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Abstract

Background & Aims—The effects of vitamin D on risk of colorectal cancer precursors are not 

clear. We examined the influence of vitamin D supplementation on risk of colorectal adenomas 

and serrated polyps in a prespecified ancillary study of a large-scale prevention trial (the vitamin D 

and omegA-3 trial, VITAL) of individuals who were free of cancer and cardiovascular disease at 

enrollment.

Methods—In VITAL trial, 25,871 adults with no history of cancer or cardiovascular disease 

(12,786 men 50 y or older and 13,085 women 55 y or older) were randomly assigned to groups 

given daily dietary supplements (2000 IU vitamin D3 and 1 g marine n-3 fatty acid) or placebo. 

Patients were assigned to groups from November 2011 through March 2014 and the study ended 

on December 31, 2017. We confirmed conventional adenomas and serrated polyps by reviewing 

histopathology reports from participants who had reported a diagnosis of polyps and were asked 

by their doctors to return for a repeated endoscopy in 5 years or less. We calculated the odds ratios 

(ORs) and 95% CIs by logistic regression, after adjusting for age, sex, n-3 treatment assignment, 

and history of endoscopy at time of randomization.

Results—During a median follow-up of 5.3 years, we documented 308 cases of conventional 

adenomas in 12,927 participants in the vitamin D group and 287 cases in 12,944 participants in the 

placebo group (OR for the association of vitamin D supplementation with adenoma, 1.08; 95% CI, 

0.92–1.27). There were 172 cases of serrated polyps in the vitamin D group and 169 cases in the 

placebo group (OR for the association of vitamin D supplementation with serrated polyp, 1.02; 

95% CI, 0.82–1.26). Supplementation was not associated with polyp size, location, multiplicity, or 

histologic features. We found evidence for an interaction between vitamin D supplementation and 

serum level of 25-hydroxyvitamin D, measured in 15,787 participants. Among individuals with 

serum levels of 25-hydroxyvitamin D below 30 ng/mL, the OR associated with supplementation 

for conventional adenoma was 0.82 (95% CI, 0.60–1.13), whereas among individuals with serum 

levels of 25-hydroxyvitamin D above 30 ng/mL, the OR for conventional adenoma was 1.20 (95% 

CI, 0.92–1.55) (P for interaction=.07). There was a significant interaction between vitamin D 
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supplementation and serum level of 25-hydroxyvitamin D in their association with advanced 

adenoma (P for interaction=.04).

Conclusions—Based on an ancillary study of data from the VITAL trial, daily vitamin D 

supplementation (2000 IU) was not associated with risk of colorectal cancer precursors in average-

risk adults not selected for vitamin D insufficiency. A potential benefit for individuals with low 

baseline level of vitamin D requires further investigation.

ClinicalTrials.gov number—NCT01169259
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Introduction

Colorectal cancer is the third most common cancer and cause of cancer death in each sex in 

the United States.1 It can develop from two distinct groups of precursor lesions, including 

conventional adenomas and serrated polyps.2 Several dietary factors have been implicated in 

colorectal carcinogenesis, including vitamin D, which can be synthesized in the skin upon 

exposure to ultraviolet B radiation and consumed from foods and supplements. Once 

released into circulation, vitamin D is metabolized in the liver to 25-hydroxyvitamin 

[25(OH)D] and then in the kidney and other organs including the colon to the bioactive 

form, 1,25-dihydroxyvitamin D [1,25(OH)2D]. Through binding to the vitamin D receptor 

expressed in most tissues, 1,25(OH)2D may exert a wide spectrum of anticancer properties, 

including suppression of inflammation, regulation of cellular proliferation, and induction of 

apoptosis and differentiation.3, 4

Numerous prospective studies have reported a beneficial association with colorectal 

neoplasia of a range of markers for vitamin D status, including circulating 25(OH)D, dietary 

and supplement intake, and predicted 25(OH)D based on major determinants of vitamin D 

status.5–8 However, the evidence from randomized controlled trials (RCTs) remains 

inconclusive.9–13 A recent meta-analysis of 13 RCTs with a median follow-up ranging from 

