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Modifications to the existing protocol 

 
The protocol on prostate cancer was prepared in 2008.  The following modifications had been 

introduced: 

 

Review team: Ana Rita Vieira, Dagfinn Aune, Deborah Navarro, Leila Abar and Snieguole 

Vingeliene joined the team as reviewers. Ana Rita Vieira organized the writing of the SLR 

manuscript and put together the final document. Christophe Stevens join the team as database 

manager. Teresa Norat and Doris Chan had the responsibilities indicated in the protocol.  

Darren Greenwood worked as Statistical Advisor. Rosa Lau and Rui Vieira are not part of the 

team.  

 

Timeline: The current review includes articles published until 30 April 2013 and the first 

draft of the review was rescheduled for submission to the WCRF Secretariat on 5 December 

2013. 

 

Methods: Nonlinear dose response relationship was explored for selected exposures. 

Nonlinear dose response curves were plotted using restricted cubic splines for each study, 

with knots fixed at percentiles 10%, 50%, and 90% through the distribution. These were 

combined using multivariate meta-analysis. The analyses were performed in Stata 12.0. 

When the number of studies with three or more categories of exposure ï a requirement of the 

method- was low or there was no suggestion of nonlinear dose response association from the 

studies, nonlinear meta-analysis analyses were not conducted and there is no mention of 

nonlinear dose response meta-analysis for those exposures in the text. 

 

Most of the studies donôt have information of prostate cancers diagnosed through screening 

(PSA or digital examination). Some studies collected PSA use at baseline. These data are 

described for Calcium and BMI because there were a relatively high number of studies 

providing some information. 
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Notes on figures and statistics used 

 

¶ The statistical methods used are described in the protocol.  

¶ The method by Hamling et al, 2008 was used to convert risk estimates when the 

reference category was not the lowest category, as indicated in the text.  

¶ The interpretation of heterogeneity tests should be cautious when the number of 
studies is low. Visual inspection of the forest plots and funnel plots is recommended. 

¶ The I
2 
statistic describes the proportion of total variation in study estimates that is due 

to heterogeneity. Low heterogeneity might account for less than 30 per cent of the 

variability in point estimates, and high heterogeneity for substantially more than 50 

per cent. These values are tentative, because the practical impact of heterogeneity in a 

meta-analysis also depends on the size and direction of effects (Higgins and 

Thompson, 2002). 

¶ Heterogeneity test and I
2 
statistics are shown for a ñHighest vs Lowestò meta-analysis 

when this is the only type of meta-analysis conducted. 

¶ Only summary relative risks estimated with random effect models are shown.  

¶ Highest vs. lowest forest plots show the relative risk estimate for the highest vs the 
reference category used in each study. The comparisons used in each study are shown 

in the corresponding Figure.  The overall summary estimate was not calculated 

(except for physical activity domains).  

¶ The dose-response forest plots show the relative risk estimates for each study, 
expressed per unit of increase. The relative risk is denoted by a box (larger boxes 

indicate that the study has higher precision, and greater weight). Horizontal lines 

denote 95% confidence intervals (CIs). Arrowheads indicate truncations. The 

diamond at the bottom shows the summary relative risk estimate and corresponding 

95% CI. The unit of increase is indicated in each figure and summary table.  

¶ The dose-response plots show the results for each study included in the review for that 

exposure. The relative risks estimates are plotted in the mid-point of each category 

level (x-axis) and are connected through lines.  

¶ Where results were only presented separately for specific cancer types (e.g. advanced 
and localised), these were first combined before inclusion in the analysis on total 

prostate cancer. 

¶ Whenever possible, stratified analysis by prostate cancer type was performed. The 
subgroups used in the stratified analysis are defined in the protocol. Across exposures, 

the name of the subgroups may differ according to the classification used in the 

available studies provided, eg advanced/aggressive, advanced/high grade, etc.  The 

first dose-response forest plot is the analysis of all studies combined. This is followed 

by analyses by cancer type, showing the subgroup of advanced/aggressive, 

localised/low grade and a third group of the remaining studies (any type). When there 

were at least two studies on prostate cancer mortality, these studies were combined 

separately in a meta-analysis. In some exposures, it was possible to stratify by 

incidence or mortality as outcome. 

¶ Nonlinearity was explored when there were at least five studies with enough data to 
do it and the study results suggested a nonlinear association. The nonlinear graphs are 

presented when the p-value for non-linearity is statistically significant. Otherwise 

only the p-value is reported in the text.  
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Continuous Update Project: Results of the search 

 

Flow chart of the search for prostate cancer ï Continuous Update Project 

Search period January 1
st
 2006-April  30

th
 2013 

 

 
 

 

 

 

 

 

 

3917 articles excluded: 

3256 for being out of the research topic 

346 reviews/no original data  

29 meta-analyses 

115 letter/editorial/comments  

13 case series analyses 

11 articles with no measure of the association  

10 pooled analyses not relevant to review 

4 ecological studies 

32 cross-sectional studies 

101 case-control studies  

 

8269 articles excluded on the basis of 

title and abstract 

 

4134 articles retrieved and assessed 

for inclusion 

12401 potentially relevant 

articles identified 

217 articles with inclusion criteria extracted: 

  203 with cohort, case-cohort or nested case-

control design 

  11 articles from randomised controlled trials   

     3 pooled analyses of cohort studies 
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Randomised controlled trials (RCT)  

 

A total of four randomised controlled trials (seven publications) on prostate cancer were 

identified: the Selenium and Vitamin E Cancer Prevention Trial (SELECT), the Physicianôs 

Health Study II (PHS II), the Carotene and Retinol Efficacy Trial (CARET) and the 

Aspirin/Folate Polyp Prevention Study.  The main characteristics of the trials are in Table 1.  

 

Table 1 Characteristics of randomized controlled trials identified during the CUP 

 
Trial name Design Participants, 

country, 

date 

Intervention Main outcome  Author, 

year of 

publication 

Intervention 

Selenium and 

Vitamin E 

Cancer 

Prevention 

Trial 

(SELECT) 

Double-

blind 

randomized 

placebo 

controlled 

2 x 2 

factorial 

trial 

35,533 men 

from US, 

Canada and 

Puerto 

Rico, 

enrolment 

August 

2001 to  

June 2004  

Selenium (200 

mcg L-

selenomethionine 

daily) and/or 

vitamin E (400 

IU all-rac-Ŭ-

tocopheryl 

acetate daily) 

Prostate 

cancer  (there 

were no 

differences 

between 

groups in the 

intensity of 

PSA testing, 

PSA levels, 

PSA change, 

nor rates of 

testing) 

Klein, 

2011  

Vitamin E 

Selenium 

Selenium and 

Vitamin E 

Dunn, 

2010 

Superseded 

by Klein, 

2010. Not 

included 

Lippman, 

2009 

Superseded 

by Klein, 

2010. Not 

included 

Physicianôs 

Health Study 

II (PHS II) 

Double-

blind 

randomized 

placebo 

controlled 

2x2x2x2 

factorial 

trial 

14,641 male 

physicians 

from US, 

enrolment 

began in 

1997, 

treatment 

through 

June  2011  

Multivitamin 

daily, vitamin E 

(400-IU 

synthetic Ŭ-

tocopherol) on 

alternate days,  

vitamin C (500-

mg synthetic 

ascorbic acid)  

daily, beta 

carotene (50-mg 

Lurotin) on 

alternate days 

Total cancer 

and major 

cardiovascular 

events 

 

Secondary 

outcomes 

(cancer): 

prostate, other 

site-specific 

cancers 

Gaziano, 

2012 

 

Multivitamins 

Gaziano, 

2009 

Vitamin E 

Vitamin C 

Carotene and 

Retinol 

Efficacy Trial 

(CARET) 

Double-

blind 

randomized 

placebo 

controlled 

trial 

18,314 men 

and women 

from US 

(current and 

former 

heavy 

smokers, or 

asbestos-

exposed 

workers) 

enrolled 

before 

1995. Trial 

stopped in 

1996 

(increased 

lung cancer 

incidence) 

ɓ-carotene (30 

mg daily) and 

retinyl palmitate 

(25,000 IU daily) 

Lung cancer 

incidence, 

cardiovascular 

mortality, all-

cause 

mortality 

Neuhouser, 

2009 

ɓ-carotene 

and retinyl 

palmitate 
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Aspirin/Folate 

Polyp 

Prevention 

Study 

Double-

blind  

randomized 

placebo 

controlled  

3 × 2 

factorial 

trial 

1021 men 

and women 

with 

previous 

colorectal 

adenomas 

from US, 

Canada and 

Puerto 

Rico, 

enrolled 

before April 

1998. 

Intervention 

until 

October  

2004 

81 mg/d of 

aspirin, 325 mg/d 

of aspirin, 1 

mg/d of folic 

Colorectal 

adenoma 

Figueiredo, 

2009 

Folic acid 

 

Results of RCTs by intervention 

5.5.3 Folic acid  
 

There was an increased risk of prostate cancer in the folic acid supplementation group 

compared to placebo (HR 2.58; 95% CI 1.14-5.86; p < 0.02; 32 cases, median follow-up= 7 

years) in a secondary analysis of the Aspirin/Folate Polyp Prevention Study. Colorectal 

adenoma was the main outcome (Figueiredo et al, 2009).  

 

In a recent meta-analysis of randomized controlled trials, supplementation with folic acid had 

no significant effect on the incidence of prostate cancer, even in the period more than 3 years 

after randomization (Vollset et al, 2013). The meta-analysis included individual patient data 

in all randomized placebo-controlled trials of folic acid for prevention of cardiovascular 

disease (10 trials, n = 46,969) or colorectal adenoma (3 trials, n = 2652). The Aspirin/Folate 

Polyp Prevention study was included in the analysis. The median daily dose of folic acid in 

the trials was 2.0 mg. The RR of prostate cancer was 1.15 (95% CI 0.94-1.41) compared with 

placebo (351 cases in folic acid supplement arm, 305 cases in the placebo arm).  

 

5.5.9 Vitamin C  
 

In the Physicianôs Health Study II, prostate cancer risk did not differ between groups 

receiving vitamin C (508 cases, HR 1.02 (95% CI 0.90-1.15) and placebo (515 cases) after a 

mean follow-up of 8 years (Gaziano et al, 2009).  

 

5.5.11 Vitamin E 
 

Four publications from two trials (SELECT and PHS) reported on the efficacy of vitamin E 

in the prevention of prostate cancer. No intervention study was identified in the 2005 SLR.  

In the SELECT trial (Klein et al, 2011) a significant increased risk of prostate cancer was 

observed in the group receiving vitamin E (620 cases, HR 1.17; 99% CI 1.004-1.36; 

p = 0.008) compared to placebo (529 cases). The absolute increase in risk of prostate cancer 
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for vitamin E was 1.6 per 1000 person-years. The elevated risk for vitamin E was consistent 

across low- and high-grade disease. The risk increase did not appear to be due to an increased 

biopsy rate prompted by changes in digital rectal examination, PSA, or unblinding. An 

interim analysis was published (Lippman et al, 2009). The analysis by Klein et al, 2011 was 

on the data collected up to May 2011, 7 years after the last patient was randomized as 

planned, and published by recommendation of the safety monitoring committee. 

In the Physicianôs Health Study II no significant difference in prostate cancer risk was found 

in the group receiving vitamin E (493 cases; HR 0.97; 95% CI 0.85-1.09) and placebo (515 

cases) after a mean follow-up of 8 years (Gaziano et al, 2009). The cumulative incidence 

curves indicated that the lack of effect did not vary for up to 10 years of treatment and 

follow-up (log-rank p = 0.53). Further restriction to events and time after 4 and 6 years of 

treatment similarly found no apparent relationships. Censoring participants at the time of 

vitamin E non adherence did not impact the results (HR 0.95; 95% CI 0.84-1.07; p = 0.38).  

 

The SELECT and the PHS II used different doses. A dose of 400-IU of vitamin E was used 

daily in the SELECT trial and the same dose but on alternate days was used on the PHS II 

trial. 

 

The Alpha Tocopherol Beta Carotene Prevention Trial (ATBC) study group reported an 

update of the trial results (Ahn, 2008). The post-trial follow-up period was 1991-2003. 

During the trial, there was a protective effect of alfa-tocopherol supplementation that 

disappeared during the six years posttrial follow-up (RR: 0.80; 95% CI: 0.76-1.03 for 

intervention compared with placebo) (Virtano, 2003). In the recent post trial follow-up study 

(Ahn, 2008), the RR of prostate cancer in the alfa-tocopherol intervention arm (50 mg/day) 

was 0.83 (95 % CI 0.74-0.94) among men without family history and among men with family 

history of prostate cancer the relative risks were 1.70 (95% CI 1.09-2.33) in the placebo 

group and 1.90 (95 % CI 1.35-2.68) in the intervention group. The relative risks were 

compared with men in the placebo arm without family history of prostate cancer. 

 

5.5.1.2 Beta-carotene (and retinyl palmitate) 
 

Three trials were identified in the SLR for the Second Expert Report. Two updated reports 

were identified in the CUP. 

In the CARET trial (testing 30 mg ɓ-carotene + 25,000 IU retinyl palmitate on lung cancer 

risk) (Neuhouser et al, 2009), men in the active CARET arm not using dietary supplements at 

baseline had a RR of prostate cancer of 0.80 (95 % CI 0.60-1.04; 99 cases) and 0.89 (95% CI 

0.58-1.35) of aggressive cancer (44 cases) (Gleason Ó7 or stage III/IV) compared with men in 

the CARET placebo arm not using dietary supplements at baseline (108 cases). The RR was 

1.10 (95% CI 0.81-1.48, 69 cases) for total prostate cancer and 1.36 (95% CI 0.87-2.13; 34 

cases) for aggressive prostate cancer in men in the CARET active arm using dietary 

supplements at baseline for the same comparison. Any suggestion of increased risk 

disappeared in the post-intervention phase (follow-up through 2005).   

When participants using CARET vitamins or other supplements were compared with those 

with placebo or not taking any supplements, the RR for total prostate were 1.26 (96% CI 

0.96-1.64) for total prostate cancer and 1.52 (95% CI 1.03-2.24; p < 0.05) for aggressive 

prostate cancer. The significant increased risk of aggressive prostate cancer in men in the 

active CARET arm or taking supplements disappeared in the post-intervention period (0.75; 
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95% CI 0.51-1.09). There was no significant association of CARET plus other supplements 

with nonaggressive disease, relative to all others.  

CARET only included smokers. 

 

The Alpha Tocopherol Beta Carotene Prevention Trial (ATBC) study group reported an 

update of the trial results (Ahn, 2008). The post-trial follow-up period was 1991-2003. 

During the trial, no effect of beta-carotene was observed (Virtamo, 2003). In the recent post 

trial follow-up study (Ahn, 2008), the RR of prostate cancer in the beta-carotene intervention 

arm (20 mg/day) was 1.09 (95 % CI 0.97-1.23) among men without family history and 

among men with family history of prostate cancer the relative risks were 1.98 (95% CI: 1.37-

1.86) in the placebo group and 2.02 (95% CI 1.42-2.88) in the intervention group. The 

relative risks were compared with men in the placebo arm without family history of prostate 

cancer. 

The publication of the CARET study (Omenn, 1996) has been superseded by a more recent 

publication identified during the CUP (Neuhouser, 2009).  

The publication of the ATBC study (Virtamo, 2003) has been superseded by a more recent 

publication identified during the CUP (Ahn, 2008).  

 

In the Physiciansô Health Study randomized trial no effect of beta-carotene on prostate cancer 

risk was observed. The relative risk of prostate cancer (1117 cases) comparing beta-carotene 

(50 mg on alternate days) (551 cases) with placebo (566 cases) was 1.0 (95% CI 0.9-1.1) 

(Cook, 2000). In a previous report (Cook, 1999) the authors reported a significant reduction 

of prostate cancer risk in the intervention group among men with low blood levels of beta-

carotene at baseline) 

 

 

5.5.13 Multivitamin supplements 
 

In the Physicianôs Health Study II prostate cancer risk did not differ in the groups receiving 

multivitamin C (683 cases, HR: 0.98; 95% CI 0.88-1.09; p = 0.76) and placebo (690 cases) 

after a mean follow-up of 11.2 years (Gaziano et al, 2012).  

 

5.6.4 Selenium 
 

Three publications of the SELECT trial were identified (Klein et al, 2011; Dunn et al, 2010, 

Lipmann et al, 2009). The trial concluded that selenium did not prevent prostate cancer (HR: 

1.09; 99% CI 0.93-1.27; 575 cases compared with placebo group; 529 cases) (Klein, 2011). 

The HR of high grade prostate cancer (GS Ó 7) was 1.21 (99% CI 0.90-1.63; 161 cases) for 

those receiving selenium compared with placebo (133 cases).  

 

The Nutritional Prevention of Cancer Trial was a randomized controlled trail on men with a 

history of either a basal cell or squamous cell carcinoma in low selenium areas of Eastern 

USA. Participants were randomised to receive either high-selenium yeast, providing 200 ɛg 

of selenium per day, or a yeast placebo. After a mean follow-up of 6.5 years (1983-1993) the 

RR of prostate cancer in the selenium group was 0.37 (99% CI 0.18-0.71; 13 cases) compared 

to placebo (35 cases) (Duffield-Lillico et al, 2003; Clark et al, 1998). After further follow-up 
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until 1996 (mean 7.5 years), the RR of prostate cancer was 0.51 (99% CI 0.29-0.88; 22 cases) 

compared to placebo (42 cases) (Duffield-Lillico et al, 2003). 

5.6.6 Selenium and Vitamin E 

 

In the SELECT trial the HR of prostate cancer in selenium plus vitamin E group was 1.05 

(99% CI 0.89-1.22; 555 cases) compared to placebo (529 cases) (Klein et al, 2011). In this 

trial, vitamin E increased the risk of prostate cancer but there was no increased risk of 

prostate cancer when vitamin E and selenium were taken together. The risk of prostate cancer 

with Gleason 7 or higher was 1.23 (99% CI 0.91-1.66) for the two supplements combined 

compared to placebo.   
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Cohort studies. Results by exposure. 

Table 2 Number of relevant articles identified during the 2005 SLR and the CUP and 

total number of articles by exposure. 

The exposure code is the exposure identification in the database. Only exposures identified during the 
CUP are shown. 

 

Exposure 

Code 
Exposure Name 

Number of 

articles 
Total 

number 

of 

articles 

2005 

SLR  
CUP 

1.4 Vegetarian diet 6 1 7 

1.4 Other dietary patterns 0 5 5 

2.1.1 Low fibre cereal 0 1 1 

2.1.1.0.2 Refined cereals 0 1 1 

2.1.1.0.4 Breakfast cereals 1 2 3 

2.1.1 Oatmeal 0 2 2 

2.1.1 Pasta and rice 0 1 1 

2.1.1.1.4 High-fibre cereal 0 1 1 

2.1.1.0.3 Bread 3 1 4 

2.1.1.1.3 Pasta 1 1 2 

2.1.1.1.3 Rye bread 0 2 2 

2.1.1.1.3 Whole wheat bread 0 1 1 

2.1.1.1.3 Wholegrain bread 0 1 1 

2.1.1.2 Rice and pasta 0 1 1 

2.1.1.2.3 Rice 3 2 5 

2.1.1.4 Whole grains 0 1 1 

2.1.1.1.3 French fries 0 1 1 

2.1.2.1 Potatoes 3 4 7 

2.1.2.1 Fries and chips 0 1 1 

2.1.2.4 Wholegrain foods 0 2 2 

2.2 Fruit and (non-starchy) vegetables 6 0 6 

2.2 Carotene-rich fruits and vegetables 0 1 1 

2.2 Total fruits 15 8 23 

2.2 Total fruits and vegetables 0 1 1 

2.2.1 Carotene-rich vegetables 0 1 1 

2.2.1 Total vegetables 12 9 21 

2.2.1.1.1 Carrots 3 2 5 

2.2.1.2 Cruciferous vegetables 4 4 8 

2.2.1.2.2 Chinese cabbage 0 1 1 

2.2.1.2.3 Cabbage 2 3 5 

2.2.1.2.4 Broccoli 2 3 5 

2.2.1.2.5 Cauliflower 3 2 5 

2.2.1.2.6 Brussels sprouts 2 1 3 
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2.2.1.2.7 Kale 3 1 4 

2.2.1.3.1 Garlic 0 1 1 

2.2.1.3.1 Garlic supplements 0 1 1 

2.2.1.4 Green leafy vegetables 0 1 1 

2.2.1.4.2 Spinach 2 2 4 

2.2.1.4.3 Lettuce 2 1 3 

2.2.1.4.4 Seaweed 2 1 3 

2.2.1.5 Dark green vegetables 0 2 2 

2.2.1.5 Deep yellow vegetables and tomatoes 0 1 1 

2.2.1.5 Light green vegetables 0 1 1 

2.2.1.5 Mushrooms 1 1 2 

2.2.1.5 Peppers 1 1 2 

2.2.1.5 Pickles 0 1 1 

2.2.1.5 Tomato sauce 1 2 3 

2.2.1.5 Vitamin c-rich vegetables 0 1 1 

2.2.1.5 Wild plants 0 1 1 

2.2.1.5 Yellow vegetables 0 1 1 

2.2.1.5.13 Tomato juice 2 2 4 

2.2.1.5.13 Tomatoes 6 6 12 

2.2.2 Non citrus fruit 0 1 1 

2.2.2.1 Citrus fruits 2 3 5 

2.2.2.1 Oranges 3 1 4 

2.2.2.2 Other fruits 0 1 1 

2.2.2.2 Yellow-orange fruits 0 1 1 

2.2.2.2.11 Grape 2 1 3 

2.2.2.2.4 Watermelon 1 1 2 

2.2.2.2.5 Papaya 0 1 1 

2.2.2.2.8 Apples 2 1 3 

2.2.2.2.9 Avocado 0 1 1 

2.3 Legumes 0 2 2 

2.3.1 Soy products 0 1 1 

2.3.1 Soya foods 0 1 1 

2.3.1.1 Miso soup 2 2 4 

2.3.1.5 Tofu, soybeans 0 1 1 

2.3.2 Beans, lentils 3 2 5 

2.3.2.2 Tofu 3 1 4 

2.3.4 Peanut butter 0 1 1 

2.5.1 Total meat (red, white, processed, liver) 10 2 12 

2.5.1 Meat, prefer well done 0 1 1 

2.5.1 Broiled meat 0 1 1 

2.5.1 Cooked meat 0 1 1 

2.5.1 Rare/medium done red and processed meat 0 1 1 
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2.5.1 Well done red and processed meat 0 1 1 

