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Abstract
Although a high intake of plant foods such as fruits, vegetables, whole grains, nuts and legumes has been recommended for chronic disease prevention, it has been unclear what is the optimal level of intake of these foods and whether specific subtypes are particularly beneficial. The evidence from several recently published meta-analyses on plant foods and antioxidants and various health outcomes is reviewed as well as more recently published studies. In meta-analyses of prospective studies, inverse associations were observed between intake of fruits, vegetables, whole grains and nuts and the risk of coronary heart disease, stroke, cardiovascular disease overall, total cancer and all-cause mortality. The strongest reductions in risk were observed at an intake of 800 grams per day for fruits and vegetables, 225 grams per day for whole grains and 15-20 grams per day for nuts, respectively. Whole grain and nut consumption was also inversely associated with mortality from respiratory disease, infections, and diabetes. Stronger and more linear inverse associations were observed between blood concentrations of antioxidants (vitamin C, carotenoids, vitamin E) and cardiovascular disease, cancer and all-cause mortality than for dietary intake. Most studies that since have been published have been consistent with these results, however, further studies are needed on subtypes of plant foods and less common causes of death. These results strongly support dietary recommendations to increase intake of plant foods, and suggest optimal intakes for chronic disease prevention may be around 800 grams per day for intakes of fruits and vegetables, 225 grams per day for whole grains and 15-20 grams per day for nuts. Diets high in plant foods could prevent several million premature deaths each year if adopted globally. 
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Introduction
A high intake of plant foods including fruits, vegetables, whole grains, nuts and legumes has long been recommended to the general population to reduce the risk of chronic diseases such as cardiovascular disease, cancer, and type 2 diabetes (1), which are among the main causes of premature death worldwide (2). For example, the 5 A Day for Better Health Program was launched in the US in 1991 to increase the intake of fruits and vegetables to a minimum of 5 servings per day (3;4). Similar campaigns have also been launched in many other countries (5;6). Such recommendations have largely been based on the results from epidemiological studies which have consistently shown reductions in risk of coronary heart disease and stroke with a higher intake of fruits and vegetables (7;8). In addition, it has been observed that whole grains has been associated with a reduced risk of coronary heart disease and type 2 diabetes (9;10) and that a high intake of nuts has been associated with a reduced risk of coronary heart disease (11). Historically there was also strong evidence that a high intake of fruit and vegetables reduced the risk of several cancers and when the first report of the World Cancer Research Fund and the American Institute of Cancer Research "Food, Nutrition, Physical Activity and the Prevention of Cancer: A Global Perspective" was published in 1997 it was stated that there was convincing evidence that a high intake of fruit and/or vegetables reduced the risk of cancers of the mouth and pharynx, esophagus, lung, stomach, colon and rectum, and that they probably reduce the risk of cancers of the larynx, breast and bladder (1). However, the evidence for a benefit of fruit and vegetable intake in cancer prevention became weaker in the following decade as more prospective cohort studies accrued and showed weaker or no associations between fruit and vegetable intakes and the risk of several cancers (12-18). In fact, none of the associations were deemed convincing when an update of the previous report was published in 2007 (19). The main reason for the change in the conclusions was that the results of the 1997 report mainly came from retrospective case-control studies, which to a greater degree can be affected by selection and recall biases compared to the later cohort studies. In addition, a more rigorous approach to the published data was made in the 2007 report compared to the earlier report, with systematic literature reviews and meta-analyses which quantified the association between each dietary factor and cancer risk. Nevertheless, the evidence was considered probable that fruit and/or vegetables probably protect against cancers  of the mouth, pharynx, larynx, esophagus, stomach and lung also in the Second Expert Report (19). Associations for which the evidence has been graded probable or convincing is strong enough for recommendations to be made. Additional cohort studies have emerged since the 2007 report (20-23) and these have been incorporated in the Continuous Update Reports which have since been published (24-29). This review provides a summary of the available data on intake of plant foods, antioxidants and the risk of cardiovascular disease, cancer, type 2 diabetes and all-cause and cause-specific mortality as well as the assessments of plant foods and cancer risk in the Third Expert Report which just have been published (30). The focus of the review is on recently published meta-analyses, but additional studies that have since been published have also been included. 



 






Fruits and vegetables
	In a comprehensive systematic review and meta-analysis of 95 studies (142 publications) we found summary RRs of 0.92 (95% CI: 0.90-0.94, I2=0%, n=15) for coronary heart disease, 0.84 (95% CI: 0.76–0.92, I2=73%, n=10) for stroke, 0.92 (95% CI: 0.90–0.95, I2=31%, n=13) for cardiovascular disease, 0.97 (95% CI: 0.95–0.99, I2=49%, n=12) for total cancer and 0.90 (95% CI: 0.87–0.93, I2=83%, n=15) for all-cause mortality (31) per 200 grams/day of fruit and vegetable intake (1 serving = 80 grams) (Table 1). Similar associations were observed for fruits and vegetables when evaluated separately. In nonlinear dose-response analyses, the associations between total fruit and vegetable intake and coronary heart disease and for mortality from stroke were linear up to 800 g/d, while for the remaining outcomes the associations were nonlinear. For stroke incidence and mortality combined, cardiovascular disease, and all-cause mortality the largest reductions were observed when increasing fruit and vegetable intake from 0 to 400 g/d, but some further reductions were observed up to 800 g/d, while for total cancer there was little further benefit beyond an intake of 600 g/d (31). 
	When evaluating specific types of fruits and vegetables we found inverse associations between the intake of apples and pears, citrus fruits, green leafy vegetables and/or salads, cruciferous vegetables, and risk of cardiovascular disease and all-cause mortality, while for total cancer inverse associations were observed for the intake of green-yellow vegetables and cruciferous vegetables (31). Under several assumptions, including that of a causal relationship between fruit and vegetable intake and these outcomes, and based on the results from the nonlinear dose-response analysis, an estimated 5.6 and 7.8 million premature deaths may be attributable globally in 2013 to a fruit and vegetable intake below 500 g/d and 800 g/d, respectively (31). 
	Because of limited data at that time it was not possible to conduct analyses of fruit and vegetable intake and other causes of death as only the EPIC study had analysed other causes of death (32). In the EPIC study, inverse associations were observed between fruit intake and mortality from digestive diseases (HR=0.77; 95% CI: 0.66-1.00) and for unknown causes of death (HR=0.88; 95% CI: 0.81-0.97) and a positive association was observed for diseases of the nervous system (HR=1.60; 95% CI: 1.22-2.11), while for vegetables inverse associations were observed for mortality from circulatory diseases (HR=0.78; 95% CI: 0.71-0.87), respiratory diseases (HR=0.78; 95% CI: 0.62-0.97), digestive diseases (HR=0.62; 95% CI: 0.47-0.82) and for other causes of death (0.80; 95% CI: 0.66-0.97) (32). 
	More recently the China Kadoorie Biobank Study (17894 deaths and 462342 participants) published on fresh fruit intake and multiple causes of death and found inverse associations with most specific causes of death including ischemic heart disease, stroke (total, ischemic, and hemorrhagic), other cardiovascular diseases, cancers of the esophagus, stomach, and colorectum, chronic obstructive pulmonary disease, respiratory disease, all other major chronic diseases, all other causes of death as well as all causes of death (33). No association was observed for lung or liver cancer or for transport accidents, and the latter could be considered as a negative control as one would also not expect any association with mortality from transport accidents. Adjustments were made for age, sex, region, smoking, alcohol intake, education, income, consumption of meat, dairy products, preserved vegetables, survey season, physical activity and BMI. Unfortunately, it was not possible to analyse vegetable intake as the highest frequency on the questionnaire was daily intake and 95% of the participants ate vegetables daily or more frequently. 
	The PURE Study which is a global cohort study with 135335 participants and 5796 deaths and with data from 18 low-, middle- and high-income countries in North America, Europe, South America, the Middle East, south Asia, China, southeast Asia, and Africa also recently published on fruit, vegetable and legume intake and risk of cardiovascular disease and mortality (34). In contrast to most other studies on fruit and vegetable intake and chronic disease and mortality risk (31) this study combined legume intake and fruit and vegetable intake in the primary analyses in the paper. In this analysis there was no association between fruit, vegetable and legume intake and risk of major cardiovascular events, myocardial infarction, or stroke, but an inverse association was observed for cardiovascular death, non-cardiovascular death and all-cause mortality with the lowest risk observed at 5-<6 servings per day for cardiovascular death (HR=0.58; 0.42-0.80), 3-<4 servings per day for non-cardiovascular death (HR=0.77; 95% CI: 0.66-0.89) and at 3-<4 servings per day for all-cause mortality (HR=0.78; 0.69-0.88) (one serving was defined as 125 grams per day which is somewhat higher than the 80 grams that has been used as a serving size previously). However, because legume intake was as strongly if not more strongly inversely associated with these outcomes as fruit and vegetable intake and had a much lower range of intake, the flattening of the dose-response curve at quite low intakes might at least partly be explained by an effect of legume intake. Interestingly, when fruits and vegetables were analysed separately from legumes (reported in the online supplement) effect sizes and dose-response relationships that were more consistent with the most recent meta-analysis (31) emerged, although some of the associations were still not statistically significant. Comparing an intake of 7-<8 servings (the nadir of the dose-response curve for all-cause mortality) vs. <1 serving per day the HRs were 0.81 (95% CI: 0.64-1.03) for major cardiovascular disease, 0.87 (95% CI: 0.62-1.22) for myocardial infarction, 0.80 (95% CI: 0.54-1.17) for stroke, 0.60 (95% CI: 0.38-0.95) for cardiovascular disease mortality, 0.73 (95% CI: 0.55-0.96) for non-cardiovascular disease mortality and 0.69 (95% CI: 0.55-0.86) for all-cause mortality (34). 
	A study from Taiwan (4176 participants, 1237 deaths) reported an inverse association between daily compared to non-daily intake of fruits and vegetables and cardiovascular and all-cause mortality (35). Other studies that have since been published include an Australian study which suggested inverse associations between intake of total vegetables, cruciferous vegetables and allium vegetables and risk of coronary heart disease, stroke, and cardiovascular disease overall, although no significant association was observed for green leafy vegetables and yellow, orange and red vegetables (36) and a second study from Iran also reported an inverse association between allium vegetable intake and risk of cardiovascular disease (37). In the Osteoarthritis Initiative Cohort Study there was a positive association between fried potato intake and all-cause mortality (HR: 2.26; 95% CI: 1.15-4.47 for ≥3/week vs. ≤1 time/month, but no association was observed for potatoes overall or unfried potatoes (38). In the 2017 meta-analysis there was an inverse association between high vs. low intake of potatoes and all-cause mortality (HR=0.78; 95% CI: 0.74-0.83, n=4), but not in the dose-response analysis (HR=0.91; 95% CI: 0.81-1.03 per 100 g/d, n=4), and the difference in the results may at least be partly be due to differences in the studies included in each analysis (31). Although potatoes are not counted as part of the five recommended servings per day, further studies are needed to clarify the association between potato intake and different health outcomes particularly given the limited number of studies currently published. 
	Although the evidence regarding fruit and vegetable intake and cancer risk has become weaker over the last decades, it is likely that there is an association at least with some cancers as there was a reduced risk of total cancer with a high intake of fruits and vegetables in the most recent meta-analysis (31). There was a 14% reduction in total cancer risk (summary RR=0.86; 95% CI: 0.83-0.89) when comparing people with an intake of 600 grams of fruits and vegetables per day with those eating only 40 grams per day (31). With regard to subtypes, only cruciferous vegetables and green-yellow vegetables appeared to be protective, however, again there was a limited number of studies and we cannot exclude the possibility that other subtypes also may be protective (31). With regard to specific cancers the WCRF Third Expert report that just came out in 2018 considered that there is probable evidence that fruits and vegetables reduces the risk of cancers of the risk of aerodigestive cancers as a group, but none of the individual cancer sites assessed had a judgement of probable or convincing any longer (30). For several individual cancers, the evidence is now considered limited and suggestive of an association or limited and no conclusion is possible (24-30). Updated meta-analyses based on the Continuous Update Project have suggested inverse associations between fruit and vegetable intake and risk of cancers of the colorectum (39), breast (40), bladder (41), and lung (42), however, the associations were in general weak and just significant. For lung and bladder cancer, residual confounding from smoking is difficult to exclude, particularly when associations are not significant among never smokers (41;42) and this may have been a major reason why the judgements are not stronger. However, more studies are needed with stratification for smoking status because statistical power is more limited among never smokers. The judgement of a probable causal relationship between a dietary factor and cancer risk requires that one with confidence should be able to exclude the possibility that the observed association results from random or systematic error, including confounding, measurement error and selection bias, and the criteria with regard to lack of confounding may therefore not have been fulfilled (30). Results from the Pooling Project of Prospective studies have suggested inverse associations between fruit and vegetable intake and risk of cancers of the lung (43) and kidney (44), but no association with colon (45), pancreatic (46), breast (except for an inverse association with estrogen receptor negative tumors) (47), ovarian (48) and prostate cancer (49). Some of the differences in the results between the Pooling Project of Prospective studies and the Continuous Update Project results are likely due to differences in which studies are included in the meta-analyses because not all the individual studies included in the Pooling Project have published separately (except for in the Pooling Project) on every cancer site, while the Continuous Update Project also includes other studies that may not have met the inclusion criteria for the analysis in the Pooling Project. However, other differences including duration of follow-up, categorisation of intakes, and inclusion of adjustment variables may also contribute to differences in findings. Although initial analyses of fruit and vegetable intake and breast cancer risk were largely null in both the EPIC-study (18) (which was not included in the pooled analysis) and in the Nurses' Health Study (16), an inverse association between fruit and vegetable consumption and breast cancer risk has become apparent with longer follow-up in both studies (50;51). Whether specific types of fruits and vegetables are particularly beneficial for individual cancers has also been explored in some meta-analyses and pooled analyses with inverse associations observed between the intake of citrus fruits and bladder cancer risk (0.87; 95% CI: 0.76-0.99) and between citrus fruits (0.91; 95% CI: 0.85-0.98), cruciferous vegetables (0.92; 95% CI: 0.87-0.98) and green leafy vegetables (0.89, 95% CI: 0.79-1.00) and lung cancer risk (42). In addition, inverse associations were observed between the intake of bananas (HR=0.88; 95% CI: 0.78-0.99) and spinach (0.89; 95% CI: 0.82-0.97) and colon cancer (45), and apples/pears (0.92; 95% CI: 0.85-0.99), peaches/nectarines/apricots (0.81; 95% CI: 0.70-0.94), strawberries (0.56; 95% CI: 0.41-0.76) and lettuce (0.91; 95% CI: 0.84-0.98) and estrogen receptor negative breast cancers, but no significant associations observed for estrogen receptor positive tumors (47), and a slight inverse association between lettuce and advanced (0.91; 95% CI: 0.85-0.98) and fatal (0.86; 95% CI: 0.78-0.94) prostate cancer, but a positive association between corn and advanced and fatal prostate cancer (49). No significant associations were reported between subtypes of fruits and vegetables and ovarian cancer risk (48), however, slight positive associations were observed between the intake of strawberries (1.13; 95% CI: 1.01-1.27), brussels sprouts (1.26; 95% CI: 1.03-1.54), green pepper (1.15; 95% CI: 1.01-1.30) and tomatoes/tomato juice (1.05; 95% CI: 1.01-1.09) and pancreatic cancer, but no subtypes were significantly inversely associated with risk (46). However, given the large number of comparisons, it is possible that some of these findings may have been due to chance and the lack of or limited mechanistic data that could explain these findings is another important limitation. 