1 to 6.2 years showed no evidence of an effect of vitamin D supplementation for cancer 

incidence (relative risk, 1.03; 95% confidence interval [CI], 0.91–1.15).14 These discrepant 

findings between observational studies and RCTs may reflect no appreciable biological 

association or could be attributed to some limitations of RCTs, including poor adherence, 

inadequate vitamin D dose and duration, low prevalence of vitamin D deficiency of the study 

population, and a combination of these factors.15–17

Despite these data, however, the role of vitamin D in the early stage of colorectal 

carcinogenesis remains unclear. No RCT has yet assessed the effect of vitamin D 

supplementation on incident colorectal polyps among average-risk individuals. Therefore, 

we examined the influence of vitamin D supplementation on the risk of colorectal adenomas 

and serrated polyps in a prespecified ancillary study of a large-scale prevention trial, the 

VITamin D and OmegA-3 TriaL (VITAL) among individuals free of cancer and 

cardiovascular disease at enrollment.18 The initial findings of VITAL showed no effect of 
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vitamin D on incidence of all types of cancer, including colorectal cancer (n=98), after a 

median follow-up of 5.3 years.19

Materials and methods

Study population

Details of the VITAL design and follow-up have been described previously.18–20 Briefly, 

VITAL is a completed randomized, double-blind, placebo-controlled trial, with a two-by-

two factorial design, of vitamin D3 (2000 IU per day) and marine n-3 fatty acid (1 g per day) 

in the primary prevention of cardiovascular disease and cancer among 12,786 men aged ≥50 

and 13,085 women aged ≥55 in the United States (Figure 1). Details of statistical power 

calculation for the primary and secondary endpoints have been described previously.18 The 

vitamin D dose was chosen based on the totality of prior evidence to reach the postulated 

optimal value of ≥90 nmol/L in the active vitamin D group and a difference in achieved 

25(OH)D levels of approximately 30–50 nmol/L between the active treatment and placebo 

groups.18 Details about the inclusion and exclusion criteria and compliance of the trial are 

provided in the Supplementary Methods. All participants provided written informed consent. 

The trial was approved by the institutional review board of Partners Healthcare-Brigham and 

Women’s Hospital, Boston. All authors had access to the study data and reviewed and 

approved the final manuscript.

Outcome ascertainment

Annual questionnaires were administered to assess compliance, side effects, diagnoses of 

major illnesses, risk-factor updates, and endoscopic use. Approximately 59% of participants 

reported that they had received colonoscopy or sigmoidoscopy during the study period. On 

the 4-year questionnaire, participants were asked if they had been diagnosed with any 

colorectal polyp in the past 4 years, and if yes, whether they had been asked by the doctors 

to return for a repeated colonoscopy or sigmoidoscopy in 5 years or less. To confirm polyp 

cases and identify high-risk cases in a cost-efficient manner, we only acquired medical 

records from participants who answered yes to both questions, who are more likely to have 

polyps than those based on self-reported polyps alone. Participants who answered “not sure” 

to the question regarding repeated colonoscopy or sigmoidoscopy were not pursued for 

medical records (N=31 in the vitamin D group and 26 in the placebo group). Similar 

questions and follow-up procedures were used in the 5-year questionnaire. We performed 

medical record review in 36% (517/1,425) of the self-reported polyp cases in the vitamin D 

group and 34% (482/1,427) in the placebo group. Details on polyp ascertainment are 

provided in Figure 1.

Investigators blinded to randomization status reviewed the collected endoscopic and 

pathologic records and extracted data on polyp size, number, and histologic subtype at each 

anatomic sublocation, including proximal colon that encompasses cecum, ascending colon, 

hepatic flexure, transverse colon, and splenic flexure; distal colon that encompasses 

descending and sigmoid colon; and rectum that encompasses rectum and rectosigmoid 

junction. We defined two case groups – conventional adenomas and serrated polyps. 

Conventional adenomas included tubular adenoma, tubulovillous adenoma, and villous 
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adenoma; those adenomas might or might not have high-grade dysplasia. We further defined 

patients with advanced conventional adenomas as those having at least one conventional 

adenoma with endoscopic size of 10 mm or greater or with advanced histology 

(tubulovillous or villous histology or high-grade dysplasia). Serrated polyps encompassed 

hyperplastic polyp, traditional serrated adenoma, and sessile serrated polyp with or without 

cytological dysplasia. If a participant had both conventional adenoma and serrated polyp on 

an endoscopy, he or she was counted in both case groups.

