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Abstract

Purpose There has been a lot of controversies about the correlation between vitamin D and colorectal cancer (CRC). In this meta-
analysis, we purposed to explore the relationship between vitamin D and the incidence of CRC/the prognosis of CRC.
Methods A systematic search for articles in databases (Pubmed, Web of Science, EBSCO and Cochrane Library) was terminated
in April 2020. The primary outcomes were the incidence rate of CRC and the long-term survival of patients with CRC.
Results According to the estimated pooled OR from 21 eligible studies, covering 904,152 people, the use of vitamin D was
inversely associated with the incidence of CRC [OR = 0.87, (0.82-0.92)]. Among the four studies included in this meta-analysis,
covering 7486 patients, compared the overall survival (OS) of CRC between the vitamin D users and the non-users. Based on the
estimated pooled HR, vitamin D potentially improved the long-term survival of CRC patients [HR = 0.91, (0.83—0.98)].
Conclusion This meta-analysis demonstrates that vitamin D not only has a positive impact on the incidence of CRC from either
the dietary or supplemental sources but also benefits clinical outcomes and improves the long-term survival of CRC patients.
However, further studies are recommended to clarify the above phenomena.
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Introduction [1]. Though the international incidence rates vary, migration stud-
ies have documented increasing rates among groups moving from
low incidence to high incidence areas [2]. As a result, the role for

an environmental factor (s) such as diet in CRC is depicted [3, 4].

Colorectal cancer (CRC) is among the common malignancies,
with over 1.8 million incident cases and 860,000 deaths annually
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Vitamin D is the collective name for cholecalciferol (vitamin D3)
and ergocalciferol (vitamin D2) [5]. There exists controversy on
how vitamin D deficiency is associated with the aetiology of some
common cancers. In a study, the receiver operating characteristic
(ROC) curve for serum 25(OH)D level suggested that once the
level fell below 30 ng/mL, the risk for advanced colorectal adeno-
ma was not progressive but stepwise as levels fell below this serum
level. It is worth evaluating a minimum period of vitamin D defi-
ciency [6]. Observational evidence immensely supports that vita-
min D is related to the incidence of CRC. Previous studies had
revealed the intestine as an organ with the highest expression of
vitamin D receptor (VDR) [7, 8]. Moreover, intestines harbors 1«,
25-dihydroxy vitamin D3 or calcitriol, the most active vitamin D
metabolite, that mediates vital homeostatic functions [9]. Some
vitro studies have demonstrated vitamin D-induced growth arrest
and apoptosis of CRC cells, modulation of the Wnt signalling
pathway, DNA repair, and immunomodulation [10, 11], thus
supporting a causal relationship of vitamin D with CRC [12].
Moreover, various studies using animals, including some
that analyze the effect of diets with vitamin D and carcinogen
content, and others with xenotransplanted mice, indeed agreed
with the beneficial effect of vitamin D, calcitriol, or its ana-
logues on colorectal tumorigenesis [13]. Collectively, these
findings demonstrate a protective function of vitamin D
against CRC by reducing risk and attenuating the tumorigenic
process. Several studies have also investigated the correlation
between vitamin D and the incidence of CRC/the prognosis of
CRC. However, individual studies have yield inconsistent re-
sults, potentially caused by limitations associated with an in-
dividual study. For instance, based on prospective studies, the
use of vitamin D was inversely associated with the incidence
of CRC in the Nurses’ Health Study [14], but not in the Japan
Public Health Centre [15]. Although several studies [16-19]
have explored the correlation between vitamin D and the prog-
nosis of CRC, a majority of them had small series with con-
flicting results. The association of vitamin D with the inci-
dence of CRC and the prognosis of CRC remains elusive.
To provide insight on these controversies, we conducted a
comprehensive meta-analysis pooling the available data to
examine the relationship between vitamin D and the incidence
of CRC/the prognosis of CRC to guide its clinical application.

