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ABSTRACT

Epidemiologicalstudies have indicated that blood vitamin D levelsare linked to cancer.Herewe conducteda
dosecresponsemeta-analysisbasedon publishedobservationalstudiesto evaluatethe associationof vitamin D
intake and blood vitamin D levels with breast cancersusceptibility PubMed, EMBASEand Web of Scienc:
databaseswere searchedup to January2019 The pooled odds ratio (OR)and 95%confidenceintervals (Cls
were extractedto estimatethe risk. Weidentified 70 relevant studieson blood vitamin D levels(50 studies)and
vitamin D intake (20 studies) respectively.Linear and nonlinear trend analyseswere performed and showec
that an increasein blood vitamin D levelsby 5 nmol/l was associatedwith a 6% decreasein breast cancerrisk
(OR=0.%4, 95%CI=0.930.96). Smilar results were obtained for premenopausal(OR= 0.9, 95%CI= 0.93¢
0.99) and postmenopausalwomen (OR= 0.96,95%CIl= 0.94¢0.98). The pooled ORof breast cancerrisk for a
400IU/day increasein vitamin D intake was 0.97 (95%Cl = 0.92¢1.02). In conclusion we found that breast
cancerrisk wasinverselyrelated to blood vitamin D levels; however, no significantassociationwas observedin
vitamin D intake.

INTRODUCTION Vitamin D is a steroid derivativeand playsa key rolein
promotng bone growth Epidemiological studies have
shown that low serum vitamin D levelgaslinked to a
higher risk of colon and bladder canceand higher
circulating concenttan of 25(OH)D decreasa the risk

of renal cell carcinomd4i6]. Additionally, an anti

Breast cancer ithe mostcommonform of malignarcy
and the main cause of canceelated death among
women worldwide [1]. Epidemiological studies
revealed thathe incidence of breast cancershzeen

increasing globallysince the end ofthe 1970s [2].
According toa recent study conducted by the American
Cancer Society the most three commlyndiagnosed
cancer in 202 are breast, lung, and colordctancer
Furthemore, breast cancer accounts for 30% oféthe
newly diagnosed cancemassin women[3].

cancer eféct on vitamin D against breast, prostate, and
colorectal cancers have been repof@@dThe review has
clarified that calcitriol, the product of vitamin Dwas
involved in theproliferation, apoptosis, differentiation,
inflammation, invasion, angiogengsand metastasis of
tumor by regulating various signaling pathways, which
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may affect the development and growth of turf&jr
Previousexperimental studshas revealed that the active
metabolite of vitamin D1, 25O0H)D, inhibited breast
cancer progressn and metastasis by inducing apoptosis,
reducing cell growthand angiogenesif9]. Since the
1970s, numerousobservationalstudies have discussed
the relatimship between vitamin D and the risk of breast
cancerf10]; however theresults of individual studies do
not show a similar association. Although recently
published metanalysis and reviewsavefocused on the
relatiorship between blood vitamin D leveénd vitamin

D intake with breast cancer riskL1i 15], the findings
remain controversial. Therefore,based on prospective
cohort and casecontrol studis, we conducted a dese
response metaanalysis to systematically assess the
relationship ofvitamin D intake and vitamin Dlevels
with therisk of breast cancer

RESULTS
Literatu re selectionand study characteristics

The flow chart of the selection of publications from the
existing literature § shown in Figurel. Firstly, 5587
articles weresearchedhroudch the databaseas well as
through hand searcing. Next 1705 articles were
excluded for duplicatian3795 articles wereexcluded
after reading the titles and abstradty the lack of
relevance; l(@irticlesdid not contain the relevant data;
threearticles measuredlood vitamin D levels in pg/ml
or pmol/l; five articles disabled the extraction datand
one articlewas associad with pregnancy.Additional
there are two studies,@Brien et al[16] and Fedirko et al
[17], provide data on blood vitamin Dné@ vitamin D
intake. So we went through the fulltexts of 68 aticles.
Finally, a total of 68 articles that contained 70
observational studies (caseontrol or cohort) were
eligible for the analysis The characteristics of thé8
selected publicationsire summarized in Table 1 and
Supplementary Table 1

