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Abstract

Background: Prostate cancer is the most heritable cancer. There is a need to identify possible
modifiable factors for men at increased risk of prostate cancer due to genetic factors.

Objective: To examine whether men at increased genetic risk of prostate cancer can offset their
risk of disease or disease progression by adhering to a healthy lifestyle.

Design, setting, and participants: We prospectively followed 12,411 genotyped men in

the Health Professionals Follow-up Study (1993-2019) and the Physicians’ Health Study (1983-
2010). Genetic risk of prostate cancer was quantified using a polygenic risk score (PRS). A
healthy lifestyle was defined by healthy weight, vigorous physical activity, not smoking, and a
healthy diet.
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Outcome measurements and statistical analysis: Overall and lethal prostate cancer
(metastatic disease/prostate cancer-specific death), analyzed using time-to-event analyses
estimating hazard ratios (HRs) and lifetime risks.

Results and limitations: During 27 yr of follow-up, 3,005 overall prostate cancer and 435
lethal prostate cancer events were observed. The PRS enabled risk stratification not only for
overall prostate cancer, but also for lethal disease with a four-fold difference between men in the
highest and the lowest quartiles (HR, 4.32; 95% CI, 3.16-5.89). Among men in the highest PRS
quartile, adhering to a healthy lifestyle was associated with a decreased rate of lethal prostate
cancer (HR, 0.55; 95% CI, 0.36-0.86) compared with having an unhealthy lifestyle, translating
to a lifetime risk of 1.6% (95% ClI, 0.8-3.1%) among the healthy and 5.3% (95% CI, 3.6-7.8%)
among the unhealthy. Adhering to a healthy lifestyle was not associated with a decreased risk of
overall prostate cancer.

Conclusions: Our findings suggest that a genetic predisposition for prostate cancer is not
deterministic for a poor cancer outcome. Maintaining a healthy lifestyle may provide a way to
offset the genetic risk of lethal prostate cancer.

Patient summary: This study examined whether the genetic risk of prostate cancer can be
attenuated by a healthy lifestyle including a healthy weight, regular exercise, not smoking, and

a healthy diet. We observed that adherence to a healthy lifestyle reduced the risk of metastatic
disease and prostate cancer death among men at the highest genetic risk. We conclude that men at
a high genetic risk of prostate cancer may benefit from adhering to a healthy lifestyle.

Keywords
Genetic susceptibility; Healthy lifestyle; Polygenic risk score; Prostate cancer

Introduction

Prostate cancer is the most heritable cancer, with 58% of variability in prostate cancer risk
attributable to inherited genetic factors. A recent large-scale genome-wide association study
(GWAYS) identified 269 germline risk variants, which strongly predicts prostate cancer risk
when combined into a polygenic risk score (PRS).2 The lifetime risk of prostate cancer is
=>50% among men in the top PRS decile, compared with <10% among men in the bottom
decile.3 Although current PRS models do not specifically distinguish nonaggressive and
aggressive disease, previous studies have reported that close to half of aggressive prostate
cancer cases occur in men in the top quartile of the PRS.24

For men at an increased risk of prostate cancer due to unmodifiable genetic factors, there is
a need to identify possible modifiable factors, which could include a healthy lifestyle. While
no clear relationship between lifestyle factors and overall prostate cancer is established,
increasing evidence suggests that a healthy lifestyle may reduce the risk of dying from
prostate cancer.>~11 To what extent men at a high genetic risk benefit from adhering to a
healthy lifestyle is currently unknown.

Within two prospective cohort studies, we aimed to evaluate whether men at a high genetic
risk for prostate cancer, defined by a high PRS, can mitigate their risk of either overall
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or lethal prostate cancer by adhering to a healthy lifestyle. Our overarching hypothesis,
which is informed by strong data for the prevention of other diseases,12-15 is that modifiable
lifestyle factors can attenuate the effect of an increased genetic risk.