Methods
Search strategy

In this meta-analysis, we conducted a systematic search of data-
bases (Pubmed, Web of Science, EBSCO and Cochrane Library)
which was terminated in April 2020. The subject search was com-
bined with free text terms and medical subject heading, including
(‘CRC’ OR “colorectal carcinomas’ OR ‘colorectal neoplasms’
OR ‘colon cancer’ OR “colon neoplasms’ OR “colonic neoplasms’
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OR ‘rectum cancer’ OR ‘rectum neoplasms’ OR ‘rectal neo-
plasms’ OR ‘rectal cancer’) AND (‘vitamin D’). Moreover, the
references in the literature were manually searched to avoid omit-
ting relevant studies.

Selection criteria

Each study retrieved for inclusion was assessed by two au-
thors independently. The inclusion criteria included the fol-
lowing: (1) Randomized controlled trials (RCTs) or observa-
tional studies including cohort and case-control studies. (2)
Reports on the correlation between vitamin D and the inci-
dence of CRC or the correlation between vitamin D and prog-
nosis of CRC. (3) Result (including odds ratio (OR)) of the
correlation between vitamin D and the incidence of CRC as
well as the result (including hazard ratio (HR)) of the correla-
tion between vitamin D and prognosis of CRC. Exclusion
criteria included the following: (1) Articles that were not orig-
inal. (2) Articles without relevant outcome or detailed data. (3)
Duplicate reports. However, on an encounter with duplicate
articles, the literature that had the newest or comprehensive
data were included. (4) The disease was not CRC, like polyp,
adenoma, and precancerous lesions.

Data extraction and study quality assessment

Data extraction and study quality assessment were independently
conducted by two investigators. Uncertain inclusions of a study
between the two investigators were resolved by consensus of two
investigators and the third reviewer. The database was used to
record the available information, including author, year of publi-
cation, country, cohort characteristics, sample size, time to recruit,
follow-up time, vitamin D type, cancer type, total vitamin D dose,
study design, and adjustment factors. This meta-analysis was con-
ducted per the guidelines of the Preferred Reporting Items for
Systematic Review and Meta-Analysis Protocols (PRISMA-P)
2015 statement [20]. The quality of RCTs and observational stud-
ies was determined by the Cochrane Collaboration’s tool and the
Newcastle-Ottawa Quality Assessment Scale (NOS) checklist, re-
spectively, by two independent authors.

Statistical analysis

Statistical analyses were conducted using STATA 12.0 Software
(Stata, College Station). OR, 95% confidence interval (CI) were
utilized to analyze the correlation between vitamin D and the
incidence of CRC. HR, 95% CI were utilized to analyze the cor-
relation between vitamin D and prognosis of CRC. Cochran’s Q
statistic and I statistics were applied to evaluate the heterogeneity
in the studies. Considering the variability of vitamin D type and
dose, a random-effects model was used for meta-analysis. The
sources of heterogeneity were investigated through the subgroup
analyses. Publication bias was assessed using Begg’s and Egger’s
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regression asymmetry test. Furthermore, the sensitivity analysis
was conducted to test the stability of the results by excluding each
study successively.

Results

A total of 2245 studies were screened after the database
search. Additionally, 4 studies were identified through other
sources. Following the deletion of 1470 duplicates, 731

studies were excluded by screening their title and abstract.
Additionally, 48 studies were evaluated via reading full-text
articles. Finally, 25 eligible articles [14-19, 21-39] were in-
cluded in quantitative synthesis (Fig. 1), 21 studies [14, 15,
21-39] for the correlation between vitamin D and the inci-
dence of CRC and 4 studies [16—19] for the correlation be-
tween vitamin D and prognosis of CRC. The quality of 25
studies was assessed as shown in Supplementary Table 1.
The characteristics of 21 studies demonstrating the corre-
lation between vitamin D and the incidence of CRC are shown

)
c
-g Records identified through Additional records identified
_§ database searching through other sources
= (n =2245) (n=4)
5
3
__J v v
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- Studies included in Data unavailable
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Fig. 1 Flow diagram describing inclusion and exclusion criteria

Studies of the correlation
between vitamin D and
prognosis of colorectal cancer
(n=4)
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Fig. 2 Forest plots of the correlation of total vitamin D and colorectal cancer incidence

in Table 1. Geographic locations were categorized as Asia, dietary and vitamin D supplement. Cancer types were CRC
Europe, and North America. Total vitamin D intake was from  classified as colon cancer and rectal cancer. Adjustment
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Fig. 4 Forest plot of the correlation of supplementary vitamin D and colorectal cancer incidence

factors were mainly sex, age, education, energy, body mass
index, and smoking. The characteristics of 4 studies of the
correlation between vitamin D and the prognosis of CRC are
shown in Table 2. Geographic location was categorized as
Europe and North America. Total vitamin D intake was from
dietary and vitamin D supplement. Adjustment factors were
mainly sex, age, alcohol, energy, and smoking.