For the aseciation of vitamin D intakewith breast
cancer riskthere are 20 relevant studies, including 11
prospective cohort studi¢$6, 18 27] corsising 24040
casesand9 casecontrol studieg17, 28i 35] consisting
11696 cases and BB3 controls. Among thee, nine
studies wergperformedin the US[16, 18 21, 25, 26,
28, 33],sevenin Europe[22i 24, 27, 29, 34, 35], twin
Asia [31, 32] onein Canada30] and onein Mexico
[17]. There were seven stués [17, 18, 21, 22, 24,
31, 32] that provided risk estimatesvhich were
stratified by menopausal status in tk@ studies. The
risk estimates of most of the studies were adjusted for
potential confounders, includinage, body mass index
(BMI), education dvel, and physical activity. The
adjuged confounding factorareshown inTable 1.

We identified50 prospective studies on the association
of bloodvitamin D levels and breast cancer rigke six
cohort studies[36i41] corsisting of 2257 incident
cases and 44 casecontrol studies [16, 17, 42 83]
consisting 29095 cases and53060 controls were
included Among thee, 16studieswere conducted in
the Europd36, 39 40, 43, 44, 47, 5&7], fifteenin the
US[16, 19, 37, 41, 42, 45, 46, 48,198, 82] twelvein
Asia [64i 75], two in Canadd76, 77} one eachin
Austria[78], Mexico [17], and Brazil[79]. In addition,
two studies[80, 81] contained mixed population in
Europe and in the USThe menopausal statusas
categorized aspremenopausal, postmenopausal,
mixed. Overall, ninestudieg[16, 17, 48, 5053, 62, 64]
assessed risk estimates based on participant®
menopausal statusnd twelve studie$43, 50, 57, 59,
65, 68, 71, 72, @79, 83]providedunadjustedesults
The majority ofthe studieswere adjused for potential
confounders includingge, BMI, race, education level
and time at blood collection.

Overall analyses

Vitamin D intake and breast cancer risk

The pooled OR of breast cancer risk for the highest
versus lowest category of vitamin Dtake was 0.94
(95% ClI = 0.881.00), with an evidence of
heterogeneityi> = 57.26, P = 0.000 (Supplementary
Figure 1). No publication bias was found after visual
inspection of the funnel the pldsgpplementary Figure
3). The summary of estimations for casmtol studies
were OR = 0.89, 95% CI = 0.7B.08, 1>=77.0%, P =
0.228, and for cohort studies were OR=0.95, 95% CI =
0.90'1.00, 12 = 16.1%, P = 0.055. Eight caseontrol
studies and seven cohort studies were eligible for the
doseresponse analysis ofdhassoiation of vitamin D
intake and breast cancer rigks shown in Figure 2, the
randomeffects model was used and shovtiedt a 400
IU/day incrementin vitamin D intakehad no significant
effect onoccurrence obreast cancerand thepooled
OR were 0.97 (95% Cl = 0.921 1.2, 1° = 25.6%, P =
0.222) and 0.96 (95% CI = 0.86.07,1>= 64.26, P =
0427) for cohortstudies and caseontrol studies
respectively. Heterogeneity among studies was
statistically significant(l> = 48.1%, P = 0.014). There
existed signitant publication bias according to Begg's
test £ = 0.00) and Egger's testP = 0.007)
(Supplementary Figuré). In sensitivity analysesa
single study had no influence dhe results andthe
stable OR in the overall analysis g&a from 0.91 0.98
(Sumplementary Figure7). We failed to identify a
significant doseesponse relationship between vitamin
D intake and breast cancer risklhen the subgroup
analysis was stratified by menopausal status, study type,
geographial location, and followup years, ta results
were stablpexcept for Asia studies (OR= 0.97, 95%
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Cl = 0.950.99 Table 23 with no significant pooled OR for caseontrol studies was 0.57 (95% CI =
heterogeneity {l= 0.0%, P = 0.472) and studies related 0.480.66; 1> = 89.90, P = 0.000), and for cohort

