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Race and BMI modify associations of calcium
and vitamin D intake with prostate cancer
Ken Batai1* , Adam B. Murphy2, Maria Ruden3, Jennifer Newsome4, Ebony Shah1, Michael A. Dixon2,
Elizabeth T. Jacobs5, Courtney M. P. Hollowell6, Chiledum Ahaghotu7 and Rick A. Kittles1

Abstract

Background: African Americans have disproportionately higher burden of prostate cancer compared to European
Americans. However, the cause of prostate cancer disparities is still unclear. Several roles have been proposed for
calcium and vitamin D in prostate cancer pathogenesis and progression, but epidemiologic studies have been
conducted mainly in European descent populations. Here we investigated the association of calcium and vitamin
D intake with prostate cancer in multiethnic samples.

Methods: A total of 1,657 prostate cancer patients who underwent screening and healthy controls (888 African
Americans, 620 European Americans, 111 Hispanic Americans, and 38 others) from Chicago, IL and Washington,
D.C. were included in this study. Calcium and vitamin D intake were evaluated using food frequency questionnaire. We
performed unconditional logistic regression analyses adjusting for relevant variables.

Results: In the pooled data set, high calcium intake was significantly associated with higher odds for aggressive
prostate cancer (ORQuartile 1 vs. Quartile 4 = 1.98, 95% C.I.: 1.01–3.91), while high vitamin D intake was associated with
lower odds of aggressive prostate cancer (ORQuartile 1 vs. Quartile 4 = 0.38, 95% C.I.: 0.18–0.79). In African Americans,
the association between high calcium intake and aggressive prostate cancer was statistically significant (ORQuartile
1 vs. Quartile 4 = 4.28, 95% C.I.: 1.70–10.80). We also observed a strong inverse association between total vitamin D
intake and prostate cancer in African Americans (ORQuartile 1 vs. Quartile 4 = 0.06, 95% C.I.: 0.02–0.54). In European
Americas, we did not observe any significant associations between either calcium or vitamin D intake and prostate
cancer. In analyses stratifying participants based on Body Mass Index (BMI), we observed a strong positive association
between calcium and aggressive prostate cancer and a strong inverse association between vitamin D intake
and aggressive prostate cancer among men with low BMI (<27.8 kg/m2), but not among men with high BMI
(≥27.8 kg/m2). Interactions of race and BMI with vitamin D intake were significant (PInteraction < 0.05).

Conclusion: Calcium intake was positively associated with aggressive prostate cancer, while vitamin D intake exhibited
an inverse relationship. However, these associations varied by race/ethnicity and BMI. The findings from this study may
help develop better prostate cancer prevention and management strategies.
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Background
Prostate cancer (PCa) is the most common cancer among
men in the U.S., and African American (AA) men have
higher incidence and mortality rates compared to European
American (EA) men and other racial/ethnic groups [1].
Nutrition and physical activity are key factors for can-
cer prevention [2], and several mechanistic roles have
been proposed for calcium and vitamin D in PCa
pathogenesis and progression [3, 4]. However, epidemi-
ologic studies do not support findings from in vitro
studies. Many epidemiologic studies have shown that
dairy intake increases risk of overall PCa, aggressive
PCa, and mortality [3, 5–9], while other studies found
no association [10, 11].
Dairy products have two key nutrients, calcium and

vitamin D, that may interact in PCa pathogenesis and pro-
gression, or may independently affect PCa. Several epide-
miologic studies have shown that high calcium intake
increases risk of overall PCa, advanced PCa, and PCa mor-
tality [3, 5, 6, 11, 12]. In contrast, epidemiologic studies
failed to link vitamin D intake with a reduced risk for PCa
[5, 7]. Most epidemiologic studies have been conducted
mainly in European descent populations, and only a few
have explored the association of calcium and vitamin D
intake with PCa in AAs [7, 13]. In one of these studies,
Rowland et al. [13] found that high calcium intake in AA
men increases PCa risk. Thus, it is necessary to further ex-
plore this relationship in this high risk population.
In the present study, we investigated whether calcium