Vitamin D and risk of CRC incidence

A total of 21 studies reported OR in CRC among vitamin D
(total intake) higher intake compared with the low intake. The
directions of the estimated OR and 95% CI were not consis-
tent among the studies. According to the estimated pooled
OR, the use of vitamin D was inversely associated with the
incidence of CRC [OR = 0.87, (0.82-0.92)]. Heterogeneity
was prominent (> =51.3%) (Fig. 2). Having found an inverse
association between total vitamin D and incidence of CRC, we
further probed whether dietary vitamin D and supplementary
vitamin D could reduce the risk of CRC. The results of the
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meta-analysis of 17 studies are shown in Fig. 3. Our assess-
ments revealed that dietary vitamin D was associated with a
decrease in the incidence of CRC [OR = 0.92, (0.87-0.97)].
The results of the meta-analysis of 9 studies are displayed in
Fig. 4. Similarly, supplementary vitamin D was related to a
decline in the incidence of CRC [OR = 0.89, (0.81-0.96)].

Subgroup analysis

The relationship between total vitamin D usage and the inci-
dence of CRC among male and female were examined in 5
and 11 studies, respectively. The pooled ORs for male and
female were 0.90 (95%CI, 0.84—0.97) and 0.87 (95%ClI,
0.81-0.92), respectively. To compare OR in colon cancer
and rectal cancer, 7 and 8 studies were used, respectively.
The pooled ORs for colon cancer and rectal cancer were
0.82 (95%CI, 0.73-0.90) and 0.88 (95%CI, 0.78-0.97), re-
spectively. Concerning the subsites of colon cancer, the
pooled ORs for proximal colon cancer and distal colon cancer
were 0.83 (95%Cl, 0.74-0.91) and 0.83 (95%ClI, 0.76-0.91),
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Table 3 Subgroup analysis of the correlation between Vit D and the incidence of CRC
No. of studies OR 95%CI D Heterogeneity
(1) (%)
Total Vit D Male 5 0.90 0.84-0.97 p<0.05 13.1
Female 11 0.87 0.81-0.92 p<0.05 10.0
Colon cancer 0.82 0.73-0.90 p<0.05 348
Rectal cancer 0.88 0.78-0.97 p<0.05 23.6
Proximal colon cancer 0.83 0.74-0.91 p<0.05 0
Distal colon cancer 6 0.83 0.76-0.91 p<0.05 0
North America 12 0.87 0.82-0.91 p<0.05 14.9
European 8 0.84 0.72-0.96 p<0.05 79.7
Dietary Vit D North America 9 0.94 0.90-0.99 p<0.05 21.5
European 8 0.84 0.72-0.96 p <0.05 79.7
Supplementary Vit D North America 9 0.86 0.77-0.94 p<0.05 48.7

Vit D, vitamin D; CRC, colorectal cancer; OR, odds ratio; CI, confidence interval

respectively. Accordingly, the pooled ORs in Europe and
North America were 0.84 (95%CI, 0.72-0.96) and 0.87
(95%CI, 0.82—0.91). From the subgroup analysis of the above
aspects, the potential effect of vitamin D to reduce the inci-
dence of cancer was consistent.