to premenopuas¢OR = 0.79, 95% CI = 0.64.96, studies was 1.17 (95% CI = 019248;12= 31.6%, P =
Table 9 with a significant heterogeneify? = 56.1%, P 0.192). Overall, 36 caseontrol studies and four cohort
= 0.026) This result suggeststhat highervitamin D studies were eligible for the desesponseanalysis of
intake could reduce the risk of breast cancer intAsia  the association on blood vitamin D levels with breast
women and premenopausamen. cancer risk. Theooled OR for breast cancer rifge a5
nmol/l increase in blood vitamin D levels was 0.H4
Blood vitamin D levels andbreast cancer risk (95% CI=0.930.9%), with a significant heterogeneity

The summary OR of breast cancer for the highest versus among all studies {I= 91.0%, P = 0.000) (Figure 3)
lowest category of blood vitamin D levels was 0.61 The summary ORfor casecontrol studieswas 0.94
(95% ClI = 0.580.70), with an evidence of (95% CI = 0.921 0.%5) andfor cohort studies wa%.01
heterogeneityl> = 89.3%, P = 0.000 (Supplementary (95% CI = 0.96 1.05). Beg Otsest (P = 0.004) and
Figure 2). A significant publication bias was observed EggetesigP = 0.004) showed a significant

through the funnel plotSupplementary Figurd). The publication bias and the fushplot was asymmaetal
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Figure 1 Flowchart of included studies for the metanalysis.
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Table 1. Characteristics of prospective studies includedtlire meta-analysis of vitamin D intake and breast cancer

risk.
Follow-up No. of Vitamin )
Study ) Adjusted )
Author Country period cases/controls D Intake Adjustment factors
type (vear) OR(95%Cl )P
(year) persons (lu/day)?
OO0 Bri e USA Cohort 5 3574 1699/49044 Total 0.90 Age, BMI, race, education, menopausal status
et al,2017 0600 (0.781.05) current birth control use, physical activity, hormol
<200 therapy type, current alcohol use, osteoporosis, t
energy intake, parity, and a BMmenopausal statu
interaction érm
Abbaset al, Europe  Cohort 8.8 50.2 7760/319985  Dietary 1.04 No-fat, naalcohol energy, fat, alcohol consumptic
2013 0218. (0.941.14) weight, height, smoking status, menopausal stat
<74 physicalactivity, age at menarche, education lev
and current use of contraceptives or hormones
Rollison USA Case 19992004 2479 2318/2521 Dietary 1.28 Age
etal, 2012 control 7.0122.5 (1.09-1.5)
vs 308.6
1362.7
Fedirko Mexico Case 20042007 3569 570/638 Dietary 0.69 SES, BMI, alcohol consumption, height,
etal, 2012 control >111.8vs  (0.47 1.00) parity/number of children born alive, age at first fi
065 term pregnancy, family history of breast cancer
breast feeding, use of hormone foenopause,
physical activity index, total energy intake, and
menopausal status
Edvardsen Norway  Cohort 19972007 40-70 844/41758 Total 1.07 Age at entry, BMI, height, menopausal status, H}
etal, 2011 0832 (0.871.32) use,useoforlont raceptives,
0108 breast cancer, frequency of mammography,
combined parity and age at first birth and daily
intake of alcohol.
Kawase Japan Case 20012005 2079 1803/3606 Dietary 0.76 Age, BMI, menopausal status, smoking habit,
etal, 2010 control 266-1400 (0.630.9) drinking habit, physical activity, family history of
vs 80114 breast cancer in a first degree relative, age at
menarcle, parity, hormone use, total nonalcohol
energy, and referral pattern
Anderson Canada Case 20022003 2574 3101/3471 Total 0.99 Age, BMI, education, age at menarche, age at fi
etal, 2010 control 0600 (0.781.26) live birth, parity, menopausal status, smoking,
<100 relative energy intake, breast cancer in first degr
moderateghysical activity, time spent outdoors, to'
calcium ineke, and total vitamin D intake
Leeet al, China Case 20042005 Cases 200/200 Total 0.52 Age, BMI, education, parity, use biRT, total
2010 control 52.5 4281148 (0.251.07) energy intake, sunlight exposureenopausal status
Controls vs 6.8 and homocysteine.
48.9 125.6
Engelet al French  Cohort 104 41.872 2871/67721 Dietary 0.94 BMI, age at menopause, age at menarche, phys
2010 >113 vs (0.86'1.03) activity, parity, use ofnenopausal, use of HRT,
<80 alcohol intake, daily calcium intake, caloiu
supplement, energy intake without alcohol,
university degree, previous family history of brea
cancer, previous personal history of benign brez
disease, previous history of mammogiapxam,
sun burn resistance, menopausal status, and sl
complexion
Goodl-GAPA2Y 12711 I DLb D



