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                    Abstract

Background: Studies of fruit and vegetable consumption in relation to overall health are limited. We evaluated the relationship between fruit and vegetable intake and the incidence of cardiovascular disease and cancer and of deaths from other causes in two prospective cohorts. Methods: A total of 71 910 female participants in the Nurses' Health study and 37 725 male participants in the Health Professionals' Follow-up Study who were free of major chronic disease completed baseline semiquantitative food-frequency questionnaires in 1984 and 1986, respectively. Dietary information was updated in 1986, 1990, and 1994 for women and in 1990 and 1994 for men. Participants were followed up for incidence of cardiovascular disease, cancer, or death through May 1998 (women) and January 1998 (men). Multivariable-adjusted relative risks were calculated with Cox proportional hazards analysis. Results: We ascertained 9329 events (1964 cardiovascular, 6584 cancer, and 781 other deaths) in women and 4957 events (1670 cardiovascular diseases, 2500 cancers, and 787 other deaths) in men during follow-up. For men and women combined, participants in the highest quintile of total fruit and vegetable intake had a relative risk for major chronic disease of 0.95 (95% confidence interval [CI] = 0.89 to 1.01) times that of those in the lowest. Total fruit and vegetable intake was inversely associated with risk of cardiovascular disease but not with overall cancer incidence, with relative risk for an increment of five servings daily of 0.88 (95% CI = 0.81 to 0.95) for cardiovascular disease and 1.00 (95% CI = 0.95 to 1.05) for cancer. Of the food groups analyzed, green leafy vegetable intake showed the strongest inverse association with major chronic disease and cardiovascular disease. For an increment of one serving per day of green leafy vegetables, relative risks were 0.95 (95% CI = 0.92 to 0.99) for major chronic disease and 0.89 (95% CI = 0.83 to 0.96) for cardiovascular disease. Conclusions: Increased fruit and vegetable consumption was associated with a modest although not statistically significant reduction in the development of major chronic disease. The benefits appeared to be primarily for cardiovascular disease and not for cancer. 
                    

 Cardiovascular disease and cancer are the leading causes of death in the United States  ( 1 ),  and eating at least five servings per day of fruits and vegetables is recommended to reduce risks for these diseases  ( 2 – 4 ).  Many studies have evaluated fruit and vegetable consumption in relation to the risk of cardiovascular disease and specific cancers  ( 5 – 24 ),  but the effect of fruits and vegetables on the overall incidence of these major chronic diseases has seldom been assessed in large cohort studies. We therefore examined the association between fruit and vegetable consumption and risk of major chronic diseases in two large cohorts of men and women followed up for more than a decade. 
                    M ethods

                    Study Populations

The Nurses' Health Study (NHS) was established in 1976, with the recruitment of 121 700 female registered nurses between the ages of 30 and 55 from 11 states. The Health Professionals' Follow-up Study was initiated in 1986 and consisted of 51 529 male dentists, optometrists, pharmacists, osteopathic physicians, podiatrists, and veterinarians who were between 40 and 75 years of age.
At baseline, participants completed mailed questionnaires on lifestyle practices and medical history. Every 2 years, questionnaires were sent to update individual characteristics and behaviors and new occurrences of cancers, cardiovascular diseases, and other outcomes. The study was approved by the Institutional Review Boards of Harvard School of Public Health and Brigham and Women's Hospital, Boston, MA, and return of the questionnaire(s) constituted written informed consent.
                    Assessment of Dietary Intake

 A semiquantitative food-frequency questionnaire was included with the general health questionnaire in 1980, 1984, 1986, 1990, and 1994 for the NHS and in 1986, 1990, and 1994 for the Health Professionals' Follow-up Study. The 1980 food-frequency questionnaire for the NHS contained 61 items, including six questions on fruit consumption, 11 on vegetable consumption, and three on potato consumption. The subsequent food-frequency questionnaire, used in 1984, was expanded to include at least 15 questions about fruit consumption, 28 about vegetable consumption, and three about potato consumption. The baseline (1986) food-frequency questionnaire for Health Professionals' Follow-up Study had 15 questions about fruit consumption, 30 about vegetable consumption, and three about potato consumption. In these dietary questionnaires, a commonly used unit or portion of each food (such as one tomato or one glass of fruit juice) was specified, and participants indicated how often, on average, they had consumed that food over the past year. The frequencies were reported in nine categories, ranging from less than once a month to six or more times per day. The dietary data from both cohorts have been validated by comparisons with multiple weighted 1-week dietary records  ( 25 – 28 ). 
 The average daily intakes of all fruit and vegetable items (not including potatoes) reported by each participant were added to assess the consumption of total fruits and vegetables. Average daily intakes of foods in specific groups—citrus fruits, green leafy vegetables, cruciferous vegetables, vitamin C–rich fruits and vegetables (i.e., items with ≥30 mg of vitamin C per serving), legumes, and potatoes were also assessed. The definitions of these specific groups were modified from a report by Steinmetz et al.  ( 29 )  to correspond with our questionnaires and hypotheses, as described previously  ( 9 ).  For questionnaires that were missing values for an individual food but were otherwise substantially complete, we assumed no intake of that item when aggregating items to calculate the total and specific groups of fruits and vegetables. 
                    Ascertainment of Outcomes

 The primary endpoint was major chronic disease, defined as cardiovascular disease, cancer, or nontraumatic death, whichever came first  ( 30 , 31 ).  Participants who reported cardiovascular disease or cancer on any biennial questionnaire were mailed letters to verify the reports and to request permission to review their medical records. Study investigators reviewed medical records without knowing the participants' risk factor status. Cardiovascular disease was defined as fatal or nonfatal myocardial infarction and fatal or nonfatal stroke. Myocardial infarction was confirmed based on World Health Organization criteria  ( 32 ).  Stroke was confirmed if there was a typical neurologic defect of sudden or rapid onset lasting 24 hours or more that was attributable to a cerebrovascular event  ( 33 ). 
 We included all cancers except nonmelanoma skin cancer, in situ breast cancer in women, and organ-confined prostate cancer in men. Cardiovascular disease or cancers that were verified by letter or telephone interview but for which medical records or pathology reports were unavailable were defined as “probable” cases. The reported analyses used both confirmed cases (approximately 80% of total cardiovascular events and 90% of cancer events) and probable cases, but the analyses were also conducted separately for confirmed cases and showed similar results (data not shown). 
 Deaths were reported by next of kin, coworkers, or postal authorities or through the National Death Index  ( 34 ).  The causes of deaths were confirmed by examining medical records or autopsy reports. All deaths except those from external causes, such as accidents and suicides, were included. Nonresponding participants were assumed to be alive if not listed in the National Death Index. 
                    Statistical Methods

