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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(OH)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 IU/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(OH)D
deficiency and BC, with RRpooled ¼ 1.91, 95% CI: 1.51e2.41, P < 0.001). Total vitamin D intake
(RRpooled ¼ 0.99, 95% CI: 0.97e1.00, P ¼ 0.022, per 100 IU/d) and supplemental vitamin D (RRpooled ¼ 0.97,
95% CI:0.95e1.00, P ¼ 0.026) were inversely associated with BC. No evidence of publication bias was
found; all 5 exposures of interest were consistent upon replication.
Conclusions: 25(OH)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 war-
ranted pending further evidence from primary meta-analyses of observational studies.

Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and Metabolism.
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, somemushrooms andmeats etc.,
vitamin D deficiency has become a pandemic over the last few
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decades [2]. Recent epidemiologic studies have reported links be-
tween 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, medi-
ated 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(OH)2D]. The half-life of 1,25(OH)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(OH)D and BC inci-
dence and/or prevalence is limited [7]. Several longitudinal studies
on serum 25(OH)D and multiple cancer risks have concluded that
25(OH)D concentrations are inversely associated with colorectal
n and Metabolism.
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cancer incidence [8e12] but not with prostate cancer or BC inci-
dence [10,13e15]. 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 tu-
mors [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 mecha-
nisms behind those putative associations.

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 key-
words “vitaminD” and “BC” prior to sorting and literature searchwas
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 con-
cepts. After the initial hit (N ¼ 5618 from PubMed and N ¼ 85 from
Cochrane database), we excluded the duplicates from the filter op-
tion. This gave us a combined N ¼ 3826 articles, which were then
sorted by the availability of free full texts online. N ¼ 1160 studies
were excluded due to their unavailability in the full form. Of the
remaining 2666 articles, N ¼ 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 litera-
ture review of BC focusing on specific exposures, namely serum and
dietary vitamin Dwas 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 in-
terest and key findings. EndNote (X8.1) was used to create a refer-
ence database and we summarized extracted summary data in an
Excel spreadsheet.

2.2. Study retrieval and selection

Two reviewers (Sharmin Hossain and May Beydoun) indepen-
dently worked on selecting studies for the review andmeta-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 preva-
lence. Included studies presented findings as odds ratios (OR), risk
ratios (RR) or hazard ratios (HR). They used binary BC outcomes and
categorical assessment of vitaminD 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), 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(OH)D (deficient vs. not), dietary vitamin D (per 100 IU/d), sup-
plemental vitamin D (yes vs. no), and total vitamin D intake (per
100 IU/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 BCe vitamin D strength of association among pre- and post-
menopausal 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 associa-
tion 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 Loge RR per
SD. When RRs contrasted quintile 5 with quintile 1, its Loge trans-
formed 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 valueswere 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 themby 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 LogeRRZ with its SEz 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 IU/d of di-
etary/total vitamin D intake, which approximated 1 SD increase in
most studies. To obtain the 95% CI, the LogeRR point estimate is used
along with its SE to obtain the lower and upper confidence limits on
the Loge 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,
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Fig. 1. Flowchart of the study selection of articles reporting vitamin D (or related key terms) in relation to BC, PubMed and Cochrane database search 2000e2018.

Table 1
PICOs criteria for inclusion and exclusion of studies.

Parameters Inclusion Criteria Exclusion Criteria

Population General population of adult females of reproductive age (pre-, post-
menopausal or both)

Male

Intervention, Prognostic
Factor, or Exposure

Total vitamin D (diet or supplements) from serum 25(OH)D 1,25 (OH)2 D

Comparison Risk ratios (RR), hazard ratios (HR) or odds ratios (OR) Linear regression coefficients.
Outcome Breast Cancer occurrence Individual components of breast cancer were not studied (i.e.

location, type, stage etc.)
Study Design All types of observational studies were included in the systematic

review: meta-analysis was done on case-control, cross-sectional,
and prospective cohort studies.

Randomized controlled trials and retrospective cohort studies
were excluded from the analyses
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each contrast with a referent category is transformed into per 10 ng/
mL or100 IU/d and then pooled into a common measure of associ-
ation using random effects models within that study. Moreover, in
the latter instance, median exposure value in each category is esti-
mated 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 IU/d increase, for 25(OH)D and dietary/total vitamin D,
respectively. Varying units and conversion factors in serum 25(OH)D
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 asso-
ciated 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 incor-
porated between-study variability [22].

2.5. Harvest plot and funnel plot

Amodified 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 be-
tween 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 car-
ried out by three co-authors (May Beydoun, Hind Beydoun and



Table 2
Summary of studies selected in our meta-analysis of vitamin D and BC, PubMed 2000e2018.