Assessment of covariates and plasma 25(OH)D

Participants completed a baseline questionnaire regarding their diet, clinical and lifestyle 

risk factors, including family history of colorectal cancer, history of colonoscopy or 

sigmoidoscopy in the past 10 years, smoking, body weight, height, alcohol consumption, 

physical activity, medication use, and use of dietary supplements. Blood samples were 

obtained at baseline from all willing participants and assayed for serum 25(OH)D 

(n=15,787) at Quest Diagnostics using liquid chromatography–tandem mass spectrometry. 

We participated in the 25(OH)D standardization program of the Centers for Disease Control 

and Prevention.

Statistical analysis

Descriptive statistics were calculated separately for the vitamin D and placebo groups. We 

performed intention-to-treat analysis to examine the effect of vitamin D supplementation. 

Logistic regression was used to calculate the odds ratio (OR) and 95% CI for the risk of 

conventional adenomas and serrated polyps comparing the vitamin D to placebo groups. 

Consistent with our prior study,19 we adjusted for age, sex, and randomization group in the 

n-3 portion of the trial (n-3 or placebo group). We further adjusted for use of colonoscopy 

and sigmoidoscopy in the past 10 years prior to randomization.

In a prespecified analysis, we examined the treatment effect within strata defined by baseline 

serum 25(OH)D levels at <30 and ≥30 ng/mL, the cutoff for vitamin D sufficiency 

recommended by the Endocrine Society.21 We calculated the P for interaction using the 

Wald test for the product term between the binary serum 25(OH)D variable and vitamin D 

treatment assignment. We also performed subgroup analyses according to polyp features, 

including size (<10 mm, ≥10 mm), sublocation (proximal colon, distal colon, rectum), 

multiplicity (single, multiple >=2), histology (for conventional adenoma only: tubular, 

tubulovillous, villous, or high-grade dysplasia), and malignant potential (for conventional 

adenoma only: advanced and nonadvanced). We assessed the difference in the treatment 

effects across different polyp groups and calculated the P for heterogeneity among cases 

only, with the case group classification as the dependent variable and treatment assignment 

as the independent variable. Finally, we performed exploratory stratified analysis and 

assessed interaction by Wald test according to several factors at randomization, including 

age, sex, race/ethnicity, family history of colorectal cancer, body mass index (BMI), physical 

activity, smoking, alcohol, regular aspirin use, history of colonoscopy or sigmoidoscopy in 

the past 10 years, history of colorectal polyps, and group assignment for the n-3 treatment.
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Results

Table 1 shows the basic characteristics of participants at randomization, which were 

generally well balanced between the treatment groups. The mean age was 67 years, 51% 

were females, and 20% were African Americans. Among the total of 25,871 participants, 

2,852 reported a diagnosis of colorectal polyps on the questionnaires, of which 1,500 (53%) 

reported that they had been asked by their doctors to return for a repeat colonoscopy or 

sigmoidoscopy in 5 years. Among those, we pursued medical records from 999 individuals 

(67%) and confirmed the diagnosis of conventional adenomas in 308 individuals from the 

vitamin D group and 287 from the placebo groups; and 172 cases of serrated polyps from 

the vitamin D group (including 56 with mixed/serrated adenomas only and 116 with at least 

one hyperplastic polyp) and 169 cases of serrated polyps from the placebo group (including 

44 with mixed/serrated adenomas only and 125 with at least one hyperplastic polyp) (Figure 

1). The mean interval (standard deviation) between randomization and polyp diagnosis was 

3.2 (1.2) years in the vitamin D group and 3.1 (1.2) years in the placebo group 

(Supplementary Figure 1).

