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Background: Hyperinsulinemia and inflammation are inter-related pathways that link diet with 

the risk of several chronic diseases. Evidence suggests that these pathways may also increase 

prostate cancer risk.

Objective: To determine whether hyperinsulinemic diet and inflammatory diet are associated 

with prostate cancer incidence and mortality.

Design, setting, and participants: We prospectively followed 41 209 men in the Health 

Professionals Follow-up Study (1986–2014). Scores for two validated dietary patterns were 

calculated from food frequency questionnaires at baseline and updated every 4 yr.

Outcome measurements and statistical analysis: Total, advanced, and lethal prostate 

cancer outcomes were assessed. Multivariable-adjusted hazard ratios (HRs) and 95% confidence 

intervals (CIs) were determined for associations between two empirical hypothesis-oriented 

dietary patterns—empirical dietary index for hyperinsulinemia and empirical dietary inflammatory 

pattern—and prostate cancer risk estimated using Cox proportional hazard regression.

Results and limitations: During 28 yr of follow-up, 5929 incident cases of total prostate 

cancer, including 1019 advanced and 667 fatal, were documented. In multivariable-adjusted 

models, there was a 7% higher risk of advanced prostate cancer (HR: 1.07; 95% CI: 1.01–1.15) 

and a 9% higher risk of fatal prostate cancer (HR: 1.09; 95% CI: 1.00–1.18) per standard deviation 

(SD) increase in the hyperinsulinemic diet. When stratified by age, the hyperinsulinemic diet was 

associated with only earlier-onset aggressive prostate cancer (men under 65 yr), with per SD HRs 

of 1.20 (95% CI: 1.06–1.35) for advanced, 1.22 (1.04–1.42) for fatal, and 1.20 (1.04–1.38) for 

lethal. The inflammatory diet was not associated with prostate cancer risk in the overall study 

population, but was associated with earlier-onset lethal prostate cancer (per SD increase HR: 1.16; 

95% CI: 1.00–1.35).

Conclusions: Hyperinsulinemia and inflammation may be potential mechanisms linking dietary 

patterns with the risk of aggressive prostate cancer, particularly earlier-onset disease.

Patient summary: Avoiding inflammatory and hyperinsulinemic dietary patterns may be 

beneficial for the prevention of clinically relevant prostate cancer, especially among younger men.
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1. Introduction

The considerably higher burden of prostate cancer in developed countries [1], along with 

higher incidence rates for men who move from low- to high-risk countries than for those in 

their native countries [2,3], suggests that dietary and lifestyle factors may play a role in the 

disease’s etiology. However, established risk factors are limited to older age, African 

ancestry, family history, and certain genetic factors. There remains a critical need to identify 

modifiable risk factors to help guide prevention strategies.

To date, most studies of diet and prostate cancer incidence have focused on individual 

dietary components [4]. Although there is suggestive evidence that certain food and nutrients 
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are associated with prostate cancer, such as dairy increasing risk [5] and lycopene reducing 

risk [6], many other individual dietary factors have shown null or mixed findings. 

Assessment of dietary patterns is an alternative approach, providing the advantage of better 

accounting for additive effects and complex interactions among dietary components [7]. 

Dietary patterns also allow for multiple approaches to achieve a healthy diet and have been 

increasingly used to develop dietary recommendations [8]. Another factor complicating 

studies of diet and prostate cancer is the biological heterogeneity of the disease, with 

evidence suggesting differences in the etiology of indolent and aggressive cancer.

Hyperinsulinemia and inflammation are two inter-related biological pathways that link diet 

with risk of several cancers [9], and studies have suggested that these may also increase 

prostate cancer risk [10,11]. Therefore, we investigated the association of the two empirical 

hypothesis-oriented dietary patterns based on these pathways with the risk of prostate cancer 

overall, as well as more aggressive forms of disease by clinical stage, Gleason score, and 

lethal outcomes, in a prospective cohort study of US men.

2. Patients and methods

2.1. Study population

The Health Professionals Follow-up Study (HPFS) is an ongoing cohort of 51,529 male 

health professionals aged 40–75 yr at baseline in 1986. Questionnaires were administered at 

baseline and every 2 yr thereafter to collect information on demographics, lifestyle, medical 

history, and disease outcomes. Dietary intake was assessed every 4 yr using a validated 

semiquantitative food frequency questionnaire (FFQ) [12]. Follow-up rates at each 2-yr 

cycle have exceeded 90%. The study protocol was approved by the institutional review 

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

required. Each participant provided written informed consent.

