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Abstract Laboratory studies have demonstrated that
vitamin D has a number of chemopreventive properties,
and that these properties may be mediated or modified by
other molecules in the vitamin D pathway, such as parathyroid hormone (PTH) or calcium. However, there is little
epidemiologic data exploring the effects of vitamin D on
breast cancer risk in the context of these other molecules.
We examined a panel of molecules in the vitamin D
pathway in relation to mammographic breast density, a
marker of breast cancer risk, in the Wisconsin Breast
Density Study. A total of 238 postmenopausal women
(ages 55–70, with no history of postmenopausal hormone
use) were enrolled from mammography clinics in Madison,
Wisconsin. Subjects provided blood samples that were
analyzed for levels of 25-hydroxy vitamin D [25(OH)D],
PTH, insulin-like growth factor-1 (IGF-1), IGF-binding
protein 3 (IGFBP-3), retinol, and calcium. Percent breast
density was measured using Cumulus software. In age-

adjusted analyses there was a positive association between
25(OH)D and percent breast density (P = 0.05; mean
percent density = 11.3% vs. 15.6% for 1st vs. 4th quartile
of 25(OH)D). Breast density was inversely associated with
PTH (P = 0.05; 16.0% vs. 11.4% for Q1 vs. Q4) and
positively associated with the IGF-1:IGFBP-3 molar ratio
(P = 0.02; 11.9% vs. 15.6% for Q1 vs. Q4). However,
these associations were all null after further adjustment for
body mass index (BMI; P [ 0.25). The independent relation between 25(OH)D and breast density remained null
among subgroups defined by BMI and serum levels of
retinol, calcium, and estradiol. These results suggest no
strong independent associations between the circulating
molecules of the vitamin D pathway and mammographic
breast density in postmenopausal women. While it remains
possible that vitamin D could influence breast cancer risk,
our results suggest that such an effect would be mediated
through pathways other than breast density.
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Introduction
Despite abundant laboratory evidence that vitamin D has
chemopreventive properties in relation to breast carcinogenesis [1], the impact of circulating levels of vitamin D on
breast tissue and breast cancer risk in humans is unclear. In
the Nurses Health Study [2] and the French E3N Cohort [3],
women with elevated circulating levels of vitamin D had an
approximately 25% reduced risk of developing breast cancer. However, no associations between vitamin D and breast
cancer risk were observed in other large cohorts [4, 5] or in
the Women’s Health Initiative randomized trial of 400 IU
vitamin D/1000 mg calcium supplementation [6].
Inconsistency among animal and human studies could
potentially be caused by the complex interactions of vitamin D with other circulating molecules involved in its
regulatory pathway (Fig. 1) [7]. Some of these molecules,
such as calcium, parathyroid hormone (PTH), and insulinlike growth factor-1, may also have direct effects on breast
cancer cell proliferation and breast cancer risk [8–10].
Other molecules, such as retinol (vitamin A), may antagonize vitamin D’s actions through competing signaling
pathways within the cell [11].
Mammographic density refers to the radiologic appearance of breast tissue on a mammogram, and is determined
by the relative amounts of radiodense epithelial/stromal
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tissue and radiolucent fat tissue. Given the strong association of breast density with breast cancer risk and the fact
that breast density is sensitive to known breast cancer risk
factors [12], breast density is an attractive marker for
evaluating the influence of vitamin D on breast tissue. Few
previous studies have examined the relation between circulating vitamin D and breast density [13–17]. None of
these studies evaluated vitamin D in the context of the
interacting molecules which may modify vitamin D’s
effects on breast tissue.
We have examined the relation between vitamin D and
mammographic breast density in the Wisconsin Breast
Density Study, a cross-sectional study of postmenopausal
women aged 55–70 years receiving a screening mammogram. We also evaluated the association between other
molecules in the vitamin D pathway and breast density, and
examined the potential modifying effect of these molecules
on the relation between vitamin D and breast density.

