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SUMMARY

Context: Breast cancer (BC) is the most common malignancy among women in the US. Vitamin
D status and intakes are thought to be inversely associated with BC occurrence.

Objectives: In our systematic review and meta-analysis, we evaluated evidence linking serum
25(0OH)D (both in serum and diet) with breast cancer (BC) occurrence.

Data sources and extraction: Only observational studies from databases such as PubMed and
Cochrane (January 1st 2000 through March 15th, 2018) were included using PRISMA guidelines.
Publication bias and consistency upon replication were assessed, while harmonizing risk ratios
(RR, 95% CI) of BC, per fixed increment of 5 exposures [10 ng/mL of 25(OH)D; 100 1U/d for
total/dietary vitamin D intakes; vitamin D deficiency; supplement use). RRs were pooled using
random effect models.

Data analysis: Pooled findings from 22 studies suggested a net direct association between
25(0OH)D deficiency and BC, with RRpgoleq = 1.91, 95% CI: 1.51-2.41, P < 0.001). Total vitamin
D intake (RRpgoled = 0.99, 95% CI: 0.97-1.00, P = 0.022, per 100 1U/d) and supplemental vitamin
D (RRpooled = 0.97, 95% CI:0.95-1.00, P = 0.026) were inversely associated with BC. No
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evidence of publication bias was found; all 5 exposures of interest were consistent upon
replication.

Conclusions: 25(0OH)D deficiency was directly related to BC while total vitamin D and
supplemental vitamin D intakes had an inverse relationship with this outcome. Randomized
clinical trials are warranted pending further evidence from primary meta-analyses of observational
studies.
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1. Introduction

Breast cancer (BC) is the most prevalent malignancy among US women [1]. Vitamin D is a
steroid hormone known to influence multiple organ functions in our body, including the
heart, the skeletal system, the lungs, the intestines and the mammary glands. Its effect on
mammary gland development is mediated through the actions of the vitamin D receptor
(VDR). While vitamin D is present in fatty fish, cod liver oil, egg yolk, some mushrooms
and meats etc., vitamin D deficiency has become a pandemic over the last few decades [2].
Recent epidemiologic studies have reported links between vitamin D deficiency and key
adverse health outcomes, namely cardiovascular and cancer-related morbidity and mortality
[3]. It is known to have multiple anti-proliferative, pro-apoptotic, and pro-differentiating
actions on different malignant cells, mediated by VDR [4,5] Over 90% of vitamin D is
produced endogenously in the skin, subsequently undergoing two hydroxylation reactions to
form the active hormonal form 1,25-dihydroxyvitamin D [1,25(0OH)2D]. The half-life of
1,25(0OH)2D is about 6 h, while [25(OH)D] has a half-life almost 1000 times higher than the
active form [6]. It has been, therefore, more commonly used in previous studies as a vitamin
D status biomarker. However, epidemiologic evidence for a relationship between plasma
25(0OH)D and BC incidence and/or prevalence is limited [7]. Several longitudinal studies on
serum 25(0OH)D and multiple cancer risks have concluded that 25(OH)D concentrations are
inversely associated with colorectal cancer incidence [8-12] but not with prostate cancer or
BC incidence [10,13-15]. In relation to BC, vitamin D has mixed results when separated by
menopausal status. However, a cross-sectional study of postmenopausal women in Brazil
showed that low serum 25 (OH)2 vitamin D level is a risk factor for ER negative tumors
[16]. Furthermore, there is a definitive lack of randomized clinical trials (RCTs) with
vitamin D supplementation and risk of cancer. In short, the relationship between vitamin D
status and cancer risk remains incompletely understood [17].