and vitamin D intake were associated with PCa diagnosis
and aggressiveness in men from a multiethnic population
from Chicago, IL and Washington, D.C., and if associations
of calcium and vitamin D intake differed based on race/eth-
nicity and body mass index (BMI). For AAs living in high
latitude environments, such as Chicago, where adequate
ultraviolet radiation for cutaneous vitamin D synthesis is
available only for a few months of year, vitamin D intake is
a major source of vitamin D. We and others [14–17] have
shown that vitamin D intake correlates strongly with serum
vitamin D levels. We also evaluated whether the Institute of
Medicine (IOM)-recommended dosage amount, Recom-
mended Dietary Allowance (RDA), for calcium and vitamin
D intake, were beneficial for PCa prevention. The IOM rec-
ommendations were developed for general populations,
despite racial disparities in cutaneous vitamin D synthesis
and vitamin D deficiency. Thus, we sought to determine if
AAs who are at higher risk for PCa and vitamin D defi-
ciency can benefit equally to EAs from following the
recommendations.

Methods
Study participants
We recruited a total of 2,322 study participants for
cross-sectional studies among controls and men who

underwent PCa biopsy (1,381 AAs, 715 EAs, and 226
from other racial/ethnic backgrounds). PCa patients and
controls ages 40 to 79 years old were recruited from six
public and academic hospitals in Chicago, IL (Cook
County Health and Hospital System, Northwestern
Memorial Hospital, Jesse Brown Veterans Affairs Medical
Center, University of Illinois Hospital and Health Science
System, and University of Chicago Hospital) between
2009 and 2014 [18] and Washington, D.C. (Howard
University Hospital) between 2000 and 2004 [19]. The
patients underwent their first prostate biopsy due to an el-
evated or abnormal serum prostate specific antigen (PSA)
level or an abnormal digital rectal examination. The pa-
tients were recruited before they underwent prostate bi-
opsy. PCa diagnosis was histologically confirmed for all
cases. Controls were patients who were recruited at ur-
ology clinics without history of PCa and healthy AA men
who do not have history of PCa or other types of cancer
were recruited at community health events. In our ana-
lysis, we excluded 665 study participants, due to miss-
ing dietary information (n = 395) and no prostate
biopsy (n = 3) for individuals with elevated PSA and ab-
normal digital rectal exam results. Patients who had
negative biopsy (n = 239) or who had history of other
types of cancer (n = 28) were also excluded. After re-
moving these individuals, a total of 1,657 men (699 PCa
patients and 958 controls) were available for analysis.
The Institutional Review Board of the University of Illinois
at Chicago approved the research protocol.
At the time of recruitment, clinical research coordina-

tors obtained information on calcium and vitamin D in-
take, dietary supplement use, age, height, weight, family
history of PCa, education, alcohol and tobacco use, and
marital status. Men at high risk for aggressive PCa were
determined using the National Comprehensive Cancer
Network (NCCN) risk stratification scheme, which
has been used for predicting biochemical failure [20].
Following the NCCN guidelines, patients who were
classified as having high risk PCa had a Gleason Score ≥4
+ 4, PSA level ≥20.0 ng/mL, or clinical stage ≥T3a,N0,M0.

Dietary assessment
Self-reported calcium and vitamin D intake were evalu-
ated using the Block calcium and vitamin D screener, a
food frequency questionnaire (FFQ) developed from the
National Health and Nutrition Examination Survey
(NHANES) 1999–2001 dietary recall data. The Block
screener has been validated for use in the AA population
[21]. The questionnaire includes 19 food items, 3 supple-
ment questions, and items to adjust for food fortification
practices. Participants were asked about the amount of
consumption (serving size) and frequency of food con-
sumption (never, 2–3 times per month, 1–2 times per
week, 3–4 times per week, 5–6 times per week, or every
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day) in the past year. A research coordinator administered
the FFQ at the time of recruitment. The completed FFQs
were sent to NutritionQuest in Berkeley, CA where the
proprietary software was used for analysis to calculate
vitamin D and calcium intake. Dietary intake is from food
items, while supplemental intake includes fortification and
dietary supplement intake. Total intake combines dietary
and supplemental intake. Vitamin D intake is reported in
International Unit (IU, 1 IU = 0.025 μg).