2.5.1 Well-/very well done meat 0 1 1 

2.5.1 White meat 0 2 2 

2.5.1.2 Processed meat 5 10 15 

2.5.1.2 Ham and sausages 0 1 1 

2.5.1.2 Lunchmeat 0 1 1 

2.5.1.2.1 Ham 2 1 3 

2.5.1.2.8 Bacon 3 2 5 

2.5.1.2.9 Hot dog 0 1 1 

2.5.1.2.9 Sausages 3 2 5 

2.5.1.3 Red meat 10 12 22 

2.5.1.3 Steak 0 1 1 

2.5.1.3.1 Beef 5 4 9 

2.5.1.3.1 Beef steak 0 1 1 

2.5.1.3.3 Pork 5 3 8 

2.5.1.3.3 Pork chops / ham steaks 0 1 1 

2.5.1.4 Chicken 5 2 7 

2.5.1.4 Poultry 2 6 8 

2.5.1.5 Liver 2 1 3 

2.5.2.1.7 Hamburger 0 1 1 

2.5.2 Fish 13 8 21 

2.5.2 Fish paste 0 1 1 

2.5.2 Fresh fish 0 1 1 

2.5.2 Smoked fish 0 1 1 

2.5.2.3 Dried and salted fish 0 1 1 

2.5.2.5 Fatty fish 0 1 1 

2.5.2.9 White fish 0 1 1 

2.5.3 Seafood 1 1 2 

2.5.3 Shellfish 0 2 2 

2.5.4 Eggs 12 3 15 

2.6 Fat preference 0 1 1 

2.6 Fats (all) 2 2 4 

2.6.1.1 Butter 2 4 6 

2.6.1.1 Dairy cream 0 2 2 

2.6.1.1 Dairy fats 0 1 1 

2.6.1.4 Fish oil 2 3 5 

2.6.3 Margarine 1 2 3 

2.6.4 Fructose 4 1 5 

2.6.4 Sugars (as foods) 0 1 1 

2.7 Cultured milk 0 1 1 

2.7 Dairy products 11 16 27 

2.7.1 Milk  14 8 22 
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2.7.1.1 Whole milk 7 4 11 

2.7.1.2 Low fat milk 3 4 7 

2.7.1.2 Skimmed milk 6 2 8 

2.7.2 Cheese 6 10 16 

2.7.2 Fresh curd cheese 0 1 1 

2.7.2 Hard cheese 0 1 1 

2.7.3 Sour milk products 0 2 2 

2.7.3 Yoghurt 0 7 7 

2.7.7 Ice cream 4 3 7 

2.8.1.3 Ginseng 0 1 1 

2.8.1.4 Chili 0 1 1 

2.9 Spaghetti 0 2 2 

2.9.1 Cakes, biscuits and pastry 0 1 1 

2.9.1 Sweet baked goods 0 1 1 

2.9.11 Vegetable soup 0 1 1 

2.9.13 Sugar and sweets 0 1 1 

2.9.13 Sweets 0 1 1 

2.9.14 Pizza 1 2 3 

3.4.1 Sugary drinks 1 1 2 

3.5 Fruit juices 1 4 5 

3.5.1 Citrus fruit juice 1 0 1 

3.5.1 Orange / grapefruit juice 0 1 1 

3.6.1 Caffeinated coffee 0 1 1 

3.6.1 Coffee 11 6 17 

3.6.1 Decaffeinated coffee 0 1 1 

3.6.2 Tea 5 1 6 

3.6.2 Black tea 3 2 5 

3.6.2.2 Green tea 2 4 6 

3.7.1 Alcohol consumption 0 7 7 

3.7.1 Total alcoholic drinks 29 12 41 

3.7.1 Alcoholic drinks - currency of use 0 1 1 

3.7.1 Alcoholic drinks - age at first use 0 1 1 

3.7.1 Alcoholic drinks - years since stopping 0 1 1 

3.7.1 Alcoholism 0 1 1 

3.7.1 Drinking duration 0 1 1 

3.7.1 Drinking frequency 0 2 2 

3.7.1 Lifetime alcohol consumption 0 1 1 

3.7.1.1 Beers 5 3 8 

3.7.1.2 Wines 6 3 9 

3.7.1.3 Spirits 6 3 9 

4.1.2.1 Pesticides 0 2 2 

4.1.2.7.2 Arsenic 1 1 2 
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4.2 Preserved foods 0 1 1 

4.2.5.1 Salt 0 1 1 

4.2.5.1 Salt preference 0 1 1 

4.3.5.4.1 Dietary nitrate 0 1 1 

4.3.5.4.1 Dietary nitrite 0 2 2 

4.3.5.4.1 Nitrite 0 1 1 

4.4.2 Acrylamide 0 4 4 

4.4.2 Rare/medium done red meat 0 1 1 

4.4.2.4 Microwaving 0 1 1 

4.4.2.5 Fried foods 0 1 1 

4.4.2.5 Pan frying 0 2 2 

4.4.2.6 Broiling 0 2 2 

4.4.2.6 Grilling (broiling) and barbecuing 0 1 1 

4.4.2.7 BaP 1 2 3 

4.4.2.8 Heterocyclic amines 0 1 1 

4.4.2.8 DimeIqx 0 1 1 

4.4.2.8 MeIqx 1 4 5 

4.4.2.8 PhIP 1 4 5 

4.4.2.9 Mutagen index 1 1 2 

5.1 Carbohydrate 6 4 10 

5.1.2 Dietary fibre 2 3 5 

5.1.2.1 Cereal fibre 0 1 1 

5.1.2.2 Vegetable fibre 0 1 1 

5.1.2.3 Fruit fibre 0 1 1 

5.1.4 Sugars (as nutrients) 0 1 1 

5.1.4 Lactose 0 1 1 

5.1.4 Mono/disaccharides 0 1 1 

5.1.4 Monosaccharides 0 1 1 

5.1.4 Sucrose 0 2 2 

5.1.5 Glycaemic index 0 3 3 

5.1.5 Glycaemic load 0 3 3 

5.2 Total fat (as nutrients) 9 8 17 

5.2 Animal fat 2 2 4 

5.2 Animal fat from dairy 2 1 3 

5.2 Cholesterol, diet 0 2 2 

5.2 Cholesterol, blood 12 2 14 

5.2 Ratio n-3/n-6 fatty acids 0 4 4 

5.2 Ratio polyunsaturated/saturated fat 2 2 4 

5.2 Serum triglycerides 0 1 1 

5.2.2 Saturated fatty acids 5 8 13 

5.2.2 Myristic acid 2 2 4 

5.2.2 Palmitic acid 3 2 5 
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5.2.2 Serum palmitic acid 0 1 1 

5.2.2 Stearic acid (18:0) 3 2 5 

5.2.3 Monounsaturated fatty acids 4 4 8 

5.2.3 Oleic acid 3 2 5 

5.2.3 Palmitoleic acid (16:1) 2 2 4 

5.2.4 Polyunsaturated fatty acids 3 5 8 

5.2.4 Eicosatrienoic  0 1 1 

5.2.4.1 Alpha-linolenic acid (18:3 n-3), dietary 6 5 11 

5.2.4.1 Alpha-linolenic acid (18:3 n-3), serum 3 5 8 

5.2.4.1 DHA (docosahexaenoic acid), dietary 3 2 5 

5.2.4.1 DHA (docosahexaenoic acid), serum 3 5 8 

5.2.4.1 DPA (docosapentanoic acid), serum 1 4 5 

5.2.4.1 EPA (eicosapentaenoic acid), dietary 2 2 4 

5.2.4.1 EPA (eicosapentaenoic acid), serum 3 5 8 

5.2.4.1 Fish fatty acids (EPA and DHA) 0 3 3 

5.2.4.1 Serum PUFA n-3 0 1 1 

5.2.4.1 n-3 fatty acids 0 2 2 

5.2.4.2 n-6 fatty acids, dietary 0 4 4 

5.2.4.2 Alpha-linoleic acid 0 1 1 

5.2.4.2 Arachidonic fatty acid (20:4) 5 6 11 

5.2.4.2 Dihomo-gamma-linoleic 2 3 5 

5.2.4.2 Eicosadienoic acid 0 1 1 

5.2.4.2 Gamma-linolenic acid 0 2 2 

5.2.4.2 Linoleic acid, dietary 6 2 8 

5.2.4.2 Serum pufa n-6 1 1 2 

5.2.5 Trans 18:1 fatty acid 0 1 1 

5.2.5 Trans fatty acids 0 4 4 

5.3 Protein 7 3 10 

5.3.1 Methionine 0 4 4 

5.3.2 Plant protein 1 1 2 

5.3.2 Vegetable protein 0 1 1 

5.3.3 Animal protein 3 2 5 

5.4 Alcohol (as ethanol) 3 8 11 

5.4.1 Alcohol from beer 2 1 3 

5.4.2 Alcohol from wine 1 2 3 

5.4.3 Alcohol from spirit (hard liquor) 1 1 2 

5.5 B vitamins 0 3 3 

5.5 Vitamins, supplement 0 1 1 

5.5.1 Vitamin A, serum 0 2 2 

5.5.1 Vitamin A 8 1 9 

5.5.1 Vitamin A, supplement 0 1 1 

5.5.1.1 Retinol, serum 13 7 20 
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5.5.1.2 Alpha-carotene, serum  6 3 9 

5.5.1.2 Alpha-carotene, dietary 2 2 1 

5.5.1.2 Beta-carotene, serum  11 6 17 

5.5.1.2 Beta-carotene, supplements 0 3 3 

5.5.1.2 Beta-carotene, dietary 7 6 13 

5.5.1.2 Beta-carotene, total 0 1 1 

5.5.1.2 Beta-cryptoxanthin 0 3 3 

5.5.1.2 Beta-cryptoxanthin, serum  0 2 2 

5.5.10 Dietary vitamin D 0 1 1 

5.5.10 Blood 25-hydroxyvitamin D 10 14 24 

5.5.10 Vitamin D supplement 0 2 2 

5.5.11 Alpha-tocopherol, serum 12 5 17 

5.5.11 Alpha-tocopherol, dietary 0 3 3 

5.5.11 Alpha-tocopherol supplement 0 1 1 

5.5.11 Delta-tocopherol, dietary 0 4 4 

5.5.11 Gamma tocopherol, serum 8 3 11 

5.5.11 Serum vitamin E 0 1 1 

5.5.11 Total vitamin E 0 3 3 

5.5.11 Dietary vitamin E 4 5 9 

5.5.11 Supplemental vitamin E 11 10 21 

5.5.12 Vitamin K 0 2 2 

5.5.13 Duration of multivitamin use 0 1 1 

5.5.13 Multivitamin supplement 10 8 18 

5.5.13 Other vitamins (including multivitamins) 0 1 1 

5.5.2 Carotenoids 4 1 5 

5.5.2 Carotenoids (no lycopenes) 0 1 1 

5.5.2 Total carotenoids, serum levels 0 1 1 

5.5.2 Canthaxanthin 0 1 1 

5.5.2 Lutein 3 2 5 

5.5.2 Lutein and zeaxanthin, blood 0 1 1 

5.5.2 Lutein and zeaxanthin, dietary 0 1 1 

5.5.2 Lycopene, dietary 7 5 12 

5.5.2 Serum lutein 0 1 1 

5.5.2 Serum lycopene 8 6 14 

5.5.2 Serum zeaxanthin 0 1 1 

5.5.2 Zeaxanthin 2 1 3 

5.5.3 Total folate 5 4 9 

5.5.3 Dietary folate 1 4 5 

5.5.3 Supplemental Folate 0 3 3 

5.5.3 Folate & alcohol 0 1 1 

5.5.3 Homocysteine 0 1 1 

5.5.3 Red cell folate 0 1 1 
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5.5.3 Serum folate 2 5 7 

5.5.3 Serum homocysteine 0 1 1 

5.5.4 Riboflavin 0 2 2 

5.5.7 Plasma pyridoxine (vitamin B6) 0 1 1 

5.5.7 Pyridoxine (vitamin B6) 1 2 3 

5.5.8 Dietary vitamin B12 intake 0 1 1 

5.5.8 Plasma cobalamin (vitamin B12) 0 2 2 

5.5.8 Serum cobalamin (vitamin B12) 0 1 1 

5.5.8 Vitamin B12, blood 0 1 1 

5.5.9 Dietary vitamin C 6 5 11 

5.5.9 Supplemental vitamin C 4 7 11 

5.5.9 Total vitamin C 1 1 2 

5.5.9 Vitamin C, from fruit 0 1 1 

5.6 Mineral supplements 0 2 2 

5.6.2 Haeme iron 0 2 2 

5.6.2 Iron 0 2 2 

5.6.2 Iron, serum 0 1 1 

5.6.3 Total calcium 2 10 12 

5.6.3 Dietary calcium 7 11 18 

5.6.3 Supplemental calcium 4 8 12 

5.6.3 Calcium from non-dairy foods 0 1 1 

5.6.3 Calcium from plant sources 0 2 2 

5.6.3 Calcium, blood 0 3 3 

5.6.3 Calcium:phosphorus ratio 0 1 1 

5.6.3 Dairy calcium 1 7 8 

5.6.3 Non-dairy calcium 1 3 4 

5.6.4 Serum/plasma selenium 13 4 17 

5.6.4 Selenium, supplements 2 4 6 

5.6.6 Boron 1 1 2 

5.6.6 Cadmium 0 3 3 

5.6.6 Magnesium 0 1 1 

5.6.6 Phosphate 1 1 2 

5.6.6 Phosphorus 6 1 7 

5.6.6 Other minerals 0 1 1 

5.6.7 Zinc 1 3 4 

5.6.7 Zinc supplements 0 1 1 

5.6.7 Zinc, serum 0 1 1 

5.7 Phytochemicals 0 2 2 

5.7.3 Glucosinolates and indoles 0 1 1 

5.7.5 Biochanin a 0 1 1 

5.7.5 Coumestrol 0 1 1 

5.7.5 Daidzein 1 6 7 
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5.7.5 Enterodiol 0 1 1 

5.7.5 Enterolactone 1 3 4 

5.7.5 Equol 1 3 4 

5.7.5 Formononetin 0 1 1 

5.7.5 Genistein 1 6 7 

5.7.5 Glycitein 0 3 3 

5.7.5 Lignans 0 3 3 

5.7.5 Matairesinol 0 1 1 

5.7.5 O-dma 0 1 1 

5.7.5 Plasma daidzein 0 2 2 

5.7.5 Plasma enterolactone 0 1 1 

5.7.5 Blood  equol 0 3 3 

5.7.5 Plasma genistein 0 3 3 

5.7.5 Blood  glycitein 0 2 2 

5.7.5 Secoisolariciresiniol 0 1 1 

5.7.5 Serum daidzein 0 1 1 

5.7.5 Serum enterodiol 0 1 1 

5.7.5 Serum enterolactone 0 1 1 

5.7.5 Serum genistein 0 1 1 

5.7.5 Serum o-DMA 0 1 1 

5.7.5 Total isoflavones 0 3 3 

5.7.6 Caffeine 0 1 1 

5.8 Anthocyanidins 0 1 1 

5.8 Flavan-3-ols 0 1 1 

5.8 Flavanones 0 1 1 

5.8 Flavones 0 1 1 

5.8 Flavonoids 2 1 3 

5.8 Flavonols 0 1 1 

6.1 Total physical activity  13 5 18 

6.1.1.1 Occupational physical activity 13 4 17 

6.1.1.2 Bicycling 0 1 1 

6.1.1.2 Exercise 0 1 1 

6.1.1.2 Recreational  physical activity 21 9 30 

6.1.1.2 Sports 0 2 2 

6.1.1.2 Stair climbing 0 1 1 

6.1.1.2 Walking 0 3 3 

6.1.1.3 Gardening 0 1 1 

6.1.1.4 Travel activity 0 1 1 

6.1.3 Light physical activity 0 1 1 

6.1.3 Moderate and vigorous physical activity 0 1 1 

6.1.3 Vigorous activity 4 1 5 

6.1.3.2 Walking pace 0 1 1 
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6.1.4 Duration of physical activity 2 1 3 

6.1.4.2 Duration of walking 0 1 1 

7.1 Energy intake 8 8 16 

8.1.1 BMI 75 39 114 

8.1.1 BMI 18-21 years 5 6 11 

8.1.1 BMI at 30 years 0 2 2 

8.1.1 BMI at 40 years 0 1 1 

8.1.1 BMI at certain age 0 1 1 

8.1.2 Obesity 0 1 1 

8.1.3 Weight 20 7 27 

8.1.3 Weight at 18 years 0 3 3 

8.1.3 Weight at 20 years 0 1 1 

8.1.3 Weight at age 18 years 0 1 1 

8.1.5 Body fat 2 1 3 

8.1.6 BMI change 0 1 1 

8.1.6 Weight change 0 6 6 

8.1.6 Weight change since 18 years 0 1 1 

8.2.1 Waist circumference 4 8 12 

8.2.2 Hips circumference 2 1 3 

8.2.3 Waist to hip ratio 3 3 6 

8.2.5 Other marker for fat distribution eg ct, ultrasound 3 1 4 

8.2.5 Waist-to-thigh ratio 0 1 1 

8.3.1 Height (and proxy measures) 33 20 53 

8.3.2 Biacromial diameter 1 1 2 

8.3.2 Leg length 3 2 5 

8.3.2 Other skeletal size (e.g. leg length) 1 1 2 

8.3.2 Trunk length 1 2 3 

8.4.1 Birth weight 6 3 9 

 



48 

 

1 Patterns of diet 

 

1.3 Vegetarianism 

 

Six studies (five cohorts) were identified in the 2005 SLR. One study in non-Hispanic Seven Day 

Adventists in USA (Fraser et al, 1999), showed an increased risk of prostate cancer in non-

vegetarians compared to vegetarians (RR: 1.54; 95% CI 1.05- 2.26). No significant association was 

observed in the remaining studies.   

One study was identified in the CUP (Key et al, 2009).  This study on British vegetarians with a 

follow-up of 12.2 years as average, reported that compared with being meat eater, being fish eater 

was associated with a reduced risk of prostate cancer (RR 0.57; 95% CI 0.33-0.99) and being 

vegetarian was not associated with prostate cancer risk (RR 0.87; 95% CI 0.64-1.18).  

 

 

1.4 Individu al level dietary patterns 

 

The characteristics and results of the identified studies are in Table 3.  

Four studies, all identified during the CUP, investigated predefined dietary patterns.  The dietary 

patterns investigated varied across studies and no summary was possible. A study in the NIH-

AARP reported an inverse association of prostate cancer risk with higher score of the Healthy 

Eating Index (HEI) and the alternate HEI but only in cancers detected through PSA screening. No 

significant association was observed for the group with cancer not detected through PSA screening, 

for advanced or fatal cancers. No significant associations were observed with the Mediterranean 

score or with dietary preferences in the Australian, Korean and Japanese studies.  

 

Two studies investigated dietary patterns identified from the data (a posteriori), one of which was 

identified during the CUP. None of them reported significant associations of dietary patterns and 

prostate cancer. Results and study characteristics are tabulated below. 
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Table 3 Studies identified during the CUP investigating dietary patterns  

  

Author/year Country Study name Cases Years of 

follow-

up 

RR LCI UCI Contrast 

Predefined patterns 

Bosire, 2013 USA NIH-AARP 

Diet and 

Health Study 

23,453 8.9 

 

Highest vs. lowest score 

quintile 

     Healthy eating index 2005 

   PSA screening  0.92 0.86 0.98  

   No PSA screening  0.95 0.83 1.09  

   Advanced cancer  0.97 0.84 1.12  

    Fatal  cancer  1.06 0.76 1.48  

     Alternate Mediterranean Score 

   PSA screening  0.97 0.91 1.03  

   No PSA screening  0.98 0.86 1.11  

   Advanced cancer  1.00 0.87 1.15  

    Fatal  cancer  0.80 0.59 1.10  

     Alternate healthy eating index 2010 

   PSA screening  0.93 0.88 0.99  

   No PSA screening  0.98 0.86 1.13  

  Advanced cancer  1.10 0.96 1.26  

   Fatal  cancer  0.96 0.71 1.30  

Muller, 2009 Australia Melbourne 

Collaborative 

Cohort Study 

1018 13.6 Mediterranean score Highest vs. lowest score 

quartile  

   Overall  0.93 0.74 1.18  

   Non aggressive  0.91 0.71 1.16  

   Aggressive  1.05 0.68 1.63  

 
Dietary preference 

Yun, 2008 Korea Korea 

National 

Health 

Insurance 

Study 

307 6 0.95 0.59 1.51 Vegetables vs. mixture of 

vegetables and meat 

Iso, 2007 Japan Japan 

Collaborative  

Cohort Study 

for Evaluation 

of Cancer 

Risk 

 169 

(mortality) 

15 

1.09 0.65 1.84 

Japanese style breakfast  

(yes vs. no) 

    

1.1 0.66 1.83 

Western style breakfast 

(yes vs. no) 

    
1.17 0.43 3.18 

Chagayu (tea gruel) at 

breakfast (yes vs. no) 

    
0.62 0.09 4.43 

Skipping breakfast (yes vs. 

no) 

    
1.52 0.61 3.74 

Supper at ordinary time 

(yes vs. no) 
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Data derived patterns  

Muller, 2010 Australia Melbourne 

Collaborative 

Cohort Study 

1018 13.6  Highest vs. lowest score 

quintile 

  Overall  1.12 0.90 1.40 Vegetable pattern  

  Nonaggressive  1.12 0.88 1.44 Vegetable pattern  

  Aggressive  1.11 0.71 1.73 Vegetable pattern  

  Overall  0.87 0.71 1.08 Meat and potatoes  

  Nonaggressive  0.87 0.69 1.10 Meat and potatoes  

  Overall  1.00 0.81 1.23 Fruit and salad 

  Nonaggressive  1.07 0.85 1.33 Fruit and salad 

  Aggressive  0.74 0.47 1.15 Fruit and salad 

Wu, 2006 USA Health 

Professionals 

Follow-up 

Study 

3002 13  
   

Highest vs. lowest score 

quartile 

  Overall  0.95 0.84 1.07 Prudent pattern 

  Organ confined  0.91 0.78 1.07 Prudent pattern 

  Advanced  

1.01 0.73 1.41 

Prudent pattern 

  Overall  1.02 0.91 1.15 Western pattern 

  Organ confined  1.01 0.86 1.18 Western pattern 

  Advanced  1.16 0.88 1.53 Western pattern 
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2 Foods  

2.2.1 Total vegetables 

 

Methods 

Twenty-one publications from seventeen studies were identified, from which nine publications from 

eight studies were identified during the CUP.  

 

The details given on the definition of the vegetables group varied across studies. Two studies 

reported on a combination of starchy and non-starchy vegetables (Ambrosini et al, 2008; Shibata et 

al, 1992). Three studies included potatoes (Kirsh et al, 2007; Kilkkinen et al, 2003; Hsing et al, 

1990). One study excluded potatoes (Snowdon et al, 1984) and another excluded white potatoes 

(George et al, 2009).  

 

Vegetable intake in times or servings was converted to grams using a standard portion size of 80 g 

(Ambrosini et al, 2008; Gonzalez et al, 2007; Kirsh et al, 2007; Smit et al, 2007; Shibata et al, 1992; 

Hsing et al, 1990). George et al (2009) reported in cup-equivalents/1000 kcal, which was converted 

to g/day using the standard portion size of 80 g and the average energy intake of 1990 kcal/day 

reported in the study. Stram et al (2006) also reported in g/1000 kcal that were converted to g/day 

using the average energy intake of 2380 kcal/day reported in another publication of the same study 

(Multiethnic Cohort Study).      

 

Thirteen studies could be included in the dose-response meta-analysis on prostate cancer. The 

increment unit used in the analysis was 100 g/day. From the studies included in the dose-response 

meta-analysis, seven studies reported on total prostate cancer (Ambrosini et al, 2008; Gonzalez et 

al, 2007; Key et al, 2004; Alavanja et al, 2003; Chan et al, 2000; Schuurman et al, 1998; Shibata et 
al, 1992), one study on total, advanced, and localised prostate cancer (Takachi et al, 2010), two 

studies on total and advanced/aggressive prostate cancer (George et al, 2009; Kirsh et al, 2007), one 

study on total and non-localised/high grade prostate cancer (Stram et al, 2006), and two studies on 

fatal cancer cases only (Smit et al, 2007; Hsing et al, 1990). Advanced, aggressive, high grade and 

fatal cancers were combined in a sub-group for separate meta-analysis.  

 

Two studies (Harvard Alumni Health Study 1962-1966 and USA California 1960-1980) could not 

be included in the forest plot (Lee et al, 2001; Snowdon et al, 1984). Two publications (Kilkkinen et 

al, 2003; Hirvonen et al, 2001) from the ATBC study reported mean values only but a further 

publication (Chan et al, 2000) could be included in the analysis.    

 

Main results 

The summary RR per 100g/day was 0.99 (95% CI 0.98-1.00, I
2 
= 0%, pheterogeneity = 0.76; n = 13) (all 

studies combined). The summary RR did not change materially when studies were omitted in turn 

in the influence analysis. One study (NIH-AARP, George et al, 2009) had 67% weight in the 

analysis. There was no evidence of publication bias with Eggerôs test, p = 0.76. 

 

After stratification by prostate cancer type, the summary RRs per 100 g/day were 0.99 (95% CI 

0.98-1.00; I
2 
= 0%; pheterogeneity=0.76; n = 11) for total prostate cancer (excluding two studies which 

reported on mortality) and 1.01 (95% CI 0.97-1.04; I
2 
= 18.9%, pheterogeneity = 0.29; n = 6) for 

advanced/high grade prostate cancer.  

 

There was statistical evidence of non-linearity relationship with vegetable intake for total prostate 

cancer and for advanced prostate cancer (both p < 0.0001). The curves suggest a decreased risk 

from intake levels above 300-350 g/day but the relative risks estimates were not statistically 
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significant. Only two studies (Kirsh et al, 2007; Stram et al, 2006) in the total prostate cancer 

analysis and one study (Smit et al, 2007) in the advanced prostate cancer analysis have vegetable 

intake above 350g/day and the curves are flat in most of the range of intake below this value. 