Following the MOOSE guidelines [18], we hypothesized that vitamin D is inversely
associated with BC occurrence in pre-and post-menopausal women. Our present systematic
review and meta-analysis aimed at pooling, interpreting and evaluating research evidence for
the past ~18 years that links serum vitamin D and vitamin D from both food and
supplements using BC as outcome. Finally, this study discusses potential biological
mechanisms behind those putative associations.
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2. Methods

2.1. Search strategy

A systematic review of the literature on BC was conducted using primarily PubMed and
Cochrane library as a secondary search. Using PubMed search engine, focus was on serum
and dietary vitamin D as specific exposures. A systematic hand search combined the
keywords “vitamin D” and “BC” prior to sorting and literature search was restricted to
human studies published in English between January 1st 2000 and March 15th 2018.
Synonymous keywords were not included in the search to avoid heterogeneity in defining
the concepts. After the initial hit (N = 5618 from PubMed and N = 85 from Cochrane
database), we excluded the duplicates from the filter option. This gave us a combined N =
3826 articles, which were then sorted by the availability of free full texts online. N = 1160
studies were excluded due to their unavailability in the full form. Of the remaining 2666
articles, N = 1664 were excluded due to several reasons including but are not limited to non-
human subjects, non-English language, male subjects etc. Fig. 1 shows the search result,
inclusion and exclusion criteria and the number of studies included. Original research
published between 2000 and 2018 was considered because the association of vitamin D with
BC was studied rarely before 2000. Papers were assessed by reviewing titles and abstracts
yielded by an initial search using keywords combinations within abstracts [i.e. “vitamin D”
AND *“breast cancer”]. A systematic literature review of BC focusing on specific exposures,
namely serum and dietary vitamin D was conducted (See Appendix 1 for search details).
Among studies that were included in the review, key characteristics were retrieved such as
design, setting, sample size, outcome of interest and key findings. EndNote (X8.1) was used
to create a reference database and we summarized extracted summary data in an Excel
spreadsheet.

2.2. Study retrieval and selection

Two reviewers (Sharmin Hossain and May Beydoun) independently worked on selecting
studies for the review and meta-analysis. Study inclusion and exclusion was initiated by
examining titles and abstracts. Only studies with direct relevance to our research question
were retained. Table 1 list the PICO criteria study inclusion and exclusion. Full text was
obtained for the selected papers, which we then screened for potential inclusion in the
review and meta-analysis. The studies that were included assessed various types of
associations between vitamin D status and BC incidence or prevalence. Included studies
presented findings as odds ratios (OR), risk ratios (RR) or hazard ratios (HR). They used
binary BC outcomes and categorical assessment of vitamin D status (usually binary).
Exclusion of studies occurred for many reasons including “No relevant data available,”
“Study is a randomized controlled trial,” “Study subjects are not adult women,” “Outcome is
not incident or prevalent BC,” or “Exposure is not serum 25(OH)D or dietary intake of
vitamin D”. Our meta-analysis summarized findings from selected observational studies,
including case-control, cross-sectional, prospective and retrospective cohort studies.

2.3. Data extraction

Detailed characteristics of each study were summarized in Table 2 (e.g. gender and age
composition, country), study design (e.g. case-control, cross-sectional or cohort study),
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sample size (e.g. total or number of cases vs. controls), exposures, covariates and quality
score (QS) (described later). Selected studies in Table 2 are sorted by year of publication and
first author’s last time. Type of exposure was identified as serum 25(OH)D (per 10 ng/mL),
serum 25(0OH)D (deficient vs. not), dietary vitamin D (per 100 1U/d), supplemental vitamin
D (yes vs. no), and total vitamin D intake (per 100 1U/d). Further data extraction for use in
the meta-analysis was conducted using a series Excel sheets (1 per study) in which the final
effect size and its 95% CI were estimated.