For the current study, we excluded participants who had a history of cancer (other than 

nonmelanoma skin cancer), cardiovascular disease, or diabetes at baseline, as well as those 

who left more than 70 items blank on the FFQ or reported implausible values for total 

energy intake (<800 or >4200 kcal/d). The remaining 41 209 men were included in the 

analysis.

2.2. Assessment of dietary scores

Development and validation of the empirical dietary index for hyperinsulinemia and 

empirical dietary inflammatory pattern have previously been described in detail [13,14]. 

Briefly, 39 predefined food groups were entered into reduced rank regression models 

followed by stepwise linear regression to identify a dietary pattern that was most predictive 

of plasma measures of interleukin-6, C-reactive protein, and tumor necrosis factor-α 
receptor 2 for the inflammatory diet. A similar approach was used to create the 

hyperinsulinemic diet score, with the exception of food groups being regressed onto plasma 

C-peptide. The two types of diet were significantly predictive of the biomarkers in validation 

analyses [13,14]. For example, the adjusted relative concentration of C-peptide in the highest 

versus lowest quintile of the hyperinsulinemic diet was 1.29 (95% confidence interval [CI]: 
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1.22, 1.39) for men. Both dietary scores are the weighted sum of 18 food groups (nine 

overlapping) and are moderately correlated [15]. Higher scores indicate more inflammatory 

and insulinemic diet. Food groups that comprise the two scores, including serving sizes, are 

listed in Supplementary Table 1. Dietary scores were calculated for each participant at every 

4-yr cycle from 1986 to 2010.

2.3. Ascertainment of prostate cancer

Participants reported incident diagnoses of prostate cancer on biennial questionnaires. 

Permission was obtained to acquire medical records and pathology reports for cases, which 

were reviewed by trained personnel blinded to exposure status to confirm the diagnosis, 

diagnosis date, and clinical features. When records were unavailable, diagnoses were 

confirmed by linkage to state tumor registries. Deaths were identified by reports from the 

next of kin, postal service, and National Death Index. Information on treatment, disease 

progression, and development of metastases was obtained through biennial disease-specific 

questionnaires.

Stage T1a cases were excluded from analyses. Given the disease’s considerable 

heterogeneity in metastatic potential, we included indolent and aggressive prostate cancers, 

classified into the following clinical subgroups: localized (stage T1/T2 and N0, M0 at 

diagnosis), advanced (stage T3b/T4/N1/M1 at diagnosis, or prostate cancer death or lymph 

node metastasis or distant metastasis over follow-up), fatal (prostate cancer death), lethal 

(prostate cancer death or distant metastasis), low grade (Gleason 2–6 or 3 + 4), and high 

grade (Gleason 4 + 3 or 8–10).

2.4. Statistical analysis

Person time was calculated starting from the date of return of the baseline questionnaire to 

the date of incident prostate cancer diagnosis, date of death, or end of follow-up (January 31, 

2014), whichever came first. Hyperinsulinemic and inflammatory diet scores were 

calculated as cumulative averages 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 method.

We used Cox proportional hazard regression models stratified by age and time period to 

estimate hazard ratios (HRs) and 95% CIs for the association of the two dietary scores with 

prostate cancer overall and by clinical subgroup. Dietary scores were modeled continuously, 

as per standard deviation (SD) increase. To address potential bias from reverse causation, we 

used a 2-yr lag between dietary assessment and prostate cancer incidence in the main 

analysis. For example, we used cumulative average dietary scores from 1986 to 1990 as the 

exposure for follow-up from 1992 to 1994, and cumulative average scores from 1986 to 