 

Heterogeneity  

Overall there was no evidence of heterogeneity, I
2 
= 0%, pheterogeneity = 0.76. 

 

Comparison with the Second Expert Report 

In the 2005 SLR, the meta-analysis on vegetables intake and prostate cancer showed an overall non-

significant association (see Table 6).  

 

Published meta-analysis or pooled analysis 

Twelve studies were included in a highest versus lowest meta-analysis (Meng et al, 2013). The 

summary RR was 0.97 (95% CI 0.93-1.01; I
2 
= 0%, pheterogeneity = 0.51). All the studies included in 

the meta-analysis are included in the CUP review. No pooled analysis was identified. 

 

Table 4 Studies on vegetables intake identified in the CUP  

 

Author, year Country Study name Cases 

Years 

of 

follow 

up 

RR LCI UCI Contrast 

Drake, 2012 Sweden 

Malmo Diet 

and Cancer 

Study cohort 

817 
15 

years 
1.06 0.83 1.34 

Median 296.1 vs. 70.2 

g/day 

Takachi, 

2010 
Japan 

JPHC study I 

and II 

 

339 

32106

1 

person

-years 

1.33 0.93 1.91 
Median 327 vs. 78 

g/day 

0.99 0.91 1.08 Per 100 g/day 

George, 2009 USA 

NIH- AARP 

Diet and Health 

Study 

17034 
8 

(max) 
0.97 0.93 1.02 

1.10-3.25 vs. 0-0.44 

cup-equivalents/ 

1000 kcal  

Gonzalez, 

2009 
USA VITAL  832 

3.3 

years 
1.15 0.93 1.42 

Ó 2.51 vs. 0-1.2 

servings/day 

Ambrosini, 

2008 
Australia 

Wittennoom 

Gorge, West 

Australian 

cohort 1990-

2004 

97 
12.7 

years 
0.73 0.38 1.40 

Ó2.81 vs. 0-1.6 

servings/day 

Gonzalez, 

2007 
USA VITAL  832 

3.3 

years 
1.15 0.93 1.42 

Ó 2.51 vs. 0-1.2 

servings/day 

Kirsh, 2007 USA PLCO 1338 
4.2 

years 
0.88 0.71 1.08 

Median 8.6 vs. 2.6 

servings/day 

Smit, 2007 Puerto Rico 
PR Heart 

Health Study 
167 

40  

years 

(max) 

1.61 0.68 3.83 
8.1-9.0 vs. Ò3.0 

servings/day 

Stram, 2006 USA 
Multi -ethnic 

Cohort Study 
3922 

8 

years 
1.00 0.91 1.15 

Ó193.95 vs. 

Ò 90.7 g/ 1000kcal 
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Table 5 Overall evidence on vegetables intake and prostate cancer 

 

 Summary of evidence 

2005 SLR Nine prospective studies (twelve publications) were identified during the 2005 

SLR and six studies were included in the meta-analysis. All studies reported 

statistically non-significant results.  

Continuous  Update 

Project 

Eight prospective studies were identified in the CUP, all showed non-significant 

results. Six new studies reported on advanced prostate cancer, of which five 

showed non-significant association and one (George, 2009) showed a significant 

positive association with vegetables intake. No significant association was 

observed in the CUP meta-analysis. 

 

 

Table 6 Summary of results of the dose response meta-analysis of vegetables intake and 

prostate cancer 

 
Prostate cancer 

 2005 SLR CUP 

Studies (n) 6 13 

Cases (n) 2372 26433 

Increment unit used Per serving/day Per 100 g/day 

Overall RR (95% CI) 0.98 (0.92-1.04) 0.99 (0.98-1.00) 

Heterogeneity (I
2
, p-value) 0%, p = 0.85 0%, p = 0.76 

Stratified analysis    

Advanced/high grade cancer   

Overall RR (95% CI) 0.95 (0.80-1.13) 1.01 (0.97-1.04) 

Heterogeneity (I
2
, p-value) (only 1 study)  18.9%, p = 0.29, n = 6 

Non-advanced/low grade cancer   

Overall RR (95% CI)  0.99 (0.90-1.09) 

Heterogeneity (I
2
, p-value)  (only 1 study)  
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Table 7 Inclusion/exclusion table for meta-analysis of vegetables intake and prostate cancer  

WCRF 

code 
Author  Year Study design Study name 

Cancer 

outcome 

2005 

SLR 

CUP dose-

response 

meta-

analysis 

CUP 

HvL 

forest 

plot 

Estimated values Exclusion reasons 

PRO100139 Drake 2012 
Prospective 

Cohort study 

Malmo Diet and 

Cancer Study 

cohort 

Incidence No No Yes  

Two exposure 

categories only  

(also reported on 

advanced prostate 

cancer) 

PRO100062   Takachi 2010 
Prospective 

Cohort study 
JPHC I and II Incidence No Yes Yes   

PRO100125 George 2009 
Prospective 

Cohort study 

NIH- AARP Diet 

and Health Study 
Incidence No Yes Yes 

Conversion from cup-

equivalents/1000kcal to 

g/day using standard 

portion size 80g and 

average energy intake 

1990 kcal/day,  mid-

exposure values, cases 

and person-years per 

quintile 

 

PRO100066 Gonzalez 2009 
Prospective 

Cohort study 
VITAL  

Incidence/

Mortality 
No No No  

Duplicate data as in 

Gonzalez, 2007 

PRO99954 Ambrosini 2008 
Prospective 

Cohort study 

Wittennoom Gorge, 

West Australian 

cohort 1990-2004 

Incidence No Yes Yes 

Conversion from 

servings/day to g/day 

using standard portion 

size 80g,  mid-

exposure values 

 

PRO100035 Gonzalez 2007 
Prospective 

Cohort study 
VITAL  

Incidence/

Mortality 
No Yes Yes 

Conversion from 

servings/day to g/day 

using standard portion 

size 80g,  mid-

exposure values 

 

PRO99982 Kirsh 2007 

Prospective 

Cohort study 

(Follow-up of 

screening arm 

in trial) 

PLCO  
Incidence/

Mortality 
No Yes Yes 

Conversion from 

servings/day to g/day 

using standard portion 

size 80g ; cases and 

person-years per 
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quintile 

PRO100019 Smit 2007 
Prospective 

Cohort study 

PR Heart Health 

Study 
Mortality No Yes Yes 

Conversion from 

servings/day to g/day 

using standard portion 

size 80g,  mid-

exposure values, cases 

and person-years per 

quartile 

 

PRO99986 Stram 2006 
Prospective 

Cohort study 

Multiethnic Cohort 

Study 

Incidence/

Mortality 
No Yes Yes 

Conversion from 

g/1000kcal to g/day 

using average energy 

intake 2380 kcal/day 

from another paper of 

the same study,  mid-

exposure values, cases 

and person-years per 

quintile  

 

PRO00148 Key 2004 
Prospective 

Cohort study 
EPIC Incidence Yes Yes Yes 

Used estimated mean 

exposure values 

provided in article, 

person-years per 

quintile 

 

PRO03999 Wu 2004 
Nested case-

control study 

Health 

Professionals 

Follow-up Study 

Incidence/

Mortality 
Yes No No  

Duplicate publication 

with only number of 

cases and non-cases 

per category only ï 

no measure of 

association 

PRO00442 Alavanja 2003 
Prospective 

Cohort study 

Agricultural Health 

Study Cohort 
Incidence Yes Yes Yes Mid-exposure values  

PRO00142 Kilkkinen 2003 
Nested case-

control study 
ATBC 

Incidence/

Mortality 
Yes No No  

Duplicate publication 

with only mean 

exposure values 

PRO01034 Hirvonen 2001 
Prospective 

Cohort study 
ATBC 

Incidence/

Mortality 
Yes No No  

Duplicate publication 

with only mean 

exposure values  

PRO01290 Lee 2001 
Prospective 

Cohort study 

Harvard Alumni 

Health Study 1962-

Incidence/

Mortality 
Yes No No  

Identified and 

included in the 
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1966 unadjusted meta-

analysis in the 2005 

SLR; excluded in the 

CUP as only number 

of cases and person-

years per category 

were reported ï no 

measure of 

association 

PRO01426 Chan 2000 
Prospective 

Cohort study 
ATBC Incidence Yes Yes Yes 

Cases and person-years 

per quintile 
 

PRO02061 Schuurman 1998 
Case-cohort 

study 

The Netherlands 

Cohort Study 
Incidence Yes Yes Yes   

PRO02629 Giovannucci  1995 
Prospective 

Cohort study 

Health 

Professionals 

Follow-up Study 

Incidence/

Mortality 
Yes No Yes  

Only two exposure 

categories for total 

vegetable intake 

PRO13404 Shibata 1992 
Prospective 

Cohort study 

USA California 

1981-1985 

Incidence/

Mortality 
Yes Yes Yes 

Conversion from 

servings/day to g/day 

using standard portion 

size 80g, person-years 

per tertile 

 

PRO03129  Hsing 
1990

b 

Prospective 

Cohort study 

Lutheran 

Brotherhood Cohort 

Study 

Mortality Yes Yes Yes 

Conversion from 

times/month to g/day 

using standard portion 

size 80g,  mid-

exposure values, cases 

and person-years per 

quartile 

 

PRO03474 Snowdon 1984 
Prospective 

Cohort study 

USA California 

1960-1980 
Mortality Yes No No  

No measure of 

association,  reported 

in text there was no 

significant 

association between 

vegetable intake and 

prostate cancer 
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Figure 1 Highest versus lowest forest plot of vegetables intake and prostate cancer  
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Figure 2 Dose-response meta-analysis of vegetables intake and prostate cancer ï per 

100g/day 

 

 

NOTE: Weights are from random effects analysis
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Figure 3 Funnel plot of vegetables intake and prostate cancer 

 
Eggerôs test p = 0.76 

 

Alavanja

Ambrosini

Schuurman

Chan

Hsing

Kirsh

George

Takachi

Stram

Shibata
Key Smit

Gonzalez

0

.0
5

.1
.1

5
.2

.2
5

s
.e

. 
o
f 
lo

g
rr

-.5 0 .5
logrr

Funnel plot with pseudo 95% confidence limits



60 

 

Figure 4 Dose-response graph of vegetables intake and prostate cancer 
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Figure 5 Dose-response meta-analysis of vegetables intake and prostate cancer, per 

100 g/day, stratified by prostate cancer type 

 

NOTE: Weights are from random effects analysis
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Figure 6 Non-linear dose-response analysis of vegetables intake and total prostate cancer 
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Figure 7 Non-linear dose-response analysis of vegetables intake and advanced prostate cancer 
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Table 9 Table with vegetable intake values and corresponding RRs (95% CIs) for non-linear 

analysis of vegetables intake and advanced prostate cancer  

Vegetables 

intake 

(g/day) 

RR (95% CI) 

107.9 0.93 (0.91-0.95) 

153.2 0.97 (0.96-0.98) 

206.0 1.00 

312.0 1.02 (1.01-1.04) 

400.0 0.99 (0.97-1.02) 

pnon-linearity < 0.0001 

 

2.2.1.2 Cruciferous vegetables 

Methods 

 

Eight prospective studies were identified, four of which were identified during the CUP. All studies 

could be included in the dose-response meta-analysis on prostate cancer. The increment unit used in 

the analysis was 50 g/day. 

 

The definition of brassicas or cruciferous vegetables varied between the studies that reported 

details.  

 

Cruciferous vegetables intake in times or servings was converted to grams using a standard portion 

size of 80 g for 3 studies (Kirsh, 2007; Giovannucci, 2003; Hsing, 1990). For Stram et al (2006) 

that reported intake in g/1000 kcal, the average energy intake of 2380 kcal/day reported in another 

publication of the same study (Multiethnic Cohort Study) was used in the conversion.      

 

From the studies included in the dose-response meta-analysis, three studies reported on total 

prostate cancer (Stram, 2006; Key, 2004; Schuurman, 1998), three studies on total, advanced, and 

non-advanced/localised/organ-confined prostate cancer (Agalliu, 2011; Takachi, 2010; 

Giovannucci, 2003), one study on total and aggressive prostate cancer (Kirsh, 2007), and one study 

on fatal cancer cases only (Hsing, 1990).  

 

Main results 

The summary RR of prostate cancer per 50g/day increase of cruciferous vegetable intake was 0.96 

(95% CI 0.92-1.00; I
2 
= 2.6%; pheterogeneity = 0.41; n = 8) (all studies combined). In influence 

analysis, the summary RRs ranged from 0.93 (95% CI 0.88-0.98) when the Multiethnic Cohort 

Study (Stram, 2006) was omitted to 0.97 (95% CI 0.93-1.02) when the PLCO study (Kirsh, 2007) 

was omitted. There was no evidence of publication bias with Eggerôs test, p = 1.00. 

 

After stratification by prostate cancer type, the summary RRs per 50g/day were 0.96 (95% CI 0.92-

1.00; I
2 
= 0%; pheterogeneity = 0.46; n = 7) for total prostate cancer (excluding one study reporting on 

mortality), 0.94 (95% CI 0.84-1.07; I
2 
= 10.5%; pheterogeneity = 0.35; n = 5) for advanced/high grade 

prostate cancer and 0.94 (95% CI 0.87-1.01; I
2 
= 0%; pheterogeneity = 0.95; n = 3) for non-

advanced/low grade prostate cancer.  

 

There was no evidence of a non-linear relationship with total prostate cancer (p = 0.18). 
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Heterogeneity  

Overall, there was no evidence of heterogeneity, I
2 
= 2.6%, pheterogeneity = 0.41. 

 

Comparison with the Second Expert Report 

In the 2005 SLR, the meta-analysis on cruciferous vegetables intake and prostate cancer showed an 

overall non-significant association (RR 0.97). 

 

Published meta-analysis or pooled analysis 

A recent meta-analysis of seven cohort and six population-based case-control studies reported a 

significant inverse association between cruciferous vegetables intake and the risk of prostate cancer 

(Liu, 2012). The summary RR for the highest versus the lowest intake was 0.90 (95% CI 0.85-0.96; 

I
2 
= 32.7%; pheterogeneity = 0.12). When stratified by study design, the significant inverse association 

was only observed in case-control studies (RR 0.79; 95% CI 0.69-0.89), but not in cohort studies 

(RR 0.95; 95% CI 0.89-1.02). All cohort studies included in this published meta-analysis were 

included in the CUP SLR. No pooled analysis was identified. 

  

 

Table 10 Studies on cruciferous vegetables intake identified in the CUP  

 

Author, year Country Study name Cases 
Years of 

follow up 
RR LCI UCI Contrast 

Agalliu, 2011 Canada CSDLH 661 7.7 years 1.01 0.75 1.37 Median 75.7 vs. 8.4g 

Takachi, 

2010 
Japan 

JPHC Study I 

and II 
339 

321 641 

person-

years 

0.92 0.66 1.30 
Median 95 vs. 16 

g/day  

0.97 0.92 1.03 Per 25 g/day 

Kirsh, 2007 USA 

 

PLCO  

 

1338 4.2 years 0.85 0.71 1.02 
Median 1.1 vs. 0.1 

serving/day 

Stram, 2006 USA 
Multiethnic 

Cohort Study  
3922 8.0 years 1.03 0.92 1.14 

Ó 29.0 vs. < 7.2 

g/1000kcal 
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Table 11 Overall evidence on cruciferous vegetables intake and prostate cancer 

 

 Summary of evidence 

2005 SLR Four prospective studies were identified during the 2005 SLR and three studies 

were included in the meta-analysis. All studies observed statistically non-

significant results.  

Continuous Update 

Project 

Four new prospective studies were identified in the CUP, all showed non-

significant results. Three new studies reported on advanced prostate cancer and 

showed a non-significant association with cruciferous vegetables intake. No 

significant association was observed in the CUP meta-analysis. 

 

 

Table 12 Summary of results of the dose response meta-analysis of cruciferous vegetables 

intake and prostate cancer 

 

Prostate cancer 

 2005 SLR CUP 

All studies   

Studies (n) 3 8 

Cases (n) 3760 11124 

Increment unit used Per serving/week Per 50 g/day 

Overall RR (95% CI) 0.97 (0.94-1.01) 0.96 (0.92-1.00) 

Heterogeneity (I
2
, p-value) 23.0%, p = 0.27 2.6%, p = 0.41 

Stratified analysis    

Advanced/high grade cancer   

Overall RR (95% CI) 1.25 (0.87-1.81) 0.94 (0.84-1.07) 

Heterogeneity (I
2
, p-value) (only 1 study) 10.5%, p = 0.35, n = 5 

Non-advanced/low grade cancer   

Overall RR (95% CI)  0.94 (0.87-1.01) 

Heterogeneity (I
2
, p-value)  0%, p = 0.95, n = 3 
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Table 13 Inclusion/exclusion table for meta-analysis of cruciferous vegetables intake and prostate cancer  

WCRF 

code 
Author  Year Study design Study name 

Cancer 

outcome 

2005 

SLR 

CUP dose-

response 

meta-

analysis 

CUP 

HvL 

forest 

plot 

Estimated values Exclusion reasons 

PRO100199 Agalliu 2011 
Case Cohort 

study 

Canadian Study of 

Diet, Lifestyle and 

Health cohort 

(CSDLH) 

Incidence No Yes Yes 
Person-years per 

quintile 
 

PRO100062   Takachi 2010 
Prospective 

Cohort study 
JPHC Study I and II Incidence No Yes Yes   

PRO99982 Kirsh 2007 

Prospective 

Cohort study 

(Follow-up of 

screening arm 

in trial) 

PLCO  
Incidence/

Mortality 
No Yes Yes 

Conversion from 

servings/day to g/day 

using standard portion 

size 80g , cases and 

person-years per 

quintile 

 

PRO99986 Stram 2006 
Prospective 

Cohort study 

Multiethnic Cohort 

Study 

Incidence/

Mortality 
No Yes Yes 

Conversion from 

g/1000kcal to g/day 

using average energy 

intake 2380 kcal/day 

from another paper of 

the same study,  mid-

exposure values, cases 

and person-years per 

quintile  

 

PRO00148 Key 2004 
Prospective 

Cohort study 
EPIC Incidence Yes Yes Yes 

Cases and person-years 

per quintile; used 

estimated  mean 

exposure values 

provided in article 

 

PRO04079 Giovannucci  
2003

b 

Prospective 

Cohort study 

Health 

Professionals 

Follow-up Study 

Incidence/

Mortality 
Yes Yes Yes 

Conversion from 

servings/week to g/day 

using standard portion 

size 80g ,  mid-

exposure values, 

person-years per 

category from cases 
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and RRs  

PRO02061 Schuurman 1998 
Case-cohort 

study 

The Netherlands 

Cohort Study 
Incidence Yes Yes Yes   

PRO03129  Hsing 
1990

b 

Prospective 

Cohort study 

Lutheran 

Brotherhood Cohort 

Study 

Mortality Yes Yes Yes 

Conversion from 

times/month to g/day 

using standard portion 

size 80g,  mid-

exposure values, cases 

and person-years per 

quartile 
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Figure 8 Highest versus lowest forest plot of cruciferous vegetables intake and prostate 

cancer 

 

 

Agalliu
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Author

2011
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1.01 (0.83, 1.23)

0.91 (0.79, 1.04)

0.82 (0.59, 1.12)

1.30 (0.80, 2.00)

intake RR (95% CI)

high vs low

CSDLH

JPHC I and II
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MEC
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NLCS
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Description

Study

median 75.7 vs. 8.4 g

median 95 vs 16 g/day

median 1.1 vs 0.1 serving/day
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mean 29.2 vs 9.7 g/day
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1.01 (0.75, 1.37)

0.92 (0.66, 1.30)

0.85 (0.71, 1.02)

1.03 (0.92, 1.14)

1.01 (0.83, 1.23)

0.91 (0.79, 1.04)
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Study

  
1.5 1 2
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Figure 9 Dose-response meta-analysis of cruciferous vegetables intake and prostate 

cancer ï per 50 g/day 

 

 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 2.6%, p = 0.410)
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1.3 1 3
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Figure 10 Funnel plot of cruciferous vegetables intake and prostate cancer 

 
Eggerôs test p = 1.00 
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Figure 11 Dose-response graph of cruciferous vegetables intake and prostate cancer 
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Figure 12 Dose-response meta-analysis of cruciferous vegetables intake and prostate 

cancer, per 50 g/day, stratified by prostate cancer type 

 

 

NOTE: Weights are from random effects analysis
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1.3 1 3
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2.2.1.5.13 Tomatoes 

Methods 

Ten studies from twelve publications were identified, five (from six publications) of which were 

identified during the CUP. Two studies identified in the 2005 SLR (Platz, 2004b; Hsing, 1990b) 

only reported mean values and could not be included in the analysis. There were no new updates for 

these studies.  

The increment used in the dose-response analysis was 1 serving/day. Two studies (Takachi, 2010; 

Schuurman 1998) reported tomato intake in grams per day which was converted to servings/day 

using a conversion unit of 80 g equivalent to 1 serving.  

One study (Stram, 2006) reported tomato intake in gram/1000 kcal per day, which was converted to 

g/day using the median energy intake reported in another publication of the Multiethnic Cohort 

Study.  

Two studies (Stram, 2006; Ambrosini, 2008) analysed raw and cooked tomatoes separately. 

Ambrosini, 2008 did not report on total tomato intake and was excluded from the dose-response 

analysis. Stram, 2006 also reported on total tomato intake and was included.   

Meta-analyses were conducted for all studies combined (all prostate cancers) and for the studies that 

reported results for advanced (Takachi, 2010) or aggressive prostate cancer (Kirsh, 2007). One 

study (Iso, 2007) reported on cancer mortality.  

 

Main results 

The summary RR per 1 serving/day was 0.93 (95% CI 0.79-1.09; I
2 
= 52.0%; pheterogeneity = 0.05; 

n = 7). There was no significant evidence of publication bias with Eggerôs test, p = 0.25 but the 

funnel plot suggests that small studies with RRs above the average are missing.  

After excluding the only study on mortality the result remained the same. The summary RR ranged 

from 0.86 (95% CI 0.65-1.13) when MEC Study was excluded to 0.97 (95% CI 0.87-1.09) when the 

HPFS was excluded. The results were similar for advanced/high grade cancers (RR per 1 

serving/day was 0.96 (95% CI 0.78-1.19,; I
2 
= 0%; pheterogeneity = 0.93; n = 3). There was no evidence 

of a non-linear relationship between tomato intake and total prostate cancer (p=0.13) or advanced 

prostate cancer (p = 0.85). 

 

Heterogeneity  

Overall, there was moderate evidence of heterogeneity, I
2 
= 52.0%, pheterogeneity = 0.05. The two first 

publications (Mills, 1989; Giovannucci, 1995) reported stronger inverse associations than the 

average. 

 

Comparison with the Second Expert Report 

In the 2005 SLR the meta-analysis on tomatoes and prostate cancer showed an overall non-

significant association. From the three studies included in the meta-analysis, only the HPFS 

reported an inverse significant association of tomato intake with prostate cancer risk. 

 

Published meta-analysis or pooled analysis 

A meta-analysis of cohort studies and nested case-control studies found no significant association 

between the consumption of raw and cooked tomato and prostate cancer incidence. The RR for 

highest versus lowest intake was 0.81 (95%CI 0.59-1.10; 3 studies) for raw tomato and 0.85 (95% 

CI 0.96-1.06; 2 studies) for cooked tomato (Chen, 2013).  

A previous meta-analysis (Etminam, 2004) reported a RR of prostate cancer per additional serving 

of raw tomato daily (200 g) of 0.97 (95% CI 0.85ï1.10) for 7 case-control studies and 0.78 (95% CI 

0.66ï0.92) for 2 cohort studies. The RR for moderate intake of cooked tomato products was 1.07 
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(95% CI 1.06ï1.08) and for high intake of cooked tomato products, this RR was 0.81 (95% CI 

0.71ï0.92) for 6 case-control studies and 1 cohort, compared to low consumption. No pooled 

analysis was identified. 

