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INTRODUCTION:   
Experimental and ecologic studies support a role of vitamin D in prostate cancer prevention and prognosis; 
however, epidemiologic study results are inconsistent. Altered vitamin D status (as measured by plasma 
metabolites and by functional polymorphisms within genes related to vitamin D transport, metabolism and 
activity) is hypothesized to be associated with increased risk of aggressive prostate cancer, and may explain 
some of the racial disparity seen in aggressive prostate cancer.  It is also hypothesized that plasma parathyroid 
hormone (PTH), serum calcium and serum phosphorus levels are inversely and directly correlated with plasma 
25(OH)D and 1,25(OH)2D levels, respectively, and are positively associated with disease aggressiveness. 
Polymorphisms within thirteen genes involved in vitamin D transport, metabolism and activity were examined 
to determine whether 1) allele and genotype frequencies differ by race, 2) plasma vitamin D metabolite 
concentrations are related to polymorphisms in these genes, 3) allele and genotype/haplotype frequencies are 
different in more aggressive disease as compared to less aggressive disease, and 4) vitamin D and genetic 
polymorphisms act synergistically to affect prostate cancer aggressiveness. We examined these associations 
among vitamin D status, PTH, calcium, phosphorus, polymorphisms in vitamin D-related genes, and prostate 
cancer aggressiveness in the North Carolina-Louisiana Prostate Cancer Project (PCaP), a previously-conducted 
case-only study of prostate cancer among equal numbers of African Americans and European Americans.  New 
laboratory data were generated using previously-collected biospecimens from PCaP, and data have been and 
continue to be analyzed using epidemiologic techniques for estimating odds of high aggressive prostate cancer 
according to vitamin D metabolites, PTH, calcium, phosphorus and genetic polymorphisms. 
The Specific Aims were as follows:   
Primary Specific Aim 1  To examine the relationship between 1) circulating vitamin D [as measured by serum 
vitamin D metabolites 25(OH)D and 1,25(OH)2D], and 2) plasma PTH/serum calcium homeostasis and serum 
phosphorous, and aggressiveness of disease in AA and EA men diagnosed with prostate cancer.  
Primary Specific Aim 2  To examine the allele and genotype/haplotype frequencies for polymorphisms in the 
VDR, CYP24A1, CYP27B1, and DBP genes (and their relative gain- or loss-of functional status): 1) by race; 2) 
in relation to serum vitamin D metabolite concentrations; and 3)  in relation to aggressiveness of disease.   
Secondary Specific Aim 3 To examine the joint effects of vitamin D status and vitamin D-related 
polymorphisms on prostate cancer aggressiveness. 

BODY:  
The project activities, as outlined in the Statement of Work (SOW) Tasks and Milestones, have been completed 
and ongoing work is focused on continued data analyses and manuscript publication. A 12-month no-cost 
extension was requested and granted, and the grant ended on September 29, 2015.  

Activities in Task #1, the run-in phase of months 1-6, have been accomplished as described in detail below. The 
activities related to Task #2 (planned to occur in months 7 to 24 of the grant award period) and Task #3 
(planned to occur in months 25-36) have been accomplished as outlined below, with continued work on data 
analyses and manuscript development. The original SOW activities are listed below in the numbered bullet, and 
the progress and status of those activities listed in the indented lettered bullet underneath each activity. 

Task 1: Run-in Phase, Months 1-6: 
1. Organize the investigative team and schedule regular conference calls between investigators

a. Conference calls occurred once per month during Years 1-3 of the grant period.
2. Obtain IRB approval for the study from all institutions and DoD HSRRB

a. IRB approval was granted by each of the institutions (USC, Roswell Park Cancer Institute,
UCLA, and UNC-CH) and by DoD HSRRB.

3. Complete the data acquisition form from the parent PCaP Study
a. Data was requested and obtained from PCaP.
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4. Develop a Manual of Operations (MOP), a detailed document describing data transfer, data merging, and 
data management systems. The MOP content is based on our successful experience with other large-scale 
epidemiologic studies. 

a. A system of data transfer has been developed, and the MOP has been assembled. 
5. Arrange for shipment of 1,200 serum samples to Roswell Park for vitamin D analyses, 1,200 plasma and 

1,200 DNA samples to USC for PTH analyses and genotyping, and serum samples to UCLA for calcium 
(1,200 samples) and phosphorus (1,200 samples) analyses 

a. It was decided that plasma samples were more appropriate for vitamin D analyses, instead of 
serum samples, because the plasma samples were originally collected and transported under 
light-protected conditions.  

b. It was decided that genotyping would be conducted by Roswell Park Cancer Institute Shared 
Genomic Resources facility due to their having the appropriate technology and experience for 
the Illumina Goldengate and Sequenom genotyping methodology being used. 

c. Plasma samples and DNA samples were shipped from UNC-CH to Roswell Park, serum samples 
were shipped to UCLA, and plasma samples were shipped to USC. 

6. Drs. Steck and Johnson attend PCRP IMPaCT Annual Meeting or other scientific meeting. 
a. There was not an IMPaCT meeting in Year 1. Dr. Steck attended the American Society of 

Preventive Oncology meeting in March 2012. 
All milestones for Task #1 were met (IRB and HSRRB approval, samples aliquotted and shipped to labs, data 
systems in place for capture of all data from different sources). No data analyses occurred in Year 1, so no 
tables or manuscripts containing results are presented for this year. 

Task 2: Laboratory Analyses, Interim Data Analyses, Months 7-24: 
1. Conduct plasma 25(OH)D and 1,25(OH)2D lab measurements at Roswell Park Cancer Institute 

a. Plasma vitamin D metabolite measurements are complete. 
2. Conduct genotyping at Roswell Park Cancer Institute Shared Genomics Resource facility 

a. Genotyping was completed at Roswell Park Cancer Institute using Illumina Goldengate and 
Sequenom methodology. 

3. Conduct plasma PTH measurements at Psychoneuroimmunology Lab at USC 
a. Plasma PTH measurements are complete. 

4. Conduct serum calcium and phosphorus measurements at UCLA 
a. Serum calcium and phosphorus measurements are complete. 

5. Hire graduate assistant at USC 
a. A senior-level doctoral student, Samuel Antwi, was hired as a graduate assistant. Sam graduated 

with a PhD in December 2014 and is currently a postdoctoral fellow at the Mayo Clinic in 
Minnesota. 

6. Have all raw data sent to USC and to PCaP parent study  
a. Raw data from Roswell Park and UCLA have been distributed to USC. Data generated from the 

study will be sent to PCaP upon completion of data analyses and manuscript publication. 
7. Manage data, begin cleaning data as it becomes available 

a. Data from PCaP, Roswell Park, UCLA, and USC were merged and cleaned. 
8. Drs. Steck and Johnson attend PCRP IMPaCT Annual Meeting or other scientific meeting. 

a. There was no IMPaCT meeting in Year 2. Dr. Steck attended the American Association for 
Cancer Research Frontiers in Cancer Prevention meeting in November 2012. 

All of the milestones for Task #2 (successful completion of lab work and raw data deposit at centralized 
location) were completed.  Data were begun to be merged and cleaned, and preliminary data analyses of the 
Primary Specific Aim #1 of the study, to examine associations between plasma 25(OH)D and prostate cancer 
aggressiveness, were conducted. An abstract was submitted in Year 2 to the American Association for Cancer 
Research Annual Meeting. The results reported in that abstract were later published in the PLoS ONE article 
appended to this report. These results are described in more detail under Task 3, #3. 
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Task 3.  Final Data Analyses, Months 25-36 plus no-cost extension year, Months 37-48: 
1. Clean data, merge all data from different sources by study ID 

a. The genotyping data were cleaned in Year 3. All data have been cleaned and merged by study ID. 
2. Perform all exploratory analyses to test for adherence to model assumptions 

a. Preliminary analyses have been performed. 
3. Conduct analyses of study data; test study hypotheses 

a. Statistical analyses have been performed examining associations between 25(OH)D, 1,25(OH)2D, 
genetic polymorphisms and prostate cancer aggressiveness. 

b. Results are described in the following pages along with reference to the appropriate tables in 
the PLoS One article: 

 

To address Primary Specific Aim #1, associations between plasma vitamin D metabolites [25(OH)D3 and 
1,25(OH)2D] and aggressive prostate cancer have been examined (Steck et al. 2015).  In PCaP, African 
Americans had lower mean concentrations of 25(OH)D3 compared to European Americans (17.7 ± 7.6 and 24.6 
± 9.6 ng/ml, respectively). As shown in Figure 1 of the PLoS One article in the Appendix, over 60% of African 
Americans were classified as deficient in vitamin D using the standard cutoff of <20 ng/ml, while only around 
30% of European Americans were deficient. As shown in Table 2 of the PLoS One article, the highest tertile 
and middle tertile when compared to the lowest tertile of plasma 25(OH)D3 were positively associated with 
high aggressive prostate cancer among African Americans after adjustment for age, African ancestry, body 
mass index, energy intake, alcohol intake, study site, season, education, physical activity, smoking status, use of 
non-steroidal anti-inflammatory drugs, and PSA screening history (OR=1.46, 95%CI= 0.89, 2.39 and OR=1.80, 
95%CI=1.10, 2.96, respectively). No substantial associations between 25(OH)D3 and prostate cancer 
aggressiveness were observed in European American men. Also reported in the PLoS One article, we noted a 
statistically significant interaction between plasma 25(OH)D3 and calcium intake on odds of aggressive prostate 
cancer among African Americans. As shown in Table 3 of the PLoS One article, among men with high intake of 
calcium, high plasma 25(OH)D3 was inversely associated with aggressive prostate cancer. In contrast, among 
men with low intake of calcium, high plasma 25(OH)D3 was positively associated with aggressive prostate 
cancer. This interaction was not evident among European American men. Other variables, including older age, 
obesity and study site, did not modify the effect of 25(OH)D3 on prostate cancer aggressiveness. 
 