Patients and methods

Study populations—This study included men in the Health Professionals Follow-up
Study (HPFS) and the Physicians’ Health Study (PHS). HPFS is a prospective cohort

study of 51,529 US male health professionals recruited in 1986 at the age of 40-75 yr.16
Participants were mailed questionnaires biennially to collect information on lifestyle factors,
medical history and disease outcomes, with dietary information collected using validated
semiquantitative food frequency questionnaire (FFQ) every 4 yr. All HPFS participants were
invited to donate a blood sample (received from 18 159 participants between 1993 and 1999)
or a buccal cell sample (received from 13 956 participants between 2005 and 2006).

PHS was a randomized primary prevention trial of aspirin and betacarotene which began
in 1982 and enrolled 22 071 US male physicians aged 40-84 yr.17 In yearly follow-up
questionnaires, information on lifestyle factors, medical history, and disease status was
collected. Ten follow-up questionnaires included an abbreviated food list, and the 2000—
2002 questionnaire included a 61-item FFQ. Blood samples were collected for 14 916
participants at baseline (1982-1986).

We included all men in HPFS and PHS for whom genotyped data were available and who
did not have a diagnosis of prostate cancer at the date of DNA collection (HPFS, n = 10 443;
PHS, n = 1 968). As described previously,18 men have been genotyped as part of 12 nested
case-control studies, including prostate cancer.1® The vast majority of men (99% in HPFS
and 93% in PHS) selected for genotyping self-reported as White.

All participants gave written informed consent and 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.

Polygenic risk score—To calculate genetic risk, we used a multiancestry PRS model?
for prostate cancer including 269 single nucleotide polymorphisms (SNPs), of which 264
were available for analysis. We calculated the score for all men by summing the number of
risk alleles of each genetic variant multiplied by the corresponding effect estimate from the
original GWAS.2

Healthy lifestyle score—Based on information from validated questionnaires,2%-21 each
participant was assigned a healthy lifestyle score.10 The score included six components (one
point each): body mass index <30 kg/m2, high vigorous physical activity, never smoker or
having quit 10 yr ago, high intake of tomato-based products, high intake of fatty fish, and
low intake of processed meat (Supplementary Table 1). Fewer than 5% of men had missing
values in these components at enrollment, which if missing were imputed with the median
value or the most common category. The questionnaire returned closest before the date of
DNA sampling was used as the baseline questionnaire.
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Study outcomes—The outcomes of interest were overall and lethal (metastatic disease/
prostate cancer-specific death) prostate cancer. Self-reported prostate cancer diagnoses have
been confirmed through medical record and pathology report review. Metastatic disease
and vital status were ascertained from questionnaires, medical records, autopsy reports, and
searches of the National Death Index. The underlying cause of death was determined by a
physician endpoint review committee (blinded to any exposure information). Follow-up for
cancer incidence (>96%) and mortality (>99%) is near complete.

Statistical analysis—Men were followed from the date of DNA collection to the date of
prostate cancer diagnosis, death, or end of follow-up (outcome: overall prostate cancer), or
from the date of DNA collection to the date of metastatic disease, death, or end of follow-up
(outcome: lethal prostate cancer). End of follow-up for HPFS 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). End of
follow-up for PHS was January 2010 (both outcomes).

We examined the association between PRS, healthy lifestyle score, and prostate cancer
both separately and in joint analyses. Exposure groups were constructed based on a priori
defined PRS quartiles (using the distribution among all genotyped men) and the healthy
lifestyle score aggregated into three categories taking the number of events into account
(0-2: unhealthy; 3: moderate healthy; and 4-6: healthy) or its individual components. To
account for a possible bias arising from the genotype sampling design, we estimated hazard
ratios (HRs) and 95% confidence intervals (Cls) from inverse probability weighted (IPW)
Cox proportional hazard models. The IPW method aims to reconstruct the underlying cohort
when data from nested case-control studies are reanalyzed for secondary outcomes.22:23
We weighted each genotyped participant by the inverse probability of being selected for
genotyping, excluding cases of the original outcomes and prostate cancer cases who were
assigned a weight of 1. Weights were derived from logistic regression models using age at
sampling and age at the end of followup as covariates.

