
Do Environmental Factors Modify the Genetic Risk of Prostate 
Cancer?

Stacy Loeb1,2, Sarah B. Peskoe3, Corinne E. Joshu3, Wen-Yi Huang4, Richard B. Hayes2, H. 
Ballentine Carter5, William B. Isaacs5, and Elizabeth A. Platz3,5

1Department of Urology, New York University, New York, New York 2Population Health, New 
York University, New York, New York 3Department of Epidemiology, Johns Hopkins Bloomberg 
School of Public Health, Baltimore, Maryland 4Division of Cancer Epidemiology and Genetics, 
National Cancer Institute, Bethesda, Maryland 5Brady Urological Institute and Sidney Kimmel 
Comprehensive Cancer Center, Johns Hopkins Medical Institutions, Baltimore, Maryland

Abstract

Background—Many SNPs influence prostate cancer risk. To what extent genetic risk can be 

reduced by environmental factors is unknown.

Methods—We evaluated effect modification by environmental factors of the association between 

susceptibility SNPs and prostate cancer in 1,230 incident prostate cancer cases and 1,361 controls, 

all white and similar ages, nested in the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer 

Trial. Genetic risk scores were calculated as number of risk alleles for 20 validated SNPs. We 

estimated the association between higher genetic risk (≥ 12 SNPs) and prostate cancer within 

environmental factor strata and tested for interaction.

Results—Men with ≥12 risk alleles had 1.98, 2.04, and 1.91 times the odds of total, advanced, 

and nonadvanced prostate cancer, respectively. These associations were attenuated with the use of 

selenium supplements, aspirin, ibuprofen, and higher vegetable intake. For selenium, the 
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attenuation was most striking for advanced prostate cancer: compared with <12 alleles and no 

selenium, the OR for ≥12 alleles was 2.06 [95% confidence interval (CI), 1.67–2.55] in nonusers 

and 0.99 (0.38–2.58) in users (Pinteraction = 0.031). Aspirin had the most marked attenuation for 

nonadvanced prostate cancer: compared with <12 alleles and nonusers, the OR for ≥12 alleles was 

2.25 (1.69–3.00) in nonusers and 1.70 (1.25–2.32) in users (Pinteraction = 0.009). This pattern was 

similar for ibuprofen (Pinteraction = 0.023) and vegetables (Pinteraction = 0.010).

Conclusions—This study suggests that selenium supplements may reduce genetic risk of 

advanced prostate cancer, whereas aspirin, ibuprofen, and vegetables may reduce genetic risk of 

nonadvanced prostate cancer.

Introduction

The predisposition to prostate cancer is multifactorial with important contributions from 

genetic and environmental factors. Recent studies have identified numerous low penetrance 

SNPs accounting for a proportion of prostate cancer susceptibility (1–3). Zheng and 

colleagues reported that prostate cancer risk increased with cumulative number of risk 

genotypes for five SNPs, and that when family history was additionally considered, men 

who had five or six risk factors—risk genotypes and/or family history–had a 9-fold 

increased prostate cancer risk compared with men with no risk genotypes and a negative 

family history (4). In addition, a Swedish study that combined prostate cancer risk alleles 

into a genetic risk score found that it predicted prostate cancer on biopsy among men with 

low PSA levels (1–3 ng/mL; ref. 5).

Numerous environmental factors have also been investigated in association with prostate 

cancer risk, including diet, exercise, and medications (6–8). The relative contribution of 

genes and environment to prostate carcinogenesis remains uncertain. A Scandinavian twin 

study suggested an overall heritability index of 42%, (9) indicating a major contribution also 

from environmental factors. Migration studies have shown that immigrants from low- to 

high-risk countries experience higher prostate cancer rates, further supporting that 

environmental factors are important (10).

