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Abstract

Background—There are few prospective studies comparing race-specific associations between
diet, nutrients, and health-related parameters, and prostate cancer risk.

Methods—Race-specific prostate cancer risk associations were examined among men in the
National Institutes of Health (NIH)-AARP Diet and Health Study. We identified 1417 cases
among black men (209 advanced), and 28,845 among white men (3898 advanced). Cox
proportional hazards regression models estimated hazard ratios (HRs) and 95% confidence
intervals (Cls). We also evaluated the cumulative change in the HR for black race following
adjustment for each factor.

Results—Race-specific prostate cancer associations were similar in black and white men across
disease subtypes only for history of diabetes (overall : HR = 0.77, 95% CI: 0.65-0.90 and HR =
0.72, 95% CI: 0.69-0.76, respectively; Piteraction = 0.66). By contrast, there was a positive risk
association with height for white men and inverse for black men (Bnteraction: NON-advanced = 0.01;
advanced = 0.04). This difference remained among men with at least 2 years of follow-up for non-
advanced (Pinteraction = 0.01), but not advanced disease (Pinteraction = 0-24); or after adjustment for
prostate cancer screening (non-advanced Pinteraction = 0.53, advanced Pineraction = 0-31). The only
other evidence of interaction with race was observed for dietary vitamin D intake and non-
advanced disease, but only after adjustment for screening (BPinteraction = 0.02). Cumulative
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adjustment for each factor increased the HR for black race by 32.9% for overall cancer and 12.4%
for advanced disease.

Conclusions—Our data suggest few of the dietary, nutrient, and health-related factors associated
with prostate cancer risk in predominantly non-Hispanic white men were associated with risk in
black men, and adjustment for these factors widen the black-white difference in risk. Larger
studies of black men, particularly with prospective data, are needed to help identify risk factors
relevant to this population.

Introduction

Methods

Prostate cancer is the most commonly diagnosed malignancy and the second leading cause
of cancer death in American black and white men [1]. However, black men have a 70%
higher incidence and a more than twofold higher mortality rate compared with white men
[2], and they are diagnosed at younger ages and with more aggressive disease [3]. The cause
(s) of these black-white differences in risk remain unclear [3], but are likely multifactorial
[4], including a combination of environmental exposures (e.g., dietary and nutrient intake
[5]), delays in disease detection, differential genetic susceptibility (i.e., chromosome 8g24),
or tumor biology (i.e., DNA methylation) [6], and socio-economic factors [4]. Examination
of race-specific modifiable factors potentially related to prostate cancer risk may therefore
provide insights into this racial disparity, and opportunities for risk reduction. To date, our
knowledge concerning possible dietary, nutrient, and health-related contributors to prostate
cancer risk is based on research in predominantly non-Hispanic white populations. Small
sample sizes and number of cases for black men and other racial/ethnic minorities have
limited prospective race-specific investigations [7]. As such, most evaluation of these factors
in black men have been in case—control [8-15] or retrospective cohort studies [16]. There
remains a paucity of data prospectively examining the directionality and magnitude of race-
specific associations between diet and health-related risk factors and prostate cancer among
black and white men, particularly within individual cohorts.

The present study examines the race-specific relationship between diet and nutrient intakes,
and health-related factors in relation to prostate cancer risk in the National Institutes of
Health (NIH)-AARP Diet and Health Study. Beyond highlighting black-white differences in
prostate cancer risk, this analysis considers whether previously identified risk factor
associations are consistent in black and white men, and whether they explain some of the
excess risk observed in black men.

Study population

The NIH-AARP (formerly the American Association of Retired Persons) Study is a large
cohort of adults aged 50-69 years who were enrolled between 1995 and 1996. As previously
described, [17] the cohort includes individuals residing in six US states (California, Florida,
Louisiana, New Jersey, North Carolina, and Pennsylvania), and two metropolitan areas
(Atlanta, Georgia and Detroit, Michigan). [17] A baseline questionnaire including a detailed
124-item food frequency instrument and other baseline characteristics was completed
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satisfactorily by 567,169 respondents [17]. A supplementary Risk Factor Questionnaire
(RFQ) was completed by a subset of these individuals (approximately 339,000) [17],
providing information on screening with prostate-specific antigen (PSA) and digital rectal
examination (DRE) within the 3 years prior to baseline (responses: no; yes, once; yes, more
than once; and don’t know).