STUDY #
Author/year
Endnote Link

Country Study name;
Study Design;
Sample Size

Menopausal
status; Baseline
age;
Follow-up time

Exposure;
Outcome assessment

25(OH)D
Mean ± SD %
deficient

Dietary vitamin
D
Mean ± SD

Supp use, % Adjustment Findings Conclusion

QS ¼ 0 þ 1 þ 1 þ 2 ¼ 4 (Range:0e8)
1 [29] USA Nurses' Health

Study;
Nested case-
control;
Cases (N¼ 701) and
controls (N ¼ 724)

Total
30e55 y
Mean:
~57.1 ya

25(OH)D:
IA;
Self-reported diagnosis
of BC during follow-up.

Mean: 32.3 ng/mLb n/a n/a BMI, menopausal
status, menopausal
hormone use, height,
age at menarche, parity
and age at first birth,
weight at age 18, age at
menopause, family
history of BC, history of
benign breast disease,
alcohol intake, and
smoking status.

Women in the highest
quintile of 25(OH)D had
RR ¼ 0.73; (95% CI: 0.49
e1.07; P-trend ¼ 0.06)
compared with those in
the lowest quintile

High levels of 25(OH)D
may be modestly
associated with
reduced risk of BC.

QS ¼ 2 þ 2 þ 2 þ 2 ¼ 8 (Range:0e8)
2 [49] USA Cancer Prevention

Study II Nutrition
Cohort;
Prospective cohort;
N ¼ 68,567

Post 50-74 y
Mean:
~62 ya

Up to 9 y of
follow-up

Dietary/supplemental
calcium and vitamin D,
68-item food frequency
questionnaire (FFQ);
BC incidence
ascertained with NDI.

n/a Dietary vitamin
D:
Mean:
167 IU/db

Total vitamin
D:
Mean:
320 IU/d

n/a Age, energy, history of
breast cyst, family
history BC, height,
weight gain since age
18, alcohol use, race,
age at menopause, age
at first birth and
number of live births,
education,
mammography.
History, and HRT use.

Using supplemental
vitamin D intake was
not associated with BC
risk, overall. The
association suggested a
protective effect among
women with estrogen
receptor-positive
tumors comparing
highest to lowest intake
of dietary vitamin D
(RR ¼ 0.74; 95% CI, 0.59
e0.93; P-trend¼ 0.006)

Our results support the
hypothesis that dietary
calcium and/or some
other components in
dairy products may
modestly reduce risk of
postmenopausal BC.
The stronger inverse
associations among
estrogen receptor-
positive tumors
deserve further study.

QS ¼ 0 þ 2 þ 2 þ 2 ¼ 6 (Range:0e8)
3 [37] Canada Population-based

case-control study
Cases (N¼ 972) and
Controls (N¼ 1135)

Total
20e69 y
Mean:
~51.7 ya

Dietary
supplementation
questionnaire;
Ontario cancer registry:
women with a
pathology report
indicating invasive BC,
age-matched
population-based
controls.

n/a n/a Supplement
use:
Vitamin D/
multivitamin:
Cases:15%
Controls:22%

Age, education, and
ethnicity, the variables
in the fully adjusted
models included age at
menarche (<12, 12, 13,
14þ), first degree
family history of BC
(yes/no), ever breast-
fed (yes/no), and age at
first birth (<20, 20e24,
25e29, 30þ,
nulliparous).

Reduced BC risk was
associated with use of
vitamin D or
multivitamin
supplements:
OR ¼ 0.62; 95% CI:0.49
e0.79.

Vitamin D could help
prevent BC

QS ¼ 2 þ 2 þ 2 þ 2 ¼ 8(Range:0e8)
4 [48] USA Iowa Women's

Health Study
(IWHS)
Prospective cohort
N ¼ 34,321

Post 55e69 y
~61.5 ya

Follow-up up to
18 y

127-item FFQ
Dietary supplement
questionnaire;
Incident cases of BC
were identified
between 1986 and
2004 through linkage to
the State Health
Registry of Iowa, part of
the National Cancer
Institute's Surveillance,
Epidemiology and End
Results program (SEER).

n/a Mean total
vitamin D
intake: ~520 IU/
da

n/a Baseline age (y),
smoking status, age at
menarche, age at
reported menopause,
first degree relative
with BC, estrogen use,
age at first live birth,
number of live births,
education category,
BMI category, activity
level, live on a farm,
mammogram history,

The adjusted RR of BC
for women consuming
>800 IU/day versus
<400 IU/day total
vitamin D was 0.89
(95% CI: 0.77e1.03).
RRs were stronger
among women who
were ER þ or
PR þ status. The
association of high
vitamin D intake with
BC was strongest in the

Vitamin D intake of
>800 IU/day appears to
be associated with a
small decrease in risk of
BC among
postmenopausal
women.

(continued on next page)
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Table 2 (continued )

STUDY #
Author/year
Endnote Link

Country Study name;
Study Design;
Sample Size

Menopausal
status; Baseline
age;
Follow-up time

Exposure;
Outcome assessment

25(OH)D
Mean ± SD %
deficient

Dietary vitamin
D
Mean ± SD

Supp use, % Adjustment Findings Conclusion

daily energy, fat and
alcohol intakes.

first 5 years after
baseline dietary
assessment (RR ¼ 0.66;
95% CI: 0.46e0.94
compared with lowest-
intake group), and
diminished over time.