We excluded participants who reported daily energy intake outside the plausible range of 800 to 4200 kcal/day for men and 600 to 3500 kcal/day for women or who left 70 or more dietary questions blank at baseline. Participants who reported cancer, diabetes, myocardial infarction, angina, stroke, and other heart diseases before 1984 for women or 1986 for men were also excluded. We used 1984 as the starting year for the NHS in the analyses because the NHS questionnaires from 1984 onward and the Health Professionals' Follow-up Study questionnaires from 1986 onward were similar with respect to the questions on fruits and vegetables. The analyses thus included 71 910 women and 37 725 men.
Person-time of follow-up was contributed by each eligible participant from the date of return of the baseline food-frequency questionnaire (1984 for women and 1986 for men) to the diagnosis of cardiovascular disease or cancer, death, or May 31, 1998, for women or January 31, 1998, for men, whichever came first. Those who reported cardiovascular disease or cancer or who died were excluded from subsequent follow-up. Thus, each participant could contribute only one endpoint, and the cohort at risk included only those free of the outcome. We recorded 9329 major chronic disease endpoints—including 1964 cardiovascular diseases, 6584 cancers, and 781 non-traumatic deaths from causes other than cancer or cardiovascular disease—among women during 1984–1998 and 4957 endpoints—including 1670 cardiovascular events, 2500 cancers, and 787 nontraumatic deaths from other causes—among men during 1986–1998. To increase power, we conducted additional separate analyses for cancer that did not exclude participants with cardiovascular disease during follow-up and for cardiovascular disease that did not exclude participants with cancer during follow-up; the results were similar to those for cancer excluding the participants with cardiovascular diseases during follow-up and for cardiovascular disease excluding participants with reported cancer during follow-up (data not shown). The associations of fruit and vegetable intake with cancer and cardiovascular mortality were also evaluated separately, and the findings were similar to those for cancer and cardiovascular disease incidence (data not shown).
 To reduce within-person variation and to best represent long-term diet, we used the cumulative average intake of fruits and vegetables from all available questionnaires up to the start of each 2-year follow-up interval  ( 35 ).  If participants experienced angina, coronary artery bypass grafting, angioplasty, hypercholesterolemia, hypertension, or diabetes, we stopped updating diet at the beginning of the interval in which they developed the diagnosis. The nondietary variables were updated from the biennial questionnaires. We used Cox proportional hazards models with time-dependent variables to perform these analyses  ( 36 ).  Proportionality of hazards was evaluated by visual examination of associations across intervals of time. 
 Participants were grouped into equal-sized quintiles of fruit and vegetable intake using the updated cumulative average  ( 35 ).  For each outcome, the relative risks were calculated by dividing the incidence among participants in each quintile by that in the lowest quintile. Quintiles were used to avoid assumptions about the shape of the dose–response relationship. We also assessed linear relationships, using the median values of intake for deciles to minimize the influence of outliers. The relative risk for the continuous measure indicates the change in risk associated with an increment of five servings per day for total fruits and vegetables, an increment of three servings per day for all fruits and for all vegetables, and an increment of one serving per day for the specific food groups. We also compared groups with intakes of 1.5–2.99, 3.0–4.99, 5.0–5.99, 6.0–7.99, and 8 or more servings per day against participants with fewer than 1.5 servings of total fruit and vegetable intake per day as the referent group to evaluate the association of major chronic disease across the range of fruit and vegetable consumption and to assess the potential optimal intake. 
We conducted the initial analyses adjusting for age (5-year categories) and smoking status (never, past, current, 1–14, 15–24, and ≥25 cigarettes/day) only. In the multivariable model, we also adjusted for total energy intake (continuous variable), alcohol (0, >0 to 5, >5 to 10, >10 to 30, and ≥30 g/day for women and 0, 0 to <5, 5 to <15, 15 to <30 and ≥30 g/day for men), body mass index (<21, 21 to <23, 23 to <25, 25 to <29 and ≥29 for women and <21, 21 to <23, 23 to <25, 25 to <30, and ≥30 for men), multivitamin supplement use (yes/no) and vitamin E supplement use (yes/no), physical activity (five categories), first-degree family history of myocardial infarction before age 60 (yes/no), first-degree family history of colon cancer (yes/no), personal history of hypertension, hypercholesterolemia, or diabetes (yes/no). In addition, for women, we adjusted for first-degree family history of breast cancer (yes/no), menopausal status (premenopausal/postmenopausal), and hormone replacement therapy use (current, past, and never).
 We also carried out several subgroup analyses. In one subgroup analysis, we evaluated associations separately among users and nonusers of multivitamins. Nonusers of multivitamins who took other supplements such as vitamin E, B 6 , B 12 , and calcium were excluded from these subgroup analyses. We also conducted analyses separately for current, past, and never smokers to determine whether smoking modifies the association of fruit and vegetable intake with risk of major chronic disease. Interactions of fruit and vegetable consumption with smoking status and multivitamin use were tested separately in the two cohorts. 
 To increase the statistical power, we combined the results from both cohorts by using the random-effects model to pool the two relative risks. Tests for homogeneity between the two cohorts were conducted using the DerSimonian and Laird Q statistic  ( 37 ). 
                    R esults

 The median intake of total fruits and vegetables was 5.3 servings/day for women and 5.2 servings/day for men, and the distributions of total fruits, total vegetables, and specific food groups were similar in the two cohorts (Table 1 ). Compared with participants in the lowest quintile of total fruit and vegetable consumption, participants in higher quintiles had slightly lower risks of major chronic diseases (Table 1 ). Pooled multivariable-adjusted relative risks for highest versus lowest quintiles were 0.95 (95% confidence interval [CI] = 0.89 to 1.01) for all fruits and vegetables ( Ptrend across quintiles = .07), 0.95 (95% CI = 0.90 to 1.01) for all fruits ( Ptrend across quintiles = .18), and 0.96 (95% CI = 0.90 to 1.01) for all vegetables ( Ptrend across quintiles = .13). Of the specific food groups, only green leafy vegetables showed a statistically significant association with lower risk among participants in the highest quintile compared with the lowest (relative risk [RR] = 0.94, 95% CI = 0.89 to 0.99; Ptrend = .01). 
 The linear analyses also revealed no association between consumption of fruits and vegetables and cancer incidence (Table 2 ). Again, the intake of green leafy vegetables showed a statistically significant inverse association with the risk of major chronic disease (pooled RR = 0.95, 95% CI = 0.92 to 0.99 for one serving/day). For cardiovascular disease, the pooled relative risks in the continuous analysis were all statistically significant. Relative risks of cardiovascular disease were 0.88 (95% CI = 0.81 to 0.95) for an increment of five servings per day of total fruits and vegetables; 0.87 (95% CI = 0.80 to 0.94) and 0.93 (95% CI = 0.86 to 1.00) for increments of three servings per day of all fruits and of all vegetables, respectively; and 0.89 (95% CI = 0.83 to 0.96) and 0.94 (95% CI = 0.91 to 0.98) for increments of one serving per day of green leafy vegetables and of vitamin C–rich fruits and vegetables, respectively. The pooled relative risks for cancer were not statistically significant. Associations of total fruits and vegetables and specific groups of fruits and vegetables with cardiovascular disease and cancer separately were also evaluated using quintiles (data not shown), and the results were consistent with the continuous analysis. 
 We also calculated pooled multivariable-adjusted relative risks and 95% confidence intervals of major chronic disease, cancer, and cardiovascular disease for increasing servings per day of total intake of fruits and vegetables using those of fewer than 1.5 servings per day as referent group. (Fig. 1 ). Compared with people consuming fewer than 1.5 servings per day, those consuming increasing servings of total fruits and vegetables had a slightly lower risk of major chronic disease (relative risk for ≥8 versus <1.5 servings/day = 0.88, 95% CI = 0.75 to 1.05; Ptrend = .05). Total fruit and vegetable consumption was not associated with cancer incidence (relative risk for ≥8 versus <1.5 servings/day = 1.05, 95% CI = 0.83 to 1.31; Ptrend = .88), but higher fruit and vegetable intake showed a statistically significant inverse association with cardiovascular disease (relative risk for ≥8 versus <1.5 servings/day = 0.70, 95% CI = 0.55 to 0.89; P = .0003). Similar associations with risk of cardiovascular disease were seen for fruits and for vegetables considered separately (data not shown). 
 We further examined the subgroups of non–vitamin supplement users and multivitamin users and of never smokers, past smokers, and current smokers (Table 3 ). There was no association between fruit and vegetable consumption and cancer risk among never smokers, past smokers, or current smokers except for cruciferous vegetable intake, for which linear analyses showed a relative risk for an increment of one serving per day of 0.55 (95% CI = 0.37 to 0.81) among male current smokers. There was a stronger inverse association of cancer with total fruit and vegetable, all fruit, all vegetable, and cruciferous vegetable intake among non–vitamin users than among multivitamin users (Table 3 ). In linear analyses, higher intake of cruciferous vegetables showed a statistically significant inverse association with cancer risk among male non–multivitamin supplement users (RR = 0.74, 95% CI = 0.60 to 0.91 for an increment of one serving/day). However, when pooled relative risks were examined, cruciferous vegetable intake was not statistically significantly associated with a reduced risk of cancer in either current smokers or non–multivitamin users because the results for men and women were heterogeneous. For cardiovascular disease, the inverse associations with fruit and vegetable intake were stronger among current smokers and among non–vitamin users than among past or never smokers and among multivitamin supplement users, respectively. The test for interaction of smoking with the association between total fruit and vegetable and cardiovascular diseases was statistically significant in women ( P = .04), and the interaction of total fruit and vegetable consumption with multivitamin supplement use was statistically significant in men ( P = .03) (data not shown). 
                    D iscussion