In a separate analyses also related to Primary Specific Aim #1 (manuscript is in development, Table 1 shown 
below), plasma 1,25(OH)2D was not associated with odds of aggressive prostate cancer in either African 
Americans or European Americans in this study (OR=0.83, 95%CI=0.49, 1.41 and OR=0.67, 95%CI=0.40, 
1.11, respectively, for highest tertile compared to lowest tertile).  
Table 1. Associations between plasma 1,25(OH)2D and prostate cancer aggressiveness by race  

Race 1,25(OH)D 
Tertiles 

n (high/low 
aggressive) Age-adjusted ORa (95% CI) Adjusted ORb (95% CI) 

African- 
Americans 

tertile1  69/85 1.00 (Ref) 1.00 (Ref) 

tertile2  50/86 0.73 (0.45-1.18) 0.66 (0.39-1.12) 

tertile3 56/89 0.88 (0.55-1.42) 0.83 (0.49-1.41) 

Cutpoints: T1<23.98, 23.98≤ T2 < 31.18, T3≥31.18 pg/ml 
European- 
Americans 

tertile1  61/141 1.00 (Ref) 1.00 (Ref) 

tertile2  40/140 0.67 (0.42-1.08) 0.68 (0.41-1.11) 

tertile3 38/142 0.65 (0.40-1.06)  0.67 (0.40-1.11) 

Cutpoints: T1<25.40, 25.40≤ T2 < 32.50, T3≥32.50 pg/ml  
aAdjusted for age (categorical); bAdjusted for age (categorical), education status, alcohol intake, smoking status, season of 
the blood draw, PSA screening history, physical activity, energy intake, NSAIDs use, study site and BMI. 
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We created a new variable, called the vitamin D metabolite index, equal to the ratio of 1,25(OH)2D to 25(OH)D3 
and categorized research subjects into quartiles of the vitamin D metabolite index. As shown in Table 2 below, higher 
quartiles (as compared to the lowest quartile) of 1,25(OH)2D:25(OH)D3 ratio were associated with reduced 
odds of high aggressive disease among African Americans after adjustment for age, season, education, alcohol 
intake, smoking status, PSA screening history, physical activity, energy intake, use of non-steroidal anti-
inflammatory drugs, study site and body mass index (OR=0.51, 95%CI=0.28, 0.91; OR=0.41, 95%CI=0.22, 
0.76, and OR=0.46, 95%CI=0.25, 0.84 for 2nd, 3rd and 4th quartiles, respectively). Inverse associations were also 
observed for European Americans, but were not statistically significant (OR=0.64, 95%CI=0.35, 1.17 for 4th 
compared to 1st quartile). Additional analyses related to Primary Specific Aim #1 are underway to examine 
associations between serum calcium, phosphorus and parathyroid hormone concentrations and prostate cancer 
aggressiveness. 
 
Table 2. Crude and adjusted odds ratios for aggressive prostate cancer by quartiles of 1,25(OH)2D:25(OH)D3 
index by race 
Quartiles, Vitamin D 
metabolite indexa 

n (high/low 
aggressive)b 

Age-adjusted ORc (95% CI) Adjusted ORd (95% CI)

African-Americans 
Quartile 1 69/64 1.00 (Ref) 1.00(Ref) 
Quartile 2 38/64 0.52 (0.31-0.89) 0.51 (0.28-0.91) 
Quartile 3 28/65 0.44 (0.25-0.77) 0.41 (0.22-0.76) 
Quartile 4 35/64 0.57 (0.33-1.00) 0.46 (0.25-0.84) 
European-Americans 
Quartile 1 41/106 1.00 (Ref) 1.00(Ref) 
Quartile 2 38/104 1.00 (0.58-1.70) 1.09 (0.63-1.90) 
Quartile 3 33/106 0.88 (0.51-1.53) 0.92 (0.53-1.62) 
Quartile 4 25/106 0.66 (0.37-1.19) 0.64 (0.35-1.17) 
aQuartile cutpoints of vitamin D metabolite index: 
African-Americans: Q1 < 0.0013449538, 0.0013449538 ≤ Q2 < 0.0018073957; 0.0018073957 ≤ Q3 < 0.0022770399; Q4 
≥ 0.0022770399 
European-Americans: Q1 < 0.0010135403, 0.0010135403 ≤ Q2 < 0.001248328; 0.001248328 ≤Q3< 0.0015520382; Q4 ≥ 
0.0015520382  
bOnly participants with complete observations for all covariates were included. 
cAdjusted for age (categorical) 
dAdjusted for age (categorical), education status, alcohol intake, smoking status, season of the blood draw, PSA screening 
history, physical activity, energy intake, NSAIDs use, study site and BMI 
 
The goal of Primary Specific Aim #2 was to examine the association between vitamin D-related gene 
polymorphisms and prostate cancer aggressiveness. TagSNPs (n=315) in 13 genes (VDR, GC, CYP24A1, 
CYP27A1, CYP27B1, CYP2R1, CYP3A4, DHCR7, CASR, NADSYN1, RXRA, RXRB, RXRG) were genotyped 
using Illumina GoldenGate or Sequenom assays in 524 African-American and 657 European-American men. In 
Table 3 below, results are presented for the SNPs in which a statistically significant association was observed 
with aggressive prostate cancer among either African Americans or European Americans. To summarize, 
among African Americans, 21 SNPs were associated with prostate cancer aggressiveness. The variant allele was 
associated negatively or positively with high aggressive prostate cancer in eleven and ten SNPs, respectively. 
For example, two SNPs in the vitamin D binding protein gene known as GC, were inversely associated with 
high aggressive prostate cancer (rs222054: OR, 0.55, 95%CI, 0.38-0.80; and rs16847028: OR, 0.61, 95%CI, 
0.39-0.94). Among European Americans, the variant allele was inversely associated with high aggressive 
prostate cancer for four SNPs in three genes (CASRrs3863977; CYP24A1rs4809960; RXRArs1007971; and 
RXRArs3118526), and positively associated with high aggressive prostate cancer for three SNPs in the 
CYP27B1 gene (rs703842, rs4646536, and rs10877013). After adjustment for multiple comparisons, none of the 
SNPs remained statistically significantly associated with aggressive prostate cancer (data not shown). 
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Table 3. Association between SNPs in genes related to vitamin D and odds of high aggressive prostate cancer by race 
European Americans African Americans 

Gene* and SNP Genotype 
n, high/low 
aggressive OR (95%CI) p-value 

n, high/low 
aggressive OR (95%CI) p-value 

CASRrs1501898 CC 112/283 1.00 (ref) 190/251 1.00 (ref) 
AC+AA 75/186 1.02 (0.72-1.46) 0.8914 26/56 0.59 (0.35-0.99) 0.0449 

CASRrs2036399 GG 138/345 1.00 (ref) 151/241 1.00 (ref) 
AG+AA 49/125 0.97 (0.65-1.43) 0.866 66/66 1.57 (1.06-2.35) 0.0259 

CASRrs3749208 GG 88/219 1.00 (ref) 156/235 1.00 (ref) 
AG 71/203 0.88 (0.61-1.28) 0.5209 55/71 1.13 (0.75-1.70) 0.5697 
AA 28/48 1.34 (0.78-2.30) 0.2825 6/1 8.78 (1.03-74.39) 0.0462 

CASRrs3863977 GG 101/217 1.00 (ref) 89/124 1.00 (ref) 
AG+AA 86/253 0.71 (0.50-1.00) 0.0536 127/182 0.97 (0.68-1.39) 0.8678 

CASRrs10222633 GG 51/115 1.00 (ref) 84/88 1.00 (ref) 
AG 93/231 0.97 (0.64-1.47) 0.8871 95/164 0.61 (0.41-0.91) 0.0153 
AA 43/164 0.84 (0.51-1.36) 0.4761 37/55 0.71 (0.42-1.20) 0.2018 

CASRrs12485716 GG 101/238 1.00 (ref) 65/62 1.00 (ref) 
AG 66/193 0.88 (0.61-1.28) 0.5191 94/156 0.60 (0.39-0.92) 0.0206 
AA 20/34 1.44 (0.78-2.66) 0.2443 58/89 0.63 (0.39-1.03) 0.0647 

CASRrs12486623 AA 101/234 1.00 (ref) 67/69 1.00 (ref) 
AC+CC 86/236 0.90 (0.64-1.28) 0.5697 150/238 0.66 (0.45-0.99) 0.043 

CASRrs13324814 AA 143/349 1.00 (ref) 139/161 1.00 (ref) 
AG+GG 44/121 1.01 (0.67-1.52) 0.9593 78/146 0.63 (0.44-0.91) 0.0124 

CYP24A1rs2762929 AA 67/177 1.00 (ref) 25/18 1.00 (ref) 
AG 94/216 1.16 (0.79-1.69) 0.4424 96/145 0.48 (0.25-0.94) 0.0325 
GG 26/76 0.92 (0.54-1.58) 0.7651 96/144 0.50 (0.26-0.98) 0.0436 
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Table 3. Continued 

European Americans African Americans 

Gene* and SNP Genotype 
n, high/low 
aggressive OR (95%CI) p-value 

n, high/low 
aggressive OR (95%CI) p-value 

CYP24A1rs4809960 AA 130/259 1.00 (ref) 163/233 1.00 (ref) 
AG+GG 57/211 0.57 (0.39-0.82) 0.0025 54/74 1.04 (0.69-1.57) 0.8496 

CYP24A1rs13038432 AA 152/407 1.00 (ref) 215/293 1.00 (ref) 
AG+GG 35/63 1.47 (0.93-2.35) 0.1004 2/14 0.20 (0.04-0.87) 0.0327 

CYP27A1rs691414 GG 180/441 1.00 (ref) 128/203 1.00 (ref) 
AG+AA 2/7 0.70 (0.14-3.59) 0.6701 81/92 1.46 (1.01-2.14) 0.0465 

CYP27B1rs703842 AA 83/219 1.00 (ref) 90/138 1.00 (ref) 
AG 79/210 1.04 (0.72-1.51) 0.8336 104/144 1.11 (0.77-1.61) 0.5689 
GG 25/41 1.82 (1.03-3.23) 0.0399 23/25 1.44 (0.76-2.69) 0.2598 

CYP27B1rs4646536 AA 85/220 1.00 (ref) 105/155 1.00 (ref) 
AG 77/209 1.00 (0.69-1.44) 0.9867 97/136 1.05 (0.73-1.51) 0.7839 
GG 25/41 1.78 (1.01-3.16) 0.047 15/16 1.41 (0.66-2.99) 0.37 

CYP27B1rs10877013 GG 85/222 1.00 (ref) 103/152 1.00 (ref) 
AG 77/207 1.02 (0.70-1.47) 0.9285 99/137 1.06 (0.74-1.53) 0.7441 
AA 25/41 1.80 (1.02-3.19) 0.0433 15/18 1.23 (0.59-2.56) 0.5785 

GCrs222054 CC 100/235 1.00 (ref) 156/179 1.00 (ref) 
CG+GG 87/235 0.92 (0.65-1.30) 0.644 61/128 0.55 (0.38-0.80) 0.0019 