From the 566,398 respondents with sufficient dietary data on the baseline questionnaire, we
excluded: all women (n=225,467), men who had proxy questionnaires (n= 15,760), a prior
history of cancer (n7=27,289), self-reported poor health (7= 4958) end-stage renal disease
(n=485), cancers reported by autopsy or death certificate only (7= 2742), zero follow-up
time (= 21), total energy intake beyond twice the interquartile range of Box-Cox log-
transformed intake (n7= 2218), races other than non-Hispanic black or white (7= 13,976),
and first incident cancer other than prostate cancer (7= 45,592). After exclusions, our
analytic sample consisted of 227,890 non-Hispanic men: 221,032 white and 6858 black. A
subset of these individuals (130,371 white (13,079 cases) and 3217 black (520 cases))
completed the RFQ (Supplementary Fig. 1). To maximize statistical power, our primary
analyses used data from the baseline questionnaire.

The NIH-AARP Diet and Health Study was approved by the Special Studies Institutional
Review Board of the U.S. National Cancer Institute. All participants provided written
informed consent.

Code availability

All computer code used to generate results for this study can be accessed by contacting the
corresponding author.

Cancer ascertainment

Cases were identified through linkage with state-based cancer registries as previously
described [18]. First primary incident prostate cancer (/nternational Classification of
Diseases for Oncology, 3rd Edition code C619) and vital status, using the National Death
Index, were ascertained through 31 December 2011 and included cases without disease
staging information (809 white and 35 black). Advanced prostate cancers were defined as
clinical stage T3-T4, N1, or M1 based on the American Joint Committee on Cancer’s
Tumor-Node-Metastasis (i.e., TNM) classification system, or fatal disease, and all other
prostate cancer cases are defined as non-advanced. Information on Gleason grade was
unavailable.

Statistical analysis

Bivariate analyses were conducted using chi-square tests for categorical variables and #tests
for continuous variables. Person-years of follow-up were calculated from the date of return
of the baseline questionnaire to the earliest of the following dates: prostate cancer diagnosis,
moved out the registry area, death, or the end of the follow-up. Cox proportional hazards
regression, with person-years of follow-up as the time metric, was used to estimate hazard
ratios (HRs) and 95% confidence intervals (Cls) for the risk of prostate cancer. The
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proportional hazard assumption was assessed and confirmed by modeling cross-product
terms between each factor and time.

Using information assessed from the baseline questionnaire, our analysis included factors
identified in stepwise selection (P < 0.25) for the association with overall prostate cancer
risk in all men. Selection models began with the following factors: height (cm); body mass
index (BM1): normal weight (18.5—< 25 kg/m?), overweight (25-< 30 kg/m?), and obese (=
30 kg/m2)); alcohol consumption: never, < 1, 1-3, >3—<6, and =6 drinks per day; smoking
status: never/rarely, former, and current; self-reported history of diabetes: yes/no; physical
activity (=20 min causing increased breathing/heart rate/sweating): never/rarely, 1-3 times/
month, or 1-2, 3—4, or =5 times/week. Average daily dietary intakes included red meat (g/
day), pyramid servings for all sources of: poultry, fish, dairy, fruit, vegetables, and tomatoes,
as well as overall vitamin D (ug), alpha-tocopherol (mg), and, beta-carotene (ug). Quintiles
of overall intake were estimated based on the baseline distribution among all men. We also
considered use (yes/no) of any individual vitamin or mineral supplements (vitamins A, C, E,
beta-carotene, calcium, folic acid, iron, selenium and zinc), and/or multi-vitamins (e.g.,
therapeutic, stress-tab, or one-a-day) within the year prior to baseline. Estimates of
supplemental vitamin D were only available from multivitamin sources.

