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Abstract
Objective: The aim of this study was to assess the role of vitamin D in cancer development in postmenopausal

osteoporotic women.
Methods: A cross-sectional and in vitro study was carried out, with statistical analysis with odds ratios and

95% CIs presented. Human estrogen receptorYpositive breast cancer cells (MCF-7) were studied in vitro. The
apoptosis-to-proliferation (A/P) ratio was also determined.

Results: A total of 885 women were included in this study. Any kind of cancer was found in 112 (12.7%) of
all women. Breast cancer was the most prevalent malignancy, representing half of the cases (n = 56, 50%). The
prevalence of any kind of cancer and breast cancer in women with low 25-hydroxyvitamin D3 levels (25OHD;
G50 nmol/L) was higher than in women with high 25OHD levels (Q50 nmol/L). The in vitro study demonstrated
a statistically significant increased A/P ratio of 5.27 (95% CI, 4.054-6.493) with a high concentration of 1>,25-
dihydroxyvitamin D (10 KM) after 96 hours.

Conclusions: Osteoporotic women with low serum levels of 25OHD (G50 nmol/L) have an increased preva-
lence of any kind of cancer and breast cancer; however, these differences are not statistically significant. 1>,25-
dihydroxyvitamin D induced an increased A/P ratio in MCF-7 breast cancer cells in vitro.
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B
reast cancer is the most frequent malignancy in
women in Europe.1 Osteoporosis is a skeletal condi-
tion characterized by low bone mass, resulting in re-

duced bone strength and increased fracture risk. Osteoporosis
and breast cancer are both partially estrogen-dependent enti-
ties, and both disorders have the highest incidence in post-
menopausal women.2 Women with osteoporosis may have a
lower risk for developing breast cancer because of lower
estrogen concentrations during menopause.3<5

Vitamin D plays an important role in bone metabolism
and osteoporosis, as well as in malignant disorders.6 Women
with osteoporosis are known to have lower concentrations of
serum 25-hydroxyvitamin D3 (25OHD).7,8 Vitamin D defi-
ciency is associated with increased breast cancer risk and
decreased breast cancer survival.9<14 A recent meta-analysis by
Chen et al15 offers strong evidence that vitamin D and calcium
have a preventive effect against breast cancer. For this reason,
we presume that osteoporotic women with low 25OHD levels
might be at increased risk for developing breast cancer.

The history of vitamin D goes far back. Phytoplankton and
zooplankton have been producing vitamin D for more than
500 million years.16 Vitamin D is a prohormone that plays an
important role in calcium homeostasis and bone metabolism.7,8

The vitamin D prohormone is incorporated in the body via die-
tary sources and sun exposure (UVB radiation).

The prohormone vitamin D undergoes two steps before it
becomes active. The first conversion takes place in the liver,
where it is converted into 25OHD, the major circulating
metabolite. The second step takes place in the kidney, where
1,25 dihydroxyvitamin D3 (1,25-(OH)2D3), the active hor-
monal form, will be produced.8,17 Vitamin D is known to have
antitumor activity. It inhibits cell proliferation and stimulates
cell differentiation and apoptosis in malignant cell pop-
ulations. By forming a nuclear receptor ligand complex,
vitamin D regulates the expression of target genes such as
p21, p27, c-fos, and c-myc. These genes play an important
role in the regulation of the cell cycle, cell proliferation, and
apoptosis.18<24 On the other hand, some of the vitamin D ef-
fects, for example, its antiproliferative effect, might be vitamin
D receptor independent.25

Based on the hypothesis that women with osteoporosis
may have a reduced prevalence of breast cancer because of
low estrogenic concentration but might have an increased
breast cancer prevalence because of the lower concentration
of serum 25OHD, the objective of the present study was to
assess breast cancer prevalence in relation to 25OHD levels
in osteoporotic women. To answer the research questions,

Received April 2, 2010; revised and accepted July 8, 2010.

From the 1Department of Obstetrics and Gynecology, Medisch Spectrum
Twente Hospital Group, Enschede, the Netherlands; and 2University of
Twente, Enschede, the Netherlands.

Financial disclosure/conflicts of interest: None reported.

Address correspondence to: Henk R. Franke, MD, PhD, Department of
Obstetrics and Gynecology, Medisch Spectrum Twente Hospital Group,
PO Box 50.000, 7500 KA Enschede, the Netherlands. E-mail: hrfranke@
home.nl

Menopause, Vol. 18, No. 3, 2011 319

Copyright © 2011 The North American Menopause Society. Unauthorized reproduction of this article is prohibited.



an epidemiological study and in vitro research were carried
out.26,27

METHODS

Epidemiological study
This retrospective, cross-sectional study included all women

who visited the osteoporosis and fracture policlinic of The
Medical Spectrum Twente Hospital Group between September
2004 and September 2009. All dual-energy x-ray absorpti-
ometry scans were performed with the Hologic Discovery
device in all women. Osteoporosis and osteopenia were de-
fined as a T score of the lumbar spine or femur below j2 or
between j1 and j2 SDs, respectively. Serum 25OHD levels
were measured in all women using the vitamin D3 Elecsys
test of Roche (Basel, Switzerland). The medical histories,
including malignancies, weight, height, physical activity, and
fall risk, of all women were recorded. Women with incom-
plete data were excluded.

