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Abstract

Purpose: Breast cancer survivors (BCS) taking aromatase inhibitors (AIs) are at an increased risk for decreased
bone density and fractures. Given the role vitamin D plays in bone metabolism, we examined the prevalence of
and risk factors for vitamin D deficiency in a study of postmenopausal BCS on AIs.
Methods: We collected data on 391 postmenopausal women with stage I–III breast cancer on AI therapy.
Vitamin D levels were measured by radioimmunoassay from patients’ sera; deficiency was defined as a level
< 30 ng/mL. Multivariate models were created to assess risk factors for deficiency.
Results: The median vitamin D level was 35 ng/mL (range 6.78–93.15), and 35% of women were vitamin D
deficient. When adjusting for age and vitamin D supplementation, minority participants were more likely to be
vitamin D deficient than white women, (adjusted odds ratio [AOR] 2.18, 95% confidence interval [CI]1.22-3.89,
p = 0.009). Both overweight (AOR 3.05, 95% CI 1.72-5.41, p < 0.001) and obese participants (AOR 3.21, 95% CI
1.79-5.78, p < 0.001) had higher deficiency rates than did normal weight participants.
Conclusions: Hypovitaminosis D is common in BCS, and those who are nonwhite or overweight are at a higher
risk of deficiency despite taking vitamin D supplements.

Introduction

There has been growing awareness of the wide-
spread prevalence of vitamin D deficiency. It is estimated

that 30%–50% of the adult U.S. population is vitamin D defi-
cient.1–3 For breast cancer survivors (BCS), vitamin D status is of
special concern for a number of reasons. First, there is a possible
relationship between vitamin D deficiency and increased rates
of breast cancer recurrence and mortality4; however, the results
have not been replicated.5 Second, this population is also vul-
nerable to bone loss and musculoskeletal symptoms in the
setting of exposure to aromatase inhibitor (AI) therapy. Data
show that BCS have a 15% higher fracture risk than women
without a history of breast cancer.6 Vitamin D deficiency is also
independently associated with an increased chance of hip
fractures7,8 and falls.9 Lastly, there may be a relationship be-
tween vitamin D levels and AI-associated arthralgia.10,11

Vitamin D is a fat-soluble vitamin that regulates bone
modeling and calcium absorption. Although moderate
amounts of the vitamin from such foods as milk and fatty

fish are absorbed from the gastrointestinal tract, the
majority of vitamin D is produced in the body when
7-dehydrocholesterol in the skin is exposed to ultraviolet
B (UVB) radiation to produce vitamin D3 (cholecalciferol).
Vitamin D3 then undergoes two hydroxylation steps, first in
the liver to form 25-hydroxyvitamin D (25-OHD), the major
circulating metabolite, and then in the kidney to produce
1,25-dihydroxyvitamin D (1,25-(OH)2D), the biologically ac-
tive form. Vitamin D is also produced in a variety of tissues,
including the breast, prostate, and colon, where binding of
1,25-(OH)2D to the vitamin D receptor regulates gene ex-
pression, inhibits cell proliferation, induces cell differentia-
tion, promotes apoptosis, and decreases angiogenesis.13–16

Known risk factors for vitamin D deficiency include older
age,17 darker skin pigmentation, obesity,18 low dietary intake,
renal or liver disease, and sun avoidance behaviors. As a re-
sult, vitamin D deficiency is quite prevalent in the general
population, particularly among minorities.19 Melanin is an
effective filter of UVB irradiation, which leads to a higher
prevalence of vitamin D deficiency among blacks.17,19
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A previous study demonstrated a large percentage of wo-
men undergoing breast cancer treatment were vitamin D
deficient,20 although the prevalence has not been examined in
postmenopausal BCS taking AIs. Therefore, our study aims to
describe the prevalence of vitamin D deficiency in this pop-
ulation and identify risk factors for deficiency. Because little is
known about the practice behaviors of oncologists in diag-
nosing and treating vitamin D deficiency, we also examined
the prevalence of a documented serum vitamin D level in the
clinical charts of these patients.

