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Background: Previous meta-analyses of randomized controlled trials (RCTs) of vitamin D supplementation and total cancer
incidence and mortality found inconsistent results, and most included trials administered generally low doses of vitamin D
(�1100 IU/day). We updated the meta-analysis by incorporating recent RCTs that have tested higher doses of vitamin D
supplements.

Materials and methods: PubMed and Embase were searched from the inception to November 2018. Summary relative risks
(RRs) and 95% confidence intervals (CIs) were estimated using a random-effects model.

Results: For total cancer incidence, 10 trials were included [6537 cases; 3–10 years of follow-up; 54–135 nmol/l of attained levels
of circulating 25(OH) vitamin D [25(OH)D] in the intervention group]. The summary RR was 0.98 (95% CI, 0.93–1.03; P¼ 0.42;
I 2¼ 0%). The results remained null across subgroups tested, including even when attained 25(OH)D levels exceeded 100 nmol/l
(RR, 0.95; 95% CI, 0.83–1.09; P¼ 0.48; I2¼ 26%). For total cancer mortality, five trials were included [1591 deaths; 3–10 years of
follow-up; 54–135 nmol/l of attained levels of circulating 25(OH)D in the intervention group]. The summary RR was 0.87 (95% CI,
0.79–0.96; P¼ 0.005; I2¼ 0%), which was largely attributable to interventions with daily dosing (as opposed to infrequent
bolus dosing). No statistically significant heterogeneity was observed by attained levels of circulating 25(OH)D (Pheterogeneity¼
0.83), with RR being 0.88 (95% CI, 0.78–0.98; P¼ 0.02; I2¼ 0%) for�100 nmol/l and 0.85 (95% CI, 0.70–1.03; P¼ 0.11; I 2¼ 0%) for
>100 nmol/l.

Conclusions: In an updated meta-analysis of RCTs, vitamin D supplementation significantly reduced total cancer mortality but
did not reduce total cancer incidence.

Key words: vitamin D supplements, circulating 25(OH)D, cancer incidence, cancer mortality, meta-analysis, randomized con-
trolled trial

Introduction

In 1980, vitamin D was hypothesized to lower risk of cancer incidence

and mortality [1]. Subsequently in various animal models, vitamin D

has demonstrated promotion of cell differentiation and apoptosis,

and inhibition of cancer cell proliferation and angiogenesis, as well as

anti-inflammatory and immunomodulatory properties [2]. As a

whole, these data support an effect of vitamin D on cancer develop-

ment and progression.

Observational epidemiologic studies, however, suggest diver-

gent patterns, with evidence for a broad benefit of vitamin D

weakening for cancer incidence but strengthening for cancer

mortality. Studies based on circulating levels of 25(OH) vitamin

D [25(OH)D] (approximate range: �13–�150 nmol/l) have
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generally not confirmed associations with the risk of most cancers

[3–11], except for colorectal cancer [12]. In addition, Mendelian

randomization studies have not found that genetic variation in

25(OH)D levels is associated with cancer incidence [13–15], with

the possible exception of ovarian cancer [16]. In contrast, studies of

circulating 25(OH)D (approximate range: 5.7–188 nmol/l), meas-

ured either during the prediagnostic period or shortly after diagno-

sis of cancer, have demonstrated superior survival in cancer patients

with higher circulating 25(OH)D levels [17–20]. An inverse associ-

ation between 25(OH)D status and cancer mortality has also been

supported by at least some Mendelian randomization data [14].

Moreover, the geographical association between solar UV-B expos-

ure and cancer was stronger for mortality than for incidence for

many cancers in the United States and China [21, 22].

In testing the hypothesis that enhancing vitamin D status may

lower cancer incidence or mortality, randomized controlled trials

(RCTs) provide high-level evidence. Two meta-analyses of RCTs

published in 2014 did not support an effect of vitamin D3 on can-

cer incidence, but did find an approximately 12% reduced cancer

mortality [23, 24], which were limited by number (n� 4) and ad-

ministration of generally low dose of vitamin D (�1100 IU/day).