Whole grains
In another meta-analysis we found a reduced risk of coronary heart disease (summary RR=0.81; 95% CI: 0.75-0.87, I2=9%, n=7), cardiovascular disease (0.78; 95% CI: 0.73-0.85, I2=40%, n=10), total cancer (0.85; 95% CI: 0.80-0.91, I2=37%, n=6), all-cause mortality (RR=0.83; 95% CI: 0.77-0.90, I2=83%, n=11), and mortality from respiratory disease (RR=0.78; 95% CI: 0.70-0.87, I2=0%, n=4), infectious disease (RR=0.74; 95% CI: 0.56-0.96, I2=0%, n=3) and non-cardiovascular, non-cancer causes of death (RR=0.78; 95% CI: 0.75-0.82, I2=0%, n=5) per 90 grams or 3 servings per day (1 serving = 30 grams) (Table 1) (52). Some suggestion of a reduced risk was also observed for stroke (RR=0.88; 95% CI: 0.75-1.03, I2=56%, n=6) and mortality from diabetes (RR=0.49; 95% CI: 0.23-1.05, I2=85%, n=4), but the associations were only significant in the nonlinear dose-response analysis (52). Nonlinear associations were observed in all of the analyses with the exception of total cancer, and slightly stronger associations were observed when increasing whole grain intake from 0 to between 50 and 100 grams per day, than at higher intakes (52). However, for coronary heart disease, total cancer, all-cause mortality, and mortality from respiratory diseases and non-cardiovascular, non-cancer causes of death, there were further reductions in risk up to an intake of 225 grams per day, which is equal to 7.5 servings or 7.5 slices of whole grain bread per day (52). This was the highest level of intake across studies so we were not able to draw any conclusions with regard to the health effects of even higher intakes. This level of intake is similar to the level of whole grain intake recommended by the Scandinavian countries (70-90 grams dry weight ~ 200-250 grams of whole grain products) (53), but considerably higher than that recommended in the US (54). Of specific types of whole grain products, we found inverse associations between intake of whole grain bread, whole grain breakfast cereals and bran and the risk of coronary heart disease and cardiovascular disease, between whole grain bread and total cancer and between whole grain bread and whole grain breakfast cereals and all-cause mortality. No association was observed between intake of refined grains, rice (total, white or brown) and risk of coronary heart disease, stroke or cardiovascular disease, but some evidence of a slight inverse associations were observed for the intake of total grains and refined grains in relation to total cancer and all-cause mortality. However, all the latter results were based on a limited number of studies and needs further study in additional studies. In any case, the inverse associations for total grains and total cancer and all-cause mortality appears to be largely driven by intake of whole grains as the few inverse associations observed for intake of refined grains were much weaker than those observed for whole grains (52) and in addition, the associations between total grain intake and coronary heart disease, stroke and cardiovascular disease were null. 
	We have also previously reported inverse associations between the intake of whole grains and the risk of type 2 diabetes incidence with a 32% reduction in risk per 90 grams per day, but no association was observed for refined grains (10). There was little evidence of further benefit with intakes above 90 grams per day in the nonlinear dose-response analysis (10). Total grains, whole grain bread, whole grain breakfast cereals, wheat bran and brown rice were all inversely associated with type 2 diabetes incidence, but no association was observed for wheat germ or white rice (10). The findings are further supported by evidence from a meta-analysis on fiber intake and risk of type 2 diabetes, which found stronger inverse associations between cereal fiber intake and type 2 diabetes than with other specific fiber sources (55). As part of the Continuous Update Project we also reported an inverse association between intake of whole grains and colorectal cancer risk with a summary RR of 0.83 (95% CI: 0.78-0.89, I2=18%, n=6) per 90 grams per day (56) and based on these analyses the evidence that whole grains reduce colorectal cancer risk was recently updated to probable in the Continuous Update Report from 2017 and in the Third Expert Report (30;57). There is only limited cohort data regarding whole grain intake and risk of other cancers. A few studies have suggested inverse associations with cancers of the upper aerodigestive tract (58;59), small intestine (60), liver (61) and kidney (62), but studies on hormonal cancers including breast (63;64), prostate (65;66), and endometrial cancer (67) are largely null. 

Nuts
In a meta-analysis of nut intake and various health outcomes, the summary RRs per 28 grams/day (1 serving = 28 grams) increase in nut intake was for coronary heart disease, 0.71 (95% CI: 0.63–0.80, I2=47%, n=11), stroke, 0.93 (95% CI: 0.83–1.05, I2=14%, n=11), cardiovascular disease, 0.79 (95% CI: 0.70–0.88, I2=60%, n=12), total cancer, 0.85 (95% CI: 0.76–0.94, I2=42%, n=8), all-cause mortality, 0.78 (95% CI: 0.72–0.84, I2=66%, n=15), and for mortality from respiratory disease, 0.48 (95% CI: 0.26–0.89, I2=61%, n=3), diabetes, 0.61 (95% CI: 0.43–0.88, I2=0%, n=4), neurodegenerative disease, 0.65 (95% CI: 0.40–1.08, I2=5.9%, n=3), infectious disease, 0.25 (95% CI: 0.07–0.85, I2=54%, n=2), and kidney disease, 0.27 (95% CI: 0.04–1.91, I2=61%, n=2) (Table 1) (68). Similar results were found for peanuts and tree nuts. The associations between nut intake and these health outcomes were nonlinear and in most of the analyses there was no further benefit with an intake beyond 15-20 grams per day. Under the assumption of a causal relation between nut consumption and reduced mortality we estimated that approximately 4.4 million premature deaths might be attributable to a nut intake below 20 grams per day in 2013 globally (with the exception of Africa and the Middle East, areas for which we did not have data on nut intake) (68). In the Swedish Mammography Cohort and the Cohort of Swedish Men, it was recently reported that high nut intake was associated with a reduced risk of non-fatal myocardial infarction, atrial fibrillation and possibly abdominal aortic aneurysm, although no association was observed for fatal myocardial infarction, heart failure, aortic valve stenosis, ischemic stroke or intracerebral hemorrhage (69). The inverse association with non-fatal myocardial infarction and the lack of association with the risk of stroke is consistent with the findings from our meta-analysis, however, one limitation of this study was that the highest category only had an intake of nuts of ≥3 times/week, while many previous studies had a range of intake of up to one serving per day (68). Although randomized trials also have provided support for a benefit of nut consumption with regard to reductions in blood concentrations of total cholesterol, LDL cholesterol, apolipoprotein B and triglycerides (70), the dose-response analysis suggested that there was little or no reduction in total and LDL cholesterol with nut intakes up to 20-30 grams per day and the lipid lowering effects was more apparent with very high intakes of 60-100 grams per day, which is slightly in contrast to the findings of our meta-analysis which found no or little further benefit in reducing risk of chronic diseases and mortality with an intake beyond 15-20 grams per day. However, the top range of the intake across studies was 28 grams per day (one serving per day) in our meta-analysis and with the current epidemiological data it is not possible to say whether intakes beyond one serving per day can provide further reductions in risk. Given the limited number of very high nut consumers in most populations, very large studies would probably be needed to clarify this question. 
	Data regarding nut intake and risk of incident type 2 diabetes have largely shown null results (71-74), however, the possibility that specific types of nuts such as walnuts may be beneficial (75) need further exploration. In addition, since there is some evidence suggesting that nuts may reduce weight gain over time (76) additional studies should provide results both with and without adjustment for BMI to clarify whether part of an association is mediated by reduced adiposity as suggested by one study (75). Nevertheless, some studies have suggested that nut consumption is associated with a reduction in risk of cardiovascular disease and all-cause mortality in patients with type 2 diabetes (77;78) and randomized trials have also suggested benefits of nut consumption on cardiovascular risk factors (79-82), thus it may be beneficial for diabetes patients to increase their intake of nuts to prevent some of the complications of diabetes. 
	Very few cohort studies have been published on the association between nut intake and risk of specific cancers to date. A cohort study found a 32% reduction in risk of pancreatic cancer among women eating nuts 2 or more times per week compared to those eating nuts never or almost never (83) and another cohort found a non-significant association in the same direction (84), while a smaller study found no association (85). A few prospective studies have suggested an inverse association between nut consumption and colorectal cancer (86-88), however, only two of these found significant associations (86;88). A few cohort studies reported inverse association between nut intake and stomach cancer (89-91), with stronger associations for gastric non-cardia cancer than for gastric cardia cancer (90;91). For breast (92-96) and prostate cancer (97) the available data show no clear association. One large cohort study and a case-control study also recently reported inverse associations between nut intake and lung cancer, with 14% and 26% reductions in the relative risk respectively (98). 

Legumes
A meta-analysis of prospective studies found a reduced risk of coronary heart disease with a high legume intake (RR=0.86; 95% CI: 0.78-0.94) per 4 servings per week, but no association was observed for stroke (RR=0.98; 95% CI: 0.84-1.14) (99) and similar results were found in a second meta-analysis (100). Data regarding legume intake and risk of type 2 diabetes have been largely null (101-105), however, the possibility that specific subtypes of legumes may be beneficial cannot be excluded (106;107). Similarly, studies on legume intake and all-cause mortality have largely been null (108-111), however, a few studies suggested significant inverse associations (34;112). Some studies have suggested inverse associations between intake of soy products and the risk of breast cancer (113;114) and prostate cancer (115;116), however, challenges have been observed in summarizing the available evidence because of differences in the reporting between studies, as some studies have reported on soy protein, soy isoflavones, specific soy foods (e.g. tofu, soy milk) or total intake of soy foods (114). One meta-analysis suggested that the inverse association between soy intake and breast cancer was restricted to Asian populations where soy intake is much higher than in European and American populations (113), however, the limited number of cohort studies is a limitation. More research is needed before firm conclusions can be made and any additional studies could contribute to more definitive answers by providing more detailed results for intake of soy foods overall as well as for specific soy foods and constituents. 

Antioxidant biomarkers
Several components of plant foods have been hypothesized to contribute to the beneficial effects observed between the intake of plant foods and a range of health outcomes, including fiber, minerals, and antioxidants such as flavonoids, vitamin C, carotenoids and vitamin E. Several studies have assessed the association between the dietary intake or blood concentrations of vitamin C, carotenoids and vitamin E and risk of cardiovascular disease, cancer and premature mortality (117-119). Blood concentrations of vitamin C and carotenoids are considered to be biomarkers of fruit and vegetable intake (120;121) and analyses using biomarkers might further advance our understanding of the relationship between diet and chronic disease risk. In a meta-analysis based on data from the Continuous Update Project there was a very weak association between dietary carotenoid intake and the risk of breast cancer, however, studies that measured blood concentrations of carotenoids showed clear inverse and much stronger associations than the studies that assessed dietary intake using questionnaires (122). For example there were 2-5% reductions in risk for increased dietary intake of carotenoids, beta-carotene and alpha-carotene, however, in the biomarker-based analysis there was a 18-26% reduction in risk with increased blood concentrations of these antioxidants (122). 	
	In a further meta-analysis we have assessed the association between dietary vitamin C, carotenoids and vitamin E as well as blood concentrations of these antioxidants in relation to the risk of cardiovascular disease, total cancer and all-cause mortality (123). Inverse associations were observed between dietary intake of vitamin C and carotenoids and most of these outcomes (although some variation in results existed between exposures and outcomes), however, when analyses using the blood-based biomarkers of the same antioxidants, stronger and more linear dose-response relationships were often observed (123). Most of the studies on dietary intake of antioxidants reported on dietary intake from foods, but a few reported on intake from foods and supplements combined. Another meta-analysis suggested higher intake of dietary flavonoids and certain subtypes of flavonoids (flavones, flavanones, anthocyanidins) is associated with reduced risk of cardiovascular disease and all-cause mortality (124). In contrast, a large number of randomized trials have shown that use of antioxidant supplements (beta-carotene, vitamin A, vitamin C, vitamin E, selenium) have no benefits in the prevention of cardiovascular disease, cancer or mortality, and in some cases may even increase risk (beta-carotene, vitamin A and vitamin E and all-cause mortality) (125-127). Although there is a possibility that antioxidant supplements may have some benefit in undernourished populations (128), this benefit may diminish over time (129), and the overall evidence suggest no benefit in well-nourished European and North American populations (125-127). At the same time, there is relatively consistent evidence across geographic locations (Europe, North America and Asia) that high intakes of fruits and vegetables, and high dietary intakes and blood concentrations of fruit and vegetable-related nutrients, such as vitamin C and carotenoids, are associated with lower risk of cardiovascular disease, cancer and mortality (31;123). Altogether it therefore seems less likely that it is the vitamin C or carotenoids that are the components that are responsible for the reduction in the risk of cardiovascular disease, cancer and mortality observed in these meta-analyses, but more likely these components are biomarkers of fruit and vegetables, which contain a myriad of beneficial components that may act synergistically to reduce the risk of these outcomes. 

