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Abstract
Studies suggest a protective relationship between Vitamin D and breast cancer risk. Several
studies assessed the association of Vitamin D with mammographic breast density, a known and
strong breast cancer risk factor. Understanding the potential role of Vitamin D in the modification
of breast density might open new avenues in breast cancer prevention. This systematic review
summarizes published studies that investigated the association between Vitamin D and
mammographic breast density and offers suggestions for strategies to advance our scientific
knowledge.
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Introduction
Mammographic breast density is a well-established and very strong predictor of breast
cancer risk [1–4]. Appearance of the breast on the mammogram is a reflection of the amount
of fat, connective, and epithelial tissue in the breast [3]. Light (non-radiolucent) areas on the
mammogram represent the fibrous and glandular tissues (“mammographically dense”),
whereas the dark (radiolucent) areas are primarily fat. Women with 75% or greater percent
density (proportion of the breast that appears dense on the mammogram out of the total
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breast area) are at 4–6 times greater risk of breast cancer compared with women with fatty
breasts [3, 5–7]. On the tissue level, areas with greater breast density were reported to have
greater total nuclear area, a greater proportion of collagen, and a greater area of glandular
structures. Breast density is not a static characteristic and changes over time [8]. Use of
postmenopausal hormones, especially combined therapy, increases breast density. However,
this increase is reversible [9]. Breast density decreases with age, especially during the
menopausal transition and during tamoxifen use [10]. An earlier study has shown a
significant reduction in breast density during 1-year therapy with leuprolide acetate depot,
conjugated estrogen, and medroxy-progesterone acetate [11].

Several studies examined the association between vitamin D and breast cancer risk. An
inverse association between vitamin D intake and the risk of breast cancer was reported in
both pre- and postmenopausal women [12], including large cohort and case–control studies
[13–15]. A recent meta-analysis showed decrease in breast cancer risk for women with high
vitamin D intake compared with those with low intake in a pooled analysis from six cohort
studies (RR = 0.90; 95% CI 0.83–0.98) [12]. The pooled results from five case–control
studies, however, found no significant associations (RR = 0.95; 95% CI 0.69–1.32), which
was attributed to the heterogeneity between the studies [12]. Recently, several studies
investigated the association between serum 25(OH)D levels and breast cancer. A significant
inverse association was reported by a few authors, including the most recent meta-analysis
that included 6,147 cases from 9 studies [16]. The increase in 25(OD)D levels by 20 ng/ml
was associated with breast cancer risk reduction in the pooled analysis of case–control
studies (RR = 0.59, 95% CI 0.48–0.73), but these findings were not confirmed in the pooled
analysis from prospective studies where 25(OH)D levels were measured years before
diagnosis (RR = 0.92, 95% CI 0.82–1.04) [16]. In 2008, the International Agency for
Research on Cancer concluded that the evidence on the association between Vitamin D and
breast cancer was “limited” [17].

The sources of Vitamin D include a limited number of foods and vitamin D-containing
multivitamins and supplements (D2 or D3) and ultraviolet B (UV-B) radiation (D3) [13, 18].
Exposure to UV-B sunlight results in conversion of 7-dehydrocholesterol to previtamin D3
which is subsequently converted into 25-hydroxyvitamin D (25[OH]D) in the liver [13].
25(OH)D is the main circulating form of Vitamin D with a half-life of 2–3 weeks [13].
Renal 1-α hydroxylase controlled by parathyroid hormone (PTH) further converts 25(OH)D
into the active hormone 1,25(OH)2D with a half-life of only about 4 h [13]. 1,25(OH)2D
interacts with its vitamin D receptor (VDR) and regulates the intestinal calcium absorption
and bone homeostasis [13]. Due to the similar 1-α hydroxylase (CYP27B1) in the breast
epithelium (and many other organs), the active form of vitamin D is also produced locally in
the breast from circulating 25(OH)D [13, 19]. In contrast to renal synthesis of active vitamin
D, the local (autocrine) production in the breast is regulated by the concentration of
circulating 25(OH)D3 rather than systemic calcium levels and PTH [13]. The locally
synthesized active form of vitamin D is not released into circulation and is utilized locally in
the breast [13, 19].