Statistical methods
Vitamin D deficiency was defined as a serum 25OHD level

less than 50 nmol/L.28 The prevalences of osteoporosis, os-
teopenia, normal bone density, any kind of malignancy, and
breast cancer were calculated. SPSS 16.0 for Windows was
used for the statistical analysis. Baseline characteristics were
calculated using descriptive statistics. The chi-square test was
used to test for statistical significance between two groups.
P G 0.05 was considered as statistically significant.

In vitro study
Human estrogen receptorYpositive breast cancer cells

(MCF-7; obtained from DSMZ) were grown in a 24-well plate

for 24 hours. 1>,25(OH)2D3 (Roche) in a dose of 100 nM and
10 KM was added and cells were incubated for 24, 48, 72, or
96 hours at 37-C combined with 5% CO2 in a RPMI 1640
medium (Cambrex), supplemented with 10% fetal bovine serum
gold (Cambrex), 100 IU/mL penicillin (Lonza), 100 mg/mL
streptomycin (Lonza), 2mML-glutamin (Lonza), and 0.4Kg/mL
fungizon (Lonza). Individual proliferation and apoptosis (pro-
grammed cell death) values were measured, and the corre-
sponding apoptosis-to-proliferation (A/P) ratio was calculated.
The A/P ratio clearly indicates whether there is cell growth or
cell death. An A/P ratio more than 1 means induction of apo-
ptosis, whereas an A/P ratio less than 1 means stimulation of
proliferation.

Proliferation
Proliferation of the MCF-7 cells was measured with the

CellTiter 96 AQueous One Solution Cell Proliferation Assay
(Promega). After incubation, the cells were washed with
phosphate-buffered saline, and RPMI medium with 2% fetal
bovine serum was added. Then, 60 KL MTS reagents was
added. After 2 hours of incubation, proliferation was measured
with the Tecan Safire-2 plate reader (Tecan).

Apoptosis
Apoptosis of the MCF-7 cells was measured with a DNA

fragmentation assay, according to the Nicoletti method.29,30

Cells were washed with phosphate-buffered saline, detached
with trypsin (Lonza), centrifuged, and fixated in ice-cold
ethanol. Fixated cells were incubated for 10 minutes in the
dark in 1 mL sodium nitrate solution (1 mg/mL) that contained
10 Kg/mL propidium iodide (Sigma). DNA fragmentation was
measured with flow cytometry (FACSCalibur BD).

TABLE 1. Baseline characteristics

Normal Osteopenia Osteoporosis Pnormal-osteopenia Pnormal-osteoporosis Posteopenia-osteoporosis

n 119 263 503
Age, y 62.4 (9.6) 64.5 (10.2) 67.6 (10.1) 0.063 G0.001 G0.001
Weight, kg 81.2 (14.0) 74.3 (12.7) 68.9 (11.4) G0.001 G0.001 G0.001
Height, cm 167.2 (6.5) 164.6 (6.9) 162.8 (6.7) 0.001 G0.001 0.001
Lost height, cm 1.9 (2.1) 2.5 (2.5) 3.1 (3.2) 0.031 G0.001 0.002
Menopause age, y 50.1 (5.6) 48.6 (5.5) 48.5 (5.4) 0.037 0.019 0.696
25-OHD, nmol/L 54.7 (17.3) 54.0 (23.8) 49.6 (22.0) 0.755 0.018 0.012

Values are presented as mean (SD).
25-OHD, 25(OH) vitamin D3.

TABLE 2. ORs and 95% CIs and statistical significance for different entities by vitamin D stratum

25-OHD G50 nmol/L 25-OHD Q50 nmol/L OR 95% CI P

All women, n (%) 449 (100) 436 (100) 1.03 [0.903-1.175] 0.662
Osteoporosis, n (%) 278 (61.9) 225 (51.6) 1.24 [1.039-1.479] 0.018
Osteopenia, n (%) 122 (27.2) 141 (32.3) 0.87 [0.682-1.109] 0.241
Normal, n (%) 49 (10.9) 70 (16.1) 0.7 [0.486-1.008] 0.054
Malignancy, n (%) 60 (13.4) 52 (11.9) 1.15 [0.794-1.666] 0.450
Osteoporosis and malignancy, n (%) 40 (8.9) 26 (6.0) 1.6 [0.976-2.622] 0.085
Breast cancer, n (%) 33 (7.3) 23 (5.3) 1.43 [0.839-2.437] 0.181
Osteoporosis and breast cancer, n (%) 19 (4.2) 11 (2.5) 1.7 [0.809-3.573] 0.144
Osteopenia and malignancy, n 12 (2.7) 18 (4.1) 0.7 [0.337-1.454] 0.273
Osteopenia and breast cancer, n (%) 9 (2.0) 9 (2.1) 1 Y 1.000