QS ¼ 0 þ 2 þ 1 þ 2 ¼ 5(Range:0e8)
5 [40] USA Women's Health

Initiative
Nested case-
control study
within randomized
trial
Cases (N ¼ 1067)
and controls
(N ¼ 1067)

Post 50e79 y
Mean:
~63 ya

25(OH)D:
IA;
Modified block food
frequency
questionnaire and
supplement use
questionnaire;
BCs were confirmed by
both local and central
medical record and
pathology report
review by trained
adjudicators who were
blinded to randomized
allocation, with such
records available in
98.2% of cases.

~50.0 ± 20.0 nmol/
Lb

Mean total
vitamin D
intake: 350 IU/
da

Supplement
use:
Vitamin D/
multivitamin:
Cases:47%
Controls:48%

Baseline age (y),
weight, and baseline
percentage of energy
from total fat.

Baseline 25(OH)D levels
were not associated
with BC risk in analyses
that were adjusted for
BMI and physical
activity (P trend
¼ 0.20)

25(OH)D levels were
not associated with
subsequent BC risk

QS ¼ 0 þ 2 þ 2 þ 2 ¼ 6(Range:0e8)
6 [41] USA Prostate, Lung,

Colorectal, and
Ovarian (PLCO)
Cancer Screening
Trial
Nested case-control
study within a
screening trial
Cases (N ¼ 1005)
And controls
(N ¼ 1005)

Post 55e74 y
Mean:
~62 yb

Mean follow-
up time:3.9 y

25(OH)D:
IA;
Incident BC cases were
ascertained through
self-report in an annual
health survey, linkage
to state
cancer registries, death
certificates, physician
reports,
and next-of-kin reports
(for deceased
participants). A
total of 92% of the
ascertained BC cases
were
confirmed through
review of medical
records.

26.7 ng/mL n/a n/a BMI at age 18 to 20, age
at menarche, age at
menopause, HRT use,
history of benign breast
disease, family history
of BC, combined parity,
age at first birth,
smoking status, alcohol
intake, and total
calcium intake.

The RR of BC for the
highest quintile of
25(OH)D concentration
versus the lowest was
1.04 (95% CI, 0.75e1.45;
P-trend ¼ 0.81)

No inverse association
between circulating
25(OH)D and BC risk
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QS ¼ 0 þ 1 þ 1 þ 2 ¼ 4(Range:0e8)
7 [38] Germany Population-based

case-control study
from southern
Germany (Freiburg
and Rhein-Neckar-
Odenwald)
Cases (N¼ 289) and
controls (N ¼ 595)

Pre 30e50 y
Mean:
~42.6 ya

25(OH)D:
IA;
Cases were identified
through frequent
monitoring of hospital
admissions, surgery
schedules and
pathology reports in 38
hospitals.

51.3 nmol/L n/a n/a Stratified by age and
adjusted for time of
blood collection,
number of births, first-
degree family history,
age at menarche,
duration of breast-
feeding, BMI, alcohol
consumption.

Compared with the
lowest category
(<30 nmol/L), the ORs
(95% CI) for the upper
categories (30e45, 45
e60, �60 nmol/L) were
0.68 (0.43e1.07), 0.59
(0.37e0.94) and 0.45
(0.29e0.70),
respectively (P-
trend ¼ 0.0006)

There is a protective
effect of vitamin D for
premenopausal BC

QS ¼ 0 þ 1 þ 1 þ 2 ¼ 4(Range:0e8)
8 [42] USA Cancer Prevention

Study-II (CPS-II)
Nutrition Cohort
Nested case-control
within Prospective
cohort study
Cases (N¼ 516) and
controls (N ¼ 516)

Post 47e85 y
Mean:
~69.5 yb

25(OH)D:
IA;
Eligible cases included
women who reported a
new diagnosis of BC on
a biennial CPS-II
Nutrition Cohort
Survey between the
date of their blood draw
and 30 June, 2005
(n ¼ 514) or who did
not report an incident
BC but for whom fatal
BC was identified
through linkage with
the National Death
Index (n ¼ 2).

Mean: 49.1
e59.5 nmol/L
depending on
season.

n/a n/a Reproductive risk
factors, history of
benign breast disease,
family history,
education, alcohol use,
postmenopausal
hormone use, diet,
recreational physical
activity and zip code
(for latitude).

No association between
25(OH)D and BC
(OR ¼ 1.09, 95% CI 0.70
e1.68, P ¼ 0.60) for the
top vs. bottom quintile.

Results do not support
an association between
adulthood serum
25(OH)D and
postmenopausal BC.

QS ¼ 0 þ 0 þ 2 þ 1 ¼ 3(Range:0e8)
9 [30] Denmark Case-control study

Cases (N¼ 142) and
controls (N ¼ 420)

Total
29e87 y
Mean:
~58 yb

25(OH)D:
LC;
Mammography,
followed by pathologic
examination.
Information on studied
subjects from The
Danish National
Hospital Discharge
Register
and the Danish Cancer
Register were also
retrieved.