 
 

 
 

Table 14 Studies on tomatoes identified in the CUP  

Author, 

year 
Country Study name Cases 

Years 

of 

follow 

up 

RR LCI UCI Contrast 

Takachi, 

2010 
Japan 

Japan Public Health 

Centre-Based 

Prospective Study I 

and II 

339 
7.3 

years 

1.16 0.84 1.59 68 vs. 1.2 g/d 

1.03 0.99 1.07 Per 25 g/d 

Ambrosini, 

2008 
Australia 

Wittenoom, Western 

Australia 1990 
97 

12.7 

years 

0.67 0.38 1.16 
Cooked tomato > 2.2 

vs. 0-0.6 servings/w 

1.04 0.60 1.80 
Raw tomato >4.1 vs. 

0-1.7 servings/w 

Iso, 2007 Japan 

Japan Collaborative 

Cohort Study (JACC 

Study) 

149 
12 

years 
0.92 0.60 1.41 Ó 3-4 vs. < 1/week 

Kirsh, 

2007 
USA 

Prostate, Lung, 

Colorectal, and 

Ovarian Cancer 

Screening Trial 

1338 
4.2 

years 
0.98 0.80 1.20 1.5 vs. 0.3 servings/d 

Stram, 

2006 

USA and 

Hawai 

Multiethnic Cohort 

Study 
3922 

8 

years 
1.02 0.92 1.14 

37.3 vs. 

12 g/1000 kcal 

Kirsh, 

2006 
USA 

Prostate, Lung, 

Colorectal, and 

Ovarian Cancer 

Screening Trial 

1338 
4.2 

years 
0.99 0.81 1.21 

1.47 vs. 0.33 

servings/d 

 

 

Table 15 Overall evidence on tomatoes and prostate cancer 

 
 Summary of evidence 

2005 SLR Four studies were identified during the 2005 SLR and included in the meta-

analysis. Only one study (Giovannucci, 1995) showed a protective effect of 

tomato against prostate cancer.  

Continuous Update 

Project 

Five new studies were identified in the CUP, all showed non-significant results. 

No significant association was observed in the CUP meta-analysis. 
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Table 16 Summary of results of the dose response meta-analysis of tomatoes and prostate 

cancer 

 
Prostate cancer 

 2005 SLR CUP 

All studies   

Studies (n) 4 7 

Cases (n) 1866 7350 

Increment unit used Per 1 serving/day Per 1 serving/day 

Overall RR (95% CI) 0.69 (0.43-1.08) 0.93 (0.79-1.09) 

Heterogeneity (I
2
,p-value) 62.8%, p = 0.04 52.0%, p = 0.05 

Stratified analysis    

Advanced/high grade cancer   

Overall RR (95% CI) 0.96 (0.78-1.19) 

Heterogeneity (I
2
,p-value) 0%, p = 0.93, n = 3 

Non-advanced/low grade cancer  

Overall RR (95% CI) 1.16 (0.78-1.73) 

Heterogeneity (I
2
, p-value) (only 1 study) 

 

 

 

 

 



77 

 

 

 

 

Table 17  Inclusion/exclusion table for meta-analysis of tomatoes and prostate cancer  

 

WCRF 

code 
Author  Year Study design Study name 

Cancer 

outcome 

2005 

SLR 

CUP dose-

response 

meta-

analysis 

CUP 

HvL 

forest 

plot 

Estimated values Exclusion reasons 

PRO100062 Takachi  2010 
Prospective 

Cohort study 

Japan Public Health 

Centre-Based 

Prospective Study I 

and II 

Incidence No Yes Yes 

Conversion from 

grams/day to 

servings/day 

 

PRO99954 Ambrosini  2008 
Nested case-

control study 

Wittenoom, 

Western Australia 

1990 

Incidence No No Yes  

The study did not 

present total tomato 

intake only raw and 

cooked tomato 

separately 

PRO100042 Iso 2007 
Prospective 

Cohort study 

Japan Collaborative 

Cohort Study 

(JACC Study) 

Mortality No Yes Yes 

Conversion from 

servings/week to 

servings/day 

 

PRO99982 Kirsh 2007 
Prospective 

Cohort study 

Prostate, Lung, 

Colorectal, and 

Ovarian Cancer 

Screening Trial 

Incidence/ 

Mortality 
No Yes Yes 

Event rate and cases 

per quintile 
 

PRO99986 Stram 2006 
Prospective 

Cohort study 

Multiethnic Cohort 

Study 

Incidence 

 
No Yes Yes 

Conversion from  

g/1000kcal  to 

servings/day 

 

PRO99965 Kirsh 2006a 
Prospective 

Cohort study 

Prostate, Lung, 

Colorectal, and 

Ovarian Cancer 

Screening Trial 

Incidence/ 

Mortality 
No No No  

Superseded by Kirsh, 

2007  

PRO10700 Platz 
2004

b 

Nested case-

control study 
CLUE II Incidence Yes No No  Only mean values 

PRO02061 Schuurman 1998 
Case-cohort 

study 

Netherlands Cohort 

Study 
Incidence Yes Yes No  

Conversion from g/day 

to  servings/day 

Only continuous 

results (not in H vs L) 

PRO02629 Giovannucci 1995 
Prospective 

Cohort study 

Health 

Professionals Study 

Incidence/ 

Mortality 
Yes  Yes  Yes Event rate per category  
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PRO02808 Mills  1994 
Prospective 

Cohort study 

Adventist Health 

Study 
Incidence Yes No No  

Only mean values. 

Mills 1989 included 

PRO03129 Hsing 
1990

b 

Prospective 

Cohort study 

Lutheran 

Brotherhood Study 
Mortality  Yes No No  

Insufficient data. 

Mentioned in the text 

that there is no 

significant 

association 

PRO03196 Mills  1989 
Prospective 

Cohort study 

Adventist Health 

Study 
Incidence Yes Yes Yes    
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Takachi

Ambrosini raw tomato

Ambrosini cooked tomato

Iso

Kirsh

Stram

Giovannucci

Mills

Author

2010

2008

2008

2007

2007

2006

1995

1989

Year

1.16 (0.84, 1.59)

1.04 (0.60, 1.80)

0.67 (0.38, 1.16)

0.92 (0.60, 1.41)

0.98 (0.80, 1.20)

1.02 (0.92, 1.14)

0.74 (0.58, 0.93)

0.60 (0.37, 0.97)

tomatoes RR (95% CI)

high vs low

JPHC I and II

Wittennoom, 1990

Wittennoom, 1990

JACC

PLCO

MEC

HPFS

AHS

Description

Study

68 vs. 1.2 g/d

>=4.1 vs. 0-1.7 serings/w

>2.2 vs. 0-0.6 servings/w

>=3-4 vs. <1 times/w

1.5 vs. 0.3 servings/d

37.3 vs. 12g/1000Kcal

2-4 vs. 0 servings/w

>=5 vs. <1 times/w

contrast

1.16 (0.84, 1.59)

1.04 (0.60, 1.80)

0.67 (0.38, 1.16)

0.92 (0.60, 1.41)

0.98 (0.80, 1.20)

1.02 (0.92, 1.14)

0.74 (0.58, 0.93)

0.60 (0.37, 0.97)

tomatoes RR (95% CI)

high vs low

JPHC I and II

Wittennoom, 1990

Wittennoom, 1990

JACC

PLCO

MEC

HPFS

AHS

Description

Study

  
1.3 1 1.8

Figure 13 Highest versus lowest forest plot of tomatoes and prostate cancer 
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NOTE: Weights are from random effects analysis

Overall  (I-squared = 52.0%, p = 0.052)

Schuurman

Mills

Author

Stram

Iso

Giovannucci

Kirsh

Takachi

1998

1989

Year

2006

2007

1995

2007

2010

0.93 (0.79, 1.09)

1.17 (0.71, 1.90)

0.32 (0.11, 0.91)

serving/day RR (95% CI)

1.00 (0.91, 1.09)

per 1

0.83 (0.35, 1.94)

0.52 (0.31, 0.87)
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Figure 14 Dose-response meta-analysis of tomatoes and prostate cancer ï per 1 

serving/day 
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Figure 15 Funnel plot of tomatoes and prostate cancer 

 
Eggerôs test p = 0.25 
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Stram  2006 cooked tomatoes Non localised/high grade

Kirsh  2007  Aggressive

Kirsh  2007  Extraprostatic

Kirsh  2007  Total

Stram  2006  Total

Ambrosini  2008 raw tomatoes Total
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Giovannucci  1995  Total
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Tomatoes (servings/day)

Figure 16 Dose-response graph of tomatoes and prostate cancer 
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Figure 17 Dose-response meta-analysis of tomatoes and prostate cancer, per 1 serving/day 

stratified by prostate cancer type 

 

2.2.1.5.13 Tomato juice/sauce 

 

Four studies (Giovannucci, 1995; Schuurman, 1998; Stram, 2006; Kirsh, 2006) reported on tomato 

sauce or juice and prostate cancer. The exposure definition varied and a meta-analysis could not be 

conducted. The results are described to complement the review on tomato intake.  

 

Tomato sauce: Two studies (3 publications were identified). The HPFS (Giovannucci, 1995) was 

identified in the 2005 SLR and later updated (Giovannucci, 2007). The HPFS (Giovannucci, 2007) 

reported a RR of 0.80 (95% CI 0.68-0.93) for > 2 vs. < 0.25 servings of tomato sauce intake per 

week. The association was not significant when the analysis was restricted to fatal prostate cancers 

(RR 0.91 (95% CI 0.54-1.54 for > 2 vs. < 0.25 servings of tomato sauce per week). The PLCO 

study (Kirsh, 2006) reported that spaghetti/tomato sauce was not associated with prostate cancer 

(RR0.96; 95% CI 0.76-1.19 for Ó 2 servings/week vs. < 1 serving/month). After stratification by 

cancer type (advanced and non-advanced cancer) or family history of prostate cancer the 

relationship was still not significant. No significant association was observed with ketchup intake 

(RR 0.99 (95% CI 0.82-1.19) for > 2 per week vs. < 1 servings of tomato ketchup per week).  
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Tomato juice: Two studies were identified. The HPFS (Giovannucci, 1995) reported a significant 

inverse association. The result was not updated in the most recent publication (Giovannucci, 2007). 

The NLCS (Schuurman, 1998) reported no significant association. 

 

Tomato and vegetable juice: The two studies identified, PLCO (Kirsh, 2006) and MEC (Stram, 

2006) reported no significant association. 

 

2.2.2 Fruits  

 

Methods 

Twenty-three publications from nineteen studies were identified, from which eight publications 

from eight studies were identified in the CUP.  

 

The definition of fruit intake varied between the studies that reported details. Three studies reported 

on fruit and fruit juices (Stram, 2006; Kilkkinen, 2003; Hsing, 1990). One study reported on a fruit 

index that measured the frequency of canned, frozen, fresh, and dried fruit consumed in a month 

(Mills, 1989).  

 

Fruit intake in times or servings was converted to grams using a standard portion size of 80 g 

(Ambrosini, 2008; Gonzalez, 2007; Kirsh, 2007; Allen, 2004; Shibata, 1992; Hsing, 1990; Mills, 

1989; Severson, 1989). For Smit (2007), the reported serving size of 100 g reported in the study 

was used in the conversion. George (2009) reported in cup-equivalents/1000 kcal, which was 

converted to g/day using a standard portion size of 80 g and the average energy intake of 

1990 kcal/day reported in the study. Stram (2006) also reported in g/1000 kcal and intake was 

converted to g/day using the average energy intake of 2380 kcal/day reported in another publication 

of the same study (Multiethnic Cohort Study).      

 

Sixteen studies could be included in the dose-response meta-analysis on prostate cancer. The 

increment unit used in the analysis was 100 g/day. From the studies included in the dose-response 

meta-analysis, ten studies reported on total prostate cancer (Ambrosini, 2008; Gonzalez, 2007; 

Allen, 2004; Key, 2004; Chan, 2000; Schuurman, 1998; Le Marchand, 1994; Shibata, 1992; Mills, 

1989; Severson, 1989), one study on total, advanced, and localised prostate cancer (Takachi, 2010), 

two studies on total and advanced/aggressive prostate cancer (George, 2009; Kirsh, 2007), one 

study on total and non-localised/high grade prostate cancer (Stram, 2006), and two studies on fatal 

cancer cases only (Smit, 2007; Hsing, 1990). 

 

One study (California, USA 1960-1980) was not included in forest plots (Snowdon, 1984). Two 

publications (Kilkkinen, 2003; Hirvonen, 2001) from the ATBC study reported mean values only 

but a further publication (Chan, 2000) could be included in the analysis.     

 

Main results 

The summary RR of prostate cancer per 100 g/day was 1.00 (95% CI 0.99-1.01; I
2 
= 0%; 

pheterogeneity = 0.61; n = 16) (all studies combined). Although the NIH-AARP (George et al, 2009) 

and the MEC (Stram et al, 2006) had 58% and 31% weights respectively in the analyses, the 

summary RR did not change materially when the studies were omitted in turn in influence analysis. 

The Eggerôs test of publication bias was not significant (p = 0.09) but the funnel plot suggests that 

smaller studies reported stronger positive associations than expected. 

 

The summary RRs per 100 g/day was 1.00 (95% CI 0.98-1.02; I
2 
= 0%; pheterogeneity = 0.88; n = 6) for 

advanced/high grade prostate cancer.  
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There was statistical evidence of non-linearity for total prostate cancer (p = 0.01). The curve shows 

a significant light increase in risk for intake in the range 200-600 grams driven by a few 

observations but a risk increase is not observed above this level. For advanced prostate cancer, p for 

non-linearity was 0.90. 

Heterogeneity  

Overall, there was no evidence of heterogeneity, I
2 
= 0%, pheterogeneity = 0.61. 

 

Comparison with the Second Expert Report 

In the 2005 SLR, the meta-analysis on fruit intake and prostate cancer showed non-significant 

association. 

 

Published meta-analysis or pooled analysis 

Fourteen studies were included in a meta-analysis (Meng, 2013). The summary RR for the highest 

versus lowest intake was 1.02 (95% CI 0.98-1.07, I
2 
= 0%, pheterogeneity = 0.93). All studies included 

in this published meta-analysis were included in the present review. No pooled analysis was 

identified. 
  
 

 

Table 18 Studies on fruit intake identified in the CUP  

 

Author, year Country Study name Cases 

Years 

of 

follow 

up 

RR LCI UCI Contrast 

Drake, 2012 Sweden 

Malmo Diet and 

Cancer Study 

cohort 

817 
15 

years 
1.15 0.90 1.46 

Median 335 vs. 44.9 

g/day 

Takachi, 

2010 
Japan 

JPHC study- I and 

II  
339 

32106

1 

person

-years 

1.09 0.77 1.53 
Median 335 vs. 38 

g/day 

1.01 0.94 1.09 Per 100 g/day 

George, 2009 USA 
NIH- AARP Diet 

and Health Study 
17034 

8  

years 

(max) 

1.01 0.95 1.06 
1.6-5.13 vs. 0-0.44 

cup/1000 kcal 

Ambrosini, 

2008 
Australia 

Wittennoom 

Gorge, West 

Australian cohort 

1990-2004 

97 
12.7 

years 
0.94 0.46 1.89 

Ó 2.31 vs. < 1 

servings/day 

Gonzalez, 

2007 
USA VITAL  832 

3.3 

years 
1.19 0.96 1.47 

Ó 2.07 vs. Ò 0.63 

servings/day 

Kirsh, 2007 USA PLCO 1338 
4.2 

years 
0.94 0.77 1.15 

Median 6 vs. 1 

servings/day 

Smit, 2007 Puerto Rico 
PR Heart Health 

Study 
167 

40 

years 
1.13 0.45 2.79 

2.1-3.0 vs. 0 

servings/day  

Stram, 2006 USA MEC 3922 
8 

years 
1.05 0.94 1.16 

Ó221.2 vs. Ò51.5 

g/1000kcal 
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Table 19 Overall evidence on fruit intake and prostate cancer 

 

 Summary of evidence 

2005 SLR Eleven prospective studies were identified during the 2005 SLR and nine studies 

were included in the meta-analysis. All studies reported statistically non-

significant results.  

Continuous Update 

Project 

Eight prospective studies were identified in the CUP; none showed significant 

associations. Six studies reported on advanced prostate cancer and showed a 

non-significant association with fruit intake. No significant association was 

observed in the CUP meta-analysis. 

 

 

Table 20 Summary of results of the dose response meta-analysis of fruit intake and prostate 

cancer 

 

Prostate cancer 

 2005 SLR CUP 

All studies   

Studies (n) 9 16 

Cases (n) 2343 26671 

Increment unit used Per serving/day Per 100 g/day 

Overall RR (95% CI) 1.03 (0.98-1.10) 1.00 (0.99-1.01) 

Heterogeneity (I
2
, p-value) 20.8%, p = 0.26 0%, p = 0.61 

Stratified analysis    

Advanced/high grade cancer   

Overall RR (95% CI) 0.96 (0.81-1.14) 1.00 (0.98-1.02) 

Heterogeneity (I
2
, p-value) (only 1 study) 0%, p = 0.88, n = 6 

Non-advanced/low grade cancer   

Overall RR (95% CI)  1.02 (0.94-1.11) 

Heterogeneity (I
2
, p-value)  (only 1 study) 
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 Table 21 Inclusion/exclusion table for meta-analysis of fruit intake and prostate cancer  

WCRF 

code 
Author  Year Study design Study name 

Cancer 

outcome 

2005 

SLR 

CUP dose-

response 

meta-

analysis 

CUP 

HvL 

forest 

plot 

Estimated values Exclusion reasons 

PRO100139 Drake 2012 
Prospective 

Cohort study 

Malmö Diet and 

Cancer 

Study cohort 

Incidence No No Yes  

Two exposure 

categories only  

(also for advanced 

prostate cancer) 

PRO100062   Takachi 2010 
Prospective 

Cohort study 
JPHC Study I and II Incidence No Yes Yes   

PRO100125 George 2009 
Prospective 

Cohort study 

NIH- AARP Diet 

and Health Study 
Incidence No Yes Yes 

Conversion from cup-

equivalents/1000kcal to 

g/day using standard 

portion size 80g and 

average energy intake 

1990 kcal/day,  mid-

exposure values, cases 

and person-years per 

quintile 

 

PRO99954 Ambrosini 2008 
Prospective 

Cohort study 

Wittennoom Gorge, 

West Australian 

cohort 1990-2004 

Incidence No Yes Yes 

Conversion from 

servings/day to g/day 

using standard portion 

size 80g,  mid-

exposure values 

 

PRO100035 Gonzalez 2007 
Prospective 

Cohort study 
VITAL  

Incidence/

Mortality 
No Yes Yes 

Conversion from 

servings/day to g/day 

using standard portion 

size 80g,  mid-

exposure values 

 

PRO99982 Kirsh 2007 

Prospective 

Cohort study 

(Follow-up of 

screening arm 

in trial) 

PLCO  
Incidence/

Mortality 
No Yes Yes 

Conversion from 

servings/day to g/day 

using standard portion 

size 80g , cases and 

person-years per 

quintile 
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PRO100019 Smit 2007 
Prospective 

Cohort study 

PR Heart Health 

Study 
Mortality No Yes Yes 

Conversion from 

servings/day to g/day 

using portion size 100g 

as used in study, mid-

exposure values, cases 

and person-years per 

tertile 

 

PRO99986 Stram 2006 
Prospective 

Cohort study 
MEC 

Incidence/

Mortality 
No Yes Yes 

Conversion from 

g/1000kcal to g/day 

using average energy 

intake 2380 kcal/day 

from another article of 

the same study,  mid-

exposure values, cases 

and person-years per 

quintile 

 

PRO97367 Allen 2004 
Prospective 

Cohort study 
Life Span Study Incidence Yes Yes Yes 

Conversion from 

times/week to g/day 

using standard portion 

size 80g, mid-exposure 

values 

 

PRO00148 Key 2004 
Prospective 

Cohort study 
EPIC Incidence Yes Yes Yes 

Used estimated mean 

exposure values 

provided in the article 

 

PRO03999 Wu 2004 
Nested case-

control study 

Health 

Professionals 

Follow-up Study 

Incidence/

Mortality 
Yes No No  

Number of cases and 

non-cases per 

category only - no 

measure of 

association 

Giovannucci 1995 - 

used 

PRO00142 Kilkkinen 2003 
Nested case-

control study 
ATBC 

Incidence/

Mortality 
Yes No No  

Duplicate publication 

with only mean 

exposure values  

PRO01034 Hirvonen 2001 
Prospective 

Cohort study 
ATBC 

Incidence/

Mortality 
Yes No No  

Duplicate publication 

with only mean 

exposure values 

PRO01426 Chan 2000 Prospective ATBC Incidence Yes Yes Yes Cases and person-years  
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Cohort study per quintile 

PRO02192 Giovannucci 
1998

b 

Prospective 

Cohort study 

Health 

Professionals 

Follow-up Study 

Incidence/

Mortality 
Yes No No  

Advanced prostate 

cancer;  two exposure 

categories only. Same 

study as Giovannucci 

1995 which was used 

for total cancer 

PRO02061 Schuurman 1998 
Case-cohort 

study 

The Netherlands 

Cohort Study 
Incidence Yes Yes Yes   

PRO02629 Giovannucci  1995 
Prospective 

Cohort study 

Health 

Professionals 

Follow-up Study 

Incidence/

Mortality 
Yes No Yes  

Two exposure 

categories only 

PRO02788 
Le 

Marchand 
1994 

Prospective 

Cohort study 

USA Hawaii 1975-

1980 
Incidence Yes Yes Yes 

Cases and person-years 

per quartile, mid-

exposure values 

 

PRO13404 Shibata 1992 
Prospective 

Cohort study 

USA California 

1981-1985 

Incidence/

Mortality 
Yes Yes Yes 

Conversion from 

servings/day to g/day 

using standard portion 

size 80g, person-years 

per tertile 

 

PRO03129  Hsing 
1990

b 

Prospective 

Cohort study 

Lutheran 

Brotherhood Cohort 

Study 

Mortality Yes Yes Yes 

Conversion from 

times/month to g/day 

using standard portion 

size 80g, person-years 

per quartile, mid-

exposure values 

 

PRO03196 Mills  1989 
Prospective 

Cohort study 

Adventist Health 

Study 
Incidence Yes Yes Yes 

Fruit index; conversion 

from times/month to 

g/day using standard 

portion size 80g, mid-

exposure values 

 

PRO03210 Severson 
1989

b 

Prospective 

Cohort study 

USA Hawaii 1965-

1968 
Incidence Yes Yes Yes 

Conversion from 

times/week to g/day 

using standard portion 

size 80g, mid-exposure 

values 

 

PRO03474 Snowdon 1984 
Prospective 

Cohort study 

USA California 

1960-1980 
Mortality Yes No No  

Identified in 2005 

SLR, no measure of 
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association -reported 

no significant 

association  
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Figure 18 Highest versus lowest forest plot of fruit intake and prostate cancer 
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Figure 19 Dose-response meta-analysis of fruit intake and prostate cancer ï per 

100 g/day 

 

 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 0.0%, p = 0.614)
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Figure 20 Funnel plot of fruit intake and prostate cancer 

 
Eggerôs test p = 0.09 
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Figure 21 Dose-response graph of fruit intake and prostate cancer 
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Figure 22 Dose-response meta-analysis of fruit intake and  prostate cancer, per 

100 g/day, stratified by prostate cancer type 

 

NOTE: Weights are from random effects analysis
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Figure 23 Non-linear dose-response analysis of fruit intake and total prostate cancer  

 

 
Table 22 Table with fruit intake values and corresponding RRs (95% CIs) for 

non-linear analysis of fruit intake and total prostate cancer  

Fruit 

intake 

(g/day) 

RR (95% CI) 

25.0 1 

199.6 1.03 (1.01-1.05) 

410.7 1.02 (1.00-1.04) 

617.7 1.01 (0.99-1.04) 

 

pnon-linearity = 0.01 
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2.3 Pulses (legumes) 

Methods 

Three prospective studies on pulses (legumes) had been identified, from which two studies 

were identified in the CUP (Park, 2008; Smit, 2007).  

Two other studies reported on boiled and dried beans respectively (Iso, 2007; Kirsh, 2007). 

Two studies on beans, lentils and peas (Mills, 1989; Hsing, 1990) were also identified in the 

2005 SLR.  

There was no enough information to do dose-response meta-analysis. 

 

Main results 

Two out of the three studies on pulses reported inverse associations. In the Multiethnic Cohort 

Study (Park, 2008), a significant inverse association was observed for advanced prostate cancer 

(HR 0.72; 95% CI 0.59-0.89; n = 1278 cases; ptrend = 0.01). A significant inverse trend was 

observed for total prostate cancer (HR 0.90; 95% CI 0.81-1.01; n = 4404 cases; ptrend = 0.01).  