2.4. Qualitative review and meta-analysis

The final selected 22 studies were first reviewed in a systematic way, stratifying by study
design and type of exposure. The original measures of association are presented and
compared across studies. Using the same 22 studies, we conducted further meta-analysis to
assess BC—-vitamin D strength of association among pre- and postmenopausal women
combined. This analysis was thus restricted to case-control, cross-sectional, and prospective
cohort studies with comparable measurements for vitamin D-related exposure. This resulted
in pooled estimate measures of association across the studies, i.e. risk ratio (RR) with its
95% CI. Different exposure scales [e.g. an increase per 1 SD vs. quartiles vs. tertile vs. per 1
unit (e.g. 10 ng/mL)] dictated RR modifications. A pooled measure of association was
constructed from the RRs representing the effect of a fixed incremental linear increase in the
BC exposure. After converting the RR to LogeRR with its SE, each point estimate and its
corresponding SE were divided by a conversion factor. Generally, means of highest and
lowest tertiles lie 2.18 SD apart for a normal distribution. So, the Loge RRs for such a
contrast was divided by 2.18 to obtain LogeRR per SD. When RRs contrasted quintile 5 with
quintile 1, its Loge transformed version along with its SE were divided by 2.8, while those
effects and SE comparing extreme quartiles were divided by 2.54, an approach adopted
elsewhere [19,20]. SD values were estimated using descriptive data from cases/controls, or
from the total sample when the design was either cross-sectional or cohort. They were also
computed by approximating between extreme quantile differences and dividing them by the
conversion factors above [21]. From this, RR per 10 ng/mL for serum 25(OH)D, or per 100
IU dietary or total vitamin D was estimated by dividing the LogeRR with its SE; by the
estimated SD value (either reported in the study or estimated from extreme quantiles) and
multiplying it by 10 and 100, respectively. The Log-transformed RR is then exponentiated
thus obtaining the RR point estimate per 10 ng/mL increase in 25(OH)D or 100 1U/d of
dietary/total vitamin D intake, which approximated 1 SD increase in most studies. To obtain
the 95% ClI, the LogeRR point estimate is used along with its SE to obtain the lower and
upper confidence limits on the Log, scale. These values are then exponentiated to obtain
RR’s 95% CI. A similar approach was adopted when vitamin D exposure in a specific study
was reported into non-quantile categories (i.e. exposure groups with varying sample sizes).
However, in this case, each contrast with a referent category is transformed into per 10
ng/mL or100 1U/d and then pooled into a common measure of association using random
effects models within that study. Moreover, in the latter instance, median exposure value in
each category is estimated and subtracted from the referent to obtain average increment in
vitamin D exposure corresponding to each contrast. This is then used to ensure the measure
of association corresponded to 10 ng/mL or 100 1U/d increase, for 25(OH)D and dietary/
total vitamin D, respectively. Varying units and conversion factors in serum 25(0OH)D
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measurement were also considered in these calculations. In studies with stratified analyses
(e.g. by age group), incremental RR were estimated per strata and then pooled into one
estimate with associated 95% CI, using random effects models within the study.

After the heterogeneity testing, study-specific RRs linked to an exposure of interest were
examined in pooled models and demonstrated by forest plots estimated with an inverse
variance weighting procedure [22]. DerSimonian and Laird’s methodology was used to
ascertain random effects models that further incorporated between-study variability [22].

2.5. Harvest plot and funnel plot

A modified quality score (QS) from a previous study was utilized to measure the quality of
each study [23] included (Appendix 2) [19]. For this meta-analysis, the QS scale had 4
items, namely study design, sample size, type of outcome assessment, and adjustment level
for putative confounders. The score on each item ranged between 0 and 2, with a higher
score reflecting better quality, yielding a total QS that could range between 0 and 8. One QS
was estimated per study as only one outcome (BC) was of interest in this meta-analysis.
Three QS independent item-wise assessments were carried out by three co-authors (May
Beydoun, Hind Beydoun and Xiaoli Chen) and mean QS was estimated. A harvest plot was
utilized to graphically represent the key findings for each exposure by QS level. This plot
shows the exposure-outcome associations in each study, if they were significant and with
directionality (-1 = “inverse association”, 0 = “null association”, 1 = “positive association™),
while simultaneously reflecting quality. In order for a harvest plot to be represented, at least
3 study data-points per hypothesized exposure-outcome association were needed.

Finally, to ascertain publication bias, Begg’s funnel plot was used, where each OR point
estimate was plotted against its corresponding standard errors (SE) on a logarithmic scale
[24,25] per study, and combining all exposures (e.g. serum and dietary vitamin D).
Occurrence of such bias was also tested with the Begg-adjusted rank correlation tests [26]
and the Egger’s regression asymmetry test [27]. All analyses were carried out using STATA
15.0 (StataCorp, College Station, TX) [28]. Type | error was set at 0.05 for all measures of
association.