Cases:
69 ± 23 nmol/L
Controls:
76 ± 28 nmol/L

n/a n/a Controls matched with
cases on menopausal
state, and time of year
of blood sampling
(±2 mo).

Compared with the
lowest tertile of 25(OH)
D levels, risk of BC was
significantly reduced
among women in the
highest tertile
(RR ¼ 0.52; 95% CI: 0.32
e0.85)

Risk of BC was inversely
associated with 25(OH)
D levels

QS ¼ 0 þ 1 þ 0 þ 1 ¼ 2(Range:0e8)
10 [43] Finland Finnish Maternity

Cohort
Nested case-control
study within cohort
Cases (N¼ 311) and
controls (N ¼ 311)

Pre 30e34 y
Mean:
~33 yb

25(OH)D:
IA;
Missing information on
diagnosis of BC.

Mean:
43 nmol/La

n/a n/a Controls matched to
cases by parity, age,
year, and season.

Serum 25(OH)D level
was not associated with
an increased risk
neither at the 1st nor at
the 2nd pregnancy
samples (OR ¼ 1.4, 95%
CI 0.6e3.4; OR 1.4, 95%
CI 0.7e2.8,
respectively), but was
associated with an
increased risk of PABC
(OR ¼ 2.7; 95%CI 1.04
e6.7)

Vitamin D may not be
related to BC risk

(continued on next page)
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Table 2 (continued )

STUDY #
Author/year
Endnote Link

Country Study name;
Study Design;
Sample Size

Menopausal
status; Baseline
age;
Follow-up time

Exposure;
Outcome assessment

25(OH)D
Mean ± SD %
deficient

Dietary vitamin
D
Mean ± SD

Supp use, % Adjustment Findings Conclusion

QS ¼ 0 þ 1 þ 1 þ 2 ¼ 4(Range:0e8)
11 [31] France French E3N Cohort

Nested case-control
within cohort
Cases (N ¼ 636)
Controls (N¼ 1272)

Total
Cases
(56.9 ± 6.4) and
controls
(56.9 ± 6.4)

25(OH)D:
IA;
Every 2e3 y,
questionnaire was sent
out. In each
questionnaire,
participants were asked
whether a cancer had
been diagnosed, and if
so, pathology
reports were requested
from the attending
physicians.

Cases:
24.4 ± 10.9 ng/mL
Controls:
25.1 ± 11.0 ng/mL

n/a n/a BMI
, HRT use, histo f
mammography ory
and of breast be n
disease, family h ory
of BC, parity, sm ng
status, use of or
contraceptives, at
menarche, and sical
activity, alcohol
consumption, to
energy, calcium
vitamin D dieta
intakes, vitamin
calcium supplem t
use, serum calci ,
PTH, estradiol,
progesterone, e diol
(pmol/L, continu s)
and progesteron
(nmol/L, continu s).

Found a decreased risk
of BC with increasing
25(OH)D3 serum
concentrations (odds
ratio, 0.73; 95%
confidence interval,
0.55e0.96; P-
trend ¼ 0.02) among
women in the highest
tertile)

There is a decreased
risk of BC associated
with high 25(OH)
vitamin D3 serum
concentrations,
especially in younger
women

QS ¼ 0 þ 1 þ 1 þ 2 ¼ 4(Range:0e8)
12 [44] USA Nurses' Health

Study II
Nested case-control
study within
cohort.
Cases (N ¼ 613)
Controls (N¼ 1218)

Both
All women
(50.9 ± 12.6),
pre-
menopausal
(39.73 ± 7.83),
post-
menopausal
(58.68 ± 7.46)

25(OH)D:
IA;
BC cases were
identified on biennial
questionnaires; the
National Death Index
was searched for non-
responders. All BC cases
occurred after blood
collection but before 1
June 2007.

Cases:
25.4 ± 9.5 ng/mL
Controls:
25.0 ± 9.6 ng/mL

n/a n/a BMI at age 18 y at
the time of bloo
collection, ages
menarche and fi

birth, parity, fam
history of BC, an
history of benig east
disease.

No significant
association was
observed between
plasma 25(OH)D levels
and BC risk (top vs.
bottom quartile
multivariate RR ¼ 1.20,
95% CI (0.88e1.63), P-
value, test for
trend ¼ 0.32)

Circulating 25(OH)D
levels were not
significantly associated
with BC risk in this
mostly pre-menopausal
population

QS ¼ 0 þ 0 þ 1 þ 2 ¼ 3(Range:0e8)
13 [32] USA Case-control study

Cases (N ¼ 194)
Controls (N ¼ 194)

Total
40e70 y
Mean:
~58.3 ya

25(OH)D:
IA;
Histologically
confirmed primary,
incident, BC, with no
prior cancer history
except nonmelanoma
skin cancer.

