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Abstract
An unintended consequence of breast cancer therapies is an increased risk of osteoporosis due to
accelerated bone loss. We conducted a systematic review of calcium and/or vitamin D (Ca±D)
supplementation trials for maintaining bone mineral density (BMD) in women with breast cancer
using the “before-after” data from the Ca±D supplemented comparison group of trials evaluating
the effect of drugs such as bisphosphonates on BMD. Whether Ca±D supplements increase BMD
in women undergoing breast cancer therapy has never been tested against an unsupplemented
control group. However, results from 16 trials indicate that the Ca±D doses tested (500-1500 mg
calcium; 200-1000 IU vitamin D) were inadequate to prevent BMD loss in these women.
Cardiovascular disease is the main cause of mortality in women with breast cancer. Because
calcium supplements may increase cardiovascular disease risk, future trials should evaluate the
safety and efficacy of Ca±D supplementation in women undergoing breast cancer therapy.
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1. Introduction
Osteoporosis is a significant health concern in postmenopausal women, especially women
with breast cancer. Breast cancer therapies that reduce estrogen levels (e.g. oophorectomy,
chemotherapy, aromatase inhibitors (AI)), increase bone resorption without a corresponding
increase in bone formation [1, 2] resulting in loss of bone mineral density (BMD) [1, 3].
Compared to healthy postmenopausal women who may lose ~1% BMD per year, women
with breast cancer lose 2-3 fold more BMD [1] increasing the risk of fractures, including
fractures at an earlier age [4, 5]. Hip and vertebral fractures are associated with significant
declines in function, in health-related quality of life (HRQOL) [5-8], and in higher mortality
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rates [9, 10]. Consequently, management of accelerated bone loss in women with breast
cancer is a pressing oncologic need. We recently reviewed evidence indicating that
500-1000 mg supplemental calcium and 200-500 IU vitamin D/day were ineffective in
preventing loss of BMD in men undergoing androgen deprivation therapy for prostate
cancer [11]. Here we evaluated the effectiveness of supplemental calcium and/or vitamin D
(Ca±D) in preventing bone loss in women undergoing treatment for breast cancer.

2. Calcium and vitamin D intake among women
The dietary reference intakes of nutrients for Americans are established by the Institute of
Medicine (IOM) which recommends a daily intake of 1000 mg and 1200 mg calcium for
women between 19-50 and ≥51 years, respectively. The recommended vitamin D intake for
women <70 and > 70 years is 600 and 800 IU/day [12]. The tolerable Upper Limit [UL], the
level below which a nutrient can be consumed without adverse effects, for calcium in
women between 19-50 years is 2500 mg and is 2000 mg for women ≥51 years. Calcium
intake above the UL may cause constipation, hypercalciuria, hypercalcemia, vascular and
soft tissue calcification and nephrolithiasis. The UL for vitamin D in women ≥ 19 years is
4000 IU/day [12]. Excessive intake of vitamin D may cause higher fall and fracture risk,
hypercalciuria, hypercalcemia, and higher all-cause mortality [13].

Data on the nutritional status of the US population is gathered by the National Health and
Nutrition Examination Survey (NHANES) [14]. Based on the 2003-2006 NHANES, total
calcium intake (diet+supplements) for women between 31-50, 51-70 and ≥70 years was
1055 mg, 1186 mg and 1139 mg respectively [15]. The mean vitamin D intake for women
≥51 years ranged between 156-180 IU/day (3.9-4.5 μg/day), but the estimated total daily
vitamin D intake was 400 IU (10 μg) [15].

3. Calcium Physiology
The adult human body contains approximately 1 kg of calcium, of which more than 99% is
stored in the bone and teeth. Longitudinal studies have shown that calcium intake is a minor
but significant predictor of total bone mass in adults. Data from NHANES indicate that
Caucasian women with low milk intake during childhood and adolescence had low BMD
during adulthood and a higher risk of fracture [16]. Although a protective effect of youthful
calcium intake on fracture risk in adulthood is established, whether there is a protective
effect of calcium intake in adulthood on fracture risk is controversial [17, 18]. Thus, in their
recent review, the US Preventive Services Task Force (USPSTF) concluded that there was
insufficient evidence to assess the risk/benefit ratio for supplementing pre-menopausal
women with ≥ 400 IU vitamin D3 and 1,000 mg calcium for the primary prevention of
fractures. The USPSTF recommended against daily supplementation of ≤ 400 IU vitamin D3
and 1,000 mg of calcium for the primary prevention of fractures in non-institutionalized
postmenopausal women, citing an increased risk of renal stones as a possible harm [19].