Materials and methods
Study population
This study was approved by the University of Wisconsin
Health Sciences Institutional Review Board. All subjects
provided written informed consent. Details of the study
population and recruitment methods have been previously
described [18]. Eligibility was limited to postmenopausal
women, aged 55–70 years, receiving a screening mammogram at the UW Health West Clinic or UW Health
Breast Center in Madison, Wisconsin. Women who
reported having no menstrual cycles within the past
12 months were considered postmenopausal. Exclusion
criteria included a previous diagnosis of breast cancer,
breast implants, or having ever used postmenopausal hormone therapy. Over the course of 1 year (June 2008–July
2009), 268 subjects were recruited into the study.
Data collection
All subjects completed a questionnaire, provided a blood
sample, and permitted access to their screening mammogram for the assessment of mammographic breast density.
Questionnaire

Fig. 1 Hypothesized pathways by which Vitamin D may influence
breast carcinogenesis.
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The questionnaire included items known or suspected to be
associated with breast cancer or mammographic density,
including age, height, weight, age at menarche, age at first
pregnancy, parity, age at menopause, first degree family
history of breast cancer, alcohol consumption, physical
activity, smoking, and education level. All subjects were
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asked if they were currently taking any vitamins or supplements, and if so, to name them.
Blood analyses
A single blood draw was obtained from each subject at the
time of her mammogram. Serum was aliquoted in 2 ml
vials and immediately frozen at -70°C. Quantification of
25(OH)D, IGF-1, and IGFBP-3 was performed at the
Reproductive Endocrine Research Laboratory at the University of Southern California, using previously described
techniques [19, 20]. 25(OH)D was measured using a
commercial 125I-based radioimmunoassay (RIA) kit
(DiaSorin, Stillwater, MN), with a preliminary organic
solvent extraction step. Previous studies using the DiaSorin
kit have reported excellent intra-assay and inter-assay
coefficients of variation (CV) of \10% [13, 14]. Additionally, the 125I-based RIA for measuring 25(OH)D has
been validated against gold standard methods based on
high performance liquid chromatography (HPLC; r2 =
0.98) [21] and liquid chromatography tandem mass spectroscopy (LC-MS/MS; r2 = 0.74–0.96) [22, 23]. IGF-1 and
IGFBP-3 were quantified by direct chemiluminescent
immunoassays using the Immulite analyzer (Siemens
Medical Solutions Diagnostics, Malvern, PA). Previous use
of this assay by the Reproductive Endocrine Research
Laboratory demonstrated inter-assay CVs for IGF-1 and
IGFBP-3 of 4.7% and 8.8%, respectively [19].
PTH, calcium, and retinol were analyzed at the University of Wisconsin Carbone Cancer Center’s Analytical
Instrumentation Laboratory for Pharmacokinetics, Pharmacodynamics, and Pharmacogenetics. Intact PTH was
measured by a two-site Enzyme-Linked Immunosorbent
Assay (ELISA; MD Biosciences, St. Paul, MN), which has
previously been shown to have intra-assay and inter-assay
CVs of less than 4% [24, 25]. Calcium was measured by
quantitative colorimetric determination using the QuantiChrom calcium assay kit (Bioassay Systems, Hayward,
CA). Retinol was quantified by HPLC, using the validated
method described by Taibi and Nicotra [26], who reported
intra-assay and inter-assay CVs of less than 3.5%.
Since the effect of vitamin D on breast tissue may also
depend on sex hormone levels, we also examined potential
effect modification by serum estradiol. As previously
described [18], estradiol was measured at the Reproductive
Endocrine Research Laboratory at the University of Southern
California using a validated RIA [27]. Previous use of this
assay by the laboratory has demonstrated a CV of 8.5% [28].
Mammographic density
As previously described [18], all participants underwent
their normally scheduled screening mammogram on either
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a Senographe 2000D (GE Medical Systems) or a Clearview
CSm2 CR (Fujifilm Corporation) machine. Full resolution
lossless digital images of the craniocaudal view of the left
breast were obtained for the quantitative analysis of
mammographic breast density using Cumulus software
[29]. Total breast area and dense area were recorded to
permit the calculation of percent breast density. All density
measurements were performed with high reliability [18] by
the same reader (EJAB), who was blinded with respect to
other study data.
For both types of mammography machines, the pixel
intensity values in the raw mammogram images are automatically processed using a proprietary algorithm to
highlight contrast for more sensitive evaluation by the