The cohort study in The Netherlands (Schuurman, 1998) reported a significant inverse 

association of prostate cancer (HR 0.71; 95% CI 0.51-0.98) in relation to higher intake of 

legumes. Prostate cancer mortality was not associated with intake of pulses (legumes) in a 

study in Porto Rico (Smit, 2007).  

 

The study on boiled beans (Iso, 2007) in Japanese men reported no association with prostate 

cancer mortality (HR 1.11; 95% CI 0.71-1.76 for Ó 3 vs < 1 times/week). No association of 

dried beans intake was observed in the PLCO study (Kirsh, 2007) (HR 1.01; 95% CI 0.84-1.22 

for 0.49 vs < 0.06 servings/day). 

 

Discordant results were observed in the two studies on beans, lentils and peas. The Adventists 

Health Study (Mills, 1989) reported significant decreased risk with increased intake of beans, 

lentils and peas (HR 0.53; 93% CI 0.31-0.90 for intake of more than three times/week 

compared to less than once/month. serving/week). The Lutheran Brotherhood Study reported 

no association (Hsing, 1990).  

 

Comparison with the Second Expert Report 

In the 2005 SLR, the meta-analysis of case-control studies gave a significant inverse 

association of pulses (legumes) intake and prostate cancer risk (OR for one serving/week: 0.95; 

95% CI 0.91-0.99).  

 

Published meta-analysis or pooled analysis 

No study was identified. 

 

Table 23 Overall evidence on pulses (legume) intake and prostate cancer 

 

 Summary of evidence 

2005 SLR One cohort study was identified during the 2005 SLR and reported 

significant inverse association. One study on beans, lentils and peas reported 

no association and the other, significant inverse association.   

Continuous Update 

Project 

Two prospective studies were identified in the CUP; one showed significant 

associations. Two other studies on dried or boiled beans intakes reported no 

association. No meta-analysis was conducted. 
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Table 24 Studies on pulses (legumes) identified in the CUP 

*Advanced: nonlocalised or high grade cancers 

 

2.3.1 Soya, soya products 

 

Methods 

Five cohort studies on different soya foods were identified during the CUP. There was no 

appropriate data to do dose-response meta-analysis. 

 

Main results 

Two studies on soya foods (Park, 2008; Kurahashi, 2007) reported no significant inverse 

associations.  No associations were reported in two studies on miso soup (Iso, 2007; Kurahashi, 

2007) and in the studies on tofu and soyabeans (Kirsh, 2007) or tofu (Iso, 2007).  

Comparison with the Second Expert Report 

Similar results were observed in the 2005 SLR. No association of prostate cancer was reported 

for soya products or soya beans (Hirayama, 1978, Allen 2004), miso soup (Severson, 1989; 

Al len, 2004), tofu (Hsing,  1990; Mills,1994; Nomura, 2004) foods boiled in soya sauce 

(Severson, 1989).  

Only one cohort study reported a significant inverse association with soy milk intake 

(Jacobsen, 1998).  

Author, 

year 
Country  Study name Cases 

Years 

of 

follow 

up 

RR LCI  UCI Contrast 

 

Park, 2008 USA MEC 

All cases: 

4404  
8 

0.90 0.81 1.01 
 

> 21.3 vs. < 3.6 

g/1000 kcal 
Advanced* 

1278 
0.72 0.59 0.89 

Smit, 2007 
Puerto 

Rico 

PR Heart 

Health 

Study 

167 
40 

(max) 
1.06 0.48 2.32 

3.1-4.0 vs. 0 

servings/day 

Iso, 2007 Japan JACC 169 15 1.11 0.71 1.76 

Boiled beans 

Ó 3 vs. < 1 

times/week 

Kirsh, 2007 USA PLCO 1338 4.2 1.01 0.84 1.22 

Dried beans 

Median 0.49 vs. 

0.06 

servings/day 
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Published meta-analysis or pooled analysis 

In a meta-analysis of case-control and cohort studies comparing the highest with the lowest 

intake reported in the studies, the combined relative risks were 0.70 (95% CI 0.56-0.88; 5 case-

control studies and 3 cohorts) for nonfermented soya foods and 1.02 (95% CI 0.73- 1.42; 3 

case-control studies and 3 cohorts) for fermented soya foods (Yan, 2009). 

 

Table 25 Overall evidence on soya foods intake and prostate cancer 

 

 Summary of evidence 

2005 SLR Seven publications on different soya foods were identified during the 2005 

SLR. Only one study reported a significant (inverse) association and it was 

with soya milk.  

Continuous Update 

Project 

Four prospective studies investigating soya foods, miso soup, tofu or soya 

beans or tofu in relation with prostate cancer were identified in the CUP; 

none of the studies showed significant associations. No meta-analysis was 

conducted. 

 

 

 

Table 26 Studies on soya and soya products identified in the CUP 

Author, 

year 
Country  Study name Cases 

Years 

of 

follow 

up 

RR LCI  UCI Contrast 

Soya foods 

Park, 2008 USA MEC 4404 8 0.90 0.80 1.01 
Ó 2.8 vs. 0 

g/1000kcal 

Kurahashi, 

2007 
Japan JPHC I and II 307 

325371 

person-

years 

0.82 0.57 1.19 

Ó 107.40 vs. Ò 46.59 

g/day 

Miso soup 

Iso, 2007 Japan JACC 169 15  0.95 0.59 1.51 
Ó 2.0 vs. Ò 0.5 

bowls/day 

Kurahashi, 

2007 
Japan JPHC I and II 307 

325371 

person-

years 

1.04 0.72 1.50 

 

Ó 356.0 vs. < 110.0 

ml/day 

Tofu, soyabeans 

Kirsh, 2007 USA PLCO 1338 4.2 0.98 0.79 1.22 

Median 0.51 vs. 0 

servings/day 

Tofu         
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Iso, 2007 Japan JACC 169 15 1.07 0.70 1.63 
Ó 5 vs. < 3 

times/week 
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2.5.1.2 Processed meat 
 

Methods 

 

Fifteen publications from 11 cohort studies were identified. Ten publications (seven cohort 

studies) were identified during the CUP. The CUP meta-analysis included 11 studies; seven of 

these were identified during the CUP. The dose-response results are presented for an increment 

of 50 g per day. 

 

The definition of processed meat varied across study. One study presented results only on red 

processed meat (Richman, 2011), other study presented results on bacon and sausages 

(Koutros, 2009), and another study reported on cured meats (boiled ham, bacon, smoked beef 

and other sliced cold meats) (Schuurman, 1999). 

 

In one study (Richman, 2011) servings/weeks were converted to grams/day using 57 grams as 

one serving, as reported in the article. Two studies presented intake in g/1000 kcal/day. For one 

study (Sinha, 2009), it was rescaled to g/d using the average daily caloric intake of all 

participants. In another study (Park, 2007a) in a multi-ethnic population, the conversion to g/d 

from g/1000 kcal/day of processed meat intake was calculated using the weighted daily caloric 

intake obtained from a previously published study of the MEC study (Kolonel, 2000).  

 

For the studies included in the dose-response meta-analysis, nine included total prostate cancer 

(Sinha, 2009; Allen, 2008a; Koutros, 2008; Park, 2007a; Rohrmann, 2007; Rodriguez, 2006; 

Cross, 2005; Schuurman, 1999; Veierod, 1997), for advanced/high grade cases (Sinha, 2009; 

Park, 2007; Rohrmann, 2007; Cross, 2005; Schuurman, 1999; Le Marchand, 1994, n = 6), and 

for fatal cases (Richman, 2011; Sinha, 2009; Rodriguez, 2006, n = 3). 

 

Advanced and high grade cancers were combined in an advanced/high grade subgroup for 

stratified analyses.  

 

Main results 

 

The summary RR per 50 g/day was 1.03 (95% CI 0.98-1.08; I
2 
= 28.9%; pheterogeneity = 0.17) for 

all studies combined. After stratification by cancer subtype, the RR per 50 g/day was 1.09 

(95% CI 0.94-1.25; I
2 
= 54.2%; pheterogeneity = 0.05; n = 6) for advanced/high grade and 1.02 

(95% CI 0.79-1.32; I
2 
= 0%; pheterogeneity = 0.41; n = 3) for fatal prostate cancer. 

There was no significant evidence of publication bias with Eggerôs test, p = 0.14. Some 

asymmetry in the funnel plots shows that earlier smaller studies tended to report strong positive 

associations. 

 

Heterogeneity  

Overall, there was low heterogeneity, I
2 
= 28.9%, pheterogeneity = 0.17.  

 

Comparison with the Second Expert Report 

In the 2005 SLR the meta-analysis on processed meat and prostate cancer the RR for an 

increase of one serving/week was 1.11 (95% CI 0.99-1.25; I
2 
= 68.9%; pheterogeneity = 0.02; 

n = 4) for all prostate cancers and 1.09 (95% CI 0.97-1.22; I
2 
= 50.5%; pheterogeneity = 0.15; 

n = 2) for advanced/high grade prostate cancers. 
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Published meta-analysis or pooled analysis 

A meta-analysis of 10 cohorts (Alexander, 2010) reported a summary RR of prostate cancer for 

an increment of 30 g/d of 1.02 (95% CI 1.00-1.04; pheterogeneity = 0.27). The summary RR of 

advanced prostate cancer for an increment of 30 g/d of processed meat was 1.01 (95% CI 0.90-

1.14, pheterogeneity = 0.02). No pooled analysis was identified. 

 

Table 27 Studies on processed meat consumption identified in the CUP 

Author, year Country Study name Cases 

Years 

of 

follow 

up 

RR LCI UCI Contrast 

Richman,  

2011 
USA 

Health 

Professionals 

Follow-up 

study 

199 
14 

years 
0.64 0.38 1.06 

Ó 3 serving/week 

vs. < 0.5 

servings/week 

Major,  

2011 
USA 

NIH- AARP 

Diet and 

Cancer study 

1089 
~10 

years 
0.94 0.76 1.14 Q5 vs. Q1 

Sinha,  

2009 
USA 

NIH- AARP 

Diet and 

Cancer study 

10313 9 years  1.07 1.00 1.14 

24.6 g/1000 

kcal/ vs. 2.2 

g/1000 kcal/ 

Allen,  

2008a 
Europe 

European 

Prospective 

Investigation 

into Cancer 

and Nutrition 

2727 
8.7 

years 
0.93 0.79 1.09 78 g/d vs. 18 g/d 

Koutros,  

2008 
USA 

Agricultural 

Health Study 

Cohort 

668 
~8.5 

years 
0.98 0.78 1.24 

17.2 g/d vs. 0 

g/d 

Park,  

2007a 
USA 

Multi -ethnic 

Cohort study 

4404 

 
8 years 1.01 0.91 1.12 

 20 g/1000 

kcal/d vs. 2.2 

g/1000 kcal/d 

Cross, 2007 USA 

NIH- AARP 

Diet and 

Cancer study 

17235 
6.8 

years 
1.02 0.97 1.07 

22.6 1000 kcal/d 

vs. 1.6 g 1000 

kcal/d 

Rohrmann,  

2007 
USA 

CLUE II 

cohort study 
199 

15 

years 
1.53 0.98 2.39 

Ó 5 times/week 

vs. <1 time/week 

Rodriguez, 

2006 
USA 

Cancer 

Prevention 

Study II 

Nutrition 

Cohort 

85 

Black 

9 years 

2.4 1.2 4.9 

Ó 247 g/week 0- 

<59 g/week vs.  5028 

White 
1.00 0.9 1.1 

Wu, 2006 USA 

Health 

Professionals 

Follow-up 

study 

3002 13 0.95 0.84 1.07 Q5 vs. Q1 

 

Table 28 Overall evidence on processed meat consumption and prostate cancer 



 

 

103 

 

 Summary of evidence 

2005 SLR Five studies were identified during the 2005 SLR. All of them were 

included in the 2005 SLR meta-analysis. Two of these studies (Schuurman, 

1999; Veierod, 1997) reported significant positive association between 

processed meat intake and prostate cancer. 

Continuous Update 

Project 
Ten additional publications (seven studies) reported on processed 

meat and prostate cancer risks, seven of these were used in the meta-

analysis. One of these studies (Sinha, 2009) reported a significant 

positive association. The CUP meta-analysis showed no significant 

association of processed meat and prostate cancer 

 

 

 

 

Table 29 Summary of results of the dose response meta-analysis of processed meat 

consumption and prostate cancer 

Prostate cancer 

 2005 SLR CUP 

Studies (n) 4 11 

Cases (n) 1857 25963 

Increment unit used Servings/week Per 50 g/day 

Overall RR (95%CI) 1.11 (1.00-1.25) 1.03 (0.98-1.08) 

Heterogeneity (I
2
, p-value) 68.9%, p = 0.02 28.9%, p = 0.17 

Stratified analysis    

Advanced/high grade cancer   

Overall RR (95% CI) 1.09 (0.98-1.22) 1.09 (0.94-1.25) 

Heterogeneity (I
2
, p-value) 50.5%, p = 0.15, n = 2 54.2%, p = 0.05, n = 6 

Mortality *    

Overall RR (95% CI) 1.02 (0.79-1.32) 

Heterogeneity (I
2
, p-value) 0 %, p = 0.41, n = 3 

* No meta-analysis was conducted in the 2005 SLR. 
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Table 30 Inclusion/exclusion table for meta-analysis of processed meat consumption and prostate cancer 

WCRF 

code 
Author  Year 

Study 

design 
Study name 

Cancer 

outcome 

2005 

SLR 

CUP 

dose-

response 

meta-

analysis 

CUP HvL 

forest plot 
Estimated values 

Exclusion 

reasons 

PRO100106 Richman 2011 
Prospective 

Cohort 

Health 

Professionals 

Follow-up study 

Mortality No Yes Yes 
Person-years, mid-exposure 

values 
 

PRO100104 Major 2011 
Prospective 

Cohort 

NIH- AARP Diet 

and Cancer study 
Incidence No No No  

Superseded by  

PRO100051 

(Sinha, 2009), 

only African-

American 

PRO100051 Sinha 2009 
Prospective 

Cohort 

NIH- AARP Diet 

and Cancer study 
Mortality No Yes Yes 

Person-years, mid-exposure 

values 
 

PRO99955 Allen 2008a 
Prospective 

Cohort 

European 

Prospective 

Investigation into 

Cancer and 

Nutrition 

Incidence No Yes Yes Person-years   

PRO99998 Koutros 2008 
Prospective 

Cohort 

Agricultural 

Health Study 

Cohort 

 Incidence No Yes Yes Person-years  

PRO99977 Park 2007a 
Prospective 

Cohort 

Multi-ethnic 

Cohort study 
Incidence No Yes Yes 

Cases per category, person-

years 
 

PRO99970 Rohrmann 2007 
Prospective 

Cohort 
CLUE II 

   

Incidence 
No Yes Yes Mid-exposure values  

PRO100037 Cross 2007 
Prospective 

Cohort 

NIH- AARP Diet 

and Cancer study 

   

Incidence 
No No No  

Superseded by  

PRO100051 

(Sinha, 2009) 

PRO99988 Wu 2006 
Prospective 

Cohort 

Health 

Professionals 

Follow-up study 

 Incidence No No No  

Superseded by  

PRO100106 

(Richman, 2011) 

PRO99984 Rodriguez 2006 
Prospective 

Cohort 

Cancer 

Prevention Study 

II Nutrition 

Cohort 

 Incidence No Yes Yes 
Person-years, mid-exposure 

values 
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PRO99850 Cross 2005 
Prospective 

Cohort 

Prostate, Lung, 

Colorectal and 

Ovarian Cancer 

Screening Trial 

  

Incidence 
Yes Yes Yes Mid-exposure values  

PRO01122 Michaud 2001 
Prospective 

Cohort 

Health 

Professionals 

Follow-up study 

  

Incidence 
Yes No No  

Superseded by  

PRO100106 

(Richman, 2011) 

PRO01759 Schuurman 1999b Case-cohort 
Netherlands 

Cohort study 

  

Incidence 
Yes Yes Yes Rescale continuous values  

PRO02242 Veierod  1997 
Prospective 

Cohort 

Norway 1977-

1983 

  

Incidence 
Yes Yes Yes 

Person-years, mid-exposure 

values 
 

PRO02788 
Le 

Marchand 
1994 

Prospective 

Cohort 

USA Hawaii 

1975-1980 

Cohort study 

  

Incidence 
Yes Yes Yes Mid-exposure values  
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Overall  (I-squared = 28.9%, p = 0.170)

Le Marchand

Cross

Veierod

Schuurman

Park

Sinha

Rodriguez

Koutros

Richman

Rohrmann

Author

Allen

1994

2005

1997

1999

2007

2009

2006

2008

2011

2007

Year

2008

1.03 (0.98, 1.08)

1.68 (0.86, 3.30)

1.02 (0.98, 1.07)

3.52 (1.01, 12.27)

Per 50 g per

1.10 (0.81, 1.45)

0.95 (0.85, 1.06)

1.07 (1.00, 1.14)

1.04 (0.92, 1.18)

0.93 (0.49, 1.77)

1.60 (0.69, 3.69)

1.16 (0.93, 1.43)

day RR (95% CI)

0.95 (0.86, 1.05)

100.00

0.50

30.53

0.15

%

2.55

12.89

22.65

10.88

0.56

0.33

4.45

Weight

14.52
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StudyDescription
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Figure 24 Highest versus lowest forest plot of processed meat consumption and prostate 

cancer 

 

 

Figure 25 Dose-response meta-analysis of processed meat intake and prostate cancer, per 

50 g/day 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Richman

Sinha

Allen

Koutros

Park

Rohrmann

Rodriguez

Rodriguez

Cross

Schuurman

Veierod

Le Marchand

Author

2011

2009

2008

2008

2007

2007

2006

2006

2005

1999

1997

1994

Year

Black

White

Group

1.52 (0.89, 2.61)

1.07 (1.00, 1.14)

0.93 (0.79, 1.09)

0.98 (0.78, 1.24)

1.01 (0.91, 1.12)

1.53 (0.98, 2.39)

2.40 (1.20, 4.90)

1.00 (0.90, 1.10)

1.14 (0.93, 1.39)

1.37 (1.00, 1.89)

3.10 (1.10, 8.60)

1.20 (0.80, 1.90)

RR (95% CI)

High vs low

PRO100106

PRO100051

PRO99955

PRO99998

PRO99977

PRO99970

PRO99984

PRO99984

PRO99850

PRO01759

PRO02242

PRO02788

WCRF_Code

HPFS

NIH- AARP

EPIC

AHSC

MEC

CLUE II

CPS II

CPS II

PLCO

NLCS

Norway 1977-1983

USA Hawaii 1975-1980

StudyDescription

>= 3  servings/weeks vs <0.5 servings/week

24.6 g/1000kcal/d vs 2.2 g/1000kcal/d

78 g/d vs 18 g/d

17.2 g/d vs 0 g/d

20 g/1000 kcal/d vs 2.2 g/1000 kcal/d

>= 5 times/week vs <= 1 time/week

>= 247 g/week vs 0- <59 g/week

>= 247 g/week vs 0- <59 g/week

>36.8-367.1 g/d vs 0-6.7 g/d

36 g/d vs 0 g/d

>= 9 times/month vs <= 2 times/month

Quartile 4 vs quartile 1

contrast

1.52 (0.89, 2.61)

1.07 (1.00, 1.14)

0.93 (0.79, 1.09)

0.98 (0.78, 1.24)

1.01 (0.91, 1.12)

1.53 (0.98, 2.39)

2.40 (1.20, 4.90)

1.00 (0.90, 1.10)

1.14 (0.93, 1.39)

1.37 (1.00, 1.89)

3.10 (1.10, 8.60)

1.20 (0.80, 1.90)

RR (95% CI)

High vs low

PRO100106

PRO100051

PRO99955

PRO99998

PRO99977

PRO99970

PRO99984

PRO99984

PRO99850

PRO01759

PRO02242

PRO02788

WCRF_Code

  
1.25 .5 .75 1 1.5 2 3



 

 

107 

 

Koutros

AllenPark

Cross

Rodriguez

Sinha

Schuurman

Rohrmann

Richman

Le Marchand

Veierod

0
.2

.4
.6

s
.e

. 
o

f 
lo

g
rr

-1 -.5 0 .5 1 1.5
logrr

Funnel plot with pseudo 95% confidence limits

 

Figure 26 Funnel plot of processed meat intake and prostate cancer 
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Figure 27 Dose-response graph of processed meat and prostate cancer  
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Figure 28 Dose-response meta-analysis of processed meat intake and prostate cancer, 

per 50 g/day, stratified by prostate cancer type  
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2.5.1.3 Red meat 

 

Methods 

Twenty two publications from fourteen cohorts were identified. Twelve publications (nine 

cohorts) were identified during the CUP. The CUP meta-analysis included ten cohort studies; 

eight of these were identified during the CUP. The dose-response results are presented for an 

increment of 100 g per day. 

 

Two studies presented intake in g/1000 kcal/day. Exposure was rescaled to g/day using the 

average daily caloric intake of all participants in one study (Sinha, 2009) and in another study 

(Park, 2007a) that included multi-ethnic individuals, the conversion was calculated using 

weighted daily caloric intake of each ethnic group obtained from a previously published study 

of the MEC study (Kolonel, 2000). 
 

For the studies included in the dose-response meta-analysis, eight included total prostate cancer 

(Agalliu, 2011; Sinha, 2009; Allen, 2008a; Koutros, 2008; Park, 2007a; Rohrmann, 2007; 

Rodriguez, 2006; Cross, 2005), seven studies reported invasive causes (Agalliu, 2011; Sinha, 

2009; Koutros, 2008; Park, 2007; Rohrmann, 2007; Cross, 2005; Chan, 2000), and two study 

presented fatal cases (Richman, 2011; Sinha, 2009). 

  

Stratified analysis by prostate cancer type was conducted combining advanced and high grade 

cancers into a subgroup. 

 

Main results 

The summary RR per 100 g/day was 0.99 (95% CI 0.94-1.05; I
2 
= 55.8%, pheterogeneity = 0.02) 

for all studies combined. After stratification by cancer subtype, the RR per 100 g/day was 0.99 

(95% CI 0.89-1.11; I
2 
= 36.3%, pheterogeneity=0.15, n=7) for advanced/high grade and 1.19 (95% 

CI 0.88-1.59; I
2 
= 36.8%, pheterogeneity=0.21, n=2) for fatal cases. 

 

Heterogeneity  

Overall, there was evidence of moderate heterogeneity, I
2 
= 55.8%, pheterogeneity =0.02. The 

strongest positive association was observed in the Canadian Study of Diet, Lifestyle and Health 

Study (Agalliu, 2011). In this study, the largest confounders of the association between meat 

intake and prostate cancer were age, race, BMI, exercise and education. In a sensitivity 

analysis, the exclusion of this study did not substantially modified the results (RR for 100 g/d 

increase: 0.99 (95% CI 0.95-1.04) but the heterogeneity decreased (I
2 
= 46.9%; p = 0.05). 

There was no significant evidence of publication bias with Eggerôs test, p = 0.86.  

 

Comparison with the Second Expert Report 

In the 2005 SLR the meta-analysis on red meat and prostate cancer showed a summary RR of 

0.98 (95% CI 0.97-1.00; I
2 
=12.1%; pheterogeneity=0.33; n=7) for all prostate cancer types together 

and 1.00 (95% CI 0.97-1.03; I
2 
= 49.3%; pheterogeneity=0.12; n=4) for advanced/high grade cases. 