3. Results

3.1. Study selection, characteristics and quality score

Out of 3826 un-duplicated titles and abstracts between 2000 and 2018, 22 original
publications were selected for the systematic review and meta-analyses. Those selected
studies were published between 2005 and 2017 (Mean + SD: 2010.7 £ 3.7), with 14 being
US studies, 1 Canadian, 4 European and 3 from Asia (Table 2). Moreover, most studies had
a case-control or nested case-control design (n = 19), with only 3 being prospective cohort
studies. Twelve studies comprised adult women of varying age ranges, while 4 included only
pre-menopausal women and 6 were restricted to post-menopausal women. Overall, mean
age was 53.6 with a SD of 9.8 y. The cumulative sample size is of 229,597 subjects, with a
Mean + SD: 10,436 * 25,426 subjects per study. Considering the maximum score can be 8.0,
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the mean QS with SD was 4.64 + 1.56 (range:2—38), indicating a relatively above average
quality set of studies.

3.2. Qualitative review of studies

Of 19 case-control studies included in this paper, 12 studies (63.1%) showed that a reduced
risk of BC was associated with high levels of 25(OH)D [4,29-36] or the use of vitamin D or
multivitamin supplements that contained vitamin D [36-39] The remaining 7 case-control
studies (36.8%), however, showed no associations of BC risk with 25(OH)D levels or
vitamin D intake [40—47].

Of two prospective cohort studies included in this current study, both of the two studies
showed that dietary calcium could reduce the risk of BC among postmenopausal women
[48,49]. For example, in the Cancer Prevention Study Il Nutrition Cohort (QS = 8),
McCullough et al. (2005) studied dairy, calcium, and vitamin D intake and BC risk among
68,567 postmenopausal women aged 50—74 years in the US (QS = 8) [49]. Their results
supported the hypothesis that dietary calcium may modestly reduce the risk of
postmenopausal BC. In the lowa Women’s Health Study of 34,321 postmenopausal women
aged 55—69 years with 18 years of follow-up (QS = 8) [48], reported that vitamin D intake
appeared to be associated with a small decrease in BC risk among postmenopausal women
in the US. When comparing the selected studies in terms of covariate-adjustment for
potential confounding, many common factors were introduced into the models including age
at examination, age at menarche, age at menopause (when post-menopausal women were
selected), and other key covariates such as education and use of hormone replacement
therapy. However, lifestyle and health-related factors including smoking, alcohol use,
physical activity, body mass index and history of cancer were adjusted several selected
studies, though not in a consistent manner.

3.3. Meta-analysis: findings for serum 25(OH)D

Overall, the measures of association from 14 case-control studies on serum 25(OH)D in
relation to BC were pooled. A total number of 25,515 cases matched with 97,529 controls.
Our pooled findings indicated that there was no detectable association between serum
25(0OH)D concentration and BC occurrence (RRpooled = 0.99, 95% CI: 0.98-1.00, P = 0.17,
per 10 ng/mL). While based on 5 case-control studies (1306 cases matched with 1490
controls), serum 25(0OH)D deficiency was shown to have a direct relationship with the risk
of BC (RRpooled = 1.91, 95% ClI: 1.51-2.41, P < 0.001) (Fig. 2A-B). It is worth noting that
9 of the 13 case-control studies used in the meta-analysis with 25(OH)D as the exposure
were nested within a prospective cohort study. Due to the small number of data-points per
exposure, age group stratification of the meta-analysis was not carried out.

3.4. Meta-analysis: findings for dietary vitamin D (foods and supplements)

Association measured from the 5 studies on total dietary vitamin D (foods and supplements)
relation to BC occurrence were pooled. Fig. 3A shows a net inverse association between
total vitamin D intake and BC, with @ RRpgoled = 0.99, 95% CI: 0.97-1.00, P = 0.022, per
100 IU/d. This small inverse association was observed for dietary vitamin D and
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supplemental vitamin D usage (yes vs. no), though it attained statistical significance only for
supplemental vitamin D (RRpgoled = 0.97, 95% CI: 0.95-1.00, P = 0.026).

