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Abstract

Purpose—Epidemiologic evidence for an association between plasma 25-hydroxyvitamin D
[25(0OH)D] and breast cancer is inconsistent. Data are especially limited for premenopausal
women and for associations with mammaographic density.

Methods—To test the hypothesis that plasma concentration of 25(OH)D is associated with
mammographic density, we conducted a cross-sectional study among 835 premenopausal women
in the Nurses’ Health Studies. We measured 25(OH)D in blood samples and used multivariable
linear regression to quantify the association of average percent density by quartile of plasma
25(0OH)D. In a nested case-control analysis including 493 breast cancer cases, we evaluated risk of
breast cancer associated with vitamin D status within tertiles of mammographic density.

Results—Women in the top quartile of plasma 25(OH)D levels had an average percent breast
density 5.2 percentage points higher than women in the bottom quartile (95% confidence interval:
1.8, 8.7; P-trend <0.01), after adjusting for predictors of 25(OH)D and established breast cancer
risk factors. Plasma 25(OH)D concentration was significantly inversely associated with breast
cancer risk among women with high mammographic density (odds ratio comparing top to bottom
tertile of 25(OH)D = 0.50; 95% confidence interval= 0.30, 0.83; P-trend <0.01) but not among
women in lower tertiles of mammographic density (P-interaction <0.01).
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Conclusions—These results do not support the hypothesis that vitamin D is inversely associated
with percent mammaographic density in premenopausal women. There was evidence that the
association between premenopausal 25(OH)D and breast cancer risk varies by mammographic
density, with an inverse association apparent only among women with high mammographic
density.
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Introduction

Vitamin D is hypothesized to reduce breast cancer risk but epidemiologic evidence for an
association between serum 25-hydroxyvitamin D [25(OH)D] levels and breast cancer is
inconsistent (1-13) and data are limited for premenopausal women (6-9).

Results from a recent meta-analysis suggested significant reduction in breast cancer risk
associated with increasing 25(OH)D levels based on case-control studies but no association
for prospective studies (14), while other recent meta-analyses of prospective studies
suggested inverse associations of 25(OH)D with breast cancer risk among postmenopausal
women but not premenopausal women (10, 15). Recent analyses in the Nurses’ Health Study
Il also found no significant association between plasma 25(OH)D levels in premenopausal
women and risk of breast cancer (9, 16).

Mammographic density is one of the strongest risk factors for breast cancer, with relative
risks ranging from 4-6 for women in the highest quartile of density vs. lowest (17) in both
pre- and postmenopausal women, and is considered an intermediate marker of risk (17, 18).
A measure of the relative amount of fibroglandular tissue in the breast which appears light
on a mammogram (vs. fat, which appears dark), mammographic density also is associated
with several breast cancer risk factors, including age, menopause, and body size. Because
vitamin D has anti-proliferative and pro-differentiation effects in normal breast tissue (19)
and therefore could have direct or indirect influences on breast tissue composition, we
hypothesized that women with higher plasma 25(OH)D would have lower percent
mammographic density. Prior investigations of this hypothesis have mostly reported null
findings (20-28); however, these studies have been limited by fairly small sample sizes and
few have included premenopausal women (20, 21, 24, 25). Understanding how vitamin D
may influence mammaographic density among premenopausal women may enhance our
understanding of breast cancer etiology. Further, evaluating whether mammographic density
might modify the association between vitamin D levels and breast cancer risk, which has
only been done in a single study of postmenopausal women (23), could inform potential
prevention strategies.
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Methods

Study population

The Nurses’ Health Study (NHS) is a prospective cohort that was established in 1976 and
included 121,701 registered female nurses in the United States, ages 30 to 55 years at
enrollment. Similarly, the NHSII is an ongoing prospective cohort study of 116,430 women
who were ages 25 to 42 at baseline in 1989. Self-administered questionnaires are collected
every two years to update information on diseases and risk factors such as weight, family
history of breast cancer, age at menarche, parity, alcohol consumption, and use of oral
contraceptives. Blood samples were collected from 32,826 women in the NHS during 1989—
1990 (29) and from 29,611 women in the NHSII (30). Samples have been stored in liquid
nitrogen freezers (<-130°C) since collection. Within these subcohorts, nested case-control
studies of breast cancer were established to investigate a wide range of biomarkers as
potential predictors of breast cancer risk, as described previously (1, 9, 30-32). Briefly, we
identified new diagnoses of breast cancer through biennial questionnaires and regular
searches of the National Death Index and confirmed diagnoses through medical record
review. Eligible cases were women who were diagnosed with breast cancer after blood
collection but before June 1, 2004 for NHS or before June 1, 2007 for NHSII and had no
prior history of cancer (except non-melanoma skin cancer). Controls were matched to each
case by age (2 years); menopausal status; month/year of blood collection; time of day of
blood draw (2 hours); and fasting status for both cohorts (1, 9); additional matching criteria
in NHSII included race/ethnicity (African-American, Asian, Hispanic, Caucasian, other) and
luteal day for timed samples (date of next period-date of luteal blood draw, £1 day) (9).

