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Abstract

Scope—Increased body mass index (BMI) and decreased serum vitamin D are both known to be
associated with increased mortality from breast cancer. However, vitamin D levels are lower in
obese individuals in general. Recent studies have sought to determine whether serum vitamin D
levels can account for some of the association between higher BMI and increased risk for breast
cancer and found that low vitamin D levels in the overweight and obese account for up to 40% of
the BMI-attributable risk of developing breast cancer.

Methods and results—Here we reviewed the literature to determine if a similar relationship
exists between vitamin D, BMI, and breast cancer mortality. Utilizing previously reported
independent associations of low vitamin D and high BMI to increases in breast cancer mortality,
as well as the known decrement in vitamin D per unit increase in BMI, we estimated that low
vitamin D levels may be responsible for roughly 16% of the increased mortality from breast
cancer in overweight and obese patients.

Conclusion—Although this is a relatively small proportion of the effect of obesity, supplements
to increase serum vitamin D levels may represent a way to reduce obesity-associated disparities in
breast cancer mortality.
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1 Introduction

In the past decade, a large body of work has focused on identifying the contributions of
various risk factors to the development and prognosis of breast cancer. In the United States,
breast cancer accounts for nearly one third of cancer diagnoses in women and is the second
leading cause of death among women [1]. Factors known to be associated with survival
include stage at diagnosis, age at diagnosis, race/ethnicity, socioeconomic factors, tumor
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characteristics (such as grade and HER?2 status), as well as obesity [2-6], physical activity,
and diet [7-9]. Recently, vitamin D levels have also been shown to correlate with survival
after breast cancer diagnosis [10].

Breast cancer patients who are obese at diagnosis have an approximately 30% higher risk of
death from breast cancer when compared to patients with a healthy body weight [8,11]. In
2010, a large meta-analysis by Protani et al. [11] reported poorer overall (hazard ratio (HR)
= 1.33; 95% confidence interval (95% CI): 1.21, 1.47) and breast cancer-specific (HR =
1.33; 95% ClI: 1.19, 1.50) survival among obese compared with non-obese women with
breast cancer. Two of the studies included in the meta-analysis reported linear associations
between increasing body mass index (BMI) and overall mortality from breast cancer [12,
13]. Several mechanisms explaining the effect of obesity on the prognosis of breast cancer
have been suggested, including circulating or tissue levels of sex and metabolic hormones,
levels of hormone binding proteins, cytokine levels and inflammation, and chemotherapy
underdosing in obese patients [8].

Although vitamin D status has been investigated numerous times as a possible risk factor for
the development of breast cancer [14-23], contributions of vitamin D status, specifically the
inactive form, 25-hydroxy-vitamin D (25(OH)D; referred to as vitamin D from here on), to
breast cancer mortality have been less thoroughly studied. Studies in Norway have shown
that the prognosis for breast cancer varies significantly with season of diagnosis, with the
greatest survival for summer and fall [24], a 15-25% decrease in mortality for diagnoses in
summer versus winter [25], and variation in survival by latitude, which the authors
contributed to measured variations in annual UV exposure [25]. These and other studies
suggested a role for vitamin D3 generated from UV exposure in the progression of breast
cancer and led some to question the value of circulating levels of vitamin D in determining
and augmenting prognosis. While these questions resulted in identification of significant
categorical associations between vitamin D status and both breast cancer recurrence [26] and
overall mortality [26,27], continuous associations were either insignificant [27] or not
reported [26] and a later study was unable to confirm these associations [28]. However,
more recently a large prospective cohort study in Germany [10] reported a linear association
between decreasing vitamin D levels and overall mortality from breast cancer (HR = 1.08
per 10 nmol/L decrement in 25(OH)D; 95% ClI: 1.00, 1.17) in postmenopausal women that
was independent of other factors including BMI and physical activity. These findings were
consistent with other studies [29], wherein disease stage independently predicted serum
vitamin D levels after controlling for age, BMI, race/ethnicity, geography, season, physical
activity, and cancer treatment. The mechanisms underlying the effect of vitamin D on breast
cancer mortality are still unclear. Though the active form of vitamin D and its derivatives
are known to exert anti-tumor effects through down regulation of growth-factor signaling
[30] and their effects on proliferation, differentiation, apoptosis, angiogenesis, and
metastatic potential [31], studies have shown that malignant transformation of mammary
tissue is associated with a decreased ability of tumor cells to synthesize the active form of
vitamin D, reduced responses to vita-min D-receptor (VDR)-mediated signaling, and an
increased ability of these cells to degrade vitamin D [32]. In light of these findings, it has
been suggested that supplementation with vitamin D and calcium may represent an
alternative method of reducing both the incidence and mortality of breast cancer [33].
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Complicating the studies of the individual associations of obesity and vitamin D status to
both the increased risk of developing breast cancer and the prognosis of breast cancer is the
relationship between BMI and vitamin D levels, in which vitamin D levels have been shown
to decrease with increasing BMI not only in healthy patients [34], but also in those with a
variety of cancers [35]. The results from a number of studies [34, 36—39] suggest that for
each increase in BMI of 1 kg/m? there is an approximately 1 nmol/L decrement in vitamin
D. The association between increasing BMI and decreasing vitamin D may be explained by
a single factor such as volumetric dilution [40] or by a number of factors, including
sequestration of vitamin D in adipose tissue [41], reduced consumption of vitamin D [42]
and decreased sun exposure [43] in the overweight and obese, and the effects of low vitamin
D levels on lipogenesis and adipogenesis that may potentially favor obesity; however,
further studies are necessary to entirely elucidate this complex relationship [41].