Mechanisms
	Plant foods contain many nutrients and components that may contribute to a lower risk of chronic diseases and premature mortality including fiber, vitamin C, carotenoids, antioxidants, potassium, magnesium, flavonoids, unsaturated fats, vegetable protein, and possibly other compounds (130-132). Although some of these components may be particularly important in reducing chronic disease risk it is also likely that the many compounds of plant foods act synergistically through several different mechanisms to reduce the risk of chronic diseases and mortality (133-135). A high intake of dietary fiber, fruits and vegetables, nuts, legumes and whole grains has been found to reduce cholesterol levels, blood pressure, inflammation and to improve vascular function and regulate the immune system (130;136-140). 
	A meta-analysis of two randomized trials found a 3 mmHg (95% CI: 1.09-4.92) lower systolic blood pressure among participants who received dietary advice to eat more fruits and vegetables, but the association with diastolic blood pressure was not significant and associations with blood lipids (total, LDL, and HDL cholesterol, triglycerides) were weak and not significant (141). In general, a 1 mmol/L (=38.67 mg/dl) reduction in total cholesterol and LDL cholesterol reduces risk of ischemic heart disease by ~30% (142) while a 20 mmHg reduction in systolic blood pressure is associated with a 45% reduction in risk of ischemic heart disease and a ~50% reduction in risk of stroke (143). A meta-analysis of 12 intervention studies on tomato intake and cardiovascular risk factors found a 4.63 mg/dl (95% CI: 0.02-9.24) reduction in LDL cholesterol and a 5.60 mmHg decrease in systolic blood pressure among intervention studies using tomatoes or lycopene supplements as a treatment (144). Another meta-analysis of 45 randomized controlled trials on berries and cardiovascular risk factors found significantly reduced LDL cholesterol by 0.14 mmol/L (95% CI: 0.03-0.25), increased HDL cholesterol by 0.048 mmol/L (95% CI: 0.02-0.08), reduced triglycerides by 0.07 mmol/L (95% CI: 0.003-0.14), reduced systolic blood pressure by 2.07 mmHg (95% CI: 0.64-3.50) and reduced diastolic blood pressure by 1.43 mmHg (95% CI: 0.39-2.48) (145). These results are partly consistent with the inverse associations observed between intake of tomatoes and risk of coronary heart disease and for berries and risk of all-cause mortality (146), although not with the null association which was observed between berries and cardiovascular disease, however, because of the limited number of studies more data are needed on fruit and vegetable subtypes. Randomized trials have also found suggestive evidence that intake of apples reduces total and LDL cholesterol (147;148), VLDL cholesterol and triglycerides (149) and may improve endothelial function (150). A trial of people with high normal blood pressure or hypertension who were randomized to eat three kiwifruit per day compared to a control group eating one apple per day found a reduction in systolic blood pressure of 3.6 mmHg (95% CI: 0.7-6.5) and in diastolic blood pressure of 1.9 mmHg (95% CI: 0.3-3.6) among those who received the kiwifruit intervention. A randomized double-blind cross-over trial using a freeze-dried grape polyphenol powder in people with metabolic syndrome found a 6 mmHG reduction in systolic blood pressure and increased flow-mediated dilatation of 1.7 mm, but no difference in cholesterol, plasma glucose or adiposity measures (151), however, a second trial found no benefit of grape juice on ambulatory blood pressure, but some reduction in nocturnal dip in systolic blood pressure and blood glucose (152). Some evidence suggest that more extreme levels of fruit and vegetable intakes may lead to stronger reductions in cardiovascular risk factors (153;154). The beneficial effect of some fruit and vegetables on blood cholesterol may be due to their high content of fiber which can bind bile salts in the small intestine and lead to fecal excretion of cholesterol, reduced glycemic response resulting in lower insulin stimulation of hepatic cholesterol synthesis, and fermentation of dietary fiber to short chain fatty acids which may suppress cholesterol synthesis in the liver (155). The reduced blood pressure observed with higher intake of fruits and vegetables may be due to the high potassium content which increases urinary excretion of sodium, vasodilatation, and the glomerular filtration rate and decreases renin, renal natrium reabsorption, reactive oxygen species production, and platelet aggregation (156). However, other components including anthocyanins and flavonoids may also reduce blood pressure by increasing endothelium-dependent microvascular reactivity and plasma nitric oxide, and reducing C-reactive protein and E-selectin (136;157;158). In summary, there is a growing body of evidence showing that high intake of fruits and vegetables and specific types of fruits and vegetables reduces cardiovascular risk factors such as total cholesterol, LDL cholesterol and systolic blood pressure, and may improve endothelial function. Further studies are needed to clarify whether specific subtypes are particularly beneficial in reducing cardiovascular risk factors, and attention need to be made with regard to what is chosen as the control diet. 
	A meta-analysis of 38 randomized controlled trials showed a 3.6 mg/dl (95% CI: 2.9-4.4)  reduction in total cholesterol, 4.2 mg/dl (95% CI: 3.4-5.0) reduction in LDL cholesterol, and 4.2 mg/dl (95% CI: 2.6-5.7) reduction in Apolipoprotein B per 1 serving (28.4 grams) of tree nuts per day (70), however, in the dose-response analysis there were stronger reductions at higher intakes and an intake of 100 grams per day was associated with a reduction of total and LDL cholesterol of 25 mg/dl and 15-20 mg/dl, respectively. A previous pooled analysis of 25 randomized trials showed that an intake of nuts of 67 g/d was related to a 10.9 mg/dl reduction in total cholesterol, 10.2 mg/dl reduction in LDL cholesterol and improved ratios of LDL and total cholesterol to HDL cholesterol (137). The beneficial effects of nut consumption on blood cholesterol may to a large degree be driven by the content of unsaturated fatty acids, however, it has been shown that the cholesterol-lowering effect of nuts is 25% greater than what can be predicted based on their fatty acid content (134), thus it seems that other components of nuts also may be of importance. 
	A meta-analysis of randomized controlled trials on whole grain intake and blood lipids found a significant 0.09 mmol/L (95% CI: 0.03-0.15) reduction in LDL cholesterol and a 0.12 mmol/L (95% CI: 0.05-0.19) reduction in total cholesterol, but no effect on HDL cholesterol or triglycerides (159). However, the reductions in lipids were stronger for oats, with reductions of 0.17 mmol/L (95% CI: 0.10-0.25) for LDL cholesterol, 0.22 mmol/L (95% CI: 0.11-0.32) for total cholesterol and 0.14 mmol/L (95% CI: 0.05-0.22) for triglycerides, while no effect was observed for wheat and mixed grains. One limitation of the results was that there was no dose-response relationship between increasing whole grain consumption and blood lipids, however, this may have been confounded by type of grain as the studies with higher intakes were predominantly studies using wheat or mixed grains. Few studies had assessed rye, barley and rice so more studies are needed on those items before conclusions can be made, however, the lack of association between rice consumption and most lipids is consistent with the null association between intake of rice and risk of cardiovascular disease (52;160). One of the few epidemiological studies that have investigated different sources of whole grains found as strong inverse associations for whole grain wheat as for oat and rye intake in relation to risk of coronary heart disease, mortality, and type 2 diabetes (161;162), but stronger inverse associations between whole grain wheat and colorectal cancer than for oats and rye (163). Oats contain more soluble fiber (particularly beta-glucans) than wheat, and this may explain the greater lipid lowering effect of oats compared to wheat, while wheat contains more insoluble fiber than oats, which adds bulk to the stool and help the stool pass more quickly through the intestines. 
	Oxidative stress has been implicated in several chronic diseases including cardiovascular disease, cancer, diabetes, neurodegenerative disease, lung and kidney disease (164). Reactive oxygen and nitrogen species (RONS) are formed endogenously as a result of normal cellular and metabolic reactions, and oxidative stress refers to an imbalance between the production of RONS and the antioxidant defence leading to oxidative damage that can threaten the normal function of the cell or organism (165). In the human body antioxidants may act in a stepwise fashion or in antioxidant network where several antioxidants are needed to convert free radicals to less active radicals (165). Increasing evidence suggest that antioxidants and other phytochemicals may act synergistically (166), and if further confirmed, this could explain why supplements with one or a few antioxidants have not shown to have any benefit in relation to chronic disease prevention, and also why whole foods with many different antioxidants and other phytochemicals in more natural doses have substantial health benefits. Intervention studies using high intakes of fruits and vegetables alone (133) or combined with other lifestyle changes (167) have shown that intake of fruit and vegetables affects gene expression towards increased cellular stress defence (133) and modulation of tumorigenesis, protein metabolism and modification, intracellular protein traffic, and protein phosphorylation (167). In screening studies of the total antioxidant content of different foods it was found that berries, walnuts, pecans, sunflower seeds, as well as spices were among the products that contained the highest amount of antioxidants (168;169). It is unclear to what degree the antioxidant content of different plant foods contribute to the health benefits of eating more plant foods or whether other constituents like fiber, unsaturated fatty acids or other phytochemicals are equally important. Interestingly, some of the specific plant foods that was found to be beneficial in reducing risk of cardiovascular disease, cancer and mortality in our meta-analyses, like whole grains, peanuts, apples, citrus fruits, cruciferous vegetables, green leafy vegetables and tomatoes (31;52;68), are not among the plant foods with the highest antioxidant content (168;169). Intake of berries, which were among the foods with the highest antioxidant content, were not more strongly associated with reduced mortality than citrus fruits or apples (31). In contrast, in the PREDIMED study walnuts was associated with a stronger reduction in risk of cancer death than other nuts, while differences for total and cardiovascular disease mortality were smaller (170), and in the Nurses' Health Study 1 and 2, but not in the Health Professionals Follow-up Study, walnuts appeared to be slightly more strongly associated with reduced cardiovascular disease risk than other nuts (171). However, it is unclear if this is due to the antioxidant content of walnuts, other constituents, or their combined effect. Altogether, this might suggest that other constituents of plant foods perhaps may be as important as antioxidants, however, given the limited number of epidemiological studies available with detailed data on plant foods with a high antioxidant content, much more work is needed to clarify these questions. Another important question is whether there are specific combinations of plant foods that may be particularly beneficial.
	The finding that cruciferous vegetables was one of the few specific food items that was associated with reduced risk of cancer overall (31), and in addition was associated with reduced risk of lung (42), bladder (41), and kidney cancer (broccoli) (44) is intriguing, as cruciferous vegetables are high in sulphoraphane, a compound that can inhibit phase 1 enzymes, which are responsible for activation of pro-carcinogens, and induce phase 2 enzymes, which are critical in mutagen elimination (172). Whole grains are important sources of dietary fiber, which is fermented by the intestinal bacteria to short chain fatty acids including acetate, butyrate and propionate. Butyrate has been shown to downregulate tumor-related signaling pathways including the MAPK pathway, Wnt pathway, insulin pathway, and VEGF pathway (173), and to protect against experimental colorectal cancer through inhibition of histone deacetylase and reduced apoptosis and cell proliferation (174;175). The short chain fatty acids also reduce intestinal pH, which inhibits the conversion of primary bile acids to secondary bile acids and reduces the solubility of free bile acids and their carcinogenic potential (176). Fiber also increases fecal bulk, reduces the transit time and therefore reduces the time potential carcinogens can interact with the colonic epithelial cells (176). Nuts contain several constituents including ellagic acid (walnuts), anacardic acid (cashews), genistein (hazelnuts, peanuts), resveratrol (peanuts), inositol (cashews, peanuts) and fiber (all nuts) that could reduce cancer risk by inducing cell cycle arrest, apoptosis, inhibiting cell proliferation, migration, invasion, angiogenesis, and metastasis (177-181). 
	There is some evidence that plant foods may reduce the risk of developing overweight and/or obesity and may reduce weight gain over time (76;182-184). Although plant foods may prevent excess weight gain (76), and excess weight is an important risk factor for a large number of diseases and mortality (30;185-191), it seems many of the observed associations between plant foods and chronic diseases and mortality persist even after adjustment for adiposity (31;52;68). Studies have also suggested a protective effect of plant foods, in particular whole grains, on the risk of type 2 diabetes as well (10), and type 2 diabetes is an established risk factors for a number of chronic diseases and causes of death (192). In the China Kadoorie Biobank Study the association between fresh fruit intake and cardiovascular death (HR=0.63; 95% CI: 0.56-0.72) was slightly, but not substantially attenuated by stepwise additional adjustment for baseline BMI and waist circumference (HR=0.64; 95% CI: 0.56-0.72), systolic blood pressure (HR=0.68; 95% CI: 0.60-0.77), and blood glucose (HR=0.70; 95% CI: 0.61-0.79) (193), suggesting that only a small part of the association may be explained by these risk factors. However, further cohort studies with repeated measures of both diet and cardiovascular risk factors are needed to formally test whether there is a temporal relation between intake of plant foods and changes in cardiovascular risk factors and whether such changes may mediate part of the benefit of plant foods on risk of chronic diseases and mortality. 
	Several studies suggest that plant foods also may modulate the microbiota (194-199), although not all were consistent (200), and an increasing number of studies are linking the microbiota with a growing number of diseases (201;202). Interestingly a recent study in mice found that when diets were deprived of fiber the gut bacteria started to break down the mucus layer of the intestines as a source of nutrients, leading to increased permeability through the intestines of pathogenic bacteria predisposing the mice to infections (203). This mechanism might explain the inverse association observed between the intake of whole grains, nuts, fiber and risk of infectious disease mortality (52;68;204). Nevertheless, further studies are needed to clarify the underlying mechanisms observed for less common causes of death (31;68).

Limitations of the current data
	Confounding by other dietary factors and other lifestyle factors is a major issue and is difficult to completely rule out because people who eat more plant foods tend to smoke less, be more physically activity, have a lower prevalence of overweight and obesity and to eat less red and processed meat and fast foods. Many of the included studies adjusted for the most important confounding factors such as tobacco smoking, alcohol consumption, overweight and obesity, physical activity and some also adjusted for other dietary factors (31;52;68). In general, there were few substantial differences between subgroups that adjusted for these confounding factors or not (31;52;68). However, the possibility for residual confounding or the possibility that there are more specific confounders that may not have been adequately adjusted for in relation to specific causes of death cannot entirely be excluded. Nevertheless, in the Nurses' Health Study and the Health Professionals Follow-up Study, the inverse associations between whole grain intake and nut intake and mortality outcomes persisted in a number of subgroup analyses stratified by smoking, alcohol, physical activity, BMI and red and processed meat intake (205;206). In the EPIC study the inverse association between fruit and vegetable intake and all-cause mortality was not observed in never smokers (111), which could indicate confounding by smoking. However, in two other cohort studies an inverse association was observed between fruit and vegetable intake and all-cause mortality also in non smokers or never smokers (207;208) and two studies (three publications) (108;209;210) among Seventh Day Adventists, which are mainly non-smoking and non-drinking populations, also reported inverse associations between fruit and/or vegetable intake and all-cause mortality. In the China Kadoorie Biobank Study inverse associations were observed between fresh fruit intake and mortality from cardiovascular disease, cancer and chronic obstructive pulmonary disease across most strata of age, sex, education, income, alcohol intake, smoking status, physical activity, preserved vegetable intake, BMI, and systolic blood pressure and there were few significant interactions in these stratified analyses (33). Thus, it seems the weight of the current evidence suggest that confounding by these risk factors does not fully explain the relationship between plant food intake and overall health, although there may be specific conditions where confounding is more of an issue than others (e.g. smoking and lung cancer). Any further studies on plant foods and morbidity and mortality should report more detailed results with analyses stratified by other risk factors to better be able to exclude bias due to confounding. 
	Because intake of plant foods seems to be associated with a reduced risk a number of outcomes it could be argued that there is a lack of specificity in the results. However, first of all by taking a closer look at the relationships observed there appears to be some level of specificity. For example, with regard to specific cancer sites it seems that the intake of fruits and vegetables, whole grains and nuts is more strongly associated with reductions in the risk of cancers of the digestive tract rather than with hormonally related or other non-digestive cancers (33). This gives the results some level of plausibility because plant foods are in direct contact with the digestive tract and therefore has physical proximity to the organs most affected. In addition, the observation of no significant relationship between fresh fruit intake and the risk of traffic accidents (33), an outcome where you would not expect any relation at all could be considered as a negative control. Second, specificity is a less important criterion for causality than many other criteria. This is because there are many other examples of lifestyle- and metabolic risk factors including smoking (211;212), obesity (185-191;213-217), physical activity (187;218-223) and diabetes (192) that are established as risk factors for a very wide range of diseases and causes of death. Given that a low dietary intake of plant foods (as well as other food groups) are important predictors of adiposity and type 2 diabetes it could be argued that relations with complications of obesity and type 2 diabetes also are likely (224), but this is not to say that these are the only or even the most important mediators of the association between intake of plant foods and various health outcomes. Given that these associations persisted and were even equally strong among studies with adjustment for BMI or diabetes in our meta-analyses it is likely that other mechanistic pathways may be more important than reduced adiposity and reduced insulin resistance in explaining these findings. However, because these studies only considered BMI and diabetes at baseline (cross-sectionally) and not during follow-up, it is not possible to make any conclusions in this regard because mediation analyses requires a temporal relationship between the exposure, the mediator and the outcome. 