radiologist. This processing can introduce non-linear relations between breast tissue density and pixel brightness.
However, the raw digital images are not directly readable
in Cumulus software. For mammograms obtained on GE
machines, software developed by Drs. Martin Yaffe and
Chris Peressotti (University of Toronto) was used to convert the pixel values of the raw digital image to those
expected if the same patient was imaged with a film
screened mammography unit and the film image was digitized. This algorithm makes the raw image suitable for
analysis in Cumulus while preserving the linear relation
between density and pixel brightness (Martin Yaffe, University of Toronto, personal communication, 2008).
The correlation between density measurements on processed and raw GE mammogram images was assessed by a
small sub-study. Percent density was measured on 28 processed GE images and compared with the values obtained
using the converted raw GE image. The intraclass correlation coefficients were 0.872, 0.997, and 0.854 for percent
density, total breast area, and dense area, respectively.
No algorithm was available to convert raw Fuji images
to a form appropriate for density reading by Cumulus
software. Thus, the processed Fuji images were directly
evaluated in Cumulus. The high correlation between breast
density as assessed using the raw and processed GE images
provides reassurance that the processed Fuji images are
suitable for Cumulus analysis.
At the mammography clinics, women were assigned to a
particular machine for imaging based primarily on machine
availability. However, for the comfort of the subjects,
women with larger breasts are imaged on the Fuji machine
when possible. As breast density is inversely related to
body mass index, the density values were on average lower
for Fuji images (mean percent density = 12.4%) compared
with GE images (mean percent density = 18.8%). After
adjustment for body mass index the difference in percent
density between mammogram machines was greatly
attenuated and not statistically significant (15.0% for Fuji
vs. 15.8% for GE; P = 0.67).
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Statistical analyses
Of the 268 women recruited, 20 women refused to consent
to future analyses of their serum and 2 women had insufficient serum for vitamin D analyses. In addition, eight (all
under 60 years old) had estradiol levels greater than 35 pg/
ml, suggesting that they were not truly postmenopausal.
Exclusion of these thirty women left a total of 238 samples
available for analysis. Quantification of PTH, retinol, and
calcium were missing for three women and certain covariate data were missing for a small fraction of subjects (See
Table 1). Multiple imputation was used to impute missing
PTH, retinol, calcium, and covariate data. Ten imputations
were conducted using the Markov Chain Monte Carlo
method [30]. The imputation model contained percent
breast density and all variables listed in Tables 1 and 2. For
statistical analyses, each model was fit separately to the ten
imputed datasets and the results combined for statistical
inferences using the methods of Rubin [31].
Linear regression was used to determine the univariate
association between various questionnaire items of interest
and serum vitamin D levels. Spearman correlation coefficients were computed to describe the association between
serum vitamin D and levels of the other measured
molecules.
Multivariable linear regression was used to assess the
association between the circulating molecules and percent
breast density, while sequentially adjusting for (1) age and
season of blood draw; (2) body mass index; and (3) other
variables which have previously been shown to be associated with density in this study population: parity, family
history of breast cancer, vigorous physical activity, and
pack-years of smoking [18]. Percent density was square
root transformed to improve the normality of the data. An
ordinal term was included in separate regression models to
test for trends across increasing hormone quartile groups.
Adjusted least-squares means of square root density were
calculated according to quartiles of each molecule level
and reverse transformed for display purposes. Tests for
effect modification of the relation between 25(OH)D and
percent breast density by other circulating molecules and
BMI were conducted by including continuous cross-product interaction terms in the regression models. Interactions
were considered statistically significant if P-values associated with cross-product interaction terms were less than
0.05. All analyses were repeated using the square root of
dense area (rather than percent density) as the outcome of
interest. All statistical analyses were performed using SAS
Statistical Software (Version 9; SAS Institute, Inc., Cary,
North Carolina).
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Table 1 Characteristics of study participants (N = 238), Wisconsin
Breast Density Study, 2008–2009
N

