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Abstract

Background—African American (AA) men experience higher rates of prostate cancer (PCa) and
vitamin D (vitD) deficiency than white men. VitD is promoted for PCa prevention, but there is
conflicting data on the association between vitD and PCa. We examined the association between
serum vitD and dietary quercetin and their interaction with PCa risk in AA men.

Methods—~Participants included 90 AA men with PCa undergoing treatment at Howard
University Hospital (HUH) and 62 controls participating in HUH’s free PCa screening program.
We measured serum 25-hydroxy vitD [25(OH)D] and used the 98.2 item Block Brief 2000 Food
Frequency Questionnaires to measure dietary intake of quercetin and other nutrients. Case and
control groups were compared using two-sample t test for continuous risk factors and Fisher exact
test for categorical factors. Associations between risk factors and PCa risk were examined via age-
adjusted logistic regression models.

Results—Interaction effects of dietary quercetin and serum vitD on PCa status were observed.
AA men (age 40-70) with normal levels of serum vitD (> 30 ng/ml) had a 71% lower risk of PCa
compared to AA men with vitD deficiency (OR=0.29, 95% CI: 0.08-1.03; p=0.055). In
individuals with vitD deficiency, increased dietary quercetin showed a tendency toward lower risk
of PCa (OR=0.91, 95% CI: 0.82-1.00; p=0.054, age-adjusted) while men with normal vitD were
at elevated risk (OR=1.23, 95% CI: 1.04-1.45).

Conclusions—These findings suggest that AA men who are at a higher risk of PCa may benefit
more from vitD intake, and supplementation with dietary quercetin may increase the risk of PCa in
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AA men with normal vitD levels. Further studies with larger populations are needed to better
understand the impact of the interaction between sera vitD levels and supplementation with
quercetin on PCa in AA men.
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Introduction

With more than 238,000 cases of prostate cancer being diagnosed each year in the United
States [1], American men are increasingly looking to dietary supplements to reduce their
risk of developing prostate cancer and to delay progression after diagnosis [2, 3]. The
increased use of dietary supplements for prostate cancer is occurring despite data showing
consumption of some supplements actively promoted for anti-prostate cancer activity
actually increased the risk of prostate cancer [4]. Rigorous research on the effectiveness of
dietary supplements is essential for practitioners to provide authoritative answers, targeted to
individual patients, regarding which supplements are safe and effective.

Vitamin D supplementation has been promoted for prostate cancer prevention based in part
on a 2007 Harvard University study of nearly 15,000 men initially free of prostate cancer.
Men whose plasma levels of vitamin D were below (versus above) the median had a
significantly increased risk of developing aggressive prostate cancer (OR = 2.1, 95%Cl: 1.2—
3.4) [5]. A 2014 study of the association between vitamin D and prostate biopsy outcomes in
667 men found that vitamin D deficiency was associated with higher Gleason grade and
tumor stage in both European-American and African American men and with increased odds
of prostate cancer diagnosis on biopsy [6]. The findings of an association between vitamin D
levels and aggressive prostate cancer were confirmed in a 2012 study from the United
Kingdom that showed that lower 25-hydroxy vitamin D [25(OH)D] concentrations were
associated with more aggressive cancers, but found no evidence of a link between vitamin D
levels and overall prostate cancer risk [7]. The finding of no association between vitamin D
levels and overall prostate cancer risk is consistent with a retrospective study of 479 prostate
cancer patients with age-matched controls that showed no causal relationship between
vitamin D levels and risk of prostate cancer [8], and a population-based cohort study of
1,476 prostate cancer patients that found no evidence that serum vitamin D levels measured
after diagnosis affect prostate cancer prognosis [9]. Another study matching 1,000 prostate
cancer patients with 1,000 controls found men with higher levels of vitamin D have an
increased risk of prostate cancer [10]. Faced with such conflicting data, the National Cancer
Institute does not recommend “for or against the use of vitamin D supplements to reduce the
risk” of prostate cancer [11].