Statistical analysis
A student’s t-test or Mann-Whitney U test for continu-
ous variables and χ2 test for categorical variables were
used to examine study participants’ characteristics. We
investigated the associations of dietary, supplemental,
and total calcium and vitamin D intake with PCa diag-
nosis using unconditional logistic regression analyses.
Quartiles based on dietary and total calcium and vitamin
D intake were used as independent variables. Because it
was not possible to make categories using medians, ter-
tiles or quartiles for supplemental calcium and vitamin
D intake due to skewed distributions of supplemental in-
take, different categorization schemes were used (supple-
mental calcium intake 0, 1–199, and ≥200 mg/day and
supplemental vitamin D intake 0, 1–399, and ≥400 IU/
day) following Park et al. [7]. The final adjusted logistic
regression model included age at diagnosis for PCa cases
or age of recruitment for controls, family history of PCa
(yes or no/unknown), race/ethnicity (AA, EA, Hispanic
Americans, and others), BMI [weight (kg)/height (m)2],
education (<high school/high school, associate/technical/
bachelor degree, or master/PhD/professional degree),
smoking (no, current smoker, former smoker), alcohol use
(no, yes but quit, or currently use alcohol), and marital
status (married/living like married or single/divorced/
widowed). Age and BMI were modeled as continuous var-
iables. In the models, we simultaneously adjusted for total
calcium and total vitamin D intake as well as dietary and
supplemental intake to evaluate if the associations with
PCa were independent.
In stratified analyses of race and BMI, we used quar-

tiles of calcium and vitamin D intake instead of tertiles
to maximize the contrast between low and high intake
groups, even though number of patients in each quartile
was small. For analyses stratifying based on the partici-
pants’ BMI, we used the median BMI as the cut-off
(<27.8 vs. ≥27.8 kg/m2). We tested linear trends by
assigning study participants the median value of each
quartile and treating it as a continuous variable. For the
analysis of the association between dietary and supple-
ment intake and PCa diagnosis, we used the recommen-
dations set by the IOM as cut-off points in our analysis.
The IOM set Estimated Average Requirement (EAR) for
adults age between 19 and 70 for calcium intake as

800 mg/day and for vitamin D intake as 400 IU/day [22].
The IOM Recommended Dietary Allowance (RDA) for
calcium is 1,000 mg/day and for vitamin D is 600 IU/
day. We categorized total calcium intake (<800 mg/day,
800–1,000 mg/day, and ≥1,000 mg/day) and total vitamin
D intake (<400 IU/day, 400–600 IU/day, and ≥600 IU/
day) into three-level ordinal variables. We did not
categorize dietary vitamin D and supplemental calcium in-
take in this way since few participants consumed the rec-
ommended amount. SPSS statistical software version 22.0
(IBM Corp., Armonk, NY) was used for analyses.

Results
The PCa patients were older than controls (mean age of
63.8 and 58.9 in cases and controls respectively, P < 0.001)
(Table 1). There were 888 AAs, 620 EAs, 111 Hispanic
Americans, and 38 individuals from other racial/ethnic
groups (Asian and Middle Eastern Americans). Overall, a
small proportion of study participants consumed the RDA
for calcium (26.3%) and vitamin D (19.1%), and median
total calcium and vitamin D intake was considerably lower
than the RDA. PCa patients had slightly higher total cal-
cium intake, while controls had significantly higher sup-
plemental vitamin D intake (P = 0.02). The distribution of
supplemental calcium and vitamin D intake was skewed.
Many study participants did not have supplemental cal-
cium and vitamin D intake. In fact, 59.2% of participants
had less than 100 mg/day of supplemental calcium intake.
A large proportion of study participants (87.2%) had less
than 200 mg/day of supplemental calcium intake, while
55.2% of participants consumed less than 100 IU/day of
vitamin D. We observed significantly positive correlations
between dietary calcium and vitamin D intake and be-
tween total calcium and vitamin D intake (P < 0.001), but
there we many people who had low calcium intake while
consuming a large amount of vitamin D.
AA and EA study participants had a similar total cal-