%

25(OH)D (ng/ml)
Mean (SD)

Age
55–59

126

52.9

34.2 (9.6)

60–64
65–70

64
48

26.9
20.2

34.5 (9.5)
34.0 (12.4)
Ptrend = 0.95

Body mass index (kg/m2)
\18.5

2

0.8

33.6 (3.4)

18.5–24.9

72

30.3

38.5 (9.5)

25.0–29.9

76

31.9

34.0 (9.2)

C30.0

86

36.1

2

0.8

Missing

31.0 (10.2)
–
Ptrend \ 0.0001

First degree family history of breast cancer
No

182

76.5

Yes

56

23.5

34.0 (9.8)
35.0 (11.3)
Ptrend = 0.52

Age at menarche (years)
B11
12–13
C14

58
137

24.4
57.6

34.1 (10.8)
34.0 (10.1)

43

18.1

35.4 (9.7)
Ptrend = 0.55

Parity
0

59

24.8

35.7 (10.1)

1

30

12.6

31.6 (9.7)

2

84

35.3

34.2 (9.9)

C3

65

27.3

34.4 (10.8)
Ptrend = 0.65

Age at first birth (years)a
\24

69

38.6

33.4 (10.7)

24–29

67

37.4

34.3 (10.5)

C30

43

24.0

33.6 (9.1)
Ptrend = 0.84

Age at menopause (years)
\50
50–54

64
127

26.9
53.4

C55

42

17.7

5

2.1

Missing

33.6 (10.2)
34.2 (10.0)
34.7 (10.3)
–
Ptrend = 0.58

Education
High school

44

18.5

33.4 (10.7)

Some college

54

22.7

31.7 (9.7)

College diploma

71

29.8

35.1 (9.7)

Advanced degree

69

29.0

36.0 (10.4)
Ptrend = 0.05
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Table 1 continued
N

25(OH)D (ng/ml)
Mean (SD)

%

Alcohol consumption (drinks/wk)b
85

35.7

34.4 (10.2)

\5 per week

None

112

47.1

33.7 (10.5)

C5 per week

30

12.6

Missing

11

4.6

35.4 (8.7)
–
Ptrend = 0.88

Vigorous physical activity (hours per week)c
0–1.0

71

29.8

33.2 (9.6)

1.1–4.0
[4.0

82
85

34.5
35.7

34.4 (10.5)
35.0 (10.4)
Ptrend = 0.29

Smoking history (pack-years)
None

144

60.5

1–15

45

18.9

34.3 (9.6)

[15

40

16.8

34.2 (11.2)

9

3.8

Missing

34.6 (10.3)

–
Ptrend = 0.79

Vitamin D supplement use
No

58

24.4

27.7 (8.5)

Yes

180

75.6

36.4 (9.8)
Ptrend \ 0.0001

SD standard deviation
a

Among parous women only

b

Includes beer, wine, and hard liquor

c

Physically vigorous activities that cause large increases in heart rate
or breathing, such as sports activities, climbing stairs, heavy gardening, or lifting/carrying heavy objects