Kuper et al, cohort 19912003  30-49 840/41889 Dietary 0.90 BMI, parity, age at first birth, age at menarche, u
2009 (12.9) Q4vsQ1l (0.801.10) of hormonalontraceptives, consumption of alcoh:
Sweden breastfeeding, education, family history ofdast

cancer, physical activityand smoking.

Rossiet al, Italy Case 19911994 2374 2569/2588 Total 0.76 age,parity, ageat menarchestudy centereducation,
2008 control >190.4vs (0.581.00) total energy intakenenopausal statugegetable ah
<60.4 fruit consumption, calciunb-caroteneyitamin E,

flavones,and flavonol intake

Abbaset al, German Case 19921995 2450 278/666 Dietary 0.50 BMI, age at menarche, energy intake, duration
2007 control 0200 (0.260.96)  breast feeding, firstegree family history, number ¢
80 births, nonalcohol, alcohol consumption, and mint

and vitamin supplements

Robienet al, USA Cohort 19862004 50-70 2440/34321 Total 0.90 Age, BMI, smoking status, age at menarche, age
2007 0800 (0.781.04) menopause, first degree relative with breast can
<400 estrogen use, age at first live birth, number of liv

births, education category, activievel, liveon a
farm, mammogram history, and daily energy, fat,
alcohol intake.

Lin et al, USA Cohort 10 55.2 Cases Total Pre 0.65 Age, BMI, randomized treatment agsment,
2007 Pre276Post743 05 4 8 (0.421.00)Post physical activityfamily history of breast cancer in
Persons <162 1.30 first-degree relative, history of benign breast dise:
Pre10578Post20 (0.97-1.73) age at menarche, parity, age at first birth,
909 multivitamin use, smoking status, alcohol

consumption, total engy intake, age at menapse,
and baseline postmenopausal hormone therap

McCullough USA Cohort 19922001 50-74 2855/68567 Total 0.94 Age, energy, history of breast cyst, family history
et al,2005 0700 (0.801.10) breast cancer, heightieight gain since age 18,
0100 alcohol use, race, age at menopause, age at first

and number of live births, education, mammaograj
history, and hormone therapy.
Frazieret al, USA Cohort 19891998  34-51 361/47517  Total 591 0.92 Age, BMI, time period, height, parity and age at fil
2004 vs 159.6 (0.66-1.27) birth, age at menarche, family history of breast
cancer, history of benigrréast disase, menopause
status, alcohol intakenergy, oral contraceptive us
and weight gain since ad8.

Shinet al, USA Cohort 19801996 46.7  Pre827Post2345/ Total Pre0.89 Age, BMI, time period, physical activity, history o
2002 88691 >500vs (0.681.15)Post benign breast disease, family history of breast
0150 0.93 cancerheight, weight change, age at menarche

(0.80:1.08) parity, age at first birth, alcohol intaketal energy

intake, total f at-cardtene

intake, and total active vitamin E intake.