Vitamin D has anticarcinogenic properties in in vitro and animal studies [12, 20–25]. Some
of the suggested mechanisms include inhibition of cellular proliferation, induction of
differentiation and apoptosis, and inhibition of angiogenesis in normal and malignant breast
cells [13, 19, 26]. In animal studies, disruption of the vitamin D receptor signaling pathway
resulted in abnormal ductal morphology, increased incidence of premalignant lesions, and
more rapid mammary tumor development [27]. In experimental models, Vitamin D was
reported to inhibit both the synthesis and the biological actions of estrogens [28], stimulators
of breast epithelial, and stromal proliferation [29–37]. It has been suggested that such
inhibition results from the suppression of aromatase responsible for the conversion of
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androgens into active estrogens [28, 38]. In addition, 1,25(OH)2D also down regulates
estrogen receptor [28]. Vitamin D-related signaling is dysregulated in breast tumors due to
decrease in functional VDR, as well as upregulation of 1,25(OH)2D catabolism leading to
decreased levels of active vitamin D [13, 39].

Vitamin D could potentially influence breast density by direct and indirect mechanisms
described above [40]. Vitamin D supplementation might be a potential approach for
changing breast density and subsequently, breast cancer risk. The purpose of this review is
to summarize published studies on associations between Vitamin D and mammographic
breast density and to identify methodological issues that need to be addressed in future
studies to fill the gaps in the existing knowledge.

Literature search
Published studies were identified using the PubMed Central (US National Institutes of
Health [NIH]), BioMed Central, Embase, and Scopus literature search (through Washington
University in St. Louis). We limit this review to studies published before March 30, 2011
that were accessible in full-text format and were published in English. Articles were
searched using the terms “vitamin D and breast density”, “1,25(OH)2D and breast density”,
and “25(OH)D and breast density”. Bibliography of the articles found through electronic
searches helped to identify additional relevant references that were then hand-searched.

Statistical analysis
Mann–Whitney–Wilcoxon rank-sum test was used to combine the results of the studies by
the type of exposure assessment (circulating Vitamin D levels, intake assessment with
FFQs) as well as by menopausal status of participants (premenopausal, postmenopausal)
[41]. In all the comparisons above, we had to exclude studies by Brisson et al. (investigation
of the seasonal variations), Masala et al. (no reported density estimates), and Thompson et
al. (results reported by race/ethnicity, but not for all women combined). The study by Tseng
et al. was included only in one of the comparisons since this study did not report the findings
separately by menopausal status. Premenopausal study participants were essentially the
same in the studies by Diorio et al. and Berube et al., and the differences in breast density at
the extreme Vitamin D levels were in the same direction in both studies; therefore, only one
of the studies [42] was included in the meta-analysis. Significance of the test was assessed at
the 0.05 significance level. All analyses were performed using SAS software (version 9.2,
SAS Institute, Cary, NC).

Results
We identified 15 eligible studies (Fig. 1). However, two of the papers described the findings
from the same study and were considered as one investigation for the purpose of this review.
In Table 1, we summarize the key characteristics of the studies. The earliest study we found
was published in 2000. The majority of the published studies originated in the United States
(64%). Most of the studies (86%) were cross-sectional; two studies were longitudinal. All
studies except one investigated associations in healthy (breast cancer-free) women; one
study examined the association in postmenopausal breast cancer survivors.

Most studies (57%) had a large sample size (>700 participants): the mean number of
participants was 769 (median 756, range 99–1,668) with the total number of 3,739 pre- or
peri- and 5,863 postmenopausal women across all 14 studies. Study populations differed
with respect to women’s menopausal status. Most studies (8 or 57%) included both pre- and
postmenopausal women, 3 studies had only postmenopausal participants, and three studies
focused only on premenopausal women. Among studies with mixed population by
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menopausal status, six have reported the results separately for pre- and postmenopausal
women.

Most of the studies (9 or 64%) have assessed the Vitamin D intake using food frequency
questionnaires, and one study estimated vitamin D intakes from 5-day food diaries. Five
studies measured circulating 25(OH)D; one study has also measured circulating levels of
1,25(OH)2D. All of these studies, except one, reported assay precision (coefficient of
variation) [43].