In a recent publication, Lagunova et al. [39] examined the effects of increasing BMI and
decreasing vitamin D levels on the risk of developing a variety of cancers, including those of
the breast, and demonstrated that up to 40% of the BMI-attributable risk of developing
breast cancer may be contributed by decreasing vitamin D levels. Here we use available data
from the literature on obesity, vitamin D, and breast cancer mortality to estimate the
proportion of the increase in mortality from breast cancer seen with increasing BMI that can
be attributed to decreasing vitamin D levels.

2 Materials and methods

2.1 Literature search

We performed a literature search of PubMed using the following three separate search
terms: “Breast Neoplasms/mortality”[MeSH] AND “Vitamin D”[Majr], “Breast Neoplasms/
mortality”[MeSH] AND “Body Mass Index”[Majr], and “Body Mass Index”’[Majr] AND
“Vitamin D”[Majr]. These were used to identify previous studies regarding associations
between vitamin D levels and breast cancer mortality, BMI and breast cancer mortality, and
BMI and vitamin D levels, respectively. After identification of a number of studies reporting
associations of vitamin D and BMI to breast cancer mortality, we further limited our search
to focus specifically on those reporting associations wherein either vitamin D or BMI were
modeled as continuous variables.

2.2 Analysis

From our literature review, we extrapolated the relationships between BMI and overall risk
of death after breast cancer, between vitamin D levels and BMI, and, lastly, between vitamin
D levels and overall risk of death after breast cancer. The meta-analysis by Protani et al. [11]
from 2010 reported a categorical association of obesity with an increase in breast cancer
mortality when compared to non-obese participants (HR = 1.33; 95% ClI: 1.21, 1.47), but did
not report a linear association per unit increase in BMI. A review of the studies included in
the meta-analysis revealed two that reported linear associations of BMI to breast cancer
mortality: one from Barnett et al. [13] in 2008 reporting the association for their combined
study population of pre- and postmenopausal women (HR = 1.03 per 1 kg/m? increase in
BMI; 95% CI: 1.01, 1.04) and one from Cleveland et al. [12] in 2007 that was reported only
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3 Results

for premenopausal participants (HR = 1.07 per 1 kg/m? increase in BMI; 95% ClI: 1.02,
1.13). The study by Barnett et al. reported no significant difference between their pre- and
postmenopausal participants with respect to the effect of BMI on breast cancer mortality.
Additionally, although the study by Cleveland et al. only reported continuous associations
for premenopausal women, they did report significant categorical associations between BMI
and breast cancer mortality for both pre- and postmenopausal women. We used the average
of these reported continuous associations in our analysis (HR = 1.05 per 1 kg/m? increase in
BMI) to estimate the effect of BMI on breast cancer mortality.

