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Dietary supplements, dietary patterns, and prostate cancer prevention 

Abstract 

 

Dietary supplements are widely used among men in the US. The effect of vitamin and 

mineral supplements on the risk of non-communicable diseases in ‘generally healthy’ 

populations is controversial. Current guidelines conclude present evidence is insufficient to use 

supplements to prevent chronic diseases. Multivitamins are the most widely used dietary 

supplements among older men in the US. While large RCT and several observational studies 

suggest null associations between multivitamin use and overall prostate cancer risk, some 

evidence suggest regular or long-term multivitamin use was associated with increased risk of 

advanced prostate cancer, characterized by disease progression and poorer survival. 

Supplemental zinc use is also common among US adults. Normal prostate tissue contains one of 

the highest concentrations of zinc in the body, and mechanistic evidence indicates it is important 

for prostate health. While typical doses of individual zinc supplements were around the 

recommend dietary allowance of zinc, some supplements have even higher doses, exceeding the 

recommend amount ten-fold and far exceeds the upper intake limits. It has been hypothesized 

that zinc might only be beneficial for prostate health within a certain range. In populations 

insufficient zinc intake, low zinc might increase prostate cancer risk or mortality, while in 

populations with sufficient zinc intake from food, additional excessive supplemental zinc may do 

harm. 
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Prostate cancer is also highly heritable. A combined genetic risk score of common 

variants have gain significant interest in recent years. Among men at high genetic risk, evidence 

has suggested that maintain a healthy weight, being physically active and not smoking was 

associated with significant lower risk of aggressive prostate cancer. How dietary patterns may 

influence prostate cancer risk among these men is currently unknown. Therefore, utilizing data 

from a large prospective cohort, the Health Professionals Follow-up Study (HPFS), we 

conducted the following three studies.  

In Chapter 1, we investigated the association between multivitamin use frequency and 

duration in relation to subtype specific prostate cancer. We found no evidence to suggest regular 

or long-duration multivitamin use was associated with risk of overall or aggressive prostate 

cancer in a well-nourished adult male population.  

In Chapter 2, we examined the association between zinc supplement use in relation to 

clinically relevant prostate cancer in terms of dosage and duration. We found that excessively 

high-dose and long-duration supplemental zinc intake was associated with increased risk of 

lethal and aggressive prostate cancer. Given the strong association between excessive 

supplemental zinc use and increased risk of clinically important prostate cancer, caution is 

warranted regarding usage of excessive zinc supplement among adult males.  

In Chapter 3, we evaluated whether men at a high genetic risk for prostate cancer, defined 

by a high polygenic risk score, can lower their risk of either overall or lethal prostate cancer by 

adhering to a healthy diet. Our analysis demonstrates that high genetic risk of prostate cancer 

might be attenuated by adopting a healthy diet. Among men with high genetic risk, adhering to a 

diabetes-risk reducing diet or a low hyperinsulinemia diet was associated with significant lower 

risk of metastatic disease and prostate cancer death. Together with maintaining a healthy weight 
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and being physically active, encouraging lifestyle modifications to reduce the risk of developing 

insulin resistance and hyperinsulinemia may be a potential primary prevention strategy of 

aggressive prostate cancer among men with high genetic predisposition for prostate cancer.  
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Chapter 1 

 

Regular, long-duration multivitamin use and risk of overall and aggressive prostate cancer 

in the Health Professionals Follow-up Study 

 
 

Abstract: 

Introduction: Multivitamin supplement is commonly used among older adults in the United 

States. Evidence on multivitamin use and prostate cancer risk is limited, and some suggested 

potential risk for clinically important subtypes of cancer. 

Methods: A total of 48,137 men from the Health Professionals Follow-up Study were followed 

from 1986 to 2017. Multivitamin use and frequency were self-reported at baseline and updated 

biennially. Clinical features of prostate cancer included advanced, lethal, and high-grade 

outcomes. Cox proportional hazards models were used to estimate multivariable hazard ratios 

(HRs) and 95% confidence intervals (CIs) of multivitamin use and incidence of prostate cancer. 

Results: The median follow-up for men without prostate cancer diagnosis or death was 30.7 

years. We documented 7,108 incident prostate cancer cases including 564 advanced and 1,065 

lethal. Overall, we observed a null association between multivitamin use and risk of prostate 

cancer. Compared to never-users, men who used multivitamin 10 or more tablets per week had 

similar risk of advanced (HR:1.14, 95% CI: 0.77-1.70, Ptrend=0.46) or lethal (HR:1.07, 95% CI: 

0.80-1.44, Ptrend=0.59) prostate cancer, and multivitamin use of 15 years or more was not 

associated with risk of advanced (HR:1.10, 95% CI: 0.80-1.50, Ptrend=0.46) or lethal (HR:1.04, 

95% CI: 0.83-1.31, Ptrend=0.13) prostate cancer.  
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Conclusions: Regular or long-duration multivitamin use among older generally well-nourished 

men was not associated with either increased or lower risk of overall or aggressive prostate 

cancer.  
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Introduction 

Multivitamins are the most widely used dietary supplements among older men in the 

US1,2. According to the National Health and Nutrition Examination Survey (NHANES) data in 

2011-2014, 34-49% of older adults regularly took multivitamin/multimineral supplements3. The 

most common reasons reported by consumers of multivitamins were to maintain or improve 

overall health, prevent health problems, and promote bone or heart health3,4. However, current 

guidelines5,6 concluded that the present evidence is insufficient to recommend either for or 

against the use of multivitamins to prevent chronic diseases.  

Evidence on the association between multivitamin use and prostate cancer is limited and 

inconsistent. The large randomized clinical trial (RCT) Physicians’ Health Study II (PHS II)7 and 

observational studies8-10 reported null associations between multivitamin use and overall prostate 

cancer risk. However, some evidence suggests regular or long-term multivitamin use was 

associated with increased risk of advanced prostate cancer, characterized by disease progression 

and poorer survival11-13.   

The potential harmful effect of regular long-term use of multivitamin on advanced 

prostate cancer warrants further examination. RCTs would be the ideal design to examine the 

association, but they usually do not have long-term multivitamin use of more than 10 years and 

have small number of aggressive prostate cancer cases7,14. Here, leveraging data from a large 

prospective cohort with 30 years of follow up with a large number of prostate cancer cases and 

detailed repeated assessments of multivitamin use, we aimed to investigate the association 

between multivitamin use frequency and duration in relation to subtype specific prostate cancer.  

 

Methods 
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Study population 

The Health Professionals Follow-up Study (HPFS) is an ongoing prospective cohort 

study of 51,529 US male health professionals who enrolled in 1986 at age of 40 to 75. 

Participants were mailed questionnaires at baseline and biennially to collect updated information 

on demographic, lifestyle factors, medical history, medication, and disease outcome. Dietary 

information was collected using a validated semi-quantitative food frequency questionnaire 

(FFQ) at baseline and every 4 years thereafter15,16. Follow up rates exceeded 90% for each 

questionnaire. The study protocol was approved by the institutional review boards of the 

Brigham and Women’s Hospital and Harvard T.H. Chan School of Public Health, and those of 

participating registries as required. 

 

Assessment of multivitamin 

At baseline, participants were asked ‘have you regularly taken multivitamins?’ and 

identify themselves as ‘never-user’, ‘past only’ or ‘current user’. Current users further provided 

number of tablets per week (≤2, 3-5, 6-9, ≥10 per week), duration of use (0-1, 2-4, 5-9, ≥10 

years), and the usual brand and type of multivitamin. Subsequent biennial questionnaires 

collected updated information on current multivitamin use and frequency at each follow-up 

cycle. 

Men who reported current multivitamin use but missing frequency (<7.0% in each 

questionnaire cycle) were assigned the most common frequency level (6-9 times per week). 

Never-users were defined as participants who never reported multivitamin use on current or any 

previous questionnaires. The duration of multivitamin use was calculated based on reported 

duration at baseline and updated with subsequent response to current use status. Men who 
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reported multivitamin current use but missing duration at baseline (9.3%) were assigned the most 

common duration category (≥10 years). Participants also provided other dietary supplements use 

every two years since 198617. The validity of supplement use by these health professionals was 

confirmed with validation studies based on dietary records15. 

 

Ascertainment of prostate cancer cases and death 

Diagnoses of prostate cancer were initially self-reported on biennial questionnaires by 

participants and then confirmed by review of medical records and pathology reports. Clinical and 

pathologic stage, Gleason score, and prostate cancer progression after diagnosis were collected 

by medical records and questionnaires sent to prostate cancer survivors and their attending 

physicians. Deaths in the cohort were ascertained through reports by family members and 

searches of National Death Index. Underlying cause of death were determined by study 

physicians based on all available data and were blinded to any exposure information. The 

mortality ascertainment in the cohort is more than 98%18.  

For overall prostate cancer endpoint, stage T1a prostate cancer were excluded since these 

cases are incidentally diagnosed and prone to detection bias. We classified clinical subtypes of 

prostate cancer as advanced (stage T3b, T4, N1, or M1), lethal (distant metastases or prostate 

cancer specific death), and high-grade (Gleason 8-10) using information from prostatectomy or 

biopsy pathology reports.  

 

Population for analysis 

At baseline, we excluded participants who had a history of cancer (other than 

nonmelanoma skin cancer), who did not have multivitamin use information, and those who left 
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more than 70 items blank on FFQ or reported implausible energy intake (<800 or >4200 

kcal/day), leaving 48,137 men for current analysis.  

 

Statistical analyses 

Cox proportional hazards models were applied to estimate the hazard ratios (HR’s) and 

95% confidence intervals (CI’s) for the association between multivitamin supplement use and 

risk of prostate cancer. Person-time was calculated from the return of the baseline questionnaire 

until date of diagnosis, death, or end of the follow-up (January 2017), whichever came first. For 

example, for the analysis of high-grade prostate cancer, people who developed other subtypes of 

prostate cancer at diagnosis were censored at the time they had a diagnosis because they were not 

longer at risk of developing high-grade prostate cancer at diagnosis by definition. Age in months 

and calendar year at start of follow-up for each 2-year questionnaire cycle were used as 

stratification variables in the model. Our basic model included race (European American, 

African American, Asian American, other), family history of prostate cancer (yes, no), lagged 

PSA testing history (yes, no, lagged by one period to avoid counting diagnostic PSA tests), 

lagged PSA testing in >50% of possible time periods (yes, no, lagged by one period to avoid 

counting diagnostic PSA tests), history of diabetes (yes, no), aspirin use (yes, no), body mass 

index (BMI) at age 21 (<20, 20-22.5, 22.5-25, ≥25 kg/m2), current BMI (<21, 21-25, 25-30, ≥30 

kg/m2), height (<68, 68-70, 70-72, ≥72 inches), smoking (never, former/quit > 10 years ago, 

former/quit ≤ 10 years ago, current), vigorous physical activity (quintiles of metabolic equivalent 

off task (MET)-h/week), and intake of total calories (quintiles of kcal/day), red meat (quintiles of 

servings/week), tomato-based foods (quintiles of servings/week) and fish (quintiles of 

servings/week). To control potential confounding from other supplements19, we additionally 
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adjusted for supplemental zinc, selenium, vitamin E, vitamin A use (past, never, low-dose, high-

dose) and number of overall supplement use (to capture overall pattern of tendency to use 

supplements; 0, 1, 2, 3, ≥4 per day). Linear trends across categories were evaluated using the 

median of each category as a continuous variable.  

We conducted stratified analysis by risk factors of advanced prostate cancer20, including 

family history, BMI, smoking status, and vigorous physical activity. We also evaluated the joint 

effect of multivitamin and other dietary supplements, including zinc, selenium, vitamin E and A. 

To evaluate potential latency and minimize possible reverse causation, we used multivitamin 

reported at different latencies (i.e., 4-6 and 8-10 years) before prostate cancer diagnosis. For 

example, in the 8-10 years lag analysis, we examined the association of multivitamin use in 1990 

with risk of prostate cancer between 1998 and 2000. To address residual confounding from PSA 

screening, we further examined the association specifically in post-PSA era (1994-2016). We 

also conducted a complete case analysis by restricting to men with complete multivitamin use, 

frequency, and duration information as a sensitivity analysis.   

All analyses were performed using SAS version 9.4 (SAS Institute, Inc; Cary, NC) and 

results with a two-sided p-value <0.05 were considered statistically significant.  

 
 

Results 

The median follow-up for men without prostate cancer diagnosis or death was 30.7 years. 

We documented a total of 7,108 incident prostate cancer cases including 564 advanced, 932 

high-grade and 1,065 lethal. At baseline, multivitamin users of ≥10 tablets per week were more 

likely to be physical active, use aspirin and other supplements (Table 1.1). Differences in PSA 

screening patterns were minor. 
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Table 1.1 Selected characteristics of 48,137 participants in the Health Professionals Follow-up Study by 
frequency of multivitamin use in 1986. 

 

Characteristic 
Level of multivitamin dosage, tablets/week 

  

 
Past use 

Never 
use 

1-2  3-5  6-9  ≥10  

  
n=9,14

8 
n=18,1

66 
n=1,64

8 
n=3,64

4 
n=12,8

12 
n=2,71

9 

Age in years, mean (SD) 
52.8 
(9.6) 

54.4 
(9.7) 

52.5 
(9.5) 

53.4 
(9.5) 

56.0 
(9.8) 

54.9 
(9.4) 

White, % 96 96 95 95 96 96 
Family history of prostate cancer, % 11.9 11.9 11.3 12.1 12.1 12.2 
History of prostatitis or prostatic 
infection in 1992, %  

13.9 11.6 13.9 13.9 13.3 13.3 

PSA test in 1994, % 36.5 35.7 36.4 36.9 39.2 37.8 
PSA test in 2000, % 68.6 68.1 68.0 69.3 70.0 69.9 
Ever had negative biopsy in 1994, % 9.8 9.4 8.4 9.3 10.0 9.7 
History of diabetes, % 3.3 3.1 2.9 2.0 3.6 2.9 
Current aspirin use, % 28.9 23.8 31.6 32.9 35.7 32.1 

BMI at age 21 in kg/m2, mean (SD) 
22.9 
(3.0) 

23.1 
(3.0) 

23.0 
(2.9) 

22.9 
(3.0) 

23.0 
(2.9) 

23.1 
(2.9) 

Current BMI in in kg/m2, mean (SD) 
25.6 
(3.4) 

25.8 
(3.4) 

25.5 
(3.2) 

25.4 
(3.4) 

25.2 
(3.2) 

25.2 
(3.3) 

Current smoker, % 8.7 10.3 10.7 10.3 9.4 7.9 
Vigorous activity in MET-h/week, 
mean (SD) † 

5.8 
(18.0) 

5.8 
(20.1) 

5.4 
(17.8) 

5.8 
(15.2) 

6.9 
(21.9) 

7.8 
(22.2) 

Energy in kcal/d, mean (SD) 
1976 
(616) 

1986 
(612) 

2043 
(627) 

1995 
(621) 

1979 
(601) 

1963 
(617) 

Red meat in servings/week, mean (SD)  
6.8 

(5.1) 
7.3 

(5.2) 
7.2 

(5.1) 
6.8 

(4.7) 
6.4 

(4.9) 
5.6 

(4.8) 
Tomato-based foods in servings/week, 
mean (SD) 

4.6 
(3.5) 

4.7 
(3.6) 

4.7 
(3.6) 

4.6 
(3.4) 

4.7 
(3.6) 

4.9 
(3.8) 

Fish in servings/week, mean (SD) 
2.3 

(2.0) 
2.3 

(2.2) 
2.3 

(2.0) 
2.3 

(1.9) 
2.5 

(2.2) 
2.9 

(2.6) 
Current zinc supplement use, % 3.7 1.5 8.6 12.0 15.0 38.4 
Current selenium supplement use, % 1.5 0.7 3.3 5.1 8.2 28.2 
Current vitamin A supplement use, % 2.3 0.9 5.3 8.5 10.7 34.8 
Current vitamin E supplement use, % 6.9 3.2 13.3 22.7 29.0 57.0 

 
Note: All values (except age) are standardized to the age distribution of the study population. 
† METs=Metabolic Equivalents per week. 
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Overall, we observed no association between multivitamin use and risk of prostate cancer 

overall or its clinical subtypes. Compared to never-users, men who took multivitamins ≥10 

tablets per week were not at increased risk for advanced (HR [95% CI], 1.14 [0.77-1.70], Ptrend = 

0.46), lethal (1.07 [0.80-1.44], Ptrend = 0.59), or high-grade (1.20 [0.88-1.63], Ptrend = 0.83) 

prostate cancer (Table 1.2). In terms of duration, multivitamin use of 15 years or more was not 

associated with risk for advanced (1.10 [0.80-1.50], Ptrend=0.46), lethal (1.04 [0.83-1.31], Ptrend 

=0.13), or high-grade (0.98 [0.77-1.24], Ptrend = 0.37) prostate cancer compared to never-users 

(Table 1.3).  
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Table 1.2 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate cancer in relation to 
multivitamin use frequency in the Health Professionals Follow-up Study, 1986-2016. 

Prostate cancer 

subtype Hazard Ratio (95% CI) 

 

Never 

use 
Past use 

1-2 

tablets/week 

3-5 

tablets/week 

6-9 

tablets/week 

≥10 

tablets/week 

P-

trend 

† 

Overall, n 1306 1416 198 480 2939 479  

     Model 1 
1.0 

    1.07 

(0.99, 1.16) 

    1.06 

(0.91, 1.23) 

    1.05 

(0.94, 1.17) 

    1.09 

(1.02, 1.17) 

    1.09 

(0.98, 1.22) 
0.03 

     Model 2 
1.0 

    1.05 

(0.97, 1.14) 

    1.03 

(0.88, 1.21) 

    1.02 

(0.91, 1.14) 

    1.05 

(0.97, 1.14) 

    1.05 

(0.93, 1.18) 
0.30 

 
       

Advanced, n 137 114 21 36 213 43  

     Model 1 
1.0 

    1.04 

(0.81, 1.35) 

    1.26 

(0.79, 2.02) 

    0.93 

(0.64, 1.35) 

    1.07 

(0.85, 1.34) 

    1.32 

(0.93, 1.88) 
0.23 

     Model 2 
1.0 

    1.00 

(0.77, 1.30) 

    1.21 

(0.74, 1.99) 

    0.88 

(0.58, 1.32) 

    1.01 

(0.77, 1.33) 

    1.14 

(0.77, 1.70) 
0.46 

 
       

Lethal, n 253 202 33 74 424 79  

     Model 1 
1.0 

    0.98 

(0.81, 1.19) 

    1.06 

(0.73, 1.54) 

    1.03 

(0.79, 1.34) 

    1.10 

(0.93, 1.30) 

    1.25 

(0.96, 1.63) 
0.11 

     Model 2 
1.0 

    0.94 

(0.78, 1.14) 

    0.98 

(0.67, 1.45) 

    0.95 

(0.72, 1.27) 

    1.01 

(0.82, 1.23) 

    1.07 

(0.80, 1.44) 
0.59 

 
       

High-grade, n 180 204 26 61 388 73  

     Model 1 
1.0 

    1.09 

(0.89, 1.34) 

    1.03 

(0.67, 1.56) 

    0.99 

(0.73, 1.33) 

    1.01 

(0.84, 1.22) 

    1.20 

(0.91, 1.59) 
0.55 

     Model 2 
1.0 

    1.05 

(0.85, 1.29) 

    1.01 

(0.65, 1.55) 

    0.98 

(0.71, 1.34) 

    1.00 

(0.80, 1.24) 

    1.20 

(0.88, 1.63) 
0.83 

 
All cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; Lethal cases: distant metastases or 
prostate cancer specific death; High-grade cases: Gleason score 8-10. 
 
Model1: adjusted for current age, time period, race, family history of prostate cancer, lagged PSA testing 
history, lagged PSA testing in >50% of possible time periods, history of diabetes, current aspirin use, body 
mass index at age 21, current body mass index, height, smoking, vigorous physical activity, total calories, red 
meat, tomato-based foods and fish intake. 
 
Model2: additionally adjusted for supplemental zinc use, selenium use, vitamin E use, vitamin A use and 
number of overall supplement use.  
 
†: using median value of each category (0, 1, 4, 7.5, 12). Past use as missing. 
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Table 1.3 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate cancer in relation to 
duration of multivitamin use in the Health Professionals Follow-up Study, 1986-2016. 

 

Prostate cancer 

subtype 
Hazard Ratio (95% CI) 

 

Never 

use 

Past use of any 

duration 
1-4 years 5-9 years 10-14 years ≥15 years 

P-

trend 

† 

Overall, n 1306 1416 722 766 868 1740  

     Model 1 
1.0 

1.07  

(0.99, 1.16) 

    1.06 

(0.97, 1.17) 

    1.18 

(1.08, 1.30) 

    1.02 

(0.93, 1.11) 

    1.10 

(1.02, 1.19) 
0.14 

     Model 2 
1.0 

1.05  

(0.97, 1.14) 

    1.04 

(0.94, 1.15) 

    1.14 

(1.03, 1.26) 

    1.00 

(0.91, 1.10) 

    1.03 

(0.94, 1.13) 
0.80 

        

Advanced, n 137 114 56 52 80 125  

     Model 1 
1.0 

1.05 

 (0.82, 1.36) 

    1.07 

(0.78, 1.48) 

    1.10 

(0.79, 1.53) 

    0.98 

(0.74, 1.29) 

    1.23 

(0.94, 1.61) 
0.18 

     Model 2 
1.0 

1.01  

(0.78, 1.31) 

    1.03 

(0.73, 1.47) 

    1.04 

(0.72, 1.50) 

    0.94 

(0.68, 1.29) 

    1.10 

(0.80, 1.50) 
0.46 

        

Lethal, n 253 202 96 102 178 234  

     Model 1 
1.0 

0.98 

 (0.81, 1.19) 

    0.90 

(0.71, 1.15) 

    1.11 

(0.87, 1.41) 

    1.16 

(0.96, 1.42) 

    1.18 

(0.97, 1.43) 
0.02 

     Model 2 
1.0 

0.94  

(0.78, 1.14) 

    0.84 

(0.65, 1.10) 

    1.03 

(0.79, 1.33) 

    1.08 

(0.86, 1.35) 

    1.04 

(0.83, 1.31) 
0.13 

        

High-grade, n 180 204 88 102 120 238  

     Model 1 
1.0 

1.09  

(0.89, 1.34) 

    0.99 

(0.77, 1.29) 

    1.15 

(0.89, 1.48) 

    1.00 

(0.79, 1.27) 

    1.02 

(0.83, 1.26) 
0.76 

     Model 2 
1.0 

1.05  

(0.85, 1.29) 

    0.97 

(0.73, 1.29) 

    1.12 

(0.85, 1.48) 

    1.03 

(0.79, 1.34) 

    0.98 

(0.77, 1.24) 
0.37 

 

All cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; Lethal cases: distant metastases or 
prostate cancer specific death; High-grade cases: Gleason score 8-10. 
 
Model1: adjusted for current age, time period, race, family history of prostate cancer, lagged PSA testing 
history, lagged PSA testing in >50% of possible time periods, history of diabetes, current aspirin use, body 
mass index at age 21, current body mass index, height, smoking, vigorous physical activity, total calories, red 
meat, tomato-based foods and fish intake. 
 
Model2: additionally adjusted for supplemental zinc use, selenium use, vitamin E use, vitamin A use and 
number of overall supplement use.  
 
†: using median of each category (0, 2.5, 7, 12, 17). Past use of any duration as missing 
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The null association between multivitamin use and risk of prostate cancer remained when 

stratified by family history, BMI, smoking status and vigorous physical activity (Supplemental 

Table 1.1). For high-grade prostate cancer, multivitamin use of ≥10 tablets/week was associated 

with an increased risk among men with family history of prostate cancer (2.47 [1.15-5.31]) 

compared to never-use. However, the HRs fluctuated across categories of duration and no overall 

trend was noted (Ptrend=0.75). No association was observed among men without family history 

(0.99 [0.70-1.42], Ptrend=0.81).  Among men who were current smoker or quit ≤ 10 years, those 

who took multivitamin ≥10 tablets/week were at lower risk of high-grade prostate cancer 

compared to never-users (0.66 [0.24-1.87], Ptrend=0.04).  

In joint analysis of multivitamin and individual supplements, we observed increased risk 

for advanced, lethal and high-grade prostate cancer comparing zinc vs. no zinc supplement use 

across levels of multivitamin use frequency (Supplemental Table 1.2). To investigate whether 

zinc supplement or multivitamin was driving the positive joint association, we conducted a 

stratified analysis by zinc supplement use and found multivitamin use was not associated with 

higher risk of aggressive prostate cancer among zinc supplement non-users and users 

(Supplemental Table 1.3). The association pattern remained null after applying a 4-6- or 8-10-

year lag (Supplemental Table 1.4) and when restricted to post-PSA era (Supplemental Table 

1.5). Restriction to men with complete multivitamin information did not change the results 

(Supplemental Table 1.6 and 1.7). 

 

 

Discussion  
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We found regular or long-duration multivitamin use was not associated with risk of 

overall and aggressive prostate cancer. While RCT such as the Selenium and Vitamin E Cancer 

Prevention Trial (SELECT) showed high-dose vitamin E significantly increased risk of prostate 

cancer21, how multivitamins, which usually contain low-dose of vitamins and minerals, are 

associated with prostate cancer risk was unclear 7-14. In PHS II, men taking a daily multivitamin 

had no reduced or increased risk of prostate cancer (0.98 [0.88-1.09])7. However, the majority of 

cases were earlier stage, low-grade cancer, resulting from prevalent PSA screening. Similarly, 

one cohort8 and two case-control studies9,10 also found null associations between multivitamin 

use and risk of prostate cancer. Another RCT, SU.VI.MAX14, showed that supplementation with 

a mixture of low doses antioxidant vitamin and minerals (vitamin C, vitamin E, beta-carotene, 

selenium and zinc) daily was associated with reduced risk of prostate cancer (0.52 [0.29-0.92]) 

among men with normal PSA at baseline (<3 ug/L). The comparability of the low doses 

antioxidant mixtures with over-the-counter multivitamins remains in question, as the latter 

usually contain more than 5 vitamins and minerals with dosage approximate to the recommended 

dietary allowance (RDA)22.  