Nine studies (64%) had predominantly a white population. One study included only
Hispanic women and four other studies had a mixed population with respect to race/
ethnicity. Most of the studies (86%) evaluated breast density as a continuous outcome
(percent breast density) using computerized techniques. Of those, four studies have also
examined the associations with absolute dense area. Two of the studies used categorical
breast density in the analysis (Wolfe’s density categories: combined P2 + DY [dense] and
combined N1 + P1 [non-dense] or BI-RADS breast density classification). Previous studies,
however, found a high agreement between qualitative and quantitative breast density
estimation methods [44–46].

In Table 2, we present for each study the characteristics of study population as well as
vitamin D and breast density assessment methods (see Table 2).

Findings from the previous studies
Diversity of the studies with respect to study populations, vitamin D exposure assessment
and modeling, density estimation, and presentation of the results makes direct comparison
across the studies difficult. Those issues are discussed in details later. Below, we present
findings across the studies related to the association between vitamin D and mammographic
breast density as presented in Supplementary Table 1.

Vitamin D intake and breast density
Five out of nine studies have reported significant inverse associations between Vitamin D
intake and breast density and one study reported a modest positive association. All
significant findings were reported by cross-sectional studies that assessed Vitamin D intake
and most of the findings were limited to premenopausal women.

A small study by Colangelo et al. in 99 Hispanic women from Chicago Breast Health
Project Phase II Pilot Study reported an inverse association between dietary Vitamin D
intake and percent breast density (p = 0.009) [47]. When the analysis was stratified by
menopausal status, the association remained marginally significant in premenopausal
women, but was not significant in postmenopausal women. The difference in mean percent
density between the lowest (<200 IU/d) and highest vitamin D intake from food (≥400 IU/d)
was 12.4% in all women and 15.6% in premenopausal women (Fig. 2). No associations were
found between total Vitamin D intake and breast density. Similarly, an inverse association in
premenopausal Hispanic women from the Women‘s Breast and Bone Density Study was
reported by Thompson et al. (p < 0.01) [48]. An increase in Vitamin D intake of one IU per
1,000 kcal resulted in 6.85% reduction in mean percent breast density.

Tseng et al. reported a marginally significant inverse association between vitamin D intake
and density measured with BI-RADS density classification (odds ratio for third tertile versus
first tertile of Vitamin D intake = 0.5; 95% CI 0.2–1.0) among 86 premenopausal and 71
postmenopausal women participating in the Family Risk Assessment Program (FRAP) at
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Fox Chase Cancer Center in Philadelphia [40]. The results, however, were not reported
separately by menopausal status.

Three of the studies that reported significant inverse associations were conducted among
women receiving screening mammograms at radiology clinics in Quebec City (Canada) [42,
49, 50]. One of the studies measured circulating Vitamin D levels and is described in the
next section. Diorio et al. reported lower percent breast density in 771 premenopausal
women with higher vitamin D intake from either food alone or food and supplements
combined (p = 0.008 and 0.004) [42]. The difference in mean percent density between the
lowest (<100 IU/day) and highest vitamin D intake categories (≥400 IU/day for food intake
or ≥700 IU/day for food and supplements) was 6.6% for food and 11.3% for food and
supplements combined (Fig. 2) [42].

In addition to the study by Diorio et al., investigation by Berube et al. included a slightly
larger number of premenopausal women (n = 777) and 783 postmenopausal participants
[49]. The recruitment period for this study (February 2001–March 2002) overlaps with the
recruitment period for the study by Diorio et al. (February–December 2001); both studies
included essentially the same set of premenopausal women. The study found an inverse
association between total or dietary vitamin D intake and percent breast density among
premenopausal women, but the strength of the association between vitamin D and breast
density was weakened after adjustment for calcium intake. The negative association between
dietary vitamin D intake and breast density tended to be stronger at higher levels of calcium
intake (absolute mean decrease in breast density for increments of 100 IU vitamin D −1.1 at
the calcium intake level 1,106.1–3,130.0 mg/d vs. −0.6 at the calcium intake level 198.1–
725.2 mg/d). No associations were found among postmenopausal women [49].