Cases:
32.7 ± 14.4 ng/mL
Controls
37.4 ± 15.9 ng/mL

n/a n/a Age, race, date o lood
collection, and
laboratory used
vitamin D testin

BC cases had
significantly lower
25(OH)D levels than CF
controls (BC: 32.7 ng/
mL vs. CF: 37.4 ng/mL;
P ¼ 0.02)

BC patients with a more
aggressive molecular
phenotype (basal-like)
and worse prognostic
indicators had lower
mean 25(OH)D levels
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QS ¼ 0 þ 2 þ 2 þ 2 ¼ 6(Range:0e8)
14 [45] USA,

Sweden
Nested Case-
control
From two cohorts:
New York
University
Women's Health
Study and the
Northern Sweden
Mammary
Screening Cohort
Cases (N ¼ 1585)
Controls (N¼ 2940)

Total
34e65 y
Mean:
~52.6 ya

25(OH)D:
IA;
For the NYUWHS,
incident cases of
invasive BC were
identified by mailed
questionnaires or
follow-up telephone
interviews every 2e4
years after 1991,
supplemented
by linkages to state
cancer registries in New
York, New
Jersey, and Florida and
the US National Death
Index.
Medical records were
reviewed to confirm
self-reported cases.
Using a capture-
recapture analysis, we
estimated
that combining active
and cancer registry-
based follow-up
resulted in a BC
ascertainment rate of
95%.
For the NSMSC, annual
linkages to the Swedish
National
Cancer Registry were
used to identify
incident cases of BC in
the cohort.

Cases:
53.0 ± 14.9 nmol/L
Controls:
54.2 ± 18.6 nmol/
mL

n/a n/a Age at menarche, age at
first birth/parity, family
history of BC, BMI, past
HRT use, and alcohol
consumption.

No association was
observed between
circulating levels of
25(OH)D and overall BC
risk (multivariate-
adjusted model
OR ¼ 0.94; 95% CI: 0.76
e1.16 for the highest
vs. lowest quintile, P-
trend ¼ 0.30)

Circulating 25(OH)D
levels were not
associated with BC risk
overall

QS ¼ 0 þ 0 þ 1 þ 2 ¼ 3(Range:0e8)
15 [34] Saudi

Arabia
Case-control study
Cases (N ¼ 120)
Controls (N ¼ 120)

Total
47.8 ± 12.4 y

25(OH)D: LC
All women presented
with invasive BC at the
clinic or were receiving
standard medical
check-ups at the same
women's clinic and
were shown on medical
record review to be
free of cancer.

15.4 ± 12.3 ng/mL n/a n/a Age, BMI, history of
cancer, parity, family
history of cancer,
exercise, location of
exercise (indoors or
outdoors),
multivitamin use,
presence BC in
daughters, benign
breast disease,
menopause, and
breastfeeding

In comparison with
those in the highest
category of vitamin D
status for this
population (>20 ng/
mL), the adjusted ORs
(95% CIs) for invasive
BC were 6.1 (2.4, 15.1)
for women with a
serum 25(OH)D
concentration, 10 ng/
mL and 4.0 (1.6, 10.4)
for women with a
serum concentration of
10e20 ng/mL (P-
trend ¼ 0.0001)

An inverse association
exists between serum
25(OH)D
concentrations and BC
risk in Saudi Arabian
women

(continued on next page)
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Table 2 (continued )

STUDY #
Author/year
Endnote Link

Country Study name;
Study Design;
Sample Size

Menopausal
status; Baseline
age;
Follow-up time

Exposure;
Outcome assessment

25(OH)D
Mean ± SD %
deficient

Dietary vitamin
D
Mean ± SD

Supp use, % Adjustment Findings Conclusion

QS ¼ 0 þ 0 þ 1 þ 2 ¼ 3(Range:0e8)
16 [39] Iran Population based

case- control study
Cases (N ¼ 60) and
controls (N ¼ 116)

Pre 34e36 y
Mean: ~35 yb

25(OH)D: IA
Daily intake of calcium
and vitamin D and all
dietary resources of
mentioned factors were
collected.
We selected cases from
patients who
underwent surgery
from 2010 to 2012 in
Emdad Shahid Beheshti
University hospital.
Cases were identified
from both self-reports
registration and
confirmed by
pathological reports.
The pathological
feature of cases was
collected from
pathological reports in
the pathology archive
of the mentioned
hospital.

Cases:
15.2 ± 8.2 ng/mL
Controls:
15.5 ± 7.5 ng/mL
Overall:
15.4 ng/mLa

n/a Vitamin D
supplement, %
yes:
Cases:
0.0%
Controls:
9.7%

Daily sunlight
exposure, covering
body against sunlight,
calcium supplements,
vitamin D supplements,
fish and egg intakes and
weekly profile of egg
consumption.

The lack of vitamin D
and calcium
supplementation
increased slightly the
risk of premenopausal
BC (p ¼ 0.009,
OR ¼ 1.115, CI
95% ¼ 1.049e1.187)

Vitamin D may have a
role in BC incidence but
it needs further proof

QS ¼ 0 þ 1 þ 2 þ 2 ¼ 5(Range:0e8)
17 [33] USA Nested case-control

study within the
Multiethnic Cohort
Study
Cases: N ¼ 707
Controls: N ¼ 707

Post Mean:
~67.8 yb

25(OH)D:
LC
Incident invasive BC
cases were identified by
linkage to the
Surveillance,
Epidemiology, and End
Results
Program registries in
the states of Hawaii and
California through
October, 2010,
including 729 eligible
postmenopausal
womenwith a diagnosis
of invasive BC.