1994 for follow-up from 1996 to 1998. Multivariable-adjusted models were adjusted for 

race, height, body mass index (BMI) at age 21 yr, smoking status, family history of prostate 

cancer, prostate-specific antigen (PSA) test in previous cycle, PSA testing in >50% of 

previous cycles, multivitamin use, vitamin E supplement use, alcohol intake, physical 

activity, and aspirin use. In sensitivity analyses, we additionally adjusted for current BMI, a 

potential mediator in the association of the dietary patterns with prostate cancer.
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We also conducted several other secondary analyses. First, we conducted analyses stratified 

by current age (<65 vs ≥65 yr) and current BMI (<25 vs ≥25 kg/m2). We hypothesized that 

the dietary patterns would be more strongly associated with earlier-onset disease and among 

leaner men, as shown for other dietary factors such as energy balance [16]. The likelihood 

ratio test was used to assess the statistical significance of any interaction between each 

dietary score and age or BMI by comparing models with and without these terms. Second, 

we used modified versions of the two dietary scores, which excluded tomatoes. Third, we 

analyzed the effect of latency time on the association between the dietary patterns and 

prostate cancer by modeling the scores with 4-, 8-, and 12-yr latencies, using a similar lag 

approach to the primary analysis. Fourth, we addressed potential residual confounding from 

PSA testing by starting follow-up in 1994 and restricting analyses to a subcohort of men 

who reported having a PSA test in 1994, the year the US Food and Drug Administration 

approved the use of PSA testing for prostate cancer screening.

All analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). 

Statistical tests were two sided, with p < 0.05 considered statistically significant.

3. Results

During 28 yr of follow-up, we documented 5929 incident cases of total prostate cancer and 

667 cases of fatal prostate cancer. Men consuming a more hyperinsulinemic diet were less 

likely to use multivitamins and undergo PSA screening, and had lower physical activity 

levels (Table 1). Age and race were comparable across quintiles. A similar pattern with 

lifestyle and demographic factors was observed for those consuming a more inflammatory 

diet. Men in the higher quintiles for both dietary patterns also tended to have lower intake of 

fiber, calcium, and magnesium (Supplementary Table 2).

The hyperinsulinemic diet was not associated with total prostate cancer, but was associated 

with advanced and fatal prostate cancer in multivariable-adjusted analyses (Table 2). For 

each SD increase in the hyperinsulinemic diet, there was a 7% higher risk of advanced (HR: 

1.07; 95% CI: 1.01–1.15) and a 9% higher risk of fatal (HR: 1.09; 95% CI: 1.00–1.18) 

prostate cancer. Although the inflammatory diet was associated with a lower risk of total 

prostate cancer in the age-adjusted model, there were no significant associations for total 

prostate cancer or any clinical subgroup after adjusting for potential confounders, including 

PSA screening, in the overall study population. These results for both dietary scores did not 

change materially after additionally adjusting for current BMI. Associations for the two 

types of diet were similar when excluding tomatoes from the score (Supplementary Table 3).

We next examined the associations of the dietary patterns by age. In line with our 

hypothesis, both dietary patterns tended to show stronger positive associations for aggressive 

cancers among men under 65 yr of age (Fig. 1A and 1B). Each SD increase in the 

hyperinsulinemic diet was associated with a 20% higher risk of advanced prostate cancer 

(HR: 1.20; 95% CI: 1.06–1.35), 22% higher risk of fatal prostate cancer (HR: 1.22; 95% CI: 

1.04–1.42), and 20% higher risk of lethal prostate cancer (HR: 1.20; 95% CI: 1.04–1.38) 

among younger men. For the inflammatory diet, there was a statistically significant 

association for lethal prostate cancer (per SD increase HR: 1.16; 95% CI: 1.00–1.35) and a 
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suggestive association for advanced prostate cancer (per SD increase HR: 1.13; 95% CI: 

0.99–1.28). These HRs were similar when additionally adjusted for current BMI and 

incident diabetes. There were no statistically significant differences for associations between 

either of the dietary patterns and prostate cancer risk when stratifying by BMI 

(Supplementary Table 4).

In the latency analysis, associations between hyperinsulinemic diet and aggressive prostate 

cancers tended to show stronger trends for 4-yr lag than for 8- and 12-yr lag (Supplementary 

Table 5). There was no significant trend for total prostate cancer at any latency period. 

Associations between inflammatory diet and prostate cancer risk were largely similar across 

different latency periods (Supplementary Table 6). There were no significant associations 

between either dietary score and prostate cancer risk among the subcohort with PSA 

screening in 1994, possibly due in part to the reduced sample size (Supplementary Table 7).

4. Discussion

Men and their families often seek advice on the optimal diet and lifestyle patterns to engage 

in, to reduce the risk of prostate cancer. Results from this large prospective cohort study 

support the hypothesis that consuming a diet with higher insulinemic potential is associated 

with a greater risk of developing aggressive prostate cancer. Of note, these associations 

remained even after additional adjustment for BMI, and tended to be stronger for more 

recent diet and among younger men. Proinflammatory diet consumption was not associated 

with prostate cancer risk in the overall study population, but was associated with lethal 

prostate cancer among men under 65 yr.