Our findings suggest that high consumption of fruits and vegetables, especially of green leafy vegetables, is associated with a small reduction in risk of major chronic disease. This risk reduction was due primarily to a lower incidence of cardiovascular disease. We found no association between fruit and vegetable intake (either total or of any particular group) and overall cancer incidence.
 Consumption of five or more servings of fruits and vegetables per day has been recommended in the National 5 A Day for Better Health Program  ( 2 , 3 )  for cancer prevention, but the protective effect of fruit and vegetable intake may have been overstated  ( 38 ).  Indeed, most of the evidence supporting this recommendation is based on case–control studies, which are potentially affected by methodological biases such as recall bias and selection bias. Selective reporting and publication may also explain some of these statistically significant findings, because the authors of studies in which only one or a few items among many fruits and vegetables examined were statistically significantly related to cancer incidence may present their findings as positive, even though they may actually have been due to chance. Moreover, recent findings from Health Professionals' Follow-up Study, the NHS, and other cohort studies have reported weak or no associations between total fruit and vegetable intake and incidence of specific cancers  ( 12 , 14 , 16 – 21 ). 
 Our findings are consistent with results from a study of a cohort of 9608 adults, in which high frequency of fruit and vegetable intake was associated with lower risk of cardiovascular disease and all-cause mortality but not with non–cardiovascular disease mortality, which should consist mainly of cancer deaths  ( 39 ).  To evaluate whether fruit and vegetable intake is associated with cancer mortality, we conducted further analyses using cancer mortality instead of cancer incidence as the outcome and also found no association between consumption of fruits and vegetables and death from cancer. 
 There are several possible explanations for why we did not observe an association between fruit and vegetable intake and cancer in this analysis, if one exists. One possibility is that cancer risk is elevated only in individuals with low intake of fruits and vegetables  ( 11 ).  If an increased risk of cancer were associated only with a fruit and vegetable intake lower than that in our population, we would have been unable to detect a protective association with fruit and vegetable intake. In our population, the median fruit and vegetable intake in the lowest quintile was similar to the average intake of the U.S. population, i.e., approximately 0.7, 1.5, and 0.7 servings per day for fruits, vegetables including salad and potato, and vegetables excluding salad and potato, respectively  ( 40 ).  However, even in analyses in which we used a referent group of intake below 1.5 servings per day (Fig. 1 ), we still did not observe a protective association with fruit and vegetable intake. Further exploration of associations with intake lower than 1.5 servings per day is not feasible in this study population. The higher intake in our population is likely to reflect their being health professionals and having a higher socioeconomic status than the general U.S. population. It is also possible that the participants in our studies overestimated intake because of the relatively large number of questions for assessing intake of fruits and vegetables (approximately 15 questions for fruits and 30 questions for vegetables) on our questionnaires compared with national surveys, which contain seven such questions  ( 41 , 42 ).  However, even if there was some overestimation of fruit and vegetable intake, such overestimation, which would alter the responses of all participants, is unlikely to bias the relative risk estimates. 
Another possible explanation for the lack of an association of fruit and vegetable intake with cancer incidence in our study is that the induction period for some cancers may be longer than for cardiovascular disease and than the follow-up period in these cohorts. In other words, because the development of cancer is a multistage process that takes place over several decades, we might need a longer follow-up period than for cardiovascular disease to detect whether fruit and vegetable intake are associated with changes in the early stages of cancer development.
 Although cancer risk may be directly related to intake of a specific dietary factor, such as folic acid or lycopene  ( 43 – 46 ),  analyses based on overall fruit and vegetable intake may not be sufficiently specific to detect such associations. Also, the use of vitamin supplements and intake of fortified foods by the participants in our study might attenuate an effect of fruit and vegetable intake on the incidence of cancers if the nutrients in these supplements are associated with reduced cancer risk, because participants would have sufficient intake from sources other than fruits and vegetables. Indeed, in subgroup analyses, we did find a moderate benefit of fruit and vegetable intake among non–supplement users. Failure to find an expected association can also be due to low variation in the factors being studied or to an inability to measure the exposure well. The homogeneity of socioeconomic status among our populations might limit the variation in the amount of fruit and vegetable intake; on the other hand, it would reduce potential bias from unmeasured confounders. In addition, the nondifferential misclassification of information inherent in any dietary data would further attenuate a statistically significant association. However, the clear inverse relation between fruit and vegetable consumption and risk of cardiovascular disease indicates that exposure misclassification cannot account for the lack of an overall association with cancer incidence. 
 Finally, our findings do not preclude benefits of specific foods or food groups for prevention of specific cancers. We observed that intake of cruciferous vegetables was inversely associated with total cancer incidence among current smokers and non–multivitamin supplement users in men, although not in women, and we earlier reported an inverse association between cruciferous vegetable intake and bladder cancer incidence in men  ( 29 ).  The difference between men and women may reflect the fact that the major cancers are different for men and women, but chance is also a possible explanation. 
In our analyses, we adjusted for confounding variables by using updated measurements collected in the followed-up questionnaire to better control for confounding compared with using only the baseline measurements. Some of these factors, such as obesity, hypertension, and hypercholesterolemia, may mediate the causal pathway between fruit and vegetable intake and cancer risk; overcontrolling for these factors could, therefore, mask a true association. However, the association was already attenuated to the null in the model adjusting for age and the amount of smoking. Comparing participants in the highest quintile with those in the lowest quintile, relative risk for total fruits and vegetables and cancer incidence was 0.92 (95% CI = 0.86 to 0.98) adjusted for age only and 0.97 (95% CI = 0.90 to 1.04) adjusted for age and smoking. Hence, overadjustment for potential mediators is unlikely to account for our null findings.
 Our findings for cardiovascular disease still support the recommendations of the American Heart Association  ( 4 )  of consuming at least five servings of fruits and vegetables per day, as in our earlier reports  ( 9 , 10 ).  Participants in our study eating at least five servings of fruits and vegetables daily had a 28% lower risk of cardiovascular disease than participants eating fewer than 1.5 servings per day, probably due to higher intake of multiple nutrients, including folic acid, potassium, and possibly glucosinolates, diallyl sulfides, and flavonoids  ( 47 – 50 ).  Fruits were associated with a greater reduction in risk of cardiovascular disease than vegetables. Among the specific groups of fruits and vegetables examined, green leafy vegetables were most strongly associated with a reduction in risk of cardiovascular disease; an increment of one serving was associated with an 11% lower risk of cardiovascular disease. In subgroup analyses, the association between fruit and vegetable intake and cardiovascular disease was stronger among current smokers and non–vitamin users than among nonsmokers and multivitamin users, respectively. Although a stronger association among smokers might be due to a need for higher intake of antioxidants among persons subjected to greater oxidative stress  ( 51 , 52 ),  we cannot exclude the possibility of residual confounding of amount and type of cigarette use among smokers. 
In conclusion, our results provide further evidence that high intake of fruits and vegetables is associated with a modest reduction in major chronic disease risk and support the recommendation of consuming five or more servings of fruits and vegetables daily. However, the benefit of increasing intake of fruits and vegetables appears to be due primarily to a lower risk of cardiovascular disease, not cancer.

                    
Fig. 1.
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Multivariable-adjusted relative risks and 95% confidence intervals of total fruit and vegetable consumption for major chronic diseases, cancer, and cardiovascular diseases using group with fewer than 1.5 servings per day as reference.


                    
Table 1. Multivariable-adjusted relative risks for major chronic disease, by fruit and vegetable intake, in the Health Professionals' Follow-up Study, the Nurses' Health Study, and in the pooled data *

 
	Food group
            . 	Cohort
            . 	 RR (and 95% CI for pooled population) † by quintile 

            . 	
            . 	
            . 	
            . 	P , test for trend 
            . 	Median servings per day
            . 	Median servings per day for quintiles 1 and 5
            . 
	
            . 	
            . 	2
            . 	3
            . 	4
            . 	5
            . 	
            . 	
            . 	
            . 
	All fruits and vegetables	HPFS	1.05	0.96	0.92	0.97		5.21	2.61, 9.42
		NHS	0.95	0.96	0.97	0.94		5.32	2.65, 9.18
		Pooled	1.00 (0.90 to 1.10)	0.96 (0.91 to 1.01)	0.95 (0.90 to 1.00)	0.95 (0.89 to 1.01)	.07		
	All fruits	HPFS	1.03	1.01	0.98	0.98		2.12	0.72, 4.41
		NHS	0.96	0.95	0.99	0.94		2.32	0.68, 4.47
		Pooled	0.99 (0.92 to 1.06)	0.97 (0.91 to 1.04)	0.99 (0.94 to 1.04)	0.95 (0.90 to 1.01)	.18		
	All vegetables	HPFS	0.99	0.95	0.95	0.95		2.94	1.41, 5.58
		NHS	1.01	1.00	1.00	0.97		2.88	1.46, 5.25
		Pooled	1.00 (0.95 to 1.06)	0.98 (0.93 to 1.04)	0.98 (0.93 to 1.04)	0.96 (0.90 to 1.01)	.13		
	Total citrus fruit	HPFS	0.99	1.03	1.02	1.05		0.86	0.08, 1.94
		NHS	0.92	0.98	0.96	0.94		0.80	0.14, 1.71
		Pooled	0.95 (0.89 to 1.02)	1.00 (0.95 to 1.05)	0.98 (0.93 to 1.04)	 0.98 (0.88 to 1.10) ‡	.91		
	Citrus fruit juice	HPFS	0.97	1.03	1.05	1.05		0.43	0.00, 1.00
		NHS	1.02	1.00	1.04	1.01		0.43	0.00, 1.00
		Pooled	1.00 (0.95 to 1.06)	1.01 (0.96 to 1.06)	1.05 (0.99 to 1.11)	1.02 (0.97 to 1.08)	.38		
	Cruciferous vegetables	HPFS	0.94	0.90	0.89	0.95		0.40	0.14, 1.02
		NHS	0.99	1.03	1.01	1.01		0.36	0.16, 0.94
		Pooled	0.97 (0.92 to 1.02)	 0.97 (0.84 to 1.11) ‡	 0.96 (0.84 to 1.08) ‡	0.98 (0.93 to 1.04)	.58		
	Green leafy vegetables	HPFS	0.99	0.97	0.96	0.96		0.59	0.16, 1.42
		NHS	1.00	0.99	0.96	0.92		0.73	0.22, 1.57
		Pooled	1.00 (0.95 to 1.05)	0.99 (0.94 to 1.04)	0.96 (0.91 to 1.01)	0.94 (0.89 to 0.99)	.01		
	 Vitamin C–containing fruits and vegetables §	HPFS	1.05	0.99	1.04	1.01		1.43	0.46, 2.98
		NHS	0.98	0.97	0.99	0.97		1.57	0.44, 3.16
		Pooled	1.01 (0.95 to 1.08)	0.98 (0.92 to 1.03)	1.01 (0.95 to 1.06)	0.98 (0.93 to 1.04)	.44		
	Legumes	HPFS	1.00	0.98	0.98	1.01		0.22	0.08, 0.57
		NHS	1.05	1.06	1.08	1.03		0.16	0.08, 0.51
		Pooled	1.03 (0.98 to 1.08)	1.02 (0.95 to 1.11)	1.03 (0.94 to 1.13)	1.02 (0.97 to 1.08)	.93		
	Potatoes	HPFS	1.04	1.03	1.07	1.02		0.51	0.14, 1.02
		NHS	1.06	1.06	1.03	1.01		0.43	0.14, 1.00
		Pooled	1.05 (1.00 to 1.10)	1.05 (1.00 to 1.11)	1.04 (0.99 to 1.10)	1.01 (0.95 to 1.07)	.97		


	Food group
            . 	Cohort
            . 	 RR (and 95% CI for pooled population) † by quintile 

            . 	
            . 	
            . 	
            . 	P , test for trend 
            . 	Median servings per day
            . 	Median servings per day for quintiles 1 and 5
            . 
	