A modest positive association between Vitamin D from food sources and breast density in
postmenopausal women was reported by Bertone-Johnson in the Mammogram Density
Ancillary Study of the Women’s Health Initiative [51]. Higher density at higher Vitamin D
levels was also reported by a few authors [52, 53], but the difference in percent density at
the extreme levels of Vitamin D was small and not significant [52]. The rest of the studies
did not find significant associations [51–57].

No differences in breast density at the extreme Vitamin D intake levels were found in
combined results across four studies that reported the overall results on association between
breast density and total Vitamin D intake (p = 0.14) [40, 47, 53, 56]. Similarly, no
differences in breast density at the extreme Vitamin D intake levels were found when we
combined results across five studies that reported association between total Vitamin D
intake and breast density in premenopausal women (p = 1.0) [42, 47, 49, 53, 56] as well as
across five studies that reported associations in postmenopausal women (p = 0.61) [47, 49,
51, 53, 56]. However, most studies reported lower density at the higher Vitamin D intake
levels in both pre- and postmenopausal women as well as in all women combined.

Circulating Vitamin D levels and breast density
Only five studies investigated associations between circulating Vitamin D levels and breast
density. All studies were cross-sectional and four of them observed no associations.

The study by Brisson reported correlation between seasonal changes in circulating Vitamin
D levels and corresponding changes in breast density over time [50]. Changes in blood
vitamin D were inversely related to changes in breast density with a lag time of about 4
months [50]. This study from Quebec City used the same set of premenopausal women as
the study by Diorio et al. who were recruited between February and December 2001.
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Knight et al. investigated associations between circulating 25(OH)D levels and breast
density among 133 premenopausal and 354 postmenopausal women in the Minnesota Breast
Cancer Family Study. This study reported higher density in women with the higher
25(OH)D levels as compared to women with lowest concentrations. The difference in mean
percent density between the lowest (≤21.59 ng/mL) and highest 25(OH)D levels (>34.48 ng/
mL) was 2.3% in all women, 3.3% in premenopausal women, and 2.1% in postmenopausal
women (Fig. 2). However, the time between blood sample and mammogram varied (range
1–8 years) and the 25(OH)D concentrations may not have always reflected the level at the
time of the mammogram.

A study by Green et al. within the Nurses’ Health Study cohort included 960
postmenopausal women and found no associations of either 25(OH)D or 1,25(OH)2D with
breast density. The difference in mean percent density between the lowest and highest
quartiles of metabolite was 0.6% for 25(OH)D and 0.3% for 1,25(OH)2D (Fig. 2).

Chai et al. investigated the association of 25(OH)D levels with breast density among 182
premenopausal women from a nutritional trial who were enrolled through mammography
clinics on the island of Oahu (Hawaii). The difference in mean percent density between the
lowest (<54.2 nM) and highest (>85.7 nM) 25(OH)D levels was 4.2% (Fig. 2). Consistent
with more of the studies on Vitamin D intake and density, breast density was higher in
women with lowest circulating Vitamin D levels.

Neuhauser et al. examined the association between 25(OH)D levels and breast density
among 426 postmenopausal breast cancer survivors from the Health, Eating, Activity, and
Lifestyle Study. Breast density of contralateral breast was assessed about 1.5 years after
breast cancer diagnosis, and blood samples were collected 24 months post diagnosis. The
difference in mean percent density between the lowest (<16 ng/mL) and highest (≥32 ng/
mL) 25(OH)D levels was 0.5% (Fig. 2). This study population, however, had a high
prevalence of Vitamin D deficiency (76.8%).

When the results from four studies that measured serum vitamin D levels in postmenopausal
women were combined, we observed no difference in percent density contrasting the
extreme high and low vitamin D levels (p = 0.64). In premenopausal women, only two
studies were available so we did not combine the results.

Discussion
The association of Vitamin D and mammographic breast density remains poorly understood.
We have identified 14 published studies that investigated association between Vitamin D
and breast density. Differences in study designs, including characteristics of the study
population, exposure (Vitamin D) assessment and modeling, and breast density estimation
make comparison of the results across the studies difficult. Below, we discuss some of those
methodological issues, including vitamin D exposure assessment methods, timing of
exposure assessment, associations in pre- and postmenopausal women, and lack of
variability in exposure and outcome.