In 2014, the U.S. Preventive Services Task Force concluded that

data were insufficient to evaluate the effectiveness of vitamin D

supplementation for cancer or cardiovascular disease prevention

[25]. The most recent meta-analysis including RCTs published

up to 2016 did not find evidence to suggest that vitamin D sup-

plementation reduce cancer incidence or mortality [26].

Subsequently, a number of large RCTs have been published, gen-

erally utilizing a higher dose of vitamin D (2000 IU/day or 100

000/month) [27–29]. We thus updated the meta-analysis of

RCTs on cancer incidence and mortality to resolve inconsistency

in previous findings, and to derive insights on the potential effects

of dose or attained 25(OH)D levels on the efficacy of vitamin D.

Methods

This meta-analysis was conducted and reported in accordance

with the PRISMA guideline [30]. Two authors (DL and NK) par-

ticipated in the literature search, study selection, data abstraction

independently and resolved any discrepancy through discussion.

Study selection

PubMed and Embase were searched for relevant articles pub-

lished up to November 2018. Detailed search terms are provided

(supplementary Table S1, available at Annals of Oncology online).

Except for English language and human subjects, no other restric-

tions were imposed. Abstracts and unpublished results were not

included. To identify additional papers, the reference lists of pre-

vious systematic reviews and meta-analyses were reviewed.

To be included, studies had to be a RCT that tested the effect of

vitamin D supplementation (provided as cholecalciferol or ergo-

calciferol, with or without other nutrients) on total cancer inci-

dence or mortality, with the results as relative risk (RR) (risk ratio

or hazard ratio) and 95% CI (confidence interval); or as the num-

ber of incident cases of total cancer and/or total cancer death in

each arm. We excluded RCTs when the total number of outcomes

is �10, because effect size is unreliable and these were mostly

small short-term RCTs (e.g. 1 year or less) in specialized popula-

tions (e.g. at risk for fractures). RCTs with �1 year of follow-up

were also excluded because (1) latent cancers may be undiag-

nosed and a sizable proportion of cancer incidence in year 1 con-

sists of undiagnosed cancers present at baseline; (2) cancer

mortality within 1 year of follow-up is likely mostly from undiag-

nosed cancers that had metastasized already at the time of study

inception; (3) it may take 3 to 6 months for 25(OH)D levels to

reach homeostasis after initiation of supplementation. When

there were several publications from the same trial, the publica-

tion fully covering the intervention period and directly reporting

RR rather than the number of events alone was selected. This

study selection process is summarized in Figure 1.

Data abstraction

The following information was extracted: definition of interven-

tion and control, RR and corresponding 95% CI or the number

of participants and events in each arm, level of circulating

25(OH)D (at baseline, at follow-up), and important characteris-

tics of the study population (Table 1). To conduct secondary

analyses on total mortality, a robust end point that answers the

ultimate question of whether vitamin D supplementation

improves overall survival, we also extracted RR and correspond-

ing 95% CI for all-cause death or the number of participants and

total deaths in each arm.

Statistical analyses

The summary RR and 95% CI on primary end points (total can-

cer incidence, total cancer death) and secondary end point

1861 publications identified on initial search

1639 publications screened based on title and abstract

60 publications assessed based on full-text

222 duplicates removed

1579 publications excluded for
not meeting the inclusion criteria

49 publications excluded:

11* publications (10 trials included in analysis)

•    964 PubMed
•    897 Embase

•    irrelevant topics: 5
•    not prospective study: 19
•    ≤ 10 events or < 1 year of
      follow-up: 20
•    duplicate populations: 5

•    Primary analyses

•    Secondary analysis

°   total cancer incidence: 10 publications

°   total mortality: 8 publications

°   total cancer mortality: 5 publications

Figure 1. Flowchart for study selection. *Two publications are from
the same trial, Calcium plus vitamin D trial [34,35].
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(total mortality) were calculated using the DerSimonian–Laird

random effects model [31]. Potential for small study effects, such

as publication bias, was assessed using Egger’s test [32]. For pri-

mary meta-analyses, several sensitivity analyses were performed.