Most studies on diet and prostate cancer have focused on individual food or nutrients, and 

have typically shown suggestive evidence or conflicting results [4]. Among the more 

extensively studied food are dairy and tomatoes/lycopene, with meta-analyses showing 

modest effects for both [5,17]. While individual food and nutrients may have relatively 

smaller influence on disease risk, overall dietary patterns can better capture the added effects 

and complex interactions between the included dietary components. Results to date from 

prospective studies of dietary patterns and prostate cancer have been mixed. The 

Mediterranean diet [18–21] and dietary patterns derived from data-driven approaches [22–

24], such as factor analysis or principal component analysis, have not been associated with 

prostate cancer incidence, while the Alternate Healthy Eating Index-2010 has been shown to 

be beneficial in some but not all studies [18,21]. However, there is evidence that 

postdiagnostic diet may influence prostate cancer–specific and overall mortality [19,25]. In 

line with these findings, the 2018 World Cancer Research Fund International/American 

Institute for Cancer Research (WCRF/AICR) Continuous Update Project lists evidence for 

all individual dietary factors and dietary patterns as limited [26].

The two types of diet used in our study include a number of food groups that are not 

typically captured in other dietary patterns, including specific vegetable categories (eg, green 

leafy vegetables), coffee, and animal-based food besides red and processed meat, such as 

eggs. Several of these have been shown to be potentially important individually in the 

context of prostate cancer, particularly for more aggressive cancers [4]. Thus, dietary 
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patterns that do not account for these food items may be missing critical aspects of diet that 

influence prostate cancer risk and could partially explain previous null findings.

To our knowledge, this is the first prospective cohort study examining dietary insulinemic 

potential and prostate cancer development and progression. Although case-control studies of 

circulating insulin or C-peptide and prostate cancer risk have had somewhat mixed results 

[27–31], a number of other lines of evidence from both epidemiologic and experimental 

studies suggest a role for hyperinsulinemia in prostate cancer. Serum insulin has been 

associated with prostate cancer recurrence [32], while the Physicians’ Health Study found 

prediagnostic C-peptide to be predictive of prostate cancer mortality [33]. Additionally, 

metabolic syndrome has been associated with a higher prostate cancer risk, especially for 

more aggressive tumor features and biochemical recurrence [34], and metformin use has 

been reported to improve survival among prostate cancer patients [35]. Diet-induced 

hyperinsulinemia has also been shown to increase tumor growth in mice injected with 

human prostate cancer cells [36,37].

Hyperinsulinemia may promote tumor progression directly through insulin receptors or 

regulation of insulin-like growth factors (IGFs) and their binding proteins (IGFBPs), which 

are involved in cell proliferation and survival. The IGF signaling pathway, especially IGF-1, 

has been associated with prostate cancer risk in a number of studies, with a pooled analysis 

of prospective studies reporting an odds ratio (OR) of 1.29 (95% CI: 1.16–1.43) for men in 

the highest versus lowest quintile [38]. Similarly, low levels of IGFBP-1 have been 

associated with an elevated risk of prostate cancer [39]. Our findings of significant 

associations between hyperinsulinemic diet and aggressive prostate cancer among men 

under 65 yr of age further support the potential role of IGF-1, as evidence suggests the 

hormone to be a stronger risk factor for prostate cancer among younger men, with a meta-

analysis reporting ORs of 1.80 (95% CI: 1.34–2.42) and 1.20 (95% CI: 1.03–1.38) per 80 

percentile IGF-1 increase for men under 60 and ≥70 yr at diagnosis, respectively [38]. IGF-1 

could be a more important factor in younger men due to higher circulating concentrations 

earlier in life.

Aspects of inflammation are closely related to hyperinsulinemia, and the potential role of 

inflammation on the IGF axis through hyperinsulinemia and insulin resistance [9] could 

contribute to the associations between inflammatory diet and aggressive prostate cancer 

among younger men in our study. A number of studies have reported associations between 

circulating inflammatory biomarkers and prostate cancer risk [40–44]. An inflammatory diet 

could also contribute to the etiology of prostate cancer through tissue-level inflammation, as 

prostatitis is particularly common among younger and middle-aged men and inflammation is 

frequently observed in prostate tumor biopsies. This is supported by epidemiologic studies 

of sexually transmitted infections and infectious agents in prostate tissue [45].