Vitamin D exposure assessment methods
The vast majority of the studies have estimated Vitamin D intake using a food frequency
questionnaires (FFQ), a method that accurately estimates the dietary vitamin D exposure
[58, 59]. However, Vitamin D levels estimated from FFQ do not account for additional
Vitamin D produced in response to sunlight exposure. Thus, in the studies using FFQ for
exposure assessment, it becomes important to collect additional information on season and
lifestyle factors that might modify total Vitamin D levels and to use those covariates in the
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analysis. In addition, in the studies that assess the total Vitamin D intake from food and
supplements, the detected associations could be confounded by other vitamins and minerals
contained in multivitamins and could reflect a combined effect of those ingredients rather
than the effect of Vitamin D alone. Finally, similar intakes could translate into different
levels of biologically active Vitamin D due to differences in persons’ metabolism, including
genetic polymorphisms, coexisting conditions, for example [60–63].

Measurement of circulating 25(OH)D appears to be the best biomarker reflecting the
Vitamin D levels from different sources that also reflects the long-term Vitamin D exposure
[64]. Controlling for the season of blood draw in the analysis is important to account for
seasonal variation. It is, however, unclear how well the levels of circulating 25(OH)D
translate into local levels of active 1,25(OH)2D in the breast tissue because of the additional
(autocrine) synthesis of 1,25(OH)2D in the breast. Recent advances in application of liquid
chromatography coupled with mass spectrometry for measurement of Vitamin D-related
compounds in biological samples could open new avenues for measurement of Vitamin D
metabolites in the breast tissue samples for epidemiologic studies [65].

Timing of the exposure assessment
The majority of the studies we identified were cross-sectional; however, in all of the studies,
blood draws and mammograms did not occur on the same date. In some studies [52, 55], the
time interval varied substantially (1–8 years). Moreover, sometimes the exposure assessment
took place after the mammogram [52] in a substantial number of participants (27%), and
some authors did not report on the timing of exposure assessment [66]. Most of the studies
accounted for the difference in dates by adjusting the results for the time between the
exposure assessment (blood draw or FFQ) and the mammograms. However, given the
seasonal changes in Vitamin D levels, adjustment for the time interval alone might not be
sufficient and should be supplemented by the adjustment for season to capture the seasonal
variability in Vitamin D exposure.

Menopausal status of study participants
Studies with significant time between exposure and mammograms did not report on whether
there were any women who were premenopausal at the time of the exposure assessment and
became postmenopausal at the time of the mammogram. Some studies suggest that breast
density–associated breast cancer risk is different in pre- and postmenopausal women [67].
Breast density declines around menopause due to the breast tissue involution [2, 68]. This
decrease in density after menopause may not necessarily be reflective of Vitamin D
influences but rather the changes in the tissue architecture. On the other hand, menopause
also represents an important transition in vitamin D requirements that results from the loss
of VDRs due to the decline in estrogen levels and increasing demand for vitamin D [69, 70].
Finally, the underlying biological mechanisms by which Vitamin D may affect breast
density could also be different in pre- and postmenopausal women owing to the differences
in the breast tissue proliferation rates [71, 72] and estrogen synthesis before and after
menopause [38, 73, 74]. Due to these issues, reporting the results separately for pre- and
postmenopausal women becomes important.

In the studies among premenopausal women, it is unclear if the density was estimated in the
same phase of the menstrual cycle. A few authors have reported changes in breast density
during the menstrual cycle [75, 76]. Thus, adjustment for the phase of the menstrual cycle in
premenopausal women or consistent collection of the mammogram data in one phase is
preferable.
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Variability of the exposure and the outcome in the study population
Success in revealing true associations depends on the level of biomarker and its variability
in the study population. As reported by some authors, the levels of Vitamin D in their study
populations were very low [40, 51, 55, 57]. The lack of variation in vitamin D exposure may
prevent detection of an association. Studies that modeled Vitamin D intake as quartile or
tertiles based on the distribution in the study population were able to achieve a more
balanced design with respect to the exposure. In contrast, studies that used pre-defined
categories for Vitamin D levels ended up with a larger proportion of women in the lower
Vitamin D intake categories [42, 47]. Such skewed distribution might have also contributed
to either failure to detect associations or detecting associations by chance.