 

 

Published meta-analysis or pooled analysis 

A meta-analysis of 9 cohorts (Alexander, 2010) the summary RR for an increment of 100 g/d 

of red meat was 1.00 (95% CI 0.95-1.05; pheterogeneity < 0.01) for all prostate cancers and 0.97 

(95% CI 0.91-1.02; pheterogeneity=0.57; n = 5) for advanced prostate cancer. No pooled analysis 

was identified. 
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Table 31 Studies on red meat consumption identified in the CUP 

Author, year Country Study name Cases 

Years 

of 

follow 

up 

RR LCI UCI Contrast 

Wright, 

2012 
Finland 

Alpha-

Tocopherol, 

Beta-Carotene 

Cancer 

Prevention 

Study 

1929 

 

21 

years 
0.89 0.78 1.01 Q4 vs. Q1 

Agalliu,  

2011 
Canada 

Canadian 

Study of Diet, 

Lifestyle and 

Health 

661 
7.7 

years 
1.44 1.06 1.95 

3.1 oz/d vs 0.7 

oz/d 

Richman,  

2011 
USA 

Health 

Professionals 

Follow-up 

study 

199 
14 

years 
1.07 0.66 1.75 

Ó 8 serving/week 

vs. < 3 

servings/week 

Major,  

2011 
USA 

NIH- AARP 

Diet and 

Cancer study 

1089 
~10 

years 
0.92 0.75 1.14 Q5 vs. Q1 

Sinha,  

2009 
USA 

NIH- AARP 

Diet and 

Cancer study 

10313 9 years  1.12 1.04 1.21 

66.1 g/1000 

kcal/ vs. 11.6 

g/1000 kcal/ 

Allen,  

2008a 
Europe 

European 

Prospective 

Investigation 

into Cancer 

and Nutrition 

2727 
8.7 

years 
0.96 0.82 1.12 90 g/d vs. 28 g/d 

Koutros,  

2008 
USA 

Agricultural 

Health Study 

Cohort 

668 

 

~8.5 

years 
1.10 0.85 1.43 

122.3  g/d vs. 

23.2 g/d 

Park,  

2007a 
USA 

Multi -ethnic 

Cohort study 
4404 8 years 0.97 0.87 1.07 

 37 g/1000 

kcal/d vs. 5.5 

g/1000 kcal/d 

Cross,  

2007 
USA 

NIH- AARP 

Diet and 

Cancer study 

17235 
6.8 

years 
1.01 0.96 1.07 

62.7 1000 kcal/d 

vs. 9.8 g 1000 

kcal/d 

Rohrmann,  

2007 
USA 

CLUE II 

cohort study 

199 

 

15 

years 
0.87 0.59 1.32 

120.64 g/d vs. 

70.14 g/d 

Rodriguez, USA Cancer 85 9 years    Ó 423 g/week vs. 
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2006 Prevention 

Study II 

Nutrition 

Cohort 

Black 0.97 0.91 1.03 0- <137 g/week  

5113 

White    

Wu,  

2006 
USA 

Health 

Professionals 

Follow-up 

study 

3002 
13 

years  
1.21 0.85 1.74 Q5 vs. Q1 

 

 

Table 32 Overall evidence on red meat consumption and prostate cancer 

 Summary of evidence 

2005 SLR Ten studies were identified during the 2005 SLR. Seven of them were 

included in the 2005 SLR meta-analysis. One of these studies (Chan, 2000) 

reported an inverse association between red meat intake and prostate cancer. 

Continuous Update 

Project 
Twelve additional publications (eight cohorts) reported on red meat 

and prostate cancer risks, eight of these were used in the meta-

analysis. Two of these studies (Agalliu, 2011; Sinha, 2009) reported a 

significant positive association. No significant association was 

observed in the CUP meta-analysis. 

 

 

 

 

Table 33 Summary of results of the dose response meta-analysis of red meat consumption 

and prostate cancer 

Prostate cancer 

 2005 SLR CUP 

Studies (n) 7 10 

Cases (n) 5236  25806 

Increment unit used Servings/week Per 100 g/day 

Overall RR (95%CI) 0.99 (0.98-1.00) 0.99 (0.94-1.05) 

Heterogeneity (I
2
, p-value) 12.1%, p= 0.33 55.8%, p=0.02 

Stratified analysis    

Advanced/high grade cancer   

Overall RR (95%CI) 1.00 (0.97-1.03) 0.99 (0.89-1.11) 

Heterogeneity (I
2
,p-value) 49.3%, p = 0.12, n = 4 36.3%, p = 0.15, n = 7 

Mortality    

Overall RR (95%CI)  1.19 (0.88-1.59) 

Heterogeneity (I
2
, p-value)  36.8%, p = 0.21, n = 2 
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Table 34 Inclusion/exclusion table for meta-analysis of red meat consumption and prostate cancer 

 

WCRF 

code 
Author  Year 

Study 

design 
Study name 

Cancer 

outcome 

2005 

SLR 

CUP 

dose-

response 

meta-

analysis 

CUP HvL 

forest plot 
Estimated values Exclusion reasons 

PRO100113 Wright 2012 
Prospective 

Cohort 

Alpha-

Tocopherol, 

Beta-Carotene 

Cancer 

Prevention 

Study 

 Incidence No No No  

No quantities 

reported, 

superseded by  

PRO01426 (Chan, 

2000) 

PRO100199 Agalliu 2011 
Prospective 

Cohort 

Canadian 

Study of Diet, 

Lifestyle and 

Health 

Incidence No Yes Yes Person-years  

PRO100106 Richman 2011 
Prospective 

Cohort 

Health 

Professionals 

Follow-up 

study 

Mortality No Yes Yes 
Person-years, mid-exposure 

values 
 

PRO100104 Major 2011 
Prospective 

Cohort 

NIH- AARP 

Diet and 

Cancer study 

  Incidence No No No  

Superseded by  

PRO100051 

(Sinha, 2009), 

only African-

American 

PRO100051 Sinha 2009 
Prospective 

Cohort 

NIH- AARP 

Diet and 

Cancer study 

Mortality No Yes Yes 
Person-years, mid-exposure 

values 
 

PRO99955 Allen 2008a 
Prospective 

Cohort 

European 

Prospective 

Investigation 

into Cancer 

and Nutrition 

  Incidence No Yes Yes Person-years   

PRO99998 Koutros 2008 
Prospective 

Cohort 

Agricultural 

Health Study 

Cohort 

  Incidence No Yes Yes Person-years  

PRO99977 Park 2007a Prospective Multi-ethnic   Incidence No Yes Yes Cases per category, person-  
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Cohort Cohort study years 

PRO99970 Rohrmann 2007 
Prospective 

Cohort 
CLUE II   Incidence No Yes Yes Mid-exposure values  

PRO100037 Cross 2007 
Prospective 

Cohort 

NIH- AARP 

Diet and 

Cancer study 

  Incidence No No No  

Superseded by  

PRO100051 

(Sinha, 2009) 

PRO99988 Wu 2006 
Prospective 

Cohort 

Health 

Professionals 

Follow-up 

study 

  Incidence No No No  

Superseded by  

PRO100106 

(Richman, 2011) 

PRO99984 Rodriguez 2006 
Prospective 

Cohort 

Cancer 

Prevention 

Study II 

Nutrition 

Cohort 

  Incidence No Yes Yes 
Person-years, mid-exposure 

values 
 

PRO99850 Cross 2005 
Prospective 

Cohort 

Prostate, Lung, 

Colorectal and 

Ovarian 

Cancer 

Screening Trial 

  Incidence Yes Yes Yes Mid-exposure values  

PRO10575 Platz 2004c 

Nested 

case-

control 

study 

Health 

Professionals 

Follow-up 

study 

  Incidence Yes No No  

Superseded by  

PRO100106 

(Richman, 2011) 

PRO00442 Alavanja 2003 
Prospective 

Cohort 

Agricultural 

Health Study 

Cohort 

  Incidence Yes No No   

Superseded by  

PRO99998 

(Koutros , 2008) 

PRO01122 Michaud 2001 
Prospective 

Cohort 

Health 

Professionals 

Follow-up 

study 

Mortality Yes No No  

Superseded by  

PRO100106 

(Richman, 2011) 

PRO01290 Lee 2001 
Prospective 

Cohort 

Harvard 

Alumni Health 

Study  

  Incidence Yes No No  
Only mean 

provided 

PRO01426 Chan 2000 
Prospective 

Cohort 

Alpha-

Tocopherol, 

Beta-Carotene 

Cancer 

  Incidence Yes Yes Yes 
Cases per category, person-

years 
 



 

 

115 

 

 

Prevention 

Study 

PRO01759 Schuurman 1999b 
Case-

cohort 

Netherlands 

Cohort study 
  Incidence Yes No No  

Other red meats 

(horsemeat, lamb 

and mutton) 

PRO02814 Gann 1994 

Nested 

case-

control 

study 

Physicians' 

Health Study 
  Incidence Yes No No  

No measurement 

units  

PRO02875 Giovannucci 1993 
Prospective 

Cohort 

Health 

Professionals 

Follow-up 

study 

  Incidence Yes No No  

Superseded by  

PRO100106 

(Richman, 2011) 

PRO03129 Hsing 1990b 
Prospective 

Cohort 

Lutheran 

Brotherhood 

Cohort Study 

Mortality Yes No No  Used total meats 
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Figure 29 Highest versus lowest forest plot of red meat consumption and prostate cancer 
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Figure 30 Dose-response meta-analysis of red meat intake and prostate cancer, per 100 

g/day 
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Figure 31 Funnel plot of red meat intake and prostate cancer 
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Figure 32 Dose-response graph of red meat and prostate cancer  
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Figure 33 Dose-response meta-analysis of red meat intake and prostate cancer, per 

100g/dayday, stratified by prostate cancer type  
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0.92 (0.58, 1.46)

1.00 (0.94, 1.07)

0.76 (0.58, 1.00)

0.99 (0.89, 1.11)

day RR (95% CI)

Per 100 g per

1.89

21.97

5.25

4.79

12.45

5.14

22.34

26.18

100.00

45.89

54.11

100.00

2.27

19.92

3.98

16.14

5.21

39.76

12.72

100.00

Weight

%

PRO100199

PRO100051

PRO99955

PRO99998

PRO99977

PRO99970

PRO99984

PRO99850

PRO100106

PRO100051

PRO100199

PRO100051

PRO99998

PRO99977

PRO99970

PRO99850

PRO01426

WCRF_Code

CSDLH

NIH- AARP

EPIC

AHSC

MEC

CLUE II

CPS II

PLCO

HPFS

NIH- AARP

CSDLH

NIH- AARP

AHSC

MEC

CLUE II

PLCO

ATBC

StudyDescription

1.62 (1.07, 2.43)

1.10 (1.03, 1.17)

0.92 (0.73, 1.16)

1.01 (0.79, 1.28)

0.95 (0.84, 1.07)

0.93 (0.73, 1.17)

0.97 (0.91, 1.03)

0.99 (0.95, 1.03)

1.01 (0.95, 1.07)

1.01 (0.71, 1.44)

1.36 (1.00, 1.86)

1.19 (0.88, 1.59)

1.26 (0.61, 2.61)

1.22 (1.01, 1.48)

0.88 (0.51, 1.50)

0.94 (0.75, 1.17)

0.92 (0.58, 1.46)

1.00 (0.94, 1.07)

0.76 (0.58, 1.00)

0.99 (0.89, 1.11)

day RR (95% CI)

Per 100 g per

1.89

21.97

5.25

4.79

12.45

5.14

22.34

26.18

100.00

45.89

54.11

100.00

2.27

19.92

3.98

16.14

5.21

39.76

12.72

100.00

Weight

%

  
1.5 .75 1 1.5 2
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2.5.1.3.1 Beef 

 

Methods 

 

Ten publications from 10 cohort studies were identified, from which five publications were 

identified during the CUP. The CUP meta-analysis included seven studies; four of these were 

identified during the CUP. The dose-response results are presented for an increment of 100 gr 

per day. 

 

One study   presented beef intake in grams/1000 kcal/day (Park, 2007a) that was approximated 

to grams/day assuming as energy intake the mean caloric intake reported in a previous 

publication of the same study (Kolonel, 2000). In one study (Mills et al, 1989), the confidence 

interval in the manuscript for the highest vs lowest comparison appears to be wrong and for the 

dose-response meta-analysis, CIs were derived from number of cases and person/years. 

 

A study on beef hamburgers was not included in the updated review (Michaud, 2001) although 

it was included in the ñBeef groupò in the 2005 SLR. 

 

Six of the studies reported on total prostate cancers and high stage (III-IV), high grade 

(Gleason Ó 7) or advanced/high grade and these were combined into a group of 

aggressive/advanced prostate cancers in stratified analysis (five studies). 

 

Main results 

The summary RR per 100 g/day was 1.17 (95% CI 0.89-1.53; I
2 
= 49.3%, pheterogeneity = 0.07, 

n = 7) for all studies combined. The RR per 100 g/day for total prostate cancer (removing the 

study reporting on mortality) was 1.05 (95% CI 0.85-1.30; I
2 
= 25.4%, pheterogeneity = 0.24; n = 6) 

and 1.04 (95% CI 0.70-1.53; I
2 
= 40.6%, pheterogeneity = 0.15, n = 5) for advanced/high grade 

prostate cancer. 

 

Heterogeneity  

Overall, there was evidence of moderate heterogeneity, I
2 
= 49.3%, pheterogeneity = 0.07, 

explained by extreme associations reported by the smaller studies. There was no significant 

evidence of publication bias with Eggerôs test, p = 0.28.  

 

 

Comparison with the Second Expert Report 

In the 2005 SLR the meta-analysis on beef and prostate cancer showed a summary RR of 1.05 

(95% CI 0.99-1.12; I
2 
= 8.47%; pheterogeneity = 0.350; n = 4) for all prostate cancer types together 

and 0.97 (95% CI 0.87-1.08; I
2 
= 0%, pheterogeneity = 0.32, n = 2) when only including advanced 

cases. 

 

Published meta-analysis or pooled analysis 

No published meta-analysis or pooled analysis were identified. 



 

 

122 

 

 

 

Table 35 Studies on beef consumption identified in the CUP  

Author, year Country Study name Cases 

Years 

of 

follow 

up 

RR LCI UCI Contrast 

Wright,  

2011 
Finland 

Alpha-

Tocopherol, 

Beta-Carotene 

Cancer 

Prevention 

Study 

1929 

 

21 

years 
0.97 0.85 1.10 Q4 vs. Q1 

Koutros,  

2008 
USA 

Agricultural 

Health Study 

Cohort 

668 

 

~8.5 

years 
1.03 0.71 1.49 

63.0 g/d vs. 4.2 

g/d 

Park,  

2007a 
USA 

Multi -ethnic 

Cohort study 

4404 

1278 
8 years 0.98 0.88 1.08 

 27.7 g/1000 

kcal/d vs. 3.7 

g/1000 kcal/d 

Iso,  

2007 
Japan 

Japan 

Collaborative 

Cohort study  

169 
~12 

years 
1.61 0.85 3.07 

3-4 times/week 

vs. never 

Rohrmann,  

2007 
USA 

CLUE II 

cohort study 
199 

15 

years 
1.16 0.74 1.81 

Ó 5 times/week 

vs. Ò 1 

time/week 

 

 

Table 36 Overall evidence on beef consumption and prostate cancer 

 Summary of evidence 

2005 SLR Five studies were identified during the 2005 SLR. Four of them were 

included in the 2005 SLR meta-analysis. One of these studies (Le 

Marchand, 1994) reported significant positive association between beef 

intake and prostate cancer. 

Continuous  Update 

Project 
Five additional studies reported on beef and prostate cancer risks, four 

of these were used in the meta-analysis. All showed no significant 

association. No significant association was observed in the CUP 

meta-analysis. 
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Table 37 Summary of results of the dose response meta-analysis of beef consumption and 

prostate cancer 

Prostate cancer 

 2005 SLR CUP 

Studies (n) 4 7 

Cases (n) 1269 6460 

Increment unit used Servings/week Per 100 g/day 

Overall RR (95% CI) 1.05 (0.99-1.12) 1.17 (0.89-1.53) 

Heterogeneity (I
2
, p-value) 8.47%, p = 0.35 49.3%, p = 0.07 

Stratified analysis    

Advanced/high grade cancer   

Overall RR (95% CI) 0.97 (0.87-1.08) 1.04 (0.70-1.53) 

Heterogeneity (I
2
, p-value) 0%, p = 0.32, n = 2 40.6%, p = 0.15, n = 5 
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Table 38 Inclusion/exclusion table for meta-analysis of beef consumption and prostate cancer 

 

 

WCRF 

code 
Author  Year 

Study 

design 
Study name 

Cancer 

outcome 

2005 

SLR 

CUP dose-

response 

meta-

analysis 

CUP HvL 

forest plot 
Estimated values Exclusion reasons 

PRO100113 Wright 2012 
Prospective 

Cohort 

Alpha-

Tocopherol, Beta-

Carotene Cancer 

Prevention Study 

Incidence No No Yes  
No quantification 

of exposure 

PRO99998 Koutros 2008 
Prospective 

Cohort 

Agricultural 

Health Study 

Cohort 

Incidence No Yes Yes Person-years  

PRO100042 Iso 2007 
Prospective 

Cohort 

Japan 

Collaborative 

Cohort study  

Mortality No Yes Yes Mid-exposure values  

PRO99977 Park 2007a 
Prospective 

Cohort 

Multi-ethnic 

Cohort study 
Incidence No Yes Yes 

Cases per category, 

person-years 

g/1000 kcal/d rescaled 

to g/d 

 

PRO99970 Rohrmann 2007 
Prospective 

Cohort 
CLUE II Incidence No Yes Yes Mid-exposure values  

PRO01122 Michaud 2001 
Prospective 

Cohort 

Health 

Professional 

Follow-up Study 

Incidence Yes No No  
Reported on 

hamburgers 

PRO01759 Schuurman 1999b 
Case-

cohort 

Netherlands 

Cohort study 
Incidence Yes Yes Yes 

Rescale continuous 

values 
 

PRO02582 Gronberg 1996 

Nested 

Case-

Control 

Sweden 1967-

1970 
Incidence Yes No Yes  

No quantification 

of exposure 

PRO02788 

 
LeMarchand 1994 

Prospective 

Cohort 
USA Hawaii 

1975-1980 
Incidence Yes Yes Yes 

Mid-exposure values, 

person-years 
 

PRO03196 Mills  1989 
Prospective 

Cohort 
Adventist Health 

Study 
Incidence Yes Yes Yes Mid-exposure values  
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Figure 34 Highest versus lowest forest plot of beef consumption and prostate cancer 

 

 

 
Note: Confidence interval in Mills et al, 1989 appears to be wrong in the manuscript 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wright

Koutros

Iso

Park

Rohrmann

Gronberg

Le Marchand

Mills

Author

2011

2008

2007

2007

2007

1996

1994

1989

Year

0.97 (0.85, 1.10)

1.03 (0.71, 1.49)

1.61 (0.85, 3.07)

0.98 (0.88, 1.08)

1.16 (0.74, 1.81)

0.58 (0.25, 1.28)

1.60 (1.10, 2.40)

0.81 (0.72, 1.50)

RR (95% CI)

High vs low

PRO100113

PRO99998

PRO100042

PRO99977

PRO99970

PRO02582

PRO02788

PRO03196

WCRF_Code

ATBC

AHSC

JACC

MEC

CLUE II

Sweden 1967-1972

USA Hawaii 1975-1982

AHS

StudyDescription

Q5 vs Q1

63 g/d vs 4.2 g/d

3-4 times/week vs never

27.7 g/1000 kcal/d vs 3.7 g/1000 kcal/d

>=  5 times/week vs <= 1 time/week

Great part vs no or small part

381 g/week vs < 210 g/week

>= 1 time /week vs never

contrast

0.97 (0.85, 1.10)

1.03 (0.71, 1.49)

1.61 (0.85, 3.07)

0.98 (0.88, 1.08)

1.16 (0.74, 1.81)

0.58 (0.25, 1.28)

1.60 (1.10, 2.40)

0.81 (0.72, 1.50)

RR (95% CI)

High vs low

PRO100113

PRO99998

PRO100042

PRO99977

PRO99970

PRO02582

PRO02788

PRO03196

WCRF_Code

  
1.25 .5 .75 1 1.5 2 3
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Figure 35 Dose-response meta-analysis of beef intake and prostate cancer (all studies), 

per 100 g/day 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Overall  (I-squared = 49.3%, p = 0.066)

Author

Park

Le Marchand

Koutros

Iso

Rohrmann

Schuurman

Mills

Year

2007

1994

2008

2007

2007

1999

1989

1.17 (0.89, 1.53)

day RR (95% CI)

0.97 (0.82, 1.14)

2.46 (1.16, 5.24)

1.03 (0.60, 1.78)

2.85 (1.07, 7.61)

1.21 (0.79, 1.85)

1.00 (0.62, 1.57)

Per 100 g per

0.41 (0.09, 1.79)

100.00

Weight

30.66

9.42

14.55

6.29

18.77

17.20

%

3.11

WCRF_Code

PRO99977

PRO02788

PRO99998

PRO100042

PRO99970

PRO01759

PRO03196

StudyDescription

MEC

USA Hawaii 1975-1982

AHSC

JACC

CLUE II

NLCS

AHS

1.17 (0.89, 1.53)

day RR (95% CI)

0.97 (0.82, 1.14)

2.46 (1.16, 5.24)

1.03 (0.60, 1.78)

2.85 (1.07, 7.61)

1.21 (0.79, 1.85)

1.00 (0.62, 1.57)

Per 100 g per

0.41 (0.09, 1.79)

100.00

Weight

30.66

9.42

14.55

6.29

18.77

17.20

%

3.11

  
1.5 .751 1.52
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Figure 36 Funnel plot of beef intake and prostate cancer 
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Figure 37 Dose-response graph of beef and prostate cancer  
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Figure 38 Dose-response meta-analysis of beef intake and prostate cancer, per 100 

g/day, stratified by prostate cancer type  

 

 

 

.

.

Total

Koutros

Iso

Park

Rohrmann

Schuurman

Mills

Subtotal  (I-squared = 25.4%, p = 0.244)

Advanced/high grade

Koutros

Park

Rohrmann

Schuurman

Le Marchand

Subtotal  (I-squared = 40.6%, p = 0.151)

Author

2008

2007

2007

2007

1999

1989

2008

2007

2007

1999

1994

Year

1.03 (0.60, 1.78)

2.85 (1.07, 7.61)

0.97 (0.82, 1.14)

1.21 (0.79, 1.85)

1.00 (0.62, 1.57)

0.41 (0.09, 1.79)

1.05 (0.85, 1.30)

0.92 (0.28, 3.02)

0.98 (0.73, 1.31)

0.78 (0.34, 1.79)

0.71 (0.35, 1.46)

2.46 (1.16, 5.24)

1.04 (0.70, 1.53)

day RR (95% CI)

Per 100 g per

12.46

4.39

47.09

18.17

15.88

2.02

100.00

8.83

39.68

15.34

18.74

17.42

100.00

Weight

%

PRO99998

PRO100042

PRO99977

PRO99970

PRO01759

PRO03196

PRO99998

PRO99977

PRO99970

PRO01759

PRO02788

WCRF_Code

AHSC

JACC

MEC

CLUE II

NLCS

AHS

AHSC

MEC

CLUE II

NLCS

USA Hawaii 1975-1982

StudyDescription

1.03 (0.60, 1.78)

2.85 (1.07, 7.61)

0.97 (0.82, 1.14)

1.21 (0.79, 1.85)

1.00 (0.62, 1.57)

0.41 (0.09, 1.79)

1.05 (0.85, 1.30)

0.92 (0.28, 3.02)

0.98 (0.73, 1.31)

0.78 (0.34, 1.79)

0.71 (0.35, 1.46)

2.46 (1.16, 5.24)

1.04 (0.70, 1.53)

day RR (95% CI)

Per 100 g per

12.46

4.39

47.09

18.17

15.88

2.02

100.00

8.83

39.68

15.34

18.74

17.42

100.00

Weight

%

  
1.5 .75 1 1.5 2
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2.5.1.3.3 Pork  
 

Methods 

Eight publications from nine cohort studies were identified, from which three studies 

(publications) were identified during the CUP. The CUP meta-analysis included six studies; 

three of these were identified during the CUP. The dose-response results are presented for an 

increment of 50 g per day. 

 

One study presented pork intake in grams/1000 kcal/day (Park, 2007a) that was approximated 

to grams/day assuming as energy intake the mean caloric intake reported in a previous 

publication of the same study (Kolonel, 2000). 

 

Stratified analysis by prostate cancer type was conducted combining advanced and high grade 

cancers into a subgroup. 

 

Main results 

The summary RR per 50 g/day was 1.06 (95% CI 0.93-1.20; I
2 
= 0%; pheterogeneity = 0.47; n = 6) 

for all studies combined. The RR per 50 g/day for prostate cancer (removing the studies 

reporting on mortality) was 1.06 (95% CI 0.80-1.41; I
2 
= 44.0%; pheterogeneity = 0.17; n = 3) and 

1.01 (95% CI 0.75-1.38; I
2 
= 26.2%; pheterogeneity = 0.26; n = 4) for advanced/high grade prostate 

cancer. 