Results
Characteristics of the study population are described in
Table 1. The mean age of participants was 60.7 (standard

deviation, 4.3). Over two-thirds were either overweight
(31.9%) or obese (36.1%). In general, the study population
was highly educated (81.5% had attended college), and
reported low smoking rates (60.5% smoked fewer than 100
cigarettes in their life) and high use of vitamin D supplements (75.6%). In univariate analyses, circulating
25(OH)D levels were inversely associated with BMI and
positively associated with education and supplement use
(Table 1). Established predictors of breast density, such as
age, body mass index, and parity, were inversely associated
with percent breast density in this study as expected (data
not shown; previously described in [18]).
The distributions of the circulating molecules of interest
are described in Table 2. Of the 238 subjects, 15 (6.3%)
had 25(OH)D levels considered deficient (\20 ng/ml), 66
(27.7%) had insufficient levels (between 20–29 ng/ml), and
157 (66.0%) had sufficient levels (C30 ng/ml). There was a
negative correlation between 25(OH)D and PTH levels
(r = -0.22), and positive correlations between 25(OH)D
and IGF-1 (r = 0.20), the IGF-1/IGFBP-3 molar ratio
(r = 0.23), and retinol (r = 0.13). There was little correlation between 25(OH)D and calcium or IGFBP-3 levels.
Vitamin D and IGF-1 were both inversely associated with
body mass index (P \ 0.05). PTH and calcium exhibited
weak correlations (positive and negative, respectively) with
BMI that were of borderline statistical significance.
Mean percent breast density in the study population was
15.3% (standard deviation, 12.5; range 0.4–71.2). After
adjusting for age and season of blood draw, 25(OH)D was
positively associated with percent breast density
(P = 0.05; Table 3). Mean percent density rose from
11.3% among women in the first quartile of 25(OH)D to
15.6% among women in the fourth quartile. There was an
inverse association between PTH and percent density
(P = 0.05), with mean percent density declining from
16.0% among women in the first quartile to 11.4% in the

Table 2 Distribution of circulating molecules in study participants (N = 238), Wisconsin Breast Density Study, 2008–2009
Mean

Standard
deviation

Q1

Median

Q3

Range

Correlationa with
25(OH)D (P-value)

Correlationa with
BMI (P-value)

25(OH)D (ng/ml)

34.3

10.2

27.4

33.3

39.9

6.7, 67.8

PTH (pg/ml)b

41.7

21.1

27.3

37.1

51.3

7.0, 182.4

-0.22 (0.001)

11.3

4.8, 19.5

0.09 (0.19)

-0.11 (0.10)

37.6, 287.0

0.20 (0.002)

-0.18 (0.005)

Calcium (mg/dl)

b

IGF-1 (ng/ml)

10.5
137

2.3
46

9.2
102

10.3
134

161

-0.31 (\0.0001)

IGFBP-3 (lg/ml)

4.28

0.95

3.70

4.24

4.92

2.00, 7.75

0.04 (0.57)

IGF-1/IGFBP-3 molar ratio

0.11

0.03

0.09

0.11

0.13

0.06, 0.20

0.23 (\0.001)

Retinol (ng/ml)b

0.75

0.24

0.59

0.72

0.88

0.31, 2.16

0.13 (0.04)

0.12 (0.06)

0.05 (0.45)
-0.29 (\0.0001)
0.03 (0.62)

Q1 first quartile, Q3 third quartile, BMI body mass index
a

Spearman correlation coefficient

b

Values were missing for 3 subjects
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-0.003

Multivariable-adjustedb

-0.042
-0.063

Multivariable-adjustedb

0.049
0.070

Age, season, and BMI adjusted

Multivariable-adjustedb

b

a

0.009

0.373

0.382

0.430

3.0

3.1

3.3

0.088

0.090

0.102

0.002
0.002

0.002

0.039

0.041

0.045

0.004

0.004

0.005

0.009

0.009

0.05

0.85

0.90

0.99

0.97

0.86

0.02

0.48

0.64

0.69

0.87
0.67

0.15

0.69

0.62

0.93

0.48

0.27

0.05

0.68

0.65

11.3 (9.0, 13.9)

15.8 (13.3, 18.5)

15.3 (12.8, 18.0)

15.0 (12.2, 18.2)

14.4 (12.0, 17.0)

14.1 (11.7, 16.8)

11.9 (9.5, 14.7)