Changes in diet during follow-up and measurement errors
	Most epidemiological studies to date have used a simple baseline dietary assessment under the assumption that dietary habits track well over time and reflect long-term dietary intake. However, it has been shown in a number of studies that dietary intake of specific food groups can change considerably over time (225). Not only do dietary habits change in healthy individuals, but patients with particular diagnoses such as type 2 diabetes or cardiovascular disease may change their diet in an attempt to treat or control their condition. This can be of particular importance when examining mortality outcomes as incident disease and/or metabolic risk factors (hypertension, elevated serum cholesterol) can trigger dietary changes that may influence the survival after diagnosis and therefore affect the diet-mortality relationship. If only a baseline registration is utilized dietary changes during follow-up will not be picked up and this can lead to regression dilution bias or bias toward the null, possibly attenuating the association between a dietary factor and all-cause or cause-specific mortality. The Nurses' Health Studies 1 and 2 and the Health Professionals Follow-up Study are some of the few studies that have collected updated dietary assessments during follow-up (226). In an analysis of the Nurses' Health Study it was shown that individuals who were diagnosed with diabetes and hypercholesterolemia, but not hypertension or who had undergone coronary artery bypass grafting, percutaneous coronary intervention or who were diagnosed with angina, increased their intake of cereal fiber after the diagnosis (227). When using only the baseline assessment to analyse the association between cereal fiber intake and risk of coronary heart disease the hazard ratio for the highest quintile was 0.75 (95% CI: 0.65-0.86), while in an analysis using cumulative averages of intake and no longer updating the questionnaires when the participants reported intermediate outcomes (coronary artery bypass grafting, percutaneous coronary intervention, or angina, diabetes, hypertension or hypercholesterolemia), since patients may have altered their cereal fiber intake after diagnosis, the hazard ratio was 0.61 (95% CI: 0.52-0.71) (227). Similarly it was shown that a diagnosis of coronary heart disease, stroke and diabetes led to subsequent changes in whole grain intake (205) and the hazard ratio for the association between whole grain intake and cardiovascular disease mortality when using only the baseline dietary assessment was 0.93 (95% CI: 0.86-1.00), however, using cumulative updated averages of repeated dietary assessments the hazard ratio for the highest quintile was 0.85 (95% CI: 0.78-0.92) (205). Considerable differences in the hazard ratios have also been reported from these cohort studies when evaluating the association between red meat and type 2 diabetes and mortality when comparing analyses using cumulative updated averages of repeated dietary assessments with analyses using only baseline dietary assessments (225;226). In the China Kadoorie Biobank Study hazard ratios were strengthened after corrections were made for regression diluation bias. The observed hazard ratios per 1 daily portion of fresh fruit were 0.78 (95% CI: 0.73-0.84) for cardiovascular disease mortality, 0.73 (95% CI: 0.60-0.88) for COPD mortality, and 0.93 (95% CI: 0.87-0.99) for cancer mortality; after correction for regression dilution bias, the respective hazard ratios were 0.61 (95% CI: 0.53-0.70), 0.51 (95% CI: 0.35-0.73) and 0.84 (95% CI: 0.74-0.95) (33). These findings emphasize the importance of undertaking repeated dietary assessments over time in cohort studies. 
	In addition to regression dilution bias, measurement errors in the dietary assessment as well as in covariates can also have an important impact on associations between diet and disease. In the univariate analysis measurement errors tend to attenuate associations between diet and disease when analysing data from prospective studies, however, in the multivariable analysis measurement errors can both attenuate and exaggerate associations between an exposure and an outcome because measurement errors in the covariates can lead to residual confounding which it is difficult to get rid of (228). To date relatively few dietary studies have made corrections for measurement errors in their analyses. In the European Prospective Investigation into Cancer and Nutrition (EPIC) study the hazard ratio of ischemic heart disease mortality per 80 g/d of fruit and vegetables was 0.97 (95% CI: 0.95-0.99) in the uncalibrated analysis while it was 0.95 (95% CI: 0.91-0.99) in the calibrated analysis (229). For all-cause mortality the uncalibrated and calibrated hazard ratios were 0.97 (95% CI: 0.96-0.99) and 0.94 (95% CI: 0.91-0.97), respectively, per 200 g/d of fruit and vegetables (111). While the differences in these hazard ratios may seem small this is at least partly due to the small or moderate sizes of the increments of fruit and vegetable intake used. Given that most of the available studies to date neither have used updated measurements of dietary intake nor have corrected for measurement errors, based on the above results it seems likely that the observed associations between plant foods and chronic diseases and mortality (31;52;68) may be somewhat conservative estimates of the true underlying reduction in risk. 

Future directions
	Although there is a growing and impressive body of epidemiological evidence supporting recommendations for diets high in plant foods (31;52;68) a number of gaps have been identified in the current knowledge. Much of the available evidence to date have been on the association between plant foods and risk of type 2 diabetes, coronary heart disease, stroke, cancer and all-cause mortality. However, increasing data suggest there may be associations between intake of plant foods and other less common and less investigated causes of death as well (32;33;52;68) and these findings need further examination in future studies. In addition, although we were able to detect associations between some specific types of fruits and vegetables and reduced risk of cardiovascular disease, cancer and mortality, further studies are needed on specific types of fruits and vegetables, whole grains and nuts because for many subtypes of plant foods there was a very limited number of studies published. More studies on subtypes of plant foods are also needed in relation to less common diseases and causes of death. Additional studies are needed on preparation and processing methods, e.g. cooked versus raw vegetables and salted vs. unsalted nuts. Any additional studies should also report results for more subgroups in order to rule out confounding by smoking, alcohol, adiposity, physical activity and other dietary factors and use of online supplements could facilitate publication of such results when there is limited space available in journal articles. More studies using biomarkers of fruit and vegetable intake would also be desirable. Recent studies have found specific biomarkers for specific subtypes of fruits and vegetables (230), which might be important for better assessment of dietary intake. The use of online food frequency questionnaires may make it cheaper and more feasible to collect repeated dietary assessments so dietary changes during follow-up can be taken into account and it would also be desirable if more studies made corrections for regression dilution bias and measurement errors. Because much of the current literature is from North America and Europe with a few studies from Asia, more studies are needed from Asia, the Middle-East, Africa and South America.

Conclusions
	Diets high in plant foods including fruits, vegetables, whole grains and legumes are of major importance for public health because of reductions in the risk of chronic diseases and premature mortality. The current results strongly support dietary recommendations to increase fruit and vegetable intake, but suggest further benefits beyond the currently recommended 5-a-day up to an intake of 800 grams per day, particularly for coronary heart disease and for mortality from stroke. Studies using antioxidant biomarkers of fruit and vegetable intake suggest more linear associations than studies using dietary questionnaires. The current results also support recommendations to increase whole grain to 225 grams per day and nut intake to 15-20 grams per day, respectively. Given the lack of quantitative dietary recommendations regarding whole grain and nut intake in many countries these results provide the best available evidence currently. Diets high in plant foods could prevent several million premature deaths each year if adopted globally. 