The relationship between dietary vitamin D usage and the
incidence of CRC in Europe and North America was retrieved
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Overall (I-squared = 0.0%, p = 0.962)

NOTE: Weights are from random effects analysis

in 9 studies and 8 studies, respectively. With the estimated
pooled OR, vitamin D was inversely associated with the inci-
dence of CRC in North America [OR =0.94, (0.90, 0.99)] and
in Europe [OR = 0.84, (0.72, 0.96)]. However, the estimated
pooled OR showed a supplementary vitamin D examined in 9
studies was inversely associated with the incidence of CRC in
North America [OR = 0.86, (0.77-0.94)] (Table 3).
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Fig. 5 Forest plot of the influence of total vitamin D on the overall survival of colorectal cancer
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Fig. 6 Forest plot of the influence of supplementary vitamin D on the overall survival of colorectal cancer

Vitamin D and prognosis of CRC

We included four studies in the analysis to compare the OS of
CRC between vitamin D users and non-users. The estimated
pooled HR revealed that the use of vitamin D was associated
with longer OS [HR = 0.91, (0.83-0.98)] (Fig. 5). Only 3
studies were used to compare the OS of CRC between the
supplementary vitamin D users and non-users. According to
the estimated pooled HR, the use of supplementary vitamin D
improved OS of CRC [HR = 0.88, (0.77-0.99)] (Fig. 6).

Publication bias and sensitivity analysis

No significant publication bias was observed on the influence
of total vitamin D and CRC incidence using Egger’s plot (p =
0.278) or Begg’s test (p = 0.697) (Supplementary Fig. 1).
Sensitivity analysis was performed to test the stability of the
results by excluding each study successively. The detailed
sensitivity analysis results are illustrated in Supplementary
Fig. 2. Similarly, there was no significant publication bias
on the influence of dietary vitamin D and CRC incidence
(Supplementary Fig. 3). The detailed sensitivity analysis re-
sults are indicated in Supplementary Fig. 4. Moreover, there
was no significant publication bias on the influence of supple-
mental vitamin D and CRC incidence (Supplementary Fig. 5).
The detailed sensitivity analysis performed to test the stability
of their results is shown in Supplementary Fig. 6.
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Discussion

In the present study, we conducted a meta-analysis on 21
articles to evaluate the correlation between vitamin D and
the incidence of CRC whereas the 4 articles were evaluated
on the correlation between vitamin D and prognosis of CRC.
Notably, vitamin D intake was shown to be related to a decline
in the incidence of CRC as well as improving the long-term
survival of CRC patients. The effect was consistently ob-
served in subgroup analyses of gender, CRC sites, colonic
cancer subsites, and geographical differences. However, this
estimate was robust across the sensitivity analysis. Hence, our
findings provide an insight into the protective action of vita-
min D against CRC by reducing CRC risk and improving the
prognosis of patients with CRC.

Previous studies demonstrated that vitamin D potentially
reduces the risk of colorectal adenomas [40], a finding that
was inconsistent with reports from other studies [41, 42].
Elsewhere, a meta-analysis [43] reported that neither dietary
intake of vitamin D nor supplemental intake of vitamin D was
significantly associated with the incidence of colorectal ade-
noma. Thus, this discrepancy might be attributed from multi-
ple factors, such as the limited number of articles on either
dietary or supplemental vitamin D intake, differences in the
dose of supplemental vitamin D, the absorption rate of dietary
intake of vitamin D, and metabolism of vitamin D, and other
confounding factors, such as age, physical activity, and sun
exposure. On the contrary, another meta-analysis [44]
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indicated that vitamin D intake was inversely associated with
colorectal adenomas incidence and recurrent adenomas. The
result further supported the role of vitamin D in preventing
colorectal adenoma incidence and their recurrence. More im-
portantly, vitamin D may display an additional protective ef-
fect other than their preventive effects against colorectal ade-
nomas [44]. It is deductive to speculate the intake of vitamin D
inhibits the progression of adenoma or precancerous polyps to
CRC, thereby reducing the risk of CRC.

Some studies have found that vitamin D has slight neo-
plasm inhibitory impacts, for example, promoting bile acid
catabolism and modulating > 200 genes involved in cell cycle
regulation, DNA repair, immunomodulation, and protection
against oxidative stress and inflammation [45-48]. Similarly,
vitamin D may control the development of colorectal cells via
the attachment of vitamin D identifying receptors [46]. In
Smad3™" mice with inactivated TGF-f signalling pathways
increased dietary vitamin D intake significantly suppressed
p-P38 MAPK activity and lowered the accumulation of co-
lonic inflammatory cells by increased 25(0OH) D circulation,
which ultimately reduced the incidence of colon carcinomas
[49]. Besides, vitamin D facilitates the differentiation of colon
carcinoma cells via the promotion of the expression of adhe-
sion proteins, such as E-cadherin, and the inhibition of the
Wnt/(3-catenin signalling pathway [50].