Although genetic screening tests for diseases, including prostate cancer, are now 

commercially available to consumers, (11) these tests are controversial because they have 

not been shown to improve clinical outcomes, as demonstrated by the conflict between the 

FDA and the personal genomic testing company 23andme (12). Furthermore, no guidance is 

available on how the information from these tests can be used by patients and clinicians in 

healthcare decision-making (13). For example, if a man is found to be at higher genetic risk 

for prostate cancer, is there anything he can do to reduce his risk? At present, the answer to 

this question is unknown. Thus, the purpose of our study was to evaluate whether 

environmental factors, such as diet and lifestyle, modify the association between 20 

validated prostate cancer susceptibility SNPs, previously identified including in genome-

wide association studies (GWAS), and the risk of prostate cancer overall, and by stage and 

grade.
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Materials and Methods

We performed an analysis of existing data from a GWAS performed in a case-control study 

nested in the screening arm of the Prostate, Lung, Colorectal and Ovarian (PLCO) cancer 

screening trial. These data are available in the Cancer Genetic Markers of Susceptibility 

database (http://cgems.cancer.gov; ref 1), and we accessed them under a confidentiality 

agreement. The PLCO included men ages 55 to 74 years at baseline recruited at 10 U.S. 

centers (14). Men in the prostate cancer-screening arm underwent yearly prostate-specific 

antigen (PSA) tests for 6 years and digital-rectal examinations (DRE) for 4 years. The trial 

investigators referred men with a PSA >4 ng/mL or suspicious DRE to their medical 

providers for further evaluation. All participants provided informed consent, and the 

Institutional Review Boards at all participating institutions approved the trial.

We included in this analysis 1,230 incident prostate cancer cases and 1,361 controls who 

were non-Hispanic white and were frequency-matched on age in 5-year intervals. Prostate 

cancer status was ascertained using the National Death Index and annual health history 

questionnaires, with confirmation and additional details on stage and grade obtained from 

review of the medical records. Nonadvanced-stage cases were defined as clinical stage I and 

II tumors. Advanced cases were defined as clinical stage III and IV (regional or distant). 

Gleason score was divided into low (Gleason ≤6), intermediate (Gleason 7), and high 

(Gleason ≥8) grade.

The participants completed a baseline questionnaire including demographics, education, past 

medical history, medications, smoking history, height, weight, and physical activity. 

Participants also completed a 137-item food frequency questionnaire to assess dietary 

patterns during the year before enrollment (15). This questionnaire included 14 questions 

about vitamin and mineral supplement use (16). Total intake of vitamins and minerals was 

calculated by adding intakes from diet and supplements. From these questionnaires, we 

selected environmental factors that are modifiable with the greatest consensus for further 

evaluation because they are purported risk or protective factors for prostate cancer or other 

major cancers (6, 7, 17). The factors we selected were: body mass index (BMI; at age 20, 

age 50, baseline); vigorous physical activity; smoking; alcohol drinking; aspirin use, 

ibuprofen use; intake of fruit, vegetables, broccoli, red meat (total, ruminants only), energy, 

fat, vitamin D, zinc, folate, and lycopene; use of a multivitamin (current, within the last 2 

years), selenium supplement, vitamin E supplement; and high intake of calcium (primarily 

from supplement use).

The participants also provided a blood sample at baseline and/or subsequent screening years. 

DNA extracted from buffy coat was used for the prior GWAS study in the PLCO (1). We 

identified 20 SNPs previously associated with prostate cancer susceptibility and validated 

from the literature (Supplementary Table S1; refs. 1, 4, 18–24) and that had already been 

genotyped in the PLCO GWAS. Using the existing data, we calculated a genetic risk score 

for each man based on the number of risk alleles for the 20 SNPs. We defined a higher 

genetic risk score as carrying ≥12 risk alleles, the median number (and mode) in controls. 