Film-screen mammograms have been collected for women included in the nested case-
control studies. Screening mammograms were obtained as close as possible to the time of
blood collection (median time from blood to mammogram: 5 months; interquartile range: -2
to 22 months, among controls) and we successfully obtained mammograms from
approximately 80% of eligible women. Women from whom we did and did not receive
mammograms were similar with regard to breast cancer risk factors, including body mass
index (BMI), parity and family history of breast cancer (31, 33). We restricted all analyses
to women who were premenopausal at the time of both mammography and blood collection.
We also excluded a single control with missing data on age at first birth and parity. The final
analytic sample consisted of 835 controls (204 from NHS and 631 from NHSII) and 493
cases (194 from NHS and 299 from NHSII).

This study was approved by the institutional review boards of the Harvard School of Public
Health and Brigham and Women’s Hospital. Informed consent was implied by receipt of
completed questionnaires and blood samples.

Mammographic density measurements

To assess mammographic density, the mammogram films for the craniocaudal views of both
breasts were digitized at 261 pm/pixel with a Lumysis 85 laser film scanner, which covers a
range of 0 to 4.0 absorbance. Film screen images were digitized and viewed on the computer
screen and total breast area and total dense area were assessed using Cumulus software (34).
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Percent mammographic density was calculated as absolute dense area divided by total breast
area. All images were read by a single reader; within NHSII, mammograms were read in two
batches approximately three years apart. Although there was high reproducibility within
batch (within-person intraclass correlation coefficients 20.90; (35)), there was evidence of
batch-to-batch variability in density measurements. Therefore, for the larger case-control
dataset within NHSII, we fit multivariable linear regression models to estimate the effect of
mammogram batch on density measurements, adjusting for age, menopausal status, BMI,
and case-control status (36). We then adjusted density measurements in the second batch by
adding the coefficient for mammogram batch to the raw value to estimate the measurements
that would have been obtained if the mammogram had been included in the first batch (33).

We used the average percent density of both breasts for our main analyses as this is more
strongly related to breast cancer risk than absolute density phenotypes (31, 37). However,
recent evidence suggests that absolute dense and non-dense area may be independently
associated with breast cancer risk (35, 38-40), so we also examined these as separate
outcomes in secondary analyses.

Laboratory analyses

Plasma 25(OH)D concentrations were assayed in six batches. Detailed laboratory methods
have been previously described (1, 9). Briefly, we measured plasma 25(OH)D using a high-
affinity protein-binding assay after ethanol extraction (41) (batch 1; 70 cases, 84 controls) or
a radioimmunoassay with radioiodinated tracers after acetonitrile extraction (batches 2-6;
423 cases, 752 controls) (42). The overall coefficients of variation (CVs) from masked
replicate quality control samples included in each batch ranged from 6.0 to 17.6% (9, 43).
To account for batch-to-batch variation in 25(OH)D measurements, we recalibrated levels
from all batches to achieve a distribution comparable to an “average” batch, independent of
age, BMI, menopausal status, case-control status, and season of blood draw, according to
methods outlined by Rosner et al. (36, 43) and similar to the approach described above for
mammographic density measurements.

Statistical analyses

To evaluate the association between 25(OH)D levels and mammographic density, we
conducted a cross-sectional analysis among the 835 controls. Quartile cut points of plasma
25(0OH)D were defined overall and within season of blood draw (i.e., February — April, May
—July, August — October, November — January). We fit multivariable linear regression
models with percent mammographic density as the dependent variable and quartiles of
plasma 25(0OH)D as the independent variable to quantify the relationship between 25(OH)D
and density. In secondary analyses incorporating absolute measures of dense and non-dense
breast area, we applied a square-root transformation to improve normality of these
outcomes. Generalized estimating equations were used to take into account the correlation
between matched controls. Statistical tests for trend were from a Wald test using the median
of each quartile as a continuous variable.

Multivariable models adjusted for cohort (NHS, NHSII), ages at blood collection and
mammography (continuous), race (white, nonwhite), and variables related to blood
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collection including season of blood draw (February — April, May — July, August — October,
November — January), fasting status (>8 hours, < 8 hours), luteal day (<8, =8, untimed
collection), and time of day (12—-4 am, 4-6 am, 6 am-12 pm, 12 pm-12 am). Results from
these models were generally similar to those that adjusted for age alone, so age-adjusted
models are not presented. The final multivariable models included additional adjustment for
age at menarche (<12, 12, 13, >14 years), parity and age at first birth (nulliparous; 1-2
children, <25 years; 1-2 children, 25-29 years; 1-2 children, =30 years; 3+ children, <25
years; 3+ children, =25 years), family history of breast cancer (yes, no), personal history of
biopsy-confirmed benign breast disease (yes, no), alcohol intake (none, <5 g/d, =5 g/d,
missing), and body mass index (BMI) at blood collection (continuous). We also considered
potential confounding by BMI at age 18, physical activity, waist circumference, and waist-
to-hip ratio, and season of mammography but results were not substantially different;
therefore, these variables were not included in final multivariable models. Risk factor
information was based on information from questionnaires completed at the time of blood
collection (i.e., weight) or from biennial questionnaires completed close to the time of blood
collection. A missing indicator category was used to account for missing values in the
categorical covariate alcohol consumption (n=87). Three individuals were missing
information on weight; we assigned these individuals the mean BMI for adjustment in
multivariable models.