Calcium intake, unless extremely low or extremely high, does not influence the levels of
total serum calcium in blood [20]. Serum calcium levels influence vital physiologic
processes such as heart rate and nerve conduction and therefore are under tight physiologic
control. The skeleton is the reservoir for calcium in blood. When levels of ionized calcium
in serum drop below their set point, the calcium-sensing receptor on the parathyroid glands
signals parathyroid cells to manufacture and release parathyroid hormone (PTH) into the
circulation. PTH acts to conserve calcium by driving the conversion of 25-hydroxyvitamin
D (25-OHD) to 1, 25-dihydroxyvitamin D (1,25(OH)2D) in the kidney; reducing calcium
excretion in the urine, and by liberating calcium from the skeleton into the circulation. The
resulting increase in ionized calcium in blood restores calcium balance and inhibits further
release of PTH [21]. Vitamin D deficiency, which is common among many women with
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breast cancer, results in elevated levels of serum PTH (secondary hyperparathyroidism) and
acts to weaken bone [22].

4. Treatment options for breast cancer
Breast cancer is a heterogeneous group of diseases with distinct clinical, morphological and
molecular phenotypes[23]. Its treatment depends upon molecular subtype and hormone
receptor status (e.g., estrogen and/or progesterone receptors)[24]. Hormonal therapies for
premenopausal women include selective estrogen receptor modulators (SERMs) or ovarian
suppression/ablation[24]. Tamoxifen, a SERM, is the standard for premenopausal women
with or without chemotherapy[24]. Ovarian suppression/ablation is accomplished, surgically
or medically[24]. Chemotherapies include anthracyclines (e.g., doxorubicin), alkylating
agents (e.g., cyclophosphamide), antimicrotubule agents (e.g., docetaxel), and targeted
therapies include monoclonal antibody-based tyrosine kinase inhibitors (e.g, bevacizumab).
Some chemotherapies (e.g. anthracyclines) may cause ovarian toxicity leading to premature
menopause [24]. Standard endocrine therapy in postmenopausal women with ER+ breast
cancer includes tamoxifen, tamoxifen followed by AI and/or AI alone [25].

5. Role of estrogen in breast cancer and bone loss
Estradiol (E2) and estrone (E1) are the dominant circulating estrogens before and after
menopause, respectively [26, 27]. The ovaries maintain circulating estrogen levels in
premenopausal women, but as ovarian estrogen synthesis decreases post- menopause,
estrogen is produced peripherally by the aromatization of androgens [28] by cytochrome
P450 aromatase monooxygenase enzymes that are expressed in the ovaries, placenta,
adipose tissue, skin, chondrocytes and osteoblasts [27, 29]. Because osteoclasts are inhibited
by estrogen estrogen deficiency is associated with loss of BMD and increased fracture risk
[27].

Tamoxifen shows both estrogen-agonist and antagonist effects [30, 31]. Premenopausal
women with breast cancer undergoing tamoxifen therapy lose BMD because tamoxifen
antagonizes the activity of estrogen [32]. For example, pre-menopausal women treated with
tamoxifen lost 4.6% BMD at the lumbar spine vs. a gain of 0.6% in the tamoxifen untreated
group [33]. Additionally, ovarian ablation therapies (e.g. LHRH agonists) accelerate bone
loss to 2-3 times the rate observed in healthy postmenopausal women [1]. Aromatase
inhibition prevents the conversion of androgens to estrone, lowering circulating and tissue
estrogen levels and increasing fracture risk [34]. (See Hadji et al. [35] for a review of BMD
loss in premenopausal women undergoing various breast-cancer treatments.)