            . 	
            . 	2
            . 	3
            . 	4
            . 	5
            . 	
            . 	
            . 	
            . 
	All fruits and vegetables	HPFS	1.05	0.96	0.92	0.97		5.21	2.61, 9.42
		NHS	0.95	0.96	0.97	0.94		5.32	2.65, 9.18
		Pooled	1.00 (0.90 to 1.10)	0.96 (0.91 to 1.01)	0.95 (0.90 to 1.00)	0.95 (0.89 to 1.01)	.07		
	All fruits	HPFS	1.03	1.01	0.98	0.98		2.12	0.72, 4.41
		NHS	0.96	0.95	0.99	0.94		2.32	0.68, 4.47
		Pooled	0.99 (0.92 to 1.06)	0.97 (0.91 to 1.04)	0.99 (0.94 to 1.04)	0.95 (0.90 to 1.01)	.18		
	All vegetables	HPFS	0.99	0.95	0.95	0.95		2.94	1.41, 5.58
		NHS	1.01	1.00	1.00	0.97		2.88	1.46, 5.25
		Pooled	1.00 (0.95 to 1.06)	0.98 (0.93 to 1.04)	0.98 (0.93 to 1.04)	0.96 (0.90 to 1.01)	.13		
	Total citrus fruit	HPFS	0.99	1.03	1.02	1.05		0.86	0.08, 1.94
		NHS	0.92	0.98	0.96	0.94		0.80	0.14, 1.71
		Pooled	0.95 (0.89 to 1.02)	1.00 (0.95 to 1.05)	0.98 (0.93 to 1.04)	 0.98 (0.88 to 1.10) ‡	.91		
	Citrus fruit juice	HPFS	0.97	1.03	1.05	1.05		0.43	0.00, 1.00
		NHS	1.02	1.00	1.04	1.01		0.43	0.00, 1.00
		Pooled	1.00 (0.95 to 1.06)	1.01 (0.96 to 1.06)	1.05 (0.99 to 1.11)	1.02 (0.97 to 1.08)	.38		
	Cruciferous vegetables	HPFS	0.94	0.90	0.89	0.95		0.40	0.14, 1.02
		NHS	0.99	1.03	1.01	1.01		0.36	0.16, 0.94
		Pooled	0.97 (0.92 to 1.02)	 0.97 (0.84 to 1.11) ‡	 0.96 (0.84 to 1.08) ‡	0.98 (0.93 to 1.04)	.58		
	Green leafy vegetables	HPFS	0.99	0.97	0.96	0.96		0.59	0.16, 1.42
		NHS	1.00	0.99	0.96	0.92		0.73	0.22, 1.57
		Pooled	1.00 (0.95 to 1.05)	0.99 (0.94 to 1.04)	0.96 (0.91 to 1.01)	0.94 (0.89 to 0.99)	.01		
	 Vitamin C–containing fruits and vegetables §	HPFS	1.05	0.99	1.04	1.01		1.43	0.46, 2.98
		NHS	0.98	0.97	0.99	0.97		1.57	0.44, 3.16
		Pooled	1.01 (0.95 to 1.08)	0.98 (0.92 to 1.03)	1.01 (0.95 to 1.06)	0.98 (0.93 to 1.04)	.44		
	Legumes	HPFS	1.00	0.98	0.98	1.01		0.22	0.08, 0.57
		NHS	1.05	1.06	1.08	1.03		0.16	0.08, 0.51
		Pooled	1.03 (0.98 to 1.08)	1.02 (0.95 to 1.11)	1.03 (0.94 to 1.13)	1.02 (0.97 to 1.08)	.93		
	Potatoes	HPFS	1.04	1.03	1.07	1.02		0.51	0.14, 1.02
		NHS	1.06	1.06	1.03	1.01		0.43	0.14, 1.00
		Pooled	1.05 (1.00 to 1.10)	1.05 (1.00 to 1.11)	1.04 (0.99 to 1.10)	1.01 (0.95 to 1.07)	.97		


*Data are based on 9329 major chronic disease events among 71910 women followed up for 14 years (Nurses' Health Study; NHS) and 4957 major chronic disease events among 38291 men followed up for 12 years (Health Professionals' Follow-up Study; HPFS). Quintiles were even-sized groups created according to the distributions. Relative risks were adjusted for total calorie intake, age, smoking status, alcohol use, body mass index, multivitamin and vitamin E supplement use, physical activity, family history of myocardial infarction, family history of colon cancer, personal history of hypertension, personal history of hypercholesterolemia, personal history of diabetes, and (for women only) family history of breast cancer, menopausal status, and use of hormone replacement therapy.

†RR = relative risk; CI = confidence interval.

‡P value for test for homogeneity by sex <.05. 

§Items with >30 mg of vitamin C per serving.
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*Data are based on 9329 major chronic disease events among 71910 women followed up for 14 years (Nurses' Health Study; NHS) and 4957 major chronic disease events among 38291 men followed up for 12 years (Health Professionals' Follow-up Study; HPFS). Quintiles were even-sized groups created according to the distributions. Relative risks were adjusted for total calorie intake, age, smoking status, alcohol use, body mass index, multivitamin and vitamin E supplement use, physical activity, family history of myocardial infarction, family history of colon cancer, personal history of hypertension, personal history of hypercholesterolemia, personal history of diabetes, and (for women only) family history of breast cancer, menopausal status, and use of hormone replacement therapy.

†RR = relative risk; CI = confidence interval.

‡P value for test for homogeneity by sex <.05. 

§Items with >30 mg of vitamin C per serving.
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Table 2. Multivariable-adjusted relative risks for incidence of major chronic disease, cancer, and cardiovascular disease, by servings of fruit and vegetable categories from a linear model based on data from the Health Professionals' Follow-up Study, the Nurses' Health Study, and on pooled data *

 
	Food group
            . 	 Major chronic disease (14 286 cases) 

            . 	
            . 	
            . 	 Cancer † (9261 cases) 

            . 	
            . 	
            . 	 Cardiovascular disease † (3864 cases) 

            . 	
            . 	
            . 
	
            . 	HPFS
            . 	NHS
            . 	 Pooled ‡
            . 	HPFS
            . 	NHS
            . 	 Pooled ‡
            . 	HPFS
            . 	NHS
            . 	 Pooled ‡
            . 
	All fruits and vegetables	0.96	0.96	0.96 (0.92 to 1.00)	0.99	1.00	1.00 (0.95 to 1.05)	0.87	0.88	0.88 (0.81 to 0.95)
	All fruit	0.97	0.97	0.97 (0.93 to 1.01)	0.98	1.02	1.01 (0.95 to 1.06)	0.85	0.88	0.87 (0.80 to 0.94)
	All vegetable	0.97	0.97	0.97 (0.93 to 1.01)	0.99	0.99	0.99 (0.95 to 1.04)	0.92	0.93	0.93 (0.86 to 1.00)
	Total citrus fruit	1.02	0.98	1.00 (0.96 to 1.04)	1.05	1.01	1.03 (0.99 to 1.07)	0.97	0.92	0.95 (0.90 to 1.00)
	Citrus fruit juice	1.04	1.01	1.02 (0.98 to 1.06)	1.07	1.04	1.05 (1.00 to 1.10)	1.00	0.94	0.97 (0.91 to 1.04)
	Cruciferous vegetables	0.96	1.00	0.98 (0.93 to 1.04)	0.95	1.01	0.99 (0.92 to 1.06)	0.93	0.88	0.91 (0.81 to 1.01)
	Green leafy vegetables	0.97	0.94	0.95 (0.92 to 0.99)	1.02	0.97	0.98 (0.93 to 1.04)	0.89	0.90	0.89 (0.83 to 0.96)
	 Vitamin C–containing fruits and vegetables §	1.00	0.99	0.99 (0.97 to 1.01)	1.03	1.01	1.02 (0.99 to 1.04)	0.95	0.94	0.94 (0.91 to 0.98)
	Legumes	0.99	1.02	1.00 (0.90 to 1.12)	0.99	1.03	1.00 (0.88 to 1.16)	0.84	1.32	 1.04 ‖ (0.67 to 1.62) 
	Potatoes	1.03	0.98	1.00 (0.93 to 1.06)	1.04	0.97	0.99 (0.91 to 1.07)	1.14	1.05	1.10 (0.97 to 1.24)


	Food group
            . 	 Major chronic disease (14 286 cases) 

            . 	
            . 	
            . 	 Cancer † (9261 cases) 

            . 	
            . 	
            . 	 Cardiovascular disease † (3864 cases) 

            . 	
            . 	
            . 
	