We conducted analyses stratified by BMI (<25 vs. 225 kg/m?2) and tested for statistical
interaction by modeling the cross-product terms of continuous BMI and quartile medians of
25(0OH)D (Wald test). We also stratified by season (winter vs. summer months).

To evaluate whether mammographic density modified the association between vitamin D
status and breast cancer risk, among breast cancer cases (n=493) and controls (n=835), we
fit an unconditional logistic regression model, adjusting for the matching factors and
covariates listed above, that incorporated an interaction term for continuous plasma
25(0OH)D and continuous percent mammographic density. We calculated odds ratios and
95% confidence intervals to estimate the relative risk of breast cancer for an “average”
woman (i.e., a woman with the median level of plasma 25(OH)D and median value of
percent mammographic density) according to joint categories of 25(OH)D and
mammographic density tertiles compared with the referent group of lowest tertile of percent
mammographic density/highest tertile of plasma 25(OH)D. Tertiles were defined according
to the distributions among controls. We tested for linear trend of the vitamin D-breast cancer
association by modeling plasma 25(OH)D as a continuous variable within strata of
mammographic density. We used a likelihood ratio test to determine if there was evidence of
a multiplicative interaction between plasma 25(OH)D and mammographic density on breast
cancer risk, comparing a model with an interaction term for continuous measures of
25(0OH)D and mammographic density to a main-effects only model. These models also
included a term for continuous percent mammographic density. We performed secondary
analyses restricting to invasive breast cancers only and estrogen receptor (ER)-positive
tumors only. There were too few ER-negative cases (n=85) for meaningful analysis.

Analyses were conducted with SAS version 9.3 for UNIX (SAS Institute, Cary, NC). All P
values were based on two-sided tests and were considered statistically significant if <0.05.
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All women were premenopausal at blood draw and ranged in age from 32 to 58 years at
blood draw (median age: 45 years among cases and 44 years among controls). Cases were
more likely to have a personal history of benign breast disease or a family history of breast
cancer and had higher average percent mammaographic density than controls (Table 1). As
expected, BMI was inversely related to 25(OH)D concentrations among controls: the age-
adjusted BMI for women in the lowest quartile of 25(OH)D was 26.9 compared to 23.5 for
those in the highest quartile (Table 2). There were some differences in the percentage of
women with a personal history of benign breast disease or a family history of breast cancer
by 25(OH)D status, but no specific trends were apparent. Women in the lowest quartile of
25(0H)D levels were more likely to be nulliparous (20.7%) compared to those with higher
25(0OH)D (11.7-15.0%). Alcohol consumption was higher among women with higher
25(0OH)D concentrations. Age-adjusted average percent mammographic density increased
with increasing 25(OH)D level, from 37.7% in the lowest quartile to 47.6% in the highest
quartile (Table 2).

In initial linear regression models controlling for age, race, season of blood draw and other
variables related to blood collection, there was a significant positive cross-sectional
association between 25(OH)D levels and mammographic density in controls [difference in
average percent mammographic density between top and bottom quartile was 10.9
percentage points (95% CI: 7.0, 14.8; p-trend <0.01)] (Table 3, Model 1). After further
adjustment for BMI, the association was attenuated but remained statistically significant
(Table 3, Model 2). In our final multivariable-adjusted models including blood collection
variables, BMI, age at menarche, parity and age at first birth, family history of breast cancer,
personal history of benign breast disease, and alcohol consumption, women in the top
quartile of 25(OH)D levels had an average percent breast density 5.2 percentage points
higher than women in the bottom quartile (95% confidence interval: 1.8, 8.7; p-trend <0.01)
(Table 3, Model 3). Results were similar when season-specific quartiles of plasma 25(OH)D
levels were considered and when stratified by winter vs. summer months (data not shown).

Because BMI is a strong predictor of both mammaographic density and plasma 25(OH)D
concentration and was observed to be a confounder of the vitamin D-mammographic density
association, we stratified analyses by BMI at blood draw (<25 vs. =25 kg/m?2). Similar
positive associations between 25(0OH)D levels and average percent breast density were
observed within strata of BMI (Table 4) and there was no evidence of effect modification by
BMI (P-interaction = 0.15). In secondary analyses considering the association between
25(0H)D levels and absolute measures of breast density, we observed a significant positive
association for absolute dense breast area and a significant inverse association for absolute
non-dense area, with stronger associations apparent for women with BMI 25 kg/m?
(Supplementary Table).