Based on step-wise selection, the following factors were examined together in race-specific
models: history of diabetes; height; BMI; alcohol consumption; smoking status; and average
daily dietary intakes of: red meat (g); pyramid servings of tomato [one large tomato or eight
ounces of tomato juice] and dairy [one cup (244 ml) milk or yogurt, 1.5 ounces (42.5 g) of
natural cheese, or 2 ounces (56.0 g) of processed cheese]; and vitamin D (ug). All models
adjusted for the following potential confounders as demonstrated by >10% changes in the
parameter estimates: age (continuous plus a 3 knot spline term [19]); family history of
prostate cancer (father, brother, or son); attained education (<11 years, high school graduate
and some college, college and post graduate); marital status (married/ living as married,
never married, separated, divorced, widowed, unknown); as well as quintiles of total energy
intake (kcal/day). Indicator variables were used for missing covariate data; overall, values
were missing in 3% of white men and 6% of black men. Confounding by screening with
PSA and/or DRE was evaluated in the subset of men who completed the RFQ.

Interaction between each factor and race was examined by adding cross-product terms to the
model. Trend tests were evaluated treating medians values for quintile-specific categories as
continuous in the model and testing the statistical significance of the corresponding
regression coefficient. Sensitivity analyses were conducted excluding the first 2 years of
follow-up to examine whether associations differed after exclusion of prevalent cases. To
evaluate how each factor influenced the black-white disparity in risk, we examined the
change in the HR for race following addition of each factor to the model. Models began with
an indicator variable for black vs. white race alone, followed by age and family history. Each
diet, nutrient, and health-related factor was then added to the model based on the order
identified from forward step-wise selection results.

A high degree of correlation (Pearson r= 0.70) between certain variables (e.g., vitamin D
and dairy), made it challenging to disentangle individual associations. As such, these
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variables were not included in models together. Models including dietary intakes adjusted
for total energy intake by adding it as a covariate. We used the P-value for equal or unequal
variances where appropriate for all groups being statistically compared.

All statistical tests used a two-sided Type I error of 0.05 for statistical significance, and all
analyses were carried out using the Statistical Analysis System version 9.3 (SAS Institute,
Inc., Cary, NC).

During a median of 15.5 years of follow-up, 28,845 incident prostate cancers were identified
in white men (3898 advanced), and 1417 in black men (209 advanced). The baseline
distribution of each factor by race and case status is summarized in Table 1. Among white
men, compared with non-cases, cases were older, reported more screening, and were more
likely to be college educated, married, and drink = 6 drinks/day, but were less likely to be
obese or current smokers. Among black men, height was one of the few factors that differed
between cases and non-cases (cases were slightly shorter on average), and was the only
factor that did not differ between black and white controls other than family history of
prostate cancer. For both racial groups, cases were more likely than non-cases to have a
history of diabetes (Table 1).

Statistically significant risk factor-prostate cancer associations for overall disease were
mainly evident for white men, with many risk estimates similar in magnitude but
nonsignificant for black men (Table 2). This includes inverse associations with BMI, current
and former smokers, and tomato consumption, and positive associations with alcohol and
red meat consumption (Pineraction™ 0-05 for all factors) (Table 2). History of diabetes was
the only factor statistically significant and similar in magnitude for white men (HR = 0.72,
95% CI: 0.69-0.76) and black men (HR = 0.77, 95% CI: 0.65-0.90, Pinteraction = 0.66).
Whereas, the association with height qualitatively differed between white men (HR = 1.03,
95% CI:1.01-1.04) and black men (HR = 0.91, 95% C1:0.85-097, Ainteraction = 0.003) (Table
2).

Race-specific estimates were similar for advanced and non-advanced disease in both racial
groups; exceptions include the statistically significant associations with height and history of
diabetes among black men that were only evident for non-advanced disease (Table 3).
Interaction between race and height was evident for both advanced (Pinteraction = 0.04) and
non-advanced (Pinteraction = 0.01) disease (Table 3).