cium intake, but they exhibited different dietary and
supplemental calcium intake patterns (Additional file 1:
Table S1). Other behavioral and sociodemographic char-
acteristics that could contribute to PCa risk were also
different. AA men had significantly higher dietary vita-
min D intake than EA men (P < 0.001), but EA men
tended to have higher supplemental and total vitamin D
intake (P < 0.001) and were more likely to use dietary
supplements (26.1% in EAs compared to14.9% in AAs,
P < 0.001). EA participants were also more likely to be
married (P < 0.00), have higher education (P < 0.001), and
use alcohol regularly (P < 0.001). There were more current
smokers among AA than EA participants (P < 0.001). In
addition, AA men were more likely to be in the high
NCCN risk group than EA men (29.1% in AA patients vs.
14.5% in EA patients, P < 0.001).
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In the pooled analysis including all populations, cal-
cium and vitamin D intake were not associated with
overall PCa risk (P > 0.05), but high total and dietary cal-
cium intake were significantly associated with high
NCCN risk group and high grade PCa (Table 2). Com-
pared to men in the lowest total calcium intake quartile,
the men in the highest quartile were almost two times

more likely to have high risk PCa (OR = 1.98, 95% C.I.:
1.01–3.91). The association of the highest quartile of
total and dietary calcium intake with Gleason Score ≥4 +
3 was not significant, but we observed statistically signifi-
cant linear trends (PTrend =0.03 for total calcium and
PTrend =0.02 for dietary calcium intake). Total vitamin D
intake showed an inverse association for high risk PCa

Table 1 Study participants’ characteristics

Cases (n = 699) Controls (n = 958) P

Age, mean (SD1) 63.3 (8.1) 58.9 (9.8) <0.001

Body Mass Index, mean (SD) 28.2 (5.0) 29.2 (6.0) <0.001

Race/Ethnicity 0.25

African Americans/African Descents 391 (55.9) 497 (51.9)

European Americans 242 (34.6) 378 (39.5)

Hispanic Americans 50 (7.2) 61 (6.4)

Others 16 (2.3) 22 (2.3)

Dietary Calcium Intake (mg/day), median (IQR2) 506.7 (281.0–826.4) 502.0 (286.5–800.6) 0.79

Supplemental Calcium Intake (mg/day), median (IQR) 0.0 (0.0–162.0) 22.7 (0.0–162.0) 0.23

Total Calcium Intake (mg/day), median (IQR) 645.2 (370.0–1049.5) 600.1 (367.1–1019.0) 0.59

Dietary Vitamin D Intake (IU/day)3, median (IQR) 75.6 (32.1–152.7) 68.7 (28.5–147.9) 0.17

Supplemental Vitamin D Intake (IU/day), median (IQR) 0.0 (0.0–400.0) 26.8 (0.0–400.0) 0.02

Total Vitamin D Intake (IU/day), median (IQR) 237.2 (57.2–504.5) 245.8 (66.8–515.9) 0.25

Dietary Supplement Use, n (%) 94 (16.8) 185 (21.7) 0.02

Education, n (%) <0.001

< High School or High School 326 (51.3) 378 (41.0)

Some College, 4 Years of College 188 (29.6) 316 (34.3)

Master, PhD, and Professional Degree 122 (19.2) 227 (24.6)

Income, n (%) <0.001

< $30,000 286 (42.2) 296 (31.8)

$30,000–60,000 159 (23.5) 239 (25.7)

≥ $60,000 232 (34.3) 395 (42.5)

Married or Living Like Married, n (%) 390 (56.0) 550 (57.8) 0.45

Smoking, n (%) 0.08

Current Smoker 122 (17.6) 158 (16.7)

Yes, but Quit 267 (38.6) 321 (34.0)

Alcohol Use, n (%) 0.02

Yes, but Quit 149 (21.3) 201 (21.2)

Currently Drink 447 (64.0) 560 (58.9)