The majority of these studies did not, however, look at the association between vitamin D
and prostate cancer risk in African American men. African American men have a
significantly higher incidence of aggressive prostate cancer and significantly lower levels of
vitamin D than white men [12, 13]. The normal range for vitamin D levels is 30-74 ng/ml
[14], but an analysis of 194 African American men found that 61% had 25(0OH) D levels <
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15ng/ml, and only two of the participants had levels > 30ng/ml [15]. These lower levels of
vitamin D are partly attributable to higher levels of melanin in the skin of African American
men, which reduces the skin’s ability to produce vitamin D [16]. Higher levels of aggressive
prostate cancer in African American men were found in a recently published study of 70,345
men with early-stage prostate cancer diagnosed between 2004 and 2008. African-American
men were 1.84 times more likely to develop high-risk prostate cancer (P <0.01) compared
with white men [7].

Men concerned about the risk of prostate cancer frequently supplement their diet with
combinations of vitamins, minerals, and fruit/seed extracts, and more than 25% consume
three or more supplements. Nearly 1 in 5 men at high risk of prostate cancer use fruit and
seed extracts either alone or in combination with vitamins [2]. Quercetin is a component of
fruits and seeds being actively studied as an anti-proliferative agent [9]. In vitro and in vivo
mice studies, using prostate cancer cell lines, have found that quercetin provides
chemoprotection, generates apoptosis, and increases antioxidant enzymes [17, 18]. Anin
vitro study reported that quercetin regulates insulin-like growth factor signaling and induces
apoptosis in androgen-independent PC-3 prostate cancer cells [19]. A study of quercetin in
mice injected with PC-3 cells reported that quercetin reverses epidermal growth factor-
induced epithelial-to-mesenchymal transition, and may, therefore, prevent or delay prostate
cancer metastases [20]. Further, quercetin supplementation was found to enhance the
chemopreventive effects of green tea in prostate cancer cells in mice [21]. In addition,
quercetin was shown to improve chronic prostatitis/chronic pelvic pain in a significant
proportion of men [22].

Because African American men have a higher incidence of aggressive prostate cancer, and
because aggressive prostate cancer is associated with lower levels of vitamin D, we
hypothesize that vitamin D deficient (25(OH) D levels < 30ng/ml) African American
patients have a higher risk of prostate cancer compared with African American men with
normal levels of vitamin D when adjusted for age and quercetin levels. We examined the
interaction between vitamin D and quercetin levels.

Patient Selection

Between 2005 and 2008, urologists at Howard University Hospital (HUH) recruited 91
African American men (cases) over the age of 40 who were diagnosed with adenocarcinoma
of the prostate, and who had PSA > 2.5 ng/ml and a positive digital rectal exam. Men
currently undergoing chemotherapy, radiation therapy, or androgen deprivation therapy were
excluded. In addition, 91 African American men were recruited as controls from among men
participating in HUH’s free Men Take Prostate Cancer Screening Program [23, 24]. Eligible
controls had no diagnosis of prostate cancer, PSA < 2.5 ng/ml, negative DRE, no family
history of prostate cancer among first-degree relatives, and no relationship to cases. They
were matched with the cases by age based on a £5 year window. After dropping
observations because of missing data, cases were significantly older than controls despite the
matching. Hence, we did not use matching as an analysis criterion. Missing data on PSA,
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levels of vitamin D, and/or quercetin reduced the number of cases to 90 and the number of
controls to 62.

Serum 25-OH Vitamin D Assay

Vitamin D levels in blood were determined using an assay for 25-OH D, widely considered
the most reliable measure of overall vitamin D status [25]. A 25-hydroxy vitamin D Enzyme
Immunoassay kit from Immunodiagnostic Systems Ltd. (ADS Ltd, AZ) was used according
to the manufacturer’s instructions and as previously described [5]. A level of 30 ng/ml was
used as the threshold for vitamin D deficiency because of a growing consensus that vitamin
D levels below 30 ng/ml raise the risk of bone loss and bone fracture in men [26, 27].