Materials and Methods

Study population

We conducted a cross-sectional study of women taking AIs
at the Rena Rowan Breast Cancer Center of the Abramson
Cancer Center of the University of Pennsylvania (Philadel-
phia). Potential study participants included postmenopausal
women with a history of histologically confirmed, stage I–III,
hormone receptor-positive breast cancer who were currently
taking a third-generation AI (anastrozole, letrozole, or ex-
mestane) and visited the clinic between March 2008 and Au-
gust 2009. Additional inclusion criteria were completion of
chemotherapy or radiotherapy at least 1 month before en-
rollment in the study, approval of the patient’s primary on-
cologist, and the patient’s ability to understand and provide
informed consent in English. After informed consent was
obtained, each participant completed a self-administered
survey. The study was approved by the Institutional Review
Board of the University of Pennsylvania.

Primary study outcome: Vitamin D deficiency

Serum samples were stored in aliquots at -80�C until
measurement. Samples were analyzed for 25-OHD by radio-
immunoassay (RIA) as previously described (Diasorin, Still-
water, MN) in the Clinical Research Center of the University
of Pennsylvania.21 Interassay precision at 10 ng/mL was
1.57%, and the intra-assay coefficient of variation (CV) was
8.42%. Although other researchers have trichotomized vita-
min D levels into sufficient, deficient, and insufficient,11,21

we dichotomized the groups to increase the power of
our analysis. We defined vitamin D deficiency as a serum 25-
OHD level < 30 ng/mL, which is consistent with previous
articles cited.10

Demographic and clinical Information

Patients completed a survey that queried demographic and
medical variables, including age, race/ethnicity, body mass
index (BMI), marital status, education level, employment
status, and such medical comorbidities as osteopenia and
osteoporosis. Chart abstraction was performed for data about
such variables as breast cancer stage, chemotherapy and ta-
moxifen use, vitamin D supplementation, and previously
documented serum vitamin D levels.

Statistical methods

Descriptive analyses for demographics, clinical character-
istics, and serum vitamin D levels were performed. We used
chi-square analyses to assess the differences between patients
who were found to be vitamin D deficient vs. those who were

vitamin D sufficient. We then performed multivariate analy-
ses to examine the relationship between demographic and
clinical variables and vitamin D status. We selected variables
that met entry criteria in univariate analysis with p value
< 0.1. We forced age into the model, although it did not make
the entry criteria because other research showed that age was
a predictor of vitamin D deficiency. Also, we examined pat-
terns of vitamin D level documentation by the oncologist
using chi-square analyses. All analyses were two-sided, with
values < 0.05 indicating significance. Data analysis was per-
formed using STATA 10.0 for Windows (STATA Corp, Col-
lege Station, TX).

Results

Of 643 consecutive patients screened, 538 (83.7%) agreed
to participate. (Fig. 1). Among 105 who declined (16.3%), the
main reasons were lack of time to complete the survey (n = 26,
4%), lack of desire to participate in research (n = 43, 6.7%), and
refusal to have an extra blood draw (n = 36, 5.6%). Ad-
ditionally, 1 subject withdrew consent, and 9 subjects (1.4%)
were further disqualified because they did not meet eligibility
criteria upon further review. Of 528 subjects who returned
questionnaire data (82.1%), 501 (77.9%) had both an evaluable
survey and a blood sample; 25 subjects were further excluded
after chart review revealed metastatic disease (3.9%), result-
ing in the final sample of 476. This study was part of a larger
cohort of BCS on AI therapy; therefore, only 391 had adequate
serum samples that could be used for vitamin D analysis.
Among the 391 study participants, the mean age was 61 years,
ranging from 33 to 91 years. Table 1 includes further demo-
graphic and clinical information.

Vitamin D distribution

The mean vitamin D level was 35 ng/mL, standard devia-
tion (SD) 12 ng/mL. Vitamin D levels were normally distrib-
uted in our population (Fig. 2). Using the aforementioned
definitions of vitamin D deficiency, we found that 35% of
patients were vitamin D deficient.