GCrs16847028 GG 155/372 1.00 (ref) 179/227 1.00 (ref) 
AG+AA 32/98 0.78 (0.50-1.22) 38/80 0.61 (0.39-0.94) 0.0253 

RXRArs1007971 GG 128/285 1.00 (ref) 39/307 1.00 (ref) 
CG+CC 59/184 0.65 (0.45-0.95) 0.0245 178/241 1.27 (0.81-1.99) 0.2909 6
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Table 3. Continued    

European Americans African Americans 

Gene* and SNP Genotype 
n, high/low 
aggressive OR (95%CI) p-value 

n, high/low 
aggressive OR (95%CI) p-value 

RXRArs3118526 GG 147/334 1.00 (ref) 198/288 1.00 (ref)  
AG+AA 40/136 0.62 (0.41-0.94) 0.0238 19/19 1.46 (0.74-2.87) 0.2728 

   

RXRArs7855881 CC 184/467 1.00 (ref) 165/206 1.00 (ref)  
AC+AA 1/2 1.23 (0.10-14.35) 0.8695 52/99 0.66 (0.44-0.98) 0.0388 

   
RXRArs7856788 GG 184/467 1.00 (ref) 187/244 1.00 (ref)  

AG+AA 0/1 NE 30/63 0.61 (0.38-0.98) 0.0421 
   

RXRArs10776909 GG 112/275 1.00 (ref) 183/281 1.00 (ref)  
AG+AA 75/194 0.94 (0.66-1.33) 0.718 34/26 2.01 (1.16-3.50) 0.0128 

   
RXRArs11185659 GG 116/273 1.00 (ref) 126/213 1.00 (ref)  

AG+AA 71/197 0.84 (0.59-1.19) 0.325 91/94 1.64 (1.14-2.36) 0.0078 
   

RXRArs11185662 AA 101/257 1.00 (ref) 95/163 1.00 (ref)  
AG+GG 85/212 1.02 (0.72-1.45) 0.8939 122/144 1.46 (1.03-2.08) 0.0353 

   
RXRBrs9277935 CC 111/293 1.00 (ref) 102/173 1.00 (ref)  

AC+AA 76/177 1.11 (0.78-1.58) 0.5713 115/134 1.46 (1.03-2.08) 0.0342 
   

RXRGrs157880 GG 134/351 1.00 (ref) 77/133 1.00 (ref)   
AG+AA 53/119 1.18 (0.80-1.74) 0.3948 140/174 1.43 (1.00-2.06) 0.0516 

     
RXRGrs166899 GG 134/352 1.00 (ref) 77/133 1.00 (ref)   

AG+AA 53/118 1.20 (0.81-1.77) 0.3571 140/174 1.43 (1.00-2.06) 0.0516 
   

RXRGrs517456 GG 134/352 1.00 (ref) 76/133 1.00 (ref)  
CG+CC 53/118 1.20 (0.81-1.77) 0.3571 141/174 1.46 (1.02-2.10) 0.0409 

*Abbreviations: CASR: Calcium sensing receptor; CYP24A1: Cytochrome P450 24A1; CYP27A1: Cytochrome P450 27A1; CYP27B1: Cytochrome 
P450 27B1; GC(gene): Vitamin D Binding Protein; RXRA: Retinoid X receptor alpha; RXRB: Retinoid X receptor beta; RXRG: Retinoid X receptor 
gamma 
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A polygenic score based on a previous study (Mondul et al. 2013) of SNP predictors of serum 25(OH)D3 levels 
was calculated utilizing SNPs in the GC, CYP24A1, CYP2R1, and NADSYN1 genes. Mean plasma 25(OH)D3 
concentrations were lowest in the group of research subjects with the most ‘low vitamin D’ alleles, though there 
was not a linear association between number of ‘low vitamin D’ alleles and plasma 25(OH)D3 concentration 
among African Americans (Table 4 below). There was no association between higher number of ‘low vitamin 
D’ alleles in the four SNPs that comprised the polygenic score and prostate cancer aggressiveness for either 
race.  Analyses examining interactions between vitamin D metabolites and gene polymorphisms (Secondary 
Specific Aim #3) are underway. 

Table 4. Crude and adjusted odds ratios for aggressive prostate cancer by polygenic score index by race 
Polygenic Scorea n (high/low 

aggressive) 
Adjusted ORb (95% CI) Mean 25(OH)D3 

concentration, ng/ml

African-Americans 
0,1,2 35/39 1.00 (Ref) 17.83
3 57/90 0.69 (0.39-1.22) 18.63
4 78/109 0.80 (0.46-1.40) 17.03
5-8 47/69 0.76 (0.42-1.39) 16.84
European-Americans 
0,1,2 75/210 1.00 (Ref) 26.20
3 52/131 1.07 (0.70-1.63) 24.41
4 39/92 1.09 (0.68-1.75) 23.30
5-8 21/37 1.59 (0.87-2.93) 20.96
a Polygenic score includes GCrs2282679, CYP24A1rs6013897, CYP2R1rs10741657, and NADSYN1_DHCR7rs12785878 
as reported by Mondul et al. 2013 Cancer Epidemiology Biomarkers and Prevention; 22(4):688-96.  
bAdjusted for age and African ancestry 

4. Present preliminary results at scientific meetings
a. Three abstracts were submitted to American Association for Cancer Research meetings as listed

below and provided in the Appendix.
5. Prepare and submit manuscripts for publication

a. One manuscript has been published as listed below. Two other manuscripts are in preparation based
on results presented in abstracts, and additional manuscripts are planned.

6. Archive datasets for future analyses
a. This activity will be accomplished following completion of primary analyses.

7. Plan future studies
a. Planning for future studies has been ongoing and will continue.

8. Drs. Steck and Johnson attend PCRP IMPaCT Annual Meeting or other scientific meeting
a. There was no IMPaCT meeting in Years 3 or 4. Dr. Steck attended the AACR Science of Cancer

Health Disparities meeting in December 2013 and presented a poster of results related to this project
(see abstract provided in the Appendix). Dr. Steck submitted an abstract in November 2015 to the
AACR annual meeting to be held in 2016 based on genetic polymorphism results.

All of the Milestones for Task #3 (generate final analytic dataset, perform analyses for Specific Aims, present 
results at scientific meetings, submit manuscripts for publication) have been completed, and data analyses and 
manuscript development continue. One abstract was presented at the AACR annual meeting in April 2013, 
another was presented at the AACR The Science of Cancer Health Disparities meeting in December 2013, and a 
third will be presented at the AACR Annual Meeting in 2016 (see abstracts provided in the Appendix). A 
manuscript reporting results for the primary aim, to describe the association between 25(OH)D3 and prostate 
cancer aggressiveness, was published in PLoS ONE (see attached manuscript in Appendix). Additional 
manuscripts are in development. 
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KEY RESEARCH ACCOMPLISHMENTS, ALL YEARS:  

YEAR 1: 

 Obtained IRB approval for the study from all institutions and DoD HSRRB.
 Developed a system of data transfer.
 Arranged for shipment of plasma samples to Roswell Park for vitamin D analyses and serum samples to

UCLA for calcium and phosphorus analyses.
 Conducted plasma 25(OH)D and 1,25(OH)2D lab measurements (by Roswell Park Cancer Institute).
 Conducted serum calcium and phosphorus measurements (by UCLA).
 Hired graduate assistant at USC.
 Obtained data from parent study (PCaP) and began merging and cleaning data.

YEAR 2: 

 Arranged for shipment of plasma samples to USC for PTH analyses and DNA samples to Roswell Park for
genotyping.

 Conducted plasma PTH measurements (by USC).
 Hired graduate assistant at USC.
 Merged and cleaned data from PCaP, Roswell Park, UCLA and USC.
 Conducted preliminary data analyses of vitamin D metabolites and prostate cancer aggressiveness by race.
 Presented abstract at AACR Annual Meeting in April 2013.
 Submitted abstract to the AACR Science of Cancer Health Disparities 2013 meeting.

YEAR 3: 

 Hired graduate assistant at USC.
 Presented abstract at AACR Science of Cancer Health Disparities 2013 meeting.
 Arranged for shipment of DNA samples to Roswell Park Cancer Institute for genotyping.
 Identified tagSNPs and functional SNPs in genes related to vitamin D metabolism or activity.
 Conducted genotyping (by Roswell Park Cancer Institute).
 Merged and cleaned genotyping data.
 Conducted data analyses of association between gene polymorphisms and prostate cancer aggressiveness.
 Submitted manuscript for publication reporting the association between 25(OH)D and prostate cancer

aggressiveness.

NO-COST EXTENSION YEAR: 

 Continued to supervise graduate assistant at USC until January 2015.
 Revised manuscript reporting the association between 25(OH)D and prostate cancer aggressiveness and

published at PLoS ONE (2015).
 Conducted data analyses of association between gene polymorphisms and prostate cancer aggressiveness,

and submitted abstract to 2016 AACR Annual Meeting.
 Drafting manuscripts related to abstracts (see manuscripts in preparation listed below).
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REPORTABLE OUTCOMES:  

Presentations (abstracts are attached in the Appendix): 

1. Woloszynska-Read, A., Arab, L., Adams, J., Bensen, J., Fontham, E.T.H., Mohler, J.L., Su, L.J., Tabung,
F., Zhang, H., Trump, D., Johnson, C., Steck, S.E. Plasma 25-hydroxyvitamin D Levels are Associated with
Aggressive Prostate Cancer among African Americans in the North Carolina-Louisiana Prostate Cancer
Project (PCaP). In: Proceedings of the 104th Annual Meeting of the American Association for Cancer
Research; 2013 Apr 6-10; Washington, DC. Philadelphia (PA): AACR; Abstract #LB-12, 2013. Poster
presentation.

2. Steck, S.E., Woloszynska-Read, A., Arab, L., McMahon, D.M., Bensen, J.T., Adams, J.S., Fontham, E.T.H.,
Mohler, J.L., Su, L.J., Zhang, H., Trump, D., Johnson, C. Ratio of Plasma 1,25(OH)2D to 25(OH)D is
Inversely Associated with Aggressive Prostate Cancer in African Americans in the North Carolina-
Louisiana Prostate Cancer Project (PCaP). American Association for Cancer Research The Science of
Cancer Health Disparities in Racial/Ethnic Minorities and the Medically Underserved. Atlanta, GA.
December 2013. Poster presentation.