All Cox models were stratified by 10-yr birth cohort and adjusted for age (underlying
time-scale), calendar period of inclusion (1993, 1994, 1995-1999, and 2005-2006), genetic
ancestry (principal components 1-3), prostate-specific antigen (PSA) screening in the past
2 yr (yes/no, lagged by one questionnaire cycle to avoid counting diagnostic PSA testing

as screening), history of other cancers (yes/no), history of diabetes (yes/no), current aspirin
use (yes/no), current statin use (yes/no), and total energy intake (quintiles of kcal/d). For
PHS, adjustment was limited to age, genetic ancestry, history of other cancers, history of
diabetes, and randomization status. Time-varying models, with covariates updated at each
questionnaire cycle, were applied. Information from the prior questionnaire was carried
forward for missing values. In a sensitivity analysis, unweighted Cox models were fitted. A
fixed effects meta-analysis was used to pool estimates.

In HPFS only, we fitted case-only Cox models following men from diagnosis to lethal
disease and Cox models using only prostate cancer/non-prostate cancer death as the
outcome. We further estimated the cumulative incidence of both outcomes using the Aalen-
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Johansen estimator,2 with non-prostate cancer death treated as a competing event and with
cumulative incidence by age 85 yr referred to as lifetime risk.

All analyses were performed using R (version 3.6.1).

Among the 10 443 genotyped men in HPFS, we observed 2152 prostate cancer and 251
lethal prostate cancer events. The median follow-up time for men without an event was 22
yr (interquartile range [IQR], 12-23) and 23 yr (IQR, 14-25), respectively. Among the 1968
genotyped men in PHS, we observed 853 prostate cancer and 184 lethal prostate cancer
events. The median follow-up time for men without an event was 26 yr (IQR, 18-27) and 27
yr (IQR, 21-27), respectively.

Approximately one-third of men were in the healthy lifestyle group (Table 1). In addition to
the expected differences in lifestyle components between lifestyle groups (eg. among men in
HPFS, 67% reported vigorous physical activity in the healthy group vs. only 3.5% of men in
the unhealthy group), the groups differed in other characteristics suggested to be risk factors
for advanced prostate cancer, but these differences were less pronounced.

The PRS enabled risk stratification both for overall and lethal prostate cancer (Table 2

and Fig. 1A) with men in the top PRS quartile having a four-fold increased rate of lethal
prostate cancer (pooled HR, 4.32; 95% ClI, 3.16-5.89) compared with men in the bottom
PRS quartile. The healthy lifestyle score was associated with a decreased rate of lethal, but
not overall, prostate cancer (Table 2).

In joint analyses, men in the top PRS quartile with a healthy lifestyle had a 45% decreased
rate (pooled HR, 0.55, 95% CI, 0.36-0.86) of lethal prostate cancer compared with men in
the top PRS quartile with an unhealthy lifestyle (Table 3 and Supplementary Figs. 1 and

2). In HPFS, this difference translated to a lifetime risk of lethal disease in the top PRS
quartile of 1.6% (95% ClI, 0.8-3.1%) among men with a healthy lifestyle and 5.3% (95%
Cl, 3.6-7.8%) for those with an unhealthy lifestyle (Fig. 1B and Supplementary Table 2). A
healthy lifestyle was not associated with a reduced rate of overall prostate cancer within any
of the PRS quartiles (Table 3).

A sensitivity analysis on the unweighted cohorts showed similar results, as did the case-only
analysis adjusting for prostate cancer—specific factors and the analysis of prostate cancer
death only (Supplementary Tables 3-5). Of note, while the PRS itself was not a risk factor
for lethal disease among prostate cancer cases, the relative risk reduction associated with

a healthy lifestyle was largest among cases in the top PRS quartile (HR, 0.51; 95% ClI,
0.28-0.92). A healthy lifestyle was associated with a reduced rate of non—prostate cancer
death in all PRS quartiles (Supplementary Table 5).