Family History, n (%) 163 (23.3) 199 (12.5) <0.001

PSA, median (IQR) 6.5 (7.7) 1.2 (1.7) <0.001

Aggressive PCa

Greater than High Risk PCa4, n (%) 157 (23.5)

Gleason Score 4 + 3 or Greater, n (%) 155 (24.3)

Gleason Score 4 + 4 or Greater, n (%) 91 (14.3)
1Standard Deviation (SD)
2Interquartile Range (IQR)
3Vitamin D International Unit (IU, 1 IU = 0.025 μg)
4Based on National Comprehensive Cancer Network (NCCN) risk stratification for biochemical failure
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(OR = 0.38, 95% C.I.: 0.18–0.79). The association was
stronger after adjusting for potential confounders. Dietary
vitamin D intake was significantly positively associated
with high risk PCa in our crude model, but showed no as-
sociation after adjusting for relevant variables, such as
total calcium intake. Supplemental calcium and vitamin D
intake were not independently associated with PCa. Be-
cause calcium and vitamin D intake were highly correlated
and showed opposing directions of association, we investi-
gated the interaction between calcium and vitamin D in-
take. This interaction was not statistically significant.
Because AA and EA patients exhibited very different

demographic and dietary behavioral characteristics, we
performed stratified analyses, and observed stronger as-
sociations in AAs than in EAs or in pooled dataset. In
AAs, the highest quartile of total vitamin D intake was
associated with 47% lower odds of PCa diagnosis (95%
C.I.:0.30–0.94) (Table 3). Total vitamin D intake was
strongly negatively associated with high risk PCa
(ORQuartile 1 vs. Quartile 4 = 0.06, 95% C.I.: 0.02–0.21) and
high grade PCa (ORQuartile 1 vs. Quartile 4 = 0.17, 95% C.I.:
0.06–0.54). High supplemental vitamin D intake was also
associated with lower odds of high risk and high grade
PCa (Additional file 2: Table S2). Both dietary and total
calcium intake were associated with high risk and high
grade PCa, and high total calcium intake increased odds
of high risk PCa (ORQuartile 1 vs. Quartile 4 = 4.28, 95% C.I.:
1.70–10.80) and high grade (ORQuartile 1 vs. Quartile 4 =
3.42, 95% C.I.: 1.30–9.00). Conversely, we did not ob-
serve these relationships in EAs. Interestingly, although
not statistically significant, the odds of high risk and
high grade PCa for men who had high supplemental and
total vitamin D were slightly increased. We tested inter-
action between calcium and vitamin D intake and race/
ethnicity among AA and EA study participants, and the
interaction between total vitamin D and race/ethnicity
was significant for high risk PCa (PInteraction = 0.007), but
not overall PCa risk or high grade PCa. The interaction
between supplemental vitamin D intake and race/ethni-
city was also statistically significant (PInteraction = 0.03) for
high risk PCa.
Next, we investigated if BMI modified the associations

between calcium and vitamin D intake and PCa (Table 4,
Additional file 3: Table S3). We observed stronger rela-
tionships between calcium and vitamin D intake and
PCa in leaner men (BMI <27.8 kg/m2) compared to men
with higher BMI (≥27.8 kg/m2). High total and dietary
calcium intake increased the odds of high risk and high
grade PCa in both groups, but the associations were sig-
nificant only in the leaner group after adjustment. In the
leaner group, high total calcium increased odds of diag-
nosis with high risk PCa (ORQuartile 1 vs. Quartile 4 = 1.25,
95% C.I.: 1.25–9.42) and high grade PCa (ORQuartile 1 vs.