No obvious threshold in the OR was present across number of risk alleles (see Results), thus 

we dichotomized at the median number of risk alleles to have roughly equal information in 
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the two groups (under the null hypothesis). We used logistic regression to evaluate the 

association between higher genetic risk score and the risk of total prostate cancer as well as 

disease that was nonadvanced or advanced stage; low (Gleason ≤6), intermediate (Gleason 

7), or high (Gleason ≥8) grade; and aggressive [either advanced stage (III–IV) or high grade 

(Gleason ≥8)] after adjusting for age (continuous) and attained education (college graduate 

or postgraduate vs. less than college graduate), a correlate of lifestyle and dietary factors. To 

identify effect modification, we stratified these associations by the environmental factors. To 

test for multiplicative interaction, we entered into the model (adjusting for age and 

education) terms for higher genetic risk score, the environmental factor, and their cross-

product, the coefficient for which we evaluated using the Wald test. For nominally 

statistically significant interactions (P < 0.05), we further explored the nature of the 

multiplicative interaction by modeling joint associations. For the most robust interaction, we 

also evaluated the joint association across number of risk alleles using the mode (12 risk 

alleles) in the unexposed as the reference group. All tests were two sided and analyses were 

conducted using SAS v.9.3.

Results

Table 1 shows baseline characteristics of the study population. Prostate cancer cases and 

controls were similar on most characteristics, except that cases were less likely to have ever 

smoked and to currently use vitamin E supplements than controls, as in previous PLCO 

studies (15). Advanced-stage cases were older than controls and had less total folate intake. 

Nonadvanced-stage cases had a lower BMI at age 50 years compared with controls.

Men with ≥ 12 risk alleles had a greater risk of prostate cancer, including nonadvanced and 

advanced stage; low, intermediate, and high grade; and aggressive (stage III–IV or Gleason 

≥8) disease (Table 2). Before stratification, risk of nonadvanced stage prostate cancer 

increased across number of risk alleles [OR (95% confidence interval (CI), ≤9 alleles: 0.49 

(0.34–0.71); 10–11 alleles: 0.70 (0.51–0.97); 12 alleles: reference; 13 alleles: 1.07 (0.74–

1.55), ≥14 alleles: 1.47 (1.04–2.09); Ptrend < 0.0001]. The risk of advanced-stage disease 

also increased across number of risk alleles; due to the smaller number of advanced-stage 

cases, we combined over categories [≤11 alleles: 0.63 (0.48–0.84); 12 alleles: reference; ≥13 

alleles: 1.45 (1.08–1.94); Ptrend < 0.0001).

Effect modification (Pinteraction < 0.05) of the association between higher genetic risk score 

(≥12 risk alleles) and prostate cancer risk was observed for aspirin use, ibuprofen use, 

vegetable intake, and selenium supplement use (Table 2 and Supplementary Table S2). 

Selenium supplement use was the only environmental factor that we evaluated that 

statistically significantly modified the higher genetic risk of advanced-stage disease: among 

nonusers of selenium supplements, higher genetic risk score was more strongly associated 

with risk of total (Pinteraction = 0.033) and advanced-stage (Pinteraction = 0.031) prostate 

cancer, whereas in users of selenium supplements, these associations were all null. Aspirin 

and ibuprofen use, and vegetable intake modified the risk of nonadvanced-stage and low-

grade disease only. Among men who did not use aspirin, we observed a stronger association 

between higher genetic risk and total (Pinteraction = 0.028), nonadvanced-stage (Pinteraction = 

0.009), and low-grade (Pinteraction = 0.0008) prostate cancer, whereas these associations 
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were attenuated among men who used aspirin (Table 2 and Supplementary Table S2). 