3. Steck, S.E., Woloszynska-Read, A., Antwi, S.O., Zhang, H., Arab, L., Fontham, E.T.H., Mohler, J.L., Su,
L.J., Xiao, F., Smith, G.J., Trump, D., Johnson, C., Bensen, J.T. SNPs in Vitamin D-related Genes are
Associated with Prostate Cancer Aggressiveness in the North Carolina-Louisiana Prostate Cancer Project
(PCaP). American Association for Cancer Research Annual Meeting. New Orleans, LA. 2016.

Manuscripts published (attached at end of document): 

1. Steck SE, Arab L, Zhang H, Bensen JT, Fontham ET, Johnson CS, Mohler JL, Smith GJ, Su JL, Trump DL,
Woloszynska-Read A. (2015) Association between Plasma 25-Hydroxyvitamin D, Ancestry and Aggressive
Prostate Cancer among African Americans and European Americans in PCaP. PLoS One.10(4):e0125151.
PMID: 25919866. PMCID: PMC4412567.

Manuscripts in preparation: 

1. Woloszynska-Read A, Arab L, Bensen JT, Fontham ETH., Mohler JL, Su LJ, Zhang H, Trump D, Johnson
C, Steck SE. Ratio of Plasma 1,25(OH)2D to 25(OH)D is Inversely Associated with Aggressive Prostate
Cancer in African Americans in the North Carolina-Louisiana Prostate Cancer Project (PCaP). Manuscript
in preparation.

2. Steck SE, Woloszynska-Read A, Antwi SO, Zhang H, Arab L, Basta P, Fontham ETH, Mohler JL, Su LJ,
Xiao F, Smith GJ, Trump D, Johnson C, Bensen JT. SNPs in Vitamin D-related Genes are Associated with
Prostate Cancer Aggressiveness in the North Carolina-Louisiana Prostate Cancer Project (PCaP).
Manuscript in preparation.

LIST OF PERSONNEL RECEIVING PAY FROM RESEARCH EFFORTS: 

Susan Steck, PI, University of South Carolina 
Samuel Antwi, Graduate Assistant, University of South Carolina 
Hongmei Zhang, Co-investigator, University of Memphis (formerly University of South Carolina) 
Candace Johnson, Collaborating PI, Roswell Park Cancer Institute 
Lenore Arab, Co-investigator, UCLA David Geffen School of Medicine 
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CONCLUSION (More detailed results can be found in the Description of Tasks and the Appendix): 

In PCaP, plasma 25(OH)D was positively associated with prostate cancer aggressiveness among African 
Americans but not European Americans, such that subjects with high aggressive prostate cancer had increased 
odds of having higher plasma 25(OH)D. These findings were unexpected given the original hypothesis that 
25(OH)D would be inversely associated with prostate cancer aggressiveness. However, our results support more 
recent literature which suggests that the relationship between 25(OH)D and prostate cancer is complex, and that 
25(OH)D may not be the ideal biomarker for measuring vitamin D status in all populations. In contrast, the ratio 
of plasma 1,25(OH)2D to 25(OH)D was inversely associated with prostate cancer aggressiveness among 
African Americans in PCaP. This suggests perhaps a beneficial role of the biologically active metabolite 
1,25(OH)2D as a marker of reduced odds of aggressive prostate cancer, particularly when 25(OH)D levels are 
low. Blood samples were collected after diagnosis, thus it is possible that effects of treatment or extent of 
disease or associated processes (e.g. weight loss) on plasma 25(OH)D may partially be responsible for the 
findings. Polymorphisms in genes involved in vitamin D metabolism and activity, the vitamin D binding protein 
and calcium sensing receptor were associated with prostate cancer aggressiveness, and there was no overlap 
between race groups in SNPs found to be associated with aggressiveness. Our ongoing work will examine gene-
vitamin D interactions to examine whether polymorphisms in genes involved in vitamin D metabolism may 
explain the unexpected findings related to 25(OH)D. The results add to the growing body of literature on the 
complex relationship between vitamin D and prostate cancer, and provide unique data on African Americans, a 
chronically underserved population who are more likely to have low levels of circulating 25(OH)D and who 
carry an unequal burden of prostate cancer.  

REFERENCES: 
1. Mondul AM, Shui IM, Yu K, Travis RC, Stevens VL, et al. (2013) Genetic Variation in the Vitamin D

Pathway in Relation to Risk of Prostate Cancer—Results from the Breast and Prostate Cancer Cohort
Consortium. Cancer Epidemiology Biomarkers and Prevention 22(4):688-96.

2. Steck SE, Arab L, Zhang H, Bensen JT, Fontham ET, Johnson CS, Mohler JL, Smith GJ, Su JL, Trump
DL, Woloszynska-Read A. (2015) Association between Plasma 25-Hydroxyvitamin D, Ancestry and
Aggressive Prostate Cancer among African Americans and European Americans in PCaP. PLoS
One.10(4):e0125151. PMID: 25919866. PMCID: PMC4412567.
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APPENDIX: 

Abstract presented at AACR Annual Meeting 2013 (see PLoS One paper for more details) 

Title: Plasma 25-hydroxy vitamin D is associated with aggressive prostate cancer among African Americans in 
North Carolina-Louisiana Prostate Cancer Project (PCaP). 

Authors: Anna Woloszynska-Read, Lenore Arab, Jeannette T. Bensen, John Adams, Elizabeth T.H. Fontham, 
James L. Mohler, L.  Joseph Su, Fred Tabung, Hongmei Zhang, Donald Trump, Candace Johnson, Susan E. 
Steck. 

Background: Experimental and ecological studies support links between vitamin D and prostate cancer 
prevention and prognosis; however, epidemiologic study results are inconsistent. Given the lower levels of 
circulating 25hydroxyvitamin D [25(OH)D] and higher prostate cancer aggressiveness, incidence, and mortality 
among African Americans compared to other racial/ethnic groups, the aim of this investigation was to examine 
the relationship between plasma 25(OH)D and prostate cancer aggressiveness among African Americans and 
European Americans. 

Methods: Plasma 25(OH)D was measured using LC/MS/MS in 537 African-American and 663 European-
American newly-diagnosed prostate cancer patients from the North Carolina-Louisiana Prostate Cancer Project 
(PCaP).  Men were classified as cases (high aggressiveness) if Gleason sum ≥8, or PSA >20 ng/ml, or Gleason 
sum ≥7 AND clinical stage = T3c-T4c, or Gleason sum=7 with a pattern of (4+3).  The comparison group (low 
aggressiveness) included men with Gleason sum <7 AND Stage T1-T2 AND PSA < 9 ng/ml.  Plasma 25(OH)D 
was categorized into tertiles based on distributions among low aggressive cases in each race separately. Odds 
ratios (OR) and 95% confidence intervals (95%CI) were calculated for high aggressive prostate cancer by tertile 
of plasma 25(OH)D using logistic regression with adjustment for potential confounders. 

Results: African Americans had lower mean concentrations of 25(OH)D compared to European Americans 
(17.7 ± 7.6 and 24.6 ± 9.6 ng/ml, respectively). The highest tertile and middle tertile when compared to the 
lowest tertile of plasma 25(OH)D were positively associated with highly aggressive prostate cancer among 
African Americans after adjustment for age, season, education, physical activity, smoking status, and PSA 
screening history (OR=1.7, 95%CI= 1.0, 2.8 and OR=1.8, 95%CI=1.1, 3.0, respectively). No substantial 
associations were observed in European American men. 

Conclusions: Plasma 25(OH)D was positively associated with prostate cancer aggressiveness among African 
Americans but not European Americans, such that subjects with highly aggressive prostate cancer had increased 
odds of having higher plasma 25(OH)D. Blood samples were collected after diagnosis, thus it is possible that 
effects of treatment or extent of disease or associated processes (e.g. weight loss) on plasma 25(OH)D may 
explain the findings. Our ongoing studies include analysis of vitamin D binding protein (DBP) in the plasma 
and genotyping of DBP affinity variants in PCaP subjects. This approach may explain the differences seen in 
AA and EA men with prostate cancer, as DBP has been implicated in modulating the impact of vitamin D status 
on prostate cancer. 

12



DoD Award W81XWH‐11‐1‐0568 
Final Progress Report  

Abstract presented at AACR The Science of Cancer Health Disparities 2013 Meeting  (See Tables 1-2 
above for results). 

Title: Ratio of plasma 1,25(OH)2D to 25(OH)D is inversely associated with aggressive prostate cancer in 
African Americans in the North Carolina-Louisiana Prostate Cancer Project (PCaP). 

Authors: Susan E. Steck, Anna Woloszynska-Read, Lenore Arab, Daria McMahon, Jeannette T. Bensen, John 
Adams, Elizabeth T.H. Fontham, James L. Mohler, L.  Joseph Su, Hongmei Zhang, Donald Trump, Candace 
Johnson. 

Introduction: Epidemiologic studies have reported conflicting results when examining the relationship 
between circulating vitamin D metabolites and risk of advanced prostate cancer. While 25-hydroxy vitamin D 
[25(OH)D] is used as a measure of vitamin D status, 1,25-dihydroxy vitamin D [1,25(OH)2D] is the biologically 
active form and its concentration is tightly regulated.  We previously reported increased odds of aggressive 
prostate cancer among African Americans in the highest tertile of plasma 25(OH)D compared to the lowest, and 
have now examined plasma 1,25(OH)2D and the ratio  of 1,25(OH)2D to 25(OH)D in relation to prostate cancer 
aggressiveness.  

Methods: Plasma 1,25(OH)2D and 25(OH)D were measured using LC/MS/MS in 435 African-American and 
563 European-American men with newly-diagnosed prostate cancer from the North Carolina-Louisiana Prostate 
Cancer Project (PCaP).  Men were classified as highly aggressive cases at time of diagnosis if Gleason sum ≥8, 
or PSA >20 ng/ml, or Gleason sum ≥7 AND clinical stage = T3-T4, or Gleason sum=7 with a pattern of (4+3). 
The comparison group (low aggressiveness) included men with Gleason sum <7 AND Stage T1-T2 AND PSA 
< 9 ng/ml.  Plasma 1,25(OH)2D and the ratio of plasma 1,25(OH)2D to 25(OH)D were categorized into tertiles 
and quartiles, respectively, based on distributions among low aggressive research subjects in each race 
separately. Odds ratios (OR) and 95% confidence intervals (95%CI) were calculated for high aggressive 
prostate cancer by tertiles of 1,25(OH)2D or quartiles of the 1,25(OH)2D:25(OH)D ratio using logistic 
regression with adjustment for potential confounders.  