In the case-control analysis, the association between plasma 25(OH)D and breast cancer risk
varied across category of mammographic density (P-interaction <0.01) (Table 5).
Specifically, an inverse association between plasma 25(OH)D and breast cancer risk was
apparent only among women with high percent mammographic density (P-trend <0.01).

Breast Cancer Res Treat. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bertrand et al.

Page 7

Women in the highest tertile of percent mammographic density and lowest tertile of
25(0OH)D had a >60% increased risk of breast cancer compared to women with low
mammographic density and high 25(OH)D (RR: 1.63; 95% CI: 1.15, 2.33). In contrast, the
association was absent or in the opposite direction for women with lower percent
mammographic density. Of note, there was an apparent reduction in breast cancer risk
among women in the lowest tertiles of mammaographic density and 25(OH)D compared to
those with low mammographic density and high 25(OH)D (RR: 0.60; 95% CI: 0.42, 0.88; P-
trend = 0.11). This finding could have been driven by adiposity, as women with low
25(0OH)D and low mammaographic density tended to have higher BMI compared with other
groups. However, further stratification by BMI revealed similar patterns of association in
lean and overweight/obese women, although sample sizes for joint categories of exposure
were small (data not shown). In sensitivity analyses, results were similar when restricted to
invasive breast cancers only (n=371) and ER-positive tumors only (n=346) (data not
shown).

Discussion

Contrary to our initial hypothesis, we observed a positive associations between plasma
25(0OH)D and percent mammographic density among premenopausal women. Much of the
apparent effect, however, was explained by BMI, which is a strong negative predictor of
mammographic density (44-46) and a strong negative predictor of plasma 25(OH)D (47).
Likewise, Sprague et al. (22) also reported significant positive associations between
25(0OH)D and mammographic density (among postmenopausal women) in age-adjusted
analyses prior to adjustment for BMI. Because BMI is strongly inversely correlated with
breast density (Spearman correlation coefficient: —0.56), it is difficult to disentangle these
effects from observed associations between BMI and plasma 25(OH)D. We adjusted for
BMI continuously in multivariable models and associations were substantially attenuated;
however, residual confounding by adiposity remains a concern. In stratified analyses,
positive associations were apparent for both leaner and heavier women.

The lack of evidence for an inverse association between plasma 25(0OH)D and percent
mammographic density in this study of premenopausal women is generally consistent with
the published literature on this topic. Of eight previous investigations of 25(OH)D and
mammographic density (20-27), five of which included premenopausal women (20, 21, 24,
25, 27), none reported evidence of a statistically significant association overall. However,
two prior studies reported inverse associations between seasonal changes in plasma
25(0OH)D and mammographic density (21, 27). Specifically, Crew et al. observed a
statistically significant inverse association between 25(OH)D and breast density during the
months of July — December only (21), while Brisson et al. incorporated a lag time of about 4
months to reveal a strong negative correlation between 25(OH)D levels and mammographic
density (27). In our analyses, however, we observed positive associations both in summer
and winter months. Knight et al. (25) additionally reported non-significantly higher percent
densities among pre- and postmenopausal women with the highest levels of 25(0OH)D
(reviewed in (28)), while we observed a statistically significant positive association.
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Further, our case-control analysis suggested that the association between vitamin D status
and breast cancer risk may vary by mammographic density. Among women in the highest
tertile of mammographic density, those with lower plasma 25(OH)D levels had significantly
higher risk of breast cancer than those with higher levels. While the associations are smaller
in magnitude, this finding is consistent with our previous report among postmenopausal
women in the NHS (23) and, if confirmed in other populations with prospective data, offers
a possible opportunity for breast cancer risk reduction among women at high risk due to
high mammographic density.

Unexpectedly, we also observed higher risk of breast cancer among women with low
mammographic density and high 25(OH)D levels. This finding could be due to chance or
may reflect residual confounding by BMI, as described above. Indeed, the association was
similar in magnitude to that observed among overweight and obese women in our earlier
analysis of plasma 25(OH)D and breast cancer risk in the NHSII (9). Alternatively, the
positive association observed between 25(OH)D and breast cancer risk among women with
low mammaographic density may reflect the residual positive association between 25(0OH)D
and percent mammographic density that we observed in these data.

There are several important limitations to this study. First, analyses of the vitamin D-
mammographic density association were cross-sectional in nature. We measured 25(OH)D
in a single plasma sample collected close to the time of mammogram. While a single blood
measurement may not accurately reflect long-term vitamin D status, reproducibility of
plasma 25(0OH)D measures in NHSII is fairly good over 2—-3 years (intraclass correlation
coefficient = 0.72) (48). Also, we lacked data to examine change in vitamin D status and
change in mammographic density over time, which may be of etiologic interest. Finally, our
ability to detect an inverse association of vitamin D with mammaographic density at high
levels of plasma 25(OH)D may have been limited because few women had very high
concentrations.