Quartile 4 = 2.69, 95% C.I.: 1.02–7.11). Total and

supplemental vitamin D intake showed strong inverse
associations in the leaner group, but such effect was not
observed in the high BMI group. In leaner men, high
total vitamin D intake reduced odds of PCa diagnosis
(ORQuartile 1 vs. Quartile 4 = 0.57, 95% C.I.: 0.33–0.97), high
risk PCa (ORQuartile 1 vs. Quartile 4 = 0.09, 95% C.I.: 0.02–
0.35), and high grade PCa (ORQuartile 1 vs. Quartile 4 = 0.20,
95% C.I.: 0.07–70.60). The interaction between total cal-
cium intake and BMI for high risk PCa was significant
(PInteraction = 0.05), and the interaction between total
vitamin D intake and BMI on high risk and high grade
PCa was also statistically significant (PInteraction = 0.02
and 0.04 for high risk and high grade PCa respectively).
Supplemental calcium intake exhibited a negative associ-
ation with PCa in the lower BMI group, but the associ-
ation was not significant in the adjusted models. High
supplemental calcium intake, on the other hand, was as-
sociated with high risk PCa in the high BMI group. The
interaction was significant (PInteraction = 0.007).
We further stratified the study participants based on

race/ethnicity to investigate if BMI differentially modi-
fied the associations between vitamin D and calcium in-
take and PCa in AAs and EAs. In AAs, total calcium
and vitamin D intake were significantly associated with
PCa in the leaner group, while the high BMI group
showed no association (Additional file 4: Table S4). On
the other hand, EAs in the high BMI group showed a
statistically significant positive linear trend of increasing
PCa risk with total vitamin D intake (PTrend = 0.03). In-
teractions of BMI with total calcium and vitamin D in-
take were not significant in both races.
Finally, we evaluated the associations between the

IOM daily intake recommendations for calcium and
vitamin D with PCa diagnosis (Table 5). A larger propor-
tion of PCa cases consumed more than the EAR
(≥800 mg/day) of total calcium intake than controls
(39.7% and 35.0% respectively). Men who consumed
total calcium intake above the EAR had increased odds
of overall PCa, and men who consumed total calcium
intake between 800 and 1000 mg/day had significantly
increased odds of overall PCa (OR = 1.61, 95% C.I.:
1.12–2.29). Dietary and total calcium intake of more
than the EAR was also significantly increased odds of
high grade PCa (PTrend < 0.05). Conversely, a larger pro-
portion of controls consumed more than the RDA
(≥600 IU/day) of vitamin D intake compared to PCa pa-
tients (21.2% and 16.5% respectively). Total vitamin D
intake showed a statistically non-significant inverse asso-
ciation, and total vitamin D intake of more than the
RDA showed a trend for significantly reduced PCa risk
(OR = 0.74, 95% C.I.: 0.54–1.01). Having more than the
RDA for total vitamin D also significantly reduced odds
of high risk PCa (OR = 0.44, 95% C.I.: 0.23–0.84). In
addition, men who take more than the RDA of
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supplemental vitamin D had significantly reduced odds
of overall PCa as well as high risk and high grade PCa.
When the study participants were stratified based on

race, total calcium intake above the EAR increased odds
of overall PCa and aggressive PCa in both AAs and EAs.
Total calcium intake between 800 and 1000 mg/day was
significantly associated with increased odds of overall
PCa in EAs and high grade PCa in AAs (Additional file
5: Table S5). Vitamin D intake above the RDA was nega-
tively associated with overall PCa risk, and high risk and
high grade PCa in AAs, but not in EAs. In AAs, the pro-
portion of cases diagnosed with NCCN high risk PCa in-
creases with total calcium intake in AAs (Fig. 1a), while
the proportion of cases diagnosed with NCCN high risk
PCa was lower among AA patients with vitamin D in-
take of more than the RDA and it was similar to that of
EA patients (Fig. 1b). We did not observe such patterns
in EAs, however.

Discussion
In previous epidemiologic studies conducted mainly in
European descent populations, the relationships between
calcium and vitamin D intake and PCa were unclear. In
this study of PCa in a multiethnic population, we evalu-
ated this relationship, and found positive associations
with high calcium intake and inverse relationships with
high vitamin D intake. Men with high calcium intake
were more likely to be diagnosed with NCCN high risk
and high grade PCa, while men with high vitamin D in-
take were less likely to be diagnosed with high risk PCa.
We also observed that the associations between calcium
and vitamin D intake and PCa were modified by race/
ethnicity and BMI. The relationships between high cal-
cium and vitamin D intake with PCa were stronger in
AAs and men with low BMI. Vitamin D intake above
the RDA was associated with reduced odds of PCa in