In some trials [27, 29, 33], the benefit of vitamin D emerged ap-

proximately 1 year after randomization. To explore the potential

for a latent effect, meta-analyses were conducted after replacing

the results including all outcomes during the follow-up with the

results excluding cases during the first year after randomization

when reported. Two trials compared the intervention of vitamin

D and calcium combined against placebo [27, 34, 35], and a

meta-analysis was conducted after excluding these trials. To

understand the degree to which the effect of vitamin D supple-

mentation on total mortality may be explained by its effect

through total cancer mortality, we conducted a meta-analysis by

including only trials that reported outcomes for both total mor-

tality and total cancer mortality.

Heterogeneity in the relationship across trials was assessed by

I2 [36]. To explore potential sources of heterogeneity, subgroup

analyses and meta-regression were conducted using a priori

selected variables: potential effect modifiers [regimen of vitamin

D supplementation, baseline and attained circulating 25(OH)D

levels, contrast in circulating 25(OH)D levels between the inter-

vention and control group, age, sex, body mass index of the

population] and methodological characteristics (duration of

follow-up, total number of cases, exclusion of active cancer at

baseline, primary end point).

For statistical significance, two-sided a was set at P¼ 0.05. All

statistical analyses were conducted using STATA 12 (StataCorp,

College Station, TX).

Results

Characteristics of included RCTs

After screening 1861 articles, a total of 10 RCTs were included in

the meta-analysis of total cancer incidence (6537 cases) [27–29, 33,

34, 37–41], of which five RCTs were included in the meta-analysis

of total cancer mortality (1591 deaths) (Table 1) [28, 29, 34, 37,

41]. Five RCTs were conducted in the United States [27, 28, 33, 34,

40], three RCTs in Europe [37, 39, 41], and one in Australia and

one in New Zealand [29, 38]. Six RCTs provided vitamin D3 daily

(400–2000 IU/day) [27, 28, 33, 34, 40, 41]. Four RCTs provided a

large bolus of vitamin D3 nondaily (20 000 IU/week to 500 000 IU/

year) [29, 37–39]. Circulating levels of 25(OH)D of the included

trials ranged approximately between 38 and 83 nmol/l at baseline,

and the range of the intervention group reached between 54 and

135 nmol/l at a point during the follow-up. The contrast in the

attained blood 25(OH)D level between intervention and control

group ranged between 12 and 50 nmol/l. The durations of follow-

up period, including intervention and post-intervention follow-

up, were approximately between 3 and 10 years.

Primary meta-analysis: vitamin D supplementation
and total cancer incidence

The summary RR for intervention versus control group was 0.98

(95% CI, 0.93–1.03; P ¼ 0.42) with no evidence of heterogeneity

(I2 ¼ 0%) (Figure 2A). In sensitivity analyses, the summary RR

was 0.97 (95% CI¼ 0.91–1.04, P¼ 0.43, I2¼ 18%) after replacing

the results [27, 29, 33] that included all cases with the results that

excluded cases during the first year of follow-up when provided;

and 0.99 (95% CI, 0.92–1.06; P ¼ 0.77; I2 ¼ 0%) after excluding

two studies that tested the combined effect of vitamin D3 and cal-

cium against placebo [27, 34]. Small study effects, such as publi-

cation bias, were not indicated in either primary (PEgger ¼ 0.53)

or sensitivity analyses (PEgger¼ 0.32 and 0.84, respectively).

The association between vitamin D supplementation and total

cancer incidence was not statistically significantly heterogeneous

with respect to regimen of intake (Pheterogeneity ¼ 0.37,

Figure 3A), attained 25(OH)D level (Pheterogeneity ¼ 0.55,

Figure 4A), and other stratifying factors (supplementary Table

S2, available at Annals of Oncology online).