Vitamin D treatment was not associated with risk of either conventional adenomas 

(multivariable OR=1.08, 95% CI, 0.92–1.27) or serrated polyps (OR=1.02, 95% CI, 0.82–

1.26) (Table 2). A statistically nonsignificant interaction with baseline serum 25(OH)D 

levels was observed (P=0.07); vitamin D treatment showed a suggestively inverse 

association with conventional adenomas among individuals with baseline serum 25(OH)D 

levels of <30 ng/mL (OR=0.82, 95% CI, 0.60–1.13), but not among those with ≥30 ng/mL 

(OR=1.20, 95% CI, 0.92–1.55). A similar interaction was found for advanced adenomas 

(P=0.04) and the OR associated with vitamin D treatment was 0.60 (95% CI, 0.30–1.20) for 

baseline 25(OH)D of <30 ng/mL and 1.50 (95% CI, 0.87–2.61) for ≥30 ng/mL 

(Supplementary Table 1).

Because our participants were not screened uniformly for colorectal polyps before random 

assignment, some polyps diagnosed during the intervention period may have been prevalent 

at baseline. To address this, we conducted a sensitivity analysis excluding participants with 

colorectal polyps that occurred within the first 2 years after the start of the trial. Similar null 

results were found (for conventional adenomas [n=481]: OR=1.07, 95% CI, 0.89–1.28; for 

serrated polyps [n=273]: OR=1.09, 95% CI, 0.86–1.38). Moreover, because regular 

screening endoscopy was not protocol-mandated, we performed another sensitivity analysis 

by restricting to individuals who reported use of colonoscopy or sigmoidoscopy during the 

study period. The results were essentially unchanged (for conventional adenomas [n=560]: 

OR=1.00, 95% CI, 0.85–1.19; for serrated polyps [n=322]: OR=0.95, 95% CI, 0.76–1.19).

No statistically significant heterogeneity in the treatment effect was found according to 

polyp size, location, multiplicity, or histology (Supplementary Table 2). No statistically 

significant interactions were detected by demographic and lifestyle factors, endoscopic 

history, and n-3 fatty acid treatment (Supplementary Table 3).
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Discussion

In this large-scale primary prevention trial in a population not selected for vitamin D 

insufficiency, supplementation with vitamin D at a dose of 2000 IU per day for a median 

period of 5.3 years did not reduce the risk of conventional adenomas or serrated polyps 

compared to the placebo. Stratified analysis indicated a potential benefit for conventional 

adenomas among individuals with low serum 25(OH)D at randomization. These findings 

provide novel data on the effect of vitamin D supplementation on early stage of colorectal 

carcinogenesis and have implications for future studies.

In contrast to the inconsistent data for incidence of colorectal neoplasia, both observational 

studies22–24 and RCTs25–27 have associated high levels of vitamin D with lower cancer 

mortality and favorable survival among patients with established colorectal cancer, 

indicating a potential benefit of vitamin D for inhibiting cancer progression. Indeed, we 

recently reported in VITAL a 25% reduction in cancer mortality associated with vitamin D 

supplementation after excluding the first two years of follow-up, whereas no benefit was 

found for incidence of any cancer, including colorectal cancer.19 Despite these data, the 

impact of vitamin D on the very early stage of colorectal carcinogenesis remains largely 

unknown. This is an important question to address because of the lengthy and multistep 

process of colorectal carcinogenesis from normal mucosa to premalignant lesions and 

ultimately to invasive carcinoma.

Two groups of precursor lesions have been identified for colorectal cancer, including 

conventional adenomas and serrated polyps.2 In contrast to conventional adenomas that 

develop and progress to CRC through a series of mutations in oncogenes and tumor 

suppressor genes, serrated polyps are characterized by hypermethylation of CpG islands and 

BRAF mutation, and primarily contribute to the development of microsatellite instable CRC.
28 Increasing evidence indicates a difference in the environmental and genetic risk factors 

for conventional adenomas and serrated polyps.29–32

Several observational studies have linked higher intake of vitamin D and levels of circulating 

25(OH)D to lower risk of conventional adenomas,33, 34 although residual confounding 

cannot be ruled out. In contrast, the only RCT that specifically examined colorectal 

neoplasia as the primary endpoint did not find any benefit of vitamin D supplementation at a 

dose of 1000 IU per day on recurrence of conventional adenomas.13 However, because that 

study was conducted among participants who already had a history of conventional 

adenoma, it is still unclear whether vitamin D can protect against polyp occurrence in 

average-risk individuals. The null findings in the current study suggest that daily 

supplementation of vitamin D at a dose of 2000 IU does not affect the overall risk of 

conventional adenoma among individuals not selected for vitamin D insufficiency. 