Among men who did not use ibuprofen, we observed a stronger association between higher 

genetic risk and nonadvanced-stage (Pinteraction = 0.023), and low-grade (Pinteraction = 0.008) 

disease; whereas these associations were attenuated in ibuprofen users (Table 2 and 

Supplementary Table S2). Among men with low vegetable intake (lowest tertile), higher 

genetic risk was more strongly associated with risk of nonadvanced-stage (Pinteraction = 

0.010) and low-grade (Pinteraction = 0.014) disease, whereas in men who consumed more 

vegetables (middle and highest tertiles), these associations were attenuated. Possible effect 

modification was observed by intake of fruit, vegetables, folate, and lycopene (Table 2 and 

Supplementary Table S2), but the interactions were less robust (0.05 < Pinteraction ≤0.15) and 

patterns were not as clear or were inconsistent across strata of the effect modifier or prostate 

cancer features. Possible effect modification was present by BMI at the age of 20 years 

(Table 2 and Supplementary Table S2). However, the interactions were not statistically 

significant and the association for higher genetic risk score was reduced in men who were 

overweight and obese at the age of 20 years (nonadvanced-stage prostate cancer: 

overweight/obese–OR = 1.50, 95% CI, 0.94–2.37, normal –OR= 2.09, 95% CI, 1.62–2.68; 

Pinteraction = 0.28; advanced-stage prostate cancer: overweight/obese – OR = 1.82, 95% CI, 

1.19–2.78, normal – OR = 2.13, 95% CI, 1.69–2.70; Pinteraction = 0.61), which would not be 

an appropriate preventive strategy.

We next evaluated the joint associations for higher genetic risk score and use of a selenium 

supplement, aspirin, ibuprofen, and vegetable intake with advanced or nonadvanced-stage 

prostate cancer (Table 3). Men with ≥12 risk alleles and who used a selenium supplement 

had a similar risk to men with <12 risk alleles and who did not use a selenium supplement. 

In contrast, among men with <12 risk alleles, those who used a selenium supplement 

appeared to have an increased risk of advanced-stage disease, although this association was 

not statistically significant (Table 3). Among men with <12 risk alleles, using aspirin or 

ibuprofen or eating more vegetables did not appear to attenuate the genetic risk of 

nonadvanced-stage disease. However, among men with ≥ 12 risk alleles, the genetic risk of 

nonadvanced disease was attenuated with aspirin or ibuprofen use and eating more 

vegetables. Despite this attenuation, the risk of nonadvanced-stage disease was still 

approximately 70% higher than in men with < 12 risk alleles who did not use aspirin or 

ibuprofen and ate fewer vegetables.

Finally, we evaluated the pattern of effect modification for aspirin and selenium across the 

range of genetic risk scores using 12 risk alleles in the unexposed as the reference. Figure 1 

shows joint associations for categories of number of risk alleles and aspirin use: the 

increased risk of nonadvanced-stage prostate cancer associated with carrying 13 risk alleles 

or ≥14 risk alleles was attenuated in aspirin users; however, the association between 

carrying ≤ 9 risk alleles and nonadvanced disease was less inverse among aspirin users. The 

increased risk of advanced-stage disease associated with carrying ≥ 13 risk alleles appeared 

to be attenuated in selenium supplement users (OR = 0.69, 95% CI, 0.09–5.51; nonusers: 

OR = 1.45, 95% CI, 1.06–1.98); however, the inverse association between carrying ≤11 risk 

alleles and advanced-stage disease was null in selenium supplement users (OR = 0.92, 95% 

CI, 0.14–6.08; nonusers OR = 0.63, 95% CI, 0.46–0.84).
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Discussion

In this prospective study evaluating 20 SNPs that were previously associated with prostate 

cancer susceptibility, we observed that selenium supplement use may reduce the genetic risk 

of advanced-stage prostate cancer and that aspirin and ibuprofen use and vegetable intake 

may reduce the genetic risk of nonadvanced-stage and low-grade prostate cancer. Although 

based on data from one cohort only, our results may help inform the testing of strategies for 

prevention among those at higher genetic risk.