AIs are more effective than tamoxifen in treating postmenopausal ER+ breast cancer, and
are increasingly being used as first line therapy [36]. However, AIs are associated with a
significant loss of BMD and a higher fracture rate than tamoxifen [37-39]. In the prospective
substudy of the Anastrozole, Tamoxifen, Alone or in Combination (ATAC) trial (n = 308),
median BMD loss at the lumbar spine and hip after 2 years of AI-anastrozole were 4.1% and
3.9% respectively compared to an increase of 2.2% and 1.2% in the tamoxifen treated group
[40]. In the Breast International Group (BIG) 1-98 trial, women treated with the AI letrozole
(n = 2448) had a higher incidence of bone fractures (9.3%) vs. women treated with
tamoxifen (n = 2447; 6.5%) [39].

6. Review of clinical practice guidelines
We reviewed clinical practice guidelines for bone health in women with breast cancer by
searching the websites of professional organizations including the National Comprehensive
Cancer Network (NCCN) [25], the American Society of Clinical Oncology (ASCO) [41],
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and the National Guidelines Clearinghouse [42]. For example, to counter treatment-related
bone loss, the Belgian Bone Club recommends 400-800 IU vitamin D and supplemental
calcium to maintain daily calcium intake between 1200-1500 mg [43]. ASCO [44]
recommends daily intake of 1200 mg calcium and 400-600 IU vitamin D. The European
Society for Clinical and Economical Aspects of Osteoporosis and Osteoarthritis (ESCEO)
recommends calcium intake of at least 1000 mg/day with > 800 IU/day or 10,000 IU/week
of vitamin D [45]. A United Kingdom Expert group [46] recommends ≥ 1000 mg calcium
and 400-800 IU vitamin D for premenopausal women who experience premature menopause
from breast cancer treatment and postmenopausal women with breast cancer who have a T-
score between -1 and -2[46]. The NCCN recommends that younger women at risk for
developing cancer treatment-induced bone loss and women >50 years consume 1200 mg
total calcium and 800-1000 IU vitamin D/day [25]. An international expert group
recommends 1300 mg calcium and 800-2000 IU vitamin D daily for all women undergoing
AI therapy [47].

We also searched the internet informally for recommendations proffered by patient support
organizations using the names of breast cancer support organizations and the terms
“calcium,” “vitamin D,” “breast cancer,” and “recommendations.” Thus, Breastcancer.org
recommends total calcium intake of 1200 mg calcium/day for women > 50 years and 400 IU
vitamin D/day for women 50-70 years and 600 IU for women > 70 years [48]. Living
Beyond Breast Cancer reports common physician recommendations of 1000-1500 mg
calcium and 400-1000 IU vitamin D/day [49]. Neither the Susan G. Komen for the Cure [50]
nor the Young Survival Coalition [51] specified quantities of Ca±D.

7. Clinical trial evidence
We evaluated clinical trial evidence for calcium and vitamin D supplementation in
maintaining skeletal health of women with breast cancer. We searched PUBMED for
publications in English during 1990-2012 using the MeSH terms “clinical trial”, “breast
neoplasm”, “osteoporosis”, “calcium”, “calcium, dietary”, “vitamin D”, “25-hydroxyvitamin
D”. We excluded drug trials (eg. bisphosphonates) that did not include a comparison group
[52, 53] or those that simultaneously gave antiresorptive drugs to women in the comparison
group along with Ca±D[54].

7.1. Calcium and/or vitamin D supplement trials among premenopausal women
We found no trials that evaluated Ca±D supplements vs. no supplements on BMD in
premenopausal women with breast cancer. We retrieved seven trials (see Table 1) that
evaluated antiresportive drugs (e.g., bisphosphonates) on BMD and used the “before-after”
data from the comparison group to assess change in BMD. We excluded one trial due to
small sample size (n=11) [55].