Two cohort studies raised concern over potential harmful effects of multivitamin use on 

risk of advanced prostate cancer. The Cancer Prevention Study II12 showed that men who took 

multivitamins ≥15 times/month had marginally increased risk of prostate cancer compared to 

non-users (1.07 [0.99-1.15]). The observed positive association could be explained as 

multivitamins promoted the growth of preexisting tumors; however, it could also be caused by 

reverse causation: men who died during the initial follow-up years could have increased their 

multivitamin use because they were experiencing symptoms of advanced but undiagnosed 

prostate cancer. The other cohort study, the NIH-AARP Diet and Health study11, showed 
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increased risk of advanced (RR:1.32, 95%CI: 1.04-1.67) and fatal (RR:1.98, 95%CI: 1.07-3.66) 

prostate cancers for men with multivitamin use of ≥7 times/week compared with never-users. 

However, information on PSA screening and digital rectal examination was not available for all 

participants and was not included in the multivariable model. In current analysis, we observed 

null association between regular or long-term multivitamin use and risk of advanced and lethal 

prostate cancer. The results remain unchanged when we applied various latency periods and 

restricted to the post-PSA era.  

Both our and previous study11 observed a potential higher risk of advanced prostate 

cancer associated with multivitamin use among men with family history of prostate cancer, 

although the trend tests were all statistically insignificant. It could be that the presence of one or 

several components of the multivitamin interact with certain genetic factors that promoted the 

growth of advanced prostate cancer, and such interaction effect does not differ by nutrient 

dosage. Previously, data from PHS II suggested a non-significant reduction in cancer risk with 

multivitamin use among current smokers (0.72 [0.50-1.03])7. In current analysis, we found a 

possible lower risk of high-grade prostate cancer associated with multivitamin use among current 

smokers or who quit less than 10 years. However, the number of cases for each frequency groups 

was very small (n=5, 6, 46, 7 for 1-2, 3-5, 6-9 and ≥10 tablets/week, respectively) and 

confidence intervals were wide, these results should be interpreted with caution. The increased 

risk of aggressive prostate cancer observed in joint analysis of zinc supplement and multivitamin 

use was most likely due to potential harmful effect of supplemental zinc on advanced prostate 

cancer, as in stratified analysis we did not observe increased risk of prostate cancer with higher 

frequency of multivitamin use among zinc supplement non-users and users. Chronic high intake 

of supplemental zinc can cause abnormalities of genitourinary functions23. Although we 
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previously showed that excessive zinc supplement was associated with increased risk of 

aggressive prostate cancer24, our current analysis suggested multivitamin use did not increase the 

risk further in men taking zinc supplement. Future analysis from PHS II7 and the ongoing Cocoa 

Supplement and multivitamin Outcomes Study (COSMOS)25 may provide additional insights 

into these areas. 

Our study has several strengths, including the prospective design, repeated assessment of 

multivitamin use and frequency every two years, long follow-up, large number of events, 

comprehensive information on lifestyle factors and PSA screening. However, our study is not 

without limitations. First, there are potential measurement errors in the self-reported 

questionnaires. However, given the prospective study design, any mismeasurement in the 

exposures would likely be random with respect to endpoints, resulting in conservative 

associations. Second, we cannot entirely rule out the possibility of unmeasured or residual 

confounding. However, the homogeneity of the study population and comprehensive data on the 

risk factors may help minimize potential confounding. Third, the commercial forms of 

multivitamins have changed over time and add to inevitable measurement error. In HPFS, 

participants provided detailed brands and types of multivitamins, but it was difficult to come up 

with consistent definitions of multivitamin use because of too many types and inconsistent 

formulations throughout time. Finally, the results of our study may not be generalizable to 

different population or ethnic groups, especially with different nutrient status. Both our cohort 

and the PHS II7 consists of male physicians who were expected to be already well-nourished. 

Additional studies evaluating how baseline nutritional status may modify the effect of 

multivitamin on cancer are needed. 
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In summary, we found no evidence to suggest regular, or long-duration multivitamin use 

was associated with risk of overall or aggressive prostate cancer in a well-nourished adult male 

population. 
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Chapter 2 

 

Zinc supplement use and risk of aggressive prostate cancer:  

A 30-year follow-up study 

 

 

Abstract: 

Background: Zinc supplementation was hypothesized to have therapeutic potential against 

prostate cancer, but its influence on prostate cancer incidence especially at high doses is 

controversial.  

Methods: A total of 47,240 men from the Health Professionals Follow-up Study were followed 

from 1986 to 2016. Men reported their zinc supplement use at baseline and biennially thereafter. 

Clinical features of prostate cancer included stage, grade, lethal and aggressive (T4 or N1 or M1 

or Gleason 8-10) outcome. Multivariable Cox proportional hazards models were used to evaluate 

the association between zinc supplement use and incidence of prostate cancer.  

Results: During a median follow-up of 28.3 years, we documented 6,980 incident prostate 

cancer cases including 1,053 lethal and 1,143 aggressive. Zinc supplement use was not 

associated with overall, localized, low- and intermediate-grade prostate cancer. However, 

compared to never-users, men who used supplement zinc more than 75 mg/day were at higher 

risk for lethal (HR: 1.76, 95% CI: 1.16-2.66, Ptrend = 0.001) and aggressive prostate cancer (HR: 

1.80, 95% CI: 1.19-2.73, Ptrend = 0.006). Similarly, men who took supplemental zinc for 15 or 

more years had a higher risk for lethal (HR: 1.91, 95% CI: 1.28-2.85, Ptrend <0.001) and 

aggressive prostate cancer (HR: 1.55, 95% CI: 1.03-2.33, Ptrend = 0.004). 
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Conclusions: Zinc supplementation of more than 75 mg per day or over 15 years may 

substantially increase risk of lethal and aggressive prostate cancer. Caution is warranted 

regarding excessive usage of zinc supplements among adult men.  
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Introduction:  

Prostate cancer is the most common malignancy and the second leading cause of cancer 

death among men in the United States (US). Normal prostate tissue contains one of the highest 

concentrations of zinc in the body, and mechanistic evidence indicates it is important for prostate 

health26. The role of zinc in prostate cancer pathogenesis has not been elucidated, but evidence 

suggests zinc can suppress angiogenic and metastatic potential of malignant prostate cells27. 

The primary dietary sources of zinc are red meat, seafood, poultry, grains, and legumes. 

In the US, the recommended dietary allowance (RDA) of zinc for men aged 19 or above is 

11mg/day28. In Europe, the Population Reference Intakes (PRIs) of zinc by European Food 

Safety Authority (EFSA) range from 7.5 to 12.7 mg/day for women and from 9.4 to 16.3 mg/day 

for men, based on phytate intakes observed in European population29. Most Americans consume 

the recommended amounts of zinc30, however, 20-25% adults aged 60 years or older have 

inadequate zinc intakes31. Supplemental zinc use is common among US adults, with prevalence 

ranging 30-39% from 1999 to 20141,32. While typical doses of individual zinc supplements are 

30 to 50 mg/tablet, some supplements have even higher dose, exceeding the RDA ten-fold. In 

fact, the upper intake limits (UL) for zinc is 40 mg/day in US and 25 mg/day by EFSA28,29. The 

no observed adverse effect level (NOAEL), which was the highest exposure level at which no 

harmful effects were seen in the organ system studied, was set to be 50 mg/day in both US and 

Europe29,33. Anecdotally, use of dietary supplements including zinc is increasing due to the 

COVID-19 pandemic in US and many parts of the world34-36, although current guidelines did not 

authorize the use of any dietary supplements for the prevention or management of COVID-1937.  

Epidemiologic studies examining zinc and prostate cancer have had mixed results38-46, 

and few examined supplemental zinc specifically9,10,24,47,48. A 2016 meta-analysis suggested a 
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10% increase in risk of prostate cancer for total zinc intake, but not for supplemental zinc intake, 

which showed strong evidence for heterogeneity among studies49. Previously in the Health 

Professionals Follow-up Study (HPFS) with follow-up to 2000, we found that men who used 

supplemental zinc ≥100 mg/day or for ≥10 years had an increased risk of advanced prostate 

cancer24. With an additional 16 years of follow-up, we aimed to further evaluate zinc supplement 

use in relation to clinically relevant prostate cancer. In a population expected to be zinc 

sufficient, we hypothesized that high-dose, long-term zinc supplement use may increase risk of 

aggressive prostate cancer. 

 

Methods:   

Study population 

The HPFS is an ongoing prospective cohort study of 51,529 US male health professionals 

who enrolled in 1986 at age of 40 to 75. Participants were mailed questionnaires at baseline and 

biennially to collect updated information on demographic, lifestyle factors, medical history, 

medication, and disease outcome. Dietary information was collected using a validated food 

frequency questionnaire (FFQ) of approximately 130 food items at baseline and every 4 years 

thereafter15,16. Follow up rates exceeded 90% for each questionnaire cycle. The study protocol 

was approved by the institutional review boards of the Brigham and Women’s Hospital and 

Harvard T.H. Chan School of Public Health, and those of participating registries as required. 

 

Assessment of zinc supplement and Dietary zinc 

Participants provided detailed information on use and dosage of selected supplements 

every two years since 198617. At baseline, participants were asked to identify themselves as 
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“never-user”, “past only” or “current regular user” for zinc supplement. Current users further 

provided duration of use (0-1, 2-4, 5-9 or ≥10 years) and amount per day (pre-defined four 

levels: < 25, 25-74, 75-100, ≥ 101 mg/d). Current use status (yes, no) and dosage was updated at 

each subsequent biennial questionnaire. Never-users were defined as participants who had never 

reported supplement zinc use up to each questionnaire cycle. Men who reported current 

supplement zinc use but missing dosage (<2.0% for each questionnaire cycle) were assigned the 

most common dosage level (25-74 mg/d). At baseline, we assumed men who answered 

supplement section questionnaire but did not respond (yes/no) to zinc supplement question 

(7.2%) as never-users. The duration of zinc supplement use was calculated based on reported 

duration at baseline and updated with subsequent response to current use status. Men who 

reported supplement zinc current use but missing duration at baseline (1.5%) were assigned the 

most common duration category (2-4 years).  

Dietary zinc intake was assessed repeatedly by FFQs in which participants were asked 

how often, on average, they consumed each food of a standard portion size during the previous 

year. Daily intake of zinc was calculated by multiplying the reported frequency of consumption 

of each item by its zinc content, summing across from all foods, and adjusting for total caloric 

intake using the nutrient residual methods50. The validity of zinc intake by these health 

professionals was confirmed with validation studies using dietary records (Pearson correlation is 

0.71)15. 

 

Ascertainment of prostate cancer cases 

Diagnoses of prostate cancer were initially self-reported on biennial questionnaires by 

participants and confirmed by review of medical records and pathology reports. Clinical and 
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pathologic stage, Gleason score, and prostate cancer progression (i.e., distant metastases and 

biochemical recurrence) were collected by medical records and questionnaires sent to prostate 

cancer survivors and their attending physicians. Deaths were ascertained through reports by 

family members, autopsy reports, and searches of National Death Index. Underlying cause of 

death were determined by study physicians based on all available data and were blinded to any 

exposure information. Mortality ascertainment in the cohort is more than 98%18.  

For overall prostate cancer endpoint, stage T1a cases were excluded since they might be 

incidentally diagnosed and prone to detection bias. We classified clinical subtypes of prostate 

cancer based on stage (localized, advanced), tumor grade (low-grade, intermediate-grade, high-

grade), lethal (distant metastases or prostate cancer specific death) and aggressive (T4 or N1 or 

M1 or Gleason 8-10)51.  

 

Population for analysis 

At baseline, we excluded participants who had a history of cancer (other than 

nonmelanoma skin cancer), who didn’t complete supplements questionnaire section, and those 

who left more than 70 items blank on FFQ or reported implausible energy intake (<800 or >4200 

kcal/day). The remaining 47,240 men were included in current analysis.  

 

Statistical analyses 

Cox proportional hazards models were applied to estimate the hazard ratios (HR’s) and 

95% confidence intervals (CI’s) for the association between zinc supplement use and risk of 

prostate cancer. Person-time was calculated from return of the baseline questionnaire until date 

of prostate cancer diagnosis, death, or end of follow-up (January 1, 2017), whichever came first. 
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Age in months and calendar year at start of follow-up for each 2-year questionnaire cycle were 

used as stratification variables in the model. 

We evaluated zinc supplement by dosage (never-user, past-user, 1-24, 25-74, ≥75 

mg/day) and duration (never-use, past use of any duration, 1-4, 5-9, 10-14, ≥15 years). 

Multivariable model included race (white, African American, Asian American, other), family 

history of prostate cancer (yes, no), prostate-specific antigen (PSA) testing in previous cycle 

(yes, no), PSA testing in >50% of previous cycles (yes, no), history of diabetes (yes, no), aspirin 

use (yes, no), body mass index (BMI) at age 21 (<20, 20-22.5, 22.5-25, ≥25 kg/m2), current BMI 

((<21, 21-25, 25-30, ≥30 kg/m2), height (<68, 68-70, 70-72, ≥72 inches), smoking (never, 

former/quit > 10 years ago, former/quit ≤ 10 years ago, current), vigorous physical activity 

(quintiles of metabolic equivalent off task (MET)-h/week), total calories (quintiles of kcal/day), 

red meat (quintiles of servings/week), tomato-based foods (quintiles of servings/week), fish 

(quintiles of servings/week), total zinc intake without supplement (quintiles of mg/day) and 

history of prostatitis or prostatic infection (yes, no). To control for potential confounding from 

other supplements, we additionally adjusted for multivitamin, selenium, vitamin A, vitamin E 

use (past, never, current) and number of overall supplement use (0, 1, 2, 3, ≥4 per day). 

Additional adjustment for history of negative biopsy did not affect the main estimates and was 

excluded from multivariate models. The proportional assumption was verified by adding 

interactions between the exposure and the time scale. Linear trends across categories were 

evaluated using median of each category as a continuous variable.  

As our previous report followed up to 200024, we further examined the association 

starting from 2000 to 2016 to assess if association persisted over independent follow-up time. To 

address residual confounding from PSA screening, we examined the association separately 
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during pre-PSA (1986-1994) and post-PSA era (1994-2016). To evaluate potential latency and 

minimize possible reverse causation, we assessed zinc supplement use reported at different 

latencies (i.e., 2-4, 4-6, 6-8, 8-10, and 10-12 years) before prostate cancer diagnosis. For 

example, in 8-10 years lag analysis, we examined the association of zinc supplement use in 1990 

with risk of prostate cancer between 1998 and 2000. We conducted stratified analysis by age of 

onset (< 65 vs. ≥65 years), dietary zinc intake (<11 vs. ≥11 mg/d), multivitamin use (non-users 

vs. users) and performed sensitivity analysis by restricting to men with complete baseline 

information on use, dosage, and duration of zinc supplements. 

We further examined the association between cumulative dosage and duration of zinc 

supplement use with risk of prostate cancer. The cumulative dosage was calculated by assigning 

median value for each dosage group and took average dosage since baseline through the follow-

up period. The cumulative duration is similar to ‘pack-year’ cigarette smoking, regardless their 

current use status of supplement zinc. For example, if someone had taken zinc supplement for 6 

years but currently stopped, he was classified into 5-9-year category. We also calculated the E-

value to explore contribution by unmeasured confounding52,53. Finally, we examined total zinc 

intake in relation to risk of prostate cancer. 

All analyses were performed using SAS version 9.4 (SAS Institute, Inc; Cary, NC) and 

results with a two-sided p-value <0.05 were considered statistically significant.  

 

Results:  

During a median follow-up of 28.3 years, we documented 6,980 incident prostate cancer 

cases including 1,053 lethal and 1,143 aggressive cases.  Age-standardized characteristics by 

dosage of supplemental zinc use in 1986 were presented in Table 2.1. At baseline, zinc 
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supplement users of ≥75 mg/day had more vigorous physical activity and were more likely to use 

other supplements.  
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Table 2.1 Age-standardized characteristics of participants in the Health Professionals Follow-up Study by 
dosage of supplemental zinc use in 1986 and 2000. 

Characteristic Level of supplement zinc dosage, mg/day 

 
1986 

 
Past use Never use 1-24 mg/d 25-74 mg/d ≥75 mg/d 

  (n=3768) (n=37,699) (n=1984) (n=3105) (n=684) 

Age in years 54 (10) 54 (10) 56 (10) 57 (10) 56 (9) 

White race, % 95 96 96 96 96 

Family history of prostate cancer, % 13 12 11 12 13 

History of prostatitis or  

prostatic infection in 1992, %  
17 12 14 16 14 

PSA test in 1994, % 39 37 38 39 36 

PSA test in 2000, % 70 69 70 70 64 

Ever had negative biopsy in 1994, % 11 10 10 10 10 

History of diabetes, % 4 3 3 3 4 

Current aspirin use, % 31 29 34 34 35 

Current BMI, kg/m2 25.5 (3.3) 25.6 (3.3) 25.1 (3.0) 25.2 (3.2) 25.4 (3.5) 

Current smoker, % 9 10 8 8 10 

Vigorous activity, MET-h/week a  6 (18) 6 (20) 7 (19) 7 (27) 8 (25) 

Total dietary zinc intake, mg/d b 13 (4) 13 (5) 13 (3) 13 (4) 13 (4) 

Red meat, servings/week  6 (5) 7 (5) 6 (5) 6 (5) 5 (5) 

Fish, servings/week 3 (2) 2 (2) 3 (2) 3 (3) 3 (3) 

Multivitamin use, % 33 27 65 61 66 

Selenium supplement use, % 2 1 36 31 49 

Vitamin A supplement use, % 6 2 46 37 53 

Vitamin E supplement use, % 16 9 70 62 76 

a MET=Metabolic Equivalents of Task per week. 

b Without supplements. Nutrients were adjusted for total energy intake.  

Note: Values are means (SD) or percentages. 
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We did not find statistically significant associations for zinc supplement and risk of 

overall, localized, low- or intermediate-grade prostate cancer. However, men who took zinc 

supplements of more than 75 mg/day were at increased risk for lethal (HR [95% CI], 1.76 [1.16-

2.66], Ptrend = 0.001) and aggressive (1.80 [1.19-2.73], Ptrend = 0.006) prostate cancer compared to 

never-users (Table 2.2). 
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Table 2.2 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate cancer in relation to 
supplemental zinc dose (simple update) in the Health Professionals Follow-up Study, 1986-2016. 

 

Risk of 

prostate 

cancer 

subtypes a Hazard Ratio (95% CI) 

 

Never 

use 
Past use 1-24 mg/d 25-74 mg/d ≥75 mg/d 

P for 

trendd  

Overall, n 4365 1269 366 580 121  

     Model 1b 1.0 1.03 (0.96, 1.10) 1.04 (0.94, 1.16) 1.04 (0.95, 1.14) 1.18 (0.98, 1.42) 0.08 

     Model 2c 1.0 1.00 (0.92, 1.07) 1.03 (0.91, 1.16) 1.03 (0.92, 1.14) 1.16 (0.96, 1.41) 0.16 
       

Localized, n 3204 926 264 423 83  

     Model 1b 1.0 0.98 (0.91, 1.06) 1.00 (0.88, 1.13) 1.02 (0.92, 1.14) 1.10 (0.88, 1.37) 0.39 

     Model 2c 1.0 0.95 (0.87, 1.04) 0.99 (0.85, 1.14) 1.01 (0.89, 1.14) 1.09 (0.86, 1.37) 0.39 
       

Advanced, n 358 105 33 52 18  

     Model 1b 1.0 1.37 (1.09, 1.71) 1.34 (0.93, 1.92) 1.34 (0.99, 1.81) 2.36 (1.45, 3.84) <.001 

     Model 2c 1.0 1.34 (1.03, 1.75) 1.37 (0.90, 2.09) 1.38 (0.96, 1.98) 2.43 (1.42, 4.16) 0.009 
       

Low-grade, n 1732 488 136 203 54  

     Model 1b 1.0 0.99 (0.89, 1.10) 0.95 (0.79, 1.13) 0.91 (0.79, 1.06) 1.32 (1.00, 1.73) 0.85 

     Model 2c 1.0 0.96 (0.85, 1.08) 0.94 (0.77, 1.15) 0.90 (0.75, 1.06) 1.30 (0.97, 1.74) 0.65 
       

High-grade, n 606 165 49 78 23  

     Model 1b 1.0 0.95 (0.80, 1.14) 1.00 (0.74, 1.34) 1.00 (0.79, 1.28) 1.55 (1.01, 2.36) 0.21 

     Model 2c 1.0 1.01 (0.82, 1.24) 1.13 (0.81, 1.59) 1.15 (0.86, 1.53) 1.80 (1.14, 2.84) 0.01 
       

Lethal, n 672 175 59 118 29  

     Model 1b 1.0 1.14 (0.96, 1.36) 1.17 (0.89, 1.54) 1.42 (1.16, 1.74) 1.84 (1.26, 2.70) <.001  

     Model 2c 1.0 1.06 (0.86, 1.30) 1.12 (0.82, 1.53) 1.38 (1.07, 1.76) 1.76 (1.16, 2.66) 0.001 
       

Aggressive, n 745 204 66 100 28  

     Model 1b 1.0 1.04 (0.89, 1.22) 1.14 (0.88, 1.47) 1.08 (0.87, 1.34) 1.58 (1.08, 2.32) 0.05 

     Model 2c 1.0 1.09 (0.90, 1.31) 1.28 (0.95, 1.72) 1.22 (0.94, 1.57) 1.80 (1.19, 2.73) 0.006 
 

a Overall cases: T1a excluded; Localized cases: stage T1 or T2 and N0, M0; Advanced cases: stage T3b, T4, N1, or 

M1; Low -grade cases: Gleason score 2-6; High-grade cases: Gleason score 8-10; Lethal cases: distant metastases or 

prostate cancer specific death; Aggressive cases: stage T4 or N1 or M1 or Gleason 8-10.  

b Model 1: adjusted for current age, time period, race, family history of prostate cancer, lagged PSA testing history, 

lagged PSA testing in >50% of possible time periods,  history of diabetes, current aspirin use, body mass index at 

age 21, current body mass index, height, smoking, vigorous physical activity, total calories, red meat, tomato-based 

foods, fish, total zinc intake without supplement and history of prostatitis or prostatic infection. 

c Model 2: additionally adjusted for multivitamin use, selenium use, vitamin A use, vitamin E use and number of 

overall supplement use. 

d Using median value of each category (0, 12.5, 50, 90). Past use as missing.
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In terms of duration, men who took supplement zinc for 15 years or more had increased 

risk for lethal (1.91 [1.28-2.85], Ptrend <0.001) and aggressive prostate cancer (1.55 [1.03-2.33], 

Ptrend = 0.004) compared to never-users (Table 1.3).  
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Table 2.3 Multivariable hazard ratios (and 95% confidence intervals) of prostate cancer in relation to 
duration of supplemental zinc use in the Health Professionals Follow-up Study, 1986-2016. 

Risk of 
prostate 
cancer 
subtypes a 

Hazard Ratio (95% CI) 

 
Never use Past use of any 

duration 1-4 years 5-9 years 10-14 years ≥15 years P for 
trendd 

Overall, n 4365 1269 490 253 161 163  
     Model 1b 1.0     1.03 (0.96, 1.10)     1.03 (0.94, 1.14)     1.09 (0.95, 1.23)     1.05 (0.90, 1.24)     1.08 (0.92, 1.27) 0.15 
     Model 2c 1.0     1.00 (0.92, 1.08)     1.03 (0.92, 1.14)     1.07 (0.93, 1.23)     1.04 (0.87, 1.24)     1.04 (0.87, 1.24) 0.36 

        
Localized, n 3204 926 372 180 107 111  
     Model 1b 1.0     0.98 (0.91, 1.06)     1.06 (0.95, 1.18)     1.04 (0.90, 1.22)     0.95 (0.78, 1.15)     0.95 (0.78, 1.15) 0.66 
     Model 2c 1.0     0.94 (0.86, 1.03)     1.04 (0.92, 1.18)     1.02 (0.86, 1.21)     0.93 (0.75, 1.15)     0.91 (0.73, 1.12) 0.48 

        
Advanced, n 358 105 45 23 18 17  
     Model 1b 1.0   1.37 (1.09, 1.72)     1.34 (0.97, 1.85)     1.36 (0.89, 2.09)     1.58 (0.97, 2.57)     1.83 (1.10, 3.03) 0.001 
     Model 2c 1.0     1.35 (1.04, 1.76)     1.40 (0.97, 2.01)     1.43 (0.88, 2.31)     1.64 (0.94, 2.85)     1.93 (1.08, 3.44) 0.04 

        
Low-grade, n 1732 488 189 95 54 55  
     Model 1b 1.0     0.99 (0.89, 1.10)     0.98 (0.84, 1.14)     1.03 (0.83, 1.26)     0.89 (0.67, 1.17)     0.91 (0.70, 1.20) 0.36 
     Model 2c 1.0     0.95 (0.84, 1.08)     0.96 (0.81, 1.14)     1.01 (0.80, 1.27)     0.88 (0.65, 1.18)     0.88 (0.66, 1.19) 0.45 

        
High-grade, n 606 165 62 38 22 28  
     Model 1b 1.0     0.95 (0.80, 1.14)     0.94 (0.72, 1.23)     1.22 (0.87, 1.70)     1.00 (0.65, 1.54)     1.24 (0.84, 1.83) 0.27 
     Model 2c 1.0     1.02 (0.83, 1.25)     1.07 (0.79, 1.44)     1.44 (0.99, 2.09)     1.20 (0.74, 1.93)     1.50 (0.96, 2.34) 0.01 

        
Lethal, n 672 175 87 36 46 37  
     Model 1b 1.0     1.15 (0.96, 1.36)     1.28 (1.02, 1.61)     1.00 (0.71, 1.41)     1.82 (1.34, 2.47)     1.92 (1.36, 2.72) <.001 
     Model 2c 1.0     1.08 (0.88, 1.32)     1.26 (0.97, 1.64)     1.00 (0.69, 1.45)     1.81 (1.26, 2.59)     1.91 (1.28, 2.85) <.001 

        
Aggressive, n 745 204 83 45 33 33  
     Model 1b 1.0     1.04 (0.89, 1.22)     1.06 (0.84, 1.34)     1.19 (0.88, 1.61)     1.24 (0.87, 1.77)     1.29 (0.90, 1.85) 0.05 
     Model 2c 1.0     1.10 (0.91, 1.32)     1.18 (0.91, 1.54)     1.37 (0.97, 1.93)     1.46 (0.98, 2.17)     1.55 (1.03, 2.33) 0.004 

 

a Overall cases: T1a excluded; Localized cases: stage T1 or T2 and N0, M0; Advanced cases: stage T3b, T4, N1, or 

M1; Low -grade cases: Gleason score 2-6; Intermediate-grade cases: Gleason score 7; High-grade cases: Gleason 

score 8-10; Lethal cases: distant metastases or prostate cancer specific death; Aggressive cases: stage T4 or N1 or 

M1 or Gleason 8-10.  