Results: Plasma 1,25(OH)2D was not associated with odds of aggressive prostate cancer in either African 
Americans or European Americans in this study (OR=0.83, 95%CI=0.49, 1.41 and OR=0.67, 95%CI=0.40, 
1.11, respectively, for highest tertile compared to lowest tertile). However, higher quartiles (as compared to the 
lowest quartile) of 1,25(OH)2D:25(OH)D ratio were associated with reduced odds of high aggressive disease 
among African Americans after adjustment for age, season, education, alcohol intake, smoking status, PSA 
screening history, physical activity, energy intake, use of non-steroidal anti-inflammatory drugs, study site and 
body mass index (OR=0.51, 95%CI=0.28, 0.91; OR=0.41, 95%CI=0.22, 0.76, and OR=0.46, 95%CI=0.25, 0.84 
for 2nd, 3rd and 4th quartiles, respectively). Inverse associations were also observed for European Americans, but 
were not statistically significant (OR=0.64, 95%CI=0.35, 1.17 for 4th compared to 1st quartile).   

Conclusions: The ratio of plasma 1,25(OH)2D to 25(OH)D was inversely associated with prostate cancer 
aggressiveness among African Americans. Blood samples were collected after diagnosis, thus, it is possible that 
effects of treatment or extent of disease or associated processes (e.g., weight loss) on plasma vitamin D 
metabolites may have affected their measurement. Future analyses in PCaP will include examining circulating 
parathyroid hormone, calcium and phosphorus, as well as genotyping of genes encoding enzymes involved in 
the vitamin D metabolism and activity, which may help to explain these findings. 
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Abstract to be presented at AACR Annual Meeting 2016 (see Tables 3-4 above for results) 

Title: SNPs in vitamin D-related genes are associated with prostate cancer aggressiveness in the North 
Carolina-Louisiana Prostate Cancer Project (PCaP). 

Authors: Susan E. Steck, Anna Woloszynska-Read, Samuel O. Antwi, Hongmei Zhang, Lenore Arab, 
Elizabeth T.H. Fontham, James L. Mohler, L.  Joseph Su, Feifei Xiao, Gary J. Smith, Donald Trump, Candace 
Johnson, Jeannette T. Bensen 

Introduction: African Americans have higher incidence of, and mortality from, prostate cancer (PCa) 
compared to other racial/ethnic groups. Frequency of polymorphisms in genes involved in vitamin D 
metabolism, transport, and activity differ by race/ethnicity. Examining the association between polymorphisms 
in vitamin D–related genes and PCa aggressiveness may explain differing susceptibility to aggressive PCa 
among individuals and across different racial/ethnic groups.  

Methods: TagSNPs (n=315) in 13 genes (VDR, GC, CYP24A1, CYP27A1, CYP27B1, CYP2R1, CYP3A4, 
DHCR7, CASR, NADSYN1, RXRA, RXRB, RXRG) were genotyped using Illumina GoldenGate or Sequenom 
assays in 524 African-American and 657 European-American men with newly-diagnosed PCa from PCaP. 
DNA extracted from blood samples collected at enrollment was stored at -80C prior to analyses. Research 
subjects were classified as high aggressive if Gleason sum ≥8, or Gleason score (4+3), or PSA >20 ng/ml, or 
Gleason score (3+4) AND clinical stage = T3-T4. The comparison group (low aggressive) included research 
subjects with Gleason sum <7 AND Stage T1-T2 AND PSA < 9 ng/ml. Odds ratios (OR) and 95% confidence 
intervals (95%CI) were calculated for high aggressive PCa for each SNP using logistic regression with 
adjustment for age and proportion of African ancestry. Associations were considered statistically significant at 
p<0.05. A polygenic score based on a previous study of SNP predictors of serum 25-hydroxy-vitamin D levels 
was calculated utilizing SNPs in the GC, CYP24A1, CYP2R1, and NADSYN1 genes. 

Results: Among African Americans, 21 SNPs were associated with PCa aggressiveness. The variant allele was 
associated negatively or positively with high aggressive PCa in eleven and ten SNPs, respectively. For example, 
two SNPs in the vitamin D binding protein gene known as GC, were inversely associated (rs222054: OR, 0.55, 
95%CI, 0.38-0.80; and rs16847028: OR, 0.61, 95%CI, 0.39-0.94). Among European Americans, the variant 
allele was inversely associated with high aggressive PCa for four SNPs in three genes (CASRrs3863977; 
CYP24A1rs4809960; RXRArs1007971; and RXRArs3118526), and positively associated with high aggressive 
PCa for three SNPs in the CYP27B1 gene (rs703842, rs4646536, and rs10877013). There was no association 
between higher number of ‘low vitamin D’ alleles in the four SNPs that comprised the polygenic score and PCa 
aggressiveness for either race. 

Conclusions: Polymorphisms in genes involved in vitamin D metabolism and activity, the vitamin D binding 
protein and calcium sensing receptor were associated with PCa aggressiveness, and there was no overlap in 
SNPs between race groups. Our ongoing work will examine interaction between polymorphisms of vitamin D-
related genes and vitamin D metabolite levels on PCa aggressiveness. 

Keywords: prostate cancer, vitamin D, genes, polymorphism, health disparities  

Conflict of interest: None 

Funding: PCaP is carried out as a collaborative study supported by the Department of Defense contract DAMD 
17-03-2-0052. The current study was supported by DAMD 11-1-0568.  
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Publication in PLoS One follows. 
 
Steck SE, Arab L, Zhang H, Bensen JT, Fontham ET, Johnson CS, Mohler JL, Smith GJ, Su JL, Trump DL, 
Woloszynska-Read A. (2015) Association between Plasma 25-Hydroxyvitamin D, Ancestry and Aggressive 
Prostate Cancer among African Americans and European Americans in PCaP. PLoS One.10(4):e0125151. 
PMID: 25919866. PMCID: PMC4412567. 
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Abstract

Background

African Americans (AAs) have lower circulating 25-hydroxyvitamin D3 [25(OH)D3] concen-

trations and higher prostate cancer (CaP) aggressiveness than other racial/ethnic groups.

The purpose of the current study was to examine the relationship between plasma 25(OH)

D3, African ancestry and CaP aggressiveness among AAs and European Americans

(EAs).

Methods

Plasma 25(OH)D3 was measured using LC-MS/MS (Liquid Chromatography Tandem

Mass Spectrometry) in 537 AA and 663 EA newly-diagnosed CaP patients from the North

Carolina-Louisiana Prostate Cancer Project (PCaP) classified as having either ‘high’ or

‘low’ aggressive disease based on clinical stage, Gleason grade and prostate specific anti-

gen at diagnosis. Mean plasma 25(OH)D3 concentrations were compared by proportion of

African ancestry. Logistic regression was used to calculate multivariable adjusted odds ra-

tios (OR) and 95% confidence intervals (95%CI) for high aggressive CaP by tertile of plas-

ma 25(OH)D3.
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Results

AAs with highest percent African ancestry (>95%) had the lowest mean plasma 25(OH)D3

concentrations. Overall, plasma 25(OH)D3 was associated positively with aggressiveness

among AA men, an association that was modified by calcium intake (ORT3vs.T1: 2.23, 95%

CI: 1.26–3.95 among men with low calcium intake, and ORT3vs.T1: 0.19, 95%CI: 0.05–0.70

among men with high calcium intake). Among EAs, the point estimates of the ORs were

<1.0 for the upper tertiles with CIs that included the null.

Conclusions

Among AAs, plasma 25(OH)D3 was associated positively with CaP aggressiveness among

men with low calcium intake and inversely among men with high calcium intake. The clinical

significance of circulating concentrations of 25(OH)D3 and interactions with calcium intake

in the AA population warrants further study.

Introduction
African Americans (AAs) are diagnosed with aggressive prostate cancer more often and have
more than twice the prostate cancer mortality rates as European Americans (EAs) [1,2]. Vita-
min D has been hypothesized to play a role in explaining some of the racial disparities in cancer
mortality for various cancer types [3–5]. Mean circulating 25-hydroxyvitamin D3 [25(OH)D3,
the metabolite measured to assess vitamin D status clinically] is lower among AAs than EAs
[5–9]. Vitamin D in humans is derived from cutaneous exposure to ultraviolet (UV)-B rays
from sunlight and the conversion of 7-dehydrocholesterol to pre-vitamin D3 with subsequent
hepatic and renal conversion of D3 to the most active metabolite 1,25-dihydroxyvitamin D3
[1,25(OH)2D3] [10]. Melanin blocks UV-B, and individuals with darker skin pigmentation re-
quire longer time in the sun to produce equivalent amounts of 25(OH)D3 than individuals
with less pigmented skin [11]. Dietary and supplemental intake contribute proportionally
much less to vitamin D status. Intake of vitamin D is lower in AAs than in EAs which may re-
flect{16 low intake of milk products among AAs due to a higher prevalence of lactose intoler-
ance [12–14]. African ancestry is inversely associated with serum 25(OH)D3 concentrations
[15] and somewhat correlated with skin pigmentation [16,17]. The proportion of African an-
cestry may be related to genetic differences that affect metabolism, activity or storage of vita-
min D.

The epidemiological evidence for an association between circulating 25(OH)D3 and pros-
tate cancer risk has been reviewed [18–20], though few studies have included a large enough
sample of AAs to examine intra-racial associations with circulating concentrations of vitamin
D [21,22]. The majority of studies have found either null or inverse associations [23–33], but
several studies have shown increased risk of prostate cancer at the highest concentrations of 25
(OH)D3 [34–38]. Other studies reported a U- or J-shaped association between 25(OH)D3 and
prostate cancer risk [39,40] or overall mortality [41,42]. A recent meta-analysis reported in-
verse associations with overall cancer mortality for supplementation trials of vitamin D3 but
not D2, and no substantial association between circulating 25(OH)D and prostate cancer-spe-
cific death [43]. Calcium and vitamin D levels are regulated homeostatically. An interaction be-
tween calcium intake and vitamin D status in relation to prostate cancer has been suggested,
but rarely reported [34,38].
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Given the higher incidence of aggressive prostate cancer among AAs, the conflicting evi-
dence for an association between 25(OH)D3 and prostate cancer, and the underrepresentation
of AA in previously published research, the goals of this study were to examine the association
between plasma 25(OH)D3 concentrations and prostate cancer aggressiveness in a large, popu-
lation-based, case-only study of AA and EA men newly diagnosed with prostate cancer, to ex-
amine potential interactions with calcium intake, and to examine if African ancestry as
measured by ancestry informative markers could shed more light on any such race-
specific relationships.