The only significant difference is the increased prevalence of osteoporosis in women with low 25-OHD levels compared with women with high 25-OHD levels.
Any malignancy and breast cancer in osteoporotic women demonstrated a trend toward an increased prevalence in women with a low level of 25-OHD.
OR, odds ratio; 25-OHD, 25(OH) vitamin D3.
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Statistical analysis
All experiments with MCF-7 cells were carried out in du-

plicate. The results are expressed as absolute values and/or
as a relative risk compared with untreated samples. From these
results, the A/P ratio was calculated. Of these ratios, the stand-
ard error and 95% CI were calculated. P values were calcu-
lated using the one-sample t test, and statistical significance
was defined as P G 0.05.

RESULTS

Epidemiological data
From September 2004 to September 2009, 1,045 post-

menopausal women visited the osteoporosis and fracture poly-
clinic. All women (n = 885) with complete data concerning
25OHD levels and dual-energy x-ray absorptiometry scan were
included. Table 1 shows the baseline characteristics of the
participating women. Women were divided into three groups:
women with normal bone density (13%), women with osteo-
penia (30%), and women with osteoporosis (57%). The mean
(SD) age of the women in the osteoporosis group was 67.6
(10.1) years. This is significantly higher than that in the two
other groups (P G 0.001). Weight and height were significantly
lower and loss of height was significantly higher in women
diagnosed with osteoporosis compared with the other two
groups.

Of the 885 women included, 449 (51%) had a 25OHD
serum concentration less than 50 nmol/L and 436 (49%) had
a 25OHD serum concentration of 50 nmol/L or higher. Ma-
lignancy was found in 112 women, and 56 (50%) of these
women had breast cancer. Other diagnosed malignancies were
endometrial, cervical, colorectal, ovarian, and bladder cancer
and melanomas (Table 2).

In vitro research
The results of the epidemiological study indicate that vita-

min D plays a role in breast cancer. To further investigate this
effect, in vitro experiments were performed. The results of
these experiments are shown in Fig. 1. After 96 hours of
incubation with a 1>,25(OH)2D3 concentration of 10 KM, the

A/P ratio was 5.27 (95% CI, 4.054-6.493), which is statisti-
cally significant.

DISCUSSION

This cross-sectional study demonstrated that low 25OHD lev-
els (G50 nmol/L), compared with levels greater than 50 nmol/L,
are associated with a statistically significant increased preva-
lence of osteoporosis (P = 0.018). We found a trend supporting
our hypothesis that cancer prevalence in women with low
25OHD levels might be increased (P = 0.085). These results are
in accordance with the results of several ecological, hospital-
based case-control and population-based case-control studies.18

Interestingly, the previous hypothesis coincides exactly with
the findings of our in vitro study. Our in vitro research shows
that vitamin D possesses anticancer activity as well. A time-
and concentration-dependent effect of vitamin D on apoptosis
and proliferation was indeed found. In vivo studies are neces-
sary to obtain information about the pharmacokinetic behavior,
toxicity, and antitumor activity of high levels of 25OHD in
women with breast cancer. At this time, there is already one
such study being conducted in men with prostate cancer.31

CONCLUSIONS

The results of this cross-sectional and in vitro study are in
accordance with the previously documented beneficial effects
of vitamin D on cancer prevalence and tumor biology. We
noticed that osteoporotic women with low 25OHD levels
demonstrate a trend toward increased cancer prevalence.32

However, we could not demonstrate a statistically signifi-
cant effect possibly because the 25OHD levels should be
much higher than 50 nmol/mL, for instance, on the order of
100 nmol/L.13 Therefore, vitamin D supplements might not
only be beneficial for bone health but also lower cancer prev-
alence. Further research is needed to investigate whether
higher dose regimens (in contrast with current low-dose
therapy regimens) of vitamin D could lower cancer preva-
lence in women with osteopenia or osteoporosis. Further elu-
cidation of the exact mechanisms of vitamin D action on tumor
biology is needed as well.

FIG. 1.Apoptosis-to-proliferation ratio of MCF-7 cells incubated with vitamin D for various time periods. Data are represented as mean T SEM.
vit D3, 1>,25[OH]2D3.
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