2







































Reference List

	(1) 	World Cancer Research Fund / American Institute of Cancer Research. Food, nutrition and the prevention of cancer: a global perspective. 1997.
	(2) 	GBD 2015 Mortality and Causes of Death Collaborators. Global, regional, and national life expectancy, all-cause mortality, and cause-specific mortality for 249 causes of death, 1980-2015: a systematic analysis for the Global Burden of Disease Study 2015. Lancet 2016 Oct 8;388(10053):1459-544.
	(3) 	Havas S, Heimendinger J, Damron D, Nicklas TA, Cowan A, Beresford SA, Sorensen G, Buller D, Bishop D, Baranowski T, . 5 A Day for better health--nine community research projects to increase fruit and vegetable consumption. Public Health Rep 1995 Jan;110(1):68-79.
	(4) 	Foerster SB, Kizer KW, Disogra LK, Bal DG, Krieg BF, Bunch KL. California's "5 a day--for better health!" campaign: an innovative population-based effort to effect large-scale dietary change. Am J Prev Med 1995 Mar;11(2):124-31.
	(5) 	Naska A, Vasdekis VG, Trichopoulou A, Friel S, Leonhauser IU, Moreiras O, Nelson M, Remaut AM, Schmitt A, Sekula W, Trygg KU, Zajkas G. Fruit and vegetable availability among ten European countries: how does it compare with the 'five-a-day' recommendation? DAFNE I and II projects of the European Commission. Br J Nutr 2000 Oct;84(4):549-56.
	(6) 	Bere E, Hilsen M, Klepp KI. Effect of the nationwide free school fruit scheme in Norway. Br J Nutr 2010 Aug;104(4):589-94.
	(7) 	He FJ, Nowson CA, Lucas M, MacGregor GA. Increased consumption of fruit and vegetables is related to a reduced risk of coronary heart disease: meta-analysis of cohort studies. J Hum Hypertens 2007 Sep;21(9):717-28.
	(8) 	He FJ, Nowson CA, MacGregor GA. Fruit and vegetable consumption and stroke: meta-analysis of cohort studies. Lancet 2006 Jan 28;367(9507):320-6.
	(9) 	Mellen PB, Walsh TF, Herrington DM. Whole grain intake and cardiovascular disease: A meta-analysis. Nutr Metab Cardiovasc Dis 2008 Apr 19;18(4):283-90.
	(10) 	Aune D, Norat T, Romundstad P, Vatten LJ. Whole grain and refined grain consumption and the risk of type 2 diabetes: a systematic review and dose-response meta-analysis of cohort studies. Eur J Epidemiol 2013 Nov;28(11):845-58.
	(11) 	Fraser GE, Sabate J, Beeson WL, Strahan TM. A possible protective effect of nut consumption on risk of coronary heart disease. The Adventist Health Study. Arch Intern Med 1992 Jul;152(7):1416-24.
	(12) 	Michels KB, Giovannucci E, Joshipura KJ, Rosner BA, Stampfer MJ, Fuchs CS, Colditz GA, Speizer FE, Willett WC. Prospective study of fruit and vegetable consumption and incidence of colon and rectal cancers. J Natl Cancer Inst 2000 Nov 1;92(21):1740-52.
	(13) 	Voorrips LE, Goldbohm RA, van Poppel G, Sturmans F, Hermus RJ, van den Brandt PA. Vegetable and fruit consumption and risks of colon and rectal cancer in a prospective cohort study: The Netherlands Cohort Study on Diet and Cancer. Am J Epidemiol 2000 Dec 1;152(11):1081-92.
	(14) 	Terry P, Giovannucci E, Michels KB, Bergkvist L, Hansen H, Holmberg L, Wolk A. Fruit, vegetables, dietary fiber, and risk of colorectal cancer. J Natl Cancer Inst 2001 Apr 4;93(7):525-33.
	(15) 	Flood A, Velie EM, Chaterjee N, Subar AF, Thompson FE, Lacey JV, Jr., Schairer C, Troisi R, Schatzkin A. Fruit and vegetable intakes and the risk of colorectal cancer in the Breast Cancer Detection Demonstration Project follow-up cohort. Am J Clin Nutr 2002 May;75(5):936-43.
	(16) 	Zhang S, Hunter DJ, Forman MR, Rosner BA, Speizer FE, Colditz GA, Manson JE, Hankinson SE, Willett WC. Dietary carotenoids and vitamins A, C, and E and risk of breast cancer. J Natl Cancer Inst 1999 Mar 17;91(6):547-56.
	(17) 	Olsen A, Tjonneland A, Thomsen BL, Loft S, Stripp C, Overvad K, Moller S, Olsen JH. Fruits and vegetables intake differentially affects estrogen receptor negative and positive breast cancer incidence rates. J Nutr 2003 Jul;133(7):2342-7.
	(18) 	van Gils CH, Peeters PH, Bueno-de-Mesquita HB, Boshuizen HC, Lahmann PH, Clavel-Chapelon F, Thiebaut A, Kesse E, Sieri S, Palli D, Tumino R, Panico S, et al. Consumption of vegetables and fruits and risk of breast cancer. JAMA 2005 Jan 12;293(2):183-93.
	(19) 	World Cancer Research Fund/American Insitute for Cancer Research. Food, Nutrition, Physical Activity and the Prevention of Cancer: a Global Perspective. p. Washington DC: AICR, 2007.
	(20) 	George SM, Park Y, Leitzmann MF, Freedman ND, Dowling EC, Reedy J, Schatzkin A, Hollenbeck A, Subar AF. Fruit and vegetable intake and risk of cancer: a prospective cohort study. Am J Clin Nutr 2009 Jan;89(1):347-53.
	(21) 	van Duijnhoven FJ, Bueno-de-Mesquita HB, Ferrari P, Jenab M, Boshuizen HC, Ros MM, Casagrande C, Tjonneland A, Olsen A, Overvad K, Thorlacius-Ussing O, Clavel-Chapelon F, et al. Fruit, vegetables, and colorectal cancer risk: the European Prospective Investigation into Cancer and Nutrition. Am J Clin Nutr 2009 May;89(5):1441-52.
	(22) 	Boggs DA, Palmer JR, Wise LA, Spiegelman D, Stampfer MJ, Adams-Campbell LL, Rosenberg L. Fruit and vegetable intake in relation to risk of breast cancer in the Black Women's Health Study. Am J Epidemiol 2010 Dec 1;172(11):1268-79.
	(23) 	Lof M, Sandin S, Lagiou P, Trichopoulos D, Adami HO, Weiderpass E. Fruit and vegetable intake and risk of cancer in the Swedish women's lifestyle and health cohort. Cancer Causes Control 2011 Feb;22(2):283-9.
	(24) 	Norat T., Aune D, Navarro Rosenblatt D, Vingeliene S, Abar L, Vieira R, Greenwood DC. WCRF/AICR Systematic Literature Review Continuous Update Project Report. The Associations between Food, Nutrition, Physical Activity, and the Risk of Ovarian Cancer. http://wcrf.org/int/research-we-fund/continuous-update-project-findings-reports/ovarian-cancer 2014.
	(25) 	Norat T, Aune D, Vieira AR, Chan D, Navarro Rosenblatt D, Vieira R, Greenwood DC. WCRF/AICR Systematic Literature Review Continuous Update Project Report. The Associations between Food, Nutrition, Physical Activity, and the Risk of Pancreatic Cancer. 2011. http://wcrf.org/int/research-we-fund/continuous-update-project-findings-reports/pancreatic-cancer 2011.
	(26) 	Norat T, Vieira A.R., Chan D, Aune D, Abar L, Navarro Rosenblatt D, Vingeliene S, Greenwood DC. WCRF/AICR Systematic Literature Review Continuous Update Project Report. Food, Nutrition and Physical Activity and the Prevention of Prostate Cancer. March 2014. http://www.wcrf org/int/research-we-fund/continuous-update-project-findings-reports/prostate-cancer 2014.
	(27) 	Norat T, Aune D, Navarro Rosenblatt D, Vingeliene S, Abar L. WCRF/AICR Systematic Literature Review Continuous Update Project Report. The Associations between Food, Nutrition and Physical Activity and the Risk of Endometrial Cancer. December 2012. http://wcrf.org/int/research-we-fund/continuous-update-project-findings-reports/endometrial-cancer 2012.
	(28) 	Norat T, Chan D, Lau R, Vieira R. WCRF/AICR Systematic Literature Review Continuous Update Project Report. The Associations between Food, Nutrition, Physical Activity and the Risk of Breast Cancer. November 2008. http://wcrf.org/int/research-we-fund/continuous-update-project-findings-reports/breast-cancer 2008.
	(29) 	Norat T, Chan D, Lau R, Aune D, Vieira R, Greenwood DC. WCRF/AICR Systematic Literature Review Continuous Update Project Report. The Associations between Food, Nutrition, Physical Activity, and the Risk of Colorectal Cancer. 2010. http://wcrf.org/int/research-we-fund/continuous-update-project-findings-reports/colorectal-cancer 2010.
	(30) 	World Cancer Research Fund & American Institute for Cancer Research. Diet, Nutrition, Physical Activity and Cancer: a Global Perspective. The Third Expert Report. 2018.
	(31) 	Aune D, Giovannucci E, Boffetta P, Fadnes LT, Keum N, Norat T, Greenwood DC, Riboli E, Vatten LJ, Tonstad S. Fruit and vegetable intake and the risk of cardiovascular disease, total cancer and all-cause mortality-a systematic review and dose-response meta-analysis of prospective studies. Int J Epidemiol 2017 Feb 22;46(3):1029-56.
	(32) 	Leenders M, Boshuizen HC, Ferrari P, Siersema PD, Overvad K, Tjonneland A, Olsen A, Boutron-Ruault MC, Dossus L, Dartois L, Kaaks R, Li K, et al. Fruit and vegetable intake and cause-specific mortality in the EPIC study. Eur J Epidemiol 2014 Aug 26;29(9):639-52.
	(33) 	Du H, Li L, Bennett D, Yang L, Guo Y, Key TJ, Bian Z, Chen Y, Walters RG, Millwood IY, Chen J, Wang J, et al. Fresh fruit consumption and all-cause and cause-specific mortality: findings from the China Kadoorie Biobank. Int J Epidemiol 2017 Oct 1;46(5):1444-55.
	(34) 	Miller V, Mente A, Dehghan M, Rangarajan S, Zhang X, Swaminathan S, Dagenais G, Gupta R, Mohan V, Lear S, Bangdiwala SI, Schutte AE, et al. Fruit, vegetable, and legume intake, and cardiovascular disease and deaths in 18 countries (PURE): a prospective cohort study. Lancet 2017 Nov 4;390(10107):2037-49.
	(35) 	Lin YH, Ku PW, Chou P. Lifestyles and Mortality in Taiwan: An 11-Year Follow-up Study. Asia Pac J Public Health 2017 May;29(4):259-67.
	(36) 	Blekkenhorst LC, Bondonno CP, Lewis JR, Devine A, Zhu K, Lim WH, Woodman RJ, Beilin LJ, Prince RL, Hodgson JM. Cruciferous and Allium Vegetable Intakes are Inversely Associated With 15-Year Atherosclerotic Vascular Disease Deaths in Older Adult Women. J Am Heart Assoc 2017 Oct 24;6(10).
	(37) 	Bahadoran Z, Mirmiran P, Momenan AA, Azizi F. Allium vegetable intakes and the incidence of cardiovascular disease, hypertension, chronic kidney disease, and type 2 diabetes in adults: a longitudinal follow-up study. J Hypertens 2017 Sep;35(9):1909-16.
	(38) 	Veronese N, Stubbs B, Noale M, Solmi M, Vaona A, Demurtas J, Nicetto D, Crepaldi G, Schofield P, Koyanagi A, Maggi S, Fontana L. Fried potato consumption is associated with elevated mortality: an 8-y longitudinal cohort study. Am J Clin Nutr 2017 Jul;106(1):162-7.
	(39) 	Aune D, Lau R, Chan DS, Vieira R, Greenwood DC, Kampman E, Norat T. Nonlinear Reduction in Risk for Colorectal Cancer by Fruit and Vegetable Intake Based on Meta-analysis of Prospective Studies. Gastroenterology 2011 Apr 16;141(1):106-18.
	(40) 	Aune D, Chan DS, Vieira AR, Rosenblatt DA, Vieira R, Greenwood DC, Norat T. Fruits, vegetables and breast cancer risk: a systematic review and meta-analysis of prospective studies. Breast Cancer Res Treat 2012 Jul;134(2):479-93.
	(41) 	Vieira AR, Vingeliene S, Chan DS, Aune D, Abar L, Navarro RD, Greenwood DC, Norat T. Fruits, vegetables, and bladder cancer risk: a systematic review and meta-analysis. Cancer Med 2015 Jan;4(1):136-46.
	(42) 	Vieira AR, Abar L, Vingeliene S, Chan DS, Aune D, Navarro-Rosenblatt D, Stevens C, Greenwood D, Norat T. Fruits, vegetables and lung cancer risk: a systematic review and meta-analysis. Ann Oncol 2016 Jan;27(1):81-96.
	(43) 	Smith-Warner SA, Spiegelman D, Yaun SS, Albanes D, Beeson WL, van den Brandt PA, Feskanich D, Folsom AR, Fraser GE, Freudenheim JL, Giovannucci E, Goldbohm RA, et al. Fruits, vegetables and lung cancer: a pooled analysis of cohort studies. Int J Cancer 2003 Dec 20;107(6):1001-11.
	(44) 	Lee JE, Mannisto S, Spiegelman D, Hunter DJ, Bernstein L, van den Brandt PA, Buring JE, Cho E, English DR, Flood A, Freudenheim JL, Giles GG, et al. Intakes of fruit, vegetables, and carotenoids and renal cell cancer risk: a pooled analysis of 13 prospective studies. Cancer Epidemiol Biomarkers Prev 2009 Jun;18(6):1730-9.
	(45) 	Koushik A, Hunter DJ, Spiegelman D, Beeson WL, van den Brandt PA, Buring JE, Calle EE, Cho E, Fraser GE, Freudenheim JL, Fuchs CS, Giovannucci EL, et al. Fruits, vegetables, and colon cancer risk in a pooled analysis of 14 cohort studies. J Natl Cancer Inst 2007 Oct 3;99(19):1471-83.
	(46) 	Koushik A, Spiegelman D, Albanes D, Anderson KE, Bernstein L, van den Brandt PA, Bergkvist L, English DR, Freudenheim JL, Fuchs CS, Genkinger JM, Giles GG, et al. Intake of fruits and vegetables and risk of pancreatic cancer in a pooled analysis of 14 cohort studies. Am J Epidemiol 2012 Sep 1;176(5):373-86.
	(47) 	Jung S, Spiegelman D, Baglietto L, Bernstein L, Boggs DA, van den Brandt PA, Buring JE, Cerhan JR, Gaudet MM, Giles GG, Goodman G, Hakansson N, et al. Fruit and vegetable intake and risk of breast cancer by hormone receptor status. J Natl Cancer Inst 2013 Feb 6;105(3):219-36.
	(48) 	Koushik A, Hunter DJ, Spiegelman D, Anderson KE, Arslan AA, Beeson WL, van den Brandt PA, Buring JE, Cerhan JR, Colditz GA, Fraser GE, Freudenheim JL, et al. Fruits and vegetables and ovarian cancer risk in a pooled analysis of 12 cohort studies. Cancer Epidemiol Biomarkers Prev 2005 Sep;14(9):2160-7.
	(49) 	Petimar J, Wilson KM, Wu K, Wang M, Albanes D, van den Brandt PA, Cook MB, Giles GG, Giovannucci EL, Goodman GE, Goodman PJ, Hakansson N, et al. A Pooled Analysis of 15 Prospective Cohort Studies on the Association between Fruit, Vegetable, and Mature Bean Consumption and Risk of Prostate Cancer. Cancer Epidemiol Biomarkers Prev 2017 Aug;26(8):1276-87.
	(50) 	Emaus MJ, Peeters PH, Bakker MF, Overvad K, Tjonneland A, Olsen A, Romieu I, Ferrari P, Dossus L, Boutron-Ruault MC, Baglietto L, Fortner RT, et al. Vegetable and fruit consumption and the risk of hormone receptor-defined breast cancer in the EPIC cohort. Am J Clin Nutr 2016 Jan;103(1):168-77.
	(51) 	Farvid MS, Chen WY, Rosner BA, Tamimi RM, Willett WC, Eliassen AH. Fruit and vegetable consumption and breast cancer incidence: Repeated measures over 30 years of follow-up. Int J Cancer 2019 Apr 1;144(7):1496-510.
	(52) 	Aune D, Keum N, Giovannucci E, Fadnes LT, Boffetta P, Greenwood DC, Tonstad S, Vatten LJ, Riboli E, Norat T. Whole grain consumption and risk of cardiovascular disease, cancer, and all cause and cause specific mortality: systematic review and dose-response meta-analysis of prospective studies. BMJ 2016;353:i2716.
	(53) 	Kyro C, Skeie G, Dragsted LO, Christensen J, Overvad K, Hallmans G, Johansson I, Lund E, Slimani N, Johnsen NF, Halkjaer J, Tjonneland A, et al. Intake of whole grain in Scandinavia: intake, sources and compliance with new national recommendations. Scand J Public Health 2012 Feb;40(1):76-84.
	(54) 	Oldways Whole Grains Council. 2016. http://wholegrainscouncil.org/whole-grains-101/whole-grain-guidelines-worldwide, Accessed 09.01.2016.
	(55) 	The InterAct Consortium. Dietary fibre and incidence of type 2 diabetes in eight European countries: the EPIC-InterAct Study and a meta-analysis of prospective studies. Diabetologia 2015 Jul;58(7):1394-408.
	(56) 	Aune D, Chan DS, Lau R, Vieira R, Greenwood DC, Kampman E, Norat T. Dietary fibre, whole grains, and risk of colorectal cancer: systematic review and dose-response meta-analysis of prospective studies. BMJ 2011;343:d6617.
	(57) 	Norat T, Vieira AR, Abar L, Aune D, Polemiti E, Chan D, Vingeliene S. World Cancer Research Fund International Systematic Literature Review. The Associations between Food, Nutrition and Physical Activity and the Risk of Colorectal Cancer. 2017.
	(58) 	Kasum CM, Jacobs DR, Jr., Nicodemus K, Folsom AR. Dietary risk factors for upper aerodigestive tract cancers. Int J Cancer 2002 May 10;99(2):267-72.
	(59) 	Lam TK, Cross AJ, Freedman N, Park Y, Hollenbeck AR, Schatzkin A, Abnet C. Dietary fiber and grain consumption in relation to head and neck cancer in the NIH-AARP Diet and Health Study. Cancer Causes Control 2011 Jul 23.
	(60) 	Schatzkin A, Park Y, Leitzmann MF, Hollenbeck AR, Cross AJ. Prospective study of dietary fiber, whole grain foods, and small intestinal cancer. Gastroenterology 2008 Oct;135(4):1163-7.
	(61) 	Yang W, Ma Y, Liu Y, Smith-Warner SA, Simon TG, Chong DQ, Qi Q, Meyerhardt JA, Giovannucci EL, Chan AT, Zhang X. Association of Intake of Whole Grains and Dietary Fiber With Risk of Hepatocellular Carcinoma in US Adults. JAMA Oncol 2019 Feb 21.
	(62) 	Daniel CR, Park Y, Chow WH, Graubard BI, Hollenbeck AR, Sinha R. Intake of fiber and fiber-rich plant foods is associated with a lower risk of renal cell carcinoma in a large US cohort. Am J Clin Nutr 2013 May;97(5):1036-43.
	(63) 	Nicodemus KK, Jacobs DR, Jr., Folsom AR. Whole and refined grain intake and risk of incident postmenopausal breast cancer (United States). Cancer Causes Control 2001 Dec;12(10):917-25.
	(64) 	Farvid MS, Cho E, Eliassen AH, Chen WY, Willett WC. Lifetime grain consumption and breast cancer risk. Breast Cancer Res Treat 2016 Sep;159(2):335-45.
	(65) 	Egeberg R, Olsen A, Christensen J, Johnsen NF, Loft S, Overvad K, Tjonneland A. Intake of whole-grain products and risk of prostate cancer among men in the Danish Diet, Cancer and Health cohort study. Cancer Causes Control 2011 Aug;22(8):1133-9.
	(66) 	Makarem N, Bandera EV, Lin Y, McKeown NM, Hayes RB, Parekh N. Associations of Whole and Refined Grain Intakes with Adiposity-Related Cancer Risk in the Framingham Offspring Cohort (1991-2013). Nutr Cancer 2018 May 21;1-11.
	(67) 	Kasum CM, Nicodemus K, Harnack LJ, Jacobs DR, Jr., Folsom AR. Whole grain intake and incident endometrial cancer: the Iowa Women's Health Study. Nutr Cancer 2001;39(2):180-6.
	(68) 	Aune D, Keum N, Giovannucci E, Fadnes LT, Boffetta P, Greenwood DC, Tonstad S, Vatten LJ, Riboli E, Norat T. Nut consumption and risk of cardiovascular disease, total cancer, all-cause and cause-specific mortality: a systematic review and dose-response meta-analysis of prospective studies. BMC Med 2016 Dec 5;14(1):207.
	(69) 	Larsson SC, Drca N, Bjorck M, Back M, Wolk A. Nut consumption and incidence of seven cardiovascular diseases. Heart 2018 Apr 16;104(19):1615-20.
	(70) 	Del Gobbo LC, Falk MC, Feldman R, Lewis K, Mozaffarian D. Effects of tree nuts on blood lipids, apolipoproteins, and blood pressure: systematic review, meta-analysis, and dose-response of 61 controlled intervention trials. Am J Clin Nutr 2015 Dec;102(6):1347-56.
	(71) 	Parker ED, Harnack LJ, Folsom AR. Nut consumption and risk of type 2 diabetes. JAMA 2003 Jul 2;290(1):38-9.
	(72) 	Kochar J, Gaziano JM, Djousse L. Nut consumption and risk of type II diabetes in the Physicians' Health Study. Eur J Clin Nutr 2010 Jan;64(1):75-9.
	(73) 	Buijsse B, Boeing H, Drogan D, Schulze MB, Feskens EJ, Amiano P, Barricarte A, Clavel-Chapelon F, de Lauzon-Guillain B, Fagherazzi G, Fonseca-Nunes A, Franks PW, et al. Consumption of fatty foods and incident type 2 diabetes in populations from eight European countries. Eur J Clin Nutr 2015 Apr;69(4):455-61.