In sensitivity analyses restricted to men with at least 2 years of follow-up, race-specific
estimates were largely unchanged, including the interaction between race and height for
overall (Pnteraction = 0-002) and non-advanced (Pinteraction = 0.01), but not advanced disease
(Pinteraction = 0.24) (Supplementary Table 1). The positive trend in the association with
frequency of alcohol consumption was, however, evident in both white

(HRs6 drinks/day vs. never = 1.35, 95% C1:1.12-1.63, Pyreng = 0.01) and black men

(HRx6 drinks/day vs. never = 2.54, 95% C1:1.22-5.32, Fyeng = 0.03; NV/=11 cases with = 6
drinks/day) (Supplementary Table 1).
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Controlling for prostate cancer screening yielded similar race-specific estimates, however,
without evidence of interaction between race and height (Supplementary Table 2).
Additionally, previously apparent black—white differences in the association with vitamin D
intake became statistically significant for non-advanced disease: (HRgs vs. g1 White men =
1.14, 95% CI:1.06-1.23, Pyreng = 0.0001; black men HR = 0.73, 95% C1:0.49-1.07, Pyend =
0.18; Pinteraction = 0-02). Tests for interactions between race and supplemental or
supplemental plus dietary vitamin D intake did not reach statistical significance (data not
shown), nor was there evidence of interaction with any of the other evaluated factors
(Supplementary Table 2). Among men with at least 2 years of follow-up and controlling for
prostate cancer screening, the racial difference in the association with height was only
evident for non-advanced disease (Pinteraction = 0.05), and no longer statistically significant
for vitamin D intake and non-advanced disease (Pinteraction = 0-06) (data not shown).

In cumulatively adjusted models, adjusting for age, family history of prostate cancer, and
each of the factors we examined increased HR for black men compared with white men by
32.9% for overall prostate cancer, and 12.4% for advanced disease, relative to models with
race alone. This includes <10% individual changes in the HR associated with adjustment for
factors associated with risk in black men (i.e., diabetes, height, and dietary vitamin D) (Fig.
1, HRs and 95% ClI are presented in Supplementary Table 3).

Discussion

In this prospective cohort, investigation of race-specific associations between dietary,
nutrient, and health-related factors and prostate cancer risk, a history of diabetes was the
only factor that was both significantly associated with risk, and of a similar inverse direction
and magnitude, in black and white men. We also found evidence of racial variation in the
associations with attained height and dietary vitamin D intake. Adjustment for all of the
investigated factors, including those associated with risk in both racial groups (i.e., diabetes),
substantially increased, rather than decreased, the black-white difference in risk.

The latter observation from our study is consistent with findings from prospective analyses
of black and white men in the Multiethnic Cohort (MEC) Study [20] and the Health
Professionals Follow-up Study [21]. In both cohorts, adjustment for several hypothesized
dietary and lifestyle factors increased, rather than decreased, the relative risk for race/
ethnicity [20, 21]. This suggests many of the identified prostate cancer risk factors do not
adequately explain risk in black men. Evaluation of whether risk associations are consistent
and applicable to a broader at-risk population is important within the context of racial/ethnic
disparities, as the assumption of risk factor homogeneity may mask or prevent the discovery
of important racial differences that underlie some of the persistent risk differences.