In HPFS, the individual lifestyle components most strongly associated with a reduced rate of
lethal disease among men in the top PRS quartile were a healthy weight (HR, 0.45; 95% Cl,
0.27-0.76) and high vigorous physical activity (HR, 0.50; 95% CI, 0.27-0.95; Table 4). In
PHS, which was limited by a small number of events in certain categories and with slightly
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different definitions, never smoking or quitting 10 yr ago was most strongly associated with
a reduced risk of lethal disease (HR, 0.48; 95% CI, 0.22-1.04) among men in the top PRS
quartile (Supplementary Table 6).

Discussion

In this analysis based on two prospective cohort studies with nearly 3 decades of follow-up,
among men at a high genetic risk, those adhering to a healthy lifestyle had a 45% reduction
in the risk of lethal prostate cancer compared to those not adhering to a healthy lifestyle.
This translated to a clinically significant reduction in the lifetime risk of lethal disease. We
did not observe a reduction in the risk of overall prostate cancer by a healthy lifestyle across
genetic risk groups, consistent with previous research. This suggests that while the inherited
risk of prostate cancer initiation may not be modifiable through lifestyle behaviors in mid-
and late adult life, tumor promotion and progression among those at the highest genetic risk
may be.

Previous studies investigating the interplay between lifestyle and genetic factors on the risk
of prostate cancer have been limited by a small number of genetic markers and without
data on prostate cancer prognosis.2>26 oeb er a/. reported that among men at an increased
genetic risk defined based on 20 risk variants, high vegetable intake was associated with

a lower risk of prostate cancer.25 However, this association was found for nonadvanced
prostate cancer only, and it is still unclear whether high vegetable intake can influence
prostate cancer mortality in men at increased genetic risk. In a different approach, Lindstrom
et al. found no evidence of a gene-environment interaction for the risk of overall prostate
cancer.28 Despite the limited data integrating lifestyle and genetic factors, our findings are
supported by a large number of studies demonstrating that men with a healthy lifestyle have
a reduced risk of prostate cancer progression and death.”+27-30

Our analysis suggests that men at the highest genetic risk for prostate cancer benefit the
most from adhering to a healthy lifestyle. The benefits may extend to men at a lower genetic
risk, but such differences could be more difficult to detect. The PRS strongly discriminates
prostate cancer risk, and as a result, many lethal cases occurred in the highest genetic

risk group. Competing events may potentially mask a benefit when the risk of dying from
prostate cancer is low since men with an unhealthy lifestyle may die due to other diseases
before manifestation of lethal prostate cancer. Nevertheless, as shown for non—prostate
cancer mortality in this study and in numerous other studies,31:32 recommendations for a
healthy lifestyle and diet should be universal. It may, however, be a particularly sensible
approach to target lifestyle modifications to those at a high genetic risk, in particular since
knowledge about an increased risk could motivate a long-lasting behavioral change.

We used a simple, previously developed healthy lifestyle score for lethal prostate including
six lifestyle behaviors.10 Our analysis suggests that also adhering to a few of these healthy
behaviors could have benefits for men at an increased genetic risk. Of the individual
components, having a healthy weight, being physically active, and not smoking were most
strongly associated with a decreased risk of lethal disease. These factors have also been
most consistently reported as protective factors for prostate cancer progression in general.8
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Although intake of specific dietary components may influence the risk of lethal disease, an
overall healthy diet is likely important because of its influences on body weight.

Although our analysis was limited to men with available genotyped data, there was no
indication of a selection bias. The HRs for the healthy lifestyle score alone were similar to
those reported previously1? as were the estimates for the PRS.23 The over-representation of
prostate cancer cases did not affect the estimation of lifetime risk for lethal disease, which
was generally similar to the lifetime risk of prostate cancer death reported for American men
(2.4%).33 Lastly, estimates from unweighted Cox models were similar to estimates from
IPW Cox models taking the potential selection bias into account.

