, which reported 

that serum vitamin D levels were not associated with increased adeno-

matous polyps detection.19) Meta-analyses of serum 25(OH)D and 

colorectal adenomas have shown a significant inverse relationship for 

adenoma incidence,3,20) but not for the recurrence of colorectal polyps. 

Another study also found no association between measured 25(OH)D 

and overall recurrence of colorectal adenomatous polyps, but there 

was a meaningful direct association between the vitamin D metabolite 

and the recurrence of ≥3 adenomatous polyps.16) One case-control 

study of 112 Korean adults found an inverse association between cir-

culating serum vitamin D levels and colorectal adenoma in women 

but not in men,17) possibly via crosstalk between the vitamin D recep-

tor and the estrogen receptor as presented by Cross et al.21) However, 

recent studies have found no gender differences between vitamin D 

level and colorectal polyps.18,22) Considering increased risk of colorec-

tal cancer observed in epidemiologic studies and the pathophysiology 

of colorectal cancer and colorectal polyps (especially for adenomatous 

polyps), further longitudinal population-based studies are still needed 

to conclude the inconsistency among these studies.

 Experimental studies have shown that 1,25(OH)2D suppresses cel-

lular proliferation, leads differentiation and apoptosis, and suppresses 

angiogenesis.23,24) In an in vitro study, colonic tumor tissues expressed 

a lower vitamin D receptor level than did normal tissues, and the tu-

mor with a higher vitamin D receptor level was more responsive to 

1,25(OH)2D.25) Additionally, the administration of 1,25(OH)2D or vita-

min D analogues lead the expression of genes involved in cell differen-

tiation.26,27) But there is still the possibility of chance detection, since vi-

tamin D levels are constantly changing, and do not reflect the average 

value over a sustained period. Moreover, serum vitamin D has been 

reported to be sensitive to seasonal changes, declining from Novem-

ber to March, which is related to decreased endogenous synthesis in 

the skin with less exposure to sunlight.19) Future studies should contain 

a detailed analysis of the contributors to circulating concentrations of 

vitamin D, as well as the degree to which vitamin D may be associated 

with the development of colorectal polyps. Furthermore, genetic varia-

tion in the vitamin D pathway is worthy of being assessed for any 

amendment of the association between the vitamin D metabolites and 

the development of colorectal polyps.

 Compared to previous studies, strengths of our study include the 

large size of the study population, which included more than 30,000 

participants with colonoscopy results and colorectal polyp character-

istics proven by biopsy, and measurement of vitamin D concentra-

tions. Second, we were able to identify both hyperplastic polyps and 

adenomatous polyps in the same population, and our results repro-

duce the well-characterized relationship between vitamin D and 

colorectal polyps, increasing our confidence in the findings. Third, the 

majority of previous studies have analyzed adenomatous polyps and 

vitamin D, and only few studies have concurrently analyzed hyper-

plastic polyps in a large scale, as in our study.

 There are some limitations to our study. First, because vitamin D 

and calcium are metabolically interrelated,28) it is important to consid-

er whether the association between 25(OH)D levels and colorectal ad-

enoma varied by calcium intake. However, information on individual 

calcium intake was not available in this study. Second, information on 

the prevalence of colorectal polyps before enrollment in this study is 

unavailable. Third, since our research is based on the health checkups 

conducted at the Health Promotion Center, the possibility of selection 

bias exists, with the inclusion of study participants with higher socio-

economic status and limited time for outdoor activities. Fourth, the 

data for the size and dysplasia of hyperplastic and adenomatous pol-

yps were unavailable which were important findings of polyps accord-

ing to their risk of cancer progression. Finally, residual confounding 

factors that we were unable to assess may have influenced our study’s 

outcomes.

 We found no association between vitamin D concentration and 
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colorectal polyps and adenocarcinomas. However, higher serum vita-

min D levels were associated with lower risk for the subtype of hyper-

plastic polyps. Further epidemiologic studies of longitudinal design 

are needed to clear this association taking into account the perspec-

tives covered in this study.
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