Risk factors for vitamin D deficiency

In bivariate analysis (Table 1), race, BMI, part-time em-
ployment, and vitamin D supplementation were all signifi-
cantly associated with vitamin D deficiency. Bisphosphonate
use ( p = 0.12) and length of time since initiating AI therapy
( p = 0.71) were not significant. There was no significant dif-
ference in vitamin D levels obtained from April through
September vs. October through March ( p = 0.28). In the mul-
tivariate model incorporating clinical and demographic fac-
tors (Table 2), BCS who were overweight (adjusted odds ratio
[AOR] 3.07, 95% confidence interval [CI] 1.77- 5.33, p < 0.001)
or obese (AOR 2.88, 95% CI 1.64-5.06, p < 0.001) had a signif-
icantly higher risk of being vitamin D deficient. Nonwhite
BCS also had a significantly higher risk of being vitamin D
deficient (AOR 2.00, 95% CI 1.14-3.51, p = 0.016). Employment
became nonsignificant in this model.

Impact of vitamin D supplementation
on vitamin D deficiency

In our cohort, 73.4% had vitamin D supplementation
documented in their charts. They were significantly less likely
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to be vitamin D deficient compared to those women not on
vitamin D supplementation (26.8% vs. 51.9%, p < 0.001). To
further elaborate this finding, we created a second multivar-
iate model that incorporated vitamin D supplementation into
the previous multivariate model (Table 2). As expected, vi-
tamin D supplementation was associated with a lower risk of
vitamin D deficiency (AOR 0.29, 95% CI 0.17-0.48, p < 0.001).
Interestingly, the risk for BCS who were overweight (AOR
3.05, 95% CI 1.72- 5.41, p < 0.001) or obese (AOR 3.21, 95% CI
1.79-5.78, p < 0.001) increased when adjusting for vitamin D
supplementation. Nonwhite BCS also had a greater AOR of
being deficient when adjusting for vitamin D supplementa-
tion (AOR 2.18, 95% CI1.22-3.89, p = 0.009).

Vitamin D supplementation and bone health

From our chart review, we found that 43% of our cohort
had previously had a vitamin D level documented. The rate of
vitamin D supplementation or vitamin D documentation did
not differ by body size or race after controlling for differences
in practitioner behavior. However, there was a significant
relationship between bone health and vitamin D deficiency
(Fig. 3). Participants with a history of osteoporosis or osteo-
penia were significantly less likely to be vitamin D deficient,
22% and 29.2%, respectively, vs. 41.2% in patients with nor-
mal or unknown bone density ( p = 0.015). There was no sig-
nificant difference in vitamin D supplementation among the
three groups, but patients with osteoporosis were signifi-
cantly more likely to have a vitamin D level documented in

their chart ( p = 0.001), even when controlling for different
healthcare providers (AOR 2.44, 95% CI1.08-5.52, p = 0.033).

Discussion

In this study among a cohort of postmenopausal BCS on AI,
we found that 35% of women were vitamin D deficient, and of
those, 58.8% were already receiving supplementation. Non-
white women and women who had a BMI > 25 regardless of
race were more likely to be vitamin D deficient. In our cohort,
despite the fact that one third of BCS have vitamin D defi-
ciency, only 43% of our cohort had a vitamin D level docu-
mented in their chart. Women with osteoporosis were less
likely to be vitamin D deficient and more likely to have vita-
min D levels ordered and documented in their chart by their
oncologist compared to other BCS.

Our findings are consistent with numerous studies that
have demonstrated that the vitamin D deficiency rate among
breast cancer patients is >30%.22,23 A recent study by Crew
et al.20 found a deficiency rate of 74% among breast cancer
patients on chemotherapy. The difference in deficiency rates
may be due to the difference in racial composition of the two
studies; 49% of participants in the Crew study were nonwhite
vs. 18% of our cohort. The difference may also be explained by
differing rates of vitamin D supplementation between the two
cohorts or differences in diet or UV exposure.