We estimated the relationship between vitamin D levels and BMI based on that reported in
the meta-analysis by Lagunova et al. [39] in 2010 (~1 nmol/L decrease in 25(0OH)D per 1
kg/m? increase in BMI). We then identified the only article that estimated the association of
vitamin D levels to breast cancer mortality in a continuous manner (HR = 1.08 per 10
nmol/L decrease in 25(0OH)D; 95% ClI: 1.00, 1.17) [10] and used this as our estimate of the
relationship of vitamin D with breast cancer mortality. Utilizing the estimated relationship
between vitamin D levels and BMI, we expressed the association between vitamin D levels
and breast cancer mortality as a function of BMI (HR = 1.08 per 10 kg/m? increase in BMI).
Next, we plotted this relationship, along with the effect of BMI on breast cancer mortality,
in order to estimate the contribution of vitamin D levels to the effect of increasing BMI on
breast cancer mortality. We limited the range of BMI values to 20-40 kg/m? because of the
loss of significance of the linear association between breast cancer mortality and BMIs
outside of this range, especially those < 20 kg/m2. Lastly, we compared the area under the
two curves as a measure to quantify the contribution of vitamin D levels to the effect of BMI
on mortality.

Our literature search of breast cancer mortality and vita-min D initially provided 13 results.
Of these, only three were relevant original research articles and only a single one provided
data on vitamin D as a continuous measure [10]. Our second literature search of breast
cancer mortality and BMI yielded 30 hits, of which eight were relevant original research and
two included BMI as a continuous measure [12, 13]. Our final literature search, on BMI and
vitamin D, originally identified 27 articles, including six original research articles reporting
on this association, only one of which used both vitamin D and BMI continuously.

A summary of the studies utilized for our analysis is provided in Table 1. The results of our
estimation of the effect of vitamin D in explaining the association of obesity with breast
cancer mortality are presented in Fig. 1. The area encompassed by the line depicting the
effect of decreasing vitamin D status with increasing BMI on breast cancer mortality
represents 16% of the area encompassed by the area depicting the overall effect of BMI.
This suggests that approximately 16% of the increase in breast cancer mortality attributed to
increasing BMI levels in obese and overweight patients may be the result of decreased
circulating levels of vitamin D.
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4 Discussion

By utilizing estimates from previous studies of associations between BMI and breast cancer
mortality [12, 13], vitamin D levels and breast cancer mortality [10], and BMI and vitamin
D levels [34, 35, 39, 41], we attempted to estimate the proportion of the BMI-attributable
increase in mortality after breast cancer that can be accounted for by decreasing vitamin D
levels. We found that over the range of BMIs from 20 to 40 kg/m?, approximately 16% of
the BMI-related increase in mortality after breast cancer is likely to be accounted for by
decreasing levels of vitamin D.

There were several limitations to our analysis that are related to the studies from which we
derived our estimations. The first of these limitations arises from previous studies of
increasing breast cancer mortality associated with increasing BMI. Only a handful of these
studies reported linear associations for increasing BMI and breast cancer mortality [12,13].
Those studies that either did not explore linear associations or did not report them chose to
do so based on studies showing that underweight individuals with BMIs below 20 kg/m? had
increased mortality following a diagnosis of breast cancer [11]. This suggests that the
relationship between BMI and breast cancer mortality assumes more of a ‘J’ shape than a
linear form, with increasing mortality after breast cancer at both ends of the BMI scale. For
this reason, we chose to limit the range of BMIs used in our analysis to 20-40 kg/m2. Only
one of the studies we used for the association of BMI to breast cancer mortality had a
relevant limitation, which was the use of self-reported weight for BMI calculations.
However, self-reported weight has been well-correlated with measured weight in women
[12].