AAs, while calcium intake above the EAR was related to
increased odds of PCa in AAs as well as EAs.
Recently, the World Cancer Research Fund Inter-

national concluded that evidence linking high calcium
intake to PCa risk is limited [23], but the results of the
current work are consistent with many other studies that
demonstrated that high calcium intake increases risk of
PCa [3, 5, 6, 13] as well as reports showing associations
between high serum calcium levels and increasing PCa
risk and risk of fatal PCa [24, 25]. Epidemiologic evi-
dence also does not provide definitive support for an in-
verse association between vitamin D and PCa [26–28],
and other studies that explored the relationship between
vitamin D intake and PCa did not find significant associ-
ations [5, 7]. However, previously, we demonstrated that
serum vitamin D levels were associated with prostate bi-
opsy outcome and adverse pathology after undergoing
radical prostatectomy in our study group [18, 29], and
this is the first study to demonstrate significant associ-
ation between vitamin D intake and PCa. Compared to
other work, our study has the advantage of including a
large number of AA participants and men living in a low
ultraviolet radiation environment who were vitamin D
deficient [14, 15].
The primary hypothesis regarding how calcium may

increase PCa risk is related to the interaction of calcium
and 1,25-dihydroxyvitamin D3 [1,25(OH)2D], the active
form of vitamin D [11]. Production of 1,25(OH)2D in
the kidney is regulated by parathyroid hormone (PTH)
in response to low serum calcium concentrations, and
high serum calcium concentrations lowers 1,25(OH)2D
concentrations [30]. Because 1,25(OH)2D has been
shown to inhibit growth of PCa cells [31], suppression of
its production at the cellular level by high levels of cal-
cium would likely abrogate anti-carcinogenic effects. Al-
ternatively, high consumption of dairy products, a major

Fig. 1 Proportion of cases with NCCN high risk PCa (%) and total calcium (a) and vitamin D (b) intake stratified based on race
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source of dietary calcium in the U.S., increases concen-
tration of insulin-like-growth factor I (IGF-I) in serum
[32]. IGF-I is involved in cell proliferation, differenti-
ation, and apoptosis, and high circulating IGF-I levels
may increase PCa risk [33].
We observed significant associations in AAs for calcium

and vitamin D intake, but not in EAs, and significant in-
teractions between race/ethnicity and supplemental cal-
cium and vitamin D intake were observed. Non-significant
associations in EAs could be due to small size for EAs.
However, uncontrolled factors and residual confounding
or measurement method may have affected our analyses.
While our study participants had similar calcium and
vitamin D intake as other studies conducted in the
U.S. [16, 34], including a study among veterans in
Chicago [35], other studies report higher calcium in-
take [13, 36, 37]. The AA and EA study participants also
exhibited different socioeconomic and behavioral charac-
teristics. Low-income individuals are less likely to meet
dietary guidelines, and adherence to dietary recommenda-
tions is lower in AAs [38]. Studies also show that AAs pre-
fer different foods than EAs [39], and dairy consumption
is lower in AAs than other ethnic groups [40, 41]. Along
with low dietary supplement usage, these factors partly
contributed to lower calcium and vitamin D intake in our
study participants. PTH concentrations in serum are also
different between AAs and EAs. AAs generally have
higher PTH concentrations, and PTH concentrations vary
with BMI categories [35, 42]. In addition, there are differ-
ences in genetic variations that affect calcium and vitamin
D metabolism and signaling [13, 14].
We showed that BMI potentially modifies associations

between calcium and vitamin D intake and PCa. Modifying
effects of BMI on calcium and PCa have been previously
reported. Singapore Chinese men with BMI < 22.9 kg/m2