            . 	HPFS
            . 	NHS
            . 	 Pooled ‡
            . 	HPFS
            . 	NHS
            . 	 Pooled ‡
            . 	HPFS
            . 	NHS
            . 	 Pooled ‡
            . 
	All fruits and vegetables	0.96	0.96	0.96 (0.92 to 1.00)	0.99	1.00	1.00 (0.95 to 1.05)	0.87	0.88	0.88 (0.81 to 0.95)
	All fruit	0.97	0.97	0.97 (0.93 to 1.01)	0.98	1.02	1.01 (0.95 to 1.06)	0.85	0.88	0.87 (0.80 to 0.94)
	All vegetable	0.97	0.97	0.97 (0.93 to 1.01)	0.99	0.99	0.99 (0.95 to 1.04)	0.92	0.93	0.93 (0.86 to 1.00)
	Total citrus fruit	1.02	0.98	1.00 (0.96 to 1.04)	1.05	1.01	1.03 (0.99 to 1.07)	0.97	0.92	0.95 (0.90 to 1.00)
	Citrus fruit juice	1.04	1.01	1.02 (0.98 to 1.06)	1.07	1.04	1.05 (1.00 to 1.10)	1.00	0.94	0.97 (0.91 to 1.04)
	Cruciferous vegetables	0.96	1.00	0.98 (0.93 to 1.04)	0.95	1.01	0.99 (0.92 to 1.06)	0.93	0.88	0.91 (0.81 to 1.01)
	Green leafy vegetables	0.97	0.94	0.95 (0.92 to 0.99)	1.02	0.97	0.98 (0.93 to 1.04)	0.89	0.90	0.89 (0.83 to 0.96)
	 Vitamin C–containing fruits and vegetables §	1.00	0.99	0.99 (0.97 to 1.01)	1.03	1.01	1.02 (0.99 to 1.04)	0.95	0.94	0.94 (0.91 to 0.98)
	Legumes	0.99	1.02	1.00 (0.90 to 1.12)	0.99	1.03	1.00 (0.88 to 1.16)	0.84	1.32	 1.04 ‖ (0.67 to 1.62) 
	Potatoes	1.03	0.98	1.00 (0.93 to 1.06)	1.04	0.97	0.99 (0.91 to 1.07)	1.14	1.05	1.10 (0.97 to 1.24)


*Relative risks were adjusted for total calorie intake, age, smoking status, alcohol use, body mass index, multivitamin and vitamin E supplement use, physical activity, family history of myocardial infarction, family history of colon cancer, personal history of hypertension, personal history of hypercholesterolemia, personal history of diabetes, and (for women only) family history of breast cancer, menopausal status, and use of hormone replacement therapy. Relative risks are based on a continuous measure for increments of five servings/day for all fruits and vegetables, three servings/day for all fruits and all vegetables, and one serving/day for other food groups, using median values of deciles of intake to represent the exposure of all participants in the same deciles.

†In separate analyses for cancer and cardiovascular disease, participants with both diseases were included in both analyses.

‡Relative risks and 95% confidence intervals for pooled data.

§Items with ≥30 mg of vitamin C per serving.

‖P value for test for homogeneity by sex <.05. 
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Table 2. Multivariable-adjusted relative risks for incidence of major chronic disease, cancer, and cardiovascular disease, by servings of fruit and vegetable categories from a linear model based on data from the Health Professionals' Follow-up Study, the Nurses' Health Study, and on pooled data *

 
	Food group
            . 	 Major chronic disease (14 286 cases) 

            . 	
            . 	
            . 	 Cancer † (9261 cases) 

            . 	
            . 	
            . 	 Cardiovascular disease † (3864 cases) 

            . 	
            . 	
            . 
	
            . 	HPFS
            . 	NHS
            . 	 Pooled ‡
            . 	HPFS
            . 	NHS
            . 	 Pooled ‡
            . 	HPFS
            . 	NHS
            . 	 Pooled ‡
            . 
	All fruits and vegetables	0.96	0.96	0.96 (0.92 to 1.00)	0.99	1.00	1.00 (0.95 to 1.05)	0.87	0.88	0.88 (0.81 to 0.95)
	All fruit	0.97	0.97	0.97 (0.93 to 1.01)	0.98	1.02	1.01 (0.95 to 1.06)	0.85	0.88	0.87 (0.80 to 0.94)
	All vegetable	0.97	0.97	0.97 (0.93 to 1.01)	0.99	0.99	0.99 (0.95 to 1.04)	0.92	0.93	0.93 (0.86 to 1.00)
	Total citrus fruit	1.02	0.98	1.00 (0.96 to 1.04)	1.05	1.01	1.03 (0.99 to 1.07)	0.97	0.92	0.95 (0.90 to 1.00)
	Citrus fruit juice	1.04	1.01	1.02 (0.98 to 1.06)	1.07	1.04	1.05 (1.00 to 1.10)	1.00	0.94	0.97 (0.91 to 1.04)
	Cruciferous vegetables	0.96	1.00	0.98 (0.93 to 1.04)	0.95	1.01	0.99 (0.92 to 1.06)	0.93	0.88	0.91 (0.81 to 1.01)
	Green leafy vegetables	0.97	0.94	0.95 (0.92 to 0.99)	1.02	0.97	0.98 (0.93 to 1.04)	0.89	0.90	0.89 (0.83 to 0.96)
	 Vitamin C–containing fruits and vegetables §	1.00	0.99	0.99 (0.97 to 1.01)	1.03	1.01	1.02 (0.99 to 1.04)	0.95	0.94	0.94 (0.91 to 0.98)
	Legumes	0.99	1.02	1.00 (0.90 to 1.12)	0.99	1.03	1.00 (0.88 to 1.16)	0.84	1.32	 1.04 ‖ (0.67 to 1.62) 
	Potatoes	1.03	0.98	1.00 (0.93 to 1.06)	1.04	0.97	0.99 (0.91 to 1.07)	1.14	1.05	1.10 (0.97 to 1.24)


	Food group
            . 	 Major chronic disease (14 286 cases) 

            . 	
            . 	
            . 	 Cancer † (9261 cases) 

            . 	
            . 	
            . 	 Cardiovascular disease † (3864 cases) 

            . 	
            . 	
            . 
	
            . 	HPFS
            . 	NHS
            . 	 Pooled ‡
            . 	HPFS
            . 	NHS
            . 	 Pooled ‡
            . 	HPFS
            . 	NHS
            . 	 Pooled ‡
            . 
	All fruits and vegetables	0.96	0.96	0.96 (0.92 to 1.00)	0.99	1.00	1.00 (0.95 to 1.05)	0.87	0.88	0.88 (0.81 to 0.95)
	All fruit	0.97	0.97	0.97 (0.93 to 1.01)	0.98	1.02	1.01 (0.95 to 1.06)	0.85	0.88	0.87 (0.80 to 0.94)
	All vegetable	0.97	0.97	0.97 (0.93 to 1.01)	0.99	0.99	0.99 (0.95 to 1.04)	0.92	0.93	0.93 (0.86 to 1.00)
	Total citrus fruit	1.02	0.98	1.00 (0.96 to 1.04)	1.05	1.01	1.03 (0.99 to 1.07)	0.97	0.92	0.95 (0.90 to 1.00)
	Citrus fruit juice	1.04	1.01	1.02 (0.98 to 1.06)	1.07	1.04	1.05 (1.00 to 1.10)	1.00	0.94	0.97 (0.91 to 1.04)
	Cruciferous vegetables	0.96	1.00	0.98 (0.93 to 1.04)	0.95	1.01	0.99 (0.92 to 1.06)	0.93	0.88	0.91 (0.81 to 1.01)
	Green leafy vegetables	0.97	0.94	0.95 (0.92 to 0.99)	1.02	0.97	0.98 (0.93 to 1.04)	0.89	0.90	0.89 (0.83 to 0.96)
	 Vitamin C–containing fruits and vegetables §	1.00	0.99	0.99 (0.97 to 1.01)	1.03	1.01	1.02 (0.99 to 1.04)	0.95	0.94	0.94 (0.91 to 0.98)
	Legumes	0.99	1.02	1.00 (0.90 to 1.12)	0.99	1.03	1.00 (0.88 to 1.16)	0.84	1.32	 1.04 ‖ (0.67 to 1.62) 
	Potatoes	1.03	0.98	1.00 (0.93 to 1.06)	1.04	0.97	0.99 (0.91 to 1.07)	1.14	1.05	1.10 (0.97 to 1.24)


*Relative risks were adjusted for total calorie intake, age, smoking status, alcohol use, body mass index, multivitamin and vitamin E supplement use, physical activity, family history of myocardial infarction, family history of colon cancer, personal history of hypertension, personal history of hypercholesterolemia, personal history of diabetes, and (for women only) family history of breast cancer, menopausal status, and use of hormone replacement therapy. Relative risks are based on a continuous measure for increments of five servings/day for all fruits and vegetables, three servings/day for all fruits and all vegetables, and one serving/day for other food groups, using median values of deciles of intake to represent the exposure of all participants in the same deciles.

