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Introduction
Laboratory evidence suggests that calcium can inhibit the development of mammary tumors
in mice (1,2). Previous epidemiologic studies have suggested an inverse association between
dietary calcium intake and breast cancer risk in humans (3-5). Additionally, calcium regulates
Vitamin D and parathyroid hormone (PTH), both of which have been proposed to influence
breast cancer risk (6,7). A recently reported prospective cohort study found that serum calcium
levels were inversely associated with breast cancer risk among premenopausal women, while
a positive association was observed among overweight postmenopausal women (8). We have
examined the relation between serum calcium and breast cancer risk in a second prospective
cohort.

Methods
This analysis was conducted with data from the Beaver Dam Eye Study (9,10), which consists
of 4,926 (83.1% of eligible; 2,762 women) residents of Beaver Dam, WI, between the ages of
43 and 86 years who were identified in a private census conducted in 1987-1988. Participants
provided a casual blood specimen, were measured for height and weight, and completed a
questionnaire including reproductive and menstrual histories, lifestyle factors, health history,
and demographics. Serum total and ionized calcium assessment was performed within four
hours of the blood draw using an ICA-2 Ionized Calcium Analyzer (Radiometer, Copenhagen)
(11).
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Incident cases of breast cancer and dates of diagnosis through August 1, 2007, were identified
through linkage with the statewide mandatory tumor registry (Wisconsin Cancer Reporting
System). Deaths were recorded via linkage with the National Death Index.

Cox proportional hazards regression was used to estimate the age-adjusted hazard ratio (HR)
and 95% confidence interval (CI) for breast cancer risk associated with quartiles of serum
calcium. Secondary models were adjusted for potential confounders selected a priori on the
basis of their known association with breast cancer risk (menopausal status, age at menarche,
age at menopause, parity, age at first birth, alcohol consumption, body mass index, education,
and postmenopausal hormone use). Tests for trends were conducted by the inclusion of calcium
quartile as a continuous variable. Tests for interaction were conducted by the inclusion of cross
product terms in the regression models.

Female study participants with a history of cancer at the baseline examination (N=382), those
who survived less than one year (N=22) or were diagnosed with breast cancer (N=9) within
one year after the baseline examination, and those missing serum calcium measurements (N=2)
were excluded, leaving a total of 2,338 women available for analysis.

Results
At the baseline exam, the study population had a mean age of 62.0 years. Mean total calcium
was 2.44 mmol/L (range 1.40-3.16 mmol/L) and mean ionized calcium was 1.24 mmol/L
(range 0.94-1.66 mmol/L). During 33,470 person-years of follow-up (mean 14.3 years per
person), 124 incident cases of breast cancer were diagnosed. There was no overall association
between either total or ionized serum calcium and breast cancer risk (Table 1). In analyses
limited to the 334 premenopausal subjects, there was no suggestion of a trend in risk with total
or ionized serum calcium. Among 1,995 postmenopausal women, there remained no
association between breast cancer risk and total or ionized serum calcium.

In analyses of postmenopausal women stratified by median body mass index (BMI) at baseline
(27.4 kg/m2), total serum calcium was not associated with breast cancer risk in either strata,
although there was some suggestion that the association between ionized serum calcium and
breast cancer incidence varied by BMI (Table 1). Women below the median BMI had a reduced
breast cancer risk at higher ionized serum calcium levels, whereas women above the median
BMI had an increased breast cancer risk with higher ionized serum calcium levels. However,
none of the hazard ratios reached statistical significance and a dose-response trend was not
present in either BMI strata. The statistical test for an interaction between BMI and ionized
serum calcium was not significant (p=0.15).

Discussion
In this prospective cohort study we found no evidence for an association between breast cancer
risk and either total or ionized calcium. There was some suggestion that BMI modified this
association among postmenopausal women, but this finding could likely be due to chance.

Only one previous cohort study has evaluated serum calcium in relation to breast cancer risk.
Similar to Almquist et al. (8) we found no association between total calcium and breast cancer
risk among all subjects or among postmenopausal women overall. However, Almquist et al
(8) observed an inverse association between total calcium and breast cancer risk among
premenopausal women (HR=0.56; 95% CI: 0.32, 0.99 for quartile 4 vs. quartile 1) and a
positive association between total calcium and breast cancer risk among overweight
postmenopausal women (HR=2.72; 95% CI: 1.24, 5.94 for quartile 4 vs. quartile 1). We were
unable to evaluate breast cancer risk among premenopausal women with any precision, though
a negative trend was not suggested. We found no association between total calcium and breast
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cancer risk among postmenopausal women with high BMI. There was some suggestion of an
interaction between ionized calcium and BMI among postmenopausal women; yet neither the
individual confidence intervals nor the test for interaction reached statistical significance,
suggesting that this could likely be explained by chance.

We had 80% power to detect a hazard ratio ≥ 1.7 when comparing breast cancer risk between
the fourth and first quartiles of calcium levels. Reduced power among subgroups limited the
precision of the stratified results. Additionally, reliance on a single serum calcium measure
may have limited our ability to accurately classify calcium status. However, previous studies
have demonstrated that short-term and long-term intra-individual variation in serum calcium
levels is low (13) and that there is significant tracking of calcium levels over time, such that a
woman’s rank within a given population remains quite similar over many years (14). In contrast
to other measures of exposure (e.g. dietary intake), circulating serum calcium levels reflect the
concentration of calcium to which breast tissue is exposed. We were able to evaluate ionized
calcium, the physiologically active fraction of calcium in serum (~60% of total serum calcium
is non-ionized) (12). Thus, a single serum calcium measurement provides an etiologically-
relevant marker for evaluating the influence of calcium exposure on breast cancer risk.

Overall, these finding suggest no relation between serum calcium and breast cancer risk. Future
studies would benefit from the consideration of calcium in tandem with related molecules such
as PTH and Vitamin D, in addition to BMI.
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