The protective association with a history of diabetes we observed, with a weaker association
in black men, has been observed in some [20, 22], but not all studies [23]. In meta-analyses,
the overall prostate cancer risk estimate for diabetes is protective, particularly with
increasing duration of diabetes [23]. Suspected mechanisms for this association, particularly
with type 11 diabetes, include inhibitory effects of hypoinsulinemia on bioavailable insulin
growth factor-1 (IGF-I), and alterations in circulating androgens and leptin [24].
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The aforementioned MEC study, is similar to the NIH-AARP cohort with respect to average
years of follow-up (13.9 vs. 12.7, respectively), number of black prostate cancer cases (1486
vs. 1417, respectively) and some of the examined factors [20]. The MEC study found no
evidence of racial variation for any of the evaluated factors, however, which included BMI,
smoking status, history of diabetes, alcohol consumption, and height [20]. In both studies,
observed associations with BMI, alcohol consumption, and smoking status in white men
were not significant in black men. However, our analysis identified racial variation in the
prostate cancer risk association with height and dietary vitamin D. Attained height, an
indicator of early life nutrition, IGF-I concentrations [25], and heredity, has been associated
with increased prostate cancer risk in a dose-response manner [26]. Prior studies evaluating
the impact of height by race have found modest increases in overall prostate cancer risk in
white men [27], similar to previous reports for white men in the NIH-AARP cohort [28],
with either no association [10, 13], or a suggestive protective relationship in black men [29-
31], whereas others found no racial difference in the positive [32, 33] or null association
[20]. Racial differences in the association with prostate cancer risk, however, may be
explained by racial variation in the IGF system [34] and its influence on height [35].

Although dietary vitamin D was not associated with risk in black men in our study, for non-
advanced disease we found evidence of racial variation in the association, with a positive
association in white men and suggestively inverse relation in black men. However, adjusting
for dietary vitamin D did not attenuate the relative risk associated with black race. Our
findings for white men are consistent with the current literature indicating a positive
association with dietary [36] and circulating [37] vitamin D and prostate cancer risk [36].
Our finding of a suggestive inverse association in black men is consistent with both
preclinical studies showing a protective role of vitamin D in prostate cancer carcinogenesis
[38] and findings from our prospective analysis of serum 25-hydroxyvitamin D and prostate
cancer risk in black men [39]. No association has previously been found between vitamin D
intake and prostate cancer risk in the few observational studies evaluating this association in
black men [40, 41]. In addition to having lower solar ultraviolet B radiation production of
25-hydroxyvitamin D due to greater skin pigmentation [42], black populations have lower
intake of vitamin D relative to white populations [43]. Thus, race may be a proxy for vitamin
D insufficiency, and lower circulating vitamin D may contribute to black—white differences
in prostate cancer risk. A possible mechanism underlying this difference may be related to
black-white differences in vitamin D-mediated immune response and inflammation gene
expression in the prostate [44, 45].

The present analysis of a large-scale prospective cohort included more than 10 years of
average follow-up and information on multiple potential confounders, including prostate
cancer screening practices. However, even with a considerable number of black cases, our
analysis was limited in power that may have impacted our ability to detect associations
among black men, particularly for advanced disease, and to identify heterogeneity in the
associations by race. Additionally, measurement error in the questionnaire data, including
the food frequency questionnaire, may have influenced our diet and nutrient risk
associations. As such, our results should be interpreted cautiously given the potential for
chance findings. Further research is needed to reconcile whether certain risk factor-prostate
cancer associations in black men are truly null or missed because of limited statistical power.
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Similar to prior studies with race-specific estimates of risk, we found that few of the
evaluated dietary, nutrient, and health-related factors were associated with prostate cancer
risk in black men. Additionally, adjustment for these factors—which primarily explain risk
in non-Hispanic white men—widen the black-white difference in risk. This overall lack of
association in black men is in part due to their relatively smaller sample size in these studies,
limiting the ability to detect risk associations in this group. Multiple inter-related risk
factors, including as-yet determined factors associated with black race, likely contribute to
the risk difference. The current challenge of identifying factors that meaningfully contribute
to this well-known racial risk disparity underscores the need for large-scale prospective
studies of racial/ethnic minority populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Age

Family history
Diabetes
Education

Body mass index
Alcohol
Smoking status
Marital status
Height

Calories

Order of factors added to
the cumulative model

Red meat

Tomato

Dairy

Dietary vitamin D

Total Cumulative Change

Total Prostate Cancer

m Advanced Prostate
Cancer

329
12.4

-10.0

Fig. 1.