Our study was limited by its observational design. While randomized trials of specific diets
or supplements have been performed,343% complex lifestyle patterns cannot feasibly be
assigned randomly and maintained over the decades of follow-up needed to detect effects
on prostate cancer development and progression. The observed reductions in lethal prostate
cancer may have been caused partially by other factors that go along with the elements of
the healthy lifestyle score, or are a consequence of implementing such a lifestyle, including
more frequent PSA screening or a better diagnostic workup or treatment. Nevertheless,

our analyses included a cohort of men with good access to health care and an overall

high PSA screening intensity (over 90% of men in HPFS had a PSA test by 2008)3¢ and
the generally small differences between the lifestyle groups in measured characteristics
related to health care use were controlled for. Only relatively strong confounding could fully
explain away the observed association for lethal disease among men in the top PRS quartile
(E-value of 3.0).37:38 Qur study was further limited to White men with high socioeconomic
status and with a generally healthier lifestyle profile than the broader US population,3® and
validation studies in other populations and ethnicities are needed. Despite these limitations,
our analysis represents the largest analysis to date on the role of modifiable factors in the
genetic risk of prostate cancer, with application of a multiancestry PRS that can capture the
genetic risk of prostate cancer in diverse populations.

Conclusions

Our findings suggest that a genetic predisposition for prostate cancer is not deterministic
for a poor cancer outcome. Men with a high PRS adhering to a healthy lifestyle had

a substantially lower risk of lethal prostate cancer. While validation studies in other
populations are needed, clinical recommendations to men to maintain or adopt a healthy
lifestyle may provide a way to offset the genetic risk of lethal prostate cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Lifestyle score

—— Unhealthy (0-2)
—— Moderate (3)
—— Healthy (4-6)

Lifetime risk of overall and lethal prostate cancer in the Health Professionals Follow-up
Study: (A) the lifetime risk according to polygenic risk score (PRS) alone and (B) the
lifetime risk according to joint categories of PRS and healthy lifestyle score at study entry.

Lifetime risks were estimated using the unweighted cohort.
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Table 1.

Characteristics of genotyped men in the Health Professionals Follow-up Study and the Physicians’ Health
Study at study entry (ie, DNA collection) according to healthy lifestyle score.

HPFS (n = 10 443) PHS (n =1 968)
Healthy lifestyle score Healthy lifestyle score
Characteristics & Unhealthy (0-2) | Moderate (3) | Healthy (4-6) | Unhealthy (0-2) | Moderate (3) | Healthy (4-6)
No. of men 3129 4276 3038 367 851 750
ﬁg;)at study entry (median, 63 [56, 70] 64[56,71] | 64[57,70] | 58152, 63] 58[52,64] | 59 [54, 65]
Source of DNA, n (%)

Blood 2740 (88) 3751 (88) 2667 (88) 367 (100) 851 (100) 750 (100)

Cheek 389 (12) 525 (12) 371 (12) 0 0 0
History of diabetes, n (%) 327 (11) 300 (7.0) 147 (4.8) 5 (1.4) 15 (1.8) 14 (1.9)
Current statin use, n (%) 318 (10) 508 (12) 396 (13) - - -

Current aspirin use, n (%) 1328 (42) 1792 (42) 1338 (44) - - -
PSA test history, n (%) 1201 (38) 1823 (43) 1317 (43) - - -
Components of the healthy

lifestyle score, n (%)

BMI <30 kg/m? 2188 (70) 4065 (95) 2978 (98) 303 (83) 832 (98) 750 (100)
>1§§Xe’ smoker or quitting 1945 (62) 3967 (93) 2949 (97) 120 (33) 714 (84) 716 (96)
act'i*vii%'] vigorous physical 109 (3.5) 584 (14) 2030 (67) 4(11) 40 (4.7) 287 (38)

High tomato intake 135 (4.3) 412 (9.6) 1128 (37) 7(1.9) 28 (3.3) 130 (17)

Low processed meat intake 998 (32) 3575 (84) 2872 (95) 221 (60) 783 (92) 730 (97)

High fatty fish intake 38(1.2) 225 (5.3) 1043 (34) 7(1.9) 28 (3.3) 130 (17)

Abbreviations: BMI, body mass index; HPFS, Health Professionals Follow-up Study; IQR, interquartile range; PSA, prostate specific antigen; PHS,
Physicians’ Health Study.

a . - . . . S
Lifestyle characteristics for HPFS are from the questionnaire closest before DNA collection (median time of 1.2 yr (IQR, 0.4-1.6) before DNA
collection). For PHS, lifestyle characteristics are from the time-point of DNA collection.
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Table 2.