Surprisingly, 26.8% of the women currently receiving
vitamin D supplementation were vitamin D deficient.
This finding raises the possibility that some levels of

FIG. 1. A consort diagram of our
cohort recruitment.
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supplementation may not be adequate. A previous study
found that after supplementation with 400 IU daily for 1 year,
<15% of white and Hispanic women and no black women
achieved sufficient vitamin D levels.20 The current Institute of
Medicine (IOM) recommended daily allowance (RDA) for
vitamin D is 600 IU for women aged 51–70 and 800 IU for
women aged ‡70.24 Although we were unable to determine
from the chart the exact number of international units of vi-
tamin D that each participant was taking, these data suggest
that the amount being taken may not be sufficient for some
individuals to correct vitamin D deficiency in this cohort of
women.

In our cohort, nonwhite patients were about twice as likely
to be vitamin D deficient as their white counterparts. A
number of previous studies have documented this relation-
ship between race and vitamin D levels.3,25,26 Data from the
third National Health and Nutrition Examination Survey
(NHANES) showed that serum 25-OHD levels were signifi-
cantly different among women of different races. The mean
levels were 30 ng/mL for white women, 23 ng/mL for His-
panic women, and 18 ng/mL for black women ( p < 0.001).27

FIG. 2. Histogram depicting the distribution of serum vi-
tamin D levels in our cohort.

Table 1. Vitamin D Status and Clinical Characteristics (n = 391)

Total number of
participants

Vitamin D
replete

Vitamin D
deficient p value

Age, years 0.841
< 55 24% (94) 68.1% (64) 31.9% (30)
55–65 45% (177) 65% (117) 35% (66)
> 65 31% (120) 66.5% (84) 33.5% (41)

Race/ethnicity 0.003
White 82% (321) 69.8% (224) 30.2% (97)
Nonwhite 18% (70) 51.4% (36) 48.6% (34)

BMI < 0.001
< 25 41% (161) 80.8% (130) 19.3% (31)
25–30 31% (122) 57.4% (70) 42.6% (52)
> 30 28% (108) 55.6% (60) 44.4% (48)

Education level 0.311
High school or less 19% (76) 59.2% (45) 40.8% (31)
College 45% (174) 67.2% (117) 32.8% (57)
Graduate or professional school 36% (140) 69.3% (97) 30.7% (43)

Employment 0.067
Full-time 41% (158) 60.8% (96) 39.2% (62)
Part-time 13% (50) 78% (39) 22% (11)
Not currently employed 46% (180) 67.8% (122) 32.2% (58)

Season 0.379
October–March 34% (134) 69.4% (93) 30.6% (41)
April–September 66% (257) 65% (167) 35% (90)

Cancer stage 0.262
Stage I/0 39% (151) 70.9% (107) 29.1% (44)
Stage II 48% (191) 64.9% (124) 35.1% (67)
Stage III 13% (49) 59.2% (29) 40.8% (20)

Chemotherapy 0.105
No chemotherapy 39% (152) 71.1% (108) 29% (44)
Chemotherapy, no taxane 23% (90) 57.8% (52) 52.2% (48)
Taxane chemotherapy 38% (149) 67.1% (100) 32.9% (49)

Vitamin D supplementation p < 0.001
No 27% (104) 48.1% (50) 51.9% (54)
Yes 73% (287) 72.2% (210) 26.8% (77)

Bone health 0.014
Neither 54% (211) 60.2% (127) 39.8% (84)
Osteopenia 31% (122) 75.4% (92) 24.6% (30)
Osteoporosis 15% (58) 70.7% (41) 29.3% (17)

BMI, body mass index.
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This relationship between nonwhite race and vitamin D de-
ficiency may be a result of increased melanin levels in darker
skin, which block the UV conversion of 7-dehydrocholesterol
to cholecalciferol.28 Given that lower serum vitamin D levels
have been associated with increased risk of breast cancer re-
currence,4,5 this raises the question whether discrepancy in
vitamin D levels may offer one explanation for why minority
patients have worse breast cancer outcomes.