Dietary Quercetin

Statistics

Dietary quercetin levels were determined using the 98.2 item Block Brief 2000 Food
Frequency Questionnaires (FFQ) with a food list designed to cover greater than 90% of the
average intake of over 30 nutrients in whites, African-Americans, and Hispanic Americans
[28]. The Block FFQ was validated and used to assess dietary intake in an African-American
population [29]. The completed FFQs were sent to Block Dietary Systems in Berkeley, CA
for analysis.

The primary goal for this study was to explore the risk factors associated with prostate
cancer. The main risk factors in this paper included vitamin D level and dietary intake of
quercetin. Patient characteristics included age at diagnosis; and nutrition measurements from
food, including selenium, omega 3, lycopene, fatty acids (trans, saturated, polyunsaturated,
and monosaturated), folate, glutathione, thiamine, isoflavinols, vitamin D, and fruit servings.
Dietary supplement nutrients included quercetin, selenium, folic acid, omega 3, omega 6,
vitamin D, and vitamin E. Vitamin D, vitamin E, selenium, and folic acid dietary
supplements were in concordance in most individuals (pairwise concordances with
agreement >=92%), as were supplements of omega 3 and omega 6 (96% agreement). Thus,
composite outcomes on these supplements were created to avoid model collinearity issues.
For each risk factor, descriptive statistics were summarized with mean, standard deviation
(SD), median, and range for continuous outcomes, and the frequency for categorical
outcomes by case and control groups was calculated. Comparisons between case and control
groups were tested by two sample t tests for continuous risk factors, and by the Fisher exact
test for categorical factors. Associations between risk factors and prostate cancer were
examined via logistic regression models with age adjustment. Odds ratios and the
corresponding 95% confidence interval (Cl) were reported. An interaction effect between
vitamin D level and dietary quercetin was examined in this case-control study. Multivariable
analysis was initiated including potential risk factors with p-value less than 0.10 in
univariate analysis and interaction effects between vitamin D level and dietary quercetin.
Backward stepwise selection retained the variables with p-value less than 0.10. In addition,
the interaction effect of vitamin D level and dietary quercetin on prostate cancer was
evaluated by dichotomizing the dietary quercetin at its median value (5.8 mg).
Supplementation with omega 3 or 6 was excluded from multivariable analysis due to the
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sparse numbers of patients in the case group who took omega 3 or 6 supplements. P-values
less than 0.05 were considered as significant. Statistical software R3.0.2 was used in the
analysis.

Baseline characteristics and dietary behaviors are summarized for cases and controls in
Table 1. Cases were significantly older than controls (p<0.001). Vitamin D deficiency was
similar in cases (63%) and controls (67%, p =0.51). No significant differences were seen
between cases and controls in dietary intake of vitamin D, quercetin, and 17 other nutrients
in food. In addition, cases and controls did not differ significantly in patients who took any
dietary supplements of selenium, folic acid, or vitamins E or D versus patients who did not
take any dietary supplements of selenium, folic acid, and vitamins E and D composite
(p=0.41).

In age-adjusted results, neither serum vitamin D status nor dietary intake of quercetin were
risk factors for prostate cancer (OR=1.53, CI:0.70-3.45; p=0.29 and OR=0.99, CI:0.93-
1.06; p=0.88 respectively) (Table 1). In fact, no prostate cancer risk factors, beyond age,
were identified in the dietary nutrition or supplements used, except for use of omega 3 or 6
supplements. Individuals who took omega 3 or 6 supplements had lower risk of prostate
cancer (OR=0.10,95% CI: 0.02-0.35; p=0.0012) compared with subjects who did not take
omega 3 or 6 supplements.

Prostate cancer versus serum vitamin D and dietary quercetin

consumption

A complex relationship was detected between dietary quercetin consumption and prostate
cancer risk with interaction effects of serum vitamin D status (Figure 1A). The risk of
prostate cancer was negatively correlated to the dietary consumption of quercetin when
serum vitamin D deficiency was taken into account and positively correlated among those
with normal vitamin D levels. Thus, our final model results shown in Table 2 includes the
interaction term of dietary quercetin and serum vitamin D status as well as age, dietary
quercetin, and serum vitamin D status. When examining dietary quercetin at its median
value (5.8 mg), all cases and controls were categorized as four groups based on individuals’
serum vitamin D status and amount of dietary quercetin. Figure 1B presents this
dichotomization and interaction effect of serum vitamin D status and dietary quercetin on
risk of prostate cancer with age adjustment.