3.5. Bias assessment: funnel and harvest plots

Begg’s funnel plot (Supplemental Fig. 1) indicated that most of the 28 data-points fell within
the expected confidence limits when plotting Loge (RR) against its SE. There was no
publication bias and asymmetry whereby Log, (RR) was not associated with its SE in terms
of slope. In addition, there was no bias in terms of the directionality of Loge (RR) that were
published in the literature.

The harvest plots are presented in Supplemental Fig. 2, with qualitative findings (-1 =
“inverse association”, 0 = “null association” and 1 = “positive association) against QS
[50,51]. Based on the clusters, 8 of 12 studies that examined 25(OH)D in relation to BC,
reported a null overall finding. Noteworthy is that those studies had a slightly higher QS
compared with those that reported an inverse association, though the difference was not
statistically significant (Mean QS 5.0 vs. 4.0).

4. Discussion

This study is to our knowledge, the most up to date among very few meta-analyses
conducted to synthesize the literature on vitamin D exposure and BC occurrence. Pooled
findings indicated that there was a net direct association between 25(OH)D deficiency and
BC occurrence, with a pooled RR = 1.91, 95% CI: 1.51-2.41, p < 0.001). A weaker inverse
association was also observed for total vitamin D intake from foods and supplements (RR =
0.99, 95% CI: 0.97-1.00, P = 0.022, per 100 1U/d) and BC. A similar association was noted
for supplemental vitamin D (yes vs. no). No net association was detected between BC and
serum 25(0OH)D (per 10 ng/mL) or between BC and dietary vitamin D. There was no
evidence of publication bias. All 5 exposures of interest came up as consistent from the
harvest plots suggesting consistency. In recent years, there has been considerable interest in
whether vitamin D inhibits BC development [41]. Low serum 25(OH)D levels have been
reported in breast cancer patients compared to healthy controls and were also associated
with poor prognosis [52,53]. The anticarcinogenic potential of vitamin D comes from the
active, hormonal form of vitamin D, 1,25(0OH)2D. Experimental studies indicate that
1,25(0OH) 2D can also be synthesized locally from 25(OH)D in other tissues, including but
not limited to breast, intestines, lung etc. [54,55] VDR is activated by 1,25(OH)D, and is
found in nearly all tissues and organs in the human body. It is responsible for the
transcription of numerous genes (~60) related to cell proliferation, differentiation,
metastasis, and apoptosis [56]. Therefore, it is of considerable interest in relation to many
cancers, including BC [57]. The circulatory levels of the biologically active metabolite
1,25(0OH)2D is tightly regulated. Since circulating 25(0OH) is related to 1,25(0OH)2D in
breast tissue and circulating 1,25(0OH)2D is homeostatically controlled, circulating 25(OH)D
is thought to be potentially relevant to breast carcinogenesis [41]. The final analyses were
done on the selected N = 22 studies from an initial hit of over ~5500 studies. We had
excluded a total of 1664 studies after the initial screening and removal of duplicates because
our study focused on humans, specifically, pre- and post-menopausal women only.
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Therefore, we had no need for animal studies, or studies published in another language than
English, had male participants, or the age group younger than 19 years of age. We also
excluded studies with parameters irrelevant to our objective, e.g. efficacy of BC screening
techniques, BC prognosis and survival to name a few.

To highlight the strengths of this study, first, this systematic review of the literature is, to our
knowledge, one of the few to have examined a wide range of vitamin D exposures and their
relationships to with BC occurrence. Second, a validated quality scoring system was used as
a tool to examine heterogeneity of study results based on the quality of the data. Third, we
pooled case-control studies for 25(OH)D exposures and vitamin D deficiency and
prospective cohort studies for dietary and supplemental vitamin D intakes. It has been shown
that since BC develops slowly, case-control studies are superior to prospective cohort
studies, particularly for serum exposures. For latter case, pooling prospective cohort studies
would require adjustment for length of follow-up [58-60].