	(74) 	Schwingshackl L, Hoffmann G, Lampousi AM, Knuppel S, Iqbal K, Schwedhelm C, Bechthold A, Schlesinger S, Boeing H. Food groups and risk of type 2 diabetes mellitus: a systematic review and meta-analysis of prospective studies. Eur J Epidemiol 2017 May;32(5):363-75.
	(75) 	Pan A, Sun Q, Manson JE, Willett WC, Hu FB. Walnut consumption is associated with lower risk of type 2 diabetes in women. J Nutr 2013 Apr;143(4):512-8.
	(76) 	Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes in diet and lifestyle and long-term weight gain in women and men. N Engl J Med 2011 Jun 23;364(25):2392-404.
	(77) 	Li TY, Brennan AM, Wedick NM, Mantzoros C, Rifai N, Hu FB. Regular consumption of nuts is associated with a lower risk of cardiovascular disease in women with type 2 diabetes. J Nutr 2009 Jul;139(7):1333-8.
	(78) 	Sluik D, Boeing H, Li K, Kaaks R, Johnsen NF, Tjonneland A, Arriola L, Barricarte A, Masala G, Grioni S, Tumino R, Ricceri F, et al. Lifestyle factors and mortality risk in individuals with diabetes mellitus: are the associations different from those in individuals without diabetes? Diabetologia 2014 Jan;57(1):63-72.
	(79) 	Zibaeenezhad MJ, Farhadi P, Attar A, Mosleh A, Amirmoezi F, Azimi A. Effects of walnut oil on lipid profiles in hyperlipidemic type 2 diabetic patients: a randomized, double-blind, placebo-controlled trial. Nutr Diabetes 2017 Apr 10;7(4):e259.
	(80) 	Tapsell LC, Gillen LJ, Patch CS, Batterham M, Owen A, Bare M, Kennedy M. Including walnuts in a low-fat/modified-fat diet improves HDL cholesterol-to-total cholesterol ratios in patients with type 2 diabetes. Diabetes Care 2004 Dec;27(12):2777-83.
	(81) 	Damavandi RD, Eghtesadi S, Shidfar F, Heydari I, Foroushani AR. Effects of hazelnuts consumption on fasting blood sugar and lipoproteins in patients with type 2 diabetes. J Res Med Sci 2013 Apr;18(4):314-21.
	(82) 	Gulati S, Misra A, Pandey RM. Effect of Almond Supplementation on Glycemia and Cardiovascular Risk Factors in Asian Indians in North India with Type 2 Diabetes Mellitus: A 24-Week Study. Metab Syndr Relat Disord 2017 Mar;15(2):98-105.
	(83) 	Bao Y, Hu FB, Giovannucci EL, Wolpin BM, Stampfer MJ, Willett WC, Fuchs CS. Nut consumption and risk of pancreatic cancer in women. Br J Cancer 2013 Nov 26;109(11):2911-6.
	(84) 	Nieuwenhuis L, van den Brandt PA. Total Nut, Tree Nut, Peanut, and Peanut Butter Consumption and the Risk of Pancreatic Cancer in the Netherlands Cohort Study. Cancer Epidemiol Biomarkers Prev 2018 Mar;27(3):274-84.
	(85) 	Ghorbani Z, Pourshams A, Fazeltabar MA, Sharafkhah M, Poustchi H, Hekmatdoost A. Major Dietary Protein Sources in Relation to Pancreatic Cancer: a Large Prospective Study. Arch Iran Med 2016 Apr;19(4):248-56.
	(86) 	Singh PN, Fraser GE. Dietary risk factors for colon cancer in a low-risk population. Am J Epidemiol 1998 Oct 15;148(8):761-74.
	(87) 	Yang M, Hu FB, Giovannucci EL, Stampfer MJ, Willett WC, Fuchs CS, Wu K, Bao Y. Nut consumption and risk of colorectal cancer in women. Eur J Clin Nutr 2015 May 6.
	(88) 	Yeh CC, You SL, Chen CJ, Sung FC. Peanut consumption and reduced risk of colorectal cancer in women: a prospective study in Taiwan. World J Gastroenterol 2006 Jan 14;12(2):222-7.
	(89) 	Appleby PN, Key TJ, Burr ML, Thorogood M. Mortality and fresh fruit consumption. IARC Sci Publ 2002;156:131-3.
	(90) 	Hashemian M, Murphy G, Etemadi A, Dawsey SM, Liao LM, Abnet CC. Nut and peanut butter consumption and the risk of esophageal and gastric cancer subtypes. Am J Clin Nutr 2017 Sep;106(3):858-64.
	(91) 	Nieuwenhuis L, van den Brandt PA. Tree nut, peanut, and peanut butter consumption and the risk of gastric and esophageal cancer subtypes: the Netherlands Cohort Study. Gastric Cancer 2018 Mar 28;21(6):900-12.
	(92) 	Key TJ, Thorogood M, Appleby PN, Burr ML. Dietary habits and mortality in 11,000 vegetarians and health conscious people: results of a 17 year follow up. BMJ 1996 Sep 28;313(7060):775-9.
	(93) 	Sonestedt E, Borgquist S, Ericson U, Gullberg B, Landberg G, Olsson H, Wirfalt E. Plant foods and oestrogen receptor alpha- and beta-defined breast cancer: observations from the Malmo Diet and Cancer cohort. Carcinogenesis 2008 Nov;29(11):2203-9.
	(94) 	Masala G, Assedi M, Bendinelli B, Ermini I, Sieri S, Grioni S, Sacerdote C, Ricceri F, Panico S, Mattiello A, Tumino R, Giurdanella MC, et al. Fruit and vegetables consumption and breast cancer risk: the EPIC Italy study. Breast Cancer Res Treat 2012 Apr;132(3):1127-36.
	(95) 	Farvid MS, Cho E, Chen WY, Eliassen AH, Willett WC. Dietary protein sources in early adulthood and breast cancer incidence: prospective cohort study. BMJ 2014;348:g3437.
	(96) 	van den Brandt PA, Nieuwenhuis L. Tree nut, peanut, and peanut butter intake and risk of postmenopausal breast cancer: The Netherlands Cohort Study. Cancer Causes Control 2017 Nov 22;29(1):63-75.
	(97) 	Mills PK, Beeson WL, Phillips RL, Fraser GE. Cohort study of diet, lifestyle, and prostate cancer in Adventist men. Cancer 1989 Aug 1;64(3):598-604.
	(98) 	Lee JT, Lai GY, Liao LM, Subar AF, Bertazzi PA, Pesatori AC, Freedman ND, Landi MT, Lam TK. Nut Consumption and Lung Cancer Risk: Results from Two Large Observational Studies. Cancer Epidemiol Biomarkers Prev 2017 Jan 11.
	(99) 	Afshin A, Micha R, Khatibzadeh S, Mozaffarian D. Consumption of nuts and legumes and risk of incident ischemic heart disease, stroke, and diabetes: a systematic review and meta-analysis. Am J Clin Nutr 2014 Jul;100(1):278-88.
	(100) 	Marventano S, Izquierdo PM, Sanchez-Gonzalez C, Godos J, Speciani A, Galvano F, Grosso G. Legume consumption and CVD risk: a systematic review and meta-analysis. Public Health Nutr 2017 Feb;20(2):245-54.
	(101) 	Meyer KA, Kushi LH, Jacobs DR, Jr., Slavin J, Sellers TA, Folsom AR. Carbohydrates, dietary fiber, and incident type 2 diabetes in older women. Am J Clin Nutr 2000 Apr;71(4):921-30.
	(102) 	Liu S, Serdula M, Janket SJ, Cook NR, Sesso HD, Willett WC, Manson JE, Buring JE. A prospective study of fruit and vegetable intake and the risk of type 2 diabetes in women. Diabetes Care 2004 Dec;27(12):2993-6.
	(103) 	Hodge AM, English DR, O'Dea K, Giles GG. Glycemic index and dietary fiber and the risk of type 2 diabetes. Diabetes Care 2004 Nov;27(11):2701-6.
	(104) 	Montonen J, Jarvinen R, Heliovaara M, Reunanen A, Aromaa A, Knekt P. Food consumption and the incidence of type II diabetes mellitus. Eur J Clin Nutr 2005 Mar;59(3):441-8.
	(105) 	Bazzano LA, Li TY, Joshipura KJ, Hu FB. Intake of fruit, vegetables, and fruit juices and risk of diabetes in women. Diabetes Care 2008 Jul;31(7):1311-7.
	(106) 	Villegas R, Gao YT, Yang G, Li HL, Elasy TA, Zheng W, Shu XO. Legume and soy food intake and the incidence of type 2 diabetes in the Shanghai Women's Health Study. Am J Clin Nutr 2008 Jan;87(1):162-7.
	(107) 	Becerra-Tomas N, az-Lopez A, Rosique-Esteban N, Ros E, Buil-Cosiales P, Corella D, Estruch R, Fito M, Serra-Majem L, Aros F, Lamuela-Raventos RM, Fiol M, et al. Legume consumption is inversely associated with type 2 diabetes incidence in adults: A prospective assessment from the PREDIMED study. Clin Nutr 2018 Jun;37(3):906-13.
	(108) 	Fraser GE, Sumbureru D, Pribis P, Neil RL, Frankson MA. Association among health habits, risk factors, and all-cause mortality in a black California population. Epidemiology 1997 Mar;8(2):168-74.
	(109) 	Fortes C, Forastiere F, Farchi S, Rapiti E, Pastori G, Perucci CA. Diet and overall survival in a cohort of very elderly people. Epidemiology 2000 Jul;11(4):440-5.
	(110) 	Kelemen LE, Kushi LH, Jacobs DR, Jr., Cerhan JR. Associations of dietary protein with disease and mortality in a prospective study of postmenopausal women. Am J Epidemiol 2005 Feb 1;161(3):239-49.
	(111) 	Leenders M, Sluijs I, Ros MM, Boshuizen HC, Siersema PD, Ferrari P, Weikert C, Tjonneland A, Olsen A, Boutron-Ruault MC, Clavel-Chapelon F, Nailler L, et al. Fruit and Vegetable Consumption and Mortality: European Prospective Investigation Into Cancer and Nutrition. Am J Epidemiol 2013 Apr 18;178(4):590-602.
	(112) 	Nagura J, Iso H, Watanabe Y, Maruyama K, Date C, Toyoshima H, Yamamoto A, Kikuchi S, Koizumi A, Kondo T, Wada Y, Inaba Y, et al. Fruit, vegetable and bean intake and mortality from cardiovascular disease among Japanese men and women: the JACC Study. Br J Nutr 2009 Jul;102(2):285-92.
	(113) 	Wu AH, Yu MC, Tseng CC, Pike MC. Epidemiology of soy exposures and breast cancer risk. Br J Cancer 2008 Jan 15;98(1):9-14.
	(114) 	Trock BJ, Hilakivi-Clarke L, Clarke R. Meta-analysis of soy intake and breast cancer risk. J Natl Cancer Inst 2006 Apr 5;98(7):459-71.
	(115) 	Yan L, Spitznagel EL. Meta-analysis of soy food and risk of prostate cancer in men. Int J Cancer 2005 Nov 20;117(4):667-9.
	(116) 	Jacobsen BK, Knutsen SF, Fraser GE. Does high soy milk intake reduce prostate cancer incidence? The Adventist Health Study (United States). Cancer Causes Control 1998 Dec;9(6):553-7.
	(117) 	Sahyoun NR, Jacques PF, Russell RM. Carotenoids, vitamins C and E, and mortality in an elderly population. Am J Epidemiol 1996 Sep 1;144(5):501-11.
	(118) 	Khaw KT, Bingham S, Welch A, Luben R, Wareham N, Oakes S, Day N. Relation between plasma ascorbic acid and mortality in men and women in EPIC-Norfolk prospective study: a prospective population study. European Prospective Investigation into Cancer and Nutrition. Lancet 2001 Mar 3;357(9257):657-63.
	(119) 	Gale CR, Martyn CN, Winter PD, Cooper C. Vitamin C and risk of death from stroke and coronary heart disease in cohort of elderly people. BMJ 1995 Jun 17;310(6994):1563-6.
	(120) 	Smith-Warner SA, Elmer PJ, Tharp TM, Fosdick L, Randall B, Gross M, Wood J, Potter JD. Increasing vegetable and fruit intake: randomized intervention and monitoring in an at-risk population. Cancer Epidemiol Biomarkers Prev 2000 Mar;9(3):307-17.
	(121) 	Macdonald HM, Hardcastle AC, Duthie GG, Duthie SJ, Aucott L, Sandison R, Shearer MJ, Reid DM. Changes in vitamin biomarkers during a 2-year intervention trial involving increased fruit and vegetable consumption by free-living volunteers. Br J Nutr 2009 Nov;102(10):1477-86.
	(122) 	Aune D, Chan DS, Vieira AR, Navarro Rosenblatt DA, Vieira R, Greenwood DC, Norat T. Dietary compared with blood concentrations of carotenoids and breast cancer risk: a systematic review and meta-analysis of prospective studies. Am J Clin Nutr 2012 Aug;96(2):356-73.
	(123) 	Aune D, Keum N, Giovannucci E, Fadnes LT, Boffetta P, Greenwood DC, Tonstad S, Vatten LJ, Riboli E, Norat T. Dietary intake and blood concentrations of antioxidants and the risk of cardiovascular disease, total cancer and all-cause mortality: a systematic review and dose-response meta-analysis of prospective studies., Am J Clin Nutr In press ed 2018.
	(124) 	Grosso G, Micek A, Godos J, Pajak A, Sciacca S, Galvano F, Giovannucci EL. Dietary Flavonoid and Lignan Intake and Mortality in Prospective Cohort Studies: Systematic Review and Dose-Response Meta-Analysis. Am J Epidemiol 2017 Jun 15;185(12):1304-16.
	(125) 	Bjelakovic G, Nikolova D, Simonetti RG, Gluud C. Antioxidant supplements for prevention of gastrointestinal cancers: a systematic review and meta-analysis. Lancet 2004 Oct 2;364(9441):1219-28.
	(126) 	Bjelakovic G, Nikolova D, Gluud C. Meta-regression analyses, meta-analyses, and trial sequential analyses of the effects of supplementation with beta-carotene, vitamin A, and vitamin E singly or in different combinations on all-cause mortality: do we have evidence for lack of harm? PLoS One 2013;8(9):e74558.
	(127) 	Jenkins DJA, Spence JD, Giovannucci EL, Kim YI, Josse R, Vieth R, Blanco MS, Viguiliouk E, Nishi S, Sahye-Pudaruth S, Paquette M, Patel D, et al. Supplemental Vitamins and Minerals for CVD Prevention and Treatment. J Am Coll Cardiol 2018 Jun 5;71(22):2570-84.
	(128) 	Qiao YL, Dawsey SM, Kamangar F, Fan JH, Abnet CC, Sun XD, Johnson LL, Gail MH, Dong ZW, Yu B, Mark SD, Taylor PR. Total and cancer mortality after supplementation with vitamins and minerals: follow-up of the Linxian General Population Nutrition Intervention Trial. J Natl Cancer Inst 2009 Apr 1;101(7):507-18.
	(129) 	Wang SM, Taylor PR, Fan JH, Pfeiffer RM, Gail MH, Liang H, Murphy GA, Dawsey SM, Qiao YL, Abnet CC. Effects of Nutrition Intervention on Total and Cancer Mortality: 25-Year Post-trial Follow-up of the 5.25-Year Linxian Nutrition Intervention Trial. J Natl Cancer Inst 2018 Nov 1;110(11):1229-38.
	(130) 	Lampe JW. Health effects of vegetables and fruit: assessing mechanisms of action in human experimental studies. Am J Clin Nutr 1999 Sep;70(3 Suppl):475S-90S.
	(131) 	Slavin JL, Martini MC, Jacobs DR, Jr., Marquart L. Plausible mechanisms for the protectiveness of whole grains. Am J Clin Nutr 1999 Sep;70(3 Suppl):459S-63S.
	(132) 	Fardet A. New hypotheses for the health-protective mechanisms of whole-grain cereals: what is beyond fibre? Nutr Res Rev 2010 Jun;23(1):65-134.
	(133) 	Bohn SK, Myhrstad MC, Thoresen M, Holden M, Karlsen A, Tunheim SH, Erlund I, Svendsen M, Seljeflot I, Moskaug JO, Duttaroy AK, Laake P, et al. Blood cell gene expression associated with cellular stress defense is modulated by antioxidant-rich food in a randomised controlled clinical trial of male smokers. BMC Med 2010;8:54.
	(134) 	Kris-Etherton PM, Yu-Poth S, Sabate J, Ratcliffe HE, Zhao G, Etherton TD. Nuts and their bioactive constituents: effects on serum lipids and other factors that affect disease risk. Am J Clin Nutr 1999 Sep;70(3 Suppl):504S-11S.
	(135) 	Liu RH. Potential synergy of phytochemicals in cancer prevention: mechanism of action. J Nutr 2004 Dec;134(12 Suppl):3479S-85S.
	(136) 	Macready AL, George TW, Chong MF, Alimbetov DS, Jin Y, Vidal A, Spencer JP, Kennedy OB, Tuohy KM, Minihane AM, Gordon MH, Lovegrove JA. Flavonoid-rich fruit and vegetables improve microvascular reactivity and inflammatory status in men at risk of cardiovascular disease--FLAVURS: a randomized controlled trial. Am J Clin Nutr 2014 Jan 22;99(3):479-89.
	(137) 	Sabate J, Oda K, Ros E. Nut consumption and blood lipid levels: a pooled analysis of 25 intervention trials. Arch Intern Med 2010 May 10;170(9):821-7.
	(138) 	Masters RC, Liese AD, Haffner SM, Wagenknecht LE, Hanley AJ. Whole and refined grain intakes are related to inflammatory protein concentrations in human plasma. J Nutr 2010 Mar;140(3):587-94.
	(139) 	Katcher HI, Legro RS, Kunselman AR, Gillies PJ, Demers LM, Bagshaw DM, Kris-Etherton PM. The effects of a whole grain-enriched hypocaloric diet on cardiovascular disease risk factors in men and women with metabolic syndrome. Am J Clin Nutr 2008 Jan;87(1):79-90.
	(140) 	Qi L, van Dam RM, Liu S, Franz M, Mantzoros C, Hu FB. Whole-grain, bran, and cereal fiber intakes and markers of systemic inflammation in diabetic women. Diabetes Care 2006 Feb;29(2):207-11.
	(141) 	Hartley L, Igbinedion E, Holmes J, Flowers N, Thorogood M, Clarke A, Stranges S, Hooper L, Rees K. Increased consumption of fruit and vegetables for the primary prevention of cardiovascular diseases. Cochrane Database Syst Rev 2013;6:CD009874.
	(142) 	Lewington S, Whitlock G, Clarke R, Sherliker P, Emberson J, Halsey J, Qizilbash N, Peto R, Collins R. Blood cholesterol and vascular mortality by age, sex, and blood pressure: a meta-analysis of individual data from 61 prospective studies with 55,000 vascular deaths. Lancet 2007 Dec 1;370(9602):1829-39.
	(143) 	Lewington S, Clarke R, Qizilbash N, Peto R, Collins R. Age-specific relevance of usual blood pressure to vascular mortality: a meta-analysis of individual data for one million adults in 61 prospective studies. Lancet 2002 Dec 14;360(9349):1903-13.
	(144) 	Ried K, Fakler P. Protective effect of lycopene on serum cholesterol and blood pressure: Meta-analyses of intervention trials. Maturitas 2011 Apr;68(4):299-310.
	(145) 	Huang H, Chen G, Liao D, Zhu Y, Xue X. Effects of Berries Consumption on Cardiovascular Risk Factors: A Meta-analysis with Trial Sequential Analysis of Randomized Controlled Trials. Sci Rep 2016 Mar 23;6:23625.
	(146) 	Aune D, Giovannucci E, Boffetta P, Fadnes L, Keum N, Norat T, Greenwood D, Riboli E, Vatten L, Tonstad S. Fruit and vegetable intake and the risk of cardiovascular disease, total cancer and all-cause mortality - a systematic review and dose-response meta-analysis of prospective studies. Int J Epidemiol. 2017.
	(147) 	Ravn-Haren G, Dragsted LO, Buch-Andersen T, Jensen EN, Jensen RI, Nemeth-Balogh M, Paulovicsova B, Bergstrom A, Wilcks A, Licht TR, Markowski J, Bugel S. Intake of whole apples or clear apple juice has contrasting effects on plasma lipids in healthy volunteers. Eur J Nutr 2013 Dec;52(8):1875-89.
	(148) 	Chai SC, Hooshmand S, Saadat RL, Payton ME, Brummel-Smith K, Arjmandi BH. Daily apple versus dried plum: impact on cardiovascular disease risk factors in postmenopausal women. J Acad Nutr Diet 2012 Aug;112(8):1158-68.
	(149) 	Vafa MR, Haghighatjoo E, Shidfar F, Afshari S, Gohari MR, Ziaee A. Effects of apple consumption on lipid profile of hyperlipidemic and overweight men. Int J Prev Med 2011 Apr;2(2):94-100.
	(150) 	Bondonno NP, Bondonno CP, Blekkenhorst LC, Considine MJ, Maghzal G, Stocker R, Woodman RJ, Ward NC, Hodgson JM, Croft KD. Flavonoid-Rich Apple Improves Endothelial Function in Individuals at Risk for Cardiovascular Disease: A Randomized Controlled Clinical Trial. Mol Nutr Food Res 2018 Feb;62(3).
	(151) 	Barona J, Aristizabal JC, Blesso CN, Volek JS, Fernandez ML. Grape polyphenols reduce blood pressure and increase flow-mediated vasodilation in men with metabolic syndrome. J Nutr 2012 Sep;142(9):1626-32.
	(152) 	Dohadwala MM, Hamburg NM, Holbrook M, Kim BH, Duess MA, Levit A, Titas M, Chung WB, Vincent FB, Caiano TL, Frame AA, Keaney JF, Jr., et al. Effects of Concord grape juice on ambulatory blood pressure in prehypertension and stage 1 hypertension. Am J Clin Nutr 2010 Nov;92(5):1052-9.
	(153) 	Najjar RS, Moore CE, Montgomery BD. Consumption of a defined, plant-based diet reduces lipoprotein(a), inflammation, and other atherogenic lipoproteins and particles within 4 weeks. Clin Cardiol 2018 Aug;41(8):1062-8.
	(154) 	Jenkins DJ, Popovich DG, Kendall CW, Vidgen E, Tariq N, Ransom TP, Wolever TM, Vuksan V, Mehling CC, Boctor DL, Bolognesi C, Huang J, et al. Effect of a diet high in vegetables, fruit, and nuts on serum lipids. Metabolism 1997 May;46(5):530-7.
	(155) 	Gunness P, Gidley MJ. Mechanisms underlying the cholesterol-lowering properties of soluble dietary fibre polysaccharides. Food Funct 2010 Nov;1(2):149-55.