Table 2.3 (Continued)  

b Model 1: adjusted for current age, time period, race, family history of prostate cancer, lagged PSA testing history, 

lagged PSA testing in >50% of possible time periods,  history of diabetes, current aspirin use, body mass index at 

age 21, current body mass index, height, smoking, vigorous physical activity, total calories, red meat, tomato-based 

foods, fish, total zinc intake without supplement and history of prostatitis or prostatic infection. 

c Model 2: additionally adjusted for multivitamin use, selenium use, vitamin A use, vitamin E use and number of 

overall supplement use. 

d Using median of each category. (0, 2.5, 7, 12, 17). Past use of any duration as missing. 
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When stratified by dietary zinc intake (<11 vs. ≥11 mg/day), supplemental zinc of ≥75 

mg/day or ≥15 years were associated with increased risk of lethal and aggressive prostate cancer 

in both groups, while significant trend tests in high dietary zinc group but not the other 

(Supplemental Table 2.1). When examining associations for total zinc intake, compared to men 

with total zinc intake of 12-15 mg/day, those with zinc intake <9 mg/day had suggestively higher 

risk of lethal prostate cancer (1.18 [0.90-1.55]), and men with excessive zinc intake were also at 

higher risk of lethal prostate cancer (65-75 mg/day: 1.25 [0.81, 1.94], >75 mg/day: 1.56 [1.14-

2.12], Figure 2.1).  

 

 

Figure 2.1 Multivariable hazard ratios (and 95% confidence intervals) of total zinc intake in relation to 
lethal prostate cancer in the Health Professionals Follow-up Study, 1986-2016.  
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We observed similar positive associations for follow-up from 2000 to 2016 

(Supplementary Table 2.2). The association pattern was qualitatively similar in pre-PSA and 

post-PSA era (Supplementary Table 2.3-2.4). The trend tests remained statistically significant, 

with slight attenuation of the point estimates. In latency analyses, the associations between high 

dose or long duration of zinc supplement use and lethal and aggressive prostate cancer remained 

after applying a 4-10 year lag (Supplementary Table 2.5).  We observed similar patterns of 

increased risk of lethal prostate cancer with excessive use of zinc supplement in groups with 

different age of onset (Supplementary Table 2.6) and in both multivitamin non-user and user 

group (Supplementary Table 2.7). When examining cumulative version of the exposure, men 

with high cumulative dose or long cumulative duration of supplemental zinc use had increased 

risk of lethal and aggressive prostate cancer (Supplementary Table 2.8-2.9) compared to never-

users. Restriction to men with complete supplement zinc information at baseline did not change 

the result (data not shown). The E-value for the observed association between ≥75 mg/day of 

supplement zinc and lethal prostate cancer was 2.92 (Supplementary Figure 2.1), suggesting an 

unmeasured confounder that was associated with both the exposure and the outcome by a relative 

risk of 2.92-fold each, above and beyond the measured confounders, could explain away the 

estimate, but weaker confounding could not. 

 

Discussion:  

In this large prospective cohort study with thirty years of follow-up, we found that 

excessively high-dose and long-duration supplemental zinc intake was associated with increased 

risk of lethal and aggressive prostate cancer. Separate analyses of follow-up from 2000 to 2016 

confirmed our initial report24. The association remained in both pre-PSA and post-PSA era and 
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persisted when various latency analyses were performed. Given the strong association between 

excessive supplemental zinc use and increased risk of clinically important prostate cancer, 

caution is warranted regarding usage of excessive zinc supplement among adult males. Our data 

suggests supplemental zinc no more than 25 mg/day may be relatively safe, while the risk of 

aggressive prostate cancer may increase with higher dosage, especially at extreme levels of more 

than 75 mg/day. Our conclusions align with the ULs of zinc in both US (40 mg/day) and Europe 

(25 mg/day)28,29, and provides additional evidence of long-term effects of excessive zinc on 

chronic disease to the current NOAEL guideline of 50 mg/day for zinc in both US and Europe, 

which were usually based on expected toxicity and short-term controlled metabolic studies29,33.  

High intracellular zinc concentrations within healthy prostate tissues are important in the 

production of prostatic fluid54. In prostate cancer, decreased intracellular zinc levels are 

consistently observed in tumor compared to normal tissue55. One well-established reason is the 

downregulation of the hZIP1 transporter, which normally functions to uptake zinc from 

circulation and causes accumulation in the prostate gland56. Based on this observation, 

researchers have been interested in restoration of high zinc to cancerous prostate tissue and 

potential zinc treatment to slow or inhibit prostate cancer growth and invasion57. However, zinc 

may enhance activity of telomerase which has been associated with prostate tumor proliferation58 

and excess zinc can reverse potential inhibitory effect of bisphosphonate, which were often used 

to treat osteolytic metastases59. Zinc also has insulin-mimetic properties that can activate insulin-

like growth factor-I receptor and epidermal growth factor receptor signaling pathways, both of 

which play a role in prostate cancer development60.  

Currently, few studies examined supplemental zinc and risk of prostate cancer 

(Supplementary Table 2.10). Most of these studies were not able to examine the association 
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between high-dose (e.g., ≥75 mg/d) supplemental zinc and risk prostate cancer, either with no 

dosage information9,10 or unable to separate true high-dose group47,48. Similar to our 

observations, a hospital-based case-control study found men who used supplemental zinc of ≥10 

years had an increased risk of overall prostate cancer (Odds ratio (OR): 1.9, 95% CI: 1.0-3.6)9, 

while the Prostate Cancer Prevention Trial reported a null association, possibly because of 

narrow dosage range (highest category >22mg/day)48.  Another case-control study from 1990s 

reported supplement zinc use frequency of ≥ 7 times/week over 2 years before diagnosis was 

associated with lower risk of prostate cancer (OR: 0.55, 95% CI: 0.30-1.00)10. However, 

information on dosage or duration was not collected, and the controls may have been a biased 

sample of men who were more interested in health and more likely to use dietary supplements 

than the overall population. Finally, one cohort study reported 10-year average supplemental zinc 

intake of >15 mg/day was associated with decreased risk of advanced prostate cancer (HR: 0.34, 

95% CI: 0.14-1.09, Ptrend = 0.04)47. Caution is warranted in interpretation this result because of 

short follow-up time (5 years), PSA testing information was only available at baseline, and the 

multivariable model did not adjust for important risk factors for advanced prostate cancer 

including BMI and physical activity.  

Although zinc is essential for prostate cells, it might only be beneficial for prostate health 

within a certain range. In populations with insufficient zinc intake, low zinc might increase 

prostate cancer risk or mortality, while in populations with sufficient zinc intake from food, 

additional excessive supplemental zinc may do harm. One Swedish cohort study found men with 

adequate dietary zinc intake (15.6-20.1 mg/day) had lower risk of prostate cancer-specific 

mortality compared to men with lower dietary zinc intake (9-12.8 mg/day)38. Our analysis on 

total zinc intake showed, compared to men with adequate zinc intake (12-15 mg/day), having 
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inadequate zinc intake (<9 mg/day) or excessive zinc intake (>65 mg/day) was suggested to have 

higher risk of lethal prostate cancer (Figure 2.1). Chronic high intake of zinc can cause 

abnormalities of genitourinary functions23. Laboratory evidence also suggested zinc at optimal 

levels is preventive whereas at both deficient and higher levels it may enhance tumor growth61-63. 

An in vitro study showed that high Zn2+ has suppressive effects on prostate cancer cell growth 

but continuous exposure to an environment of high Zn2+ can lead to overexpression of cancer 

promoting genes such as FBL and CD16461. In current stratified analysis, we saw increased risk 

of lethal prostate cancer in both high and low dietary zinc group for excessive zinc 

supplementation, though trend tests were only significant in high dietary zinc group but not the 

other. This may because high dietary zinc group is similar to the entire population as most of the 

men (80%) in our population were zinc sufficient, while low zinc group has limited sample size. 

Furthermore, the variation of dietary zinc intake between two groups is small (medians for low 

and high dietary zinc groups were 10 and 13 mg/day respectively). With a much higher 

supplemental dosage of 75 mg/day, it is not likely to have distinct effects on these two groups.     

Zinc supplements might not be an efficient way to increase zinc concentration in prostate 

cancer cells. Besides potential contaminants of supplement preparations (notably cadmium and 

lead), the bioavailability also varies across different zinc supplement compounds (sulfate, 

gluconate, and less frequently citrate64). Significantly elevated Zn concentration in prostate was 

found in rats supplemented with zinc gluconate or zinc citrate, while zinc sulfate was found to 

have no impact65. Most of the zinc absorbed from intestine were stored in bones and muscles, 

and only around 10% of zinc in human body is readily exchangeable66. Even when zinc 

supplements can increase serum zinc level, they may not necessarily increase intraprostatic zinc 

to the desirable levels due to the downregulation of zinc transporters in prostate cancer cells. 
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Direct intra-tumoral injection of zinc was shown to halt prostate cancer cell growth in xenograft 

mice67 but the practicality of using intra-tumoral administration in humans remains in question.  

Our results may not be generalizable to all populations as most of our study participants 

are white and health professionals who are mostly dietary zinc sufficient. However, the 

biological mechanisms are likely to be similar in other zinc sufficient populations, and our main 

findings should be broadly applicable. One exception might be certain ethnic groups who may 

have impaired ability to incorporate zinc into the prostate. Evidence suggests African American 

men may have down-regulated zinc transporter, hZIP1, due to selection from long-term zinc-rich 

ancestral West African soils68. Further investigation to examine supplemental zinc and prostate 

cancer in this special population is warranted.  

Because zinc has long been associated with prostate health, the observed associations 

may reflect the effect of self-medication of longstanding prostate symptoms with excessive 

amount of supplemental zinc (“reverse causation”). However, accounting for detailed PSA 

screening history, ever had a negative biopsy and history of prostatic infection and applying up 

to 10 years latency did not alter the results. In addition, zinc supplement use was not higher in 

men with prostatitis (Table 2.1). There is potential measurement error in self-reported 

supplement use. However, given the prospective study design, any mismeasurement in the 

exposures would tend to be non-differential, generally attenuating associations. Moreover, the E-

value indicated that unmeasured confounders need to be very strong to fully explain the observed 

association away. Finally, zinc supplement dosage collected from questionnaires were pre-

defined and we were unable to separate dosage into smaller intervals especially for the low-

dosage level. Study strengths include prospective and repeated assessment of supplement use and 
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dosage every two years, long follow-up, large number of events, and comprehensive information 

on lifestyle factors and PSA screening. 

In conclusion, high-dose, long-duration zinc supplement use may increase risk of lethal 

and aggressive prostate cancer. Caution is warranted regarding excessive zinc supplementation 

among men.  
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Chapter 3 

 

Healthy dietary patterns and risk of prostate cancer  

in men with a high polygenic risk score 

 

 

Abstract: 

Background:  

Prostate cancer has a strong genetic component. Studies have suggested maintaining a healthy 

lifestyle can reduce risk of metastatic disease and prostate cancer death among men at the highest 

genetic risk. However, how a healthy dietary pattern could attenuate high prostate cancer genetic 

risk among these populations remains unknown.  

Methods:  

We included 10,269 genotyped men in the Health Professionals Follow-up Study (1993-2019) 

and calculated their genetic risk of prostate cancer using a polygenic risk score. We investigated 

two mechanism-based diets (hyperinsulinemic diet and inflammatory diet) and three dietary 

recommendation-based diets (the Alternate Mediterranean Diet, the Alternative Healthy Eating-

Index-2010, and the Diabetes Risk Reduction Diet). The dietary scores were calculated from 

food frequency questionnaires at baseline and updated every 4 years. Cox proportional hazards 

models were used to estimate the hazard ratios (HRs) and 95% confidence intervals (CI) of 

overall and lethal prostate cancer (metastatic disease/prostate cancer-specific death).  

Results:  

During 26 years of follow-up, 2,128 overall prostate cancer and 253 lethal prostate cancer events 

were documented. Among men in the highest PRS quartile, higher adherence to a diabetes risk-

reducing diet was associated with a decreased risk of overall (top vs. bottom quintile HR: 0.74, 
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95% CI, 0.58-0.94) and lethal prostate cancer (HR: 0.43; 95% CI, 0.21-0.89). Similarly, men 

with a diet of low insulinemic potential had lower risk of overall (HR: 0.76, 95% CI, 0.60-0.96) 

and lethal prostate cancer (HR: 0.47, 95% CI: 0.23-0.95). The association was less strong for the 

other dietary patterns. Among men in the highest PRS quartile, men with a healthy lifestyle 

based on body weight, physical activity and low insulinemic diet had a 74% decreased risk (HR: 

0.26, 95% CI, 0.13-0.49) of lethal prostate cancer compared with men with an unhealthy 

lifestyle.  

Conclusions:  

Our findings suggest that encouraging lifestyle modifications to reduce the risk of developing 

insulin resistance and hyperinsulinemia may be a potential primary prevention strategy of 

aggressive prostate cancer among men with high genetic predisposition. 
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Introduction  

Prostate cancer, a leading cause of cancer death among men, is highly heritable69,70. 

Genetic risk stratification is an appealing approach to identify men at highest risk of developing 

aggressive prostate cancer for early prevention, targeted screening, detection and treatment71. 

Besides rare pathogenic mutations (e.g., in BRCA2), combined genetic risk scores of common 

variants have gain significant interest in recent years. A high genetic risk score (top 20-25% of 

the population) confers to two to three times higher risk of prostate cancer than average and was 

independently associated with aggressive prostate cancer risk after accounting for family history 

and race/ancestry71. As genotyping is becoming widely available, many men will soon have 

access to genotype data and a polygenic risk score for prostate cancer71. Therefore, it remains 

critical to identify effective modifiable factors, such as a healthy lifestyle, for men with an 

unmodifiable high genetic risk to lower their risk for aggressive prostate cancer.  

While there is no clear relationship between lifestyle factors and overall prostate cancer 

risk, increasing evidence suggests risk of aggressive prostate cancer may be lowered through a 

healthy lifestyle, including maintain a healthy weight, high physical activity and not 

smoking72,73. Certain food and nutrients have been suggestively associated with prostate cancer, 

in particular aggressive disease, such as dairy increasing risk74 and lycopene reducing risk75, yet 

many other individual dietary factors have shown null or mixed findings76. Dietary patterns, 

accounting more comprehensively for the overall effect of diet77, have been increasingly used to 

develop dietary recommendations78. Observational studies examining dietary patterns and 

prostate cancer have had mixed results. While the Mediterranean diet was not associated with 

prostate cancer incidence79-82, it might influence prostate cancer death and overall mortality after 

diagnosis81. The Alternate Healthy Eating Index was found to be beneficial in some but not all 
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studies79,80. Healthful plat-based diet was found associated with lower risk of aggressive prostate 

cancer83, while two mechanism-based diets, the hyperinsulinemic diet and inflammatory diet 

were shown associated with higher risk84,85. 

Among men at high genetic risk, evidence has suggested that maintaining a healthy 

weight, being physically active and not smoking was associated with significant lower risk of 

aggressive prostate cancer86,87. How dietary patterns may influence prostate cancer risk among 

these men is currently unknown. Therefore, within a large prospective cohort, we aimed to 

evaluate whether men at a high genetic risk for prostate cancer, defined by a high polygenic risk 

score (PRS), can lower their risk of either overall or lethal prostate cancer by adhering to a 

healthy diet pattern.   

 
 

Methods  

 

Study Population 

The HPFS is an ongoing prospective cohort study of 51,529 US male health professionals 

who enrolled in 1986 at age of 40 to 75. Participants were mailed questionnaires at baseline and 

biennially to collect updated information on demographic, lifestyle, medical history, and disease 

outcome. The follow up rates exceeded 90% for each questionnaire. All men in HPFS were 

invited to provide either a blood sample (received from 18,159 participants during the period 

1993 to 1999) or buccal cell sample (received from 13,956 participants during the period 2005 to 

2006). Of these men, 10,917 have been genotyped as a part of multiple nested case-control 

studies as described previously88, including prostate cancer89. We included all men who had 

genotyped data, who did not have a diagnosis of prostate cancer at the date of DNA collection, 
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and with dietary information available, resulting in a final study population of 10,269 men. The 

vast majority of men (99%) self-reported as White.   

 

Polygenic risk score 

We used a multi-ancestry PRS model90 for prostate cancer including 269 single 

nucleotide polymorphisms (SNPs), of which 264 were available for analysis. The score was 

calculated by summing the number of risk alleles of each genetic variant multiplied by the 

corresponding effect estimate from the original GWAS90. We divided the PRS into quartiles 

using the distribution among all genotyped men.  

 

Dietary patterns 

Dietary information was collected using a validated semiquantitative food frequency 

questionnaire (FFQ) at baseline and every 4 years. The reproducibility and validity of the FFQs 

have been described in detail and showed good correlation between nutrients, foods and dietary 

patterns assessed by FFQs and multiple one-week diet records91-93. Using the food and nutrient 

components, we calculated three dietary recommendations-based diets and two mechanism-

based diets (Supplemental Table 1). The Alternate Mediterranean Diet (AMED) assess the 

adherence to a Mediterranean-style diet and assigns zero or one point to each of the nine 

components based on whether the intakes are higher than population median94. The Alternative 

Healthy Eating Index-2010 (AHEI-2010) incorporates current evidence on foods and nutrients 

predictive of the risk of chronic diseases and assigns zero to ten points to each of the 11 dietary 

components based on the portion size95. The Diabetes Risk Reduction Diet (DRRD) score 

assigns one to five points to each of the eight components associated with type 2 diabetes96. The 
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empirical dietary inflammatory pattern (EDIP) was derived by entering predefined food groups 

into reduced rank regression models followed by linear regression to identify a dietary pattern 

that was most predictive of plasma interleukin-6, tumor necrosis factor a receptor 2, and C-

reactive protein97. A similar approach was used to create the Empirical dietary index for 

hyperinsulinemia (EDIH), except for food groups being regressed onto fasting plasma C-

peptide98. We reversed the EDIP and EDIH scores (rEDIP and rEDIH) to keep consistency with 

other dietary scores that a higher score indicates a healthier diet. The FFQ returned closest before 

the date of DNA sampling was used as the baseline questionnaire.  

 

Study outcomes 

The outcomes of interest were overall and lethal (metastatic disease/prostate cancer-

specific death) prostate cancer. Diagnoses of prostate cancer were initially self-reported on 

biennial questionnaires and then confirmed by review of medical records and pathology reports. 

Metastatic prostate cancer was determined by review of medical records and biennial 

questionnaires sent to prostate cancer survivors and their attending physicians. Deaths were 

ascertained through reports by family members and searches of National Death Index. 

Underlying cause of death were determined by study physicians based on all available data and 

were blinded to any exposure information. The mortality ascertainment in the cohort is more 

than 98%18. 

 

Statistical Analyses 

Men contributed follow-up time from the date of DNA collection to the date of prostate 

cancer diagnosis, death, or end of follow-up for overall prostate cancer endpoint, or from the date 
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of DNA collection to the date of metastatic disease, death, or end of follow-up for lethal prostate 

cancer endpoint. End of follow-up was January 2017 for overall prostate cancer (based on the 

latest available questionnaire cycle) and January 2019 for lethal prostate cancer (based on the 

latest available cause of death information). We calculated cumulative averages of the diet scores 

through follow-up to best represent long-term diet and minimize within-person variation. Dietary 

scores were adjusted for total energy intake using the residual method99.  

Cox proportional hazards models with age as the underlying time scale was used to 

estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for the associations of dietary 

patterns, PRS, and the two outcomes separately and in joint analyses. We combined the two 

lowest PRS quartiles because very few men developed prostate cancer in these two groups. The 

dietary pattern score was divided into quintiles (Q1: least healthy, Q2-4: intermediate, Q5: most 

healthy). To account for possible selection bias that could arise from the genotype sampling 

design, HRs were estimated from inverse probability-weighted (IPW) models aiming at 

reconstructing the underlying cohort. Each genotyped participant was weighted by the inverse 

probability of being selected for genotyping as previously described86. In sensitivity analysis, 

unweighted Cox models were fitted. All models were stratified by 10-year birth cohort and 

further adjusted for calendar period of DNA collection (1993, 1994, 1995-1999, and 2005-2006), 

genetic ancestry (principal components 1-3), prostate-specific antigen (PSA) testing in the past 2 

years (yes/no), history of cancer (yes/no), history of diabetes (yes/no), current aspirin use 

(yes/no), current statin use (yes/no), smoking status (never, past, current) and vigorous physical 

activity (quintiles of metabolic equivalent of task (MET)-h/week). Time-varying models, with 

covariates updated at each questionnaire cycle, were applied. Information from the prior 

questionnaire was carried forward for missing values. In sensitivity analyses, we additionally 
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adjusted for body mass index (BMI), a potential mediator in the association of dietary patterns 

with prostate cancer. We also investigated whether the association differed by age (≤75 vs. >75). 

We hypothesized that the dietary pattern would be more strongly associated with earlier-onset 

disease84.  

Considering the interaction between body weight, physical activity and diet on cancer 

risk100, we investigated the combined effect of the three factors by creating a 3-component 

healthy lifestyle score (1 point each for being not obese, high vigorous physical activity, and 

having a healthier diet). We examined the score jointly with PRS and stratified by PRS in 

relation to lethal prostate cancer.  

All analyses were performed using R. The study protocol was approved by the 

institutional review boards of Harvard T.H. Chan School of Public Health, and those of 

participating registries as required. 

 

Results 

Among the 10,269 genotyped men in HPFS, we documented 2,128 prostate cancer and 

253 lethal prostate cancer events. The median follow-up time was 17.7 years (interquartile range 

[IQR], 10.3-22.8) for overall prostate cancer and 22.9 years (IQR, 13.8-24.9) for lethal prostate 

cancer. Overall, men with a healthier dietary pattern were older at study entry, had higher PSA 

testing history, less likely to be current smoker, had more vigorous physical activity, and more 

likely to use statins and aspirin (Table 3.1). Men consuming a less inflammatory or 

hyperinsulinemia diet had lower history of diabetes. The AHEI, AMED, and DRRD were 

strongly correlated each other (r=0.50-0.76, Supplemental Figure 3.1). The rEDIH and rEDIP 
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had relatively lower correlation with other dietary patterns (r=0.13-0.49), except for a relatively 

strong correlation between DRRD and rEDIH (r=0.58).  
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Table 3.1 Characteristics of genotyped men in the Health Professionals Follow-up Study at study entry 
(ie, DNA collection) according to dietary score quintiles. 

 

  AHEI AMED DRRD rEDIH rEDIP 

  Q1 Q5 Q1 Q5 Q1 Q5 Q1 Q5 Q1 Q5 
Age at study 
entry, median 
(IQR) 

61  
[53, 68] 

66  
[59, 72] 

62  
[54, 69] 

65  
[58, 71] 

61  
[52, 68] 

65  
[59, 71] 

61  
[53, 68] 

65  
[58, 71] 

63  
[55, 70] 

62  
[55, 68] 

Source of 
DNA, % 

          

    Blood 90 87 87 88 87 88 89 90 88 90 

    Cheek 10 13 13 12 13 12 11 10 12 10 
History of 
diabetes, % 

6 7 8 7 6 9 10 4 11 4 

PSA test 
history, % 35 45 40 45 38 46 37 40 39 38 

Current 
smoker, % 10 2 9 3 7 3 7 4 5 6 

Vigorous 
physical 
activity in 
MET-h/week 

6 (10) 13 (16) 6 (10) 12 (15) 7 (11) 12 (15) 7 (12) 12 (16) 8 (13) 11 (15) 

Current statin 
use, % 8 15 10 14 9 16 9 11 11 11 

Current aspirin 
use, % 39 48 38 47 35 50 38 46 41 45 

Alcohol intake, 
gram/d 

13 (19) 11 (10) 13 (17) 11 (10) 8 (12) 14 (15) 9 (13) 17 (17) 6 (11) 21 (18) 

Coffee intake, 
cup/d 

2 (2) 2 (2) 2 (2) 2 (2) 1 (2) 2 (2) 1 (2) 3 (2) 1 (1) 3 (2) 

BMI in kg/m2 
26.7 
(3.9) 

25.4 
(3.2) 

26.5 
(3.7) 

25.5 
(3.1) 

26.6 
(3.9) 

25.6 
(3.4) 

27.2 
(4.2) 

25.2 
(3.1) 

26.9 
(4.1) 

25.8 
(3.3) 

 

Abbreviations: AHEI=Alternative Healthy Eating Index; AMED=Alternate Mediterranean Diet; BMI=body mass index; 
DRRD=Diabetes Risk Reduction Diet; IQR=interquartile range; MET=metabolic equivalent; PSA=prostate-specific antigen; 
Q1=quintile 1; Q5=quintile 5; rEDIH=reversed empirical dietary index for hyperinsulinemia; rEDIP= reversed empirical dietary 
inflammatory pattern; SD=standard deviation.   
Note: Values are means (SD) or percentages.      
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The PRS enabled risk stratification both for overall and lethal prostate cancer similar to 

what we observed previously86 (Supplemental Table 3.2). Higher DRRD, rEDIP and rEDIH 

score was suggestively associated with lower risk of lethal prostate cancer, but not with overall 

prostate cancer (Supplemental Table 3.2). No associations were observed for AMED and AHEI 

diet for overall or lethal prostate cancer.  