Overall:
Mean 25(OH)D:
31.4 ng/mLb

Vitamin D
deficiency (<16 ng/
mL):
7.2%a

n/a n/a Body mass index,
parity, family history of
BC, use of multivitamin
and calcium
supplements, season,
sunburn history and
engagement in
strenuous sports.

20 ng/mL increases of
plasma 25(OH)D3
[OR¼ 0.28; 95% CI: 0.14
e0.56] and 25(OH)D
[OR¼ 0.43; 95% CI: 0.23
e0.80] were inversely
associated with BC risk
among white women,
but not among women
in other race/ethnic
groups.

Circulating 25(OH)D3
and 25(OH)D were
associated with a
reduced risk of
postmenopausal BC
among whites, but not
in other ethnic groups,
who reside in low
latitude regions.

QS ¼ 0 þ 1 þ 1 þ 2 ¼ 4(Range:0e8)
18 [46] USA Nurses' Health

Study II
Nested case-control
within a cohort.
Cases (N ¼ 584)
Controls (N ¼ 584)

Pre 45e46 y
Mean:
~45.1 ± 4.4 yb

25(OH)D:
IA
BC cases were identified
through the biennial
questionnaires: Cases
had no previously
reported cancer
diagnosis before blood
collection and were
diagnosed after blood
collection but before
June 1, 2007.

Median 25(OH)D
Cases:62.6 nmol/L
Controls:
61.4 nmol/L

n/a n/a Body mass index (BMI)
at age 18 and at blood
collection, age at
menarche, parity and
age at first birth, history
of benign breast
disease, family history
of BC, and alcohol
consumption.

No association between
plasma calculated free
25(OH)D and risk of BC
overall (highest vs.
lowest quartile
RR ¼ 1.21; 95% CI: 0.83
e1.77), P-trend ¼ 0.50)

There is no association
between circulating
free 25(OH)D or
circulating VDBP levels
with BC risk among
mostly pre-menopausal
women.
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QS ¼ 0 þ 1 þ 2 þ 2 ¼ 5(Range:0e8)
19 [35] USA SPA6 region of

South Los Angeles
County in California
cases ¼ 243 and
controls ¼ 417;
total N ¼ 660

No menopause
status
21e80 years
Mean:
51 y

25(OH)D:
Liquid
Chromatography/
Tandem Mass
Spectrometry (LC/MS/
MS) method;
BC incidence/risk
For cases, breast cancer
status was determined
by biopsy/pathology
confirmed neoplasm of
the breast, and only
subjects who had
documentation of this
information were
included in the study

>20 ng/mL is
normal

n/a n/a BMI, ethnicity, age, BMI
and the seasons of
blood draw

The 25(OH)D3 below
20 ng/mL was
significantly associated
with triple negative
breast cancer (TNBC) in
African-Americans
(OR ¼ 5.4, p ¼ 0.02, 95%
CI), but not in the
Hispanic group

There might be an
association between
25(OH)D3 levels and
the risk of breast
cancer.

QS ¼ 0 þ 2 þ 2 þ 2 ¼ 6(Range:0e8)
20 [47] USA, UK,

Greece
Mendelian
Randomization
study
70,563 cases of
cancer (22,898
prostate cancer,
15,748 breast
cancer, 12,537 lung
cancer, 11,488
colorectal cancer,
4369 ovarian
cancer, 1896
pancreatic cancer,
and 1627
neuroblastoma)
and 84,418
controls.

No menopause
status
Total
30e55 y
Mean:
~57.1 ya

Four single nucleotide
polymorphisms
(rs2282679,
rs10741657,
rs12785878 and
rs6013897)
Risk of incident
colorectal, breast,
prostate, ovarian, lung,
and pancreatic cancer
and neuroblastoma

n/a n/a n/a n/a OR per 25 nmol/L
increase in genetically
determined 25(OH)D
concentrations was
1.05 (0.89e1.24) for
breast cancer

Population-wide
screening for vitamin D
deficiency and
subsequent widespread
vitamin D
supplementation
should not currently be
recommended as a
strategy for primary
cancer prevention.

QS ¼ 0 þ 2 þ 1 þ 2 ¼ 5(Range:0e8)
21 [36] USA The Sister Study

Nested case-control
Cases (N ¼ 1611)
and controls
(N ¼ 1775)

Total
35e74 y
Mean:
55.6

25(OH)D:
IC, MS;
Self-reported diagnosis
of BC during follow-up.