Levi et al, Switzerla Case 19931999 2374 289/442 Total 1.43 Age, BMI, education, parity, menopaus#tus, total
2000 nd control 108000 vs (0.90'2.26) energy intakeand alcohol drinking
56000
Johnet al, USA Cohort 19711992 2574 179/4747 Dietary 0.85 Age, BMI, education, age at menarche, age at
1999 7.3 0200 (0.591.24) menopausedrequency of alcohol consumption,
<100 physical activiy, and calcium intake
Potischman USA Case 19901992 2044 568/1451 Total 0.98 Age at diagnosis, study sitethnicity, combination
et al,1999 control years 0400 (0.81.2) age at first birth and parity, of oral contraceptive L

smoking, educatioand alcohol consumption.

Abbreviations: OR=0dds ratio; Cl=confidence interval, BMI=body mass index (kg/m”2); HRT=hormone replacement therapy;
HT=hormone terapy; POST=postmenopausal; PRE=premenopausal.

a.Vitamin D intake levels in ugég were convertedo 1U/day using the conversion factor, 1ug/d=40I4d

b. The ORs of all studies used the lowest category of vitamin D intake levels as a referenceetathpatyss.
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(Supplementary Figuré). The sensitivity analyses
indicated that the ORs ranged fron®.96 0.97, and
our resultswere statistically stable(Supplementary
Figure 8). 36 eligible caseontrol studies showed an
evidence of a linear association betweélbod
vitamin D levels and breast cancer ridRofinearity =
0.1893) (Figure 4) Subgroup analysis based on
menopausal status (Figures), showed linear
relationship between blood vitamin D levels and
breast cancer risk for premenopausal and
postmenopausal womenPngniineariy = 0.2140 and
Proniinearity =0.4900, respectively).The results of
sulgroup ae presented inTable 3 A 5 nmoll
increase in bloodritamin D correspoded to al6%
decrease in breast cancer riskAsian women.

DISCUSSION

Vitamin D is known to be associated with the risk of
humancances, [7, 8, 84]and vitamin D deficiencyas
beenreported to becorrelated withcolorectal cancer
and prostate cancgB5i 88]. The recent caseontrol
study suggestethat higher serum 25(OHD level was
significantly inversely correlated with melanoma in
Italy population[89]. Nevertheless, thevidenceof the
association of vitamid with breast cancer riskemains
controversial. Lowal[43] shown that low plasma
vitamin D levelswere related to highebreast cancer
risk in the Caucasian population in the United
Kingdom. However, McCullough49] demonstrated
that serum vitamin D levelasnot associaté with the

Study %
ID Vitamin D intake, per 4001U/d OR(95% Cl)  Weight
|
case-control
Rollison (2012) - 1.08 (1.00, 1.16) 12.48
Fedirko (2012) + 0.21(0.04, 1.03) 0.09
Kawase (2010) - 0.90 (0.82,0.98) 11.16
Anderson (2010) - 1.02 (0.90, 1.15) 8.60
Lee (2010) —— 0.78 (0.53,1.14) 1.53
Rossi (2008) — 0.80 (0.47, 1.38) 0.79
Abbas (2007) » ' 0.31(0.09, 1.08) 0.16
Potischman (1999) - 0.99 (0.86, 1.13) 7.55
Subtotal (I-squared = 64.3%, p = 0.006) (T 0.96 (0.86, 1.07) 42.36
[
B |
cohort ;
O'Brien (2017) - 0.95 (0.86, 1.04) 10.90
Edvardsen (2011) -~ 1.02 (0.92, 1.13) 9.72
Engel (2010) —_— 0.69 (0.40, 1.20) 0.78
Robien post (2007) * 0.95(0.90, 1.01) 13.62
Lin pre (2007) e 0.73(0.54,0.98) 2.39
Lin post (2007) = 1.03 (0.86,1.23) 5.15
McCullough post (2005) * 1.01(0.95,1.08) 13.21
Shin pre (2002) + - 0.41(0.14,1.22) 0.20
Shin post (2002) — 0.93 (0.65, 1.34) 1.66

Subtotal (l-squared =25.6%, p=0.216)

Overall (I-squared = 48.1%, p =0.014)

NOTE: Weights are from random effects analysis |

0.97 (0.92, 1.02) 57.64

0.97 (0.92, 1.02) 100.00

5 115

Figure 2.Forest plot of metaanalysis of the association between vitamin D intake increment (per 4001U/d) and breast

cancer risk Abbreviations ORpdds ratio; Cl, confidence interva
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Table 2 Subgroupanalyses of vitamirD intake and breast cancer