In joint analyses, among men in the highest PRS quartile, significant inverse associations 

were observed for DRRD (Q5 vs. Q1, HR: 0.69, 95% CI, 0.54-0.88) and rEDIH (HR: 0.75, 95% 

CI, 0.59-0.95, Table 3.2) with overall prostate cancer. These associations persisted when 

restricting to men who were never-smokers (Supplemental Table 3.3). Among men in the 

highest PRS group, a lower risk of lethal prostate cancer was observed among men with a high 

DRRD score (HR: 0.44, 95% CI, 0.22-0.88) and among men with a high rEDIH score (HR: 0.48, 

95% CI, 0.23-0.98, Table 3.3, and Fig 3.1). No significant associations were observed for 

AMED, AHEI and rEDIP scores with overall or lethal prostate cancer within any of the PRS 

groups. Results were similar in the unweighted Cox models or when further adjusted for BMI 

(Supplemental Table 3.4-3.5). When examining the effect by age, the inverse association 

between DRRD and rEDIH with overall and lethal prostate cancer was more pronounced among 

men age ≤75 (Supplemental Table 3.6).  
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Table 3.2 Hazard ratios and 95% confidence intervals for the joint association of polygenic risk score and 
dietary patterns with overall prostate cancer in the Health Professionals Follow-up Study. 

PRS 
quartile 

Overall prostate cancer 

 Quintile 1 Quintile 2-4 Quintile 5 (Healthier) 

 
No. of 

events/PY 
HR  

(95% CI)a 
No. of 

events/PY 
HR  

(95% CI)a 
No. of 

events/PY 
HR  

(95% CI)a 

 AHEI 

75-100% 
196/16989 1 (Ref.) 619/58041 

0.97  
(0.80-1.16) 

179/18706 
0.87  

(0.68-1.10) 

50-75% 
124/18587 

0.57  
(0.45-0.74) 

349/59196 
0.52  

(0.43-0.64) 
116/20879 

0.53  
(0.41-0.69) 

0-50% 
99/39259 

0.22  
(0.17-0.29) 

337/125687 
0.25  

(0.21-0.31) 
109/43685 

0.23  
(0.18-0.30) 

 AMED 

75-100% 
180/18037 1 (Ref.) 635/57753 

1.02  
(0.84-1.24) 

179/17945 
0.83  

(0.65-1.05) 

50-75% 
114/18925 

0.54  
(0.41-0.70) 

343/59616 
0.53  

(0.43-0.65) 
132/20120 

0.61  
(0.47-0.79) 

0-50% 
100/41780 

0.23  
(0.18-0.31) 

311/123311 
0.24  

(0.19-0.29) 
134/43539 

0.28  
(0.22-0.37) 

 DRRD 

75-100% 
193/18869 1 (Ref.) 646/54057 

1.07  
(0.89-1.29) 

155/20811 
0.74  

(0.58-0.94) 

50-75% 
125/18175 

0.62  
(0.48-0.79) 

345/60015 
0.53  

(0.44-0.65) 
119/20471 

0.56  
(0.43-0.72) 

0-50% 
112/40495 

0.27  
(0.21-0.35) 

316/123284 
0.24  

(0.19-0.29) 
117/44851 

0.27  
(0.21-0.35) 

 rEDIH 

75-100% 
193/18055 1 (Ref.) 604/55836 

0.88  
(0.73-1.06) 

197/19831 
0.76  

(0.60-0.96) 

50-75% 
104/18346 

0.52  
(0.40-0.68) 

350/62350 
0.46  

(0.38-0.57) 
135/17965 

0.54  
(0.42-0.69) 

0-50% 
105/41718 

0.23  
(0.18-0.30) 

325/127330 
0.22  

(0.18-0.26) 
115/39583 

0.22  
(0.17-0.28) 

 rEDIP 

75-100% 
201/16832 1 (Ref.) 569/55365 

0.87  
(0.72-1.04) 

224/21540 
0.86  

(0.69-1.08) 

50-75% 
115/18220 

0.52  
(0.40-0.67) 

348/62478 
0.48  

(0.40-0.59) 
126/17963 

0.52  
(0.41-0.68) 

0-50% 
117/40894 

0.25  
(0.19-0.32) 

320/126524 
0.22  

(0.18-0.27) 
108/41212 

0.22  
(0.17-0.28) 

 

Abbreviations: AHEI=Alternative Healthy Eating Index; AMED=Alternate Mediterranean Diet; 
CI=confidence interval; DRRD=Diabetes Risk Reduction Diet; HR=hazard ratio; PRS=polygenic risk score; 
PSA=prostate-specific antigen; PY=person-years; rEDIH=reversed empirical dietary index for 
hyperinsulinemia; rEDIP= reversed empirical dietary inflammatory pattern.   
a Inverse probability weighted Cox regression models, adjusted for age (underlying time-scale), calendar 
period of inclusion, genetic ancestry (PC1-PC3), PSA test in previous cycle, history of cancer, history of  
diabetes, current aspirin use, current statin use, smoking status, vigorous physical activity, and stratified by 
birth cohort.  
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Table 3.3 Hazard ratios and 95% confidence intervals for the joint association of polygenic risk score and 
dietary patterns with lethal prostate cancer in the Health Professionals Follow-up Study. 

PRS 
quartile 

Lethal prostate cancer 

 Quintile 1 Quintile 2-4 Quintile 5 (Healthier) 

 
No. of 

events/PY 
HR  

(95% CI)a 
No. of 

events/PY 
HR  

(95% CI)a 
No. of 

events/PY 
HR  

(95% CI)a 

 AHEI 

75-100% 
18/18048 1 (Ref.) 60/61763 

0.78  
(0.45-1.35) 

18/20715 
0.66  

(0.33-1.31) 

50-75% 
17/21024 

0.82  
(0.42-1.62) 

43/67223 
0.50  

(0.28-0.89) 
18/23909 

0.56  
(0.28-1.12) 

0-50% 
8/46170 

0.17  
(0.07-0.38) 

53/147935 
0.31  

(0.18-0.54) 
18/50679 

0.26  
(0.13-0.51) 

 AMED 

75-100% 
16/18950 1 (Ref.) 66/61730 

0.99  
(0.56-1.72) 

14/19846 
0.56  

(0.27-1.17) 

50-75% 
15/22648 

0.65  
(0.32-1.32) 

50/67060 
0.68  

(0.38-1.22) 
13/22449 

0.51  
(0.24-1.07) 

0-50% 
12/49056 

0.27  
(0.13-0.58) 

50/145166 
0.33  

(0.19-0.58) 
17/50561 

0.29  
(0.14-0.60) 

 DRRD 

75-100% 
21/19253 1 (Ref.) 62/58003 

0.81  
(0.48-1.37) 

13/23269 
0.43  

(0.21-0.89) 

50-75% 
15/21735 

0.62  
(0.31-1.21) 

46/66694 
0.52  

(0.31-0.90) 
17/23727 

0.53  
(0.27-1.03) 

0-50% 
12/46979 

0.25  
(0.12-0.51) 

52/145273 
0.28  

(0.17-0.48) 
15/52531 

0.22  
(0.11-0.44) 

 rEDIH 

75-100% 
19/19023 1 (Ref.) 63/59792 

0.79  
(0.47-1.32) 

13/21711 
0.47  

(0.23-0.95) 

50-75% 
14/21335 

0.63  
(0.32-1.26) 

47/70208 
0.51  

(0.30-0.87) 
17/20613 

0.57  
(0.29-1.12) 

0-50% 
13/49755 

0.26  
(0.13-0.53) 

48/149630 
0.26  

(0.15-0.44) 
18/45398 

0.27  
(0.14-0.52) 

 rEDIP 

75-100% 
21/17753 1 (Ref.) 61/59499 

0.81  
(0.48-1.35) 

14/23274 
0.59  

(0.29-1.18) 

50-75% 
14/20894 

0.57  
(0.28-1.13) 

53/70167 
0.61  

(0.36-1.02) 
11/21095 

0.46  
(0.22-0.97) 

0-50% 
19/47952 

0.37  
(0.20-0.69) 

46/149545 
0.25  

(0.15-0.43) 
14/47287 

0.28  
(0.14-0.57) 

 

Abbreviations: AHEI=Alternative Healthy Eating Index; AMED=Alternate Mediterranean Diet; 
CI=confidence interval; DRRD=Diabetes Risk Reduction Diet; HR=hazard ratio; PRS=polygenic risk score; 
PSA=prostate-specific antigen; PY=person-years; rEDIH=reversed empirical dietary index for 
hyperinsulinemia; rEDIP= reversed empirical dietary inflammatory pattern.   
a Inverse probability weighted Cox regression models, adjusted for age (underlying time-scale), calendar 
period of inclusion, genetic ancestry (PC1-PC3), PSA test in previous cycle, history of cancer, history of 
diabetes, current aspirin use, current statin use, smoking status, vigorous physical activity, and stratified by 
birth cohort.  
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Figure 3.1 Hazard ratios for the joint association of polygenic risk score and dietary patterns with lethal 
prostate cancer in the Health Professionals Follow-up Study.  
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To better understand the association observed for overall prostate cancer, we examined 

the characteristics of overall prostate cancer cases by PRS groups (Supplemental Table 3.7). 

The prostate cancer cases developed among people in highest PRS quartile were diagnosed at 

younger age and had higher PSA at diagnosis compared to cases developed among the other PRS 

groups. No significant difference of Gleason score or stage were observed across different PRS 

groups.  

The 3-component healthy lifestyle score was constructed as 1 point each for being not 

obese, having high vigorous physical activity (≥3 h/week vigorous activity and/or ≥7/week brisk 

walking)86, and having a low insulinemic diet (being the healthiest quintile of DRRD or rEDIH 

score). We observed that having a healthy lifestyle was associated with lower risk of lethal 

prostate cancer in all three PRS groups, with the association strongest in highest genetic risk 

group (Table 3.4 and Fig 3.1). In the highest PRS quartile, men with a healthy lifestyle (2-3 

points) had a 74% decreased risk (HR: 0.26, 95% CI, 0.13-0.49) of lethal prostate cancer 

compared with men with an unhealthy lifestyle (0-point) in the same PRS group. Among men 

with lowest genetic risk (0-50% PRS), adhering to the healthy lifestyle was also associated with 

lower risk of lethal prostate cancer (HR: 0.36, 95% CI, 0.15-0.82) compared with men with an 

unhealthy lifestyle in the same PRS group (Supplementary Table 3.8).  
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Table 3.4 Hazard ratio and 95% confidence intervals for the joint association of polygenic risk score and 
3-component healthy lifestyle score with lethal prostate cancer in the Health Professionals Follow-up 
Study. 

 
PRS 
quartile 

3-component healthy lifestyle scorea 

 Unhealthy (0) Moderate (1) Healthy (2-3) 

 
No. of 

events/PY 
HR 

(95%CI)b 
No. of 

events/PY 
HR 

(95%CI)b 
No. of 

events/PY 
HR 

(95%CI)b 

75-100% 15/7646 1 (Ref.) 56/48574 
0.49  

(0.27-0.89) 
25/44305 

0.26  
(0.13-0.49) 

50-75% 4/10376 
0.25  

(0.08-0.77) 
49/57030 

0.36  
(0.19-0.66) 

25/44751 
0.24  

(0.12-0.46) 

0-50% 9/20436 
0.26  

(0.11-0.61) 
45/120005 

0.17  
(0.09-0.30) 

25/104343 
0.11  

(0.06-0.21) 
 

Abbreviations: CI=confidence interval; DRRD=Diabetes Risk Reduction Diet; HR=hazard ratio; 
PRS=polygenic risk score; PSA=prostate-specific antigen; PY=person-years; rEDIH=reversed empirical 
dietary index for hyperinsulinemia. 
 
a 1 point each for being not obese, having high vigorous physical activity (≥3 h/week vigorous activity 
and/or ≥7/week brisk walking), and having a healthy diet (being the healthiest quintile of DRRD diet or 
rEDIH diet).  
 
b Inverse probability weighted Cox regression models, adjusted for age (underlying time-scale), calendar 
period of inclusion, genetic ancestry (PC1-PC3), PSA test in previous cycle, history of cancer, history of 
diabetes, current aspirin use, current statin use, smoking status, and stratified by birth cohort. 
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Figure 3.2 Hazard ratios for the joint association of polygenic risk score and 3-component healthy 
lifestyle score with lethal prostate cancer in the Health Professionals Follow-up Study.  
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Discussion 

Our analysis demonstrates that high genetic risk of prostate cancer might be attenuated by 

adopting a healthy diet. In this large prospective cohort study with 26 years of follow-up, among 

men with high genetic risk, adhering to a diabetes-risk reducing diet or a low hyperinsulinemia 

diet was associated with significant lower risk of metastatic disease and prostate cancer death. 

Together with maintaining a healthy weight and being physically active, encouraging lifestyle 

modifications to reduce the risk of developing insulin resistance and hyperinsulinemia may be a 

potential primary prevention strategy of aggressive prostate cancer among men with high genetic 

predisposition for prostate cancer. 

Men with a high genetic risk often seek advice on lifestyle interventions that can 

potentially lower their risk of prostate cancer. Both our previous study among health 

professionals86 and another study of military veterans in US87 showed that among men with the 

highest genetic risk, adhering to a healthy lifestyle – defined by a healthy weight, vigorous 

physical activity and not smoking – was associated with statistically significant lower risk of 

disease progression and death. However, the question how a healthy diet could contribute to the 

risk reduction remains. Our previous paper86 included a healthy diet as part of the definition in 

addition to the other three factors, intake based on a previously validated lifestyle score for 

prevention of lethal prostate cancer72. The healthy diet was defined as one high in tomato 

products, low in processed meat and high in fatty fish intake. However, compared with the other 

lifestyle factors, these dietary components were the factors least strongly associated with a 

reduced rate of lethal disease among men at high genetic risk.  

While an individual food item may have a relatively small impact on disease risk, overall 

dietary patterns can better capture the added effects and complex interactions between the 
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included dietary components. Results from prospective studies of dietary patterns and prostate 

cancer have been mixed. Dietary patterns derived from data-driven approaches101-103, such as 

factor analysis or principal component analysis, have not been robustly associated with prostate 

cancer incidence. As for recommendations based diets, while the Mediterranean diet has not 

been shown to be associated with prostate cancer incidence79-82, it might influence prostate 

cancer death and overall mortality after diagnosis81. The Alternate Healthy Eating Index was 

found to be beneficial in some but not all studies79,80. Two mechanism-based diets, the 

hyperinsulinemic diet and inflammatory diets were shown associated with risk of aggressive 

prostate cancer, particularly among younger men84. In current study, we observed that adhering 

to a diabetes risk reducing diet or a low hyperinsulinemic diet was strongly inversely associated 

with lethal prostate cancer among men with high genetic risk, particularly among younger men. 

Although no study have examined a diabetes risk reducing diet with risk of prostate cancer, this 

diet was associated with a 40% lower type 2 diabetes risk independent of BMI104, and was 

associated with lower breast cancer risk105 and better survival106. The robustness of our results is 

supported by significant and similar results for two conceptually similar diets (insulin reducing 

and diabetes risk reducing) constructed by different methods (mechanisms-based and 

recommendations based). 

The observed associations suggest insulin resistance and hyperinsulinemia may be 

potential mechanisms linking dietary patterns with risk of aggressive prostate cancer among men 

with high genetic predisposition. Insulin and insulin-like growth factor 1 (IGF1) have been 

shown to play a role in cancer tumorigenesis by inhibiting apoptosis and stimulating cell 

proliferation through the PI3K-Akt and Ras-MAPK signaling pathways107. A meta-analysis 

showed a consistent association between IGF1 and prostate cancer risk108, and Mendelian 
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randomization analysis indicates that this association is causal109. There is cross-reactivity of 

insulin and IGF1 on insulin and IGF1 receptors110. Whether hyperinsulinemia increases risk of 

prostate cancer incidence or progression is less clear than the evidence is for IGF1, but there is 

some supportive evidence111,112. Hyperinsulinemia may also increase prostate cancer risk by 

increasing IGF1 bioavailability through reduction of IGF binding proteins.  

Besides adhering to a low insulinemic diet, maintaining a healthy weight and being 

physically active are effective ways to lower risk insulin resistance and hyperinsulinemia 

risk113,114. We observed that an adoption of two or more lifestyle factors (healthy weight, 

vigorous physical activity and low insulinemic diet) was associated with a 74% lower risk of 

lethal prostate cancer among men with high genetic risk. These healthy behaviors are often 

correlated with each other and may potentially act through similar biologic mechanisms 

including hyperinsulinemia, insulin resistance and IGFs100, or related pathways. A high 

proportion of men receiving genetic counseling or genetic testing for prostate cancer are 

overweight or obese, with low physical activity and a poor diet115,116. Although further research 

is needed, our study provides evidence and guidance that adopting a healthy lifestyle might 

lower their risk of aggressive prostate cancer significantly.  

The hyperinsulinemia diet has previously been shown to have stronger effect among 

younger people84. Since men at high genetic risk are diagnosed at an earlier age117, this could 

potentially explain our observation of an inverse association between DRRD and rEDIH with 

overall prostate cancer risk in men with a high PRS. However, this may also be chance finding, 

in particular since previous research findings on diet and overall prostate cancer risk are 

mixed73,76. 
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Our study is not without limitations. First, dietary measurement by FFQs may be subject 

to measurement error. However, previous validations in HPFS showed good correlations 

between FFQs and diet records and the empirical scores were robustly associated with C-peptide 

and inflammatory biomarkers in independent validation datasets85. Moreover, the measurement 

error would likely to be nondifferential in relation to risk of prostate cancer given the prospective 

design and generally lead to underestimation of the association. Second, our study was restricted 

to men with available genotyped data pooled from multiple case-control studies. However, 

previous analyses have not shown any major differences in results when using the whole 

underlying cohort72 and the genotyped sample86. Furthermore, as the prostate cancer PRS was 

not associated with any other diseases118, such selection bias is likely to be minimal. Third, as an 

observational study, residual confounding cannot be ruled out, although we adjusted for many 

potential confounding variables. Forth, our cohort was predominantly white male health 

professionals who were generally healthier than men in the general U.S. population. However, 

this may also potentially reduce residual confounding by socioeconomic status such as access to 

health care and PSA screening. Finally, our observations that the Mediterranean diet was not 

statistically associated with lower risk of lethal prostate cancer among the high genetic risk group 

does not rule out the potential beneficial effect of such diet in prevention of lethal diseases in 

other populations. Studies of the joint association of these dietary patterns and PRS with prostate 

cancer risk in other geographic regions and racial/ethnic groups are warranted. Study strengths 

include a high follow-up rate in a large prospective cohort, repeated dietary assessments, large 

number of events and comprehensive information on a wide range of prostate cancer risk 

variables that allowed for rigorous adjustment of important confounding factors.  
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In summary, our findings suggest that higher adherence to a diabetes risk-reducing diet or 

a diet of low hyperinsulinemia potential was associated with lower risk of lethal prostate cancer 

among men with a high genetic risk. Adopting a healthy lifestyle to lower risk of developing 

insulin resistance and hyperinsulinemia may be beneficial for the prevention of clinically 

important prostate cancer among men with high genetic risk.  
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Supplementary Table 1.1 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate cancer in relation to 
multivitamin use frequency stratified by prostate cancer risk factors in the Health Professionals Follow-up Study, 1986-2016. 
 

Risk of prostate cancer   Multivitamin use frequency     

 
n Neve

r use Past use 1-2 tablets/week 3-5 tablets/week 6-9 tablets/week ≥10 tablets/week 
P- 

trend 
† 

P- 
interactio

n 
Family history *          
All prostate cancer          
     No  5468 1.0     1.06 (0.97, 1.16)     1.00 (0.84, 1.19)     0.97 (0.85, 1.11)     1.04 (0.95, 1.14)     0.99 (0.87, 1.13) 0.58 0.99 
     Yes  1350 1.0     1.01 (0.83, 1.22)     1.12 (0.77, 1.62)     1.16 (0.88, 1.52)     1.05 (0.86, 1.29)     1.28 (0.96, 1.69) 0.46  
Advanced prostate cancer          

     No  451 1.0     0.99 (0.74, 1.32)     1.06 (0.60, 1.88)          0.75 (0.47, 
1.21)     0.99 (0.73, 1.34)     1.09 (0.70, 1.70) 0.43 0.94 

     Yes  113 1.0     0.93 (0.48, 1.78)     1.42 (0.47, 4.27)     1.03 (0.40, 2.66)     0.91 (0.44, 1.91)     1.34 (0.47, 3.82) 0.61  
Lethal prostate cancer          
     No  866 1.0     0.98 (0.80, 1.22)     1.04 (0.68, 1.59)     0.94 (0.68, 1.29)     1.04 (0.84, 1.30)     0.99 (0.71, 1.38) 0.62 0.42 
     Yes  199 1.0     0.64 (0.38, 1.07)     0.56 (0.21, 1.53)     0.79 (0.39, 1.62)     0.60 (0.35, 1.03)     1.24 (0.59, 2.62) 0.45  
High grade prostate cancer          
     No  750 1.0     1.02 (0.81, 1.29)     0.80 (0.48, 1.33)     0.88 (0.61, 1.25)     0.95 (0.75, 1.20)     0.99 (0.70, 1.42) 0.81 0.18 
     Yes  182 1.0     1.17 (0.67, 2.05)     2.97 (1.11, 7.98)     1.81 (0.82, 4.00)     1.28 (0.70, 2.34)     2.47 (1.15, 5.31) 0.75  

          
BMI, kg/m2 †          
All prostate cancer          
     <27.5 5229 1.0     1.07 (0.98, 1.17)     1.09 (0.91, 1.30) 1.13 (0.99, 1.29)     1.10 (1.00, 1.20)     1.08 (0.94, 1.23) 0.20 0.10 
     ≥27.5 1589 1.0     1.01 (0.86, 1.19)     0.86 (0.62, 1.21)     0.71 (0.55, 0.93)     0.88 (0.74, 1.05)     0.98 (0.76, 1.26) 0.71  
Advanced prostate cancer          
     <27.5 454 1.0     0.99 (0.73, 1.33)     1.36 (0.78, 2.36)     1.04 (0.67, 1.62)     1.10 (0.80, 1.49)     1.32 (0.85, 2.05) 0.19 0.10 
     ≥27.5 110 1.0     0.94 (0.51, 1.74)     0.64 (0.19, 2.16)     0.50 (0.15, 1.63)     0.71 (0.36, 1.40)     0.64 (0.21, 2.00) 0.51  
Lethal prostate cancer          
     <27.5 845 1.0     0.96 (0.77, 1.19)     1.14 (0.74, 1.76)     1.04 (0.75, 1.43)     1.10 (0.88, 1.38)     1.10 (0.79, 1.54) 0.42 0.49 
     ≥27.5 220 1.0     0.84 (0.54, 1.32)     0.51 (0.20, 1.33)     0.69 (0.35, 1.38)     0.65 (0.40, 1.05)     1.14 (0.57, 2.27) 0.96  
High grade prostate cancer          
     <27.5 681 1.0     0.96 (0.75, 1.24)     0.69 (0.38, 1.24)     1.13 (0.80, 1.61)     0.98 (0.76, 1.27)     1.14 (0.79, 1.63) 0.99 0.76 
     ≥27.5 251 1.0     1.20 (0.78, 1.85)     1.87 (0.91, 3.82)     0.55 (0.25, 1.23)     0.92 (0.57, 1.47)     1.41 (0.74, 2.69) 0.94  

          
Smoking ‡           
All prostate cancer          
     Never or quit > 10 years 5903 1.0     1.05 (0.97, 1.15)     0.96 (0.80, 1.14)     1.04 (0.92, 1.18)     1.04 (0.95, 1.13)     1.06 (0.93, 1.20) 0.24 0.60 
     Current or quit ≤ 10 
years 915 1.0     0.99 (0.80, 1.23)     1.56 (1.06, 2.30)     0.92 (0.66, 1.28)     1.08 (0.86, 1.36)     1.05 (0.74, 1.50) 0.65  

Advanced prostate cancer          
     Never or quit > 10 years 460 1.0     1.04 (0.77, 1.40)     1.16 (0.65, 2.06)     1.10 (0.71, 1.70)     1.09 (0.80, 1.48)     1.24 (0.80, 1.94) 0.29 0.16 
     Current or quit ≤ 10 
years 104 1.0     1.02 (0.55, 1.87)     1.97 (0.65, 5.95)     0.26 (0.06, 1.22)     0.79 (0.40, 1.58)     0.87 (0.31, 2.46) 0.39  

Lethal prostate cancer          
     Never or quit > 10 years 892 1.0     1.03 (0.83, 1.28)     0.99 (0.64, 1.54)     1.13 (0.83, 1.54)     1.11 (0.89, 1.39)     1.31 (0.95, 1.79) 0.09 0.05 
     Current or quit ≤ 10 
years 173 1.0     0.68 (0.41, 1.11)     1.12 (0.46, 2.77)     0.63 (0.29, 1.40)     0.71 (0.42, 1.20)     0.41 (0.15, 1.14) 0.06  

High grade prostate cancer          
     Never or quit > 10 years 794 1.0     1.05 (0.83, 1.32)     1.00 (0.61, 1.61)     1.01 (0.71, 1.42)     1.03 (0.81, 1.32)     1.34 (0.96, 1.87) 0.33 0.05 
     Current or quit ≤ 10 
years 138 1.0     1.10 (0.64, 1.87)     0.95 (0.32, 2.85)     0.88 (0.35, 2.18)     0.78 (0.43, 1.41)     0.66 (0.24, 1.87) 0.04  

          
High vigorous physical activity, ≥ 5 MET-
h/week ¶ 

       

All prostate cancer          
     High 3107 1.0     1.10 (0.97, 1.25)     0.95 (0.73, 1.23)     1.10 (0.93, 1.31)     1.05 (0.93, 1.20)     1.00 (0.84, 1.20) 0.44 0.34 
     Low 3711 1.0     1.03 (0.93, 1.14)     1.11 (0.91, 1.36)     0.96 (0.82, 1.12)     1.05 (0.95, 1.17)     1.12 (0.95, 1.32) 0.39  
Advanced prostate cancer          
     High 220 1.0     1.39 (0.87, 2.22)     2.02 (0.90, 4.53)     0.97 (0.49, 1.95)     1.34 (0.82, 2.17)     1.62 (0.86, 3.03) 0.16 0.38 
     Low 344 1.0     0.90 (0.65, 1.25)     1.00 (0.53, 1.92)     0.85 (0.50, 1.42)     0.92 (0.65, 1.30)     0.92 (0.53, 1.61) 0.96  
Lethal prostate cancer          
     High 400 1.0     0.99 (0.69, 1.42)     1.52 (0.82, 2.81)     1.23 (0.77, 1.97)     1.10 (0.77, 1.56)     1.12 (0.69, 1.82) 0.94 0.13 
     Low 665 1.0     0.93 (0.74, 1.18)     0.82 (0.49, 1.37)     0.84 (0.58, 1.23)     0.98 (0.77, 1.26)     1.05 (0.71, 1.56) 0.64  
High grade prostate cancer          
     High 419 1.0     1.06 (0.75, 1.49)     1.11 (0.56, 2.18)     1.01 (0.62, 1.63)     1.09 (0.77, 1.54)     0.91 (0.56, 1.49) 0.74 0.41 
     Low 513 1.0     1.06 (0.81, 1.39)     0.98 (0.55, 1.73)     0.96 (0.63, 1.48)     0.94 (0.70, 1.25)     1.48 (0.98, 2.23) 0.63   

Abbreviations: BMI=body mass index; MET= metabolic equivalent off task. 
All cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; Lethal cases: distant metastases or prostate cancer specific death; High-grade cases: 
Gleason score 8-10. 
 