Kim et al.[56] evaluated early vs. delayed zoledronic acid on loss of BMD in women
undergoing adjuvant chemotherapy (n=112). Because none of the participants in the delayed
zoledronic acid group received zoledronic acid during the study period, the “delayed” group
served as our comparison group. All participants received 500 mg calcium and 1000 IU
vitamin D/day. After 12 months, the comparison group lost 7.5%±2.8(SD) BMD at the
lumbar spine and 3.4%±3.3 at the femoral neck. Shapiro et al.[57] studied change in BMD at
the lumbar spine in 439 women with chemotherapy-induced ovarian failure in the CALGB
Trial 79809 with early (within 1-3 months of starting chemotherapy) vs. delayed (12-14
months after chemotherapy) zoledronic acid. Participants were instructed to consume at least
1000 mg calcium and 400 IU vitamin D/day. After 12 months, the delayed group (n=80) lost
6.7% (range -2.9- -9.7%) BMD at the lumbar spine.
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Hershman et al.[58] randomized 113 women with newly-diagnosed non-metastatic breast
cancer scheduled to begin chemotherapy to zoledronic acid or placebo. All participants
received 1000 mg calcium and 400-800 IU vitamin D supplements/day. After 12 months, the
placebo group lost BMD at the lumbar spine (4.39%±0.45(SEM)), femoral neck (1.5%
±0.56) and total hip (2.08%±0.36). Hershman et al.[59] followed this cohort for an
additional 12 months after the last dose of zoledronic acid. Participants received 1000 mg
calcium and 400 IU vitamin D/day. Compared to baseline, the placebo group (n=30)
continued to lose BMD at the lumbar spine (5.4%±0.55(SEM), 6.3%± 0.83), femoral neck
(1.5%±0.61, 2.4%±0.71) and total hip (1.9%±0.66, 2.6%±0.84) after 12 and 24 months,
respectively. Hines et al.[60] evaluated the effect of chemotherapy on BMD with or without
risedronate (n=216). All participants received 600 mg calcium and 400 IU vitamin D and
were randomized to 35 mg risedronate or placebo. Placebo group participants lost 5.4%
BMD at the lumbar spine (95% CI: -6.76 - -3.98), 3.4% (95% CI: -4.43 - -2.28) at the hip,
and 2.4% (95% CI: -5.15 - 0.27) at the femoral neck. Fuleihan et al.[61] randomized 40
women with newly diagnosed non-metastatic breast cancer undergoing chemotherapy to IV
pamidronate in 500 ml dextrose in water or placebo (500 ml dextrose in water). Participants
were advised to take 500 mg calcium and 400 IU vitamin D supplements/day. After 12
months, the placebo group lost 3.2%±5.0(SD) BMD at the lumbar spine and 2.8%±4.0 at the
total hip.

7.2. Calcium and/or vitamin D supplement trials among postmenopausal women
We found no trials comparing Ca±D supplements vs. no supplements in postmenopausal
women. We identified 10 trials with “before-after” data on BMD (see Table 1). In women
scheduled to begin AI therapy, Prieto-Alhambra et al.[62] evaluated vitamin D
supplementation and bone loss in normal or osteopenic women not treated with
bisphosphonates. All women received 1000 mg calcium and 800 IU vitamin D. Women with
baseline vitamin D levels < 30 ng/ml additionally received 16,000 IU vitamin D3 every 2
weeks. After 12 months women lost 0.72% BMD at the hip (95% CI: -1.19 - -0.02), 1.49%
at the femoral neck (95% CI: -2.44 - -0.55) and 1.68% at the lumbar spine (95% CI: -2.20 -
-1.15). After 3 months of supplementation, each 10 ng/ml increase in vitamin D resulted in a
0.5% (95% CI: 0.26-0.75) lower BMD loss at the lumbar spine. Additionally, women with
serum vitamin D levels >40ng/ml had 1.7% (95% CI:0.4-3.0) lower BMD loss at the lumbar
spine. Sergi et al.[63] evaluated the effect of anastrazole (AI) alone or with risedronate on
BMD in 51 women with hormone receptor-positive (HR+) breast cancer. Participants
received 1000 mg calcium carbonate and 800 IU vitamin D/day. After 24 months, the
anastrozole and Ca+D group lost BMD at the lumbar spine (3%), trochanter (4.0%) and the
femoral neck (4.1%). Safra et al.[64] studied the percent change in BMD at the lumbar spine
in 90 women treated with tamoxifen followed by letrozole with or without zoledronic acid.
All women received 1200 mg calcium and 400 IU vitamin D/day. Women receiving
letrozole only lost 5.89% and 6.51% BMD at the lumbar spine after 12 and 24 months of
treatment.