The studies that previously reported associations of vitamin D to breast cancer mortality also
included several limitations. First, many of these studies have utilized various cut-points for
vitamin D in their categorical analyses, such as defining patients either as deficient,
insufficient, or sufficient, or, in another study, by separating them into quartiles or by the
median value for the study population [26,27]. These variations limited the ability to reliably
compare the categorical associations reported by these studies, however, because we sought
out reported associations wherein vitamin D was modeled as a continuous variable, cut-point
variability was not a limiting factor in our analysis. Additionally, only one of the studies that
we examined reported a linear association of vitamin D levels to breast cancer mortality
[10], thereby eliminating the problem of vitamin D cut-point variability from our analysis.
This study by Vrieling et al. in 2011 contained several limitations that should be considered
when interpreting our analysis. First, the study population consisted primarily of
postmenopausal women. This is particularly important given the previously discussed
disparity in breast cancer mortality between pre- and post-menopausal women [1] and
suggests that our analysis is more relevant in establishing guidelines for post-menopausal
rather than pre-menopausal patients. Another limitation of the study is that the significance
of the relationship of vitamin D levels to breast cancer mortality was limited to women who
had not received chemotherapy prior to blood collection, though this design was similar to
other studies [26]. One possible limitation to our analysis is the assumption of a linear
relationship between vitamin D and breast cancer mortality. Previous studies of the effect of
vitamin D on risk of cancer showed a nonlinear relationship between vitamin D and odds
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ratios for a variety of cancers that asymptotically approaches a lower odds ratio as vitamin D
increases [21]. Goodwin et al. [26] noted that the maximum benefit of vitamin D levels with
respect to all cause mortality might be in the 80-110 nmol/L range. However, this was not
statistically significant. Furthermore, to our knowledge there is no evidence in the literature
that the effect of vitamin D on breast cancer specific mortality is nonlinear. It should also be
noted that follow-up time has been shown to affect the relationship of pre-diagnostic serum
vitamin D to all-cause mortality in prospective cohort studies [44], with shorter follow-up
time being associated with stronger effects, and may represent a limitation to the studies on
which we base our analyses.

Limitations to our analysis also arose from the studies we utilized to estimate the association
of BMI to vitamin D levels. In one of these, the cross-sectional study design limited the
conclusions that could be drawn, specifically those regarding causality in the relationship
between vitamin D and BMI. Factors that may selectively affect overweight and obese
individuals, but were not examined, included lifestyle, cultural reasons for limiting skin
exposure, and UV light levels sufficient for vitamin D3 synthesis [36]. In another study, the
conclusions were limited to young, healthy, and moderately overweight white women [37].
In the third study that we examined, the lack of non-obese controls, variations in vitamin D
intake, the moderate sample size, and the self-reporting methods used to assess dietary
intake of calcium and vitamin D, as well as sunlight exposure, were considered limitations
[38].

Our analysis was also somewhat limited by publication bias. This is a result of both the
limited number of studies from which the estimates we used were extracted and the
tendency for more significant results to be submitted and accepted for publication.

This work illustrates the impact of decreasing vitamin D levels with increasing BMI on
breast cancer mortality and suggests that vitamin D supplementation could potentially serve
to significantly decrease the risk of death after breast cancer, especially for overweight and
obese patients. Additionally, for many patients vitamin D supplementation may represent an
easier approach to reducing breast cancer mortality than lifestyle modifications intended to
decrease BMI. Though dietary vitamin D intake has been shown to have little effect on
serum vitamin D levels [37], the effect of supplements on serum concentrations in the obese
is still somewhat unclear, with several studies reporting varying effects [37, 38, 45]. Because
studies of vitamin D and cancer mortality are frequently performed using vitamin D
concentrations taken around the time of diagnosis, the effect of supplementation after
diagnosis on mortality has yet to be clarified. Further studies are necessary to elucidate the
benefits of correcting vitamin D status after a breast cancer diagnosis and to determine
appropriate recommendations for duration and dosing of supplements, as well as optimal
targets for serum vitamin D [46].
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Individual contributions of increasing BMI and decreasing vitamin D to mortality from
breast cancer. Vitamin D was plotted as a function of BMI by utilizing the known
relationship between the two (~1 nmol/L decrease in 25(OH)D per 1 kg/m? increase in

BMI).
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