Our study has several strengths, including a high follow-up rate in a large prospective cohort 

that allowed us to utilize repeated dietary assessments and analyze clinical subtypes of 

prostate cancer. We also had detailed information on a wide range of prostate cancer risk 

variables that allowed for rigorous adjustment of important confounding factors.
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However, our study is not without limitations. First, dietary assessment by an FFQ may be 

subject to measurement error. However, previous validation studies in HPFS have shown 

reasonably good correlations between FFQs and diet records, suggesting that dietary intake 

is generally well measured. Moreover, the empirical scores are robustly associated with C-

peptide and inflammatory biomarkers in independent validation datasets. We additionally 

used multiple FFQs over follow-up to reduce within-person variation and better approximate 

habitual long-term diet. Second, although we adjusted for many potential confounding 

variables, residual confounding cannot be ruled out given the observational nature of this 

study. Third, our cohort was predominantly white male health professionals, which could 

limit generalizability of our findings. However, this may also potentially reduce residual 

confounding by socioeconomic status. Studies of these dietary patterns and prostate cancer 

risk in other populations, including other racial/ethnic groups, are warranted.

5. Conclusions

In summary, our results suggest hyperinsulinemia and inflammation to be possible 

mechanisms linking dietary patterns and risk of aggressive, but not indolent, prostate cancer. 

Avoiding dietary patterns with insulinemic or inflammatory potential may be beneficial for 

the prevention of clinically relevant prostate cancer, especially among younger men.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1 –. 
Multivariable-adjusted hazard ratios and 95% confidence intervals for the associations of 

(A) hyperinsulinemic and (B) inflammatory diet with prostate cancer risk by age subgroup. 

Dietary scores were adjusted for total energy intake using the residual method. Localized 

prostate cancer: stage T1/T2 and N0, M0 at diagnosis; advanced prostate cancer: stage 

T3b/T4/N1/M1 at diagnosis, or prostate cancer death or lymph node metastasis or distant 

metastasis over follow-up; fatal prostate cancer: prostate cancer death; lethal prostate cancer: 

prostate cancer death or distant metastasis; low-grade prostate cancer: Gleason 2–6 or 3 + 4; 

and high-grade prostate cancer: Gleason 4 + 3 or 8–10. Multivariable-adjusted models were 

stratified by age and time period, and adjusted for race, height, BMI at age 21, smoking, 

family history of prostate cancer, PSA test in previous cycle, PSA testing in >50% of 
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previous cycles, multivitamin use, vitamin E supplement use, alcohol intake, physical 

activity, and aspirin use. The p value for heterogeneity was calculated using the likelihood 

ratio test comparing the models with and without the product term between each dietary 

pattern and age. BMI = body mass index; MET = metabolic equivalent of task; PSA = 

prostate-specific antigen; SD = standard deviation.
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Table 1 –

Participant characteristics weighted by person-years in quintiles of hyperinsulinemic and inflammatory diet 

scores in the Health Professionals Follow-up Study (1986–2014)

Quintile 1 Quintile 3 Quintile 5

Empirical dietary index for hyperinsulinemia

Median score −1.18 −0.01 1.19

Age (yr) 64.9 (10.9) 64.7 (10.9) 61.2 (10.5)

White (%) 92 91 91

Height (inches) 70.1 (3.4) 70.2 (3.2) 70.3 (3.4)

Body mass index at age 21 (kg/m2) 22.1 (5.6) 22.1 (5.3) 22.2 (5.6)

Ever smoker (%) 56 52 50

Family history of prostate cancer (%) 12 12 12

PSA screening in 1994 (%) 39 37 31

Multivitamin use (%) 56 54 49

Alcohol consumption (g/d) 17.2 (18.6) 10.5 (13.9) 8.1 (13.0)

Physical activity (METs-h/wk) 36.1 (30.1) 31.8 (27.2) 29.7 (25.9)

Aspirin use (%) 44 44 41

Total energy intake (kcal/d) 2129 (631) 1903 (605) 2054 (662)

Body mass index (kg/m2) 24.7 (3.6) 25.2 (3.8) 25.8 (4.6)

Empirical dietary inflammatory pattern

Median score −1.20 0.05 1.14

Age (yr) 63.0 (10.4) 65.0 (11.0) 62.7 (11.0)