Full model: adjusted for current age, time period, race, family history of prostate cancer, lagged PSA testing history, lagged PSA testing in >50% of 
possible time periods, history of diabetes, current aspirin use, body mass index at age 21, current body mass index, height, smoking, vigorous physical 
activity, total calories, red meat, tomato-based foods, fish, supplemental zinc use, selenium use, vitamin E use, vitamin A use and number of overall 
supplement use. 
 
* Full model excluding family history of prostate cancer. 
† Full model excluding current body mass index. 
‡ Full model excluding smoking. 
¶ Full model excluding vigorous physical activity.  
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Supplementary Table 1.2 Multivariable hazard ratios (and 95% confidence intervals, CI) of joint association of multivitamin and 
single nutrient supplement with risk of prostate cancer in the Health Professionals Follow-up Study, 1986-2016. 
 

Risk of prostate cancer Hazard Ratio (95% CI) 
 Multivitamin use frequency 
 Never use Past use 1-5 tablets/week 6-9 tablets/week ≥10 tablets/week 

Zinc use *      
All prostate cancer      
     No  1.0     1.04 (0.96, 1.13)     0.99 (0.89, 1.11)     1.08 (0.99, 1.17)     1.08 (0.94, 1.24) 
     Yes      1.05 (0.75, 1.47)     1.24 (1.04, 1.48)     1.39 (1.14, 1.70)     1.09 (0.96, 1.24)     1.14 (0.95, 1.36) 
Advanced prostate cancer      
     No  1.0     0.96 (0.73, 1.27)     0.93 (0.63, 1.37)    1.07 (0.80, 1.43)     1.05 (0.63, 1.75) 
     Yes      0.95 (0.29, 3.11)     1.74 (0.97, 3.12)     1.88 (1.02, 3.48)     1.07 (0.67, 1.72)     1.86 (1.06, 3.26) 
Lethal prostate cancer      
     No  1.0     0.89 (0.72, 1.09)     0.99 (0.75, 1.31)     1.08 (0.87, 1.33)     1.22 (0.85, 1.75) 
     Yes      1.71 (0.88, 3.33)     1.85 (1.23, 2.79)     1.56 (0.96, 2.53)     1.32 (0.96, 1.81)     1.55 (1.02, 2.38) 
High grade prostate cancer      
     No  1.0     1.05 (0.85, 1.31)     0.97 (0.71, 1.32)     1.04 (0.83, 1.31)     1.21 (0.83, 1.75) 
     Yes      1.59 (0.69, 3.70)     1.53 (0.95, 2.45)     1.67 (0.97, 2.87)     1.27 (0.89, 1.80)     1.74 (1.10, 2.75)       
Selenium use †      
All prostate cancer      
     No  1.0     1.04 (0.96, 1.13)     0.99 (0.89, 1.10)     1.05 (0.96, 1.14)     1.05 (0.92, 1.21) 
     Yes      0.79 (0.51, 1.21)     1.06 (0.86, 1.30)     1.25 (0.99, 1.58)     1.08 (0.95, 1.24)     1.06 (0.88, 1.27) 
Advanced prostate cancer      
     No  1.0     1.00 (0.76, 1.30)     0.91 (0.63, 1.33)     1.00 (0.75, 1.33)     1.08 (0.67, 1.73) 
     Yes      0.39 (0.05, 2.84)     0.57 (0.22, 1.47)     1.38 (0.65, 2.93)     0.80 (0.48, 1.33)     1.05 (0.56, 1.95) 
Lethal prostate cancer      
     No  1.0     0.90 (0.74, 1.10)     0.95 (0.73, 1.24)     0.97 (0.79, 1.20)     1.12 (0.80, 1.56) 
     Yes      0.22 (0.03, 1.59)     0.82 (0.46, 1.46)     0.69 (0.34, 1.40)     0.84 (0.59, 1.20)     0.76 (0.47, 1.23) 
High grade prostate cancer      
     No  1.0     1.07 (0.86, 1.32)     0.95 (0.71, 1.28)     0.98 (0.79, 1.23)     1.07 (0.74, 1.54) 
     Yes      0.27 (0.04, 1.93)     0.51 (0.25, 1.04)     0.93 (0.47, 1.83)     0.84 (0.58, 1.23)     1.18 (0.73, 1.89)       
Vitamin E use ‡      
All prostate cancer      
     No  1.0     1.05 (0.96, 1.14)     0.94 (0.83, 1.07)     1.02 (0.93, 1.13)     0.92 (0.77, 1.11) 
     Yes      0.88 (0.73, 1.05)     0.97 (0.85, 1.11)     1.07 (0.93, 1.24)     1.03 (0.93, 1.14)     1.10 (0.95, 1.27) 
Advanced prostate cancer      
     No  1.0     0.92 (0.69, 1.23)     0.88 (0.57, 1.36)     0.92 (0.67, 1.28)     1.21 (0.68, 2.17) 
     Yes      0.61 (0.30, 1.24)     1.01 (0.63, 1.62)     1.03 (0.62, 1.71)     0.99 (0.68, 1.43)     1.04 (0.62, 1.75) 
Lethal prostate cancer      
     No  1.0     0.85 (0.69, 1.06)     0.78 (0.57, 1.08)     0.97 (0.76, 1.22)     0.93 (0.58, 1.50) 
     Yes      0.59 (0.36, 0.98)     0.92 (0.65, 1.29)     1.10 (0.77, 1.57)     0.89 (0.69, 1.16)     1.04 (0.72, 1.50) 
High grade prostate cancer      
     No  1.0     1.05 (0.83, 1.32)     0.76 (0.53, 1.10)     0.95 (0.73, 1.23)     1.12 (0.71, 1.75) 
     Yes      0.73 (0.44, 1.22)     0.90 (0.62, 1.30)     1.23 (0.83, 1.80)     0.95 (0.71, 1.26)     1.16 (0.78, 1.73)       
Vitamin A use ¶      
All prostate cancer      
     No  1.0     1.05 (0.97, 1.14)     1.00 (0.90, 1.12)     1.04 (0.96, 1.13)     1.02 (0.89, 1.16) 
     Yes      0.59 (0.32, 1.07)     0.83 (0.64, 1.07)     1.08 (0.83, 1.40)     0.99 (0.84, 1.15)     0.98 (0.80, 1.20) 
Advanced prostate cancer      
     No  1.0     1.00 (0.77, 1.30)     0.98 (0.68, 1.41)     0.98 (0.74, 1.31)     0.99 (0.61, 1.61) 
     Yes      0.65 (0.09, 4.75)     1.09 (0.46, 2.58)     1.29 (0.57, 2.94)     1.33 (0.80, 2.20)     1.69 (0.93, 3.06) 
Lethal prostate cancer      
     No  1.0     0.92 (0.75, 1.12)     0.92 (0.70, 1.20)     0.97 (0.79, 1.19)     1.14 (0.81, 1.59) 
     Yes      0.59 (0.14, 2.41)     0.97 (0.52, 1.78)     1.61 (0.93, 2.78)     1.27 (0.89, 1.80)     1.04 (0.64, 1.67) 
High grade prostate cancer      
     No  1.0     1.08 (0.88, 1.34)     0.99 (0.74, 1.33)     0.99 (0.79, 1.23)     1.19 (0.85, 1.69) 
     Yes      0.81 (0.20, 3.33)     0.64 (0.29, 1.41)     1.23 (0.61, 2.49)     1.18 (0.79, 1.76)     1.23 (0.73, 2.08) 

 
All cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; Lethal cases: distant metastases or prostate cancer specific death; High-
grade cases: Gleason score 8-10. 
 
Full model: adjusted for current age, time period, race, family history of prostate cancer, lagged PSA testing history, lagged PSA testing in >50% 
of possible time periods,  history of diabetes, current aspirin use, body mass index at age 21, current body mass index, height, smoking, vigorous 
physical activity, total calories, red meat, tomato-based foods, fish, supplemental zinc use, selenium use, vitamin E use, vitamin A use and 
number of overall supplement use. 
 
* Full model excluding supplemental zinc use. 
† Full model excluding supplemental selenium use. 
‡ Full model excluding supplemental vitamin E use. 
¶ Full model excluding supplemental vitamin A use. 
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Supplementary Table 1.3 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate cancer in relation to 
multivitamin use frequency stratified zinc supplement use in the Health Professionals Follow-up Study, 1986-2016. 
 

Risk of prostate cancer   Multivitamin use frequency 

   Never use Past use 1-2 tablets/week 3-5 tablets/week 6-9 tablets/week ≥10 tablets/week 

Zinc use         

All prostate cancer        

     No  
n 1243 1230 172 371 2428 286 

HR (95% CI) 1.0     1.04 (0.96, 1.13)     1.03 (0.87, 1.22)     0.96 (0.84, 1.09)     1.08 (0.99, 1.18)     1.07 (0.93, 1.24) 

     Yes  
n 38 162 23 101 472 184 

HR (95% CI) 1.0     1.15 (0.78, 1.71)     0.89 (0.50, 1.57)     1.26 (0.83, 1.90)     0.93 (0.64, 1.35)     1.05 (0.71, 1.56) 

Advanced prostate cancer        

     No  
n 131 96 20 22 173 20 

HR (95% CI) 1.0     0.97 (0.74, 1.27)     1.46 (0.87, 2.43)      0.71(0.43, 1.16)     1.05 (0.78, 1.43)     1.04 (0.62, 1.74) 

     Yes  
n 4 16 1 14 34 23 

HR (95% CI) 1.0     2.72 (0.56, 13.3)     0.47 (0.04, 6.12)     3.56 (0.68, 18.5)     1.66 (0.36, 7.70)     2.79 (0.56, 13.9) 

Lethal prostate cancer        

     No  
n 238 162 27 57 329 42 

HR (95% CI) 1.0     0.89 (0.72, 1.09)     0.98 (0.64, 1.50)     0.97 (0.70, 1.34)     1.07 (0.86, 1.34)     1.24 (0.86, 1.79) 

     Yes  
n 11 33 6 16 84 36 

HR (95% CI) 1.0     1.35 (0.55, 3.31)     1.04 (0.31, 3.49)     0.96 (0.36, 2.57)     0.78 (0.34, 1.81)     0.98 (0.40, 2.42) 

High grade prostate cancer        

     No  
n 171 178 25 44 321 41 

HR (95% CI) 1.0     1.05 (0.84, 1.30)     1.17 (0.75, 1.83)     0.89 (0.62, 1.27)     1.05 (0.83, 1.33)     1.22 (0.84, 1.77) 

     Yes  
n 7 24 1 16 65 31 

HR (95% CI) 1.0     0.95 (0.33, 2.69)     0.14 (0.02, 1.33)     1.07 (0.36, 3.15)     0.67 (0.25, 1.79)     1.03 (0.37, 2.91) 

 
All cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; Lethal cases: distant metastases or prostate cancer specific death; High-
grade cases: Gleason score 8-10. 
 
Full model: adjusted for current age, time period, race, family history of prostate cancer, lagged PSA testing history, lagged PSA testing in >50% 
of possible time periods, history of diabetes, current aspirin use, body mass index at age 21, current body mass index, height, smoking, vigorous 
physical activity, total calories, red meat, tomato-based foods, fish, selenium use, vitamin E use, vitamin A use and number of overall supplement 
use. 
 
  



 78 
 

Supplementary Table 1.4 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate cancer in relation to 
multivitamin dosage and duration for various latency periods between exposure and cancer diagnosis in the Health Professionals 
Follow-up Study. 
 

Risk of prostate cancer Hazard Ratio (95% CI)* 
 All prostate cancer Advanced prostate cancer Lethal prostate cancer High grade prostate cancer 

 Multivitamin dosage 
4-6 year lag     

    Never use 1.00 1.00 1.00 1.00 
    Past use     1.00 (0.93, 1.08)     0.94 (0.71, 1.24)     1.03 (0.84, 1.25)     1.05 (0.85, 1.29) 
    1-2 tablets/week     1.07 (0.93, 1.24)     1.19 (0.71, 2.01)     1.16 (0.79, 1.69)     1.01 (0.67, 1.52) 
    3-5 tablets/week     1.05 (0.94, 1.16)     1.02 (0.69, 1.51)     1.07 (0.80, 1.42)     0.96 (0.71, 1.30) 
    6-9 tablets/week     1.02 (0.95, 1.10)     0.97 (0.74, 1.27)     1.02 (0.84, 1.24)     0.98 (0.80, 1.20) 
    ≥10 tablets/week     1.03 (0.91, 1.15)     1.36 (0.92, 2.01)     1.10 (0.81, 1.49)     1.43 (1.07, 1.91) 
    P-trend† 0.99 0.46 0.52 0.36 

     

8-10 year lag     

    Never use 1.00 1.00 1.00 1.00 
    Past use     0.99 (0.91, 1.07)     0.95 (0.69, 1.32)     1.04 (0.83, 1.31)     1.03 (0.82, 1.28) 
    1-2 tablets/week     0.94 (0.80, 1.10)     1.26 (0.69, 2.29)     1.12 (0.71, 1.76)     0.98 (0.63, 1.52) 
    3-5 tablets/week     1.09 (0.97, 1.21)     1.06 (0.68, 1.66)     1.30 (0.96, 1.76)     1.14 (0.85, 1.53) 
    6-9 tablets/week     0.95 (0.88, 1.02)     0.89 (0.65, 1.22)     0.96 (0.77, 1.20)     1.00 (0.81, 1.23) 
    ≥10 tablets/week     1.07 (0.95, 1.21)     1.06 (0.65, 1.71)     1.29 (0.92, 1.80)     0.96 (0.68, 1.35) 
    P-trend† 0.77 0.38 0.46 0.62 

 Multivitamin duration 
4-6 year lag     

    Never use 1.00 1.00 1.00 1.00 
    Past use     1.00 (0.93, 1.08)     0.94 (0.71, 1.25)     1.03 (0.84, 1.25)     1.05 (0.85, 1.29) 
    1-4 years     1.10 (1.01, 1.21)     1.38 (1.00, 1.90)     1.12 (0.87, 1.43)     1.12 (0.87, 1.43) 
    5-9 years     1.04 (0.94, 1.14)     0.67 (0.44, 1.02)     0.90 (0.68, 1.18)     1.07 (0.82, 1.39) 
    10-14 years     0.97 (0.89, 1.06)     0.92 (0.68, 1.26)     1.07 (0.86, 1.33)     0.90 (0.70, 1.15) 
    ≥15 years     1.02 (0.94, 1.12)     1.16 (0.83, 1.62)     1.06 (0.83, 1.36)     1.05 (0.83, 1.33) 
  P-trend‡  0.23 0.96 0.43 0.32 

     

8-10 year lag     

    Never use 1.00 1.00 1.00 1.00 
    Past use     0.99 (0.92, 1.07)     0.96 (0.69, 1.34)     1.05 (0.83, 1.32)     1.03 (0.83, 1.28) 
    1-4 years     1.01 (0.91, 1.11)     0.89 (0.58, 1.37)     1.00 (0.74, 1.34)     1.03 (0.79, 1.35) 
    5-9 years     1.01 (0.91, 1.12)     0.90 (0.57, 1.40)     1.20 (0.89, 1.62)     1.11 (0.84, 1.48) 
    10-14 years     0.94 (0.86, 1.03)     0.91 (0.63, 1.32)     0.98 (0.76, 1.27)     0.90 (0.69, 1.17) 
    ≥15 years     1.00 (0.91, 1.10)     1.21 (0.82, 1.80)     1.17 (0.88, 1.55)     1.07 (0.83, 1.39) 
  P-trend‡  0.58 0.46 0.29 0.85 

 
All cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; Lethal cases: distant metastases or prostate cancer specific death; High-
grade cases: Gleason score 8-10. 
 
* adjusted for current age, time period, race, family history of prostate cancer, lagged PSA testing history, lagged PSA testing in >50% of 
possible time periods, history of diabetes, current aspirin use, body mass index at age 21, current body mass index, height, smoking, vigorous 
physical activity, total calories, red meat, tomato-based foods, fish, selenium use, vitamin E use, vitamin A use and number of overall supplement 
use. 
 
†: using median of each category (0, 2.5, 7, 12, 17). Past use of any duration as missing. 
‡: using median of each category (0, 2.5, 7, 12, 17). Past use of any duration as missing. 
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Supplementary Table 1.5 Multivariable hazard ratios (and 95% confidence intervals, CI) prostate cancer in relation to 
multivitamin use frequency and duration in the Health Professionals Follow-up Study in post-PSA era, 1994-2016. 
 

Risk of prostate cancer Hazard Ratio (95% CI) 

 Multivitamin use frequency 

 

Neve

r use 
Past use 1-2 tablets/week 3-5 tablets/week 6-9 tablets/week ≥10 tablets/week 

P-

tren

d † 

All prostate cancer, n 828 1071 142 385 2504 398  

     Full model 1.0     1.03 (0.94, 1.14)     1.00 (0.83, 1.20)     1.06 (0.93, 1.21)     1.06 (0.96, 1.16)     1.04 (0.91, 1.19) 0.49 

 
       

Advanced prostate cancer, n 58 67 12 20 140 29  

     Full model 1.0     1.02 (0.70, 1.47)     1.35 (0.69, 2.62)     0.87 (0.50, 1.52)     1.00 (0.68, 1.46)     1.22 (0.73, 2.03) 0.45 

 
       

Lethal prostate cancer, n 110 120 19 48 299 56  

     Full model 1.0     0.98 (0.75, 1.28)     1.00 (0.60, 1.66)     1.10 (0.76, 1.58)     1.06 (0.81, 1.38)     1.13 (0.78, 1.63) 0.60 

 
       

High-grade, n 111 158 13 48 341 62  

     Full model 1.0     1.10 (0.86, 1.42)     0.71 (0.39, 1.29)     1.05 (0.73, 1.51)     1.09 (0.84, 1.40)     1.30 (0.92, 1.84) 0.18 

 multivitamin use duration 

 

Neve

r use 

Past use of any 

duration 
1-4 years 5-9 years 10-14 years ≥15 years 

P-

tren

d‡ 

All prostate cancer, n 828 1071 598 666 576 1589  

     Full model 1.0     1.03 (0.94, 1.14)     1.05 (0.94, 1.18)     1.16 (1.03, 1.30)     0.99 (0.88, 1.11)     1.04 (0.94, 1.15) 0.60 

 
       

Advanced prostate cancer, n 58 67 32 37 29 103  

     Full model 1.0     1.02 (0.71, 1.48)     0.92 (0.57, 1.49)     1.19 (0.74, 1.90)     0.83 (0.51, 1.36)     1.13 (0.75, 1.69) 0.28 

 
       

Lethal prostate cancer, n 110 120 69 78 80 195  

     Full model 1.0     0.98 (0.75, 1.28)     0.93 (0.67, 1.30)     1.16 (0.84, 1.60)     1.09 (0.79, 1.50)     1.10 (0.83, 1.46) 0.33 

 
       

High-grade, n 111 158 72 89 88 215  

     Full model 1.0     1.10 (0.85, 1.42)     1.02 (0.74, 1.40)     1.20 (0.88, 1.64)     1.17 (0.86, 1.60)     1.02 (0.78, 1.35) 0.60 

 
All cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; Lethal cases: distant metastases or prostate cancer specific 
death; High-grade cases: Gleason score 8-10. 
 
Full model was adjusted for current age, time period, race, family history of prostate cancer, lagged PSA testing history, lagged 
PSA testing in >50% of possible time periods,  history of diabetes, current aspirin use, body mass index at age 21, current body 
mass index, height, smoking, vigorous physical activity, total calories, red meat, tomato-based foods, fish, supplemental zinc use, 
selenium use, vitamin E use, vitamin A use and number of overall supplement use. 
 
†: using median of each category (0, 1, 4, 7.5, 12). Past use as missing. 
‡: using median of each category (0, 2.5, 7, 12, 17). Past use of any duration as missing. 
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Supplementary Table 1.6 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate cancer in relation 

to multivitamin use frequency in the Health Professionals Follow-up Study using a complete case analysis, 1986-

2016. 

 
Risk of prostate 
cancer Hazard Ratio (95% CI) 

 

Neve
r use Past use 1-2 tablets/week 3-5 tablets/week 6-9 tablets/week ≥10 tablets/week 

P-
trend 

† 
All prostate 
cancer, n 1332 1305 173 419 2400 422  

     Model 1 1.0     1.08 (1.00, 1.17)     1.05 (0.89, 1.23)     1.04 (0.93, 1.17)     1.09 (1.02, 1.17)     1.06 (0.94, 1.18) 0.06 
     Model 2 1.0     1.07 (0.99, 1.16)     1.04 (0.88, 1.23)     1.03 (0.91, 1.16)     1.07 (0.98, 1.16)     1.03 (0.91, 1.16) 0.33         
Advanced prostate 
cancer, n 139 107 18 31 175 39  

     Model 1 1.0     1.07 (0.83, 1.39)     1.26 (0.76, 2.09)     0.93 (0.62, 1.38)     1.13 (0.89, 1.44)     1.34 (0.93, 1.94) 0.11 
     Model 2 1.0     1.06 (0.81, 1.38)     1.34 (0.79, 2.26)     0.95 (0.62, 1.46)     1.17 (0.88, 1.56)     1.26 (0.83, 1.91) 0.19         
Lethal prostate 
cancer, n 254 194 29 64 321 73  

     Model 1 1.0     1.05 (0.87, 1.27)     1.09 (0.74, 1.62)     1.06 (0.80, 1.41)     1.08 (0.90, 1.29)     1.32 (1.01, 1.73) 0.09 
     Model 2 1.0     1.02 (0.84, 1.24)     1.05 (0.70, 1.58)     1.02 (0.75, 1.38)     1.03 (0.84, 1.27)     1.18 (0.87, 1.60) 0.42         
High-grade, n 181 195 22 61 329 63  
     Model 1 1.0     1.16 (0.94, 1.43)     1.00 (0.64, 1.57)     1.16 (0.86, 1.56)     1.08 (0.89, 1.31)     1.16 (0.86, 1.55) 0.43 
     Model 2 1.0     1.14 (0.92, 1.40)     1.02 (0.64, 1.63)     1.18 (0.86, 1.62)     1.10 (0.88, 1.37)     1.20 (0.86, 1.66) 0.58 

 

All cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; Lethal cases: distant metastases or prostate cancer 
specific death; High-grade cases: Gleason score 8-10. 
 
Model1: adjusted for current age, time period, race, family history of prostate cancer, lagged PSA testing history, lagged 
PSA testing in >50% of possible time periods, history of diabetes, current aspirin use, body mass index at age 21, current 
body mass index, height, smoking, vigorous physical activity, total calories, red meat, tomato-based foods and fish. 
 
Model2: additionally adjusted for supplemental zinc use, selenium use, vitamin E use, vitamin A use and number of 
overall supplement use. 
 
†: using median value of each category (0, 1, 4, 7.5, 12). Past use as missing. 
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Supplementary Table 1.7 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate cancer in relation 

to duration of multivitamin use in the Health Professionals Follow-up Study using a complete case analysis, 1986-

2016. 
 