To date, only a few preventive interventions have been evaluated in a randomized, 

prospective fashion. 5-α reductase inhibitors (5ARI’s) were shown to decrease the incidence 

of biopsy-detectable prostate cancer (25, 26). However, they lead to sexual side effects and 

their use for prostate cancer prevention was rejected by the FDA due to an absolute increase 

in the incidence of high-grade prostate cancer (27). Epidemiologic studies have also 

suggested a protective relationship between many other modifiable factors with prostate 

cancer risk, but they have not been validated or cannot be practically tested in randomized 

trials (6). Moreover, relatively little research has been conducted on gene–environment 

interactions and prostate cancer risk. Thus, the goal of our study was to specifically evaluate 

whether environmental factors that men have some control over may reduce or eliminate the 

genetic risk of prostate cancer, especially aggressive disease.

Among men with a high genetic risk profile, we found that selenium supplement use may 

attenuate the risk of advanced-stage disease, whereas aspirin, ibuprofen, and higher 

vegetable intake may attenuate the risk of nonadvanced-stage disease. Some studies support 

that higher selenium intake, especially from a supplement, may reduce prostate cancer risk, 

(28) including the Nutritional Prevention of Cancer (NPC) Study. In that study, the 

reduction in risk association with selenium supplementation was limited to men with low 

circulating selenium levels at baseline (29). In a nested case–control study in the PLCO, the 

same cohort in which the current study was done, no statistically significant association 

between serum selenium levels and the incidence of total or advanced prostate cancer was 

found, although higher serum levels were inversely associated with prostate cancer in 

smokers and men with highest total intake of Vitamin E (16). Ultimately, a randomized 

placebo controlled trial called the Selenium and Vitamin E Cancer Prevention Trial 

(SELECT) reported no significant reduction in prostate cancer risk using selenium alone or 

in combination with vitamin E, and even potential harm (30). It remains to be studied 

whether selenium supplementation is inversely associated with prostate cancer among men 

at higher genetic risk within the NPC and SELECT trials.

Many observational studies support that aspirin and ibuprofen use are associated with a 

modest reduction in prostate cancer risk (7). In the PLCO, daily aspirin use was modestly 

inversely associated with prostate cancer risk, but ibuprofen use was not (8). It is unclear 

whether the inverse association between aspirin and prostate cancer risk reflects a true 

reduction in risk or a complex detection bias related to the effects of aspirin on serum PSA 

levels (31). Either way, a reduction in biopsy-detectable nonaggressive prostate cancer could 

have important public health consequences, including a reduction in the overdetection of 

prostate cancer that may never cause morbidity or premature mortality. Nevertheless, the 
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potential benefit of aspirin in men with the higher genetic risk profile must be weighed 

against the risks of aspirin use. The United States Preventive Services Task Force (USPSTF) 

recommends against the routine use of aspirin or nonsteroidal anti-inflammatory drugs to 

prevent colorectal cancer, indicating that potential harms such as bleeding outweigh the 

preventative benefits in average-risk men (32). On the other hand, the USPSTF recommends 

aspirin in men ages 45 to 79 years for the prevention of heart attack, if the potential benefit 

outweighs the potential harm of gastrointestinal bleeding (33). In light of the potential harms 

of aspirin and other NSAIDs, they would likely not be a viable preventive strategy for 

prostate cancer in average-risk men. However, our results suggest that the risk to benefit 

ratio may shift for men with a higher genetic risk profile.

Finally, we found that higher vegetable intake may also modify the higher genetic risk of 

nonaggressive prostate cancer. Aside from tomatoes and possibly broccoli, there is limited 

evidence that vegetable intake protects against prostate cancer risk (6, 34, 35). In the PLCO, 

intake of broccoli and other cruciferous vegetables was associated with a lower risk of 

aggressive prostate cancer (36). The benefits of vegetable consumption are numerous for 

good health in general, so while it is possible that some men could benefit from vegetable 

intake more than others with respect to prostate cancer, promoting vegetable consumption 

by all men irrespective of genetic risk is sound public health advice.