The current study is the largest study of associations between plasma 25(OH)D and
mammographic density in premenopausal women to date; additional strengths of this study
include quantitative assessments of percent and absolute mammographic density from
screening mammograms with high intra-reader reliability and detailed information on
potential confounders, including predictors of breast density and breast cancer risk factors.
Further, we were able to examine the joint effect of 25(OH)D levels and mammaographic
density on breast cancer risk using a prospective nested case-control study design.

Taken together with the existing literature on this topic, these results do not support the
hypothesis that vitamin D is inversely associated with mammographic density in
premenopausal women. While we did not find evidence that higher plasma 25(OH)D levels
are associated with lower percent mammographic density, there was evidence that vitamin D
may modify the effect of mammographic density on breast cancer risk among
premenopausal women, with inverse associations mainly apparent among women with high
mammographic density (i.e., those at higher risk of developing breast cancer), after
adjusting for other established risk factors for breast cancer. These results should be
interpreted with caution, however, due to the possibility of residual confounding by BMI
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and the relatively small sample sizes within joint exposure categories. If confirmed in larger
studies, particularly in studies with prospective data, these findings suggest that increasing
circulating vitamin D concentrations may reduce breast cancer risk among women at high
risk due to high percent mammographic density.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We thank Barbara DeSouza and Divya Prithviraj for their assistance with data collection and analysis. We would
also like to thank the participants and staff of the Nurses Health Studies’ for their valuable contributions as well as
the following state cancer registries for their help: AL, AZ, AR, CA, CO, CT, DE, FL, GA, ID, IL, IN, 1A, KY, LA,
ME, MD, MA, MI, NE, NH, NJ, NY, NC, ND, OH, OK, OR, PA, RI, SC, TN, TX, VA, WA, WY. The authors
assume full responsibility for analyses and interpretation of these data. This work was supported in part by the
Breast Cancer Research Foundation and the National Institutes of Health (CA124865, CA87969, CA49449,
CA67262, CA50385, CA176726, and CA131332). K.A.B. was supported by the Nutritional Epidemiology of
Cancer Training Grant (R25 CA098566) and the Simeon J. Fortin Charitable Foundation, Bank of America, N.A.,
Co-Trustee.

References

1. Bertone-Johnson ER, Chen WY, Holick MF, Hollis BW, Colditz GA, Willett WC, Hankinson SE.
Plasma 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D and risk of breast cancer. Cancer
Epidemiol Biomarkers Prev. 2005; 14(8):1991-1997. [PubMed: 16103450]

2. Freedman DM, Chang SC, Falk RT, Purdue MP, Huang WY, McCarty CA, Hollis BW, Graubard
Bl, Berg CD, Ziegler RG. Serum levels of vitamin D metabolites and breast cancer risk in the
prostate, lung, colorectal, and ovarian cancer screening trial. Cancer Epidemiol Biomarkers Prev.
2008; 17(4):889-894. [PubMed: 18381472]

3. Chlebowski RT, Johnson KC, Kooperberg C, Pettinger M, Wactawski-Wende J, Rohan T, Rossouw
J, Lane D, O’Sullivan MJ, Yasmeen S, Hiatt RA, Shikany JM, Vitolins M, Khandekar J, Hubbell
FA. Calcium plus vitamin D supplementation and the risk of breast cancer. J Natl Cancer Inst. 2008;
100(22):1581-1591. [PubMed: 19001601]

4. Rejnmark L, Tietze A, Vestergaard P, Buhl L, Lehbrink M, Heickendorff L, Mosekilde L. Reduced
prediagnostic 25-hydroxyvitamin D levels in women with breast cancer: a nested case-control
study. Cancer Epidemiol Biomarkers Prev. 2009; 18(10):2655-2660. [PubMed: 19789365]

5. McCullough ML, Stevens VL, Patel R, Jacobs EJ, Bain EB, Horst RL, Gapstur SM, Thun MJ, Calle
EE. Serum 25-hydroxyvitamin D concentrations and postmenopausal breast cancer risk: a nested
case control study in the Cancer Prevention Study-11 Nutrition Cohort. Breast Cancer Res. 2009;
11(4):R64. [PubMed: 19715600]

6. Agborsangaya CB, Surcel HM, Toriola AT, Pukkala E, Parkkila S, Tuohimaa P, Lukanova A,
Lehtinen M. Serum 25-hydroxyvitamin D at pregnancy and risk of breast cancer in a prospective
study. Eur J Cancer. 2010; 46(3):467-470. [PubMed: 20022237]

7. Almquist M, Bondeson AG, Bondeson L, Malm J, Manjer J. Serum levels of vitamin D, PTH and
calcium and breast cancer risk-a prospective nested case-control study. Int J Cancer. 2010; 127(9):
2159-2168. [PubMed: 20112341]