In this study, considering African American men with normal levels of serum vitamin D (>
30 ng/ml) only, a 71% lower risk of prostate cancer compared to men with vitamin D
deficiency when controlling for age and dietary intake of quercetin as continuous variables
(OR=0.29,95% ClI: 0.08-1.03; p =0.055, Table 2) was observed. The significance of the
interaction of serum vitamin D status and dietary quercetin (p=0.002) indicates that the
association of prostate cancer risk with quercetin intake differs between vitamin D deficient
African American men and vitamin D normal African American men. In addition, the
magnitude of the OR in the interaction term (OR=1.23, 95%CIl: 1.04-1.45) (between dietary
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quercetin and serum vitamin D level) compared to the OR of dietary quercetin alone (0.91)
reflect an inverse relationship between dietary quercetin and prostate cancer risk in vitamin
D deficient patients versus vitamin D normal patients. For the 65-68% (Table 1) of patients
who had serum vitamin D deficiency, the probability of prostate cancer fell as dietary
quercetin consumption increased. For this serum vitamin D deficient group of African
American men, an increase of 1 mg of dietary quercetin was associated with a 9% decrease
in risk of prostate cancer (OR=0.91,95% CI: 0.82-1.00; p = 0.054, age-adjusted, Table 2).
The categorical finding that higher dietary quercetin consumption (=5.8 mg) is associated
with lower risk of prostate cancer in individuals with serum vitamin D deficiency, is more
clearly shown in Figure 1B which dichotomizes quercetin consumption at its median value
(OR=0.39, 95% CI: 0.15-0.99, p=0.05, Figure 1B). In contrast, in the 32-35% of patients
with normal serum vitamin D levels, prostate cancer probability was higher in the high
quercetin consumption group. This association comparing high (=5.8 mg) vs low (<5.8 mg)
intake of dietary quercetin patients was of borderline statistical significance (Figure 1B). For
the serum vitamin D normal group however, a 1 mg increase in dietary quercetin
consumption was associated with a statistically significant 23% increase in the risk of
prostate cancer (OR=1.23,95% CI: 1.04-1.45, p=0.015, age-adjusted, Table 2).

Omega 3 or 6 supplementation was found to be significantly associated with protection from
prostate cancer in age-adjusted logistic regression. However, because few individuals in the
case group took omega 3 or 6 supplements, we excluded the use of omega 3 or 6
supplements from our final multivariable model.

Discussion

To our knowledge, this is the first study to explore the interaction of serum vitamin D level
and dietary quercetin intake in predicting the risk of prostate cancer in African American
men and in any male population. Our findings of no univariate relationship between serum
vitamin D levels and prostate cancer risk in African American men were consistent with
findings from similar studies in the general population [8, 9]. However, our study found that
African American men whose serum vitamin D levels were deficient (<30 ng/ml) had a
higher risk of prostate cancer when adjusting for age and dietary quercetin levels. The
differences were substantial; men whose vitamin D was in the normal range had a 79%
lower risk of prostate cancer than men with vitamin D deficiency. These findings suggest
that African American men who are at a higher risk of prostate cancer than the general
population may benefit more than white men from vitamin D supplementation. We also
found that 65%-67% of African American men had vitamin D deficiency, confirming earlier
findings showing higher levels of vitamin D deficiency in African Americans than in whites
[13].

The results showing an interaction between supplementation with the dietary flavonoid
quercetin and serum vitamin D levels raised questions about when quercetin
supplementation should be recommended for preventing prostate cancer. Although
preclinical studies have shown a protective effect of dietary flavonoids against prostate
cancer [17-21], and two case-control studies showed a weak protective effect of dietary
flavonoids against prostate cancer [30, 31], our results show that quercetin supplementation

Prostate. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Paller et al.