14.3 (11.9, 16.9)

14.2 (11.8, 16.8)

13.7 (11.0, 16.7)

13.6 (11.1, 16.2)
14.2 (11.8, 16.9)

11.9 (9.4, 14.7)

12.7 (10.4, 15.3)

12.8 (10.5, 15.5)

11.7 (9.2, 14.5)

14.9 (12.5, 17.6)

14.9 (12.4, 17.7)

16.0 (13.1, 19.2)

13.6 (11.3, 16.2)

13.7 (11.3, 16.4)

13.5 (10.9, 16.3)

10.4 (8.5, 12.6)

10.7 (8.6, 13.0)

11.0 (8.6, 13.6)

11.6 (9.5, 13.9)

11.4 (9.2, 13.7)

11.3 (8.9, 13.9)

11.6 (9.5, 13.9)

11.5 (9.4, 13.9)

11.7 (9.3, 14.4)

13.2 (11.0, 15.7)
12.6 (10.4, 15.0)

13.3 (10.8, 16.1)

12.5 (10.3, 15.1)

12.6 (10.3, 15.2)

13.1 (10.4, 16.0)

12.3 (10.0, 14.7)

12.8 (10.5, 15.4)

12.2 (9.7, 15.0)

14.3 (11.9, 16.9)

14.0 (11.6, 16.6)

Adjusted for age, body mass index, parity, family history of breast cancer, vigorous physical activity, and smoking

Mean percent density displayed is reverse transformed from model of square root density; quartile cut-points are described in Table 2

SE, standard error; BMI, body mass index.

0.000

Age and season adjusted

Retinol (ng/ml)

-0.1

0.5

Age, season, and BMI adjusted

Multivariable-adjustedb

7.5

Age and season adjusted

IGF-1/IGFBP-3 molar ratio

-0.041

Age, season, and BMI adjusted

0.000
-0.001

Age and season adjusted

IGFBP-3 (lg/ml)

Age, season, and BMI adjusted
Multivariable-adjustedb

Age and season adjusted

0.003

-0.016

Multivariable-adjustedb

IGF-1 (ng/ml)

-0.020

Age, season, and BMI adjusted

Age and season adjusted

0.004

-0.005

Age, season, and BMI adjusted

Calcium (mg/dl)

-0.010

Age and season adjusted

PTH (pg/ml)

-0.004

Multivariable-adjustedb

0.018
-0.004

Q2

12.9 (10.7, 15.4)

13.5 (11.1, 16.1)

14.5 (11.8, 17.5)

12.5 (10.2, 14.9)

13.1 (10.7, 15.6)

13.7 (11.0, 16.6)

13.5 (11.2, 16.1)

13.3 (11.0, 15.9)

14.4 (11.7, 17.5)

11.6 (9.4, 14.1)
11.8 (9.6, 14.2)

11.9 (9.4, 14.7)

13.2 (10.9, 15.8)

13.0 (10.6, 15.5)

13.6 (10.9, 16.6)

12.3 (10.1, 14.7)

12.0 (9.8, 14.5)

12.8 (10.2, 15.6)

11.2 (9.1, 13.5)

11.2 (9.1, 13.6)

12.2 (9.7, 15.0)

Q3

13.4 (11.0, 16.1)

13.0 (10.6, 15.7)

11.9 (9.4, 14.8)

13.9 (11.5, 16.5)

13.9 (11.5, 16.5)

15.6 (12.7, 18.7)

13.0 (10.8, 15.4)

13.3 (11.0, 15.9)

12.5 (10.0, 15.3)

13.8 (11.5, 16.4)
13.7 (11.4, 16.2)

15.1 (12.4, 18.2)

13.7 (11.3, 16.3)

13.8 (11.4, 16.5)

14.0 (11.2, 17.0)

12.8 (10.5, 15.4)

12.5 (10.2, 15.2)

11.4 (8.9, 14.2)

13.3 (11.0, 15.9)