-5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0
Percentage change in the hazard ratio for black race

The cumulative change in the hazard ratio for the association between black race and risk of
overall and advanced prostate cancer after adjustment. The initial model had an indicator
variable for black vs. white race alone, followed by adjustment for age, and then family
history of prostate cancer. Each diet and health-related factor was subsequently added to the
model based on the order identified using forward selection; starting with diabetes and
ending with either dairy or dietary vitamin D. Due to high correlation (correlation coefficient
=0.70), models with dairy and dietary vitamin D are mutually exclusive. The total
cumulative change is the percentage change in the hazard ratio between the race alone vs.
the final cumulative model (ending with dairy)
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Race-specific hazard ratio (HR) and 95% confidence interval (Cl) for the association with overall prostate

cancer
No. of cases White men Black men pa
28,845 1417

Characteristic HRb 95% ClI HRb 95% CI

History of diabetes 0.72 069 076 0.77 0.65 0.90 0.66

Height (10 cm increase) 1.03 1.01 104 0091 0.85 0.97 0.003

BMI (Ref = under/normal weight: <25 kg/m?)
Overweight (25 — <30 kg/m?) ~ 0.99 096 1.01 0.998 0.87 114 0.93
Obese (230 kg/m2) 089 085 092 090 077 105
Pfor trend <0.0001 0.24

Smoking (Ref = never)
Current 0.92 0.88 0.97 1.01 0.83 121 0.85
Former 0.92 090 095 095 084 108
Unknown 0.90 0.84 0.96 0.88 0.68 113

Alcohol drinks per day (Ref = never)
Less than a drink/day 1.08 1.04 112 114 0998 130 0.34
1-3 drinks/day 1.09 1.05 114 1.03 0.85 1.24
>3-<6 drinks/day 1.18 112 125 0.92 0.69 1.22
6 or more drinks/ day 1.23 115 131 118 0.88 1.58
Pfor trend <0.0001 0.64

Red meat (g/day) (Ref = quintile 1: 0-30.7)
Quintile 2: 30.7-52.2 1.06 102 110 118 1.01 137 0.36
Quintile 3: 52.2-77.1 1.07 1.03 111 112 0.95 1.33
Quintile 4: 77.1-115.6 1.07 1.03 112 1.05 0.87 1.27
Quintile 5: 2115.6 1.10 1.05 115 0.96 0.78 1.18
Pfor trend 0.0003 0.44

Tomato (pyramid servings/day) (Ref = quintile 1: 0-0.27)
Quintile 2: 0.28-0.42 1.01 097 1.04 094 0.81 110 0.46
Quintile 3: 0.43-0.60 1.01 097 1.05 1.01 0.85 1.21
Quintile 4: 0.61-0.91 0.99 095 1.03 0.85 0.70 1.02
Quintile 5: 20.92 0.97 093 101 094 0.78 1.13
Pfor trend 0.02 0.36

Dairy (pyramid servings/day) (Ref = quintile 1: 0—0.52)0
Quintile 2: 0.53-0.88 1.00 0.97 1.04 1.02 0.88 119 0.20
Quintile 3: 0.89-1.32 1.03 099 1.07 1.01 0.85 1.19
Quintile 4: 1.33-2.10 1.06 1.02 110 0.87 0.72 1.05
Quintile 5: 22.11 1.05 101 110 0.96 0.79 1.16
Pfor trend 0.005 0.38

Dietary vitamin D (ug/day) (Ref = quintile 1: 0—2.41)0
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No. of cases White men Black men pa
28,845 1417
isti 0, 0,

Characteristic HRb 95% ClI HRb 95% ClI
Quintile 2: 2.42-3.56 1.04 1.00 108 0.93 0.79 1.09 0.19
Quintile 3: 3.57-4.82 1.04 1.00 1.08 094 079 1.12
Quintile 4: 4.83-6.87 1.05 1.01 1.09 0.93 0.77 1.12
Quintile 5: >6.88 1.06 1.02 111 0.84 0.69 1.02
Pfor trend 0.013 0.09