A strength of this study is the robust dataset, including environmental factors and genotypes, 

allowing a comprehensive examination of their interactions. The findings from our study 

have importance as we move toward an era of personalized medicine, and for the design of 

future intervention studies. Another strength of the study is that food frequency 

questionnaires were administered at baseline, eliminating the possibility of biased recall 

following prostate cancer diagnosis. All participants were subjected to a uniform screening 

protocol within the PLCO trial and were thus afforded a similar opportunity for prostate 

cancer detection. Because prostate cancer was one of the target cancers in the PLCO, 

follow-up for the diagnosis of prostate cancer was complete and detailed data were collected 

on tumor features, enabling a separate evaluation of aggressive and nonag-gressive disease.

Several limitations of our study deserve mention including chance findings from the 

evaluation of interaction of the genetic risk score with numerous lifestyle variables. For 

advanced-stage and nonadvanced-stage disease, in total we evaluated 48 interactions; neither 

the aspirin (P = 0.009) nor the selenium (P = 0.031) interactions with the genetic risk score 

would have been considered to be statistically significant at the 0.05/48 = 0.001 level. In 

addition, many of the SNPs have no known function, and therefore the mechanism for effect 

modification by environmental factors is unclear. Some of the SNPs are associated with the 

serum PSA concentration (including rs10993994 on chromosome 10, as well as rs2659056 

and rs2735839 on chromosome 19), raising the possibility of a detection bias (37, 38). As 

such, it is not possible to distinguish whether our observed findings reflect a true reduction 

in the risk of developing prostate cancer or simply a reduction in the detectability of prostate 

cancer associated with the genetic risk score. Nevertheless, even a reduction in the 

detectability of nonaggressive cancers could represent an important public health benefit, 

given current concerns with overdiagnosis and overtreatment.
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Another important limitation is that our study only included non–Hispanic white male 

participants from the PLCO screening trial, and therefore it is unclear whether the findings 

are generalizable to other racial/ethnic groups or cases that present in other ways. Moreover, 

many new genetic variants have been identified since the original genotyping was performed 

in PLCO (the data used in the current analysis; ref. 2). Also, our study focused on a limited 

number of preselected possible effect modifiers assessed by questionnaire. As such, future 

studies are necessary to further examine many other potential gene–environment interactions 

outside the scope of the current study. Finally, the results of this study are observational in 

nature, and therefore it is not possible to determine whether modification of these 

environmental exposures would ultimately decrease the risk of prostate cancer development 

or detection.

In conclusion, because personalized genomic testing is now available, there is an urgent 

need for further study on gene–environment interactions and the identification and testing of 

preventive strategies for men at higher genetic risk for prostate cancer. Our results from this 

prospective study nested in the PLCO suggest that selenium supplement use may reduce the 

genetic risk of advanced-stage prostate cancer and that aspirin, ibuprofen, and vegetable 

intake may attenuate the genetic risk of nonadvanced-stage and low-grade prostate cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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The effect of genetic factors on prostate cancer risk may vary by lifestyle interventions.
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Figure 1. 
OR of nonadvanced prostate cancer for joint categories of number of risk alleles and aspirin 

use, PLCO. ORs are adjusted for age (continuous) and education (dichotomous by college 

degree). The categories for number of risk alleles are approximate quintiles in controls. The 

median and mode are both 12 risk alleles in the controls.
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Table 1