(median) who had high calcium consumption had a signifi-
cantly increased PCa risk, but no such association was ob-
served in men with BMI ≥ 22.9 kg/m2 [43]. Although
obesity is recognized as an important risk factor for PCa
[23] and BMI predicts serum vitamin D concentrations
[15, 17], modifying effects of BMI on the relationship be-
tween vitamin D and PCa have not been well explored. In
our study, high vitamin D consumption had beneficial
effects only in the leaner group. Because vitamin D is
fat soluble and stored in adipose tissue, high BMI in-
dividuals may have reduced levels of bioavailable vita-
min D [44], illustrating the importance of weight
management in PCa prevention.
There are several limitations in this study. First, recall

bias can significantly affect associations between dietary
intake and disease outcomes in a case-control study
[45]. In order to avoid recall bias, we recruited patients
before they underwent prostate biopsy, so at the time of
recruitment, the patients did not know whether they had

PCa or not. Secondly, we used data from cross-sectional
studies, so the causal relationship between dietary intake
and PCa could not be assessed. Third, the uncontrolled
factors that were not captured in this work may also
have affected the association between calcium and vita-
min D intake and PCa. Behavioral and socioeconomic
factors that potentially affect PCa diagnosis were also as-
sociated with dietary intake, and results from unadjusted
model were different from fully-adjusted models. Add-
itionally adjusting for uncontrolled factors may attenuate
the associations. For example, many patients were diag-
nosed with PCa after undergoing prostate biopsy due to
elevated PSA levels. Health conscious men who have
high calcium and vitamin D intake may be more likely
to have regular PSA testing. These PSA screened pa-
tients usually have low risk and low grade PCa. In our
study, however, high calcium intake was associated with
high risk PCa, and high vitamin D consumption reduced
odds of high risk and high grade PCa. In addition, al-
though this study is one of the largest studies aiming to
understand the role of calcium and vitamin D intake in
AAs, the sample size of this study may have been insuffi-
cient, especially for high risk and high grade PCa pa-
tients and study participants who consumed more than
recommended amount of calcium and vitamin D. As a
result, we may have observed different associations be-
tween unadjusted and adjusted models and spuriously
inflated associations in our stratified analysis. Moreover,
other minority groups were underrepresented in our
study. Results from this study may not be generalizable
to other racial/ethnic groups that have very different
dietary patterns from our study populations. The effect
of calcium and vitamin D intake should be further inves-
tigated including more study participants from diverse
racial/ethnic backgrounds. Finally, we evaluated associ-
ation of dietary intake rather than serum vitamin D
levels because vitamin D intake is strongly correlated
with serum vitamin D levels [14–17]. The relationship
between serum vitamin D concentrations and PCa will
be explored further in our future studies.
Calcium and vitamin D are important nutrients, and

they may have preventive effects against many health
conditions [46]. Although toxicity from high vitamin D
supplementation may be low [47], high calcium intake is
associated with increased PCa risk as well as risk of car-
diovascular disease [48] and kidney stones [49]. High
calcium consumption might be harmful and for PCa
prevention, high dose calcium supplementation and for-
tification should be avoided, especially among AA men.
The U.S. Preventive Service Task Force (USPSTF) and
the U.S. National Institute of Health (NIH) concluded
that evidence is currently insufficient to recommend
vitamin D supplementation for prevention of cancer for
general population [50, 51]. For AAs, however, vitamin
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D intake above the IOM RDA through vitamin D sup-
plementation without calcium might be beneficial for
prevention of aggressive PCa. A large majority of AAs in
our study did not have adequate amount of vitamin D
intake and more than half of them were vitamin D defi-
cient [14, 15]. Vitamin D supplementation trials have
shown that vitamin D supplementation improves PCa
clinical characteristics by reducing number of positive
cores at repeat biopsy in active surveillance patients and
post radical prostatectomy PSA levels [52, 53].

Conclusions
In summary, we showed that high calcium intake is as-
sociated with increased risk of aggressive PCa, while
high vitamin D intake was inversely associated. We ob-
served stronger effect estimates for calcium and vitamin
D intake on PCa in AAs and men with low BMI. The
findings from this study may help develop better PCa
prevention and management plans. While a large scale
trial among AAs who are at higher risk for PCa is neces-
sary, higher vitamin D intake above the IOM RDA using
supplementation or fortification and avoidance of high
calcium intake, may reduce the rates of aggressive PCa
diagnosis in AAs.
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