Risk of 
prostate 
cancer 

Hazard Ratio (95% CI) 

 

Never 
use 

Past use of any 
duration 1-4 years 5-9 years 10-14 years ≥15 years 

P-
trend 

† 
All prostate 
cancer, n 1332 1305 736 758 680 1240  

     Model 1 1.0     1.09 (1.00, 1.17)     1.07 (0.97, 1.17)     1.18 (1.08, 1.30)     1.00 (0.91, 1.10)     1.08 (0.99, 1.17) 0.34 
     Model 2 1.0     1.07 (0.98, 1.16)     1.06 (0.96, 1.17)     1.16 (1.04, 1.28)     0.99 (0.89, 1.10)     1.03 (0.94, 1.14) 0.72 

        
Advanced 
prostate 
cancer, n 

139 107 60 52 57 94  

     Model 1 1.0     1.08 (0.83, 1.40)     1.14 (0.84, 1.56)     1.16 (0.83, 1.61)     0.95 (0.69, 1.30)     1.34 (1.00, 1.78) 0.12 
     Model 2 1.0     1.07 (0.82, 1.39)     1.21 (0.85, 1.71)     1.20 (0.83, 1.73)     0.97 (0.68, 1.39)     1.30 (0.92, 1.82) 0.29 

        
Lethal 
prostate 
cancer, n 

254 194 97 106 124 160  

     Model 1 1.0     1.05 (0.87, 1.28)     0.92 (0.72, 1.17)     1.21 (0.96, 1.54)     1.12 (0.90, 1.40)     1.20 (0.96, 1.49) 0.03 
     Model 2 1.0     1.02 (0.84, 1.25)     0.90 (0.69, 1.17)     1.17 (0.90, 1.52)     1.07 (0.83, 1.37)     1.11 (0.86, 1.42) 0.18 

        
High-grade, n 181 195 95 102 100 178  
     Model 1 1.0     1.16 (0.94, 1.43)     1.08 (0.84, 1.40)     1.18 (0.92, 1.52)     1.06 (0.82, 1.36)     1.08 (0.86, 1.35) 0.92 
     Model 2 1.0     1.13 (0.92, 1.40)     1.09 (0.83, 1.44)     1.20 (0.91, 1.58)     1.10 (0.83, 1.45)     1.09 (0.84, 1.40) 0.84 

 
All cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; Lethal cases: distant metastases or prostate cancer 
specific death; High-grade cases: Gleason score 8-10. 
 
Model1: adjusted for current age, time period, race, family history of prostate cancer, lagged PSA testing history, lagged 
PSA testing in >50% of possible time periods, history of diabetes, current aspirin use, body mass index at age 21, current 
body mass index, height, smoking, vigorous physical activity, total calories, red meat, tomato-based foods and fish intake. 
 
Model2: additionally adjusted for supplemental zinc use, selenium use, vitamin E use, vitamin A use and number of 
overall supplement use. 
 
†: using median of each category (0, 2.5, 7, 12, 17). Past use of any duration as missing. 
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Supplementary Table 2.1 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate 
cancer in relation to supplemental zinc dosage and duration stratified by dietary zinc intakea in the Health 
Professionals Follow-up Study, 1986-2016. 
 

Risk of prostate 

cancer  

subtypesb 
  

Hazard Ratio (95% CI)c 

 
 Supplemental zinc dosage 

 
n 

Never 

use 
Past use 1-24 mg/d 25-74 mg/d ≥75 mg/d P for trendd   

Overall         

     Low diet zinc 1580 1.0     0.91 (0.77, 1.08)     0.95 (0.73, 1.25)     1.09 (0.87, 1.36)     1.14 (0.73, 1.77) 0.18  

     High diet zinc 5121 1.0     1.02 (0.93, 1.11)     1.04 (0.90, 1.20)     1.02 (0.90, 1.15)     1.20 (0.97, 1.50) 0.23  

 
        

Advanced         

     Low diet zinc 133 1.0     1.16 (0.65, 2.10)     0.92 (0.31, 2.75)     1.68 (0.76, 3.73)     0.97 (0.19, 4.80) 0.98  

     High diet zinc 433 1.0     1.40 (1.03, 1.89)     1.57 (0.98, 2.50)     1.24 (0.81, 1.91)     2.89 (1.61, 5.18) 0.005  

 
        

High-grade         

     Low diet zinc 202 1.0     0.78 (0.49, 1.25)     0.92 (0.42, 2.01)     0.87 (0.43, 1.74)     1.49 (0.52, 4.23) 0.39  

     High diet zinc 719 1.0     1.08 (0.85, 1.36)     1.22 (0.83, 1.80)     1.24 (0.89, 1.71)     1.93 (1.15, 3.24) 0.009  

 
        

Lethal          

     Low diet zinc 279 1.0     1.01 (0.66, 1.53)     0.81 (0.40, 1.66)     1.57 (0.94, 2.61)     1.30 (0.46, 3.69) 0.13  

     High diet zinc 774 1.0     1.08 (0.85, 1.37)     1.27 (0.89, 1.80)     1.34 (0.99, 1.80)     1.89 (1.19, 3.01) 0.005  

 
        

Aggressive          

     Low diet zinc 255 1.0     0.90 (0.60, 1.36)     0.96 (0.47, 1.93)     0.96 (0.52, 1.77)     1.48 (0.57, 3.84) 0.51  

     High diet zinc 888 1.0     1.14 (0.92, 1.41)     1.41 (1.01, 1.96)     1.29 (0.97, 1.72)     1.92 (1.20, 3.06) 0.005  

   Supplemental zinc duration 

 
n 

Never 

use 

Past use of any 

duration 
1-4 years 5-9 years 10-14 years ≥15 years 

P for 

trende 

Overall          

     Low diet zinc 1580 1.0     0.91 (0.77, 1.08)     1.05 (0.84, 1.31)     1.05 (0.77, 1.44)     1.26 (0.88, 1.79)     0.79 (0.51, 1.21) 0.95 

     High diet zinc 5121 1.0     1.02 (0.94, 1.11)     1.02 (0.90, 1.15)     1.09 (0.93, 1.29)     0.98 (0.80, 1.21)     1.14 (0.93, 1.39) 0.21 

 
        

Advanced          

     Low diet zinc 133 1.0     1.17 (0.65, 2.11)     1.12 (0.46, 2.76)     1.59 (0.55, 4.61)     2.15 (0.65, 7.20)     1.13 (0.27, 4.71) 0.85 

     High diet zinc 433 1.0     1.40 (1.03, 1.90)     1.49 (0.99, 2.24)     1.46 (0.83, 2.56)     1.42 (0.73, 2.77)     1.99 (1.03, 3.82) 0.03 

 
        

High-grade         

     Low diet zinc 202 1.0     0.77 (0.48, 1.24)     1.15 (0.60, 2.18)     0.62 (0.22, 1.76)     0.54 (0.15, 1.97)     1.16 (0.41, 3.27) 0.85 

     High diet zinc 719 1.0     1.10 (0.87, 1.39)     1.04 (0.73, 1.48)     1.72 (1.14, 2.59)     1.44 (0.86, 2.42)     1.68 (1.02, 2.77) 0.002 

 
        

Lethal          

     Low diet zinc 279 1.0     1.01 (0.67, 1.54)     1.27 (0.73, 2.21)     1.00 (0.46, 2.17)     1.34 (0.60, 2.99)     2.07 (0.88, 4.89) 0.20 

     High diet zinc 774 1.0     1.10 (0.87, 1.39)     1.29 (0.95, 1.74)     1.05 (0.68, 1.62)     2.01 (1.33, 3.04)     1.81 (1.13, 2.90) <.001 

 
        

Aggressive          

     Low diet zinc 255 1.0     0.90 (0.59, 1.36)     1.07 (0.59, 1.93)     0.79 (0.32, 1.92)     1.17 (0.45, 3.03)     1.02 (0.38, 2.73) 0.86 

     High diet zinc 888 1.0     1.15 (0.93, 1.43)     1.21 (0.90, 1.63)     1.61 (1.10, 2.34)     1.55 (0.99, 2.43)     1.77 (1.13, 2.78) <.001 

 
a Low diet zinc: dietary zinc intake <11 mg/day; High diet zinc: dietary zinc intake ≥11 mg/day. 
b Overall cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; High-grade cases: Gleason score 8-10; Lethal cases: 
distant metastases or prostate cancer specific death; Aggressive cases: stage T4 or N1 or M1 or Gleason 8-10. 
 
c Adjusted for current age, time period, race(white, African American, Asian American, other), family history of prostate cancer 
(yes, no), lagged PSA testing history (yes, no, lagged by one period to avoid counting diagnostic PSA tests), lagged PSA testing 
in >50% of possible time periods (yes, no, lagged by one period to avoid counting diagnostic PSA tests),  history of diabetes (yes, 
no), current aspirin use (yes, no), body mass index at age 21 (<20, 20-22.5, 22.5-25, ≥25 kg/m2), current body mass index (<21, 
21-25, 25-30, ≥30 kg/m2), height (<68, 68-70, 70-72, ≥72 inches), smoking (never, former/quit > 10 years ago, former/quit ≤ 10 
years ago, current), vigorous physical activity (quintiles of metabolic equivalent off task (MET)-h/week), total calories (quintiles 
of kcal/day), red meat (quintiles of servings/week), tomato-based foods (quintiles of servings/week), fish (quintiles of 
servings/week), history of prostatitis or prostatic infection (yes, no), multivitamin use (past, never, current), selenium use (past, 
never, current), vitamin A use (past, never, current), vitamin E use (past, never, current) and number of overall supplement use 
(0, 1, 2, 3, ≥4 per day). 
 
d Using mean value of each category (0, 12.5, 50, 90). Past use as missing. 
e Using median of each category (0, 2.5, 7, 12, 17). Past use as missing. 
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Supplementary Table 2.2 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate 
cancer in relation to supplemental zinc use from 2000 to 2016 in the Health Professionals Follow-up 
Study. 
 

Risk of prostate cancer  

subtypesa Hazard Ratio (95% CI) 

 Supplemental zinc dosage 
 Never use Past use 1-24 mg/d 25-74 mg/d ≥75 mg/d P for trendd   

Overall, n 2132 823 201 297 63   

     Model 1b 1.0     1.03 (0.95, 1.12)     1.06 (0.91, 1.22)     1.01 (0.89, 1.15)     1.25 (0.97, 1.62) 0.24  

     Model 2c 1.0     0.99 (0.90, 1.09)     0.99 (0.83, 1.17)     0.95 (0.82, 1.10)     1.17 (0.90, 1.53) 0.71  

 
       

Advanced, n 112 49 14 19 7   

     Model 1b 1.0     1.30 (0.92, 1.84)     1.61 (0.91, 2.86)     1.38 (0.84, 2.28)     3.03 (1.37, 6.69) 0.01  

     Model 2c 1.0     1.49 (0.99, 2.22)     1.78 (0.90, 3.51)     1.61 (0.89, 2.92)     3.71 (1.54, 8.95) 0.04  

 
       

High-grade, n 337 110 36 47 11   

     Model 1b 1.0     0.89 (0.71, 1.11)     1.22 (0.86, 1.74)     1.03 (0.75, 1.40)     1.29 (0.70, 2.38) 0.48  

     Model 2c 1.0     0.98 (0.76, 1.27)     1.36 (0.90, 2.05)     1.17 (0.81, 1.69)     1.46 (0.76, 2.80) 0.21  

 
       

Lethal, n 203 82 21 44 11   

     Model 1b 1.0     1.14 (0.87, 1.48)     1.14 (0.72, 1.80)     1.38 (0.99, 1.94)     2.21 (1.17, 4.16) 0.005  

     Model 2c 1.0     0.98 (0.71, 1.35)     1.00 (0.59, 1.69)     1.22 (0.80, 1.85)     1.98 (1.00, 3.94) 0.07  

 
       

Aggressive, n 360 124 40 49 14   

     Model 1b 1.0     0.94 (0.76, 1.16)     1.29 (0.92, 1.79)     1.00 (0.73, 1.35)     1.52 (0.89, 2.63) 0.31  

     Model 2c 1.0     1.03 (0.81, 1.32)     1.41 (0.96, 2.09)     1.12 (0.78, 1.61)     1.73 (0.97, 3.11) 0.15  

 Supplemental zinc duration 
 Never use Past use of any duration 1-4 years 5-9 years 10-14 years ≥15 years P for trende  

Overall, n 2132 823 243 137 74 107  

     Model 1b 1.0     1.03 (0.95, 1.12)     1.00 (0.87, 1.14)     1.16 (0.97, 1.38)     1.05 (0.83, 1.33)     1.05 (0.86, 1.29) 0.31 

     Model 2c 1.0     0.99 (0.90, 1.10)     0.95 (0.82, 1.11)     1.08 (0.89, 1.31)     0.98 (0.76, 1.26)     0.96 (0.77, 1.19) 0.99 

 
       

Advanced, n 112 49 16 12 4 8  

     Model 1b 1.0     1.30 (0.92, 1.85)     1.44 (0.84, 2.47)     2.40 (1.30, 4.44)     1.18 (0.43, 3.27)     1.53 (0.73, 3.22) 0.07 

     Model 2c 1.0     1.50 (1.00, 2.24)     1.60 (0.87, 2.94)     2.79 (1.35, 5.73)     1.45 (0.48, 4.36)     1.87 (0.79, 4.45) 0.28 

 
       

High-grade, n 337 110 37 26 9 22  

     Model 1b 1.0     0.89 (0.71, 1.11)     0.99 (0.70, 1.40)     1.48 (0.98, 2.22)     0.73 (0.37, 1.43)     1.35 (0.87, 2.10) 0.25 

     Model 2c 1.0     0.99 (0.77, 1.29)     1.11 (0.75, 1.63)     1.69 (1.06, 2.69)     0.85 (0.41, 1.74)     1.59 (0.95, 2.66) 0.06 

 
       

Lethal, n 203 82 23 17 16 20  

     Model 1b 1.0     1.14 (0.87, 1.49)     0.94 (0.60, 1.46)     1.53 (0.92, 2.53)     1.88 (1.11, 3.21)     1.85 (1.13, 3.00) 0.001 

     Model 2c 1.0     1.01 (0.73, 1.39)     0.88 (0.54, 1.43)     1.43 (0.80, 2.56)     1.77 (0.96, 3.27)     1.66 (0.93, 2.98) 0.01 

 
       

Aggressive, n 360 124 40 28 11 24  

     Model 1b 1.0     0.94 (0.76, 1.16)     1.01 (0.72, 1.40)     1.49 (1.01, 2.21)     0.84 (0.46, 1.55)     1.35 (0.89, 2.07) 0.16 

     Model 2c 1.0     1.04 (0.81, 1.33)     1.11 (0.77, 1.61)     1.69 (1.08, 2.65)     0.97 (0.50, 1.87)     1.59 (0.97, 2.60) 0.05 
 

 

a Overall cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; High-grade cases: Gleason score 8-10; Lethal cases: 
distant metastases or prostate cancer specific death; Aggressive cases: stage T4 or N1 or M1 or Gleason 8-10. 
 
b Model 1: adjusted for current age, time period, race (white, African American, Asian American, other), family history of 
prostate cancer (yes, no), lagged PSA testing history (yes, no, lagged by one period to avoid counting diagnostic PSA tests), 
lagged PSA testing in >50% of possible time periods (yes, no, lagged by one period to avoid counting diagnostic PSA tests),  
history of diabetes (yes, no), current aspirin use (yes, no), body mass index at age 21 (<20, 20-22.5, 22.5-25, ≥25 kg/m2), current 
body mass index (<21, 21-25, 25-30, ≥30 kg/m2), height (<68, 68-70, 70-72, ≥72 inches), smoking (never, former/quit > 10 years 
ago, former/quit ≤ 10 years ago, current), vigorous physical activity (quintiles of metabolic equivalent off task (MET)-h/week), 
total calories (quintiles of kcal/day), red meat (quintiles of servings/week), tomato-based foods (quintiles of servings/week), fish 
(quintiles of servings/week), total zinc intake without supplement (quintiles of mg/day) and history of prostatitis or prostatic 
infection (yes, no). 
 
c Model 2: additionally adjusted for multivitamin use (past, never, current), selenium use (past, never, current), vitamin A use 
(past, never, current), vitamin E use (past, never, current) and number of overall supplement use (0, 1, 2, 3, ≥4 per day). 
 
d Using mean value of each category (0, 12.5, 50, 90). Past use as missing. 
e Using median of each category (0, 2.5, 7, 12, 17). Past use of any duration as missing. 
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Supplementary Table 2.3 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate cancer in 
relation to supplemental zinc use in pre-PSA era (1986-1994) in the Health Professionals Follow-up Study. 
 

 Pre-PSA era  
Risk of prostate 

cancer subtypesa Supplemental zinc dosage  

  

Never 

use 
Past use 1-24 mg/d 25-74 mg/d ≥75 mg/d P for trendc  

Overall, n 1445 258 92 162 40   

     Full modelb 1.0     1.02 (0.87, 1.20)     1.10 (0.86, 1.40)     1.19 (0.97, 1.45)     1.47 (1.04, 2.07) 0.02  

 
       

Advanced, n 198 43 17 25 11   

     Full modelb 1.0     1.32 (0.88, 1.98)     1.54 (0.85, 2.78)     1.36 (0.80, 2.31)     2.98 (1.45, 6.12) 0.03  

 
       

High-grade, n 175 39 8 21 9   

     Full modelb 1.0     1.22 (0.80, 1.86)     0.77 (0.35, 1.71)     1.20 (0.67, 2.12)     2.43 (1.12, 5.29) 0.03  

 
       

Lethal, n 354 64 26 53 15   

     Full modelb 1.0     1.12 (0.82, 1.53)     1.30 (0.82, 2.07)     1.66 (1.15, 2.39)     2.30 (1.28, 4.13) 0.002  

 
       

Aggressive, n 275 56 20 35 11   

     Full modelb 1.0     1.29 (0.91, 1.82)     1.32 (0.77, 2.25)     1.38 (0.89, 2.16)     2.12 (1.07, 4.20) 0.03  

   
Risk of prostate 

cancer subtypesa 
Supplemental zinc duration 

 

Never 

use 

Past use of any 

duration 
1-4 years 5-9 years 10-14 years ≥15 years 

P for 

trendd 

Overall, n 1445 258 135 74 62 23  

     Full modelb 1.0 1.03 (0.88, 1.20) 1.16 (0.95, 1.42) 1.11 (0.85, 1.45) 1.42 (1.05, 1.91) 1.27 (0.81, 1.99) 0.04 

        

Advanced, n 198 43 23 11 13 6  

     Full modelb 1.0 1.33 (0.89, 2.00) 1.53 (0.91, 2.57) 1.24 (0.62, 2.49) 2.19 (1.08, 4.44) 2.74 (1.05, 7.18) 0.03 

        

High-grade, n 175 39 13 9 12 4  

     Full modelb 1.0 1.26 (0.82, 1.92) 0.88 (0.46, 1.70) 1.12 (0.52, 2.43) 2.48 (1.19, 5.17) 1.82 (0.58, 5.67) 0.01 

        

Lethal, n 354 64 46 18 23 7  

     Full modelb 1.0 1.13 (0.82, 1.54) 1.70 (1.18, 2.46) 1.07 (0.63, 1.83) 2.24 (1.33, 3.78) 1.95 (0.85, 4.49) 0.02 

        

Aggressive, n 275 56 27 14 20 5  

     Full modelb 1.0     1.31 (0.93, 1.85)     1.27 (0.80, 2.02)     1.17 (0.63, 2.15)     2.70 (1.52, 4.81)     1.66 (0.62, 4.45) 0.004 

 
a Overall cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; High-grade cases: Gleason score 8-10; Lethal cases: 
distant metastases or prostate cancer specific death; Aggressive cases: stage T4 or N1 or M1 or Gleason 8-10. 
 
b Full model: adjusted for current age, time period, race(white, African American, Asian American, other), family history of 
prostate cancer (yes, no), lagged PSA testing history (yes, no, lagged by one period to avoid counting diagnostic PSA tests), 
lagged PSA testing in >50% of possible time periods (yes, no, lagged by one period to avoid counting diagnostic PSA tests),  
history of diabetes (yes, no), current aspirin use (yes, no), body mass index at age 21 (<20, 20-22.5, 22.5-25, ≥25 kg/m2), current 
body mass index (<21, 21-25, 25-30, ≥30 kg/m2), height (<68, 68-70, 70-72, ≥72 inches), smoking (never, former/quit > 10 years 
ago, former/quit ≤ 10 years ago, current), vigorous physical activity (quintiles of metabolic equivalent off task (MET)-h/week), 
total calories (quintiles of kcal/day), red meat (quintiles of servings/week), tomato-based foods (quintiles of servings/week), fish 
(quintiles of servings/week), total zinc intake without supplement (quintiles of mg/day), history of prostatitis or prostatic 
infection (yes, no), multivitamin use (past, never, current), selenium use (past, never, current), vitamin A use (past, never, 
current), vitamin E use (past, never, current) and number of overall supplement use (0, 1, 2, 3, ≥4 per day). 
 
c Using mean value of each category (0, 12.5, 50, 90). Past use as missing. 
d Using median of each category (0, 2.5, 7, 12, 17). Past use of any duration as missing. 
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Supplementary Table 2.4 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate cancer in 
relation to supplemental zinc use in post-PSA era (1994-2016) in the Health Professionals Follow-up 
Study. 
 

 Post-PSA era  
Risk of prostate 

cancer subtypesa Supplemental zinc dosage  

  

Never 

use 
Past use 1-24 mg/d 25-74 mg/d ≥75 mg/d P for trendc  

Overall, n 3290 1091 288 463 91   

     Full modelb 1.0     0.99 (0.91, 1.08)     0.99 (0.86, 1.13)     1.00 (0.89, 1.12)     1.09 (0.87, 1.36) 0.49  

 
       

Advanced, n 194 71 17 33 10   

     Full modelb 1.0     1.28 (0.92, 1.78)     1.25 (0.70, 2.22)     1.51 (0.96, 2.39)     2.33 (1.14, 4.77) 0.03  

 
       

High-grade, n 466 136 41 62 17   

     Full modelb 1.0     0.97 (0.77, 1.22)     1.23 (0.84, 1.78)     1.16 (0.84, 1.60)     1.74 (1.03, 2.96) 0.03  

 
       

Lethal, n 378 131 35 78 17   

     Full modelb 1.0     1.08 (0.85, 1.38)     1.00 (0.67, 1.50)     1.33 (0.97, 1.81)     1.62 (0.95, 2.78) 0.02  

 
       

Aggressive, n 515 158 46 72 21   

     Full modelb 1.0     1.01 (0.82, 1.25)     1.22 (0.86, 1.73)     1.18 (0.88, 1.59)     1.85 (1.14, 3.00) 0.01  

   
Risk of prostate 

cancer subtypesa 
Supplemental zinc duration 

 

Never 

use 

Past use of any 

duration 
1-4 years 5-9 years 10-14 years ≥15 years 

P for 

trendd 

Overall, n 3290 1091 386 201 107 148  

     Full modelb 1.0     0.99 (0.91, 1.08)     0.99 (0.88, 1.11)     1.10 (0.94, 1.29)     0.90 (0.73, 1.11)     0.99 (0.82, 1.20) 0.98 

        

Advanced, n 194 71 25 16 7 12  

     Full modelb 1.0     1.29 (0.92, 1.80)     1.36 (0.84, 2.21)     1.98 (1.09, 3.58)     1.24 (0.54, 2.85)     1.65 (0.82, 3.31) 0.27 

        

High-grade, n 466 136 51 32 12 25  

     Full modelb 1.0     0.97 (0.78, 1.22)     1.13 (0.81, 1.57)     1.64 (1.09, 2.48)     0.85 (0.46, 1.58)     1.48 (0.93, 2.38) 0.06 

        

Lethal, n 378 131 46 25 26 33  

     Full modelb 1.0     1.11 (0.87, 1.42)     1.02 (0.72, 1.45)     1.22 (0.77, 1.92)     1.63 (1.02, 2.59)     1.91 (1.22, 2.99) 0.001 

        

Aggressive, n 515 158 59 35 16 29  

     Full modelb 1.0     1.02 (0.82, 1.26)     1.15 (0.85, 1.56)     1.57 (1.06, 2.32)     0.99 (0.57, 1.71)     1.51 (0.97, 2.34) 0.05 

 
a Overall cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; High-grade cases: Gleason score 8-10; Lethal cases: 
distant metastases or prostate cancer specific death; Aggressive cases: stage T4 or N1 or M1 or Gleason 8-10. 
 
b Full model: adjusted for current age, time period, race(white, African American, Asian American, other), family history of 
prostate cancer (yes, no), lagged PSA testing history (yes, no, lagged by one period to avoid counting diagnostic PSA tests), 
lagged PSA testing in >50% of possible time periods (yes, no, lagged by one period to avoid counting diagnostic PSA tests),  
history of diabetes (yes, no), current aspirin use (yes, no), body mass index at age 21 (<20, 20-22.5, 22.5-25, ≥25 kg/m2), current 
body mass index (<21, 21-25, 25-30, ≥30 kg/m2), height (<68, 68-70, 70-72, ≥72 inches), smoking (never, former/quit > 10 years 
ago, former/quit ≤ 10 years ago, current), vigorous physical activity (quintiles of metabolic equivalent off task (MET)-h/week), 
total calories (quintiles of kcal/day), red meat (quintiles of servings/week), tomato-based foods (quintiles of servings/week), fish 
(quintiles of servings/week), total zinc intake without supplement (quintiles of mg/day), history of prostatitis or prostatic 
infection (yes, no), multivitamin use (past, never, current), selenium use (past, never, current), vitamin A use (past, never, 
current), vitamin E use (past, never, current) and number of overall supplement use (0, 1, 2, 3, ≥4 per day). 
 
c Using mean value of each category (0, 12.5, 50, 90). Past use as missing. 
d Using median of each category (0, 2.5, 7, 12, 17). Past use of any duration as missing. 
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Supplementary Table 2.5 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate cancer in 
relation to supplemental zinc dosage and duration for various latency periods between exposure and cancer 
diagnosis in the Health Professionals Follow-up Study. 
 