	(156) 	Adrogue HJ, Madias NE. Sodium and potassium in the pathogenesis of hypertension. N Engl J Med 2007 May 10;356(19):1966-78.
	(157) 	Steffen Y, Schewe T, Sies H. (-)-Epicatechin elevates nitric oxide in endothelial cells via inhibition of NADPH oxidase. Biochem Biophys Res Commun 2007 Aug 3;359(3):828-33.
	(158) 	Cassidy A, O'Reilly EJ, Kay C, Sampson L, Franz M, Forman JP, Curhan G, Rimm EB. Habitual intake of flavonoid subclasses and incident hypertension in adults. Am J Clin Nutr 2011 Feb;93(2):338-47.
	(159) 	Hollaender PL, Ross AB, Kristensen M. Whole-grain and blood lipid changes in apparently healthy adults: a systematic review and meta-analysis of randomized controlled studies. Am J Clin Nutr 2015 Aug 12;102(3):556-72.
	(160) 	Muraki I, Wu H, Imamura F, Laden F, Rimm EB, Hu FB, Willett WC, Sun Q. Rice consumption and risk of cardiovascular disease: results from a pooled analysis of 3 U.S. cohorts. Am J Clin Nutr 2015 Jan;101(1):164-72.
	(161) 	Johnsen NF, Frederiksen K, Christensen J, Skeie G, Lund E, Landberg R, Johansson I, Nilsson LM, Halkjaer J, Olsen A, Overvad K, Tjonneland A. Whole-grain products and whole-grain types are associated with lower all-cause and cause-specific mortality in the Scandinavian HELGA cohort. Br J Nutr 2015 Jul 23;1-16.
	(162) 	Kyro C, Tjonneland A, Overvad K, Olsen A, Landberg R. Higher Whole-Grain Intake Is Associated with Lower Risk of Type 2 Diabetes among Middle-Aged Men and Women: The Danish Diet, Cancer, and Health Cohort. J Nutr 2018 Sep 1;148(9):1434-44.
	(163) 	Kyro C, Skeie G, Loft S, Landberg R, Christensen J, Lund E, Nilsson LM, Palmqvist R, Tjonneland A, Olsen A. Intake of whole grains from different cereal and food sources and incidence of colorectal cancer in the Scandinavian HELGA cohort. Cancer Causes Control 2013 Jul;24(7):1363-74.
	(164) 	Liguori I, Russo G, Curcio F, Bulli G, Aran L, la-Morte D, Gargiulo G, Testa G, Cacciatore F, Bonaduce D, Abete P. Oxidative stress, aging, and diseases. Clin Interv Aging 2018;13:757-72.
	(165) 	Blomhoff R. Dietary antioxidants and cardiovascular disease. Curr Opin Lipidol 2005 Feb;16(1):47-54.
	(166) 	Liu RH. Health benefits of fruit and vegetables are from additive and synergistic combinations of phytochemicals. Am J Clin Nutr 2003 Sep;78(3 Suppl):517S-20S.
	(167) 	Ornish D, Magbanua MJ, Weidner G, Weinberg V, Kemp C, Green C, Mattie MD, Marlin R, Simko J, Shinohara K, Haqq CM, Carroll PR. Changes in prostate gene expression in men undergoing an intensive nutrition and lifestyle intervention. Proc Natl Acad Sci U S A 2008 Jun 17;105(24):8369-74.
	(168) 	Carlsen MH, Halvorsen BL, Holte K, Bohn SK, Dragland S, Sampson L, Willey C, Senoo H, Umezono Y, Sanada C, Barikmo I, Berhe N, et al. The total antioxidant content of more than 3100 foods, beverages, spices, herbs and supplements used worldwide. Nutr J 2010;9:3.
	(169) 	Halvorsen BL, Holte K, Myhrstad MC, Barikmo I, Hvattum E, Remberg SF, Wold AB, Haffner K, Baugerod H, Andersen LF, Moskaug O, Jacobs DR, Jr., et al. A systematic screening of total antioxidants in dietary plants. J Nutr 2002 Mar;132(3):461-71.
	(170) 	Guasch-Ferre M, Bullo M, Martinez-Gonzalez MA, Ros E, Corella D, Estruch R, Fito M, Aros F, Warnberg J, Fiol M, Lapetra J, Vinyoles E, et al. Frequency of nut consumption and mortality risk in the PREDIMED nutrition intervention trial. BMC Med 2013;11:164.
	(171) 	Guasch-Ferre M, Liu X, Malik VS, Sun Q, Willett WC, Manson JE, Rexrode KM, Li Y, Hu FB, Bhupathiraju SN. Nut Consumption and Risk of Cardiovascular Disease. J Am Coll Cardiol 2017 Nov 14;70(20):2519-32.
	(172) 	Tortorella SM, Royce SG, Licciardi PV, Karagiannis TC. Dietary Sulforaphane in Cancer Chemoprevention: The Role of Epigenetic Regulation and HDAC Inhibition. Antioxid Redox Signal 2015 Jun 1;22(16):1382-424.
	(173) 	Chen HM, Lin YW, Wang JL, Kong X, Hong J, Fang JY. Identification of potential target genes of butyrate in dimethylhydrazine-induced colorectal cancer in mice. Nutr Cancer 2013;65(8):1171-83.
	(174) 	Donohoe DR, Holley D, Collins LB, Montgomery SA, Whitmore AC, Hillhouse A, Curry KP, Renner SW, Greenwalt A, Ryan EP, Godfrey V, Heise MT, et al. A gnotobiotic mouse model demonstrates that dietary fiber protects against colorectal tumorigenesis in a microbiota- and butyrate-dependent manner. Cancer Discov 2014 Dec;4(12):1387-97.
	(175) 	Fung KY, Cosgrove L, Lockett T, Head R, Topping DL. A review of the potential mechanisms for the lowering of colorectal oncogenesis by butyrate. Br J Nutr 2012 Sep;108(5):820-31.
	(176) 	Slavin JL. Mechanisms for the impact of whole grain foods on cancer risk. J Am Coll Nutr 2000 Jun;19(3 Suppl):300S-7S.
	(177) 	Comba A, Maestri DM, Berra MA, Garcia CP, Das UN, Eynard AR, Pasqualini ME. Effect of omega-3 and omega-9 fatty acid rich oils on lipoxygenases and cyclooxygenases enzymes and on the growth of a mammary adenocarcinoma model. Lipids Health Dis 2010 Oct 8;9:112.
	(178) 	Labrecque L, Lamy S, Chapus A, Mihoubi S, Durocher Y, Cass B, Bojanowski MW, Gingras D, Beliveau R. Combined inhibition of PDGF and VEGF receptors by ellagic acid, a dietary-derived phenolic compound. Carcinogenesis 2005 Apr;26(4):821-6.
	(179) 	Sung B, Pandey MK, Ahn KS, Yi T, Chaturvedi MM, Liu M, Aggarwal BB. Anacardic acid (6-nonadecyl salicylic acid), an inhibitor of histone acetyltransferase, suppresses expression of nuclear factor-kappaB-regulated gene products involved in cell survival, proliferation, invasion, and inflammation through inhibition of the inhibitory subunit of nuclear factor-kappaBalpha kinase, leading to potentiation of apoptosis. Blood 2008 May 15;111(10):4880-91.
	(180) 	Carvalho AL, Annoni R, Torres LH, Durao AC, Shimada AL, Almeida FM, Hebeda CB, Lopes FD, Dolhnikoff M, Martins MA, Silva LF, Farsky SH, et al. Anacardic acids from cashew nuts ameliorate lung damage induced by exposure to diesel exhaust particles in mice. Evid Based Complement Alternat Med 2013;2013:549879.
	(181) 	Tsoukas MA, Ko BJ, Witte TR, Dincer F, Hardman WE, Mantzoros CS. Dietary walnut suppression of colorectal cancer in mice: Mediation by miRNA patterns and fatty acid incorporation. J Nutr Biochem 2015 Jul;26(7):776-83.
	(182) 	Bertoia ML, Mukamal KJ, Cahill LE, Hou T, Ludwig DS, Mozaffarian D, Willett WC, Hu FB, Rimm EB. Changes in Intake of Fruits and Vegetables and Weight Change in United States Men and Women Followed for Up to 24 Years: Analysis from Three Prospective Cohort Studies. PLoS Med 2015 Sep;12(9):e1001878.
	(183) 	Koh-Banerjee P, Franz M, Sampson L, Liu S, Jacobs DR, Jr., Spiegelman D, Willett W, Rimm E. Changes in whole-grain, bran, and cereal fiber consumption in relation to 8-y weight gain among men. Am J Clin Nutr 2004 Nov;80(5):1237-45.
	(184) 	Freisling H, Noh H, Slimani N, Chajes V, May AM, Peeters PH, Weiderpass E, Cross AJ, Skeie G, Jenab M, Mancini FR, Boutron-Ruault MC, et al. Nut intake and 5-year changes in body weight and obesity risk in adults: results from the EPIC-PANACEA study. Eur J Nutr 2017 Jul 21.
	(185) 	Aune D, Norat T, Vatten LJ. Body mass index and the risk of gout: a systematic review and dose-response meta-analysis of prospective studies. Eur J Nutr 2014 Sep 11;53(8):1591-601.
	(186) 	Aune D, Norat T, Vatten LJ. Body mass index, abdominal fatness and the risk of gallbladder disease. Eur J Epidemiol 2015 Sep 15;30(9):1009-19.
	(187) 	Aune D, Sen A, Leitzmann MF, Norat T, Tonstad S, Vatten LJ. Body mass index and physical activity and the risk of diverticular disease: a systematic review and meta-analysis of prospective studies. Eur J Nutr 2017 Apr 9.
	(188) 	Aune D, Sen A, Norat T, Janszky I, Romundstad P, Tonstad S, Vatten LJ. Body Mass Index, Abdominal Fatness and Heart Failure Incidence and Mortality: A Systematic Review and Dose-Response Meta-Analysis of Prospective Studies. Circulation 2016 Jan 8;133(7):639-49.
	(189) 	Aune D, Sen A, Schlesinger S, Norat T, Janszky I, Romundstad P, Tonstad S, Riboli E, Vatten LJ. Body mass index, abdominal fatness, fat mass and the risk of atrial fibrillation: a systematic review and dose-response meta-analysis of prospective studies. Eur J Epidemiol 2017 Feb 13.
	(190) 	Aune D, Schlesinger S, Norat T, Riboli E. Body mass index, abdominal fatness, and the risk of sudden cardiac death: a systematic review and dose-response meta-analysis of prospective studies. Eur J Epidemiol 2018 Feb 7.
	(191) 	Aune D, Sen A, Prasad M, Norat T, Janszky I, Tonstad S, Romundstad P, Vatten LJ. BMI and all cause mortality: systematic review and non-linear dose-response meta-analysis of 230 cohort studies with 3.74 million deaths among 30.3 million participants. BMJ 2016;353:i2156.
	(192) 	Campbell PT, Newton CC, Patel AV, Jacobs EJ, Gapstur SM. Diabetes and cause-specific mortality in a prospective cohort of one million U.S. adults. Diabetes Care 2012 Sep;35(9):1835-44.
	(193) 	Du H, Li L, Bennett D, Guo Y, Key TJ, Bian Z, Sherliker P, Gao H, Chen Y, Yang L, Chen J, Wang S, et al. Fresh Fruit Consumption and Major Cardiovascular Disease in China. N Engl J Med 2016 Apr 7;374(14):1332-43.
	(194) 	Vanegas SM, Meydani M, Barnett JB, Goldin B, Kane A, Rasmussen H, Brown C, Vangay P, Knights D, Jonnalagadda S, Koecher K, Karl JP, et al. Substituting whole grains for refined grains in a 6-wk randomized trial has a modest effect on gut microbiota and immune and inflammatory markers of healthy adults. Am J Clin Nutr 2017 Mar;105(3):635-50.
	(195) 	Costabile A, Klinder A, Fava F, Napolitano A, Fogliano V, Leonard C, Gibson GR, Tuohy KM. Whole-grain wheat breakfast cereal has a prebiotic effect on the human gut microbiota: a double-blind, placebo-controlled, crossover study. Br J Nutr 2008 Jan;99(1):110-20.
	(196) 	Foerster J, Maskarinec G, Reichardt N, Tett A, Narbad A, Blaut M, Boeing H. The influence of whole grain products and red meat on intestinal microbiota composition in normal weight adults: a randomized crossover intervention trial. PLoS One 2014;9(10):e109606.
	(197) 	Holscher HD, Guetterman HM, Swanson KS, An R, Matthan NR, Lichtenstein AH, Novotny JA, Baer DJ. Walnut Consumption Alters the Gastrointestinal Microbiota, Microbially Derived Secondary Bile Acids, and Health Markers in Healthy Adults: A Randomized Controlled Trial. J Nutr 2018 Jun 1;148(6):861-7.
	(198) 	Klinder A, Shen Q, Heppel S, Lovegrove JA, Rowland I, Tuohy KM. Impact of increasing fruit and vegetables and flavonoid intake on the human gut microbiota. Food Funct 2016 Apr;7(4):1788-96.
	(199) 	De Filippis F, Pellegrini N, Vannini L, Jeffery IB, La Storia A, Laghi L, Serrazanetti DI, Di Cagno R, Ferrocino I, Lazzi C, Turroni S, Cocolin L, et al. High-level adherence to a Mediterranean diet beneficially impacts the gut microbiota and associated metabolome. Gut 2016 Nov;65(11):1812-21.
	(200) 	Roager HM, Vogt JK, Kristensen M, Hansen LBS, Ibrugger S, Maerkedahl RB, Bahl MI, Lind MV, Nielsen RL, Frokiaer H, Gobel RJ, Landberg R, et al. Whole grain-rich diet reduces body weight and systemic low-grade inflammation without inducing major changes of the gut microbiome: a randomised cross-over trial. Gut 2019 Jan;68(1):83-93.
	(201) 	Danneskiold-Samsoe NB, Dias de Freitas Queiroz Barros, Santos R, Bicas JL, Cazarin CBB, Madsen L, Kristiansen K, Pastore GM, Brix S, Marostica Junior MR. Interplay between food and gut microbiota in health and disease. Food Res Int 2019 Jan;115:23-31.
	(202) 	Tsuji H, Matsuda K, Nomoto K. Counting the Countless: Bacterial Quantification by Targeting rRNA Molecules to Explore the Human Gut Microbiota in Health and Disease. Front Microbiol 2018;9:1417.
	(203) 	Desai MS, Seekatz AM, Koropatkin NM, Kamada N, Hickey CA, Wolter M, Pudlo NA, Kitamoto S, Terrapon N, Muller A, Young VB, Henrissat B, et al. A Dietary Fiber-Deprived Gut Microbiota Degrades the Colonic Mucus Barrier and Enhances Pathogen Susceptibility. Cell 2016 Nov 17;167(5):1339-53.
	(204) 	Park Y, Subar AF, Hollenbeck A, Schatzkin A. Dietary Fiber Intake and Mortality in the NIH-AARP Diet and Health Study. Arch Intern Med 2011 Feb 14;171(12):1061-8.
	(205) 	Wu H, Flint AJ, Qi Q, van Dam RM, Sampson LA, Rimm EB, Holmes MD, Willett WC, Hu FB, Sun Q. Association Between Dietary Whole Grain Intake and Risk of Mortality: Two Large Prospective Studies in US Men and Women. JAMA Intern Med 2015 Mar 1;175(3):373-84.
	(206) 	Bao Y, Han J, Hu FB, Giovannucci EL, Stampfer MJ, Willett WC, Fuchs CS. Association of nut consumption with total and cause-specific mortality. N Engl J Med 2013 Nov 21;369(21):2001-11.
	(207) 	Genkinger JM, Platz EA, Hoffman SC, Comstock GW, Helzlsouer KJ. Fruit, vegetable, and antioxidant intake and all-cause, cancer, and cardiovascular disease mortality in a community-dwelling population in Washington County, Maryland. Am J Epidemiol 2004 Dec 15;160(12):1223-33.
	(208) 	Oyebode O, Gordon-Dseagu V, Walker A, Mindell JS. Fruit and vegetable consumption and all-cause, cancer and CVD mortality: analysis of Health Survey for England data. J Epidemiol Community Health 2014 Mar 31;68(9):856-62.
	(209) 	Kahn HA, Phillips RL, Snowdon DA, Choi W. Association between reported diet and all-cause mortality. Twenty-one-year follow-up on 27,530 adult Seventh-Day Adventists. Am J Epidemiol 1984 May;119(5):775-87.
	(210) 	Fraser GE, Shavlik DJ. Risk factors for all-cause and coronary heart disease mortality in the oldest-old. The Adventist Health Study. Arch Intern Med 1997 Oct 27;157(19):2249-58.
	(211) 	Carter BD, Abnet CC, Feskanich D, Freedman ND, Hartge P, Lewis CE, Ockene JK, Prentice RL, Speizer FE, Thun MJ, Jacobs EJ. Smoking and mortality--beyond established causes. N Engl J Med 2015 Feb 12;372(7):631-40.
	(212) 	Pirie K, Peto R, Reeves GK, Green J, Beral V. The 21st century hazards of smoking and benefits of stopping: a prospective study of one million women in the UK. Lancet 2013 Jan 12;381(9861):133-41.
	(213) 	Pischon T, Boeing H, Hoffmann K, Bergmann M, Schulze MB, Overvad K, van der Schouw YT, Spencer E, Moons KG, Tjonneland A, Halkjaer J, Jensen MK, et al. General and abdominal adiposity and risk of death in Europe. N Engl J Med 2008 Nov 13;359(20):2105-20.
	(214) 	Aune D, Navarro Rosenblatt DA, Chan DS, Abar L, Vingeliene S, Vieira AR, Greenwood DC, Norat T. Anthropometric factors and ovarian cancer risk: A systematic review and nonlinear dose-response meta-analysis of prospective studies. Int J Cancer 2014 Sep 24;136(8):1888-98.
	(215) 	Aune D, Navarro Rosenblatt DA, Chan DS, Vingeliene S, Abar L, Vieira AR, Greenwood DC, Bandera EV, Norat T. Anthropometric factors and endometrial cancer risk: a systematic review and dose-response meta-analysis of prospective studies. Ann Oncol 2015 Mar 19;26(8):1635-48.
	(216) 	Aune D, Greenwood DC, Chan DS, Vieira R, Vieira AR, Navarro Rosenblatt DA, Cade JE, Burley VJ, Norat T. Body mass index, abdominal fatness and pancreatic cancer risk: a systematic review and non-linear dose-response meta-analysis of prospective studies. Ann Oncol 2012 Apr;23(4):843-52.
	(217) 	Aune D, Snekvik I, Schlesinger S, Norat T, Riboli E, Vatten LJ. Body mass index, abdominal fatness, weight gain and the risk of psoriasis: a systematic review and dose-response meta-analysis of prospective studies. Eur J Epidemiol 2018 Apr 21.
	(218) 	Moore SC, Lee IM, Weiderpass E, Campbell PT, Sampson JN, Kitahara CM, Keadle SK, Arem H, Berrington de GA, Hartge P, Adami HO, Blair CK, et al. Association of Leisure-Time Physical Activity With Risk of 26 Types of Cancer in 1.44 Million Adults. JAMA Intern Med 2016 Jun 1;176(6):816-25.
	(219) 	Aune D, Norat T, Leitzmann M, Tonstad S, Vatten LJ. Physical activity and the risk of type 2 diabetes: a systematic review and dose-response meta-analysis. Eur J Epidemiol 2015 Jul;30(7):529-42.
	(220) 	Aune D, Leitzmann M, Vatten LJ. Physical Activity and the Risk of Gallbladder Disease: A Systematic Review and Meta-Analysis of Cohort Studies. J Phys Act Health 2016 Feb 19;13(7):788-95.
	(221) 	Aune D, Saugstad OD, Henriksen T, Tonstad S. Physical activity and the risk of preeclampsia: a systematic review and meta-analysis. Epidemiology 2014 May;25(3):331-43.
	(222) 	Aune D, Sen A, Henriksen T, Saugstad OD, Tonstad S. Physical activity and the risk of gestational diabetes mellitus: a systematic review and dose-response meta-analysis of epidemiological studies. Eur J Epidemiol 2016 Aug 2;31(10):967-97.
	(223) 	Aune D, Schlesinger S, Henriksen T, Saugstad OD, Tonstad S. Physical activity and the risk of preterm birth: a systematic review and meta-analysis of epidemiological studies. BJOG 2017 Apr 4.
	(224) 	Du H, Li L, Bennett D, Guo Y, Turnbull I, Yang L, Bragg F, Bian Z, Chen Y, Chen J, Millwood IY, Sansome S, et al. Fresh fruit consumption in relation to incident diabetes and diabetic vascular complications: A 7-y prospective study of 0.5 million Chinese adults. PLoS Med 2017 Apr;14(4):e1002279.
	(225) 	Pan A, Sun Q, Bernstein AM, Schulze MB, Manson JE, Stampfer MJ, Willett WC, Hu FB. Red meat consumption and mortality: results from 2 prospective cohort studies. Arch Intern Med 2012 Apr 9;172(7):555-63.
	(226) 	Pan A, Sun Q, Bernstein AM, Schulze MB, Manson JE, Willett WC, Hu FB. Red meat consumption and risk of type 2 diabetes: 3 cohorts of US adults and an updated meta-analysis. Am J Clin Nutr 2011 Oct;94(4):1088-96.
	(227) 	Bernstein AM, Rosner BA, Willett WC. Cereal fiber and coronary heart disease: a comparison of modeling approaches for repeated dietary measurements, intermediate outcomes, and long follow-up. Eur J Epidemiol 2011 Nov;26(11):877-86.
	(228) 	Thiebaut AC, Freedman LS, Carroll RJ, Kipnis V. Is it necessary to correct for measurement error in nutritional epidemiology? Ann Intern Med 2007 Jan 2;146(1):65-7.
	(229) 	Crowe FL, Roddam AW, Key TJ, Appleby PN, Overvad K, Jakobsen MU, Tjonneland A, Hansen L, Boeing H, Weikert C, Linseisen J, Kaaks R, et al. Fruit and vegetable intake and mortality from ischaemic heart disease: results from the European Prospective Investigation into Cancer and Nutrition (EPIC)-Heart study. Eur Heart J 2011 May;32(10):1235-43.
	(230) 	Guertin KA, Moore SC, Sampson JN, Huang WY, Xiao Q, Stolzenberg-Solomon RZ, Sinha R, Cross AJ. Metabolomics in nutritional epidemiology: identifying metabolites associated with diet and quantifying their potential to uncover diet-disease relations in populations. Am J Clin Nutr 2014 Jul;100(1):208-17.