Materials and Methods

Study Population
This study utilizes data from a subset of research subjects in the North Carolina-Louisiana
Prostate Cancer Project (PCaP), a population-based, case-only study designed to address racial
disparities in prostate cancer. A subset of PCaP participants (n = 1200) who had agreed to fu-
ture use of their biologic specimens for research were selected a priori for inclusion in this
study due to resource constraints. The study set consisted of all research subjects diagnosed
with high aggressive prostate cancer (n = 302, see aggressiveness definition in Outcomes As-
sessment section), 112 research subjects diagnosed with Gleason score = 4+3 (all other inter-
mediate aggressive cancer research subjects were excluded), and a random subset (n = 786) of
research subjects diagnosed with low aggressive cancer (a random subset was selected because
there were many more low aggressive cancer cases than needed for analyses). This research
subject selection strategy was implemented prior to any 25(OH)D3 lab measurements or data
analyses. PCaP methods have been described in detail [44]. Briefly, residents of the North Ca-
rolina (NC) and Louisiana (LA) study areas between the ages of 40–79 years old with an initial
diagnosis of histologically-confirmed adenocarcinoma of the prostate between July 2004 and
July 2009 were eligible. The sampling frame was weighted to include all eligible AAs, and EAs
were under-sampled randomly using randomized recruitment (36). The PCaP protocol was ap-
proved by the institutional review boards at all participating sites, which included the two pa-
tient recruitment sites [the University of North Carolina at Chapel Hill (UNC) and Louisiana
State University Health Sciences Center (LSUHSC)], and the Department of Defense Prostate
Cancer Research Program. Prior to their participation in PCaP, all men signed an informed
consent and provided signed release for medical records and tumor specimens.

Data Collection
Research subjects were visited in their home by a trained registered nurse who conducted a
structured interview, performed anthropometric measurements, and collected biospecimens.
The majority of visits were completed on the average within four months of diagnosis. Struc-
tured questionnaires were used to collect information about lifestyle factors, family history of
prostate cancer, cancer screening history, and prescribed and over-the-counter medications
used in the prior two weeks, which included non-steroidal anti-inflammatory drugs (NSAIDs),
vitamins and supplements. Men were asked to report usual dietary intake in the year prior to
diagnosis using the National Cancer Institute Diet History Questionnaire (DHQ) modified to
capture foods common to the geographic areas (e.g., Cajun and creole foods). The modified
DHQ inquired about frequency of intake and usual portion size for 124 food items, and food
preparation methods. Questionnaire responses were linked to the DHQ Nutrient Database
through the Diet�Calc software, and intakes of macronutrients, micronutrients, and minerals,
including calcium, were computed. After the in-home visit, medical records and tumor tissue
samples were collected for each research subject who provided authorization for release.
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Vitamin D Assessment
During in-home visits, study nurses collected 6.5 ml of fasting venous blood into lavender top
(EDTA) tubes which were wrapped in foil and transported on ice at 4°C to the Blood and Tis-
sue Procurement Core Laboratory at LSU or the BioSpecimen Processing Facility at UNC. The
majority of PCaP blood samples were processed to serum, plasma and DNA on the same or the
following day and aliquoted and stored at -80°C. Plasma concentrations of 25(OH)D3 were de-
termined using LC-MS/MS at Heartland Assays, Inc. PCaP plasma samples were stored at
-80°C for up to eight years prior to measurement; concentrations of 25(OH)D3 in stored sam-
ples has been reported to be quite stable even at -20°C for up to ten years [45].

Ancestry Informative Markers
Ancestry informative markers were genotyped and ancestry estimates (i.e., proportion African
descent) were determined as described [46]. Allele frequencies were estimated using maximum
likelihood methods. Individual ancestry proportions for self-reporting AA and EA research
subjects were estimated using a Bayesian Markov Chain Monte Carlo (MCMC) clustering algo-
rithm implemented in STRUCTURE 2.3.1. Publicly available genotypes were included from
YRI, CEU and ASI ancestral populations in the STRUCTURE procedure.

Outcome Assessment
Extensive medical record abstraction was performed in PCaP and data on Gleason grade, clini-
cal stage, and prostate specific antigen (PSA) at diagnosis were used to classify research subjects
into three categories of aggressiveness as follows [44]: High aggressive cases: Gleason sum� 8,
or PSA>20 ng/ml at diagnosis, or Gleason sum = 7 AND stage T3-T4; low aggressive cases:
Gleason sum<7 AND diagnosed at stage T1-T2 AND PSA<10 ng/ml at diagnosis; intermedi-
ate aggressive cases: all other cases. For the current study, all PCaP research subjects diagnosed
with high aggressive cancer and intermediate aggressive cancer research subjects who had
Gleason sum = 7 with primary Gleason pattern 4 were combined (this group is referred to as
‘high aggressive’). The high aggressive group was compared to a random sample of low aggres-
sive cases with Gleason sum<7, stage T1-T2, and PSA<9 ng/ml (as described in Study Popula-
tion above).

Statistical analysis
Research subjects were excluded who had incomplete data on confounders or effect modifiers
(40 total exclusions). The final study sample consisted of 519 AA and 641 EA men. Descriptive
analyses included calculating means and standard deviations for continuous variables and fre-
quencies and percentages for categorical variables, which included frequencies by predeter-
mined categories of 25(OH)D3 based on previous literature (<20ng/ml, 20–30ng/ml, and
�30ng/ml) and by tertiles based on the 25(OH)D3 race-specific (self-reported race) distribu-
tions in PCaP. Means and standard deviations of plasma 25(OH)D3 were calculated for EAs
and AAs, and by African ancestry, categorized as>95%, 85–95%,<85% based on ancestry
informative markers to be comparable to previous literature [15]. Crude and multivariable lo-
gistic regressions were used to examine the relationships between plasma 25(OH)D3 concen-
trations and prostate cancer aggressiveness by comparing high aggressive research subjects to
low aggressive research subjects. The distributions of plasma 25(OH)D3 were different between
AAs and EAs, so all analyses were stratified by race and plasma 25(OH)D3 concentrations
were grouped into tertiles (T) with race-specific cut-off points based on the distribution
among low aggressive prostate cancer cases; for AAs: T1<13.30, 13.30� T2< 18.90,
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T3�18.90ng/ml; and for EAs: T1<21.14, 21.14� T2< 26.67, T3�26.67 ng/ml. The lowest
race-specific tertile was used as the referent in race-stratified analyses. Confounding was as-
sessed using the 10% rule. Final multivariable logistic regression models adjusted for age
(years, continuous); African ancestry (%, continuous); body mass index (BMI; kg/m2, continu-
ous); education (less than 8th grade or some high school; high school graduate or vocational/
technical school; some college or college graduate; some graduate training or graduate/profes-
sional degree); PSA screening history (0, 1–7,>7 screenings); smoking (non-smoker, former
smoker, and current smoker); alcohol intake (g/day, continuous); NSAID use (yes/no); study
site (NC, LA); season of blood draw (winter, spring, summer, and fall); physical activity (MET-
hrs/wk, continuous); and total energy intake (kcal/day, continuous). Based on 10% rule, marital
status and family history of first degree relative with prostate cancer were not confounders and
were not included in the final model. Stratified analyses were performed to explore possible ef-
fect modifying role of age (< 65,� 65 years), BMI (< 30,�30 kg/m2), study site (NC, LA), and
dietary calcium intake (< 1200,� 1200 mg/d) in the relationships between plasma 25(OH)D3
concentrations and prostate cancer aggressiveness, and interactions were tested by including
an interaction term in fully adjusted race-stratified models. Sensitivity analyses were performed
to examine effects of recent weight change (measured weight at time of interview minus self-re-
port weight one year prior to diagnosis), number of days until processing of blood sample (0–1
day compared to�2 days; 10% were processed�2 days), or current use of vitamin D supple-
ments at time of blood draw. In addition, research subjects with Gleason score = 4+3 (included
in the high risk group in this study, but classified as intermediate aggressive by PCaP) were ex-
cluded in sensitivity analyses to restrict the high aggressive group to those subjects with Glea-
son score of 8 or greater in order to evaluate whether including less aggressive cancers in the
high aggressive group may have biased the associations observed. SAS version 9.3 (SAS Insti-
tute, Cary, NC) was used for all analyses, and statistical significance was evaluated at p<0.05
(two-tailed).

Results
Data from 306 AAs and 456 EAs with low aggressive prostate cancer, and 213 AAs and 185
EAs with high aggressive prostate cancer were included in the analyses. The majority of PCaP
research subjects had no family history of prostate cancer, were former smokers, were married
or living with a partner, and were not taking vitamin D supplements at the time of interview
(Table 1). Almost half of interviews occurred during the Fall (September 21 to December 20).
Average age of research subjects was 63 years and average BMI was 29.3 kg/m2. Low and high
aggressive cases were distributed similarly at the NC and LA study sites

The majority of AAs (67% of high aggressive and 70% of low aggressive cases) had 25(OH)
D3 concentrations below 20ng/ml, compared to approximately 30% of EAs (31% of high ag-
gressive and 28% of low aggressive) (Fig 1). Research subjects with higher proportions of Afri-
can ancestry, as indicated by ancestry informative genetic markers, had lower mean
concentrations of plasma 25(OH)D3 (17.0 ± 7.2, 18.4 ± 8.3, and 19.1 ± 7.6 ng/ml for AAs
with African ancestry of>95%, 85–95%, and<85%, respectively), whereas the mean concen-
tration of 25(OH)D3 among self declared EA men (all with<40% African ancestry) was
24.6 ± 9.7 ng/ml.

Among AAs, higher odds of high aggressive prostate cancer were observed for research sub-
jects in the second and third tertiles of 25(OH)D3 concentration compared to the first, after ad-
justment for potential confounders (ORT2 vs T1: 1.80, 95%CI: 1.10–2.96 and ORT3 vs. T1: 1.46,
95%CI: 0.89–2.39, Table 2). In contrast, the point estimates of the ORs for EAs were less than
1.0 but not statistically significantly different from 1.0 (ORT2 vs T1: 0.92, 95%CI: 0.59–1.43 and
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Table 1. Descriptive statistics by prostate cancer aggressiveness and race.