8. Engel P, Fagherazzi G, Boutten A, Dupre T, Mesrine S, Boutron-Ruault MC, Clavel-Chapelon F.
Serum 25(0OH) vitamin D and risk of breast cancer: a nested case-control study from the French
E3N cohort. Cancer Epidemiol Biomarkers Prev. 2010; 19(9):2341-2350. [PubMed: 20826834]

9. Eliassen AH, Spiegelman D, Hollis BW, Horst RL, Willett WC, Hankinson SE. Plasma 25-
hydroxyvitamin D and risk of breast cancer in the Nurses’ Health Study Il. Breast Cancer Res.
2011; 13(3):R50. [PubMed: 21569367]

Breast Cancer Res Treat. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bertrand et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Page 10

Bauer SR, Hankinson SE, Bertone-Johnson ER, Ding EL. Plasma vitamin D levels, menopause,
and risk of breast cancer: dose-response meta-analysis of prospective studies. Medicine
(Baltimore). 2013; 92(3):123-131. [PubMed: 23625163]

Bilinski K, Boyages J. Association between 25-hydroxyvitamin D concentration and breast cancer
risk in an Australian population: an observational case-control study. Breast Cancer Res Treat.
2013; 137(2):599-607. [PubMed: 23239153]

Chen P, Li M, Gu X, Liu Y, Li X, Li C, Wang Y, Xie D, Wang F, Yu C, Li J, Chen X, Chu R, Zhu
J, Ou Z, Wang H. Higher blood 25(OH)D level may reduce the breast cancer risk: evidence from a
Chinese population based case-control study and meta-analysis of the observational studies. PLoS
One. 2013; 8(1):e49312. [PubMed: 23382798]

Kuhn T, Kaaks R, Becker S, Eomois PP, Clavel-Chapelon F, Kvaskoff M, Dossus L, Tjonneland
A, Olsen A, Overvad K, Chang-Claude J, Lukanova A, Buijsse B, Boeing H, Trichopoulou A,
Lagiou P, Bamia C, Masala G, Krogh V, Sacerdote C, Tumino R, Mattiello A, Buckland G,
Sanchez MJ, Menendez V, Chirlaque MD, Barricarte A, Bueno-de-Mesquita HB, van Duijnhoven
FJ, van Gils CH, Bakker MF, Weiderpass E, Skeie G, Brustad M, Andersson A, Sund M,
Wareham N, Khaw KT, Travis RC, Schmidt JA, Rinaldi S, Romieu I, Gallo V, Murphy N, Riboli
E, Linseisen J. Plasma 25-hydroxyvitamin D and the risk of breast cancer in the European
prospective investigation into cancer and nutrition: a nested case-control study. Int J Cancer. 2013;
133(7):1689-1700. [PubMed: 23526380]

Yin L, Grandi N, Raum E, Haug U, Arndt V, Brenner H. Meta-analysis: serum vitamin D and
breast cancer risk. Eur J Cancer. 2010; 46(12):2196-2205. [PubMed: 20456946]

Wang D, Velez de-la-Paz Ol, Zhai JX, Liu DW. Serum 25-hydroxyvitamin D and breast cancer
risk: a meta-analysis of prospective studies. Tumour Biol. 2013; 34(6):3509-3517. [PubMed:
23807676]

Wang J, Eliassen AH, Spiegelman D, Willett WC, Hankinson SE. Plasma free 25-hydroxyvitamin
D, vitamin D binding protein, and risk of breast cancer in the Nurses’ Health Study Il. Cancer
Causes Control. 2014; 25(7):819-827. [PubMed: 24748579]

McCormack VA, dos Santos Silva I. Breast density and parenchymal patterns as markers of breast
cancer risk: a meta-analysis. Cancer Epidemiol Biomarkers Prev. 2006; 15(6):1159-1169.
[PubMed: 16775176]

Boyd NF, Martin LJ, Bronskill M, Yaffe MJ, Duric N, Minkin S. Breast tissue composition and
susceptibility to breast cancer. J Natl Cancer Inst. 2010; 102(16):1224-1237. [PubMed: 20616353]

Welsh J. Vitamin D metabolism in mammary gland and breast cancer. Mol Cell Endocrinol. 2011,
347(1-2):55-60. [PubMed: 21669251]

Heo DS, Lee JG, Hwang HR, Lee SY, Cho BM, Kim SS, Jeong DW, Yi YH, Cho YH, Kim YJ.
The association between 25-hydroxyvitamin D and mammographic density in healthy pre- and
postmenopausal women regardless of the menstrual cycle phase: a cross-sectional study. Nutr
Cancer. 2014; 66(1):97-103. [PubMed: 24328856]

Crew KD, Campbell J, Reynolds D, Fulton L, Flom JD, Liao Y, Tehranifar P, Terry MB.
Mammographic density and serum 25-hydroxyvitamin D levels. Nutr Metab (Lond). 2014; 11(1):
18. [PubMed: 24742098]