Q4 25(OH)D
�38.0 ng/Ml
Dietary vitamin D
supplement use
(yes vs. no)
Total vitamin D
intake (per 100 IU)

n/a n/a BMI, sunlight-related
variables (e.g., latitude,
physical activity, and
time spent outdoors)
were assessed at
baseline, along with
other potentially
relevant covariates
such as exogenous
hormone use, history of
osteoporosis,
education, and
menopausal status

25(OH)D levels were
associated with a 21%
lower breast cancer
hazard (highest versus
lowest quartile:
adjusted; OR ¼ 0.79, CI:
0.63, 0.98)

High serum 25(OH)D
levels and regular
vitamin D supplement
use were associated
with lower rates of
incident,
postmenopausal breast
cancer over 5 y of
follow-up

QS ¼ 0 þ 0 þ 2 þ 2 ¼ 4(Range:0e8)
22 [4] Pakistan Case-control

Cases (N ¼ 42) and
controls (N ¼ 52)

No menopause
status
20e75 y
Mean:
40.1 y

25(OH)D:
ELISA;
Diagnosed with
invasive breast cancer
within 6 months of all
grades and of stage I-III.

Vitamin D ¼ 20 ng/
mL (normal)

n/a n/a Age, parity, BMI, sun
exposure, education
and economic status

Breast cancer risk was
7.8 (1.99e30.58) for
women with vitamin D
concentrations <20 ng/
mL from the adjusted
model.

Vitamin D deficiency is
associated with risk of
breast cancer

Abbreviations: 95%CI¼ 95% confidence interval; 25(OH)D¼ 25-hydroxyvitamin D; BC¼ BC; BMI¼ BodyMass Index; HR¼Hazard Ratio; HRT¼Hormone Replacement Therapy; IA¼ Immunoassay; LC¼ Liquid Chromatography;
n/a ¼ Not applicable; NDI ¼ National Death Index; OR ¼ Odds Ratio; P-trend ¼ P-value for the trend test; QS ¼ Quality Score; RR ¼ Risk Ratio.

a Estimated based on available categorical data and ranges within each category, with sample sizes for each category.
b Estimated based on available data on mean and SD for cases and controls and sample sizes of cases and control.
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A

Heterogeneity chi-squared =  63.05 (d.f. = 13) p = 0.000
I-squared =  79.4%

Test of ES=1 : z=   1.39 p = 0.165

B

Heterogeneity chi-squared =  22.80 (d.f. = 4) p = 0.000
I-squared =  82.5%

Test of ES=1 : z=   5.41 p = 0.000

Overall  (I-squared = 82.5%, p = 0.000)

ID

Wu2017

Shaukat2017

Yousef2013

Peppone2012

Kim2014

Study

1.91 (1.51, 2.41)

ES (95% CI)

2.00 (1.37, 2.93)

7.83 (2.00, 30.69)

4.96 (2.57, 9.55)

2.41 (1.30, 4.47)

0.98 (0.65, 1.48)

100.00

Weight

37.78

2.94

12.75

14.33

32.20

%

1.5 1 1.52 2.5

Overall  (I-squared = 79.4%, p = 0.000)

Chlebowski2008

ID

Dimitrakopoulou2017

Scarmo2013
Kim2014

Eliassen2011

Abbas2009

Engel2010

Wang2014

Rejnmark2009
McCullough2009

Agborsangay2010

OBrien2017

Freedman2008

Bertone-Johnson2005

Study

0.99 (0.98, 1.00)

0.96 (0.90, 1.02)

ES (95% CI)

1.05 (0.89, 1.24)

1.00 (0.98, 1.01)
0.98 (0.85, 1.12)

1.14 (0.91, 1.42)

0.96 (0.93, 0.98)

0.85 (0.71, 1.01)

1.11 (1.02, 1.21)

0.95 (0.91, 0.99)
1.01 (0.98, 1.04)

1.17 (1.10, 1.24)

0.84 (0.71, 0.99)

1.11 (0.95, 1.29)

0.91 (0.82, 1.02)

100.00

2.75

Weight

0.38

54.77
0.57

0.22

15.26

0.36

1.54

6.57
12.78

3.08

0.41

0.46

0.87

%

1.5 1 1.5 2 2.5

Fig. 2. AeB 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,
2000e2018.
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Overall  (I-squared = 0.0%, p = 0.632)

Robien2007

ID

McCullough2005

Study

0.97 (0.93, 1.00)

0.97 (0.93, 1.02)

ES (95% CI)

0.95 (0.90, 1.02)

100.00

67.38

Weight

32.62

%

1.5 1 1.5 2 2.5

Overall  (I-squared = 0.0%, p = 0.663)

McCullough2005

Study

ID

OBrien2017

Robien2007

0.98 (0.97, 1.00)

0.97 (0.91, 1.02)

ES (95% CI)

0.99 (0.97, 1.01)

0.98 (0.96, 1.00)

100.00

5.94

%

Weight

43.72

50.33

1.5 1 1.5 2 2.5

A B

Heterogeneity chi-squared =   0.82 (d.f. = 2) p = 0.663
I-squared =   0.0%;   Test of ES=1 : z=   2.29 p = 0.022

Heterogeneity chi-squared =   0.23 (d.f. = 1) p = 0.632
I-squared =   0.0%;   Test of ES=1 : z=   1.88 p = 0.060