Pyramid serving: tomato = 1 large tomato or eight ounces of tomato juice. Dairy = 1 cup (244 ml) milk or yogurt, 1.5 ounces (42.5 g) of natural
cheese, or 2 ounces (56.0 g) of processed cheese

a . . .
Pfor interaction between each risk factor and race

bAdjusted for all factors presented as well as: age (55-59 years, 60—64 years, 65-69 years, 270 years); family history of prostate cancer; marital
status (married/living as married, never married, separated, divorced, widowed, unknown); attained education (1< 8 years, 8-11 years, post-high
school or some college, college and post graduate); and quintiles of total energy intake

Model excludes either dairy or vitamin D due to high correlation (correlation coefficient =0.7) between the three variables

Prostate Cancer Prostatic Dis. Author manuscript; available in PMC 2019 August 02.



Page 17

Layne et al.

GZ'T 980 €0T 90T 86°0 0T 6V'T 650 ¥6'0 LOT /80 160 09°0—€¥°0 :€ 3UIND
70 9T'T €80 860 90T 86°0 ¢0'T 080 LTT 0S0 9.0 €0T ¥80 €6°0 2¥'0-82°0 ‘¢ 3nUINO
(Lz'0-0 :T anuinb = joy) (Aep/sbuiniss piwresAd) orewol
650 22000 06°0 870 puan o}
€T 6,0 660 GTT 0T 60T 89T 890 860 €2T L60 60T 9'GTT= :G 9N
T€T /80 0T <CTT €01 80T /ST /S0 S60 €T'T 060 10T 9'STT-T'LL ¥ 9IIUIND
9€'T €60 <¢TT TTT 0T 10T 60¢c 680 9€T TZT 860 60T T'L.-2'2S 1€ 31uInd
6€0 G¥T V0T €T OTT 0T 90T €90 6vT €90 60 OTT 060 66°0 2'26-L°0€ ‘2 3nuINd
(22°0e-0 :T a1nuINb = Joy) (Aep/B) yesw pay
66°0 T000°0> LT°0 900 puan 1o}
85T €80 VIT 9€T 8T'T 12T vL€ ¢60 98T 9€T 960 T Aepysxuuip aiow 1o 9
2T S90 680 LZT €TT 0zT /6T €0 260 9¢T €60 80T AKepysjunip 9>-g<
0T 60 60 GTT 90T oT'T Tce 980 8T TZT 860 60T AKepyssuup -1
¢c0 62T 60 <CTT E€ETIT S0'T 60T 850 18T 880 9¢T V¥I'T SG60 0T Keppjunip e uey ssa
(1anou = Joy) Aep Jad syuLp [oyooY
¥0'T 850 L0 ¥60 180 180 9/'¢ ¢80 09T LZT 060 10T umouxun
G0'T 080 ¢60 S60 06°0 260 6T 880 9¢T /160 ¥80 06°0 Jaulio4
G690 9TT L0 G60 €60 ¥80 880 [0 80C L0 [T OCT +60 90T waun)
(19nau = Jay) Bunjows
0€0 T000°0> 620 190 puaiy 1o}
60T L0 ¢60 060 €80 180 0T €90 080 90T /80 96°0 (zw/B> 0€=) 95900
9’0 0T 060 ¥0T 71T0T §6°0 860 890 GT €90 680 ETT 860 GoT (w/Byog>  G2) wblemisno
(zw/Bx 5z> :1yBram [ewlou/iapun = 1Y) [ING
700 860 #80 T60 ¥OT 6660 ¢0T %00 GO0T ¢/0 /80 ETT 0T 80T (8seausour wo OT) WBIOH
080 060 €90 S0 LLO 690 €0 660 90T €¥0 L90 €0 SS90 €9°0 sa1aqeIp Jo A10)siH
10 %56 nmI 10 %S6 QmI 10 %56 QmI 1D %S6  qdH
€LTT 8ET'¥C 60¢ 868¢
ed usw xoe|g ETETTT Ul yoe|g UaW aHUM
padueApe-UON SERNEI X 3589 JO 'ON

adA aseasip Aq Jsoued a1e1soad ylim uoieId0sse ayl Joy) (1D) [eAlalul 30UaPIILU0ID 9466 pue (YH) onel pJezey d1j10ads-aoey

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Prostate Cancer Prostatic Dis. Author manuscript; available in PMC 2019 August 02.