Rastelli et al.[65] evaluated the effects of high dose vitamin D on AI-induced
musculoskeletal symptoms and bone loss in 60 women with HR+ invasive, non-
metastasized breast cancer. Women were stratified based on serum 25-hydroxyvitamin D
levels. Women with 25-OHD between 20-29 ng/ml received 50,000 IU vitamin D2 once a
week for 8 weeks and then monthly, whereas women with 25-OHD between 10-19 ng/ml
received 50,000 IU vitamin D2 once a week for 16 weeks and then monthly for the duration
of the study. After 6 months, the placebo group lost 0.36%±0.75(SEM) BMD at the lumbar
spine and 1.39%±0.66 at the femoral neck, but gained 0.04%±0.63 BMD at the total femur,
whereas women in the vitamin D group gained BMD at the lumbar spine (0.12±0.82) and
femoral neck (0.45±0.72) but lost BMD at the total femoral (-0.005%±0.69).
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Markopoulos et al. [66] evaluated risedronate and BMD change at the hip and lumbar spine
in 213 women with HR+ breast cancer scheduled to receive anastrozole. Women were
randomized to anastrozole alone or with risedronate based on their T-score. All women
received 1000 mg calcium and 400 IU vitamin D supplements/day. After 12 and 24 months,
median BMD loss in the anastrozole only groups with a T-score ≥ -1 was 5.3% and 2.5% at
the lumbar spine and 2.4% and 5.7% at the hip. Women on anastrozole with T-scores
-2<T<-1, lost 0, 1.5% BMD at the lumbar spine and 1.3 and 3.9% at the hip.

Van Poznak et al.[67] evaluated change in BMD at the lumbar spine and total hip in 234
women with HR+ breast cancer at the end of 12 and 24 months with anastrozole alone, with
placebo or with risedronate. Participants were allocated to these groups based on fracture
risk. High fracture (anastrazole+risedronate) and low fracture-risk (anastrozole alone)
groups were open-label and without a comparison group, whereas women in the moderate–
risk group were randomized in a double-blind manner to receive anastrozole with a placebo
or with risedronate. All women received 1000 mg elemental calcium and 400 IU vitamin D
supplements/day. After 12 and 24 months, the anastrozole only group lost 0.6 (95% CI:
-1.93- 0.71) and 2.1% (95% CI: -3.60 - -0.53) BMD at the lumbar spine and 0.4% (95% CI:
-1.37-0.68) and 0.4% (95% CI: -2.10 - 1.26) at the hip. The anastrozole+placebo group lost
1.2% (95% CI: -2.19- -0.24) and 1.8% (95% CI: -3.25- -0.25) BMD at the lumbar spine and
0.4% (95% CI: -1.17-0.31) and 1.1% (95% CI: -2.14- -0.10) at the hip after 12 and 24
months.

Ellis et al.[68] evaluated denosumab vs. placebo in maintaining BMD at the lumbar spine in
252 women with HR+ non-metastatic breast cancer undergoing AI therapy. Participants
were instructed to consume 1000 mg calcium and ≥ 400 IU vitamin D/day and were
stratified based on the duration of AI therapy (≤ 6 months or > 6 months). After 24 months,
the placebo group lost ~1.5% BMD at the lumbar spine. Women on AI ≤ 6 months lost ~ 1%
BMD and women on AI > 6 months lost ~1.5% BMD at the lumbar spine.