After controlling for individual oncologist behavior, there
was no significant difference in the rates of clinical vitamin D
documentation or vitamin D supplementation between white
and nonwhite BCS. This suggests that oncologists may not be
aware of the amplified risk of vitamin D deficiency in the
nonwhite population. The 2005 Dietary Guidelines for
Americans recommends that groups at high risk for vitamin D
deficiency, including older adults, people with dark skin, and
those exposed to insufficient UV radiation, should consume
1000 IU vitamin D daily.29 In our study, we found that con-
trolling for vitamin D supplementation in our multivariate
model increased the odds for nonwhite women to be vitamin
D deficient, suggesting that white women are more easily able
to achieve sufficient levels with recommended levels of sup-
plementation. One study found that postmenopausal African
American women required 2000 IU daily to achieve a suffi-
cient serum vitamin D level, highlighting that for vitamin D
supplementation, one size may not fit all.30 Given the uncer-
tainty surrounding the appropriate vitamin D supplementa-
tion dosage for minority patients, it is not surprising that a
large percentage of them remain vitamin D deficient.

Obesity is another well-documented risk factor for vitamin
D deficiency. Numerous studies have demonstrated a rela-
tionship between obesity and serum vitamin D levels, irre-
spective of race.18,31–33 This is consistent with our findings, in
which both overweight (BMI 25–30) and obese (BMI > 30)
women were about three times as likely to be vitamin D de-

ficient as those BCS with a BMI £ 25. In addition, we found
that controlling for vitamin D supplementation in our multi-
variate model increased the AOR of vitamin D deficiency for
overweight and obese women, suggesting that women with a
BMI < 25 are more easily able to achieve sufficient levels with
recommended levels of supplementation. The exact mecha-
nism for this phenomenon is still unknown. One theory is
based on the fact that vitamin D is lipophilic, leading to in-
creased fat uptake of vitamin D among more obese women.
Mower et al. found that radiolabeled cholecalciferol injected
intravenously into adipose tissue was rapidly cleared,

FIG. 3. Comparison of vitamin D deficiency, supplemen-
tation, and documentation rates among women with a di-
agnosis of osteopenia, osteoporosis, or normal/unknown
bone mineral density (BMD).

Table 2. Multivariate Model of Vitamin D Status (Deficient Yes/No) Versus

Clinical and Demographic Factors

Bivariate analysis Multivariate model 1a Multivariate model 2a

Characteristic OR (95% CI) p AOR (95% CI) p AOR (95% CI) p

Age, years
< 55 (reference) -
55–65 1.15 (0.68-1.96) 0.607 0.99 (0.56-1.75) 0.964 0.98 (0.54-1.77) 0.949
> 65 1.03 (0.58-1.83) 0.928 0.97 (0.47-1.98) 0.93 1.16 (0.55-2.43) 0.694

Race/Ethnicity
White (reference) -
Nonwhiteb 2.18 (1.29-3.69) 0.004 2.00 (1.14-3.51) 0.016 2.18 (1.22-3.89) 0.009

BMI
< 25 (reference) -
25–30 3.12 (1.83-5.30) < 0.001 3.07 (1.77-5.33) < 0.001 3.05 (1.72-5.41) < 0.001
> 30 3.35 (1.94-5.79) < 0.001 2.88 (1.64-5.06) < 0.001 3.21 (1.79-5.78) < 0.001

Employment
Full-time (reference)
Part-time 0.44 (0.21-0.92) 0.029 0.50 (0.23-1.08) 0.079 0.40 (0.18-0.92) 0.03
Not currently employed 0.74 (0.47-1.15) 0.179 0.70 (0.40-1.21) 0.199 0.66 (0.37-1.17) 0.152