Characteristics Low Aggressive High Aggressive

AA EA AA EA

Continuous variables Mean SD Mean SD Mean SD Mean SD

Age, yrs 61 8 63 7 62 8 66 8

Body mass index, kg/m2 28.8 5.3 29.0 4.8 29.4 6.6 29.8 5.0

Total energy intake, kcal/day 2638.2 1334.3 2355.0 1155.1 3033.0 1607.2 2504.2 1269.6

Alcohol intake, g/day 17.3 45.1 14.3 43.2 20.0 63.0 19.3 49.4

Total vitamin D intake, mcg/d 6.3 7.1 7.7 8.0 7.2 18.9 8.8 9.3

Calcium intake, mg/d 804.3 471.4 923.9 488.4 929.1 516.4 1020.4 585.3

Physical activity, MET-hours/week 3.6 5.1 4.3 5.5 3.3 5.0 4.2 5.6

Plasma 25(OH)D3, ng/ml 17.1 7.4 24.5 8.6 18.4 7.7 25.0 12.0

Categorical variables n % n % n % n %

Study Site

NC 151 49.4 223 51.1 101 47.4 87 47.0

LA 155 50.6 233 48.9 112 52.6 98 53.0

Family History of Prostate Cancer

No affected 1st degree relative 196 69.5 323 72.9 146 73.4 143 75.7

At least 1 affected 1st degree relative 86 30.5 120 27.1 53 26.6 33 18.7

Education

Grad/professional degree 24 7.8 98 21.5 7 3.3 41 22.2

Some college or college graduate 95 31.1 189 41.5 60 28.2 77 41.6

High school grad or voc/tech school 107 35.0 136 29.8 68 31.9 41 22.2

Less than high school education 80 26.1 33 7.2 78 36.6 26 14.0

PSA Screening History

0 screenings 96 31.4 69 15.1 115 54.0 33 17.8

1–7 screenings 137 44.8 206 45.2 60 28.2 79 42.7

> 7 screenings 73 23.8 181 39.7 38 17.8 73 39.5

Smoking Status

Current smokers 114 37.3 179 39.3 44 20.7 69 37.3

Former smokers 131 42.8 240 52.6 117 54.9 97 52.4

Non-smokers 61 19.9 37 8.1 52 24.4 19 10.3

NSAID Use

No 147 48.0 150 31.6 82 38.5 65 35.1

Yes 159 52.0 323 68.4 131 61.5 120 64.9

Taking dietary supplement containing vitamin D at the time of the interview

No 253 81.9 312 70.0 173 79.4 118 63.1

Yes 56 18.1 144 30.0 45 20.6 69 26.9

Season

Winter (21Dec–22Mar) 55 18.0 81 17.7 26 12.2 31 16.8

Spring (21Mar–20Jun) 54 17.6 88 19.3 46 21.6 35 18.9

Summer (21Jun–20Sep) 53 17.3 71 15.6 34 16.0 32 17.3

Fall (21Sep–20Dec) 144 47.1 216 47.4 107 50.2 87 47.0

African Ancestry (among African Americans)

High (>0.95) 197 64.4 NA NA 132 62.0 NA NA

Medium (0.85–<0.95) 49 16.0 NA NA 35 16.4 NA NA

Low (<0.85) 60 19.6 NA NA 46 21.6 NA NA

Marital Status

(Continued)
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ORT3 vs. T1: 0.92, 95%CI: 0.58–1.44). The associations between 25(OH)D3 and prostate cancer
aggressiveness were not modified by age, BMI, or study site (Table 3). However, dietary calci-
um intake appeared to modify the association among AAs (Pinteraction = 0.001). High aggressive
prostate cancer was associated with higher 25(OH)D3 concentrations among men with low
calcium intake (<1200mg/d; ORT3 vs. T1: 2.23, 95%CI: 1.26–3.95). A decreased odds of high ag-
gressive prostate cancer for higher 25(OH)D3 was observed among men with higher calcium
intake (� 1200 mg/d; ORT3 vs. T1: 0.19, 95%CI: 0.05–0.70). The interaction p-value for EAs was
not significant (p = 0.99), though the effect estimates were in a similar direction as those of
AAs in men with higher calcium intake.

Table 1. (Continued)

Characteristics Low Aggressive High Aggressive

AA EA AA EA

Continuous variables Mean SD Mean SD Mean SD Mean SD

Single/separated/divorced/widowed 95 31.1 59 12.9 74 34.7 39 21.1

Married/living with partner 211 68.9 397 87.1 139 65.3 146 78.9

doi:10.1371/journal.pone.0125151.t001

Fig 1. Distribution of plasma 25(OH)D3 by prostate cancer aggressiveness and race.

doi:10.1371/journal.pone.0125151.g001
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In sensitivity analyses, a variable for recent weight change [measured weight in kilograms
(kg) at time of interview minus self-reported weight one year prior to diagnosis in kg converted
from pounds (lbs)] was included in the models, and there was no substantial change (i.e.,
>10% change in effect estimates) in the results. Adjusting for number of days to processing the
blood sample (blood samples from 126 men were processed two days after collection and from
one man five days after collection, whereas all others were processed on the same or next day
after collection, with the majority, n = 650 processed on the same day) did not affect the results,
neither did adjusting for vitamin D supplement use at the time of the interview. The OR for
AA men in the highest tertile of 25(OH)D3 compared to the lowest strengthened to 1.76 (95%
CI: 1.02–3.05) after excluding those research subjects with�two days between collection and
processing. Excluding men who reported taking a vitamin D supplement at the time of inter-
view (19% of AAs and 32% of EAs) or excluding men with Gleason score = 4+3 (originally clas-
sified by PCaP as intermediate aggressive) did not change the results of these analyses.

Discussion
This population-based case-only study of AA and EA men with incident prostate cancer con-
firms the inverse relationship between African ancestry and circulating vitamin D concentra-
tions. A novel finding is that higher total plasma 25(OH)D3 concentrations were associated
with increased odds of high aggressive prostate cancer among AAs. This contrasts with the
findings among EAs where point estimates suggested a modest protective effect of higher con-
centrations which was not statistically significant after adjustment for potential confounders.
Associations were not modified by age, BMI, or study site. However, a significant interaction
between self-reported calcium intake and measured plasma 25(OH)D3 concentration was ob-
served among AAs. The positive association between 25(OH)D3 concentration and high ag-
gressive prostate cancer was observed in men with lower calcium intake (<1200mg/d),
whereas higher 25(OH)D3 was associated with reduced odds of high aggressive prostate cancer
among men with higher calcium intake (�1200mg/d).

Similar to previous studies [15,47], mean concentrations of circulating 25(OH)D3 varied by
proportion of African ancestry; the lowest mean concentration occurred in men with>95%
African ancestry. The distribution of plasma 25(OH)D3 concentration differed between AAs
and EAs; race-specific cutpoints had to be used to ensure ample numbers of research subjects
in each category and to produce meaningful results when stratified by race. Approximately

Table 2. Age- andmultivariable-adjusted odds ratios and 95% confidence intervals for high aggressive prostate cancer by tertiles of plasma 25
(OH)D3.

25(OH)D3 tertiles,
ng/ml

n (high aggressive/
low aggressive)

Age-adjusted
odds ratio

Age-
adjusted
95% CI

Fully adjusteda

odds ratio
Fully
adjusteda

95% CI

Fully adjusteda

trend test p-
value

African
Americans

< 13.30 56/102 1.00 referent 1.00 referent

13.30 � T2 < 18.90 76/100 1.40 0.89, 2.18 1.80 1.10, 2.96

� 18.90 81/104 1.36 0.88, 2.11 1.46 0.89, 2.39 0.27

European
Americans

< 21.14 67/155 1.00 referent 1.00 referent

21.14 � T2 < 26.67 58/150 0.90 0.59, 1.37 0.92 0.59, 1.43

� 26.67 60/151 0.88 0.58, 1.34 0.92 0.58, 1.44 0.71

aAdjusted for age, African ancestry, BMI, total energy intake, alcohol intake, physical activity, smoking status, educational status, PSA screening history,

study site, NSAIDs use, and season of blood draw

doi:10.1371/journal.pone.0125151.t002
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Table 3. Association betweenmeasured concentrations of plasma 25(OH)D3 and prostate cancer aggressiveness stratified by race and selected
demographic, clinical and dietary characteristics.

Race Characteristic Tertilesa Pinteraction

1 2 3

Age, years

African Americans < 65

High aggressive/ low aggressive, n 35/65 47/75 44/67

OR (95% CI) b 1.00 (Ref.) 1.70 (0.90–3.19) 1.52 (0.80–2.86)

� 65

High aggressive/ low aggressive, n 21/37 29/25 37/37

OR (95% CI) b 1.00 (Ref.) 2.42 (0.97–6.06) 1.72 (0.70–4.22) 0.82

European Americans < 65

High aggressive/ low aggressive, n 28/91 23/87 23/83

OR (95% CI) b 1.00 (Ref.) 0.85 (0.44–1.65) 0.97 (0.49–1.93)

� 65

High aggressive/ low aggressive, n 39/64 35/63 37/68

OR (95% CI) b 1.00 (Ref.) 0.89 (0.49–1.64) 0.83 (0.44–1.55) 0.91

BMI (kg/m2)

African Americans < 30

High aggressive/ low aggressive, n 33/65 43/57 57/74

OR (95% CI) c 1.00 (Ref.) 1.87 (0.96–3.65) 1.52 (0.80–2.88)

� 30

High aggressive/ low aggressive, n 23/37 33/43 24/30

OR (95% CI) c 1.00 (Ref.) 1.71 (0.77–3.84) 1.05 (0.43–2.56) 0.78

European Americans < 30

High aggressive/ low aggressive, n 28/93 37/104 39/103

OR (95% CI) c 1.00 (Ref.) 1.19 (0.64–2.19) 1.20 (0.65–2.22)

� 30

High aggressive/ low aggressive, n 39/62 21/46 21/48

OR (95% CI) c 1.00 (Ref.) 0.77 (0.38–1.58) 0.65 (0.31–1.36) 0.25

Study Site

African Americans LA

High aggressive/ low aggressive, n 22/46 40/49 50/60

OR (95% CI) d 1.00 (Ref.) 2.18 (1.00–4.75) 1.77 (0.83–3.78)

NC

High aggressive/ low aggressive, n 34/56 36/51 31/44

OR (95% CI) d 1.00 (Ref.) 1.58 (0.80–3.12) 1.33 (0.66–2.68) 0.78

European Americans LA

High aggressive/ low aggressive, n 35/71 28/82 35/80

OR (95% CI) d 1.0 (Ref.) 0.67 (0.35–1.27) 0.81 (0.43–1.54)

NC

High aggressive/ low aggressive, n 32/84 30/68 25/71

OR (95% CI) d 1.00 (Ref.) 1.16 (0.60–2.21) 1.02 (0.51–2.03) 0.57

Dietary Calcium Intake, mg/d

African Americans <1200

High aggressive/ low aggressive, n 39/92 59/87 63/75

OR (95% CI) e 1.00 (Ref.) 2.07 (1.17–3.66) 2.23 (1.26–3.95)

� 1200

High aggressive/ low aggressive, n 17/10 17/13 18/29

OR (95% CI) e 1.00 (Ref.) 1.06 (0.28–3.99) 0.19 (0.05–0.70) 0.001

(Continued)
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70% of AA prostate cancer cases but only approximately 30% of EA cases had 25(OH)D3 con-
centrations<20ng/ml. While the distribution of African ancestry was not substantially differ-
ent between NC and LA in this PCaP subset, a higher percentage of AAs from NC versus LA
had 25(OH)D3 concentrations<20 ng/ml (74% versus 64%, respectively), which may reflect
variations in sunlight exposure and diet between research subjects from the two states.