Greenspan et al. [69] evaluated change in spine and hip BMD with or without risedronate in
87 women who underwent breast cancer chemotherapy with or without tamoxifen or AI.
Dietary calcium was assessed by questionnaire. Women consuming < 1200 mg calcium/day
were supplemented with 500 mg calcium carbonate and 200 IU vitamin D. The number of
participants that received calcium and vitamin D supplements was not specified. The mean
dietary calcium intake among the placebo group at baseline was 691±347 mg. After 24
months, the placebo group prescribed AIs lost BMD at the spine (4.8%±0.8(SE)), lateral
spine (5.2%±1.6), hip (2.8%±0.5), trochanter (4.2%±0.7), femoral neck (2.4%±1.1), one-
third distal radius (2.1%± 0.6) and at the total radius (3%±0.3). The placebo group with no
AI lost BMD at all sites except the spine, where a gain of 0.5%±0.9 was observed.

Lester et al.[70] evaluated ibandronate vs. placebo on BMD in 131 women with ER+ breast
cancer taking anastrozole. Participants received 500 mg calcium and 400 IU vitamin D/day.
After 12 and 24 months, the placebo group lost 2.35% and 3.22% BMD at the lumbar spine
and 2.27% and 3.90% at the total hip, respectively. Sawka et al.[71] compared cyclic
etidronate or alendronate vs. calcium and vitamin D (control group) in improving lumbar
spine BMD after one year in 70 women. All participants were advised to consume 800-1000
IU vitamin D and 1500 mg elemental calcium (diet+supplements)/day. After 12 months, the
control group (calcium+vitamin D only; n=16) lost 1.4%±3.8 (SD) and 1.7%±3.7 BMD at
the lumbar spine and femoral neck, respectively.

In summary, the results from 16 trials (see Table 1) indicate that 500-1500 mg calcium and
200-1000 IU vitamin D is inadequate to prevent loss of BMD in women with breast cancer.
Despite supplementation, women lost BMD at virtually every site in every study (see Figure
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1). Although it is possible that supplementation had some effect in reducing loss of BMD
(i.e., BMD loss may have been greater in unsupplemented women), the lack of an
unsupplemented comparison group does not permit a conclusion regarding the effects of
supplementation per se.

8. Nonskeletal disease outcomes in breast cancer and with calcium and
vitamin D supplementation

Because Ca±D did not show a benefit in preserving BMD in women undergoing treatment
for breast cancer, we evaluated potential non-skeletal risks associated with Ca±D
supplementation in these women.

8.1 Breast cancer and cardiovascular disease
Coronary artery disease (CAD) is the primary cause of death in older women; half of women
over 40 are at risk of developing cardiovascular disease (CVD) in their lifetime [72]. Using
the Surveillance, Epidemiology and End Results (SEER) database, Patnaik et al.[73]
reported that CVD was the main cause of death in women with breast cancer (15.9%; 95%
CI: 15.6-16.2%), followed closely by breast cancer (15.1%; 95% CI: 14.8-15.4). Early
menopause (< 46 years) appears to be an independent predictor of heart disease even after
adjusting for age, ethnicity, study site (HR=2.11; 95% CI: 1.19-3.75) and cardiovascular risk
factors (HR=2.08; 95% CI: 1.17-3.70) [74]. Therapies for breast cancer may exacerbate pre-
existing cardiovascular risk [75]. For example, some chemotherapies (alkylating agents,
anthracyclines) cause left ventricular dysfunction, ischemia (antimetabolites, small molecule
tyrosine kinase inhibitors), hypertension (small molecule tyrosine kinase inhibitors), and
venous thromboembolisms (alkylating agents, small molecule tyrosine kinase inhibitors)
[76]. Additionally, in the Danish Breast Cancer Cooperative Groups study (n = 16289),
women > 50 years, tamoxifen increased the risk of deep vein thrombosis and pulmonary
embolism particularly during the first two years of therapy [77]. Although the odds of
developing venous thromboembolisms (OR = 0.55, 95% CI: 0.46-0.64, p<0.001) and
endometrial cancer (OR = 0.34, 95% CI: 0.22-0.53, p<0.001) decreased, the odds of
developing CVD increased with increasing duration of AI therapy (OR = 1.26, 95% CI:
1.10-1.43, p<0.001) [78]. Radiation therapy to the breast is also associated with
cardiovascular sequelae, as it can cause CAD, pericarditis, and cardiomyopathy [75].