Sprague BL, Trentham-Dietz A, Gangnon RE, Buist DS, Burnside ES, Aiello Bowles EJ, Stanczyk
FZ, Sisney GS, Skinner HG. The vitamin D pathway and mammographic breast density among
postmenopausal women. Breast Cancer Res Treat. 2012; 131(1):255-265. [PubMed: 21847642]
Green AK, Hankinson SE, Bertone-Johnson ER, Tamimi RM. Mammaographic density, plasma
vitamin D levels and risk of breast cancer in postmenopausal women. Int J Cancer. 2010; 127(3):
667-674. [PubMed: 19960434]

Chai W, Maskarinec G, Cooney RV. Serum 25-hydroxyvitamin D levels and mammographic
density among premenopausal women in a multiethnic population. Eur J Clin Nutr. 2010; 64(6):
652-654. [PubMed: 20216557]

Knight JA, Vachon CM, Vierkant RA, Vieth R, Cerhan JR, Sellers TA. No association between
25-hydroxyvitamin D and mammographic density. Cancer Epidemiol Biomarkers Prev. 2006;
15(10):1988-1992.10.1158/1055-9965.epi-06-0241 [PubMed: 17035410]

Breast Cancer Res Treat. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bertrand et al.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 11

Neuhouser ML, Bernstein L, Hollis BW, Xiao L, Ambs A, Baumgartner K, Baumgartner R,
McTiernan A, Ballard-Barbash R. Serum vitamin D and breast density in breast cancer survivors.
Cancer Epidemiol Biomarkers Prev. 2010; 19(2):412-417. [PubMed: 20086111]

Brisson J, Berube S, Diorio C, Sinotte M, Pollak M, Masse B. Synchronized seasonal variations of
mammographic breast density and plasma 25-hydroxyvitamin d. Cancer Epidemiol Biomarkers
Prev. 2007; 16(5):929-933. [PubMed: 17507618]

Yaghjyan L, Colditz GA, Drake B. Vitamin D and mammographic breast density: a systematic
review. Cancer Causes Control. 2012; 23(1):1-13. [PubMed: 21984232]

Hankinson SE, Willett WC, Manson JE, Hunter DJ, Colditz GA, Stampfer MJ, Longcope C,
Speizer FE. Alcohol, height, and adiposity in relation to estrogen and prolactin levels in
postmenopausal women. J Natl Cancer Inst. 1995; 87(17):1297-1302. [PubMed: 7658481]

Tworoger SS, Sluss P, Hankinson SE. Association between plasma prolactin concentrations and
risk of breast cancer among predominately premenopausal women. Cancer Res. 2006; 66(4):2476—
2482. [PubMed: 16489055]

Tamimi RM, Hankinson SE, Colditz GA, Byrne C. Endogenous sex hormone levels and
mammographic density among postmenopausal women. Cancer Epidemiol Biomarkers Prev.
2005; 14(11 Pt 1):2641-2647. [PubMed: 16284390]

Colditz GA, Hankinson SE. The Nurses’ Health Study: lifestyle and health among women. Nat
Rev Cancer. 2005; 5(5):388-396. [PubMed: 15864280]

Bertrand KA, Eliassen AH, Hankinson SE, Gierach GL, Xu X, Rosner B, Ziegler RG, Tamimi
RM. Urinary estrogens and estrogen metabolites and mammographic density in premenopausal
women. Breast Cancer Res Treat. 2012; 136(1):277-287.10.1007/s10549-012-2240-0 [PubMed:
23053640]

Byng JW, Boyd NF, Little L, Lockwood G, Fishell E, Jong RA, Yaffe MJ. Symmetry of projection
in the quantitative analysis of mammographic images. Eur J Cancer Prev. 1996; 5(5):319-327.
[PubMed: 8972250]

Pettersson A, Hankinson SE, Willett WC, Lagiou P, Trichopoulos D, Tamimi RM. Nondense
mammographic area and risk of breast cancer. Breast Cancer Res. 2011; 13(5):R100. [PubMed:
22017857]

Rosner B, Cook N, Portman R, Daniels S, Falkner B. Determination of blood pressure percentiles
in normal-weight children: some methodological issues. Am J Epidemiol. 2008; 167(6):653-666.
[PubMed: 18230679]

Byrne C, Colditz GA, Willett WC, Speizer FE, Pollak M, Hankinson SE. Plasma insulin-like
growth factor (IGF) I, IGF-binding protein 3, and mammaographic density. Cancer Res. 2000;
60(14):3744-3748. [PubMed: 10919644]

Stone J, Ding J, Warren RM, Duffy SW, Hopper JL. Using mammographic density to predict
breast cancer risk: dense area or percentage dense area. Breast Cancer Res. 2010; 12(6):R97.
[PubMed: 21087468]

Lokate M, Peeters PH, Peelen LM, Haars G, Veldhuis WB, van Gils CH. Mammaographic density
and breast cancer risk: the role of the fat surrounding the fibroglandular tissue. Breast Cancer Res.
2011; 13(5):R103. [PubMed: 22030015]