13.4 (11.1, 16.1)

15.6 (12.7, 18.8)

Q4

Q1

P

b coefficient
SE (b)

Mean percent density by molecule quartile (95% Confidence Interval)a

Linear regression of square root percent breast density on molecule
levels

Age, season, and BMI adjusted

Age and season adjusted

25(OH)D (ng/ml)

Hormone

Table 3 The association between circulating molecules and mammographic breast density (N = 238), Wisconsin Breast Density Study, 2008–2009

0.49

0.55

0.44

0.96

0.83

0.04

0.77

0.94

0.90

0.90
0.74

0.11

0.53

0.57

0.25

0.27

0.18

0.05

0.49

0.52

0.07

Ptrend
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fourth quartile. IGF-1 and IFGBP3 were not individually
associated with percent density, yet the molar ratio
between the two was positively associated with percent
density (P = 0.02), which rose from 11.9% among women
in the first quartile to 15.6% among women in the fourth
quartile of the IGF-1:IGFBP-3 molar ratio. Calcium and
retinol were not associated with percent density (P [ 0.9).
Further adjustment for BMI essentially eliminated any
associations between these circulating molecules and percent breast density (Table 3). Additional adjustment for
parity, physical activity, pack-years of smoking, and family
history of breast cancer had little influence on the estimates
of association.
The association between 25(OH)D and percent density
in the fully adjusted models is shown for selected subgroups in Table 4. No statistically significant interactions
were detected between 25(OH)D and any of the other
molecules in Table 3 in their association with percent
breast density in the fully adjusted models (all Pinteraction [ 0.25). While there was a negative association
between 25(OH)D and percent density among women with
high retinol levels, this relation did not reach statistical
significance. There was a significant interaction between
BMI and 25(OH)D (P = 0.05); the association between
25(OH)D and percent density became more strongly negative as BMI increased. However, the relation between
25(OH)D and percent breast density did not reach statistical significance in any particular subgroup defined by
BMI. Since BMI among postmenopausal women is closely
associated with circulating estrogen levels, we also examined the interaction between 25(OH)D and serum estradiol
levels. There was a negative association between 25(OH)D
and percent breast density among women with high (above
the median) estradiol levels, but neither this association nor
the test for interaction was statistically significant.
No statistically significant associations were observed
between the absolute measure of dense area and any of the
molecules of interest in either the age and season adjusted
models or the fully adjusted models (all P [ 0.10).