Primary meta-analysis: vitamin D supplementation
and total cancer mortality

The summary RR for intervention versus control groups was 0.87

(95% CI, 0.79–0.96; P¼ 0.005) with no evidence of heterogeneity

(I2¼ 0%) (Figure 2B). An inverse association became stronger in

sensitivity analyses accounting for potential latent effect (utilizing

studies that excluded the first year of follow-up) (RR, 0.86; 95%

CI, 0.78–0.95; P¼ 0.004; I2¼0%) [28]; and excluding a study that

compared concomitant supplementation of vitamin D and cal-

cium with placebo [34] (RR, 0.85; 95% CI, 0.75–0.97; P ¼ 0.02,

I2 ¼ 0%). There was no evidence of small study effects, such as

publication bias, in either primary (PEgger ¼ 0.76) or sensitivity

analyses (PEgger¼ 0.91 and 0.08, respectively).

Given the small number of trials, the meta-analysis of total cancer

mortality had limited statistical power to explore potential sources

of heterogeneity. Indeed, the association between vitamin D supple-

mentation and total cancer mortality did not vary statistically sig-

nificantly by any of the stratifying variables tested (Pheterogeneity �
0.64 for all) (Figures 3B and 4B, supplementary Table S2, available

at Annals of Oncology online). Yet, it is notable that a statistically sig-

nificantly reduced cancer mortality was observed in response to

daily dose (RR, 0.87; 95% CI, 0.78–0.96; P ¼ 0.007; I2 ¼ 0%) but

not to infrequent bolus dose (Figure 3B). Additionally, the protect-

ive benefit of vitamin D supplementation against total cancer mor-

tality was evident even when attained levels of circulating 25(OH)D

were�100 nmol/l (RR, 0.88; 95% CI, 0.78–0.98; P¼ 0.02; I2¼ 0%)

(Figure 4B). Yet, although not statistically significant, a similar

magnitude reduction was also observed in trials where the attained

25(OH)D levels were >100 nmol/l (RR, 0.85; 95% CI, 0.70–1.03; P

¼ 0.11; I2¼ 0%). An inverse association was manifest among trials

with >5 years of follow-up (RR, 0.87; 95% CI, 0.78–0.96; P ¼
0.005; I2¼ 0%) but not in a trial with�5 years (RR, 0.99; 95% CI,

0.60–1.64; P¼ 0.97; I2¼ not applicable) (supplementary Table S2,

available at Annals of Oncology online) adds to evidence for a re-

quirement of a latency period for an effect of vitamin D to emerge

as suggested by previous trials [27, 29, 33].

Secondary meta-analysis: vitamin D
supplementation and total mortality

Based on eight trials [27–29, 35, 37, 38, 40, 41] including 5002

total deaths, the summary RR for intervention versus control
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groups was 0.93 (95% CI, 0.88–0.98; P¼ 0.009) with no evidence

of heterogeneity (I2¼ 0%) and small study effects (PEgger > 0.99)

(supplementary Figure S1, available at Annals of Oncology on-

line). When the analysis was restricted to five trials (4872 total

deaths) [28, 29, 35, 37, 41] included in total cancer mortality, an

inverse association with total mortality remained virtually un-

changed (RR, 0.93; 95% CI, 0.88–0.98; P¼ 0.01; I2¼ 0%), which

is weaker than an association with total cancer mortality.

Discussion

In this meta-analysis of RCTs, we found that vitamin D supple-

mentation was associated with 13% reduced cancer mortality

over 3–10 years of follow-up, which confirms findings in the pre-

vious meta-analysis in 2014 [24]. Corresponding to the 13% re-

duction in cancer mortality, there was a statistically significant

7% reduction in total mortality in our meta-analysis where can-

cer death (n¼ 1591) accounted for 33% of total death (n¼ 4872).

The VITAL study was the only trial specifically powered to exam-

ine cancer mortality as a prespecified end point, yielding a

contrast of nearly 30 nmol/l between intervention (105 nmol/l)

and control group (73 nmol/l) with a vitamin D dose of 2000 IU/

day [28]. Interestingly, in VITAL, increasing benefit over time

was indicated, with RR reducing to 0.75 (95% CI, 0.59–0.96)

upon excluding deaths occurring during the first 2 years of

follow-up [28]. With additional restriction of analysis to cancer

deaths confirmed by medical records or other adjudication be-

yond the National Death Index coding, RR further reduced to

0.63 (95% CI, 0.43–0.92) [28].