Risk of prostate 
cancer subtypesa Hazard Ratio (95% CI)b 

 Supplemental zinc dosage 

 
Overall prostate cancer Advanced prostate 

cancer 
High-grade prostate 

cancer Lethal prostate cancer Aggressive prostate 
cancer 

2-4 year lag      
    Never use 1.00 1.00 1.00 1.00 1.00 
    Past use     0.98 (0.91, 1.06)     1.35 (1.02, 1.77)     1.08 (0.88, 1.33)     1.08 (0.88, 1.32)     1.13 (0.94, 1.36) 
    1-24 mg/d     0.98 (0.87, 1.11)     1.14 (0.74, 1.76)     1.05 (0.76, 1.47)     0.77 (0.55, 1.09)     1.09 (0.81, 1.47) 
    25-74 mg/d     0.99 (0.90, 1.10)     1.29 (0.90, 1.85)     0.95 (0.70, 1.28)     1.12 (0.87, 1.45)     1.05 (0.81, 1.36) 
    ≥75 mg/d     1.20 (1.00, 1.46)     1.77 (0.98, 3.19)     1.70 (1.07, 2.70)     1.97 (1.33, 2.91)     1.68 (1.11, 2.55) 
    P-trendc 0.21 0.07 0.13 0.002 0.04       
6-8 year lag      
    Never use 1 1 1 1 1 
    Past use     1.01 (0.93, 1.10)     1.32 (0.96, 1.81)     0.97 (0.77, 1.22)     1.14 (0.90, 1.44)     1.05 (0.85, 1.30) 
    1-24 mg/d     0.97 (0.85, 1.11)     1.08 (0.65, 1.78)     0.90 (0.62, 1.30)     1.02 (0.72, 1.45)     1.02 (0.74, 1.42) 
    25-74 mg/d     0.94 (0.85, 1.06)     1.22 (0.80, 1.86)     1.22 (0.92, 1.62)     1.19 (0.89, 1.59)     1.14 (0.87, 1.49) 
    ≥75 mg/d     1.02 (0.82, 1.26)     1.70 (0.83, 3.48)     0.74 (0.37, 1.46)     1.99 (1.27, 3.11)     0.87 (0.48, 1.58) 
    P-trendc 0.75 0.21 0.51 0.003 0.63       
10-12 year lag      
    Never use 1 1 1 1 1 
    Past use     1.00 (0.91, 1.10)     1.25 (0.85, 1.84)     0.93 (0.72, 1.20)     1.07 (0.81, 1.42)     1.01 (0.80, 1.29) 
    1-24 mg/d     1.04 (0.90, 1.21)     1.46 (0.86, 2.51)     0.77 (0.50, 1.18)     0.85 (0.55, 1.32)     1.00 (0.69, 1.45) 
    25-74 mg/d     1.01 (0.89, 1.14)     0.90 (0.51, 1.61)     1.02 (0.73, 1.43)     1.04 (0.74, 1.48)     1.04 (0.75, 1.42) 
    ≥75 mg/d     1.13 (0.90, 1.43)     1.77 (0.78, 4.02)     1.41 (0.80, 2.49)     1.86 (1.11, 3.13)     1.62 (0.97, 2.72) 
    P-trendc 0.43 0.68 0.28 0.05 0.16 
 Supplemental zinc duration 

 Overall prostate cancer Advanced prostate 
cancer 

High-grade prostate 
cancer Lethal prostate cancer Aggressive prostate 

cancer 
2-4 year lag      
    Never use 1.00 1.00 1.00 1.00 1.00 
  Past use     0.98 (0.91, 1.06)     1.34 (1.02, 1.76)     1.08 (0.87, 1.32)     1.10 (0.90, 1.35)     1.13 (0.94, 1.37) 
    1-4 years     0.99 (0.89, 1.11)     1.24 (0.86, 1.81)     0.92 (0.68, 1.25)     0.87 (0.65, 1.17)     1.00 (0.76, 1.31) 
    5-9 years     1.03 (0.90, 1.18)     1.08 (0.66, 1.77)     1.17 (0.80, 1.71)     1.03 (0.73, 1.46)     1.13 (0.80, 1.60) 
        10-14 years     1.12 (0.95, 1.33)     2.14 (1.30, 3.52)     1.09 (0.67, 1.77)     1.80 (1.26, 2.57)     1.53 (1.04, 2.25) 
    ≥15 years     0.97 (0.80, 1.17)     1.13 (0.54, 2.34)     1.53 (0.98, 2.40)     1.36 (0.85, 2.17)     1.34 (0.86, 2.08) 
  P-trendd 0.49 0.13 0.03 0.003 0.01 
6-8 year lag      
    Never use 1.00 1.00 1.00 1.00 1.00 
  Past use     1.01 (0.93, 1.10)     1.34 (0.98, 1.84)     1.00 (0.80, 1.26)     1.16 (0.92, 1.47)     1.08 (0.88, 1.34) 
    1-4 years     0.96 (0.86, 1.07)     1.38 (0.91, 2.09)     0.88 (0.64, 1.21)     1.06 (0.77, 1.45)     0.93 (0.70, 1.26) 
    5-9 years     1.00 (0.86, 1.15)     0.86 (0.45, 1.65)     1.04 (0.69, 1.58)     1.30 (0.91, 1.87)     1.06 (0.72, 1.55) 
        10-14 years     0.87 (0.71, 1.06)     2.32 (1.33, 4.05)     0.93 (0.54, 1.60)     1.60 (1.05, 2.43)     1.23 (0.78, 1.93) 
    ≥15 years     1.06 (0.85, 1.32)     1.04 (0.40, 2.68)     2.02 (1.26, 3.23)     1.42 (0.80, 2.50)     1.89 (1.20, 2.98) 
  P-trendd 0.97 0.27 0.01 0.004 0.006 
10-12 year lag      
    Never use 1.00 1.00 1.00 1.00 1.00 
  Past use     0.99 (0.90, 1.08)     1.25 (0.85, 1.84)     0.90 (0.69, 1.17)     1.06 (0.80, 1.40)     0.99 (0.78, 1.26) 
    1-4 years     1.06 (0.94, 1.20)     1.51 (0.93, 2.46)     1.02 (0.72, 1.42)     0.76 (0.50, 1.15)     1.12 (0.82, 1.53) 
    5-9 years     1.00 (0.85, 1.17)     1.23 (0.63, 2.40)     0.72 (0.43, 1.21)     1.42 (0.96, 2.11)     0.85 (0.54, 1.35) 
        10-14 years     1.10 (0.89, 1.35)     0.65 (0.23, 1.84)     1.25 (0.74, 2.10)     1.48 (0.91, 2.42)     1.30 (0.80, 2.11) 
    ≥15 years     0.97 (0.72, 1.31)     1.65 (0.57, 4.79)     1.59 (0.84, 3.01)     1.43 (0.68, 2.99)     1.61 (0.87, 2.97) 
  P-trendd 0.68 0.94 0.21 0.02 0.12 

 
a Overall cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; High-grade cases: Gleason score 8-10; Lethal cases: distant metastases 
or prostate cancer specific death; Aggressive cases: stage T4 or N1 or M1 or Gleason 8-10. 
b Adjusted for current age, time period, race(white, African American, Asian American, other), family history of prostate cancer (yes, no), lagged 
PSA testing history (yes, no, lagged by one period to avoid counting diagnostic PSA tests), lagged PSA testing in >50% of possible time periods 
(yes, no, lagged by one period to avoid counting diagnostic PSA tests),  history of diabetes (yes, no), current aspirin use (yes, no), body mass 
index at age 21 (<20, 20-22.5, 22.5-25, ≥25 kg/m2), current body mass index (<21, 21-25, 25-30, ≥30 kg/m2), height (<68, 68-70, 70-72, ≥72 
inches), smoking (never, former/quit > 10 years ago, former/quit ≤ 10 years ago, current), vigorous physical activity (quintiles of metabolic 
equivalent off task (MET)-h/week), total calories (quintiles of kcal/day), red meat (quintiles of servings/week), tomato-based foods (quintiles of 
servings/week), fish (quintiles of servings/week), total zinc intake without supplement (quintiles of mg/day), history of prostatitis or prostatic 
infection (yes, no), multivitamin use (past, never, current), selenium use (past, never, current), vitamin A use (past, never, current), vitamin E use 
(past, never, current) and number of overall supplement use (0, 1, 2, 3, ≥4 per day). 
c Using mean value of each category (0, 12.5, 50, 90). Past use as missing. 
d Using median of each category (0, 2.5, 7, 12, 17). Past use as missing. 
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Supplementary Table 2.6 Multivariable hazard ratios (and 95% confidence intervals, CI) of lethal prostate 
cancer in relation to supplemental zinc use by age of onset in the Health Professionals Follow-up Study, 
1986-2016. 
 

Risk of lethal prostate cancera Hazard Ratio (95% CI) 
 Supplemental zinc dosage 
 Never use Past use 1-24 mg/d 25-74 mg/d ≥75 mg/d P for trendd   

Early-onset <65, n 127 30 7 20 9   
     Model 1b 1.0     1.25 (0.83, 1.88)     0.88 (0.41, 1.90)     1.76 (1.08, 2.85)     3.39 (1.70, 6.79) <.0001  
     Model 2c 1.0     1.17 (0.72, 1.89)     0.69 (0.30, 1.60)     1.42 (0.79, 2.55)     2.63 (1.18, 5.85) 0.02  

        
Late-onset ≥ 65, n 545 145 52 98 20   
     Model 1b 1.0     1.12 (0.92, 1.35)     1.21 (0.91, 1.62)     1.37 (1.09, 1.71)     1.52 (0.96, 2.40) 0.002  
     Model 2c 1.0     1.04 (0.83, 1.30)     1.21 (0.87, 1.70)     1.38 (1.05, 1.82)     1.52 (0.93, 2.49) 0.01   

 Supplemental zinc duration 
 Never use Past use 1-4 years 5-9 years 10-14 years ≥15 years P for trende  

Early-onset <65, n 127 30 17 5 7 7  
     Model 1b 1.0     1.26 (0.84, 1.89)     1.57 (0.93, 2.62)     0.86 (0.35, 2.12)     2.02 (0.93, 4.39)     3.88 (1.75, 8.61) 0.002 
     Model 2c 1.0     1.19 (0.74, 1.93)     1.30 (0.72, 2.34)     0.67 (0.25, 1.79)     1.58 (0.64, 3.88)     3.02 (1.19, 7.64) 0.16         
Late-onset ≥ 65, n 545 145 70 31 39 30  
     Model 1b 1.0     1.12 (0.93, 1.36)     1.21 (0.94, 1.57)     1.03 (0.71, 1.48)     1.78 (1.27, 2.48)     1.71 (1.16, 2.52)  <.0001 
     Model 2c 1.0     1.06 (0.85, 1.32)     1.25 (0.94, 1.67)     1.08 (0.72, 1.62)     1.86 (1.25, 2.75)     1.78 (1.14, 2.79) 0.001 

 
a Lethal cases: distant metastases or prostate cancer specific death. 
 
b Model 1: adjusted for current age, time period, race(white, African American, Asian American, other), family history of 
prostate cancer (yes, no), lagged PSA testing history (yes, no, lagged by one period to avoid counting diagnostic PSA tests), 
lagged PSA testing in >50% of possible time periods (yes, no, lagged by one period to avoid counting diagnostic PSA tests),  
history of diabetes (yes, no), current aspirin use (yes, no), body mass index at age 21 (<20, 20-22.5, 22.5-25, ≥25 kg/m2), current 
body mass index (<21, 21-25, 25-30, ≥30 kg/m2), height (<68, 68-70, 70-72, ≥72 inches), smoking (never, former/quit > 10 years 
ago, former/quit ≤ 10 years ago, current), vigorous physical activity (quintiles of metabolic equivalent off task (MET)-h/week), 
total calories (quintiles of kcal/day), red meat (quintiles of servings/week), tomato-based foods (quintiles of servings/week), fish 
(quintiles of servings/week), total zinc intake without supplement (quintiles of mg/day) and history of prostatitis or prostatic 
infection (yes, no). 
 
c Model 2: additionally adjusted for multivitamin use (past, never, current), selenium use (past, never, current), vitamin A use 
(past, never, current), vitamin E use (past, never, current) and number of overall supplement use (0, 1, 2, 3, ≥4 per day). 
 
d Using median value of each category (0, 12.5, 50, 90). Past use as missing. 
e Using median of each category (0, 2.5, 7, 12, 17). Past use as missing. 
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Supplementary Table 2.7 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate 
cancer in relation to supplemental zinc dosage and duration stratified by multivitamin use in the Health 
Professionals Follow-up Study, 1986-2016. 

Risk of prostate cancer 

subtypesa Hazard Ratio (95% CI)b 

 Supplemental zinc dosage 

 
Never 

use 
Past use 1-24 mg/d 25-74 mg/d ≥75 mg/d P for trendc  

Overall prostate cancer        

     Multivitamin non-

user 
1.0     0.92 (0.80, 1.05)     1.39 (1.08, 1.77)     1.17 (0.95, 1.44)     1.10 (0.72, 1.69) 0.21  

     Multivitamin user 1.0     1.03 (0.94, 1.13)     0.93 (0.81, 1.08)     0.99 (0.88, 1.12)     1.19 (0.95, 1.48) 0.31  
        

Advanced prostate 

cancer 
       

     Multivitamin non-

user 
1.0     1.08 (0.66, 1.75)     1.48 (0.55, 3.99)     1.45 (0.69, 3.06)     3.47 (1.27, 9.46) 0.05  

     Multivitamin user 1.0     1.52 (1.09, 2.11)     1.30 (0.80, 2.12)     1.38 (0.90, 2.13)     2.18 (1.11, 4.27) 0.08  
        

High-grade        

     Multivitamin non-

user 
1.0     1.01 (0.69, 1.47)     1.04 (0.48, 2.27)     1.32 (0.74, 2.34)     3.01 (1.28, 7.11) 0.05  

     Multivitamin user 1.0     1.02 (0.79, 1.31)     1.05 (0.71, 1.55)     1.12 (0.79, 1.57)     1.51 (0.87, 2.63) 0.09  
        

Lethal prostate cancer        

     Multivitamin non-

user 
1.0     1.08 (0.76, 1.56)     1.82 (1.01, 3.26)     1.77 (1.10, 2.85)     2.44 (1.13, 5.22) 0.004  

     Multivitamin user 1.0     1.05 (0.81, 1.35)     0.93 (0.64, 1.35)     1.29 (0.95, 1.74)     1.56 (0.94, 2.60) 0.04  
        

Aggressive prostate 

cancer 
       

     Multivitamin non-

user 
1.0     0.97 (0.68, 1.37)     1.25 (0.64, 2.46)     1.44 (0.87, 2.38)     3.24 (1.51, 6.95) 0.01  

     Multivitamin user 1.0     1.14 (0.91, 1.43)     1.18 (0.84, 1.66)     1.18 (0.87, 1.60)     1.48 (0.89, 2.46) 0.11  

 Supplemental zinc duration 

 
Never 

use 

Past use of any 

duration 
1-4 years 5-9 years 10-14 years ≥15 years 

P for 

trendd 

Overall prostate cancer        

     Multivitamin non-

user 
1.0     0.91 (0.79, 1.05)     1.29 (1.05, 1.58)     1.12 (0.83, 1.52)     1.33 (0.92, 1.92)     1.04 (0.69, 1.55) 0.30 

     Multivitamin user 1.0     1.03 (0.94, 1.13)     0.95 (0.84, 1.08)     1.07 (0.90, 1.26)     0.97 (0.80, 1.19)     1.03 (0.84, 1.26) 0.79         

Advanced prostate 

cancer 
       

     Multivitamin non-

user 
1.0     1.09 (0.67, 1.77)     1.42 (0.64, 3.18)     1.71 (0.67, 4.37)     2.26 (0.71, 7.17)     2.80 (0.80, 9.77) 0.08 

     Multivitamin user 1.0     1.52 (1.09, 2.11)     1.45 (0.95, 2.23)     1.31 (0.74, 2.33)     1.32 (0.69, 2.55)     1.64 (0.83, 3.23) 0.40         

High-grade        

     Multivitamin non-

user 
1.0     1.01 (0.69, 1.47)     1.47 (0.85, 2.55)     1.32 (0.54, 3.23)     1.24 (0.42, 3.69)     1.25 (0.41, 3.80) 0.86 

     Multivitamin user 1.0     1.03 (0.80, 1.33)     0.91 (0.63, 1.31)     1.53 (1.00, 2.35)     1.09 (0.63, 1.88)     1.55 (0.95, 2.53) 0.01 
        

Lethal prostate cancer        

     Multivitamin non-

user 
1.0     1.08 (0.75, 1.55)     2.33 (1.49, 3.64)     0.86 (0.38, 1.95)     1.83 (0.85, 3.92)     1.86 (0.76, 4.57) 0.13 

     Multivitamin user 1.0     1.08 (0.84, 1.39)     1.00 (0.72, 1.39)     1.03 (0.67, 1.60)     1.68 (1.11, 2.56)     1.93 (1.21, 3.06) 0.003 
        

Aggressive prostate 

cancer 
       

     Multivitamin non-

user 
1.0     0.97 (0.68, 1.38)     1.56 (0.95, 2.57)     1.17 (0.52, 2.66)     1.77 (0.76, 4.13)     2.07 (0.85, 5.01) 0.19 

     Multivitamin user 1.0     1.15 (0.92, 1.45)     1.07 (0.78, 1.46)     1.48 (1.01, 2.19)     1.23 (0.77, 1.95)     1.41 (0.88, 2.25) 0.05 

 
a Overall cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; High-grade cases: Gleason score 8-10; Lethal cases: distant metastases or 
prostate cancer specific death; Aggressive cases: stage T4 or N1 or M1 or Gleason 8-10. 
 
b Adjusted for current age, time period, race(white, African American, Asian American, other), family history of prostate cancer (yes, no), lagged PSA 
testing history (yes, no, lagged by one period to avoid counting diagnostic PSA tests), lagged PSA testing in >50% of possible time periods (yes, no, lagged 
by one period to avoid counting diagnostic PSA tests),  history of diabetes (yes, no), current aspirin use (yes, no), body mass index at age 21 (<20, 20-22.5, 
22.5-25, ≥25 kg/m2), current body mass index (<21, 21-25, 25-30, ≥30 kg/m2), height (<68, 68-70, 70-72, ≥72 inches), smoking (never, former/quit > 10 
years ago, former/quit ≤ 10 years ago, current), vigorous physical activity (quintiles of metabolic equivalent off task (MET)-h/week), total calories 
(quintiles of kcal/day), red meat (quintiles of servings/week), tomato-based foods (quintiles of servings/week), fish (quintiles of servings/week), history of 
prostatitis or prostatic infection (yes, no), selenium use (past, never, current), vitamin A use (past, never, current), vitamin E use (past, never, current) and 
number of overall supplement use (0, 1, 2, 3, ≥4 per day). 
 
c Using mean value of each category (0, 12.5, 50, 90). Past use as missing. 
d Using median of each category (0, 2.5, 7, 12, 17). Past use as missing. 
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Supplementary Table 2.8 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate 
cancer in relation to cumulative average of supplemental zinc dose in the Health Professionals Follow-up 
Study, 1986-2016. 
 

Risk of prostate cancer 
subtypesa Hazard Ratio (95% CI) 

 
Never 

use 1-24 mg/d 25-74 mg/d ≥75 mg/d 
P for 
trendd 

Overall prostate cancer, n 4365 1709 579 48  

     Model 1b 1.0     1.03 (0.97, 1.09)     1.07 (0.98, 1.17)     1.34 (1.00, 1.79) 0.03 
     Model 2c 1.0     1.00 (0.93, 1.07)     1.05 (0.95, 1.17)     1.38 (1.02, 1.86) 0.10 

      
Advanced prostate cancer, n 358 141 56 11  

     Model 1b 1.0     1.37 (1.12, 1.68)     1.34 (1.00, 1.79)     3.04 (1.64, 5.66) <.001 
     Model 2c 1.0     1.36 (1.07, 1.74)     1.37 (0.97, 1.94)     3.27 (1.66, 6.41) 0.005 

      
High-grade, n 606 223 82 10  

     Model 1b 1.0     0.96 (0.82, 1.12)     1.06 (0.84, 1.35)     1.91 (1.00, 3.62) 0.24 
     Model 2c 1.0     1.03 (0.85, 1.25)     1.23 (0.93, 1.63)     2.40 (1.22, 4.71) 0.02 

      
Lethal prostate cancer, n 672 247 111 23  

     Model 1b 1.0     1.18 (1.02, 1.38)     1.28 (1.04, 1.57)     3.06 (1.99, 4.71) <.0001  
     Model 2c 1.0     1.11 (0.93, 1.34)     1.22 (0.95, 1.57)     2.92 (1.83, 4.67) 0.001 

      
Aggressive prostate cancer, n 745 279 105 14  

     Model 1b 1.0     1.06 (0.92, 1.22)     1.12 (0.91, 1.39)     2.00 (1.16, 3.44) 0.03 
     Model 2c 1.0     1.12 (0.95, 1.33)     1.26 (0.98, 1.61)     2.37 (1.34, 4.20) 0.006 

 
a Overall cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; High-grade cases: Gleason score 8-
10; Lethal cases: distant metastases or prostate cancer specific death; Aggressive cases: stage T4 or N1 or M1 
or Gleason 8-10. 
 
b Model 1: adjusted for current age, time period, race(white, African American, Asian American, other), family 
history of prostate cancer (yes, no), lagged PSA testing history (yes, no, lagged by one period to avoid 
counting diagnostic PSA tests), lagged PSA testing in >50% of possible time periods (yes, no, lagged by one 
period to avoid counting diagnostic PSA tests),  history of diabetes (yes, no), current aspirin use (yes, no), 
body mass index at age 21 (<20, 20-22.5, 22.5-25, ≥25 kg/m2), current body mass index (<21, 21-25, 25-30, 
≥30 kg/m2), height (<68, 68-70, 70-72, ≥72 inches), smoking (never, former/quit > 10 years ago, former/quit ≤ 
10 years ago, current), vigorous physical activity (quintiles of metabolic equivalent off task (MET)-h/week), 
total calories (quintiles of kcal/day), red meat (quintiles of servings/week), tomato-based foods (quintiles of 
servings/week), fish (quintiles of servings/week), total zinc intake without supplement (quintiles of mg/day) 
and history of prostatitis or prostatic infection (yes, no). 
 
c Model 2: additionally adjusted for multivitamin use (past, never, current), selenium use (past, never, current), 
vitamin A use (past, never, current), vitamin E use (past, never, current) and number of overall supplement use 
(0, 1, 2, 3, ≥4 per day). 
 
d Using median value of each category (0, 12.5, 50, 90).  
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Supplementary Table 2.9 Multivariable hazard ratios (and 95% confidence intervals, CI) of prostate 
cancer in relation to cumulative duration of supplemental zinc use in the Health Professionals Follow-up 
Study, 1986-2016. 
 

Risk of prostate 
cancer subtypesa Hazard Ratio (95% CI) 

 

Never 
use 

1-4 years 5-9 years 10-14 years ≥15 years 
P for 
trendd 

Overall prostate 
cancer, n 

4365 1451 443 248 194  

     Model 1b 1.0     1.03 (0.97, 1.09)     1.07 (0.97, 1.19)     1.06 (0.93, 1.20)     1.05 (0.91, 1.22) 0.157 
     Model 2c 1.0     1.00 (0.94, 1.08)     1.04 (0.93, 1.16)     1.03 (0.89, 1.18)     1.00 (0.85, 1.18) 0.730 

       

Advanced prostate 
cancer, n 

358 128 38 21 21  

     Model 1b 1.0     1.37 (1.11, 1.69)     1.39 (0.99, 1.96)     1.30 (0.83, 2.04)     1.93 (1.22, 3.06) 0.001 
     Model 2c 1.0     1.37 (1.08, 1.75)     1.41 (0.96, 2.08)     1.32 (0.80, 2.18)     2.00 (1.18, 3.41) 0.022 

       

High-grade, n 606 182 67 31 35  

     Model 1b 1.0     0.93 (0.79, 1.11)     1.17 (0.91, 1.52)     0.91 (0.63, 1.31)     1.26 (0.88, 1.79) 0.323 
     Model 2c 1.0     1.01 (0.83, 1.22)     1.34 (1.00, 1.79)     1.06 (0.71, 1.59)     1.50 (1.00, 2.24) 0.045 

       

Lethal prostate 
cancer, n 

672 217 66 57 41  

     Model 1b 1.0     1.17 (1.00, 1.37)     1.16 (0.89, 1.50)     1.61 (1.22, 2.13)     1.79 (1.28, 2.50)  <.001 
     Model 2c 1.0     1.12 (0.93, 1.35)     1.11 (0.83, 1.48)     1.54 (1.12, 2.12)     1.72 (1.17, 2.52) 0.001 

       

Aggressive prostate 
cancer, n 

745 234 78 44 42  

     Model 1b 1.0     1.04 (0.89, 1.20)     1.18 (0.93, 1.49)     1.10 (0.81, 1.50)     1.35 (0.98, 1.87) 0.040 
     Model 2c 1.0     1.10 (0.93, 1.31)     1.32 (1.01, 1.72)     1.26 (0.90, 1.78)     1.59 (1.11, 2.30) 0.007 

 
 
a Overall cases: T1a excluded; Advanced cases: stage T3b, T4, N1, or M1; High-grade cases: Gleason score 8-
10; Lethal cases: distant metastases or prostate cancer specific death; Aggressive cases: stage T4 or N1 or M1 
or Gleason 8-10. 
 
b Model 1: adjusted for current age, time period, race(white, African American, Asian American, other), family 
history of prostate cancer (yes, no), lagged PSA testing history (yes, no, lagged by one period to avoid 
counting diagnostic PSA tests), lagged PSA testing in >50% of possible time periods (yes, no, lagged by one 
period to avoid counting diagnostic PSA tests),  history of diabetes (yes, no), current aspirin use (yes, no), 
body mass index at age 21 (<20, 20-22.5, 22.5-25, ≥25 kg/m2), current body mass index (<21, 21-25, 25-30, 
≥30 kg/m2), height (<68, 68-70, 70-72, ≥72 inches), smoking (never, former/quit > 10 years ago, former/quit ≤ 
10 years ago, current), vigorous physical activity (quintiles of metabolic equivalent off task (MET)-h/week), 
total calories (quintiles of kcal/day), red meat (quintiles of servings/week), tomato-based foods (quintiles of 
servings/week), fish (quintiles of servings/week), total zinc intake without supplement (quintiles of mg/day) 
and history of prostatitis or prostatic infection (yes, no). 
 
c Model 2: additionally adjusted for multivitamin use (past, never, current), selenium use (past, never, current), 
vitamin A use (past, never, current), vitamin E use (past, never, current) and number of overall supplement use 
(0, 1, 2, 3, ≥4 per day). 
 
d Using median of each category (0, 2.5, 7, 12, 17).  
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Supplementary Table 2.10 Summary of epidemiology studies on supplemental zinc and prostate cancer. 
 