Baseline characteristics of prostate cancer cases and controls, PLCO

Prostate cancer cases

Characteristics Total Advanced stage Nonadvanced stage Controls

Age (y), mean 66.7 67.0a 66.4  66.4

College graduate or postgraduate, % 41.5 39.5  44.0  40.2

BMI (kg/m2), mean

 At age 20 y 22.9 23.0  22.8  23.0

 At age 50 y 26.3 26.4  26.1a 26.6

 At baseline 27.3 27.4  27.3  27.6

Vigorous physical activity, %

 <1 h/wk 12.2 13.1  11.0  14.1

 1–3 h/wk 43.9 43.6  44.3  45.3

 ≥4 h/wk 43.9 43.3  44.7  40.6

Smoking history, %

 Never smoker 32.2b 33.2  31.0  28.6

 Former (quit ≥10 y ago) 42.0b 40.3  44.2  42.0

 Former (quit <10 y ago) & cigar/pipe only 17.8b 18.6  16.7  18.3

 Current smoker 8.0b 7.9  8.1  11.1

Alcohol use, %

 ≤1 drink/mo 30.9 31.8  29.8  30.2

 >1 drink/mo to ≤1 drink/d 36.9 38.6  34.9  38.6

 >1 drink/day 32.2 29.6  35.3  31.2

Aspirin use regularly, % 42.6 41.8  43.5  45.9

Ibuprofen use regularly, % 14.1 13.6  14.8  15.7

Fruit intake (pyramid servings/d), mean 3.4 3.3  3.5  3.4

Vegetable intake (pyramid servings/d), mean 5.4 5.4  5.4  5.5

Broccoli intake (g/d), mean 13.9 13.8  14.1  14.0

Red meat intake (g/d), mean 96.9 97.5  96.0  100.2

Red meat from ruminants intake (g/d), mean 65.2 66.0  64.3  67.8

Energy intake (kcal/d), mean 2,337.4 2,293.4  2,390.5  2,348.2

Fat intake (g/d), mean 79.9 79.8  80.0  80.0

Vitamin D intake (IU/d), mean 10.7 10.3  11.2  10.9

Folate intake (mcg/d), mean 603.9 586.6a 624.8  617.3

Zinc intake (mg/d), mean 20.5 20.1  21.0  20.7

Lycopene intake from diet (μg/d), mean 11,264.7 11,090.2  11,475.6  11,470.2

Current multivitamin use, % 34.5 33.3  36.0  33.7

Recent multivitamin use (within past 2 y), % 42.5 39.8  45.7  43.0

Current selenium supplement use, % 3.3 3.1  3.5  3.7

Current vitamin E supplement use, % 28.4a 28.0  28.9  33.3

Calcium intake ≥1,500 mg/d, % 23.5 21.4  26.0  23.6
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NOTE: Bold font indicates statistically significant values.

a
P < 0.05 versus controls.

b
The distribution of smoking history differs between total cases and controls, P < 0.05.
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Table 3

Joint association of higher genetic risk score (≥12 risk alleles) and environmental factors with advanced- and 

nonadvanced-stage prostate cancer adjusted for age and education, PLCO

OR (95% CI)

<12 risk alleles ≥12 risk alleles

Advanced-stage prostate cancer

 Overall 1.00 (ref.) 2.04 (1.67–2.49)

Selenium supplement

 Nonuser 1.00 (ref.) 2.06 (1.67–2.55)

 User 1.43 (0.70–2.96) 0.99 (0.38–2.58)

Pinteraction = 0.031

Nonadvanced-stage prostate cancer

 Overall 1.00 (ref.) 1.91 (1.54–2.36)

Aspirin

 Nonuser 1.00 (ref.) 2.25 (1.69–3.00)

 User 1.10 (0.80–1.51) 1.70 (1.25–2.32)

Pinteraction = 0.009

Ibuprofen

 Nonuser 1.00 (ref.) 1.99 (1.58–2.52)

 User 1.10 (0.71–1.68) 1.62 (1.07–2.45)

Pinteraction = 0.023

Vegetable intake

 Tertile 1 1.00 (ref.) 2.24 (1.54–3.25)

 Tertile 2 1.05 (0.71–1.56) 1.76 (1.20–2.58)

 Tertile 3 0.95 (0.64–1.42) 1.71 (1.16–2.52)

Pinteraction = 0.010

NOTE: Results are shown when Pinteraction < 0.05 (Supplementary Table S2).
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