In contrast to the results for mortality, we found that supple-

mentation of vitamin D did not lower cancer incidence compared

to the control groups. The results remained null across diverse

subgroups tested. Of note, while statistically insignificant, the dir-

ection of association slightly favored vitamin D supplementation

(RR, 0.95; 95% CI, 0.83–1.09; P¼ 0.48) when attained 25(OH)D

levels were > 100 nmol/l. Current epidemiologic evidence based

on circulating 25(OH)D levels suggests a potential benefit only

for colorectal and ovarian cancer incidence [12, 16]. If any anti-

cancer benefit of vitamin D is truly limited to specific cancer sites,

then estimates for total cancer incidence may be weak and statis-

tical significance lost. Alternatively, adult cancers typically

First author, year

Manson, 2018

Scragg, 2018
Lappe, 2017
Jorde, 2016
Baron, 2015
Avenell, 2012
Sanders, 2010

Lappe, 2007
Wactawski-Wende, 2006
Trivedi, 2003

0.2

0.5 1

Total cancer mortality

1.5

1
Total cancer incidence

2

Overall   (I-squared = 0.0%, Pheterogeneity = 0.44)
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Overall  (I-squared = 0.0%, Pheterogeneity = 0.97)

0.83 (0.67, 1.02)

0.99 (0.60, 1.64)

0.85 (0.68, 1.06)

0.89 (0.77, 1.03)

0.86 (0.61, 1.20)

0.87 (0.79, 0.96), P = 0.005

0.96 (0.88, 1.06)
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0.77 (0.53, 1.12)
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Figure 2. Meta-analyses of vitamin D supplementation and (A) total cancer incidence; and (B) total cancer mortality.
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develop over several decades and vitamin D could act on early

stages of carcinogenesis. In this case, 3–10 years of follow-up peri-

ods of RCTs in this meta-analysis may have been insufficient to

observe an effect. Specifically for colorectal carcinogenesis, vita-

min D may act early given that 25(OH)D levels have been shown

to be inversely associated with incidence of colorectal adenoma, a

likely precursor for most colorectal cancers [42].

Concern has been raised over the safety of ‘high’ circulating

levels of 25(OH)D, generally considered to be those exceeding

100 nmol/l. In our meta-analysis conducted among trials whose

achieved 25(OH)D in the intervention group exceeded

100 nmol/l, there was no statistically significant evidence for an

increased risk of cancer incidence and mortality. In contrast, a

decreased risk was suggested for cancer incidence (RR, 0.95) and

cancer mortality (RR, 0.85), albeit not statistically significant.

Particularly, two of the trials had baseline levels around 80 nmol/l

and the intervention groups achieved average levels around

105 nmol/l with daily supplementation of 2000 IU vitamin D [27,

28]. One of these, a relatively small study [27], found a reduction

in incidence (RR, 0.65; 95% CI, 0.42–1.00) and did not report on

mortality. The other study (VITAL) showed a borderline non-

significant lower incidence and an increasing reduction in mor-

tality over time. These findings provide reassurance for the safety

of attaining levels at least in the range of 100–120 nmol/l. This

level is much higher than 50 nmol/l, a level currently considered

sufficient by the Institute of Medicine but lower than the tolerable

upper level of 125 nmol/l [43]. According to the Endocrine

Society, vitamin D intoxication including hypercalcemia and kid-

ney stones rarely occurs with levels below 375 nmol/l [44].