Pettersson A, Graff RE, Ursin G, Santos Silva ID, McCormack V, Baglietto L, Vachon C, Bakker
MF, Giles GG, Chia KS, Czene K, Eriksson L, Hall P, Hartman M, Warren RM, Hislop G,
Chiarelli AM, Hopper JL, Krishnan K, Li J, Li Q, Pagano I, Rosner BA, Wong CS, Scott C, Stone
J, Maskarinec G, Boyd NF, van Gils CH, Tamimi RM. Mammographic Density Phenotypes and
Risk of Breast Cancer: A Meta-analysis. J Natl Cancer Inst. 2014

Chen TC, Turner AK, Holick MF. Methods for the determination of the circulating concentration
of 25-hydroxyvitamin D. J Nutr Biochem. 1990; 1(6):315-319. [PubMed: 15539221]

Hollis BW. Quantitation of 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D by
radioimmunoassay using radioiodinated tracers. Methods Enzymol. 1997; 282:174-186. [PubMed:
9330287]

Rice MS, Tworoger SS, Rosner BA, Pollak MN, Hankinson SE, Tamimi RM. Insulin-like growth
factor-1, insulin-like growth factor-binding protein-3, growth hormone, and mammographic

Breast Cancer Res Treat. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Bertrand et al.

44,

45.

46.

47.

48.

Page 12

density in the Nurses’ Health Studies. Breast Cancer Res Treat. 2012; 136(3):805-812. [PubMed:
23085768]

Vachon CM, Kuni CC, Anderson K, Anderson VE, Sellers TA. Association of mammographically
defined percent breast density with epidemiologic risk factors for breast cancer (United States).
Cancer Causes Control. 2000; 11(7):653-662. [PubMed: 10977110]

Boyd NF, Lockwood GA, Byng JW, Little LE, Yaffe MJ, Tritchler DL. The relationship of
anthropometric measures to radiological features of the breast in premenopausal women. Br J
Cancer. 1998; 78(9):1233-1238. [PubMed: 9820186]

Samimi G, Colditz GA, Baer HJ, Tamimi RM. Measures of energy balance and mammographic
density in the Nurses’ Health Study. Breast Cancer Res Treat. 2008; 109(1):113-122. [PubMed:
17592770]

McCullough ML, Weinstein SJ, Freedman DM, Helzlsouer K, Flanders WD, Koenig K, Kolonel L,
Laden F, Le Marchand L, Purdue M, Snyder K, Stevens VL, Stolzenberg-Solomon R, Virtamo J,
Yang G, Yu K, Zheng W, Albanes D, Ashby J, Bertrand K, Cai H, Chen Y, Gallicchio L,
Giovannucci E, Jacobs EJ, Hankinson SE, Hartge P, Hartmuller V, Harvey C, Hayes RB, Horst
RL, Shu XO. Correlates of circulating 25-hydroxyvitamin D: Cohort Consortium Vitamin D
Pooling Project of Rarer Cancers. Am J Epidemiol. 2010; 172(1):21-35. [PubMed: 20562191]
Kotsopoulos J, Tworoger SS, Campos H, Chung FL, Clevenger CV, Franke AA, Mantzoros CS,
Ricchiuti V, Willett WC, Hankinson SE, Eliassen AH. Reproducibility of plasma and urine
biomarkers among premenopausal and postmenopausal women from the Nurses’ Health Studies.
Cancer Epidemiol Biomarkers Prev. 2010; 19(4):938-946. [PubMed: 20332276]

Breast Cancer Res Treat. Author manuscript; available in PMC 2016 January 01.



yduasnuel Joyny vd-HIN

1duosnuely Joyny Yd-HIN

1duasnuely Joyny Yd-HIN

Bertrand et al.

Age and age adjusted characteristics at the time of blood draw among cases and controls.

Table 1

Cases(n=493) Controls(n =835)

Age at blood draw, y 45.3 (4.6) 44.4 (4.6)
Age at mammography, y 46.2 (4.4) 45.6 (4.4)
Months between blood draw and mammogram 11.3 (22.8) 13.1 (25.3)
Body mass index, kg/m? 24.7 (4.5) 25.2 (5.4)
Family history of breast cancer, % 12.9 9.4
History of benign breast disease, % 24.9 18.2
Parity and age at first birth

Nulliparous, % 13.3 15.1

Number of children (among parous women) 2.4(0.9) 2.5(0.99)

Age at first birth, y (among parous women) 26.3 (4.2) 26.2 (4.2)
Alcohol consumption, g/day” 4.6(84) 42(72)
Average % mammaographic density 47.6 (20.0) 41.8 (20.1)
Plasma 25(0OH)D, ng/mL 26.5 (9.8) 27.2 (10.3)

Means (SD) or percentages are shown.

*
Alcohol consumption missing for 87 individuals.
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