Discussion
The results of this study indicate that there is a cross-sectional
relation between serum vitamin D and percent breast density
in postmenopausal women, yet this association is eliminated
by adjustment for BMI. We found no evidence that any of the
examined molecules of the vitamin D pathway are independently associated with percent breast density after adjustment
for BMI, and little evidence that they modify the relation
between vitamin D and percent breast density.
These findings add to growing evidence suggesting no
strong relation between vitamin D and mammographic
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breast density in postmenopausal women. A handful of
studies have examined dietary intake of vitamin D in
relation to breast density. With a couple of exceptions [32,
33], the majority of these studies reported null associations
in postmenopausal women [34–38]. In contrast, an inverse
association between dietary intake of vitamin D and breast
density has been more consistently observed among premenopausal women [32, 34, 37, 39]. To our knowledge,
only three previous studies have examined breast density in
relation to circulating vitamin D levels in postmenopausal
women, each of which reported null associations [13, 15,
16]. Inverse [14] and null [17] findings have been reported
in studies of premenopausal women.
To our knowledge, this is the first study to examine
circulating PTH in relation to breast density. PTH can
stimulate the proliferation of quiescent MCF7 breast cancer
cells in vitro [40], and a high percentage of human mammary cancers and hyperplastic mammary epithelial cells
express the PTH receptor [9]. A number of medical record
linkage studies have reported that hyperparathyroidism is a
risk factor for breast cancer [41–43]. However, we found
that there was no independent association between PTH
and percent breast density in our study.
Previous studies have observed a positive association
between circulating IGF-1 levels and breast cancer risk,
though this has largely been limited to premenopausal
women (reviewed in [10]). We observed no independent
associations between breast density and IGF-1, IGFBP-3,
or the IGF-1:IGFBP-3 molar ratio. These results are consistent with previous studies which observed null relations
between breast density and IGF-1, IGFBP-3, and their
molar ratio in postmenopausal women [44–46]. In contrast,
significant associations have been observed in premenopausal women [44–47].
We found no evidence for an influence of either calcium
or retinol on the relation between vitamin D and breast
density. We had also hypothesized that the effect of vitamin D on breast tissue may vary according to sex hormone
levels. For instance, the influence of vitamin D may be
limited in women with high estrogen levels, such as those
who are obese. We observed some suggestion that the
relation between vitamin D and percent breast density
varied according to BMI (Pinteraction = 0.05); the association was positive among women with low BMI and negative among women with high BMI. However, this
association did not reach statistical significance in any
specific BMI category. Direct evaluation of effect modification by serum estradiol did not reveal a strong interaction, though there was the suggestion of an inverse
association between vitamin D and breast density in
women with estradiol levels above the median.
Our results provide further evidence against a strong
relation between the molecules of the vitamin D pathway
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and breast density in postmenopausal women. Interpretation of these results should be balanced by consideration of
the study’s limitations. Measurements of serum molecules
and breast density were made at one single point in time in
this cross-sectional study. The half-life of 25(OH)D in the
blood is only 2–4 weeks [48, 49], thus variation in past
exposure levels are not captured by a single measurement.
The resulting misclassification may attenuate any association between vitamin D and breast density, and we cannot
evaluate the temporality of the relation. However, blood
levels of vitamin D generally remain consistent over time
in individuals. In the Nurses Health Study an intraclass
correlation coefficient of 0.72 was observed for 25(OH)D
measures taken 2–3 years apart among postmenopausal
women [50]. In the general population, moderate correlation (r = 0.5) has been observed at up to 14 years between
measurements [51]. Additionally, very little intra-individual diurnal variation in 25(OH)D levels has been observed
[48, 52].
Breast density was assessed from digital mammograms
using Cumulus software. Cumulus was designed for use on
film images that have been digitized. Use of digital images
may have introduced measurement error which could
obscure a relation between breast density and vitamin D or
other circulating molecules. However, we were able to
detect the expected associations between breast density and
established risk factors, such as age, body mass index, and
parity, suggesting that any measurement error for breast
density was within reasonable limits.
Multiple imputation was used to impute the small
numbers of missing laboratory and covariate data. Sensitivity analyses in which subjects with missing laboratory
values were excluded revealed a negligible impact upon the
results.
While the study was sufficiently powered to detect
clinically relevant differences in breast density, the relatively small sample size of the study limited the power to
detect smaller differences in breast density, and we are
unable to rule out potential interactions between circulating
molecules. Since all women were recruited from UW
Health Clinics in Madison, Wisconsin, the generalizability
of the results is somewhat limited. The limited geographic
range of participants likely restricted the observed variation
in vitamin D exposure. Ethnic diversity in our sample was
minimal, as *97% of subjects reported white race
(reflecting the clinic patient demographics). Additionally,
eligibility was restricted to postmenopausal women, aged
55–70, who had never used postmenopausal hormones.
While this provided an optimal opportunity to detect an
effect of vitamin D on density (i.e., in a low endogenous
hormone background), the impact of vitamin D in premenopausal women or users of postmenopausal hormones
could not be evaluated.
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In summary, we found little evidence to support an
independent association between molecules of the vitamin
D pathway and breast density in postmenopausal Caucasian
women. While it remains possible that vitamin D could
influence breast cancer risk, our results suggest that such an
effect would be mediated through pathways other than
breast density. Continued investigation into the influence of
vitamin D on breast tissue will be needed to understand the
potential mechanisms by which this molecule may reduce
breast cancer risk.
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