In a few studies, the mean percent breast density reported for the extreme levels of Vitamin
D was low (<20%), indicating that the study population tended to have more women in the
lowest density categories compared with the general population. Lack of variability in the
outcome may have also contributed to the failure to detect true associations. Stratified
sampling on the degree of density that approximates distribution of density categories in the
general population would improve generalizability of the results.

Other considerations
Several studies have adjusted their estimates to the calcium intake, and some authors
reported different strength of the association between Vitamin D and density in women with
different calcium intake levels. Laboratory studies have also suggested that the effect of
Vitamin D and calcium in the breast might result from its effect on the insulin growth factor
signaling pathway [13, 49]. The effect of Vitamin D on density may be experienced only by
a subgroup of women with certain calcium and/or IGF-I or IGFBP-3 levels [42]. Further
studies are warranted to determine whether adjustment for calcium and IGF-I levels is
essential while reporting the findings on associations between Vitamin D and breast density.

In the study with breast cancer survivors [57], the density was measured in the contralateral
breast. In women diagnosed with breast cancer, the changes in the breast tissue
microenvironment, including Vitamin D signaling pathway, might not necessarily be
restricted to the immediately affected area and could be already present in the distant tissue
in both ipsilateral and contralateral breast, perhaps to a lesser degree. Thus, the findings in
women with a history of breast cancer might not be applicable to healthy (cancer-free)
women.

The cross-sectional nature of the studies limits conclusions about causal relationship
between Vitamin D and breast density. The studies reporting inverse associations had a very
small difference in mean percent breast density between the extremes of vitamin D intake.
Whether this small change in breast density could be sufficient to cause a long-term
decrease in breast cancer risk in unclear. It is also unknown whether the effect of Vitamin D
results in permanent changes in tissue leading to a long-term changes in breast density. In
addition, exposure occurring during the most intensive breast tissue re-modeling and growth,
such as puberty and pregnancy, might have a stronger influence on density changes later in
life. Further studies are warranted to determine causal relationship between the exposure and
density, to investigate long-term effects of Vitamin D on breast density, and to understand
the timing of exposure that might be important for breast cancer prevention.

Conclusions
Whether Vitamin D modifies mammographic breast density remains unclear. Further studies
are warranted to investigate the associations while addressing methodological issues
discussed in this review. More recent advances in laboratory sciences may also result in
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application of modern analytical techniques to the exposure assessment and measurement of
Vitamin D levels directly in the breast tissue, thus allowing investigation of the relationship
between the tissue Vitamin D metabolites and breast density.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Flow diagram of the literature search
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Fig. 2.
Mean percent breast density at the lowest (upper bar) and highest (lower bar) Vitamin D
intake/circulating levels across seven studies
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Table 1

Summary characteristics of the studies on association between Vitamin D and mammographic breast density

Study haracteristic n (%) Sample size range Total sample size
across all studies

Study population

Breast cancer survivors (postmenopausal only)   1 (7%) 426 426

Healthy women 13 (93%) 99–1,668 10,339

  Premenopausal/Perimenopausala 11 (79%) 38–777 3,739

  Postmenopausal* 11 (79%) 61–1,244 5,863

Race/Ethnicity

  Predominantly white   9 (64%) 157–1,668 9,013

  Hispanic   1 (7%) 99 1,471

  Mixed   4 (29%) 182–808 1,653

Study design

  Prospective   2 (14%) 1,161–1,668 2,829

  Cross-sectional 12 (86%) 99–1,560 7,936

Exposure (Vitamin D) assessment

  Food frequency questionnaire   2 (14%) 237–1,668 1,905

  Food frequency questionnaire + supplements   7 (50%) 99–1,560 5,329

  Dietary 5-day recording   1 (7%) 1,161 1,161

  Circulating 25(OH)D levels   5 (36%) 182–960 2,796

  Circulating 1,25(OH)2D levels   1 (7%) 960 960

Breast density assessment approach

  Percent breast density (continuous) 12 (86%) 99–1,560 8,940

  Categorical breast density   2 (14%) 157–1,668 1,825

a
One study did not report the exact number of pre- and postmenopausal women in the study population
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