Overall  (I-squared = 93.3%, p = 0.000)

OBrien2017

Robien2007

ID

Knight2007

Study

Bidgoli2014

0.97 (0.95, 1.00)

0.89 (0.81, 0.98)

0.97 (0.95, 1.00)

ES (95% CI)

0.68 (0.59, 0.78)

1.11 (1.04, 1.18)

100.00

5.21

78.87

Weight

2.54

%

13.38

1.5 1 1.5 2 2.5

Heterogeneity chi-squared =  44.60 (d.f. = 3) p = 0.000
I-squared =  93.3%

Test of ES=1 : z=   2.23 p = 0.026

C

Fig. 3. AeC Forest plot of odds ratios with 95% CI for the associations of (A) total vitamin D (per 100 IU/d) (B) dietary vitamin D (per 100 IU/d) and (C) supplemental (yes vs. no)
vitamin D with BC, 2000e2018.
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Xiaoli Chen) and mean QS was estimated. A harvest plot was uti-
lized 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 ¼ “inverse association”, 0 ¼ “null association”, 1 ¼ “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 corre-
sponding 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 I error was set at 0.05 for all mea-
sures 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 ¼ 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 sub-
jects, with a Mean ± SD: 10,436 ± 25,426 subjects per study.
Considering the maximum score can be 8.0, the mean QS with SD
was 4.64 ± 1.56 (range:2e8), 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 [4,29e36] or the use of vitamin D ormultivitamin
supplements that contained vitamin D [36e39] The remaining 7
case-control studies (36.8%), however, showed no associations of
BC risk with 25(OH)D levels or vitamin D intake [40e47].

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 II Nutrition Cohort (QS ¼ 8),
McCullough et al. (2005) studied dairy, calcium, and vitamin D
intake and BC risk among 68,567 postmenopausal women aged
50e74 years in the US (QS ¼ 8) [49]. Their results supported the
hypothesis that dietary calcium may modestly reduce the risk of
postmenopausal BC. In the Iowa Women's Health Study of 34,321
postmenopausal women aged 55e69 years with 18 years of follow-
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up (QS ¼ 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 exami-
nation, 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, bodymass 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 be-
tween serum 25(OH)D concentration and BC occurrence
(RRpooled ¼ 0.99, 95% CI: 0.98e1.00, P ¼ 0.17, per 10 ng/mL). While
based on 5 case-control studies (1306 cases matched with 1490
controls), serum 25(OH)D deficiency was shown to have a direct
relationship with the risk of BC (RRpooled ¼ 1.91, 95% CI: 1.51e2.41,
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 a RRpooled ¼ 0.99, 95% CI: 0.97e1.00,
P¼ 0.022, per 100 IU/d. This small inverse associationwas observed
for dietary vitamin D and supplemental vitamin D usage (yes vs.
no), though it attained statistical significance only for supplemental
vitamin D (RRpooled ¼ 0.97, 95% CI: 0.95e1.00, P ¼ 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 Loge (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 ¼ “inverse association”, 0 ¼ “null associa-
tion” and 1 ¼ “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 ¼ 1.91, 95% CI: 1.51e2.41,
p < 0.001). Aweaker inverse associationwas also observed for total
vitamin D intake from foods and supplements (RR ¼ 0.99, 95% CI:
0.97e1.00, P ¼ 0.022, per 100 IU/d) and BC. A similar association
was noted for supplemental vitamin D (yes vs. no). No net associ-
ationwas detected between BC and serum 25(OH)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(OH)2D. Experimental studies indicate that 1,25(OH)
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 in-
terest in relation to many cancers, including BC [57]. The circulatory
levels of the biologically active metabolite 1,25(OH)2D is tightly
regulated. Since circulating 25(OH) is related to 1,25(OH)2D in
breast tissue and circulating 1,25(OH)2D is homeostatically
controlled, circulating 25(OH)D is thought to be potentially rele-
vant to breast carcinogenesis [41]. The final analyses were done on
the selected N¼ 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. 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 pa-
rameters 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 re-
view of the literature is, to our knowledge, one of the few to have
examined a wide range of vitamin D exposures and their relation-
ships 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 pro-
spective cohort studies for dietary and supplemental vitamin D in-
takes. 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 [58e60].

Our review excluded clinical trials on vitamin D and BC pri-
marily 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 po-
wer and/or follow-up time. One recent randomized controlled trial
[61] contributed to the body of the literature, by detecting no as-
sociation 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 limita-
tions. 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,
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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 ac-
counts 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 question-
naires, 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, partic-
ularly dietary exposures, can bias the association between vitamin
D and breast cancer occurrence. Nevertheless, it is likely a bias to-
wards 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 associa-
tion between circulating 25(OH)D and breast cancer risk, whereas
prospectively conducted studies have found no association. Our
review andmeta-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 in-
verse 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 serumvitamin D and the risk of
BC. The clinical relevance of vitamin D deficiencymakes for a strong
case for BC prevention, though the impact of dietary or supple-
mental 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.
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