Although controversies exist on the correlation between
vitamin D and the incidence of CRC several studies [15, 22,
24] had revealed that there was no protective effect on CRC
risk. The non-significant results may be attributed to inade-
quate measures of vitamin D intake; natural dietary sources of
vitamin D are limited. Conversely, an American cohort study
[21] reported a significant protective effect of vitamin D on
CRC hazard. An inverse association between the use of vita-
min D, the prognosis of CRC by Jeffreys et al. [17] concurs
with our finding, though not consistent with a report by
Antunac et al. [16]. Also, a recent meta-analysis [51] demon-
strated a clinically beneficial effect from vitamin D supple-
mentation on survival outcomes in CRC patients.

Interestingly, both dietary and supplemental sources of vi-
tamin D showed significant effects. However, there are food
products that are rich in vitamin D3 [52] such as fish oils, fish,
and fortified-products (dairy products). For instance, fish con-
sumption was revealed to have an inverse correlation with
CRC risk in humans according to a previous meta-analysis
[53]. Therefore, we advise that individuals vulnerable to vita-
min D deficiency should have a well-mixed diet with modest
fish. Considering that dietary sources of vitamin D were lim-
ited, supplemental vitamin D was also necessary. Following
numerous reports from previous studies [16, 33], vitamin D
supplementation potentially prevents or slows the progression
of CRC probably due to inadequate duration of the trial since
the development of CRC is associated with long latency.
Therefore, in our work, vitamin D supplementary used may

be insufficient to demonstrate a protective effect.
Additionally, published meta-analyses of the overall risk of
colon cancer also correlate to serum level of 25(OH)D at or
around 30 ng/mL [6]. Of interest, the Endocrine Society rec-
ommends children under one year of age require 400—1000 U
daily, children one year and older 6001000 IU daily, and all
adults 15002000 IU daily to sustain a circulating serum level
of 25(OH)D > 30 ng/mL [54], which may have a protective
effect on the incidence of CRC. The subgroup analysis of
gender indicated the total vitamin D intake was significantly
associated with a lower risk of CRC both in male and female.
Several cohort studies [26, 27] in male have shown no asso-
ciation or only weak inverse association of total vitamin D
intake with CRC risk probably due to higher misclassification
of vitamin D intake in male than in the female. On the other
hand, a cohort study [27] in female found no association be-
tween total vitamin D intake and CRC risk. Different physio-
logical mechanisms may be operational; these mechanisms
may involve gender-specific gut motility or other hormonal
influences [55]. Sex hormone metabolism potentially mod-
ifies or mask the associations between vitamin D status and
CRC risk [26], since the vitamin D receptor has been linked
with the estrogen receptor system [56, 57]. The intriguing
finding in our study was that vitamin D was inversely associ-
ated with the incidence of CRC in both male and female. This
may be due to the large sample size of our study, though
further studies are recommended to ascertain this.

From the studies that provided the colon subsite-specific
data [15, 23, 26, 28, 31, 33], total vitamin D was inversely
associated with distal and proximal colon cancers. The two
sides of the colorectum differ in respect to the embryo-
logical origin and bile acid metabolism, and in some
cases, tumors in these sites may develop along different
carcinogenic pathways [58]. Though there were differ-
ences across colonic subsites in molecular characteristics
and associations with genetic and environmental
factors[58], our study indicated that there were no differ-
ences via the subgroup analysis of colonic subsites (distal
and proximal colon cancers). For instance, our study
showed that total vitamin D has a slightly stronger asso-
ciation with colon cancer than rectal cancer, [OR = 0.82,
(0.73-0.90)] versus [OR = 0.88, (0.78-0.97)], despite the
limited evidence from epidemiologic studies and clinical
trials. In the previous studies, there was no inconsistency
on whether the use of vitamin D could affect the inci-
dence of CRC by colorectal sites. Some cohort studies
found total vitamin D intake has an inverse association
with colon cancer risk only [26, 31]. In another cohort
study, total vitamin D intake was observed to have a neg-
ative relationship with rectal cancer risk merely [28].
Furthermore, other studies have indicated that vitamin D
is not associated with the incidence of colon cancer or
rectal cancer [24, 33]. Thus, further investigation of
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vitamin D with risk of colorectal sites neoplasms is of
paramount importance.