†In separate analyses for cancer and cardiovascular disease, participants with both diseases were included in both analyses.

‡Relative risks and 95% confidence intervals for pooled data.

§Items with ≥30 mg of vitamin C per serving.

‖P value for test for homogeneity by sex <.05. 
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Table 3. Multivariable-adjusted relative risks with 95% confidence intervals for cancer and cardiovascular disease from linear models, by multivitamin use and smoking status *

 
	Disease by food group
            . 	 No. of cases by smoking status †

            . 	
            . 	
            . 	 No. of cases by multivitamin supplement use †

            . 	
            . 
	
            . 	Never
            . 	Past
            . 	Current
            . 	 Non–vitamin use ‡
            . 	Multivitamin use
            . 
	Cancer	3577 cases	3945 cases	1694 cases	3128 cases	3948 cases
	    All fruit and vegetable	1.00 (0.92 to 1.08)	1.00 (0.93 to 1.09)	1.01 (0.89 to 1.14)	0.92 (0.84 to 1.00)	1.04 (0.96 to 1.12)
	    All fruit	1.03 (0.94 to 1.12)	0.97 (0.89 to 1.06)	1.07 (0.94 to 1.22)	0.94 (0.85 to 1.04)	1.06 (0.97 to 1.16)
	    All vegetable	1.02 (0.94 to 1.10)	1.01 (0.94 to 1.08)	0.94 (0.84 to 1.05)	0.93 (0.85 to 1.02)	1.01 (0.94 to 1.09)
	    Total citrus fruit	1.03 (0.96 to 1.10)	1.02 (0.96 to 1.08)	1.05 (0.96 to 1.14)	0.99 (0.93 to 1.06)	1.06 (1.00 to 1.12)
	    Citrus fruit juice	1.02 (0.95 to 1.10)	1.06 (0.98 to 1.14)	1.07 (0.95 to 1.19)	1.03 (0.95 to 1.12)	1.11 (1.03 to 1.19)
	    Cruciferous vegetables	1.09 (0.97 to 1.22)	0.98 (0.88 to 1.09)	 0.73 (0.44 to 1.22) §‖	 0.87 (0.64 to 1.20) §	1.03 (0.92 to 1.15)
	    Green leafy vegetables	1.01 (0.93 to 1.08)	0.97 (0.89 to 1.05)	0.98 (0.88 to 1.10)	0.95 (0.88 to 1.03)	0.99 (0.92 to 1.06)
	    Vitamin C–containing fruits and vegetables	1.02 (0.98 to 1.06)	1.01 (0.97 to 1.05)	1.03 (0.98 to 1.10)	0.99 (0.94 to 1.03)	1.04 (1.00 to 1.08)
	    Legumes	0.97 (0.76 to 1.23)	1.06 (0.86 to 1.30)	0.96 (0.68 to 1.34)	0.91 (0.72 to 1.15)	 1.04 (0.70 to 1.55) §
	    Potatoes	1.03 (0.86 to 1.22)	0.98 (0.87 to 1.12)	0.92 (0.77 to 1.11)	1.03 (0.90 to 1.18)	0.95 (0.84 to 1.08)
	Cardiovascular disease	1314 cases	1513 cases	988 cases	1625 cases	1444 cases
	    All fruit and vegetable	0.89 (0.76 to 1.03)	0.91 (0.80 to 1.03)	0.80 (0.67 to 0.94)	0.84 (0.74 to 0.95)	0.94 (0.78 to 1.13)
	    All fruit	0.94 (0.81 to 1.08)	0.86 (0.75 to 0.99)	 0.78 (0.65 to 0.93) ‖	0.88 (0.77 to 1.01)	0.89 (0.78 to 1.02)
	    All vegetable	0.90 (0.77 to 1.06)	0.97 (0.85 to 1.11)	0.87 (0.75 to 1.01)	0.86 (0.76 to 0.96)	1.00 (0.82 to 1.22)
	    Total citrus fruit	0.97 (0.89 to 1.07)	0.96 (0.88 to 1.05)	0.90 (0.80 to 1.01)	0.95 (0.87 to 1.04)	0.98 (0.90 to 1.08)
	    Citrus fruit juice	1.00 (0.88 to 1.13)	0.97 (0.83 to 1.12)	0.93 (0.80 to 1.08)	0.98 (0.87 to 1.09)	1.02 (0.91 to 1.15)
	    Cruciferous vegetables	0.89 (0.71 to 1.12)	0.96 (0.81 to 1.14)	0.87 (0.61 to 1.25)	0.84 (0.71 to 1.00)	 1.07 (0.75 to 1.53) §
	    Green leafy vegetables	0.93 (0.82 to 1.05)	0.90 (0.80 to 1.01)	0.80 (0.60 to 1.06)	0.88 (0.78 to 0.98)	0.89 (0.79 to 1.00)
	    Vitamin C–containing fruits and vegetables	0.97 (0.91 to 1.04)	0.94 (0.89 to 1.01)	0.90 (0.83 to 0.98)	0.95 (0.89 to 1.01)	0.98 (0.90 to 1.05)
	    Legumes	1.00 (0.53 to 1.91)	 1.29 (0.65 to 2.57) §	0.90 (0.59 to 1.39)	 1.03 (0.40 to 2.64) §	1.02 (0.75 to 1.39)
	    Potatoes	1.02 (0.78 to 1.33)	1.09 (0.90 to 1.33)	1.12 (0.88 to 1.42)	0.97 (0.80 to 1.16)	1.18 (0.97 to 1.45)


	Disease by food group
            . 	 No. of cases by smoking status †

            . 	
            . 	
            . 	 No. of cases by multivitamin supplement use †

            . 	
            . 
	
            . 	Never
            . 	Past
            . 	Current
            . 	 Non–vitamin use ‡
            . 	Multivitamin use
            . 
	Cancer	3577 cases	3945 cases	1694 cases	3128 cases	3948 cases
	    All fruit and vegetable	1.00 (0.92 to 1.08)	1.00 (0.93 to 1.09)	1.01 (0.89 to 1.14)	0.92 (0.84 to 1.00)	1.04 (0.96 to 1.12)
	    All fruit	1.03 (0.94 to 1.12)	0.97 (0.89 to 1.06)	1.07 (0.94 to 1.22)	0.94 (0.85 to 1.04)	1.06 (0.97 to 1.16)
	    All vegetable	1.02 (0.94 to 1.10)	1.01 (0.94 to 1.08)	0.94 (0.84 to 1.05)	0.93 (0.85 to 1.02)	1.01 (0.94 to 1.09)
	    Total citrus fruit	1.03 (0.96 to 1.10)	1.02 (0.96 to 1.08)	1.05 (0.96 to 1.14)	0.99 (0.93 to 1.06)	1.06 (1.00 to 1.12)
	    Citrus fruit juice	1.02 (0.95 to 1.10)	1.06 (0.98 to 1.14)	1.07 (0.95 to 1.19)	1.03 (0.95 to 1.12)	1.11 (1.03 to 1.19)
	    Cruciferous vegetables	1.09 (0.97 to 1.22)	0.98 (0.88 to 1.09)	 0.73 (0.44 to 1.22) §‖	 0.87 (0.64 to 1.20) §	1.03 (0.92 to 1.15)
	    Green leafy vegetables	1.01 (0.93 to 1.08)	0.97 (0.89 to 1.05)	0.98 (0.88 to 1.10)	0.95 (0.88 to 1.03)	0.99 (0.92 to 1.06)
	    Vitamin C–containing fruits and vegetables	1.02 (0.98 to 1.06)	1.01 (0.97 to 1.05)	1.03 (0.98 to 1.10)	0.99 (0.94 to 1.03)	1.04 (1.00 to 1.08)
	    Legumes	0.97 (0.76 to 1.23)	1.06 (0.86 to 1.30)	0.96 (0.68 to 1.34)	0.91 (0.72 to 1.15)	 1.04 (0.70 to 1.55) §
	    Potatoes	1.03 (0.86 to 1.22)	0.98 (0.87 to 1.12)	0.92 (0.77 to 1.11)	1.03 (0.90 to 1.18)	0.95 (0.84 to 1.08)
	Cardiovascular disease	1314 cases	1513 cases	988 cases	1625 cases	1444 cases
	    All fruit and vegetable	0.89 (0.76 to 1.03)	0.91 (0.80 to 1.03)	0.80 (0.67 to 0.94)	0.84 (0.74 to 0.95)	0.94 (0.78 to 1.13)
	    All fruit	0.94 (0.81 to 1.08)	0.86 (0.75 to 0.99)	 0.78 (0.65 to 0.93) ‖	0.88 (0.77 to 1.01)	0.89 (0.78 to 1.02)
	    All vegetable	0.90 (0.77 to 1.06)	0.97 (0.85 to 1.11)	0.87 (0.75 to 1.01)	0.86 (0.76 to 0.96)	1.00 (0.82 to 1.22)
	    Total citrus fruit	0.97 (0.89 to 1.07)	0.96 (0.88 to 1.05)	0.90 (0.80 to 1.01)	0.95 (0.87 to 1.04)	0.98 (0.90 to 1.08)
	    Citrus fruit juice	1.00 (0.88 to 1.13)	0.97 (0.83 to 1.12)	0.93 (0.80 to 1.08)	0.98 (0.87 to 1.09)	1.02 (0.91 to 1.15)
	    Cruciferous vegetables	0.89 (0.71 to 1.12)	0.96 (0.81 to 1.14)	0.87 (0.61 to 1.25)	0.84 (0.71 to 1.00)	 1.07 (0.75 to 1.53) §
	    Green leafy vegetables	0.93 (0.82 to 1.05)	0.90 (0.80 to 1.01)	0.80 (0.60 to 1.06)	0.88 (0.78 to 0.98)	0.89 (0.79 to 1.00)
	    Vitamin C–containing fruits and vegetables	0.97 (0.91 to 1.04)	0.94 (0.89 to 1.01)	0.90 (0.83 to 0.98)	0.95 (0.89 to 1.01)	0.98 (0.90 to 1.05)
	    Legumes	1.00 (0.53 to 1.91)	 1.29 (0.65 to 2.57) §	0.90 (0.59 to 1.39)	 1.03 (0.40 to 2.64) §	1.02 (0.75 to 1.39)
	    Potatoes	1.02 (0.78 to 1.33)	1.09 (0.90 to 1.33)	1.12 (0.88 to 1.42)	0.97 (0.80 to 1.16)	1.18 (0.97 to 1.45)