The findings of increased odds of high aggressive prostate cancer at higher plasma 25(OH)
D3 concentrations among AAs is counter to the original hypothesis that higher vitamin D may
be protective against aggressive prostate cancer and contrasted to some epidemiological studies
supporting the original hypothesis [21,22,30,48,49]. However, several nested case-control stud-
ies have reported increased risk of aggressive prostate cancer [34,38] or total prostate cancer
[35,37] for men with higher concentrations of 25(OH)D3. The majority of these studies were
in European or EA populations (or did not report results separately by race), with 25(OH)D3
concentrations greater than approximately 32ng/ml associated with increased risk. These con-
centrations are much higher than those observed in PCaP AA research subjects at higher odds
of aggressive prostate cancer (second tertile cutpoint>13.3 ng/ml). The differences in study
populations, choice of control groups, and distribution of plasma 25(OH)D3 concentrations
limit ability to compare results across studies. Only 5% of AAs had 25(OH)D3 concentrations
above 32ng/ml in PCaP. Thus, it is unclear what the effect of higher concentrations of 25(OH)
D3 would be in this population.

In contrast with our findings, Murphy et al. reported that AA (and EA) men with low
serum 25(OH)D concentrations (<12 ng/ml compared to>12ng/ml) had higher odds of
higher Gleason grade and higher tumor stage in a cross-sectional study performed in Chicago,
IL [21]. Kristal et al. recently reported reduced risk of Gleason 7–10 prostate cancer among
AAs in the upper three quintiles of serum 25(OH)D compared to the lower two quintiles in the
Selenium and Vitamin E Cancer Prevention Trial [22]. In a recent randomized, placebo-con-
trolled clinical trial, varying doses of vitamin D supplementation had no effect on PSA levels in
healthy AA men without prostate cancer [50]. The current study results, along with these

Table 3. (Continued)

Race Characteristic Tertilesa Pinteraction

1 2 3

European Americans < 1200

High aggressive/ low aggressive, n 51/126 42/117 38/108

OR (95% CI) e 1.00 (Ref.) 0.97 (0.58–1.64) 0.97 (0.56–1.69)

� 1200

High aggressive/ low aggressive, n 16/29 16/33 22/43

OR (95% CI) e 1.0 (Ref.) 0.77 (0.29–2.04) 0.87 (0.35–2.17) 0.99

a Cutpoints for tertiles of 25(OH)D3 for African Americans: T1<13.30, 13.30 � T2 < 18.90, T3 �18.90 ng/ml; for European Americans: T1<21.14,

21.14 � T2 < 26.67, T3 �26.67 ng/ml
b Adjusted for African ancestry, BMI, total energy intake, alcohol intake, physical activity, smoking status, educational status, PSA screening history, study

site, NSAIDs use, and season of blood draw
cAdjusted for age, African ancestry, total energy intake, alcohol intake, physical activity, smoking status, educational status, PSA screening history, study

site, NSAIDs use, and season of blood draw
dAdjusted for age, African ancestry, BMI, total energy intake, alcohol intake, physical activity, smoking status, educational status, PSA screening history,

NSAIDs use, and season of blood draw
eAdjusted for age, African ancestry, BMI, total energy intake, alcohol intake, physical activity, smoking status, educational status, PSA screening history,

study site, NSAIDs use, and season of blood draw

doi:10.1371/journal.pone.0125151.t003
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recent reports underscore the need for more research on vitamin D and prostate health among
AAs who have been underrepresented in previous research studies.

Experimental models support a role of vitamin D in halting prostate cancer progression
which contrasts with inconsistent findings in the epidemiologic literature. Vitamin D has been
reported to inhibit proliferation in prostate cancer cell lines and inhibit invasion and metasta-
ses in some prostate cancer animal models, such as the Dunning rat model [51–55]. The bal-
ance of 25(OH)D3 concentrations and 24-hydroxylation that inactivates 1,25(OH)2D3 at the
target tissue may affect the response to circulating 25(OH)D3 [39]. Clinical cutpoints for as-
sessing vitamin D status remain unstandardized, but the Institute of Medicine recommended a
25(OH)D3 cutpoint of>20ng/ml as sufficient for skeletal health outcomes [56]. Recent re-
search calls into question the uniform application of cutpoints across all racial groups [57].
The majority of 25(OH)D3 is bound to vitamin D binding protein in circulation [58]. Geno-
types of the gene encoding the vitamin D binding protein (GC) are distributed differentially
across races; AAs have a higher prevalence of genotypes associated with low levels of vitamin D
binding protein [59–62]. A recent study reported that AAs and EAs had similar concentrations
of free 25(OH)D [considered to be more bioavailable than bound 25(OH)D], after GC geno-
types were accounted for, which may explain the paradox of higher bone mineral density
among AAs than EAs even in the presence of lower total 25(OH)D concentrations [57]. Levels
of vitamin D binding protein were not available in the current study, though genotyping of
genes involved in vitamin D metabolism and activity (including the vitamin D binding protein,
GC) are underway.

Plasma samples were collected after diagnosis, so reverse causality is a possible explanation
for the findings; disease status may have affected plasma 25(OH)D3 concentrations. Vitamin
D is fat-soluble and stored in adipose tissue. One possible explanation for the unexpected find-
ings may be that men with high aggressive disease were more likely to have lost weight recently
than those with low aggressive disease, which would release 25(OH)D3 into circulation from
adipose tissue and increase plasma concentrations of 25(OH)D3. However, adjustment for re-
cent weight change in the year prior to diagnosis did not change the association between 25
(OH)D3 concentrations and aggressiveness. Systematic differences in the way blood samples
were collected and processed were investigated, but adjustment for time to blood processing
and exclusion of those research subjects with two or five days before processing also did not
substantially affect results. Another potential explanation for the unexpected finding was the
possibility that research subjects diagnosed with prostate cancer may have started supplemen-
tation with vitamin D after diagnosis but before the interview, and that this would have been
done differentially by AA research subjects with high versus low aggressive prostate cancer ei-
ther due to physician recommendation or of their own volition. Nurse interviewers conducted
an inventory of all medications and supplements used by research subjects at the time of the
home visit. A slightly higher percentage of AA men with high versus low aggressive prostate
cancer reported taking vitamin D supplements (21% versus 18%, respectively), but adjustment
for recent use of vitamin D supplements or exclusion of those subjects reporting vitamin D
supplement use did not change the results.

The current study found an interaction between calcium intake and plasma 25(OH)D3 con-
centrations among AAs. The positive association between 25(OH)D3 and high aggressive pros-
tate cancer was observed in men with low calcium intakes (below the Recommended Daily
Allowance of 1200 mg/d for men 71 years and older), whereas reduced odds of high aggressive
prostate cancer for high concentrations of 25(OH)D3 was observed among AA men with
higher calcium intakes. These results contrast with the Albanes et al. report of the Alpha-to-
copherol, Beta-carotene Cancer Prevention Study in Finnish men that increased risk of pros-
tate cancer for higher concentrations of serum 25(OH)D was more prominent among men
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with higher intakes of calcium (�1338 mg/d) [38]. The Prostate, Lung, Colorectal and Ovarian
Cancer Screening Trial reported no difference in effect of 25(OH)D3 on prostate cancer across
all levels of calcium intake [34]. It is not clear if the finding in PCaP of an interaction with calci-
um represents a true biologic interaction perhaps related to genetic predisposition to lactose in-
tolerance or may be due to chance given the small number of research subjects with calcium
intake�1200 mg/d. Further research should evaluate the interaction between calcium and vita-
min D in prostate cancer.

Strengths of the study include the use of rapid case ascertainment in identification of a pop-
ulation-based sample of a large number of clinically and epidemiologically well-characterized
AA and EA men with incident prostate cancer from two study sites in the United States. Addi-
tionally, all men were genotyped for ancestry informative markers and thus proportion of Afri-
can ancestry was available and used to reduce confounding by population stratification.
Sunlight exposure produces as much as 90% of the vitamin D requirement for humans [63].
Plasma concentrations as the exposure variable provide a better indicator of vitamin D status
than dietary intake or supplement data alone. Plasma 25(OH)D3 concentrations can vary by
season, so season of blood collection was controlled for in the analyses. Nutrient biomarkers,
such as plasma 25(OH)D3, provide more objective markers of exposure than participant recall
of diet and supplement use. However, one measurement of plasma reflects only recent expo-
sure, though 25(OH)D3 concentrations and skin color, the major determinant of 25(OH)D3,
are relatively stable over time [28,64]. Other limitations of this study include those inherent to
any observational epidemiological investigation, such as non-participation and the possibility
of selection bias or recall bias for self-reported covariates.

In conclusion, an interaction between plasma concentrations of 25(OH)D3 and calcium in-
take was observed in relation to odds of high aggressive prostate cancer among AAs but not
EAs. The study results add to the growing literature [22,40] suggesting that the relationship be-
tween 25(OH)D3 and disease is complex particularly in the context of cancer-related racial dis-
parities. Recommendations for universal cutpoints of vitamin D status and increasing 25(OH)
D3 concentrations in all populations may not be ideal. Other factors may need to be considered
which include calcium intake, genetic ancestry, background variation, and concentrations of
bioavailable vitamin D.
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