Nevertheless, we observed a potential interaction with baseline serum 25(OH)D levels. 

Vitamin D supplementation showed a suggestively beneficial association with risk of 

conventional adenomas, particularly advanced conventional adenomas, in individuals with 

25(OH)D below 30 ng/mL, while no association was found for those with 25(OH)D of at 

least 30 ng/mL. Similar findings have been reported for colorectal cancer in an observational 

analysis of the Women’s Health Initiative.9 These data are also consistent with the recent 
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findings of a large pooled analysis of 17 cohorts that the optimal 25(OH)D concentrations 

for colorectal cancer risk reduction ranged between 30 and 40 ng/mL, and that no further 

risk reduction was observed for 25(OH)D at 40 ng/mL or higher.7 Therefore, given the 

limited number of participants with low baseline vitamin D in our study, further studies are 

needed to test the effect of vitamin D supplementation for adenoma prevention among 

individuals with or at risk of vitamin D deficiency (e.g., below 20 ng/mL).

On the other hand, for serrated polyps, because their clinical significance was not realized 

until recently, very limited data exist regarding their relationship with vitamin D. We 

recently reported in a large prospective cohort study an association between higher vitamin 

D intake and lower risk of serrated polyps, regardless of the size of polyps.32 In contrast, in a 

secondary analysis of the RCT of vitamin D and calcium supplementation among 

individuals with a history of conventional adenomas, no effect was observed for either 

intervention on incidence of serrated polyps in the treatment phase, although an elevated risk 

of serrated polyps was found in the observational phase for calcium treatment.35 In the 

current study, we did not observe any benefit of vitamin D on risk of serrated polyps. 

Therefore, these data indicate that vitamin D supplementation may not have a substantial 

influence on the serrated pathway of colorectal cancer.

The strengths of our study include the RCT design, high adherence to the intervention 

regimen, detailed assessment of covariates that allows for subgroup analysis, and 

measurement of baseline serum 25(OH)D levels in >60% of participants that enabled 

examination of the influence of baseline vitamin D levels on the treatment effects. Moreover, 

our study enrolled 20% of African Americans, for whom there are data suggesting that 

vitamin D may be more beneficial.36–38 However, we did not observe any racial/ethnic 

difference in the current study.

Our study also has several limitations. First, because regular screening endoscopy was not 

protocol-mandated, it is likely that not all polyps were diagnosed. Also, due to resource 

constraints, we were only able to perform medical record review for a subset of polyp cases 

that were recommended by their doctors to undergo surveillance colonoscopy within 5 years. 

However, given the randomization design and large sample size, no difference between the 

vitamin D treatment and placebo groups was found in the proportion of medical record 

review among the self-reported polyp cases (36% vs. 34%) or the proportion of endoscopic 

examination of participants during the study period (59% for both groups). Second, because 

of the evolving nature and lack of consensus regarding the diagnostic criteria of specific 

subtypes of serrated polyps, we were unable to distinguish sessile serrated polyps and 

traditional serrated adenomas from hyperplastic polyps. Third, because a single-dose of 

vitamin D supplementation was used in the trial, we were unable to assess the dose-response 

relationship. Fourth, given multiple testing conducted in the study and the limited number of 

cases, the findings of subgroup and stratified analyses should be interpreted cautiously. 

Finally, data of genetic variants that may influence metabolism and biological activity of 

vitamin D are not available. There is evidence that the effect of vitamin D on colorectal 

neoplasia may vary by the genetic variants in the vitamin D receptor or vitamin D-binding 

protein.11, 39
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In conclusion, we found that vitamin D supplementation at a dose of 2000 IU per day was 

not associated with risk of colorectal premalignant lesions. A potential benefit for 

individuals with low baseline vitamin D status requires further investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Need to Know

Background

The effects of vitamin D on risk of colorectal cancer precursors are not clear.