Not only the attained levels of 25(OH)D but also supplementa-

tion regimen to reach the level may modify the effect of vitamin

D supplementation on cancer outcomes. Six of the trials in this

meta-analysis used daily dosing [27, 28, 33, 34, 40, 41], but one

used weekly dosing [39], two used monthly dosing [29, 37], and

First author, year

( Daily intake )
Manson, 2018

( Non-daily intake in a large bolus )
Scragg. 2018
Jorde, 2016

1.01 (0.81, 1.25)
1.50 (0.69, 3.26)
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1.09 (0.86, 1.36)
1.05 (0.90, 1.22), P = 0.52
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0.89 (0.77, 1.03)
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0.86 (0.61, 1.20)

0.90 (0.68, 1.19), P = 0.46

Sanders, 2010
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Lappe, 2017
0.96 (0.88, 1.06)
0.70 (0.47, 1.02)
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Figure 3. Subgroup meta-analyses of vitamin D supplementation and (A) total cancer incidence; and (B) total cancer mortality by regimen
of vitamin D intake.
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one used yearly dosing [38]. In a trial that tested a bolus of 500

000 IU of vitamin D3 per year, the median 25(OH)D level in the

intervention group rose to approximately 120 nmol/l 1 month after

dose, with �25% of the group reaching 150 nmol/l [38]. This trial

was small and there were only 7 incident cancers in the intervention

group versus 10 in the control group. Intermittent bolus dosing

might yield nonphysiologic fluctuations in vitamin D [45].

Additionally, vitamin D intoxication only results from taking very

large doses (e.g. 50 000–1 000 000 IU/day) of vitamin D for several

months to years [46]. In this meta-analysis, the significant findings

for cancer mortality were largely driven by trials that assigned daily

intake of more modest levels of vitamin D supplements (Figure 3B).

The reason for the divergent findings for incidence and mortality

of total cancer is not clear. Nonetheless, there are plausible mecha-

nisms for vitamin D operating at multiple stages of carcinogenesis.

Most relevant to the findings on cancer mortality, vitamin D may

decrease tumor invasiveness and propensity to metastasize and in-

fluence immunomodulatory properties [2, 47]. Although some of

the RCTs had some participants already diagnosed with cancer at

baseline [29, 38], the vast majority of the cancer mortality cases were

those that were diagnosed and became fatal over the course of the

study period. Thus, the potential benefit for vitamin D status on

cancer mortality could operate during the prediagnostic stages by

influencing late-stage tumor progression and metastatic seeding,

during treatment by complementing or enhancing effects of thera-

pies, or in post-diagnostic stages by improving survival. It is rational

to design studies testing the survival benefit of enhancing vitamin D

status after cancer diagnosis, though such designs may underesti-

mate any benefit if some or all of the effects of vitamin D are in the

prediagnostic stages.

Our study confirms the findings of the previous meta-analyses

by our group [24] and Bjelakovic et al. [23]. Our studies excluded

First author, year
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Avenell, 2012
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Subtotal   (I-squared = 25.6%, Pheterogeneity = 0.26)
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1.01 (0.81, 1.25)
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1.50 (0.69, 3.26)
0.95 (0.83, 1.09), P = 0.48

0.77 (0.53, 1.12)
1.07 (0.92, 1.25)
0.70 (0.27, 1.82)
0.76 (0.38, 1.55)
0.98 (0.91, 1.05)
1.09 (0.86, 1.36)
0.99 (0.93, 1.05), P = 0.79

0.83 (0.67, 1.02)

0.99 (0.60, 1.64)
0.85 (0.70, 1.03), P = 0.11

0.85 (0.68, 1.06)
0.89 (0.77, 1.03)

0.86 (0.61, 1.20)
0.88 (0.78, 0.98), P = 0.02

First author, year RR (95% CI)

A

B

Figure 4. Subgroup meta-analyses of vitamin D supplementation and (A) total cancer incidence; and (B) total cancer mortality by attained
25(OH)D level.
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trials of small size (�10 participants with outcomes) and/or short

term (�1 year of follow-up) as explained in the Methods section.