*Relative risks were adjusted for total calorie intake, age, smoking status (not for never and past smokers in the analyses stratified by smoking status), alcohol use, body mass index, multivitamin and vitamin E supplement use (not in the analyses stratified by multivitamin use), physical activity, family history of myocardial infarction, family history of colon cancer, personal history of hypertension, personal history of hypercholesterolemia, personal history of diabetes, and (for women only) family history of breast cancer, menopausal status, and use of hormone replacement therapy. Relative risks are based on a continuous measure for increments of five servings/day for all fruits and vegetables, three servings/day for all fruits and all vegetables, and one serving/day for other food groups, using median values of deciles of intake as to represent the exposure of all participants in the same deciles.

†Excludes those with missing data on smoking.

‡Includes only participants not taking any vitamin or mineral supplements.

§P value for test for homogeneity by sex <.05. 

‖P value for test for interaction (pooled across cohorts) with smoking or vitamin use <.05. 
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Table 3. Multivariable-adjusted relative risks with 95% confidence intervals for cancer and cardiovascular disease from linear models, by multivitamin use and smoking status *

 
	Disease by food group
            . 	 No. of cases by smoking status †

            . 	
            . 	
            . 	 No. of cases by multivitamin supplement use †

            . 	
            . 
	
            . 	Never
            . 	Past
            . 	Current
            . 	 Non–vitamin use ‡
            . 	Multivitamin use
            . 
	Cancer	3577 cases	3945 cases	1694 cases	3128 cases	3948 cases
	    All fruit and vegetable	1.00 (0.92 to 1.08)	1.00 (0.93 to 1.09)	1.01 (0.89 to 1.14)	0.92 (0.84 to 1.00)	1.04 (0.96 to 1.12)
	    All fruit	1.03 (0.94 to 1.12)	0.97 (0.89 to 1.06)	1.07 (0.94 to 1.22)	0.94 (0.85 to 1.04)	1.06 (0.97 to 1.16)
	    All vegetable	1.02 (0.94 to 1.10)	1.01 (0.94 to 1.08)	0.94 (0.84 to 1.05)	0.93 (0.85 to 1.02)	1.01 (0.94 to 1.09)
	    Total citrus fruit	1.03 (0.96 to 1.10)	1.02 (0.96 to 1.08)	1.05 (0.96 to 1.14)	0.99 (0.93 to 1.06)	1.06 (1.00 to 1.12)
	    Citrus fruit juice	1.02 (0.95 to 1.10)	1.06 (0.98 to 1.14)	1.07 (0.95 to 1.19)	1.03 (0.95 to 1.12)	1.11 (1.03 to 1.19)
	    Cruciferous vegetables	1.09 (0.97 to 1.22)	0.98 (0.88 to 1.09)	 0.73 (0.44 to 1.22) §‖	 0.87 (0.64 to 1.20) §	1.03 (0.92 to 1.15)
	    Green leafy vegetables	1.01 (0.93 to 1.08)	0.97 (0.89 to 1.05)	0.98 (0.88 to 1.10)	0.95 (0.88 to 1.03)	0.99 (0.92 to 1.06)
	    Vitamin C–containing fruits and vegetables	1.02 (0.98 to 1.06)	1.01 (0.97 to 1.05)	1.03 (0.98 to 1.10)	0.99 (0.94 to 1.03)	1.04 (1.00 to 1.08)
	    Legumes	0.97 (0.76 to 1.23)	1.06 (0.86 to 1.30)	0.96 (0.68 to 1.34)	0.91 (0.72 to 1.15)	 1.04 (0.70 to 1.55) §
	    Potatoes	1.03 (0.86 to 1.22)	0.98 (0.87 to 1.12)	0.92 (0.77 to 1.11)	1.03 (0.90 to 1.18)	0.95 (0.84 to 1.08)
	Cardiovascular disease	1314 cases	1513 cases	988 cases	1625 cases	1444 cases
	    All fruit and vegetable	0.89 (0.76 to 1.03)	0.91 (0.80 to 1.03)	0.80 (0.67 to 0.94)	0.84 (0.74 to 0.95)	0.94 (0.78 to 1.13)
	    All fruit	0.94 (0.81 to 1.08)	0.86 (0.75 to 0.99)	 0.78 (0.65 to 0.93) ‖	0.88 (0.77 to 1.01)	0.89 (0.78 to 1.02)
	    All vegetable	0.90 (0.77 to 1.06)	0.97 (0.85 to 1.11)	0.87 (0.75 to 1.01)	0.86 (0.76 to 0.96)	1.00 (0.82 to 1.22)
	    Total citrus fruit	0.97 (0.89 to 1.07)	0.96 (0.88 to 1.05)	0.90 (0.80 to 1.01)	0.95 (0.87 to 1.04)	0.98 (0.90 to 1.08)
	    Citrus fruit juice	1.00 (0.88 to 1.13)	0.97 (0.83 to 1.12)	0.93 (0.80 to 1.08)	0.98 (0.87 to 1.09)	1.02 (0.91 to 1.15)
	    Cruciferous vegetables	0.89 (0.71 to 1.12)	0.96 (0.81 to 1.14)	0.87 (0.61 to 1.25)	0.84 (0.71 to 1.00)	 1.07 (0.75 to 1.53) §
	    Green leafy vegetables	0.93 (0.82 to 1.05)	0.90 (0.80 to 1.01)	0.80 (0.60 to 1.06)	0.88 (0.78 to 0.98)	0.89 (0.79 to 1.00)
	    Vitamin C–containing fruits and vegetables	0.97 (0.91 to 1.04)	0.94 (0.89 to 1.01)	0.90 (0.83 to 0.98)	0.95 (0.89 to 1.01)	0.98 (0.90 to 1.05)
	    Legumes	1.00 (0.53 to 1.91)	 1.29 (0.65 to 2.57) §	0.90 (0.59 to 1.39)	 1.03 (0.40 to 2.64) §	1.02 (0.75 to 1.39)
	    Potatoes	1.02 (0.78 to 1.33)	1.09 (0.90 to 1.33)	1.12 (0.88 to 1.42)	0.97 (0.80 to 1.16)	1.18 (0.97 to 1.45)


	Disease by food group
            . 	 No. of cases by smoking status †

            . 	
            . 	
            . 	 No. of cases by multivitamin supplement use †

            . 	
            . 
	