White (%) 93 91 88

Height (inches) 70.3 (3.2) 70.2 (3.5) 70.0 (3.4)

Body mass index at age 21 (kg/m2) 22.2 (5.4) 22.0 (5.3) 22.1 (5.7)

Ever smoker (%) 62 51 46

Family history of prostate cancer (%) 12 12 12

PSA screening in 1994 (%) 37 37 32

Multivitamin use (%) 57 54 48

Alcohol consumption (g/d) 21.3 (20.2) 9.7 (12.4) 6.1 (11.3)

Physical activity (METs-h/wk) 34.6 (29.1) 32.2 (27.3) 30.5 (26.4)

Aspirin use (%) 47 43 40

Total energy intake (kcal/d) 2095 (627) 1916 (608) 2055 (663)

Body mass index (kg/m2) 24.9 (3.8) 25.0 (3.8) 25.8 (4.4)

MET = metabolic equivalent of task; PSA = prostate-specific antigen; SD= standard deviation.

All variables other than age are standardized to the age distribution of all participants. Values are presented as mean (SD) for continuous variables.
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Table 2 –

Hazard ratios and 95% confidence intervals for the associations of hyperinsulinemic and inflammatory diet 

with the risk of prostate cancer in the Health Professionals Follow-up Study (1986–2014)

Per SD increase

Cases Age-adjusted Multivariable

Empirical dietary index for hyperinsulinemia

Total prostate cancer 5929 0.99 (0.96–1.01) 1.00 (0.97–1.03)

Localized prostate cancer 4115 0.96 (0.93–0.99) 0.98 (0.95–1.02)

Advanced prostate cancer 1019 1.07 (1.01–1.14) 1.07 (1.01–1.15)

Fatal prostate cancer 667 1.10 (1.02–1.19) 1.09 (1.00–1.18)

Lethal prostate cancer 811 1.07 (1.00–1.15) 1.07 (0.99–1.15)

Low-grade prostate cancer 3705 0.98 (0.94–1.01) 1.00 (0.96–1.04)

High-grade prostate cancer 1337 0.97 (0.92–1.03) 0.99 (0.93–1.05)

Empirical dietary inflammatory pattern

Total prostate cancer 5929 0.96 (0.94–0.99) 0.98 (0.95–1.01)

Localized prostate cancer 4115 0.94 (0.91–0.97) 0.97 (0.93–1.00)

Advanced prostate cancer 1019 1.02 (0.95–1.08) 1.03 (0.96–1.10)

Fatal prostate cancer 667 1.04 (0.96–1.12) 1.04 (0.95–1.13)

Lethal prostate cancer 811 1.03 (0.96–1.11) 1.04 (0.96–1.12)

Low-grade prostate cancer 3705 0.95 (0.92–0.98) 0.99 (0.95–1.02)

High-grade prostate cancer 1337 0.92 (0.87–0.97) 0.94 (0.88–1.00)

BMI = body mass index; MET = metabolic equivalent of task; PSA = prostate-specific antigen; SD = standard deviation.

Dietary scores were adjusted for total energy intake using the residual method, with higher scores indicating hyperinsulinemic and inflammatory 
diets.

Localized prostate cancer: stage T1/T2 and N0, M0 at diagnosis; advanced prostate cancer: stage T3b/T4/N1/M1 at diagnosis, or prostate cancer 
death or lymph node metastasis or distant metastasis over follow-up; fatal prostate cancer: prostate cancer death; lethal prostate cancer: prostate 
cancer death or distant metastasis; low-grade prostate cancer: Gleason 2–6 or 3 + 4; and high-grade prostate cancer: Gleason 4 + 3 or 8–10.

Age-adjusted models were stratified by age and time period. Multivariable-adjusted models were stratified by age and time period, and adjusted for 

race (white and nonwhite), height (≤68, >68–70, >70–72, and >72 inches), BMI at age 21 (≤20, 21–<23, 23–<25, and ≥25 kg/m2), smoking status 
(never, former, and current), family history of prostate cancer (yes or no), PSA test in previous cycle (yes or no), PSA testing in >50% of previous 
cycles (yes or no), multivitamin use (yes or no), vitamin E supplement use (yes or no), alcohol intake (g/d; quintiles), physical activity (METs-
h/wk; quintiles), and aspirin use (yes or no).
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