Hazard ratios and 95% confidence intervals for the association between polygenic risk score, healthy lifestyle
score, and overall and lethal prostate cancer in the Health Professionals Follow-up Study and the Physicians’
Health Study.

HPFS (n =10 443) PHS (n =1 968) Pooled (n =12 411)
No. of events / No. of events /
Person-years of HR (95% CI)2 Person-years of HR (95% c|)b HR (95% CI)
follow-up follow-up
Overall prostate cancer
PRS quartile
0-25% 203/107739 1 (Ref.) 90/82201 1 (Ref)) 1 (Ref))
25-50% 348/105592 1.73 (1.44-2.07) | 163/79851 1.97 (1.44-2.69) | 1.78 (1.53-2.09)
50-75% 594/100499 3.03 (2.56-3.58) | 236/76463 3.05 (2.24-4.14) | 3.03 (2.62-3.51)
75-100% 1007/95734 5.40 (4.61-6.34) | 364/53388 6.68 (4.92-9.08) | 5.65 (4.91-6.51)
Healthy lifestyle score®
0-1 (less healthy) 111/22635 1 (Ref.) 17/5989 1 (Ref.) 1 (Ref.)
2 422/84929 1.02 (0.82-1.27) | 98/43989 0.82 (0.44-1.56) | 0.99 (0.81-1.22)
3 881/168713 1.06 (0.86-1.31) | 364/116757 1.09 (0.59-2.02) | 1.06 (0.87-1.30)
4 555/95645 1.19 (0.96-1.48) | 279/95911 1.01 (0.54-1.89) | 1.17 (0.95-1.44)
5-6 (more healthy) | 183/37644 1.09 (0.84-1.40) | 95/29256 1.06 (0.55-2.05) | 1.08 (0.86-1.37)
Lethal prostate cancer
PRS quartile
0-25% 32/127734 1 (Ref) 27/96053 1 (Ref.) 1 (Ref.)
25-50% 47/122294 1.50 (0.96-2.35) | 42/90145 1.84 (1.11-3.07) | 1.64 (1.17-2.30)
50-75% 75/114213 2.53 (1.67-3.84) | 52/67488 2.68 (1.63-4.43) | 2.59 (1.88-3.57)
75-100% 97/102641 3.73 (2.50-5.56) | 63/47620 5.40 (3.29-8.85) | 4.32 (3.16-5.89)
Healthy lifestyle score®
0-1 (less healthy) 18/25161 1 (Ref.) 8/6117 1 (Ref.) 1 (Ref.)
2 55/95656 0.69 (0.40-1.18) | 27/45052 0.51 (0.21-1.26) | 0.64 (0.40-1.01)
3 112/191513 0.66 (0.40-1.10) | 71/120616 0.43 (0.18-1.01) | 0.59 (0.38-0.91)
4 53/110601 0.61 (0.35-1.05) | 59/99140 0.40 (0.17-0.93) | 0.54 (0.34-0.85)
5-6 (more healthy) | 13/43952 0.40 (0.19-0.83) | 19/30381 0.38 (0.15-0.96) | 0.39 (0.22-0.69)

Abbreviations: Cl, confidence interval; HPFS, Health Professionals Follow-up Study; HR, hazard ratio; PHS, Physicians’ Health Study; PRS,
polygenic risk score.

aHPFS: Inverse probability weighted Cox regression models, stratified by birth cohort and adjusted for age (underlying time-scale), calendar period
of inclusion, and genetic ancestry (PC1-PC3). Models for the healthy lifestyle score were additionally adjusted for lagged PSA screening history,
history of other cancers, history of diabetes, current aspirin use, current statin use, and total energy intake.

bPHS: Inverse probability weighted Cox regression models, stratified by birth cohort and adjusted for age (underlying time-scale) and genetic
ancestry (PC1-PC3). Models for the healthy lifestyle score were additionally adjusted for history of other cancers, history of diabetes, and

randomization status.

cCategorization as in the original study by Kenfield erallo
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Table 4.