Our review excluded clinical trials on vitamin D and BC primarily because of the limited
number of completed trials (around the time of manuscript preparation). Those trials yielded
for the most part mixed or null findings due to inadequate statistical power and/or follow-up
time. One recent randomized controlled trial [61] contributed to the body of the literature, by
detecting no association between supplemental vitamin D and BC risk (primary endpoint).
Although this study had adequate strength and long duration, it lacked power for site-
specific cancer analyses (including BC) and had a single dose of vitamin D-which could
arguably contribute to the findings. However, our study results should to be interpreted with
caution considering several limitations. First, our literature search was restricted to the
PubMed and Cochrane databases, and did not include other electronic databases such as
Embase or Web of Science. Second, we used specific key terms to perform the literature
search but did not search for cross-references or unpublished studies (abstracts, conference
papers, theses and dissertations). Third, while exposures included dietary and supplemental
vitamin D in addition to serum 25(OH)D, some meta-analyses were low-powered given the
limited number of data-points available. Fourth, evidence was mostly generated from
observational studies, namely, cross-sectional, retrospective cohort and prospective cohort
studies, which precludes our ability to confirm causality. Thus, a separate meta-analysis of
randomized controlled trials is needed, once enough trials are made available for such
analysis. Fifth, the reported associations may be confounded by other micro - and macro-
nutrients, and/or lifestyle factors known to affect the risk of BC. Similarly, although dietary
vitamin D is elicited from many sources, depending on the dietary assessment tool used,
meat is seldom included among those sources [62]. Furthermore, compared to UVB
exposure which accounts for most of the 25(OH)D variation, dietary vitamin D has little
impact on vitamin D deficiency or serum level of 25(OH)D. Thus, it is less likely that an
association between dietary vitamin D and BC would be detected in studies of dietary
vitamin D intake. In addition to the issue of measurement error that is inherent in the dietary
assessment of vitamin D with food frequency questionnaires, noteworthy is that each of the
3 studies included with supplemental vitamin D intake had different dosage of daily intake,
which affects their respective findings. Similarly, despite the use of a single study design to
conduct exposure-specific meta-analyses, some heterogeneity in the way exposures were
measured, particularly dietary exposures, can bias the association between vitamin D and
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breast cancer occurrence. Nevertheless, it is likely a bias towards the null leading to
attenuation of the true effect, since exposure measurement error or heterogeneity is
independent of the outcome. Finally, though tested through funnel plots and other statistical
methods, publication bias cannot be ruled out as an explanation for these study results,
particularly when non-English literature was excluded from our review, given limited
resources for translation.

5. Conclusions

Previous meta-analyses have demonstrated important evidence of reverse causation in
studies of circulating vitamin D and BC. Only retrospective case-control studies have shown
an inverse association between circulating 25(OH)D and breast cancer risk, whereas
prospectively conducted studies have found no association. Our review and meta-analysis
indicated that serum 25(OH)D deficiency, as well as total and supplemental vitamin D
intake, were associated with BC occurrence in the general population, suggesting an inverse
association between vitamin D status/intake and BC. This is an important finding in terms of
future randomized controlled trials which might reveal a direct cause and effect relationship
between vitamin D intake as well as serum vitamin D and the risk of BC. The clinical
relevance of vitamin D deficiency makes for a strong case for BC prevention, though the
impact of dietary or supplemental vitamin D on BC occurrence was weaker. Thus,
increasing sunlight exposure may be a more effective way to prevent BC than diet or
supplements. Nevertheless, an updated meta-analysis may be needed with more relevant
studies to strengthen further those findings, particularly one using primary data from several
case-control or cohort studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(meta-analysis)
(n=22)

h 4

(n=1,664)

*N=496 excluded based on study subject (non-human);
*N=26 non-English language (excluded);

*N=191 studies with male participants (excluded);
*N=164 participants younger than 19 years(excluded);
*N=787 studies with irrelevant parameters (excluded).

Flowchart of the study selection of articles reporting vitamin D (or related key terms) in
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Fig. 2.
A-B Forest plot of odds ratios with 95% CI of the association between serum 25(OH)D (A)
per 10 ng/mL or (B) Deficient vs. not (<10 ng/mL vs. =10 ng/mL (referent)) and BC, 2000-
2018.
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Fig. 3.

A-C Forest plot of odds ratios with 95% CI for the associations of (A) total vitamin D (per
100 1U/d) (B) dietary vitamin D (per 100 1U/d) and (C) supplemental (yes vs. no) vitamin D
with BC, 2000-2018.
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