Page 18

Layne et al.

S3|qRLIeA 881} 8U} USBMIB] (/"0 JUSIO1LJS00 UOITR|91100) UOIIR|8.100 UyBIy 01 8NP @ UIWENA JO AIep JayHa Sapnjoxs 13PN,

aejul ABiaus [e10} Jo sanuInb pue (srenpelh 1sod pue aba|j0a ‘afia)j0d awos Jo j00yds ybiy-1sod ‘sieak TT-8 ‘sieak g >T) UoIEINPS paurexe {(UMmoudun ‘PaMOPIM ‘PIJIOAIP
‘pajesedas ‘paliiew AU ‘patiiew se BulAll/paLIew) Snlels [elew fiadued aje1sold Jo A10lsiy Ajiwey f(siesh 0/ ‘sieak 69—-G9 ‘Steak $9-09 ‘sieak pG—-GG) abe :se ||am se pajuasald si01oey ||e 1o} palsnipy

q

3081 PUE 10108} S{SH (L3 USIMIAQ UONORINU 10},

95992 passadoid Jo (b 0'95) seauno z 1o ‘asaayd Jeinieu Jo (6 G z) Sa9uno G'T ‘WNBOoA Jo yjiw (Jw #i7g) dna T = Asreq@ “a91nl ojewo) Jo saouno ybie 1o orewo) abue| T = orewo} :BuinIas piweiAd

€10 #00°0 290 vE'0 puai 10y
€0T 190 €80 ITT 20T 10T 86T TS50 060 TITT 880 660 88'9Z :G 3|uINd
80T 2.0 880 OTT 10T S0T 16 960 ST OTT 880 660 L8'9-€8'F i 3|UIND
60T .0 060 60T T00T S0'T 0z 160 SP'T 2TT 060 00T Z8'7-1G°€ € 3InuINd
vT0 v0T ¥.0 880 L[0T 860 20T LT0 €TC 260 OrT 12T 660 OTT 99°e-2p'2 :Z 31nuINd
,(T7'2=0 1T aqnuInb = Ja) (Aep/bri) @ unwen Arererg
S50 1000 90 850 puaii 10} o
0ZT 080 860 2¢IT 20T 10T 9v'T 050 80 90T G80  G60 TT'ZZ G 3|uInd
90T TL0 980 ITT 20T 10T TST 950 260 €TT 260 207 0T'Z-€€'T ' 31IUIND
LTT 180 160 80T 660 €01 LTz G660 T 60T 880 860 Z€'T-68°0 € 31nuINd
¥20 02T 980 20T GSOT .60 TOT 2€0 O0LT 9.0 +TT SOT 980 G60 88'0-€5°0 :Z 31IUIND
uANm.olo 1T a|nuInb = 1ay) (Aep/sbuiniss prwelAd) Aireq
€0 €900 160 80°0 puaii 10 o
vIT 9.0 €60 20T €60 860 T9T €90 TOT 00T 080 680 26'0Z 3G 3|nuInd
vOT 890 80 €0T  S60 660 €T S0 .0 80T /80 160 16'0-T9°0 ¥ 31BUIND
1D %se qoH Dwss  gqtH 1D %s6 goH 10956  qtH
€LTT 8ET Ve 602 868¢
mn_ uswi Yoe|g usw alJIym\\n e d uawi oe|g uaw s}y
padsueApe-uoN pasueApY S8Sed JO "'ON

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2019 August 02.

Prostate Cancer Prostatic Dis. Author manuscript



	Abstract
	Introduction
	Methods
	Study population
	Code availability
	Cancer ascertainment
	Statistical analysis

	Results
	Discussion
	References
	Fig. 1
	Table 1
	Table 2
	Table 3