8.2 Calcium supplementation and cardiovascular disease
The relationship between calcium supplementation and CVD is controversial[79]. Numerous
studies [80-83] have reported positive associations between calcium supplements and CVD,
whereas others have not [79, 84-87]. For example, Manson et al. [85] assessed the
association between calcium and vitamin D supplementation and coronary artery calcium in
1064 women who had undergone hysterectomy. Women were randomized to 1000 mg
calcium carbonate and 400 IU vitamin D/day or matching placebo. Coronary artery calcium
measurements were performed after a mean of 7 years post-treatment. There was no
significant difference in coronary artery calcium between the intervention and placebo
groups. Because women in this study continued to take their “personal” calcium (up to 1000
mg) and vitamin D (up to 600 IU) supplements, the distinction between treated and
“placebo” groups may have been reduced.

Lewis et al.[84] randomized 1460 women to either 600 mg calcium carbonate or identical
placebo daily for 5 years. The women were followed for an additional 4.5 years for the time
to first hospitalization for atherosclerotic vascular disease and mortality rates. There were no
differences in time of first hospitalizations or the risk of death at 5 or 9.5 years. After 9.5
(but not 5) years, significantly fewer deaths from heart failure were observed in the calcium
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supplemented group (age-adjusted odds ratio (OR)=0.50, 95% CI: 0.26-0.97). There was no
difference in the incidence of MI at 5 or 9.5 years. Among women who had atherosclerosis
at baseline and at the end of 5 (but not at 9.5) years, calcium supplements reduced the risk of
an atherosclerotic vascular disease event (HR=0.438, 95% CI: 0. 246-0.781).

Conversely, in a reanalysis of the Women’s Health Initiative calcium and vitamin D data,
Bolland et al.[80] reported that Ca±D dose-dependently increased the risk of cardiovascular
events, particularly MI (RR=1.24; 95% CI: 1.07-1.45). Similarly, review of the Heidelberg
cohort (n=23,980) of the European Prospective Investigation into Cancer and Nutrition
study (EPIC-Heidelberg) [81], indicated that participants who consumed calcium
supplements had a significantly higher incidence of MI (HR=2.39; 95% CI: 1.12-5.12).
Bolland et al.[82] conducted a secondary analysis of data from a randomized, placebo-
controlled trial in 1471 healthy postmenopausal women to evaluate the effect of calcium
supplementation (1000 mg elemental calcium as calcium citrate) on MI, stroke and sudden
death. More women in the calcium group had MI’s (45 events in 31 women; RR=2.24; 95%
CI: 1.20-4.17), stroke and sudden death (RR=1.66; 95% CI: 1.15-2.40) vs. women in the
placebo group.

An increased risk of CVD associated with calcium supplementation is acknowledged in
chronic kidney disease [88]. Compared to patients on a calcium-free intervention, patients
who received 1.2-2.3 g elemental calcium for the treatment of hyperphosphatemia
experienced significantly greater vascular calcification [89, 90]. The mechanisms involved
are believed to be molecular events that promote an osteochondrogenic phenotype. It is
credible that these mechanisms would operate in individuals without chronic kidney disease
who consume calcium in excess of a neutral calcium balance, which has been estimated at
741 mg/day in healthy individuals [91].

Although the possible risk enhancement for CVD associated with calcium supplementation
remains unsettled, a recent review [92] concluded that calcium supplementation offered no
benefits in reducing the risk of coronary artery disease or stroke. Thus, it appears that the
association between calcium supplements and CVD is either null or is positive (i.e., an
increase in risk). If the association is null, then calcium supplementation of women with
breast cancer may be benign. However, an increased incidence of kidney stones has been
reported with higher calcium intake (>UL), prompting the USPSTF to recommend that
healthy postmenopausal women avoid supplements of up to 1000 mg calcium and/or 400 IU
vitamin D/day[19]. Conversely, if calcium supplements increase the risk of CVDs, then their
continued use in women with breast cancer should be vigorously re-examined.