Page 7

is not associated with reduced prostate cancer risk in African American men overall.
However, in men with vitamin D deficiency, quercetin supplementation was
chemopreventive, while in men with normal levels of vitamin D, quercetin supplementation
was associated with an increased risk of prostate cancer. This finding of increased cancer
risk in African American men with normal vitamin D levels, although surprising, may or
may not be a statistical anomaly. One preclinical study in rats found that quercetin
exacerbated estrogen-induced breast tumors [32].

Although our data showing a protective effect of quercetin supplementation in vitamin D
deficient African American men might lead to the conclusion that these men should use
quercetin supplements while their vitamin D levels are deficient, larger studies are needed
before reaching such a conclusion. Moreover, the interaction between dietary quercetin
intake and vitamin D levels may be confounded by the propensity of men to take
supplements and modify their diet to include more fruits after they have been diagnosed
with cancer. To exclude this problem, intake of dietary supplements should be measured
prior to diagnosis. Further, vitamin D levels vary by season. For the European population
studied by Li [5], median levels of 25(OH)D were 24 ng/ml in the winter and spring, and 32
ng/ml in the summer and fall. Thus, the timing of the measurement of vitamin D could
introduce variability into the analysis that alters the results.

Numerous previous studies have failed to find a relationship between vitamin D levels and
overall prostate cancer risk in the general population [9, 10, 16]. However, three studies
found evidence of a relationship between vitamin D deficiency and aggressive prostate
cancer in the general population [5-7]. Li also noted an association between the incidence of
prostate cancer and the interaction between low levels of 25(OH)D and the vitamin D
receptor (VDR) Fokl FF, Ff, and ff genotypes. Patients with low 25(OH)D and the ff
genotype (compared with FF and Ff genotypes and higher vitamin D levels) faced increased
risk of total (OR=1.9, 95% CI: 1.1-3.3) and aggressive prostate cancer (OR=2.5, 95% CI:
1.1-5.8). In men whose plasma 25(OH)D levels exceeded the median, the ff genotype was
not associated with increased risk; men with the ff genotype and a high plasma 25(0OH)D
level (above versus below the median), faced significantly (60%-70%) lower risks of total
and aggressive prostate cancer [5]. Li’s study included men primarily (94%) of Northern
European decent and found a large incidence of insufficient levels of vitamin D (51%—77%)
in this population.

Our finding suggests that African American men who are deficient in serum vitamin D may
have reduced risk of prostate cancer with increased consumption of quercetin. However,
African American men with adequate levels of serum vitamin D showed increased prostate
cancer with quercetin consumption. In sum, provocative findings of our study, along with
the retrospective design, small sample size, and lack of age-matched controls support the
need for a larger, prospective, and randomized study of the relationship between vitamin D
and prostate cancer, taking into account genotype and potential interactions with quercetin
and/or omega 3 and 6 in African American men.
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Figure 1. Interaction effect between vitamin D deficiency and dietary quercetin in predicting risk

of prostate cancer

A) Dietary quercetin was treated as a continuous variable. Lowess smooth curves were fitted
and graphed by serum vitamin D deficiency (<30ng/ml) and normal vitamin D (>30ng/ml)
group. B) Multivariable analysis with dichotomized dietary quercetin (low vs high, cut at

median 5.8 mg) by vitamin D status. Odds ratios (ORs) were age-adjusted.
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Table 2

Final multivariable model predicting prostate cancer based on logistic regression

Comparisons Adjusted OR (95% CI) P-value

Serum Vitamin D (normal vs deficiency)  Dietary Quercetin + Age 0.29 (0.08-1.03) 0.055

Dietary quercetin (per 1 increment) Serum Vitamin D Deficiency +Age 0.91 (0.82-1.00) 0.054

Dietary quercetin (per 1 increment) Serum Vitamin D Normal + Age 1.23 (1.04-1.45) 0.015

Age (per 1 increment) Serum Vitamin D + Dietary Quercetin ~ 1.11 (1.06-1.15)  <0.0001
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