Findings

Based on an ancillary study of data from a large randomized trial of average-risk adults, 

daily vitamin D supplementation (2000 IU) was not associated with risk of conventional 

adenomas or serrated polyps.

Implications for patient care

The potential benefit of vitamin D supplementation for individuals with low baseline 

level of vitamin D requires further investigation.
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Figure 1. 
Flow diagram of the VITAL polyp ancillary study
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Table 1.

Baseline characteristics of participants according to vitamin D supplementation
a

Variable Placebo group (n=12,944) Vitamin D group (n=12,927) P value

Age, year 67.1 (7.1) 67.1 (7.1) 0.84

Women, % 6538 (51) 6547 (51) 0.83

Race/ethnicity, % 0.97

 Non-Hispanic white 9033 (71) 9013 (71)

 African American 2553 (20) 2553 (20)

 Others 1071 (9) 1081 (9)

Family history of colorectal cancer, % 1574 (13) 1609 (14) 0.51

Colonoscopy or sigmoidoscopy in the past 10 years, % 9654(75) 9671(75) 0.67

Colonoscopy in the past 10 years, % 9467 (73) 9448 (73) 0.93

Sigmoidoscopy in the past 10 years, % 1659 (14) 1540 (13) 0.04

History of colorectal polyps, % 3211 (25) 3224 (25) 0.80

Smoking status, % 0.88

 Never 6620 (52) 6565 (52)

 Past 5221 (41) 5243 (41)

 Current 915 (7) 921 (7)

Body mass index, kg/m2 28.1 (5.8) 28.1 (5.7) 0.50

Physical activity, MET-hours/week 22.9 (25.9) 22.5 (25.8) 0.15

Use of aspirin, % 5814 (46) 5756 (45) 0.53

Use of vitamin D supplements, %
b 5533 (43) 5497 (43) 0.72

Use of calcium supplements, % 2539 (20) 2627 (20) 0.16

Use of multivitamin supplements, % 5656 (44) 5750 (45) 0.20

Alcohol use, % 0.31

 Never 4017 (32) 3977 (31)

 Rarely to less than once per week 968 (8) 941 (7)

 1–6/week 4385 (34) 4511 (36)

 Daily 3364 (26) 3274 (26)

Serum 25(OH)D, ng/mL
c 30.8 (10.0) 30.9 (10.0) 0.35

Abbreviations: DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; MET, metabolic equivalent.

a
Mean (standard deviation) and percentage are presented for continuous and categorical variables, respectively.

b
To be eligible for the trial, participants are required to limit consumption of supplemental vitamin D to no more than 800 IU/day from all 

supplemental sources combined.

c
Serum data were available in 7,891 participants in the control group (61%) and 7,896 in the intervention group (61%) who provided a blood 

sample at enrollment.
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Table 2.

Association of vitamin D supplementation with risk of conventional adenomas and serrated polyps
a

Conventional adenomas Serrated polyps

Placebo group Vitamin D group Placebo group Vitamin D group

Overall

  No. of cases 287 308 169 172

  OR (95% CI)
a 1 (ref) 1.08 (0.92–1.28) 1 (ref) 1.02 (0.82–1.26)

  OR (95% CI)
b 1 (ref) 1.08 (0.92–1.27) 1 (ref) 1.02 (0.82–1.26)

By serum 25(OH)D level at randomization

 <30 ng/mL

  No. of cases 88 71 53 49

  OR (95% CI)
b 1 (ref) 0.82 (0.60–1.13) 1 (ref) 0.94 (0.64–1.39)

 ≥30 ng/mL

  No. of cases 109 132 73 73

  OR (95% CI)
b 1 (ref) 1.20 (0.92–1.55) 1 (ref) 0.98 (0.71–1.37)

P for interaction
c 0.07 0.87

Abbreviations: CI, confidence interval; OR, odds ratio.

a
Logistic regression was adjusted for age, sex, and fish oil treatment assignment.

b
Logistic regression was further adjusted for use of colonoscopy or sigmoidoscopy in the past 10 years prior to randomization.

c
P for interaction was calculated by Wald test for the product term between vitamin D randomization assignment and baseline serum 25(OH)D 

level (binary).
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