Herein, we reported an inverse relationship between total vi-
tamin D usage and the incidence of CRC both in Europe and in
North America. Nonetheless, pooling data from European stud-
ies resulted in a stronger association than that of North America
between dietary vitamin D intake and the incidence of CRC. This
provides support for the importance of differences in dietary
habits, race, the relative composition of foods that make up dairy
products, and other demographic differences across populations
that could contribute to the variability. Notably, the sample size
in Asian use lacked reliable data to evaluate the association be-
tween vitamin D and the incidence of CRC.

Previous study has indicated that a 50% lower risk of CRC
was associated with a serum 25(OH)D level > 33 ng/mL, com-
pared to < 12 ng/mL[59]. Additionally, Sy and Bautista [60] also
noted the overall risk of colon polyps would be related to serum
25(OH)D level at or around 30 ng/mL. More importantly, the
study found that vitamin D insufficiency is highly prevalent
among patients with a family history of colon cancer [6].
Above all, we suggest that people with a positive family history
could control regularly their vitamin D level to prevent the inci-
dence of CRC. In a study [61] by Sellers et. al., total and supple-
mental vitamin D intakes were associated inversely with risk
among family history positive women. The cellular effect of
vitamin D metabolites is influenced by the biology of the vitamin
D receptor complex [6]. Interestingly, Peters et al. [62] did not
find attributable patterns of vitamin D receptor variants in fami-
lies with an increased occurrence of colon cancer. So, it still
requires to be further explored whether people with a positive
family history need to take regularly vitamin D. Our result dem-
onstrated that vitamin D intake can improve the prognosis of
CRC patients. Previous study has shown that vitamin D insuffi-
ciency is highly common among patients with CRC [63-65].
Therefore, CRC patients of vitamin D deficiency should be ad-
vised to take the vitamin D to a normal level. Additionally, we
also advise CRC patients with a normal level to take vitamin D
supplementation because vitamin D toxicity is extremely uncom-
mon. Studies have shown in adults that 10000 IUs daily for at
least 5 months did not cause any toxicity [66]. More importantly,
it still needs more research to further guide clinical application.

The use of vitamin D contributed to a significant reduction
in CRC incidence, which is inconsistent with a previous meta-
analysis [67]. However, there were several strengths to our
study. To our knowledge, this is the first comprehensive
meta-analysis that assessed the relationship between vitamin
D and the incidence of CRC as well as between vitamin D and
the prognosis of CRC. In our study, relatively larger sample
size was used, thereby updating and extending earlier results.
Moreover, based on our study, the pooled estimates were sta-
ble following the exclusion of any trial at a time with sensi-
tivity analysis. On the contrary, there were some associated
limitations to our meta-analysis. For instance, we found that
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heterogeneity existed in our meta-analysis as indicated by the
I?. It is predictable because of the presence of inter-studies
differences in study design (prospective observational studies,
retrospective observational studies and RCTs), enrolled pop-
ulations, duration of follow-up, and the cohort characteristics.
The studies included did not evaluate the serum 25(OH)D
baseline status of CRC patients, which is hard to assess wheth-
er the CRC patients had a prior deficiency. Less consistency
also existed on the dose-response relation; therefore, the opti-
mal dose of vitamin D still needs to be further evaluated via
large-scale prospective studies to lower the risk of CRC and
improve the long-term survival of CRC patients.

Conclusion

This meta-analysis demonstrates a meaningful beneficial ef-
fect between the incidence of CRC and vitamin D from either
dietary or supplement sources. The effect was concordantly
observed via subgroup analyses of gender, CRC sites, colonic
cancer subsites, and geographical differences. Although vita-
min D could benefit clinical outcomes and improve the long-
term survival of CRC patients, their certainty requires further
studies. Therefore, there is a need to fully evaluate the optimal
dosing of vitamin D using adequately powered RCTs and to
augment the duration of follow-up.
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