9. Discussion
Ca±D supplements are widely recommended by lay and professional groups for the
prevention and management of osteoporosis in healthy women and in women with breast
cancer undergoing treatment. We found no clinical trial evidence comparing Ca±D
supplements vs. no supplements in preventing BMD loss in women with breast cancer.
However, results from 16 trials of Ca±D supplements at doses commonly recommended,
indicate that 500-1500 mg calcium and 200-1000 IU vitamin D/day were inadequate to
inhibit bone loss in pre- and postmenopausal women with breast cancer.

Breast cancer treatments, especially AIs result in a significant decrease in BMD. Several
Phase III trials (e.g. the BIG 1-98 and ATAC) have evaluated BMD change in women
undergoing breast cancer mono- or combination therapy who were not supplemented with
calcium and/or vitamin D [37-39]. In the BIG 1-98 trial, postmenopausal women treated
with letrozole (n = 2448) had a higher incidence of fractures vs. women (n = 2447) on
tamoxifen (9.3% vs 6.5%) [39]. At the 100-month follow-up of the ATAC trial,
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postmenopausal women treated with anastrozole (n = 2618) had a higher fracture rate
(incidence rate ratio 1.55; 95% CI 1.31-1.83; p<0.0001) vs. women treated with tamoxifen
(n = 2598) [38].

The trials that we reviewed have numerous methodological limitations. For example, many
[57, 60, 66, 68, 70, 93] did not specify the amount of elemental calcium (the biologically
active fraction of dietary calcium) provided or consumed. For example, calcium carbonate
and calcium citrate contain 40% and 21% elemental calcium, respectively [94]. Moreover, it
is impossible to assess total calcium intake in these women without dietary calcium intake
data. Assuming an average intake of ~750 mg calcium (based on NHANES, 2003-2006)
participants likely consumed 1250 - 2250mg calcium/day. Thus, the calcium intake
recommended to maintain BMD in healthy women is inadequate to prevent bone loss in
women undergoing therapy for breast cancer [95]. Additionally, vitamin D supplementation
is associated with reduced risks for CVD risk and early death [96-99]. Because calcium and
vitamin D were often taken together, we were unable to evaluate the possible beneficial
effects of vitamin D alone on BMD. However, results of trials[62, 65] in postmenopausal
women indicate that higher vitamin D supplements and serum levels (40ng/ml) were
associated with reduced loss of BMD in these women [62, 65].

Despite evidence demonstrating reduction of BMD loss with 500-1000 mg calcium
supplementation in healthy postmenopausal women experiencing “natural”
menopause[100-102], similar supplementation studies in women with breast cancer that we
reviewed failed to retard BMD loss. How can these results be reconciled? At least one
explanation concerns differences in circulating estrogen levels between healthy
postmenopausal women and women undergoing treatment for breast cancer. Estrogen
deficiency, associated with menopause, is also known to lower intestinal calcium
absorption[103]. The mean loss of BMD (-5.58%) observed in premenopausal women (with
drug-induced menopause) (Figure 1) was more than twice that observed in the
postmenopausal women (-2.3%). The ineffectiveness of 1500 mg calcium and 1000 IU
vitamin D observed in these clinical trials suggests that other lifestyle (e.g. exercise) and
pharmacologic interventions may be required to prevent loss of BMD in women undergoing
treatment for breast cancer.

10. Conclusion
Ca±D supplements are the mainstay of osteoporosis management in women and are
commonly recommended to women undergoing treatment for breast cancer. However, at
doses currently recommended, supplements of vitamin D (200-1000 IU) and calcium
(500-1500 mg)/day failed to prevent loss of BMD in women with breast cancer. Breast
cancer therapies increase the risk of CVD [75, 76], the primary cause of death in women
with breast cancer [73, 104]. Besides an increased risk of CVD from breast cancer
treatments, supplemental calcium intake may also increase the risk of CVD, although this
remains controversial [80, 81]. Clinical trials are urgently needed to evaluate the safety and
efficacy of Ca±D supplementation in women with breast cancer. Key endpoints in these
trials should include surrogate markers of bone resorption and cardiovascular disease.
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Figure 1.
Percent change in bone mineral density at the lumbar spine in (a) premenopausal and (b)
postmenopausal women with breast cancer
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