 

Heterogeneity  

Overall, there was evidence of low heterogeneity, I
2 
= 0%, pheterogeneity = 0.47. There was no 

significant evidence of publication bias with Eggerôs test, p=0.28. 

 

 

Comparison with the Second Expert Report 

In the 2005 SLR the meta-analysis on pork and prostate cancer showed a summary RR of 1.05 

(95% CI 1.00-1.12; I
2 
= 0%, pheterogeneity = 0.80; n=3) for all prostate cancer types. 

 

Published meta-analysis or pooled analysis 

No published meta-analysis or pooled analysis was identified. 

 

Table 39 Studies on pork consumption identified in the CUP  

Author, year Country Study name Cases 

Years 

of 

follow 

up 

RR LCI UCI Contrast 

Park,  

2007a 
USA 

Multi -ethnic 

Cohort study 

4404 

 
8 years 0.97 0.88 1.08 

10.2 g/1000 

kcal/d vs. 0.5 

g/1000 kcal/d 

Iso,  

2007 
Japan 

Japan 

Collaborative 

Cohort study  

169 
~12 

years 
1.16 0.66 2.03 

3-4 times/week 

vs. never 
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Rohrmann,  

2007 
USA 

CLUE II 

cohort study 
199 

15 

years 
1.17 0.77 1.78 

Ó 1 times/week 

vs. never 
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Table 40 Overall evidence on pork consumption and prostate cancer 

 Summary of evidence 

2005 SLR Six cohort studies (five publications) were identified during the 2005 SLR. 

Five of them were included in the 2005 SLR meta-analysis. One of these 

studies (Rodriguez, 2002) reported on two cohorts and showed a significant 

positive association between pork intake and prostate cancer. 

Continuous Update 

Project 
Three additional studies reported on pork and prostate cancer risk, all 

were used in the meta-analysis. All showed no significant association. 

No significant association was observed in the CUP meta-analysis. 

 

 

Table 41 Summary of results of the dose response meta-analysis of pork consumption and 

prostate cancer 

Prostate cancer 

 2005 SLR CUP 

Studies (n) 3 6 

Cases (n) 1036 5808 

Increment unit used Servings/week Per 50 g/day 

Overall RR (95%CI) 1.05 (1.00-1.12) 1.06 (0.93-1.20) 

Heterogeneity (I
2
,p-value) 0%, p = 0.80 0%, p = 0.47 

Stratified analysis    

Advanced/High grade cancer   

Overall RR (95%CI)  1.01 (0.75-1.38) 

Heterogeneity (I
2
,p-value)  26.2%, p = 0.26, n = 4 
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Table 42 Inclusion/exclusion table for meta-analysis of pork consumption and prostate cancer 

 

 

WCRF 

code 
Author  Year 

Study 

design 
Study name 

Cancer 

outcome 

2005 

SLR 

CUP dose-

response 

meta-

analysis 

CUP HvL 

forest plot 
Estimated values Exclusion reasons 

PRO100042 Iso 2007 
Prospective 

Cohort 

Japan 

Collaborative 

Cohort study  

  Mortality No Yes Yes Mid-exposure values  

PRO99977 Park 2007a 
Prospective 

Cohort 

Multi-ethnic 

Cohort study 
Incidence  No Yes Yes 

Cases per category, 

person-years 

g/1000 kcal/d rescaled 

to g/d 

 

PRO99970 Rohrmann 2007 
Prospective 

Cohort 
CLUE II   Incidence No Yes Yes Mid-exposure values  

PRO97367 Allen 2004 
Prospective 

Cohort 
Life Span Study   Incidence Yes Yes Yes Mid-exposure values  

PRO00881 Rodriguez 2002 
Prospective 

Cohort 
CPS  I    Incidence Yes No Yes  

Highest versus 

lowest only 

PRO00881 Rodriguez 2002 
Prospective 

Cohort 
CPS  ll   Incidence Yes No Yes  

Highest versus 

lowest only 

PRO01759 Schuurman 1999b 
Case-

cohort 

Netherlands 

Cohort study 
  Incidence Yes Yes Yes 

Rescale continuous 

values 
 

PRO02582 Gronberg 1996 

Nested 

Case-

Control 

Sweden 1967-

1970 
  Incidence Yes No Yes  

No quantification 

of exposure 

PRO02788 

 
LeMarchand 1994 

Prospective 

Cohort 
USA Hawaii 

1975-1980 
Incidence Yes Yes Yes 

Mid-exposure values, 

person-years 
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Figure 39 Highest versus lowest forest plot of pork consumption and prostate cancer 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Iso

Park

Rohrmann

Allen

Rodriguez

Rodriguez

Gronberg

Le Marchand

Author

2007

2007

2007

2004

2002

2002

1996

1994

Year

1.16 (0.66, 2.03)

0.97 (0.88, 1.08)

1.17 (0.77, 1.78)

1.24 (0.61, 2.54)

1.20 (1.05, 1.38)

1.24 (1.11, 1.38)

1.15 (0.67, 1.98)

1.10 (0.70, 1.70)

RR (95% CI)

High vs low

PRO100042

PRO99977

PRO99970

PRO97367

PRO00881

PRO00881

PRO02582

PRO02788

WCRF_Code

JACC

MEC

CLUE II

LSS

CPS ll

CPS l

Sweden 1967-1970

USA Hawaii 1975-1980

StudyDescription

3-4 times/week vs never

10.2 g/1000 kcal/d vs 0.5 g/1000 kcal/d

>= 1 time/week vs never

Almost daily vs <2 times/week

Any vs none

Any vs none

Great part vs no or small part

118 g/week vs 0 g/week

contrast

1.16 (0.66, 2.03)

0.97 (0.88, 1.08)

1.17 (0.77, 1.78)

1.24 (0.61, 2.54)

1.20 (1.05, 1.38)

1.24 (1.11, 1.38)

1.15 (0.67, 1.98)

1.10 (0.70, 1.70)

RR (95% CI)

High vs low

PRO100042

PRO99977

PRO99970

PRO97367

PRO00881

PRO00881

PRO02582

PRO02788

WCRF_Code

  
1.25 .5 .75 1 1.5 2 3
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Figure 40 Dose-response meta-analysis of pork intake and prostate cancer, per 50 g/day 
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Figure 41 Funnel plot of pork intake and prostate cancer 
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Figure 42 Dose-response graph of pork and prostate cancer  
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Figure 43 Dose-response meta-analysis of pork intake and prostate cancer, per 50 g/day, 

stratified by prostate cancer type 
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2.5.1.4 Poultry   
 

Methods 

Fifteen publications from 13 cohorts were identified. Eight publications (eight cohorts) were 

identified during the CUP. The CUP meta-analysis included 12 studies; seven of these were 

identified during the CUP.  

 

Eight studies investigated poultry intake and five studies investigated chicken intake. All the 

studies are included under ñPoultryò in this review.  

 

In one study (Park, 2007) in a multi-ethnic population, the conversion to g/d from g/1000 

kcal/day of poultry intake was calculated using the weighted daily caloric intake obtained from 

a previously published study of the MEC study (Kolonel, 2000).  

 

For the studies included in the dose-response meta-analysis, eight included total prostate cancer 

(Allen, 2008a; Koutros, 2008; Park, 2007a; Rohrmann, 2007; Rodriguez, 2006; Allen, 2004; 

Schuurman, 1999; Mills, 1989), five studies reported in advanced/high grade cases (Koutros, 

2008; Park, 2007; Rohrmann, 2007; Schuurman, 1999; Le Marchand, 1994) and four studies 

reported in fatal cases (Richman 2011; Iso, 2007; Rodriguez, 2006; Hsing, 1990). 

 

Advanced and high grade cancers were combined in an advanced/high grade subgroup for 

stratified analyses.  

 

Main results 

The summary RR per 100 g/day was 1.01(95% CI 0.93-1.10; I
2 
= 0%; pheterogeneity = 0.46; 

n = 12) for all studies combined. After stratification by cancer subtype, the RR per 100 g/day 

was 1.12 (95% CI 0.92-1.36; I
2 
= 0%; pheterogeneity = 0.73; n = 5) for advanced/high grade and 

0.87 (95% CI 0.41-1.84; I
2 
= 48.3%; pheterogeneity = 0.12; n = 4) for fatal cancers. 

 

 

Heterogeneity  

Overall, there was evidence of moderate heterogeneity, I
2 
= 0%, pheterogeneity = 0.46. There was 

no significant evidence of publication bias with Eggerôs test, p = 0.19. 

 

 

Comparison with the Second Expert Report 

In the 2005 SLR the meta-analysis on poultry and prostate cancer showed a summary RR of 

1.15 (95% CI 0.92-1.45; I
2 
= 0%, pheterogeneity = 0.45; n = 2). For chicken the RRs were 0.95 

(95% CI 0.90-1.02; I
2
=0%, pheterogeneity = 0.48, n = 4) for all prostate cancer and 0.96 (95% CI 

0.85-1.08; I
2 
= 26.9%, pheterogeneity = 0.25; n = 3) for advanced/aggressive prostate cancers. 

 

Published meta-analysis or pooled analysis  

No previous meta-analysis or pooled analysis was identified.
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Table 43 Studies on poultry consumption identified in the CUP  

Author, year Country Study name Cases 

Years 

of 

follow 

up 

RR LCI UCI Contrast 

Daniel,  

2011 
USA 

NIH-AARP 

Diet and 

Health Study 

23453 9.1 1.05 1.00 1.09 Q5 vs. Q1 

Richman,  

2011 
USA 

Health 

Professionals 

Follow-up 

study 

199 
14 

years 
1.15 0.74 1.78 

Ó 3.5 

serving/week vs. 

< 1.5 

servings/week 

Allen,  

2008a 
Europe 

European 

Prospective 

Investigation 

into Cancer 

and Nutrition 

2727 
8.7 

years 
1.12 0.98 1.27 32 g/d vs. 9 g/d 

Koutros,  

2008 
USA 

Agricultural 

Health Study 

Cohort 

668 
~8.5 

years 
1.04 0.78 1.39 

42.0 g/d vs. 2.8 

g/d 

Park,  

2007a 
USA 

Multi -ethnic 

Cohort study 
4404 8 years 1.01 0.92 1.12 

 39.9 g/1000 

kcal/d vs. 

5.9 g/1000 

kcal/d 

Rohrmann,  

2007 
USA 

CLUE II 

cohort study 
199 

15 

years 
1.14 0.77 1.70 

Ó 5 times/week 

vs. < 1 

time/week 

Iso,  

2007 
Japan 

Japan 

Collaborative 

Cohort study  

169 
~12 

years 
1.33 0.81 2.21 

3-4 times/week 

vs. never 

Rodriguez, 

2006 
USA 

Cancer 

Prevention 

Study II 

Nutrition 

Cohort 

85 

Black 

9 years 

0.7 

 
0.40 1.3 

Ó279 g/week vs. 

0- <91 g/week  5028 

White 
 

1.0 
0.9 1.1 

 

 

Table 44 Overall evidence on poultry consumption and prostate cancer 

 Summary of evidence 

2005 SLR Seven publications (6 studies) were identified during the 2005 SLR. None 

of these studies reported a significant association. 

Continuous Update 

Project 
Eight studies (one update) were identified; seven of these were used 

in the meta-analysis. No significant associations were observed in the 

studies and in the CUP meta-analysis. 

 

Table 45 Summary of results of the dose response meta-analysis of poultry consumption 

and prostate cancer 
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Prostate cancer 

 2005 SLR CUP 

Studies (n) 2 12 

Cases (n) 378 14844 

Increment unit used Servings/week Per 100 g/day 

Overall RR (95% CI) 1.15 (0.93-1.45) 1.01 (0.93-1.10) 

Heterogeneity (I
2
, p-value) 0%, p = 0.45 0%, p = 0.46 

Stratified analysis    

Advanced/high grade cancer   

Overall RR (95% CI) 1.12 (0.92-1.36) 

Heterogeneity (I
2
,p-value) 0%, p = 0.73, n = 5 

Mortality    

Overall RR (95% CI)   0.87 (0.41-1.84) 

Heterogeneity (I
2
, p-value)  48.3%, p = 0.12, n = 4 
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Table 46 Inclusion/exclusion table for meta-analysis of poultry consumption and prostate cancer 

 

WCRF 

code 
Author  Year 

Study 

design 
Study name 

Cancer 

outcome 

2005 

SLR 

CUP 

dose-

response 

meta-

analysis 

CUP HvL 

forest plot 
Estimated values Exclusion reasons 

PRO100126 Daniel 2011 
Prospective 

Cohort 

NIH-AARP Diet 

and Health Study 
 Incidence No No Yes  No intake levels 

PRO100106 Richman 2011 
Prospective 

Cohort 

Health 

Professionals 

Follow-up study 

Mortality No Yes Yes 
Person-years, mid-exposure 

values 
 

PRO99955 Allen 2008a 
Prospective 

Cohort 

European 

Prospective 

Investigation into 

Cancer and 

Nutrition 

  

Incidence 
No Yes Yes Person-years   

PRO99998 Koutros 2008 
Prospective 

Cohort 

Agricultural 

Health Study 

Cohort 

  

Incidence 
No Yes Yes Person-years  

PRO99977 Park 2007a 
Prospective 

Cohort 

Multi-ethnic 

Cohort study 

  

Incidence 
No Yes Yes 

Cases per category, person-

years 
 

PRO99970 Rohrmann 2007 
Prospective 

Cohort 
CLUE II 

  

Incidence 
No Yes Yes Mid-exposure values  

PRO100042 Iso 2007 
Prospective 

Cohort 

Japan 

Collaborative 

Cohort study for 

Evaluation of 

Cancer Risk 

Mortality No Yes Yes Mid-exposure values  

PRO99984 Rodriguez 2006 
Prospective 

Cohort 

Cancer Prevention 

Study II Nutrition 

Cohort 

  

Incidence 
No Yes Yes 

Person-years, mid-exposure 

values 
 

PRO97367 Allen 2004 
Prospective 

Cohort 
Life Spam Study 

  

Incidence 
Yes Yes Yes Mid-exposure values  

PRO01122 Michaud 2001 
Prospective 

Cohort 

Health 

Professionals 

Follow-up study 

Mortality Yes No No  

Superseded by  

PRO100106 

(Richman, 2011) 
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PRO01759 Schuurman 1999b Case-cohort 
Netherlands 

Cohort study 

  

Incidence 
Yes Yes Yes Rescale continuous values  

PRO02788 
Le 

Marchand 
1994 

Prospective 

Cohort 

USA Hawaii 1975-

1980 Cohort study 
Incidence Yes Yes Yes Mid-exposure values  

PRO02875 

 
Giovannucci 1993 

Prospective 

Cohort 

Health 

Professionals 

Follow-up study 

Incidence   Yes No No  

Superseded by  

PRO100106 

(Richman, 2011) 

PRO03129 Hsing 1990b 
Prospective 

Cohort 

Lutheran 

Brotherhood 

Cohort Study 

Mortality Yes Yes Yes 
Mid-exposure values, person-

years 
 

PRO03196 Mills  1989 
Prospective 

Cohort 

Adventist Health 

Study 

  

Incidence 
Yes Yes Yes Mid-exposure values  
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Figure 44 Highest versus lowest forest plot of poultry consumption and prostate cancer 
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Rohrmann

Rodriguez

Rodriguez
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Le Marchand

Hsing

Mills

Author

2011

2011

2008

2008

2007

2007

2007

2006

2006

2004

1994

1990

1989

Year

White

Black

subgroup

1.05 (1.00, 1.09)

1.15 (0.74, 1.78)

1.12 (0.98, 1.27)

1.04 (0.78, 1.39)

1.33 (0.81, 2.21)

1.01 (0.92, 1.12)

1.14 (0.77, 1.70)

1.00 (0.90, 1.10)

0.70 (0.40, 1.30)

0.77 (0.19, 3.10)

1.10 (0.70, 1.70)

0.90 (0.40, 1.80)

1.34 (0.82, 2.19)

RR (95% CI)

High vs low

PRO100126

PRO100106

PRO99955

PRO99998

PRO100042

PRO99977

PRO99970

PRO99984

PRO99984

PRO97367

PRO02788

PRO03129

PRO03196

WCRF_Code

NIH-AARP

HPFS

EPIC

AHSC

JACC

MEC

CLUE II

CPS II

CPS II

LSS

USA Hawaii 1975-1980

LBS

AHS

StudyDescription

Q5 vs Q1

>= 3.5 servings/week vs < 1.5 servings/week

32 g/d vs 9g/d

42 g/d vs 2.8 g/d

3-4 times/week vs never

39.9 g/1000 kcal/d vs 5.9 g/1000 kcal/d

>= 5 times/week vs < 1 time/week

>= 279 g/week vs 0- <91 g/week

>= 279 g/week vs 0- <91 g/week

Almost daily vs <  2 times/week

139 g/week vs 45 g/week

> 4 times/months vs < 0.5 times/month

>= 1 time/week vs never

contrast

1.05 (1.00, 1.09)

1.15 (0.74, 1.78)

1.12 (0.98, 1.27)

1.04 (0.78, 1.39)

1.33 (0.81, 2.21)

1.01 (0.92, 1.12)

1.14 (0.77, 1.70)

1.00 (0.90, 1.10)

0.70 (0.40, 1.30)

0.77 (0.19, 3.10)

1.10 (0.70, 1.70)

0.90 (0.40, 1.80)

1.34 (0.82, 2.19)

RR (95% CI)

High vs low

PRO100126

PRO100106

PRO99955

PRO99998

PRO100042

PRO99977

PRO99970

PRO99984
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PRO97367

PRO02788

PRO03129
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Figure 45 Dose-response meta-analysis of poultry intake and prostate cancer, per 100 

g/day 
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Figure 46 Funnel plot of poultry intake and prostate cancer 
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Figure 47 Dose-response graph of poultry and prostate cancer  
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Figure 48 Dose-response meta-analysis of poultry intake and prostate cancer, per 100 

g/day, stratified by prostate cancer type  
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2.5.2 Fish  
 

Methods 

Twenty one publications from 19 cohorts were identified. Eight publications (eight cohorts) 

were identified during the CUP. The CUP meta-analysis included 13 cohort studies; six of 

which were identified during the CUP. The dose-response results are presented for an 

increment of 25 g per day. 

One study reported on fresh fish (Iso et al, 2007). 

For the studies included in the dose-response meta-analysis, 10 included total prostate cancer 

(Torfadottir, 2013; Allen, 2008a; Chavarro, 2008; Park, 2007a; Rohrmann, 2007; Allen, 2004; 

Augustsson, 2003; Schuurman, 1999; Mills, 1989; Severson, 1989), five studies reported in 

advanced/high grade cases (Park, 2007; Rohrmann, 2007; Augustsson, 2003; Schuurman, 

1999; Le Marchand, 1994)  and two studies reported in fatal cases (Iso, 2007; Hsing, 1990). 

 

Advanced and high grade cancers were combined in an advanced/high grade subgroup for 

stratified analyses.  

 

Main results 

The summary RR per 25 g/day was 1.00 (95% CI 0.97-1.03; I
2 
= 21.9%; pheterogeneity = 0.22) for 

all studies combined. After stratification by cancer subtype, the RR per 25 g/day for total 

cancer was 1.00 (95% CI 0.97-1.03; I
2 
= 24.8%; pheterogeneity = 0.20; n = 11) and 1.00 (95% CI 

0.93 -1.07; I
2 
= 0%; pheterogeneity = 0.91; n = 5) for advanced/high grade prostate cancer.  

 

 

Heterogeneity  

Overall, there was evidence of low heterogeneity, I
2 
= 21.9%, pheterogeneity = 0.22. There was no 

significant evidence of publication bias with Fisherôs test, p = 0.84. 

 

Comparison with the Second Expert Report     

In the 2005 SLR the meta-analysis on fish and prostate cancer, the summary RR for an increase 

of one serving/week was 1.00 (95% CI 0.95-1.05; I
2 
= 44.6%; pheterogeneity = 0.07; n=8) for all 

prostate cancers and 0.97 (95% CI 0.89-1.06; I
2 
= 4.8%; pheterogeneity = 0.35; n = 3) 

advanced/fatal prostate cancers. 

 

Published meta-analysis or pooled analysis 

In a meta-analysis of 12 case-control studies and 12 cohort studies (Szymanski et al, 2010) the 

summary RR for the highest versus the lowest fish intake level was 0.85 (95% CI 0.72-1.00; 

5777 cases and 9805 controls) for the case control studies and 1.01 (95% CI 0.90-1.14; I
2 
= 0%; 

pheterogeneity < 0.01; 445820 men and 13924 cases) for the cohort studies. No pooled analysis was 

identified. 
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Table 47 Studies on fish consumption identified in the CUP  

Author, year Country Study name Cases 

Years 

of 

follow 

up 

RR LCI UCI Contrast 

Torfadottir,  

2013 
Iceland 

AGES-

Reykjavik 
347 7 years 

0.87 0.66 1.13 
Ó 4 

portions/week vs 
Ò 2 

portions/week 1.05 0.71 1.57 

Daniel, 

2011 
USA 

NIH-AARP 

Diet and 

Cancer  

23453 
9.1 

years 
1.02 0.98 1.06 Q5 vs Q1 

Wright,  

2011 
Finland 

Alpha-

Tocopherol, 

Beta-Carotene 

Cancer 

Prevention 

Study 

1929 
21 

years 
0.90 0.79 1.02 Q4 vs Q1 

Allen,  

2008a 
Europe 

European 

Prospective 

Investigation 

into Cancer 

and Nutrition 

2727 
8.7 

years 
1.05 0.91 1.20 43 g/d vs 13 g/d 

Chavarro,  

2008 
USA 

Physicianôs 

Health Study 
2161 

19 

years 
1.11 0.95 1.30 

Ó 5 times/week 

vs <1 time/week 

Iso,  

2007 
Japan 

Japan 

Collaborative 

Cohort study  

169 
~12 

years 
0.61 0.39 0.95 

Ó 5 times/week 

vs <3 time/week 

Park,  

2007a 
USA 

Multi -Ethnic 

Cohort Study 
4404 8 years 1.04 0.93 1.15 Q5 vs Q1 

Rohrmann,  

2007 
USA CLUE ll 199 

12.9 

years 
0.86 0.44 1.67 

> 5 times/ week 

vs <= 1 

time/week 

 

Table 48 Overall evidence on fish consumption and prostate cancer 

 

 Summary of evidence 

2005 SLR 13 studies were identified during the 2005 SLR. One study (Allen et al, 

2004) showed a positive association between prostate cancer and fish intake. 

Continuous Update 

Project 
Eight additional studies reported on fish and prostate cancer risks, six 

of these were used in the meta-analysis. One study (Iso et al, 2007) 

showed an inverse association between prostate cancer mortality and 

fish intake. No significant association was observed in the CUP meta-

analysis. 