Analysis specification No. of studies OR(95% CI) P 2 Heterogeneity o
Highest vs lowest

All studies 20 0.94(0.881.00) 0.063 57.2% 0
Casecontrol 9 0.89(0.731.08) 0.228 770% 0
Cohort 11 0.95(0.901.00) 0.055 16.1% 0.281
Increment of 400 IU/d

All studies 15 0.97(0.2-1.02) 0.201 48.1% 0.014
Casecontrol 8 0.96(0.86-1.07) 0427 64.3% 0.06
Cohort 7 0.97(0.92-1.02) 0.222 25.6% 0.216
Menopausal status

Premenopase 8 0.79(0.64-0.96 0.021 56.1% 0.026
Postmenopausal 8 0.93(0.%-1.02) 0.243 0 0.631
Geographic location

Europe 4 0.83(0.60-1.15) 0.257 48.3% 0.122
America 7 0.99(0.8-1.04) 0.599 47.3% 0.056
Asia 2 0.89(0.82-0.97) 0.008 0 0.472
Follow-up duration

<10 years 9 0.96(0.88-1.05) 0.358 60.9% 0.009
010 years 5 0.95(0.88-1.03) 0.245 32% 0.183
Source vitamin D

Dietary 5 0.90(0.73-1.10) 0.308 78.9% 0.0a0
Dietary+Supplement 10 0.98(0.94-1.01) 0.185 5.3% 0.393
occurrence ofbreast cancer. Therefore, our meta inflammatory and antiproliferation effect in

analysis aimed to explore theorred relationship
between vitamin D and breast cancer risk.

In the current study, we performednsetaanalysisof
70 observationaktudies No significant associationf a
400 IU/day incrementin vitamin D intakeand breast
cancer risk was observeHowever,vitamin D intake
might decrease theisk of breast cancer in Asian and
premenopause women. In additighe result of case
control studiesindicatedthat there was raunderlying
linear relationshipbetween bloodritamin D levelsand
therisk of breast cater, the overall risk decreased by
6% for each 5 nmdlincrease in blooditamin D.

The human bodybtains a relatively small quantity of
vitamin D throughlimited dietary sources; the major
source, however, is endogenous production of vitamin
D. Although the exact mechanism by which vitamin D
is linked to breast cancer risk remains unclear,
experimental studies reported an gnbliferative effect

of 1,25(OH}2D3 on malignant melanoma cells and a
pro-differentiating effects on myeloid leukemia cells
[90]. In addition, the recent experimental study
indicated that 1,25(OHIP3 played a londasting anti

symoviocytes of rheumatoid arthritis and osteoarthritis
[91]. Furthermore, the ability of 1, 25(0O#)3 to indwce
apoptosis and inhibit angiogenesis in cancer cells has
been confirmed9]. The experimentalstudy has also
demonstrated that 1, 25(0ds deficiercy promotes
tumorigenesis by increasing oxidative stress and DNA
damage of malignant cells, and activatiogcogenes
and inactivating tumor suppressor genes, therefore
enhancing cancer cells proliferatifg2].

An anterior metaanalysis [13] showedthat vitamin D
intake exceeding 400lU/day was associated with a 8%
reduction in breast canceésk. However, a pevious meta
analysis[93] including 10prospective studieshowed no
associatiorbetweenvitamin D intake and breastancer
risk. The latest multicenter randomized doublied
placebecontrolled study also does not support the use of
vitamin D supplemeation in premenopausal women for
breast cancer risk reductig®4]. In our metaanalysis of
additional9 studieq16, 17, 28 34], we receivedhe same
conclusion that the pooled OR wtamin D intake400
IU/day increment for breast cancer was(95% Cl =
0.927 1.(2). However,when we stratified by geographical
location, it tended to show rmiddle inverseassociation
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Figure 3.Forest plot of metaanalysis of the association between blood vitamin
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