First 
Author, 

year 

Study 
design Supplemental zinc assessed forms 

Outcome 
assessed Results 

  Dosage 
(mg/day) 

Duration  
(years) 

Other   

Kristal,  
199910 

Case- 
control 

NA NA <1, 1-6, ≥7 
(Frequency 

of use, 
times/week) 

Overall 
prostate 
cancer 

≥7 times/week on overall prostate 
cancer: 
OR (95% CI): 0.55 (0.30, 1.00) 

Leitzmann, 
200324 

Cohort 1-24, 25-
74, 75-

100, ≥101 

1-4, 5-9, ≥10 NA Total, 
organ-

confined, 
advanced 

≥100 mg/day on advanced:  
RR (95% CI): 2.29 (1.06, 4.95), 
Ptrend=0.003 
 
≥10 years on advanced: 
RR (95% CI): 2.37 (1.42, 3.95), 
Ptrend < 0.001 
 

Gonzalez, 
200947 

Cohort 15, 30, 60, 
100 

1-3, 4-6, 7-9, 
10 

(Years taken, 
assessed at 
baseline) 

0.1-7.5, 
7.51-15, >15 

(10-year 
average use) 

Overall 
prostate 
cancer, 
Gleason 

2-6, 
Gleason 

7-10, 
Local, 
distant 

Null for overall, local and Gleason 
2-6 or 7-10 
 
10 years average of >15 mg/day on 
distant prostate cancer: 
HR (95% CI): 0.34 (0.13, 1.09), 
Ptrend=0.04  
 

Zhang,  
20099 

Case- 
control 

NA <1, 1-4, 5-9, 
≥10 

NA Overall 
prostate 
cancer 

≥10-year use on overall prostate 
cancer: 
OR (95% CI): 1.9 (1.0, 3.6) 
 
Not enough cases to study subtype 
 

Kristal,  
201048 

cohort <15, 15-
22, >22 

NA NA Overall 
prostate 
cancer, 
Gleason 

2-7, 
Gleason 

8-10 

Null for overall prostate cancer 
 
>22 mg/day on Gleason 2-7: 
OR (95% CI): 0.95 (0.79, 1.15) 
 
>22 mg/day on Gleason 8-10: 
OR (95% CI): 1.08 (0.62, 1.90) 
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Supplementary Figure 1.1 Value of the joint minimal strength of association that an unmeasured 
confounder needs to associate with ≥ 75 mg/day of supplement zinc use and risk of lethal prostate cancer 
to fully explain the observed HR in our study. 
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Supplementary Table 3.1 Components and scoring criteria for each dietary pattern. 
  

Dietary Pattern Components and scoring criteria 

Alternative Healthy Eating Index-

2010  

(AHEI-2010) 

Higher points assigned to higher intakes of: vegetables, fruits, whole 

grains, nuts and legumes, long chain omega-3 fatty acids, and 

polyunsaturated fatty acids; 

Higher points assigned to lower intakes of: red and processed meat, 

sugar-sweetened beverages and fruit juices, trans fat, and sodium; 

Higher points assigned to moderate intake of alcohol.  

Alternate Mediterranean Diet score  

(AMED) 

Higher points assigned to higher intakes of: vegetables, fruits, nuts, 

whole grains, legumes, fish and seafood, and ratio of monounsaturated to 

saturated fatty acids; 

Higher points assigned to lower intakes of: red and processed meat; 

Higher points assigned to moderate intake of alcohol.  

Diabetes Risk Reduction Diet score  

(DRRD) 

Higher points assigned to higher intakes of: cereal fiber, nuts, coffee, 

ratio of polyunsaturated to saturated fats; 

Higher points assigned to lower intakes of: glycemic index, trans fat, 

sugar-sweetened beverage, red and processed meats. 

Reversed Empirical dietary index for 

hyperinsulinemia  

(rEDIH) 

Positive weights assigned to green leafy vegetables, whole fruits, wine, 

high-fat dairy and coffee.  

Negative weights assigned to processed meats, red meats, poultry, other 

fish, butter, margarine, eggs, low-fat dairy, cream soups, French fries, 

tomatoes, high-energy beverages and low-energy beverages.  

Reversed Empirical dietary 

inflammation pattern  

(rEDIP) 

Positive weights assigned to green leafy vegetables, dark yellow 

vegetables, fruit juices, pizza, snacks, beer, wine, tea and coffee; 

Negative weights assigned to processed meats, red meats, organ meats, 

other fish, refined grains, tomatoes, other vegetables, high-energy 

beverages and low-energy beverages. 
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Supplementary Table 3.2 Hazard ratios and 95% confidence intervals for the association between polygenic risk 

score, dietary patterns with overall and lethal prostate cancer in the Health Professionals Follow-up Study. 

 

  Overall prostate cancer Lethal prostate cancer 
  No. of events/PY HR (95%CI)a No. of events/PY HR (95%CI)a 

PRS      

   0-25% 203/105208 1 (Ref.) 31/125081 1 (Ref.) 

   25-50% 342/103422 1.69 (1.41-2.03) 48/119703 1.56 (0.99-2.46) 

   50-75% 589/98661 2.99 (2.53-3.54) 78/112156 2.70 (1.77-4.10) 

   75-100% 994/93736 5.32 (4.54-6.25) 96/100525 3.77 (2.51-5.65) 

AHEI     

   Quintile 1 419/74835 1 (Ref.) 43/85241 1 (Ref.) 

   Quintile 2-4 1305/242923 1.02 (0.90-1.15) 156/276921 0.96 (0.67-1.37) 

   Quintile 5 404/83269 0.95 (0.81-1.11) 54/95303 0.85 (0.55-1.33) 

AMED     

   Quintile 1 394/78742 1 (Ref.) 43/90654 1 (Ref.) 

   Quintile 2-4 1289/240681 1.04 (0.92-1.18) 166/273956 1.10 (0.78-1.55) 

   Quintile 5 445/81605 1.04 (0.89-1.21) 44/92856 0.79 (0.51-1.23) 

DRRD     

   Quintile 1 430/77538 1 (Ref.) 48/87967 1 (Ref.) 

   Quintile 2-4 1307/237356 0.96 (0.85-1.08) 160/269971 0.90 (0.65-1.25) 

   Quintile 5 391/86134 0.88 (0.76-1.02) 45/99527 0.68 (0.44-1.03) 

rEDIH     

   Quintile 1 402/78133 1 (Ref.) 47/90113 1 (Ref.) 

   Quintile 2-4 1279/245515 0.92 (0.81-1.04) 158/279630 0.86 (0.62-1.19) 

   Quintile 5 447/77379 0.91 (0.78-1.06) 48/87723 0.76 (0.50-1.15) 

rEDIP     

   Quintile 1 433/75946 1 (Ref.) 54/86598 1 (Ref.) 

   Quintile 2-4 1237/244368 0.91 (0.81-1.02) 160/279211 0.84 (0.62-1.14) 

   Quintile 5 458/80714 0.95 (0.82-1.10) 39/91656 0.73 (0.48-1.10) 

Abbreviations: AHEI=Alternative Healthy Eating Index; AMED=Alternate Mediterranean Diet; CI=confidence 

interval; DRRD=Diabetes Risk Reduction Diet; HR=hazard ratio; PRS=polygenic risk score; PSA=prostate-specific 

antigen; PY=person-years; rEDIH=reversed empirical dietary index for hyperinsulinemia; rEDIP= reversed 

empirical dietary inflammatory pattern.   

 
a Inverse probability weighted Cox regression models, adjusted for age (underlying time-scale), calendar period of 

inclusion, genetic ancestry (PC1-PC3) and stratified by birth cohort. Models for dietary patterns were additionally 

adjusted for PSA test in previous cycle, history of cancer, history of diabetes, current aspirin use, current statin use, 

smoking status and vigorous physical activity. 
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Supplementary Table 3.3 Hazard ratios and 95% confidence intervals for the joint association of polygenic risk 

score and dietary patterns with overall prostate cancer among never-smokers in the Health Professionals Follow-up 

Study. 

 

PRS quartile Overall prostate cancer 

 Quintile 1 Quintile 2-4 Quintile 5 (Healthier) 

 
No. of events/PY HR (95%CI)a No. of events/PY HR (95%CI)a No. of events/PY HR (95%CI)a 

 
DRRD 

75-100% 117/11104 1 (Ref.) 339/29147 1.10 (0.87-1.40) 75/10810 0.70 (0.50-0.98) 

50-75% 79/11312 0.65 (0.47-0.89) 156/31738 0.48 (0.37-0.63) 62/10235 0.59 (0.42-0.83) 

0-50% 61/25416 0.25 (0.18-0.35) 183/65692 0.27 (0.21-0.35) 53/23632 0.24 (0.17-0.34) 

 
rEDIH 

75-100% 116/10451 1 (Ref.) 317/30396 0.84 (0.65-1.07) 98/10204 0.76 (0.55-1.04) 

50-75% 60/10435 0.51 (0.36-0.72) 176/33681 0.43 (0.33-0.57) 61/9170 0.48 (0.34-0.68) 

0-50% 63/24347 0.25 (0.18-0.36) 183/70770 0.22 (0.17-0.29) 51/19623 0.19 (0.13-0.27) 

 

Abbreviations: CI=confidence interval; DRRD=Diabetes Risk Reduction Diet; HR=hazard ratio; PRS=polygenic 

risk score; PSA=prostate-specific antigen; PY=person-years; rEDIH=reversed empirical dietary index for 

hyperinsulinemia.   

 
a Inverse probability weighted Cox regression models, adjusted for age (underlying time-scale), calendar period of 

inclusion, genetic ancestry (PC1-PC3), PSA test in previous cycle, history of cancer, history of diabetes, current 

aspirin use, current statin use, smoking status, vigorous physical activity, and stratified by birth cohort. 
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Supplementary Table 3.4. Unweighted hazard ratios and 95% confidence intervals for the joint association of 

polygenic risk score and dietary patterns with overall and lethal prostate cancer in the Health Professionals Follow-

up Study. 

 

PRS quartile Overall prostate cancera   Lethal prostate cancera 

 Quintile 1 Quintile 2-4 Quintile 5 (Healthier)  Quintile 1 Quintile 2-4 Quintile 5 (Healthier) 

 AHEI       

75-100% 1 (Ref.) 1.03 (0.87-1.22) 0.93 (0.75-1.15)  1 (Ref.) 0.79 (0.46-1.36) 0.66 (0.34-1.30) 

50-75% 0.63 (0.50-0.79) 0.57 (0.48-0.69) 0.61 (0.48-0.77)  0.89 (0.46-1.72) 0.55 (0.31-0.97) 0.62 (0.31-1.23) 

0-50% 0.25 (0.20-0.32) 0.29 (0.24-0.34) 0.27 (0.21-0.34)  0.19 (0.08-0.45) 0.36 (0.21-0.62) 0.30 (0.15-0.59) 

 AMED       

75-100% 1 (Ref.) 1.08 (0.91-1.28) 0.88 (0.71-1.09)  1 (Ref.) 1.01 (0.58-1.76) 0.58 (0.28-1.20) 

50-75% 0.58 (0.46-0.74) 0.58 (0.48-0.70) 0.69 (0.55-0.87)  0.71 (0.35-1.44) 0.76 (0.43-1.34) 0.57 (0.27-1.18) 

0-50% 0.27 (0.21-0.34) 0.27 (0.22-0.33) 0.33 (0.26-0.41)  0.33 (0.15-0.69) 0.38 (0.22-0.68) 0.35 (0.17-0.69) 

 DRRD       

75-100% 1 (Ref.) 1.12 (0.95-1.32) 0.82 (0.66-1.02)  1 (Ref.) 0.81 (0.49-1.35) 0.44 (0.22-0.91) 

50-75% 0.65 (0.52-0.82) 0.59 (0.49-0.71) 0.62 (0.49-0.79)  0.66 (0.34-1.27) 0.58 (0.34-0.98) 0.57 (0.30-1.11) 

0-50% 0.30 (0.24-0.38) 0.27 (0.23-0.33) 0.31 (0.25-0.40)  0.29 (0.14-0.58) 0.33 (0.19-0.55) 0.26 (0.13-0.50) 

 rEDIH       

75-100% 1 (Ref.) 0.91 (0.77-1.08) 0.83 (0.67-1.02)  1 (Ref.) 0.83 (0.50-1.39) 0.51 (0.25-1.03) 

50-75% 0.54 (0.42-0.68) 0.51 (0.43-0.61) 0.59 (0.47-0.75)  0.70 (0.35-1.37) 0.59 (0.35-1.00) 0.65 (0.33-1.25) 

0-50% 0.26 (0.20-0.33) 0.25 (0.21-0.30) 0.25 (0.20-0.32)  0.31 (0.15-0.62) 0.31 (0.19-0.53) 0.34 (0.18-0.64) 

 rEDIP       

75-100% 1 (Ref.) 0.88 (0.75-1.04) 0.91 (0.75-1.10)  1 (Ref.) 0.83 (0.50-1.37) 0.60 (0.30-1.19) 

50-75% 0.53 (0.42-0.67) 0.52 (0.44-0.62) 0.56 (0.45-0.71)  0.61 (0.31-1.21) 0.68 (0.41-1.13) 0.49 (0.24-1.04) 

0-50% 0.27 (0.21-0.34) 0.24 (0.20-0.29) 0.25 (0.20-0.31)   0.42 (0.22-0.78) 0.30 (0.18-0.50) 0.34 (0.17-0.67) 

 

Abbreviations: AHEI=Alternative Healthy Eating Index; AMED=Alternate Mediterranean Diet; CI=confidence 

interval; DDRR=Diabetes Risk Reduction Diet; HR=hazard ratio; PRS=polygenic risk score; PSA=prostate-specific 

antigen; rEDIH=reversed empirical dietary index for hyperinsulinemia; rEDIP= reversed empirical dietary 

inflammatory pattern.   

 
a Unweighted Cox regression models, adjusted for age (underlying time-scale), calendar period of inclusion, genetic 

ancestry (PC1-PC3),  PSA test in previous cycle, history of cancer, history of diabetes, current aspirin use, current 

statin use, smoking status, vigorous physical activity, and stratified by birth cohort. 
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Supplementary Table 3.5 Hazard ratios and 95% confidence intervals for the joint association of polygenic risk 

score and dietary patterns with overall and lethal prostate cancer in the Health Professionals Follow-up Study, 

additionally adjusted for body mass index. 

 

PRS quartile Overall prostate cancera   Lethal prostate cancera 

 Quintile 1 Quintile 2-4 Quintile 5 (Healthier)  Quintile 1 Quintile 2-4 Quintile 5 (Healthier) 

 AHEI       

75-100% 1 (Ref.) 0.97 (0.81-1.17) 0.87 (0.69-1.11)  1 (Ref.) 0.79 (0.45-1.37) 0.68 (0.34-1.35) 

50-75% 0.58 (0.45-0.74) 0.52 (0.43-0.64) 0.54 (0.41-0.70)  0.80 (0.40-1.57) 0.51 (0.28-0.91) 0.58 (0.29-1.17) 

0-50% 0.22 (0.17-0.29) 0.25 (0.21-0.31) 0.23 (0.18-0.30)  0.17 (0.07-0.38) 0.31 (0.18-0.54) 0.27 (0.13-0.53) 

 AMED       

75-100% 1 (Ref.) 1.02 (0.84-1.24) 0.83 (0.65-1.06)  1 (Ref.) 0.99 (0.57-1.73) 0.57 (0.27-1.19) 

50-75% 0.54 (0.41-0.70) 0.53 (0.43-0.65) 0.62 (0.48-0.80)  0.63 (0.31-1.29) 0.69 (0.39-1.23) 0.51 (0.24-1.08) 

0-50% 0.23 (0.18-0.31) 0.24 (0.19-0.29) 0.29 (0.22-0.37)  0.27 (0.13-0.58) 0.33 (0.18-0.58) 0.30 (0.15-0.61) 

 DDRR       

75-100% 1 (Ref.) 1.08 (0.90-1.30) 0.74 (0.58-0.95)  1 (Ref.) 0.81 (0.48-1.37) 0.44 (0.22-0.91) 

50-75% 0.62 (0.48-0.80) 0.54 (0.44-0.65) 0.56 (0.43-0.72)  0.59 (0.30-1.18) 0.53 (0.31-0.91) 0.53 (0.28-1.04) 

0-50% 0.27 (0.21-0.35) 0.24 (0.19-0.29) 0.27 (0.21-0.35)  0.24 (0.12-0.50) 0.28 (0.17-0.48) 0.23 (0.11-0.45) 

 rEDIH       

75-100% 1 (Ref.) 0.88 (0.73-1.06) 0.77 (0.61-0.97)  1 (Ref.) 0.80 (0.48-1.35) 0.49 (0.24-0.99) 

50-75% 0.52 (0.40-0.68) 0.47 (0.38-0.57) 0.54 (0.42-0.70)  0.62 (0.31-1.23) 0.52 (0.30-0.89) 0.59 (0.30-1.15) 

0-50% 0.23 (0.18-0.30) 0.22 (0.18-0.27) 0.22 (0.17-0.28)  0.26 (0.13-0.52) 0.26 (0.16-0.45) 0.28 (0.15-0.54) 

 rEDIP       

75-100% 1 (Ref.) 0.87 (0.72-1.05) 0.87 (0.69-1.08)  1 (Ref.) 0.82 (0.49-1.37) 0.60 (0.30-1.21) 

50-75% 0.52 (0.40-0.67) 0.48 (0.40-0.59) 0.53 (0.41-0.68)  0.56 (0.28-1.12) 0.62 (0.37-1.04) 0.46 (0.22-0.97) 

0-50% 0.25 (0.19-0.32) 0.22 (0.18-0.27) 0.22 (0.17-0.28)   0.36 (0.19-0.68) 0.26 (0.15-0.44) 0.29 (0.15-0.58) 

 

Abbreviations: AHEI=Alternative Healthy Eating Index; AMED=Alternate Mediterranean Diet; CI=confidence 

interval; DDRR=Diabetes Risk Reduction Diet; HR=hazard ratio; PRS=polygenic risk score; PSA=prostate-specific 

antigen; rEDIH=reversed empirical dietary index for hyperinsulinemia; rEDIP= reversed empirical dietary 

inflammatory pattern.   

 
a Inverse probability weighted Cox regression models, adjusted for age (underlying time-scale), calendar period of 

inclusion, genetic ancestry (PC1-PC3),  PSA test in previous cycle, history of cancer, history of diabetes, current 

aspirin use, current statin use, smoking status, vigorous physical activity, body mass index (<21, 21-25, 25-30, >30 

kg/m2), and stratified by birth cohort. 
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Supplementary table 3.6 Hazard ratios and 95% confidence intervals for the joint association of polygenic risk score 

and dietary patterns with overall and lethal prostate cancer by age subgroup in the Health Professionals Follow-up 

Study. 

 

PRS 

quartile  

(75-100%) 

Overall prostate cancera   Lethal prostate cancera 

 
Quintile  

1 

Quintile  

2-4 

Quintile 5 

(Healthier) 
 Quintile  

1 

Quintile  

2-4 

Quintile 5 

(Healthier) 

 DRRD 

   Age≤75 1 (Ref.) 
1.13  

(0.93-1.36) 

0.74  

(0.57-0.95) 
 1 (Ref.) 

0.81  

(0.32-2.02) 

0.29  

(0.06-1.43) 

   Age>75 1 (Ref.) 
0.93  

(0.66-1.31) 

0.73  

(0.48-1.11) 
 1 (Ref.) 

0.81  

(0.44-1.50) 

0.47  

(0.21-1.06) 
 rEDIH 

   Age≤75 1 (Ref.) 
0.82  

(0.68-0.99) 

0.74  

(0.58-0.93) 
 1 (Ref.) 

0.68  

(0.29-1.64) 

0.12  

(0.02-1.00) 

   Age>75 1 (Ref.) 
1.19  

(0.80-1.76) 

0.95  

(0.60-1.50) 
  1 (Ref.) 

0.85  

(0.45-1.61) 

0.62  

(0.28-1.38) 

 

Abbreviations: CI=confidence interval; DDRR=Diabetes Risk Reduction Diet; HR=hazard ratio; PRS=polygenic 

risk score; PSA=prostate-specific antigen; rEDIH=reversed empirical dietary index for hyperinsulinemia.   

 
a Inverse probability weighted Cox regression models, adjusted for age (underlying time-scale), calendar period of 

inclusion, genetic ancestry (PC1-PC3), PSA test in previous cycle, history of cancer, history of diabetes, current 

aspirin use, current statin use, smoking status, vigorous physical activity, and stratified by birth cohort. 
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Supplementary Table 3.7 Characteristics of overall prostate cancer cases by polygenic risk score groups in the 

Health Professionals Follow-up Study. 

 

  PRS quartile  

0-50% 50-75% 75-100% 

  (n=545) (n=589) (n=994) 

Age at study entry, median [IQR] 63 [58, 70] 63 [56, 69] 62 [56, 68] 

Age at diagnosis, n(%) 
   

<60 years 27 (5) 53 (9) 102 (10) 

60 - <70 years 183 (34) 211 (36) 395 (40) 

70+ years 335 (61) 325 (55) 497 (50) 

Gleason score, n(%) 
   

   2-6 244 (45) 256 (43) 450 (45) 

   3+4 106 (19) 139 (24) 235 (24) 

   4+3 60 (11) 70 (12) 121 (12) 

   8-10 78 (14) 87 (15) 120 (12) 

   missing 57 (11) 37 (6) 68 (7) 

Stage, n(%) 
   

   T1/T2 447 (82) 488 (83) 832 (84) 

   T3 not b 30 (6) 45 (8) 73 (7) 

   T3b/T3/N1/M1 33 (6) 25 (4) 51 (5) 

   missing 35 (6) 31 (5) 38 (4) 

PSA at diagnosis, n(%) 
   

   <4 ng/mL 84 (15) 85 (14) 93 (9) 

   4-10 ng/mL 289 (53) 343 (58) 610 (61) 

   10-20 ng/mL 85 (16) 90 (15) 152 (15) 

   >20 ng/mL 40 (7) 24 (4) 74 (7) 

   missing 47 (9) 47 (8) 65 (7) 

PSA testing history, n(%) 194 (36) 236 (40) 369 (37) 

 

Abbreviations: IQR=interquartile range; PSA=prostate-specific antigen; SD=standard deviation. 
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Supplementary Table 3.8 Hazard ratios and 95% confidence intervals for the association healthy lifestyle score with 

lethal prostate cancer stratified by polygenic risk score groups in the Health Professionals Follow-up Study.  

 

PRS 

quartile 
3-component healthy lifestyle scorea 

 Unhealthy (0) Moderate (1) Healthy (2-3) 

 

No. of 

events/PY 
HR (95%CI)b No. of 

events/PY 
HR (95%CI)b No. of 

events/PY 
HR (95%CI)b 

75-100% 15/7646 1 (Ref.) 56/48574 0.45 (0.24-0.82) 25/44305 0.23 (0.12-0.45) 

50-75% 4/10376 1 (Ref.) 49/57030 1.75 (0.63-4.86) 25/44751 1.10 (0.39-3.14) 

0-50% 9/20436 1 (Ref.) 45/120005 0.56 (0.26-1.21) 25/104343 0.36 (0.15-0.82) 

 

 

Abbreviations: CI=confidence interval; DRRD=Diabetes Risk Reduction Diet; HR=hazard ratio; PRS=polygenic 

risk score; PSA=prostate-specific antigen; PY=person-years; rEDIH=reversed empirical dietary index for 

hyperinsulinemia. 

 
a 1 point each for being not obese, having high vigorous physical activity (≥3 h/week vigorous activity and/or 

≥7/week brisk walking), and having a healthy diet (being the healthiest quintile of DRRD diet or rEDIH diet).  

 
b Inverse probability weighted Cox regression models, adjusted for age (underlying time-scale), calendar period of 

inclusion, genetic ancestry (PC1-PC3), PSA test in previous cycle, history of cancer, history of diabetes, current 

aspirin use, current statin use, smoking status, and stratified by birth cohort. 
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Supplementary Figure 3.1 Spearman correlations between dietary patterns in the Health Professionals 
Follow-up Study.  P values were <0.0001 for all correlations. AHEI=Alternative Healthy Eating Index; 
AMED=Alternate Mediterranean Diet; DRRD=Diabetes Risk Reduction Diet; rEDIH=reversed empirical 
dietary index for hyperinsulinemia; rEDIP= reversed empirical dietary inflammatory pattern.   
 