 

Table 49 Summary of results of the dose response meta-analysis of fish consumption and 

prostate cancer 

 

Prostate cancer 
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 2005 SLR CUP 

Studies (n) 9 13 

Cases (n) 4745 14028 

Increment unit used Servings/week Per 25 g/day 

Overall RR (95% CI)   1.00 (0.95-1.05) 1.00 (0.97-1.03) 

Heterogeneity (I
2
, p-value) 44.6%, p = 0.07 21.9%, p = 0.22 

Stratified analysis    

Advanced/high grade   

Overall RR (95% CI) 0.98 (0.89-1.06), n = 3 1.00 (0.93-1.07), n = 5 

Heterogeneity (I
2
, p-value) 4.81%, p = 0.35 0%, p = 0.91 

Mortality    

Overall RR (95% CI)  0.83 (0.71-0.96), n = 2 

Heterogeneity (I
2
, p-value)  0%, p = 0.47 
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Table 50 Inclusion/exclusion table for meta-analysis of fish consumption and prostate cancer 

 

WCRF 

code 
Author  Year 

Study 

design 
Study name 

Cancer 

outcome 

2005 

SLR 

CUP 

dose-

response 

meta-

analysis 

CUP HvL 

forest plot 
Estimated values Exclusion reasons 

PRO100160 Torfadottir 2013 
Prospective 

Cohort 
AGES-Reykjavik Incidence No Yes Yes Mid-points, person-years  

PRO100126 Daniel 2011 
Prospective 

Cohort 

NIH-AARP Diet 

and Cancer 
Incidence No No Yes  No quantities 

PRO100113 Wright 2011 

Prospective 

Cohort 

Alpha-Tocopherol, 

Beta-Carotene 

Cancer Prevention 

Study 

Incidence No No Yes  No quantities 

PRO99955 Allen 2008a 
Prospective 

Cohort 

European 

Prospective 

Investigation into 

Cancer and 

Nutrition 

Incidence No Yes Yes Person-years   

PRO100024 Chavarro 2008 
Prospective 

Cohort 

Physicianôs Health 

Study 
Incidence No Yes Yes Mid-points  

PRO100042 Iso 2007 
Prospective 

Cohort 

Japan Collaborative 

Cohort study for 

Evaluation of 

Cancer Risk 

Mortality No Yes Yes Mid-points  

PRO99977 Park  
2007a Prospective 

Cohort 
Multi-Ethnic 

Cohort Study 
Incidence No Yes Yes 

Cases per category, person-

years 
 

PRO99970 Rohrmann 
2007 Prospective 

Cohort 
CLUE ll Incidence No Yes Yes Mid-points  

PRO97367 Allen 2004 
Prospective 

Cohort 
Life Spam Study Incidence Yes Yes Yes Mid-points  

PRO10700 Platz 2004b 

Nested 

Case-

Control 
CLUE ll Incidence Yes No No  

No measure of 

association. 

Superseded by 

Rohrmann 2007 

PRO10575 Platz 2004c 
Nested 

Case-

Health 

Professionals 
Incidence Yes No No  

No measure of 

association 
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Control Follow-up Study Augustsson, 

2003was included 

instead  

PRO00545 Augustsson 2003 
Prospective 

Cohort 

Health 

Professionals 

Follow-up Study 

Incidence Yes Yes Yes Mid-points  

PRO01191 Terry 2001 
Prospective 

Cohort 

Sweden 1967- 

1997 
Incidence Yes No No  

No intake 

quantities 

PRO01759 Schuurman 1999b Case-cohort 
Netherlands Cohort 

study 
Incidence Yes Yes Yes   

PRO02242 Veierod 1997 
Prospective 

Cohort 
Norway 1977-1983 Incidence Yes No No  

No measure of 

association 

PRO02582 Gronberg 1996 

Nested 

Case-

Control 

Sweden 1967-1970 Incidence Yes No No  
No intake 

quantities 

PRO02788 
Le 

Marchand 
1994 

Prospective 

Cohort 

USA Hawaii 1975-

1980 Cohort study 
Incidence Yes Yes Yes Mid-points  

PRO03129 Hsing 1990b 
Prospective 

Cohort 

Lutheran 

Brotherhood 

Cohort Study 

Mortality Yes Yes Yes Mid-points, person-years  

PRO03196 Mills  1989 
Prospective 

Cohort 

Adventist Health 

Study 
Incidence Yes Yes Yes Mid-points  

PRO03210 Severson 1989b 
Prospective 

Cohort 
Hawaii 1965-1968 Incidence Yes Yes Yes Mid-points  

PRO03648 Hirayama 1979 
Prospective 

Cohort 
Japan 1966-1973 Mortality Yes No No  

No measure of 

association 
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Figure 49 Highest versus lowest forest plot of fish consumption and prostate cancer 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Torfadottir

Torfadottir

Daniel

Wright

Allen

Chavarro

Iso

Park

Rohrmann

Allen

Augustsson

Terry

Schuurman

Le Marchand

Hsing

Mills

Severson

Author

2013

2013

2011

2011

2008

2008

2007

2007

2007

2004

2003

2001

1999

1994

1990

1989

1989

Year

Adolescents

Midlife

Group

0.87 (0.66, 1.13)

1.05 (0.71, 1.57)

1.02 (0.98, 1.06)

0.90 (0.79, 1.02)

1.05 (0.91, 1.20)

1.11 (0.95, 1.30)

0.61 (0.39, 0.95)

1.04 (0.93, 1.15)

0.86 (0.44, 1.67)

1.77 (1.01, 3.11)

0.93 (0.80, 1.08)

1.00 (0.70, 1.60)

1.03 (0.80, 1.34)

1.20 (0.80, 1.80)

0.80 (0.50, 1.30)

1.47 (0.84, 2.60)

1.22 (0.74, 2.01)

RR (95% CI)

High vs low

PRO100160

PRO100160

PRO100126

PRO100113

PRO99955

PRO100024

PRO100042

PRO99977

PRO99970

PRO97367

PRO00545

PRO01191

PRO01759

PRO02788

PRO03129

PRO03196

PRO03210

WCRF_Code

AGES-Reykjavik

AGES-Reykjavik

NIH-AARP

ATBC

EPIC

PHS

JACC

MEC

CLUE ll

LSS

HPFS

Sweden 1967- 1997

NLCS

USA Hawaii 1975-1980

LBS

AHS

USA Hawaii 1965-1968

StudyDescription

>=  4 portions/week vs <= 2 portions/week

>=  4 portions/week vs <= 2 portions/week

Q5 vs Q1

Q4 va Q1

43 g/d vs 13 g/d

>= 5 times/week vs <1 time/week

>= 5 times/week vs <3 time/week

Q5 va Q1

> 5 times/ week vs <= 1 time/week

High vs low frequency

> 3 times/week vs < 2 times/ month

Large part vs never/seldom

20 gr/d vs 0 gr/d

259 gr/week vs 91 g/week

> 4 times/months vs < 0.8 times/month

>= 1 time/week vs never

>= 5 times/week vs <1 time/week

contrast

0.87 (0.66, 1.13)

1.05 (0.71, 1.57)

1.02 (0.98, 1.06)

0.90 (0.79, 1.02)

1.05 (0.91, 1.20)

1.11 (0.95, 1.30)

0.61 (0.39, 0.95)

1.04 (0.93, 1.15)

0.86 (0.44, 1.67)

1.77 (1.01, 3.11)

0.93 (0.80, 1.08)

1.00 (0.70, 1.60)

1.03 (0.80, 1.34)

1.20 (0.80, 1.80)

0.80 (0.50, 1.30)

1.47 (0.84, 2.60)

1.22 (0.74, 2.01)

RR (95% CI)

High vs low

PRO100160

PRO100160

PRO100126

PRO100113

PRO99955

PRO100024

PRO100042

PRO99977

PRO99970

PRO97367

PRO00545

PRO01191

PRO01759

PRO02788

PRO03129

PRO03196

PRO03210

WCRF_Code

  
1.25 .5 .75 1 1.5 2 3
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Figure 50 Dose-response meta-analysis of fish intake and prostate cancer, per 25 g/day 
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Figure 51 Funnel plot of fish intake and prostate cancer 
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Figure 52 Dose-response graph of fish and prostate cancer  
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Figure 53 Dose-response meta-analysis of fish intake and prostate cancer, per 25 g/day, 

stratified by prostate cancer outcome  
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2.5.4 Eggs 

 

Methods 

Fifteen publications from 13 cohorts were identified.  Three publications were identified during 

the CUP. The CUP meta-analysis included 11 studies; three of these were identified during the 

CUP.  

The dose-response results are presented for an increment of 20 g per day. Servings and times 

were rescaled to grams assuming a standard portion size of 55 grams for consistency with the 

2005 SLR. 

 

Main results 

The summary RR per 20 g/day was 1.04 (95% CI 0.97-1.11; I
2 
= 22.9%, pheterogeneity = 0.23, 

n = 11) for all studies combined.  

When the analysis was restricted to fatal prostate cancers, the RR per 20 g/day was 1.20 (95% 

CI 1.00-1.43; I
2 
= 40.4%; pheterogeneity = 0.17; n = 4). The RR per 20 g/day after exclusion of 

studies with mortality as outcome was 1.00 (95% CI 0.94-1.07; I
2 
= 0%; pheterogeneity = 0.67; 

n = 7). Only one study reported on advanced prostate cancer (Schuurman et al, 1999). The RR 

of advanced prostate cancer for an increase of 20 g/day of egg intake in this study was 0.70 

(95% CI 0.53-0.93).  

 

Heterogeneity  

Overall, there was evidence of moderate heterogeneity, I
2 
= 22.9%, pheterogeneity=0.23. There was 

no significant evidence of publication bias with Eggerôs test, p = 0.10. 

 

Comparison with the Second Expert Report     

In the 2005 SLR the meta-analysis on eggs and prostate cancer showed a summary RR of 1.01 

(95% CI 0.98-1.04; I
2 
= 0%, pheterogeneity=0.57; n=8) for all prostate cancers and 0.97 (95% 

CI 0.86-1.09; I
2
=67.0%; pheterogeneity=0.05; n=2) advanced/aggressive prostate cancers. 

 

Published meta-analysis or pooled analysis 

A meta-analysis (Xie et al, 2012) reported summary RRs for the highest versus lowest egg 

intake of 1.09 (95% CI 0.86-1.31; I
2 
= 52.2%, pheterogeneity = 0.02) for 11 case-control studies 

and 0.97 (95% CI 0.87-1.07; I
2 
= 0%; pheterogeneity = 0.44) for 6 cohort studies. No pooled 

analysis was identified. 

  

Table 51 Studies on eggs consumption identified in the CUP  

Author, year Country Study name Cases 

Years 

of 

follow 

up 

RR LCI UCI Contrast 

Richman,  

2011 
USA 

Health 

Professionals 

Follow-up 

study 

199 
14 

years 
1.81 1.13 2.89 

Ó 2.5 

serving/week vs. 

< 0.5 

servings/week 

Allen,  

2008a 
Europe 

European 

Prospective 

Investigation 

into Cancer 

and Nutrition 

2727 
8.7 

years 
0.96 0.84 1.10 32 g/d vs. 9 g/d 

Iso,  Japan Japan 169 ~12 1.17 0.80 1.71 >5 times/week 
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2007 Collaborative 

Cohort study  

years vs. <2 

times/week 

 

 

Table 52 Overall evidence on eggs consumption and prostate cancer 

 Summary of evidence 

2005 SLR Twelve studies were identified during the 2005 SLR. None of these studies 

reported a significant association. 

Continuous  Update 

Project 
Three additional studies reported on eggs and prostate cancer risks. 

One study reported a significant positive association. No significant 

association was observed in the CUP meta-analysis. 

 

 

Table 53 Summary of results of the dose response meta-analysis of eggs consumption and 

prostate cancer 

Prostate cancer 

 2005 SLR CUP 

Studies (n) 8 11 

Cases (n) 1686 4781 

Increment unit used Servings/week Per 20 g/day 

Overall RR (95% CI)   1.01 (0.99-1.04) 1.04 (0.97-1.11) 

Heterogeneity (I
2
, p-value) 0%, p = 0.57 22.9%, p = 0.23 

 

Stratified analysis  

  Incidence 

Overall RR (95% CI)  1.00 (0.94-1.07) n = 7 

Heterogeneity (I
2
,p-value)  0%, p = 0.67 

  Mortality  

Overall RR (95% CI)  1.20 (1.00-1.43), n = 4 

Heterogeneity (I
2
, p-value)  40.4%, p = 0.17 

 

 

No stratified analysis were conducted in the SLR
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Table 54 Inclusion/exclusion table for meta-analysis of eggs consumption and prostate cancer 

 

WCRF 

code 
Author  Year 

Study 

design 
Study name 

Cancer 

outcome 

2005 

SLR 

CUP 

dose-

response 

meta-

analysis 

CUP HvL 

forest plot 
Estimated values Exclusion reasons 

PRO100106 Richman 2011 
Prospective 

Cohort 

Health 

Professionals 

Follow-up study 

Mortality No Yes Yes 
Person-years, Mid-exposure 

values 
 

PRO99955 Allen 2008a 
Prospective 

Cohort 

European 

Prospective 

Investigation into 

Cancer and 

Nutrition 

Incidence  No Yes Yes Person-years   

PRO100042 Iso 2007 
Prospective 

Cohort 

Japan 

Collaborative 

Cohort study for 

Evaluation of 

Cancer Risk 

Mortality No Yes Yes Mid-exposure values  

PRO97367 Allen 2004 
Prospective 

Cohort 
Life Spam Study  Incidence Yes Yes Yes Mid-exposure values  

PRO01759 Schuurman 1999b Case-cohort 
Netherlands 

Cohort study 

  

Incidence 
Yes Yes Yes   

PRO02242 Veierod 1997 
Prospective 

Cohort 

Norway 1977-

1983 

  

Incidence 
Yes No No  No RR, no CI 

PRO02582 Gronberg 1996 

Nested 

Case-

Control 

Sweden 1967-

1970 

  

Incidence 
Yes No No  

No quantification 

of exposure 

PRO02629 

 
Giovannucci 1995 

Prospective 

Cohort 

Health 

Professionals 

Follow-up study 

  

Incidence 
Yes No No  

No measure of 

association.  

PRO100106 

(Richman, 2011) 

was used. 

PRO02788 
Le 

Marchand 
1994 

Prospective 

Cohort 

USA Hawaii 1975-

1980 Cohort study 

 

Incidence 
Yes Yes Yes Mid-exposure values  

PRO03129 Hsing 1990b 
Prospective 

Cohort 

Lutheran 

Brotherhood 
Mortality Yes Yes Yes 

Mid-exposure values, person-

years 
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Cohort Study 

PRO03216 Thompson 1989 

Prospective 

Cohort 

Lipid Research 

Clinics Prevalence 

Study 

 

Incidence 
Yes Yes No Rescale continuous values 

H vs L: Only RR 

for continuous 

increment 

PRO03196 Mills  1989 
Prospective 

Cohort 

Adventist Health 

Study 
 Incidence Yes Yes Yes Mid-exposure values  

PRO03210 Severson 1989b 
Prospective 

Cohort 
Hawaii 1965-1968 

  

Incidence 
Yes Yes Yes Mid-exposure values  

PRO03244 Snowdon 1988 
Prospective 

Cohort 

USA California 

1960-1980 
Mortality Yes No No  

No RR, no CI,  

superseded by 

PRO03474 

(Snowdon, 1984)  

PRO03474 Snowdon 1984 
Prospective 

Cohort 

USA California 

1960-1980 
Mortality Yes Yes Yes Mid-exposure values  
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Figure 54 Highest versus lowest forest plot of eggs consumption and prostate cancer 
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Hawaii 1965-1970
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StudyDescription

>= 2.5 servings/week vs < 0.5 servings/week

32 g/d vs 9 g/d

> 5 times/week vs < 2 times/week

Almost daily vs < 2 times/week

Q3 vs Q1

290 g/week vs 0 g/week

21.1-37.5 times/month vs < 4 times/ month

>= 3 times/week vs < 1time/week

>= 5 times/week vs < 1 time/week

>= 3 days/week vs < 1 day/week
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0.76 (0.50, 1.15)
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Figure 55 Dose-response meta-analysis of eggs intake and prostate cancer, per 20 g/day 
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Figure 56 Funnel plot of eggs intake and prostate cancer 
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Figure 57 Dose-response graph of eggs and prostate cancer  
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Figure 58 Dose-response meta-analysis of eggs intake and prostate cancer, per 20 g/day, 

stratified by prostate cancer outcome  
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2.7 Dairy foods 

 

Methods 

A total of 21 cohort studies (25 publications) have been published on total dairy products and 

prostate cancer risk. Fourteen studies (15 publications) were identified in the CUP. Servings 

and times per day were rescaled to grams/day assuming an average portion size of 177 g 

(serving size reported in the US Department of Agriculture Food and Nutrient Database for 

Dietary Studies as most studies were from USA). Dose-response analyses were conducted per 

400 g per day increase in dairy product intake.  

 

Analyses were stratified by outcome type: aggressive or advanced cancers were grouped 

together (indicated as advanced in the figures and tables), nonadvanced or localised cancers 

were grouped and indicated as nonadvanced in graphs and figures and a third group included 

the subgroups of fatal prostate cancers.  

 

Of the studies included in the dose-response analysis fifteen studies reported on total dairy 

and total prostate cancer: Berndt, 2002; Rodriguez, 2007; Tseng, 2005; Severi, 2006; Kesse 

et al, 2006; Giovannucci et al, 2006; Rohrmann et al, 2007; Park et al, 2007b (MEC); 

Neuhouser et al, 2007; Mitrou et al, 2007; Ahn et al, 2007; Kurahashi et al, 2008a; Park et al, 

2009; Song et al, 2013.  

 

Eight studies reported on total dairy products and non-advanced, non-aggressive, localised, 

low-grade, or Gleason score 2-7 prostate cancer: Severi et al, 2006; Rohrmann et al, 2007; 

Park et al, 2007b (MEC); Park Yet al, 2007 (NIH-AARP Diet and Health Study); Neuhouser 

et al, 2007; Ahn et al, 2007; Kurahashi et al, 2008a; Song et al, 2013.  

 

Ten studies reported on total dairy products and advanced, aggressive, high-stage or Gleason 

score 8-10 prostate cancer: Rodriguez et al, 2003; Severi et al, 2006; Giovannucci et al, 2006; 

Rohrmann et al, 2007; Park et al, 2007b (MEC); Park Y et al, 2007 (NIH-AARP Diet and 

Health Study); Neuhouser et al, 2007; Ahn et al, 2007; Kurahashi et al, 2008a; and Song et al, 

2013.  

 

Five studies reported on total dairy products and fatal prostate cancer: Hsing et al, 1990; Koh 

et al, 2007; Smit et al, 2007; Park et al, 2007; and Song et al, 2013.  

 

Three studies were not included in the forest plots because of unspecific exposure which 

included eggs (Allen et al, 2004), only a high vs. low comparison with outcome of mortality 

(Rodriguez et al, 2002) and one study used household consumption, not individual intake, 

when assessing dairy intake (van Der Pols et al, 2007).  

 

Main results  

The summary RR per 400 g/d increase in total dairy intake was 1.07 (95% CI 1.02-1.12; 

I
2 
= 43.9%; pheterogeneity = 0.06; n = 15). Although there was no statistical evidence of 

publication bias with Eggerôstest (p = 0.10), the funnel plot shows that small studies tended to 

report stronger associations than the average and that small studies showing inverse 

associations are missing.  

There was no evidence of nonlinearity, pnon-linearity = 0.20.  
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The association remained statistically significant in influence analysis. The RR (95% CI) 

ranged from 1.05 (1.02-1.09) when the NHANES study (Tseng et al, 2005) was excluded to 

1.07 (1.02-1.12) when either the MCCS (Severi et al, 2006) or CPSII (Rodriguez et al, 2005) 

were excluded. 

When stratified by outcome type the summary RR was 1.09 (95% CI 1.00-1.18; I
2 
= 53.0%; 

pheterogeneity = 0.04; n = 8) for nonadvanced cancers, 0.97 (95% CI 0.91-1.05; I
2 
= 0%; 

pheterogeneity = 0.71; n = 10) for advanced cancers and 1.11 (95% CI 0.92-1.33; I
2 
= 20.1%; 

pheterogeneity = 0.29; n = 5) for fatal cancers.  

 

Heterogeneity  

There was moderate heterogeneity in the overall analysis, I
2 
= 38.9%, pheterogeneity = 0.06.  The 

smaller studies, published before 2007, tended to show stronger positive associations than the 

most recent and larger studies. 

 

Conclusion from the Second Expert Report 

In the 2005 SLR the evidence relating dairy foods intake to increased prostate cancer risk was 

considered limited suggestive.  

 

Published meta-analyses 

A meta-analysis of 11 cohort studies reported a summary RR of 1.11 (95% CI 1.03-1.19; 

pheterogeneity = 0.33) for high vs. low intake (Huncharek et al, 2009).  

 

A meta-analysis of 9 cohort studies reported a summary RR of 1.18 (95 % CI 1.07-1.30) for 

high vs. low dairy product intake (Qin et al, 2007).  
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Table 55 Studies on total dairy products identified in the CUP 

 

Author/year Country Study name Cases Years 

of 

follow-

up 

RR LCI UCI Contrast 

Song, 2013 USA Physicianôs 

Health Study 

2806 28 

years 

1.12 0.93 1.35 > 2.5 vs. Ò 0.5 

serv/d 

Park, 2009 USA NIH-AARP 

Diet and 

Health Study 

17189 8 years 1.06 1.01 1.12 1.4 vs. 0.2 

serv/1000 

kcal/d 

Kurahashi, 

2008a 

Japan JPHC study-

cohort I and 

II  

329 7.5 

years 

1.63 1.14 2.32 339.8 vs. 12.8 

g/d 

van der Pols, 

2007 

England 

and 

Scotland 

Boyd Orr 

Cohort 

41 57 

years 

0.55 0.21 1.42 471 vs. 89 g/d 

Smit, 2007 Puerto Rico Puerto Rico 167 

deaths 

41 

years 

1.75 0.76 4.05 Ó 7 vs. Ò 2 

serv/d 

Rohrmann, 

2007 

USA CLUE II 199  13 

years 

1.08 0.78 1.54 > 1.9 vs. < 0.9 

serv/d 

Park Y, 2007 USA NIH- AARP 

Diet and 

Health Study 

10180 6 years  0.96 0.87 1.06 Ó 3 vs. < 0.5 

serv/d 

Park, 2007b USA Multiethnic 

Cohort 

Study 

4404 8 years 1.03 0.92 1.16 Ó 332 vs. < 49 

g/d 

Neuhouser, 

2007 

USA CARET 890 11 

years 

0.82 0.66 1.02 Ó 2.2 vs. < 0.9 

serv/d 

Mitrou, 2007 Finland  Alpha-

Tocopherol, 

Beta-

Carotene 

Cancer 

Prevention 

Study 

1267 17 

years 

1.26  1.04 1.51 1220.2 vs. 

380.9 g/d 

Ahn, 2007 USA PLCO 

Cancer 

Screening 

Trial 

1910 8.9 

years 

1.12 0.97 1.30 Ó 2.75 vs. 

¢ 0.98 serv/d 

Severi, 2006 Australia The 

Melbourne 

collaborative 

cohort study 

674 10.9 

years 

0.99 0.78 1.26 56 vs. 10 

times/week 

Koh, 2006 USA Harvard 

Alumni 

Health Study 

815 10 

years 

1.11 0.85 1.46 Ó 3.25 vs. 0-

< 1.25 serv/d 
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1962-1966 

Kesse, 2006 France SU.VI.MAX 69 7.7 

years 

2.16 0.96 4.85 > 396 vs. < 160 

g/d 

Giovannucci, 

2006a 

USA Health 

Professionals 

Follow-up 

Study 

3544 16 

years 

1.07 0.95 1.20 3.72 vs. 0.50 

serv/d 

 

 

Table 56 Overall evidence on total dairy products and prostate cancer 

 

  Summary of evidence 

2005 SLR  Eleven cohort studies reported on total dairy intake and prostate cancer 

and the summary of these was increased risk.  

Continuous 

Update Project 

Fifteen studies reported on total dairy and prostate cancer, and 3 of these 

reported significant positive associations, while the remaining twelve 

studies reported no significant association. A positive association was 

observed for total prostate cancers and the RR for advanced prostate 

cancers was of borderline significance.  

 

 

Table 57 Summary of results of the dose-response meta-analysis of total dairy products 

and prostate cancer 

Prostate cancer 

 2005 SLR  CUP  

Studies (n) 8 15
 

Cases (n) 7367 38107 

RR (95% CI) 1.06 (1.01-1.11) 1.07 (1.02-1.12) 

Increment unit used Per 1 serving/day Per 400 g/d 

Heterogeneity (I
2
, p-value) 52.6%, p = 0.04 43.9%, p = 0.06 

 Non advanced cancers  

Studies (n) - 8 

Cases (n)  16749 

RR (95% CI)  1.09 (1.00-1.18) 

Increment unit used  Per 400 g/d 

Heterogeneity (I
2
, p-value)  53.0%, p= 0.04 

 Advanced cancers  

Studies (n) - 10 

Cases (n)  4465 

RR (95% CI)  0.97 (0.91-1.05) 

Increment unit used  Per 400 g/d 

Heterogeneity (I
2
, p-value)  0.0%, p = 0.71 

 Fatal cancers  

Studies (n) - 5 

Cases (n)  898 

RR (95% CI)  1.11 (0.92-1.33) 

Increment unit used  Per 400 g/d 

Heterogeneity (I
2
, p-value)  20.2%, p = 0.29 