Page 15

Hazard ratios and 95% confidence intervals for the joint association of polygenic risk score and the individual
components of the healthy lifestyle score with lethal prostate cancer in the Health Professionals Follow-up

Study.

PRS quartile

HPFS (n = 10 443)

No. of events / Person-years of follow-
up

HR (95% Cl)&

No. of events / Person-years of follow-
up

HR (95% CI)&

Lethal prostate

cancer

Obese Not Obese
75-100% 19/11977 1 (Ref.) 78/90664 0.45 (0.27-0.76)
50-75% 9/15501 0.45 (0.20-1.01) | 66/98712 0.34 (0.19-0.58)
25-50% 6/16248 0.28 (0.11-0.73) | 41/106046 0.20 (0.11-0.35)
0-25% 6/14720 0.28 (0.11-0.71) | 26/113014 0.12 (0.07-0.23)
Smoke: Current or quit <10 yr Smoke: Never or quit =10 yr
75-100% 12/11109 1 (Ref.) 85/91532 0.67 (0.36-1.25)
50-75% 7112743 0.47 (0.18-1.20) | 68/101470 0.49 (0.26-0.91)
25-50% 5/14600 0.33 (0.12-0.95) | 42/107694 0.29 (0.15-0.55)
0-25% 2/13267 0.14 (0.03-0.62) | 30/114467 0.20 (0.10-0.39)
Low/moderate vigorous physical activity High vigorous physical activity
75-100% 86/75793 1 (Ref.) 11/26848 0.50 (0.27-0.95)
50-75% 64/86869 0.66 (0.47-0.92) | 11/27344 0.46 (0.24-0.87)
25-50% 40/92066 0.40 (0.27-0.58) | 7/30228 0.28 (0.13-0.61)
0-25% 30/92957 0.29 (0.19-0.45) | 2/34777 0.07 (0.02-0.30)
Low/moderate tomato intake High tomato intake
75-100% 81/80960 1 (Ref.) 16/21681 0.86 (0.50-1.49)
50-75% 61/89590 0.67 (0.48-0.95) | 14/24622 0.68 (0.37-1.23)
25-50% 37/96322 0.40 (0.27-0.59) | 10/25972 0.43 (0.22-0.84)
0-25% 24/100524 0.25 (0.16-0.39) | 8/27210 0.38 (0.18-0.80)
High/moderate processed meat intake Low processed meat intake
75-100% 30/25781 1 (Ref.) 67/76860 0.84 (0.53-1.31)
50-75% 18/28695 0.52 (0.29-0.96) | 57/85517 0.64 (0.40-1.01)
25-50% 10/27586 0.29 (0.14-0.60) | 37/94708 0.40 (0.24-0.66)
0-25% 6/31619 0.17 (0.07-0.41) | 26/96115 0.27 (0.16-0.46)
Low/moderate fish intake High fatty fish intake
75-100% 84/90677 1 (Ref.) 13/11964 1.05 (0.58-1.91)
50-75% 65/100000 0.69 (0.49-0.97) | 10/14213 0.71 (0.36-1.40)
25-50% 41/106186 0.43 (0.30-0.63) | 6/16108 0.37 (0.16-0.86)
0-25% 23/108869 0.24 (0.15-0.38) | 9/18865 0.50 (0.25-1.01)

Abbreviations: Cl, confidence interval, HPFS, Health Professionals Follow-up Study; HR, hazard ratio; PRS, polygenic risk score.
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alnverse probability weighted Cox regression models, stratified by birth cohort and adjusted for age (underlying time-scale), calendar period of
inclusion, genetic ancestry (PC1-PC3), lagged PSA screening history, history of other cancers, history of diabetes, current aspirin use, current statin
use, total energy intake, and each individual component.
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