In contrast, the meta-analysis by Bjelakovic et al. included trials

of any size and any duration. Despite differential inclusion/exclu-

sion criteria, all meta-analyses consistently concluded that vita-

min D supplements had no effect on cancer incidence but

reduced cancer mortality by 12%–13%. Bjelakovic et al. noted

that the positive finding with cancer mortality could have been

due to random errors given too few participants examined (4 tri-

als, 1192 cancer deaths, 44 492 participants) and the evidence of

low quality. Our meta-analysis including recent trials of large

size, testing higher vitamin D doses, and/or with cancer mortality

set as a prespecified end point (5 trials, 1591 cancer deaths, 75 239

participants), provides more robust confirmation of these rela-

tionships and alleviates the earlier concerns.

In contrast, in the meta-analysis by Goulao et al., an inverse as-

sociation with cancer mortality was suggested but not statistically

significant (RR, 0.85; 95% CI, 0.70–1.04; 17 trials, 407 cancer

deaths, 15 893 participants) [26]. Unlike ours, Goulao et al.

included trials of any size and testing any form of vitamin D sup-

plementation (cholecalciferol, ergocalciferol, calcitriol, and vita-

min D analog), and excluded trials if supplements (e.g. calcium)

co-administered with vitamin D supplements were not provided

in the control groups (e.g. the Women’s Health Initiative [34]).

They also included data on cancer incidence (e.g. Sanders et al.

[38]) in the analysis of cancer mortality by counting cancer inci-

dence as cancer death. Collectively, these may have affected statis-

tical significance of the findings. Yet, in their sensitivity analysis

additionally including after-study events (n¼ 160 deaths) from

the RECORD trial, the results became marginally significant (RR,

0.85; 95% CI, 0.72–1.00) [26].

Our meta-analysis has several strengths. Although the time

required to see an effect of vitamin D supplementation on cancer,

if present, is not known, we were able to assess the influence on

total cancer incidence and mortality over a period ranging from 3

to 10 years. At least for cancer mortality, which possibly may be

influenced over a relatively short period, this length of time may

be adequate. In addition, the studies varied in doses, but this

allowed us to examine a potentially interesting and wide range of

attained 25(OH)D levels, up to around 120–135 nmol/l of

25(OH)D. Unlike our earlier meta-analysis, we were able to sep-

arate effects of vitamin D from those of calcium and to evaluate

higher doses such as 2000 IU/day of vitamin D.

Limitations of our meta-analysis also warrant considerations.

Most of the trials were not initially designed to test the hypothesis

that vitamin D influenced the risk of cancer incidence or mortal-

ity. Most of the study populations were composed of whites.

Notably, in VITAL, which prespecified cancer end points and

oversampled African-Americans, a suggestive inverse association

was observed for cancer incidence in this racial subgroup (RR,

0.77; 95% CI, 0.59–1.01, 224 total cases), which is consistent with

prior epidemiologic data [48]. Finally, because many trials did

not provide data on site-specific cancers, we could not assess if a

benefit of vitamin D supplementation was differential across can-

cer sites. Nevertheless, the epidemiologic data suggest potentially

broad effects against many cancer types, though perhaps with

stronger effects against some cancer types such as digestive tract

malignancies [49].

Despite the globally declining trend in cancer mortality over

the past decades [50], approximately 9.6 million cancer deaths

were projected in 2018 worldwide [51]. In addition, a substantial

percentage of the world population has vitamin D levels below

50 nmol/l, at least in winter [52]. Given the results from our

meta-analysis, efforts to achieve circulating levels of 25(OH)D

around 54–135 nmol/l may contribute to reducing cancer mor-

tality. To consistently raise the level above 75 nmol/l, at least

1500–2000 IU/day intake of vitamin D may be required for adults

as suggested by the Endocrine Society [44]. This requirement is

higher than the recommended dietary allowance for vitamin D,

which was established to avoid poor bone health: 600 IU for indi-

viduals aged 19–70 years and 800 IU for those aged over 70 years

[43]. To determine the optimal level of vitamin D intake to re-

duce cancer mortality, future studies are warranted that examine

the dose–response relationship between vitamin D supplementa-

tion and cancer death beyond the level of recommended dietary

allowance [43].
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