Vitamin D supplementation
No (reference)
Yes 0.34 (0.21-0.54) < 0.001 0.29 (0.17-0.48) < 0.001

aModel 1 is the basic model that incorporates clinical characteristics; Model 2 additionally adjusts for vitamin D supplementation.
bAll nonwhite participants were grouped for the purpose of analysis.
AOR, adjusted odds ratio; CI, confidence interval; OR, odds ratio.
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suggesting that vitamin D is sequestered in adipose tissue in
overweight and obese individuals and, thereby, not bio-
available.34,35 Other researchers theorize that overweight
women may feel more self-conscious about exposing their
skin, thereby decreasing their UV exposure and endogenous
production of vitamin D. It is also possible that increased
weight may merely be the result of a nutritionally poor diet
that is low in sources of vitamin D. These interesting hy-
potheses need to be explored in future research.

Although overweight and obese patients are at a lower risk
for decreased bone density, obesity is a negative prognosis
factor for several events related to breast cancer, including
overall survival (hazard ratio [HR] 1.43 [1.28-1.60]).36 It is
unclear if vitamin D deficiency plays a causal role for these
increased risks, but correcting a vitamin D deficiency may
have the potential to improve outcomes for these BCS. This
requires greater awareness on the part of physicians to diag-
nose and treat vitamin D deficiency in overweight or obese
women, but we found no increase in vitamin D level docu-
mentation or supplementation in this subpopulation of our
cohort. This clinical scenario is complicated by the fact that
patients with increased BMI may require increased supple-
mentation compared to BCS of normal weight.37 Un-
fortunately, there is uncertainty about what constitutes
adequate supplementation for overweight or obese patients.

Although we found that patients with self-reported osteo-
penia or osteoporosis had lower rates of vitamin D deficiency
compared to their counterparts, the deficiency rates were still
quite high, 22% and 29.2%, respectively. Vitamin D status is a
special concern for BCS on AIs because of its well-established
relationship to bone mineral density (BMD).7,22 Women on
AIs are at an increased risk of decreased BMD and fracture.
One study of a cohort of BCS found that after 5 years of
anastrozole, there was a 6.08% decrease in median BMD in the
lumbar spine and a 7.24% drop in the total hip.38 BCS on AIs
also have an AOR of 2.03 for any type of fracture compared to
nonusers.39 Given evidence that vitamin D may prevent os-
teoporotic fractures,40,41 it may be important to understand
how much vitamin D supplementation may help prevent
osteoporosis and fracture in this population.

Our study has a number of strengths, including the size of
the cohort and its relative ethnic diversity. Our population is
also relatively diverse in terms of season of blood draw, BMI,
and socioeconomic status. We used an assay that takes into
account both exogenous sources and endogenous production
and had a high degree of precision. Limitations to our study
include the lack of information about UV exposure and
nonendogenous sources of vitamin D. Additionally, we were
not able extract the exact dosage of vitamin D supplementa-
tion and compliance with supplementation, as this informa-
tion is usually not documented in sufficient detail in a clinical
chart. Further, given the lack of consistent documentation of
BMD and diagnoses of osteopenia and osteoporosis, we had
to rely on self-report for these variables. Lastly, we did not
collect data on waist circumference, which has been found to
be a more accurate representation of fat mass.

Conclusions

Despite the growing body of literature that suggests the
importance of vitamin D for BCS, vitamin D deficiency rates
remain relatively high in this population. Although the effi-

cacy of vitamin D supplementation for reducing breast cancer
mortality is still uncertain, there is a known benefit of vitamin
D for maintaining BMD and decreasing the osteoporotic
fracture rate.40,41 Given the documented risk of fractures as-
sociated with AI therapy,6 this is a particularly relevant clin-
ical problem. Practitioners should be aware that overweight
or obese women and ethnic minorities are at the highest risk
for being vitamin D deficient. In addition, the amount of vi-
tamin D supplementation recommended by IOM guidelines
may not be enough to raise vitamin D levels to an appropriate
level, especially in these high-risk groups. More research is
needed to establish vitamin D supplementation guidelines for
nonwhite and overweight patients. Clinicians should be
aware that a one size fits all approach to supplementation
may not be adequate.
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