Table 1. Summary RRs (95% CIs) from meta-analyses of plant foods and antioxidants and coronary heart disease, stroke, cardiovascular disease, cancer and all-cause mortality
	
	Fruits and vegetables          
(per 200 g/d)
	Whole grains       
 (per 90 g/d)
	Nuts     
(per 28 g/d)
	 Vitamin C, diet
 (per 100 mg/d)
	 Vitamin C, blood
(per 50 µmol/l)

	
	N 
	RR (95% CI)
	I2
	N 
	RR (95% CI)
	I2
	N 
	RR (95% CI)
	I2
	N 
	RR (95% CI)
	I2
	N 
	RR (95% CI)
	I2

	Coronary heart disease
	15
	0.92 (0.90-0.94)
	0%
	7
	0.81 (0.75-0.87)
	9%
	11
	0.71 (0.63-0.80)
	47%
	 11 
	0.88 (0.79-0.98)
	65%
	 4
	0.74 (0.65-0.83)
	0%

	Stroke
	10
	0.84 (0.76-0.92)
	73%
	6
	0.88 (0.75-1.03)
	56%
	11
	0.93 (0.83-1.05)
	14%
	12
	0.92 (0.87-0.98)
	68%
	4
	0.70 (0.61-0.81)
	0%

	Cardiovascular disease
	13
	0.92 (0.90-0.95)
	31%
	10 
	0.78 (0.73-0.85)
	40%
	12
	0.79 (0.70-0.88)
	60%
	10
	0.89 (0.85-0.94)
	27%
	6
	0.76 (0.65-0.87)
	56%

	Cancer
	12
	0.97 (0.95-0.99)
	49%
	6
	0.85 (0.80-0.91)
	37%
	8
	0.85 (0.76-0.94)
	42%
	8
	0.93 (0.87-0.99)
	46%
	5
	0.74 (0.66-0.82)
	0%

	All-cause mortality
	15
	0.90 (0.87-0.93)
	83%
	11
	0.83 (0.77-0.90)
	83%
	16
	0.78 (0.72-0.84)
	66%
	14
	0.89 (0.85-0.94)
	80%
	8
	0.72 (0.66-0.79)
	48%

	Respiratory disease
	-
	-
	-
	4
	0.78 (0.70-0.87)
	0%
	3
	0.48 (0.26-0.89)
	61%
	-
	-
	-
	-
	-
	-

	Diabetes
	-
	-
	-
	4
	0.49 (0.23-1.05)
	85%
	4
	0.61 (0.43-0.88)
	50%
	-
	-
	-
	-
	-
	-

	Infectious disease
	-
	-
	-
	3
	0.74 (0.56-0.96)
	0%
	2
	0.25 (0.07-0.85)
	0%
	-
	-
	-
	-
	-
	-

	Nervous system disease
	-
	-
	-
	2
	1.15 (0.66-2.02)
	79%
	3
	0.65 (0.40-1.08)
	6%
	-
	-
	-
	-
	-
	-

	Non-CVD/non-cancer
	-
	-
	-
	5
	0.78 (0.75-0.82)
	0%
	-
	-
	-
	-
	-
	-
	-
	-
	-


CI=confidence interval, CVD=cardiovascular disease, N=number of studies, RR=relative risk