            . 	Never
            . 	Past
            . 	Current
            . 	 Non–vitamin use ‡
            . 	Multivitamin use
            . 
	Cancer	3577 cases	3945 cases	1694 cases	3128 cases	3948 cases
	    All fruit and vegetable	1.00 (0.92 to 1.08)	1.00 (0.93 to 1.09)	1.01 (0.89 to 1.14)	0.92 (0.84 to 1.00)	1.04 (0.96 to 1.12)
	    All fruit	1.03 (0.94 to 1.12)	0.97 (0.89 to 1.06)	1.07 (0.94 to 1.22)	0.94 (0.85 to 1.04)	1.06 (0.97 to 1.16)
	    All vegetable	1.02 (0.94 to 1.10)	1.01 (0.94 to 1.08)	0.94 (0.84 to 1.05)	0.93 (0.85 to 1.02)	1.01 (0.94 to 1.09)
	    Total citrus fruit	1.03 (0.96 to 1.10)	1.02 (0.96 to 1.08)	1.05 (0.96 to 1.14)	0.99 (0.93 to 1.06)	1.06 (1.00 to 1.12)
	    Citrus fruit juice	1.02 (0.95 to 1.10)	1.06 (0.98 to 1.14)	1.07 (0.95 to 1.19)	1.03 (0.95 to 1.12)	1.11 (1.03 to 1.19)
	    Cruciferous vegetables	1.09 (0.97 to 1.22)	0.98 (0.88 to 1.09)	 0.73 (0.44 to 1.22) §‖	 0.87 (0.64 to 1.20) §	1.03 (0.92 to 1.15)
	    Green leafy vegetables	1.01 (0.93 to 1.08)	0.97 (0.89 to 1.05)	0.98 (0.88 to 1.10)	0.95 (0.88 to 1.03)	0.99 (0.92 to 1.06)
	    Vitamin C–containing fruits and vegetables	1.02 (0.98 to 1.06)	1.01 (0.97 to 1.05)	1.03 (0.98 to 1.10)	0.99 (0.94 to 1.03)	1.04 (1.00 to 1.08)
	    Legumes	0.97 (0.76 to 1.23)	1.06 (0.86 to 1.30)	0.96 (0.68 to 1.34)	0.91 (0.72 to 1.15)	 1.04 (0.70 to 1.55) §
	    Potatoes	1.03 (0.86 to 1.22)	0.98 (0.87 to 1.12)	0.92 (0.77 to 1.11)	1.03 (0.90 to 1.18)	0.95 (0.84 to 1.08)
	Cardiovascular disease	1314 cases	1513 cases	988 cases	1625 cases	1444 cases
	    All fruit and vegetable	0.89 (0.76 to 1.03)	0.91 (0.80 to 1.03)	0.80 (0.67 to 0.94)	0.84 (0.74 to 0.95)	0.94 (0.78 to 1.13)
	    All fruit	0.94 (0.81 to 1.08)	0.86 (0.75 to 0.99)	 0.78 (0.65 to 0.93) ‖	0.88 (0.77 to 1.01)	0.89 (0.78 to 1.02)
	    All vegetable	0.90 (0.77 to 1.06)	0.97 (0.85 to 1.11)	0.87 (0.75 to 1.01)	0.86 (0.76 to 0.96)	1.00 (0.82 to 1.22)
	    Total citrus fruit	0.97 (0.89 to 1.07)	0.96 (0.88 to 1.05)	0.90 (0.80 to 1.01)	0.95 (0.87 to 1.04)	0.98 (0.90 to 1.08)
	    Citrus fruit juice	1.00 (0.88 to 1.13)	0.97 (0.83 to 1.12)	0.93 (0.80 to 1.08)	0.98 (0.87 to 1.09)	1.02 (0.91 to 1.15)
	    Cruciferous vegetables	0.89 (0.71 to 1.12)	0.96 (0.81 to 1.14)	0.87 (0.61 to 1.25)	0.84 (0.71 to 1.00)	 1.07 (0.75 to 1.53) §
	    Green leafy vegetables	0.93 (0.82 to 1.05)	0.90 (0.80 to 1.01)	0.80 (0.60 to 1.06)	0.88 (0.78 to 0.98)	0.89 (0.79 to 1.00)
	    Vitamin C–containing fruits and vegetables	0.97 (0.91 to 1.04)	0.94 (0.89 to 1.01)	0.90 (0.83 to 0.98)	0.95 (0.89 to 1.01)	0.98 (0.90 to 1.05)
	    Legumes	1.00 (0.53 to 1.91)	 1.29 (0.65 to 2.57) §	0.90 (0.59 to 1.39)	 1.03 (0.40 to 2.64) §	1.02 (0.75 to 1.39)
	    Potatoes	1.02 (0.78 to 1.33)	1.09 (0.90 to 1.33)	1.12 (0.88 to 1.42)	0.97 (0.80 to 1.16)	1.18 (0.97 to 1.45)


*Relative risks were adjusted for total calorie intake, age, smoking status (not for never and past smokers in the analyses stratified by smoking status), alcohol use, body mass index, multivitamin and vitamin E supplement use (not in the analyses stratified by multivitamin use), physical activity, family history of myocardial infarction, family history of colon cancer, personal history of hypertension, personal history of hypercholesterolemia, personal history of diabetes, and (for women only) family history of breast cancer, menopausal status, and use of hormone replacement therapy. Relative risks are based on a continuous measure for increments of five servings/day for all fruits and vegetables, three servings/day for all fruits and all vegetables, and one serving/day for other food groups, using median values of deciles of intake as to represent the exposure of all participants in the same deciles.

†Excludes those with missing data on smoking.

‡Includes only participants not taking any vitamin or mineral supplements.

§P value for test for homogeneity by sex <.05. 

‖P value for test for interaction (pooled across cohorts) with smoking or vitamin use <.05. 



                        Open in new tab
                    


Supported by grants HL34595, HL35464 and CA87969, and CA55075, from the National Heart, Lung, and Blood Institute (NHLBI), National Institutes of Health, and by a grant from the Florida Department of Citrus.


                    R eferences


1
            Anderson RN. Deaths: leading causes for 1999. In: 
            
National vital statistics reports.

             Vol 49. Atlanta (GA): Centers for Disease Control and Prevention; 
            2001

            .
          




2
            Heimendinger J, Van Duyn MA, Chapelsky D, Foerster S, Stables G. The national 5 A Day for Better Health Program: a large-scale nutrition intervention. 
            
J Public Health Manag Pract

             
            1996

            ;
            2

            :
            27

            –35.
          




3
            Heimendinger J, Chapelsky D. The National 5 A Day for Better Health Program. 
            
Adv Exp Med Biol

             
            1996

            ;
            401

            :
            199

            –206.
          




4
            Krauss RM, Eckel RH, Howard B, Appel LJ, Daniels SR, Deckelbaum RJ, et al. AHA dietary guidelines, revision 2000: a statement for healthcare professionals from the Nutrition Committee of the American Heart Association. 
            
Circulation

             
            2000

            ;
            102

            :
            2284

            –99.
          




5
            Gaziano JM, Manson JE, Branch LG, Colditz GA, Willett WC, Buring JE. A prospective study of consumption of carotenoids in fruits and vegetables and decreased cardiovascular mortality in the elderly. 
            
Ann Epidemiol

             
            1995

            ;
            5

            :
            255

            –60.
          




6
            Ginter E. Cardiovascular risk factors in the former communist countries. Analysis of 40 European MONICA populations. 
            
Eur J Epidemiol

             
            1995

            ;
            11

            :
            199

            –205.
          




7
            Ness AR, Powles JW. Fruit and vegetables, and cardiovascular disease: a review. 
            
Int J Epidemiol

             
            1997

            ;
            26

            :
            1

            –13.
          




8
            Liu S, Manson JE, Lee IM, Cole SR, Hennekens CH, Willett WC, et al. Fruit and vegetable intake and risk of cardiovascular disease: the Women's Health Study. 
            
Am J Clin Nutr

             
            2000

            ;
            72

            :
            922

            –8.
          




9
            Joshipura KJ, Ascherio A, Manson JE, Stampfer MJ, Rimm EB, Speizer FE, et al. Fruit and vegetable intake in relation to risk of ischemic stroke. 
            
JAMA

             
            1999

            ;
            282

            :
            1233

            –9.
          




10
            Joshipura KJ, Hu FB, Manson JE, Stampfer MJ, Rimm EB, Speizer FE, et al. The effect of fruit and vegetable intake on risk for coronary heart disease. 
            
Ann Intern Med

             
            2001

            ;
            134

            :
            1106

            –14.
          




11
            Terry P, Terry JB, Wolk A. Fruit and vegetable consumption in the prevention of cancer: an update. 
            
J Intern Med

             
            2001

            ;
            250

            :
            280

            –90.
          




12
            Terry P, Giovannucci E, Michels KB, Bergkvist L, Hansen H, Holmberg L, et al. Fruit, vegetables, dietary fiber, and risk of colorectal cancer. 
            
J Natl Cancer Inst

             
            2001

            ;
            93

            :
            525

            –33.
          




13
            Chan JM, Giovannucci EL. Vegetables, fruits, associated micronutrients, and risk of prostate cancer. 
            
Epidemiol Rev

             
            2001

            ;
            23

            :
            82

            –6.
          




14
            Feskanich D, Ziegler RG, Michaud DS, Giovannucci EL, Speizer FE, Willett WC, et al. Prospective study of fruit and vegetable consumption and risk of lung cancer among men and women. 
            
J Natl Cancer Inst

             
            2000

            ;
            92

            :
            1812

            –23.
          




15
            Zhang SM, Hunter DJ, Rosner BA, Giovannucci EL, Colditz GA, Speizer FE, et al. Intakes of fruits, vegetables, and related nutrients and the risk of non-Hodgkin's lymphoma among women. 
            
Cancer Epidemiol Biomarkers Prev

             
            2000

            ;
            9

            :
            477

            –85.
          




16
            Michaud DS, Spiegelman D, Clinton SK, Rimm EB, Willett WC, Giovannucci EL. Fruit and vegetable intake and incidence of bladder cancer in a male prospective cohort. 
            
J Natl Cancer Inst

             
            1999

            ;
            91

            :
            605

            –13.
          




17
            Flood A, Velie EM, Chaterjee N, Subar AF, Thompson FE, Lacey JV Jr, et al. 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

            ;
            75

            :
            936

            –43.
          




18
            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

            ;
            152

            :
            1081

            –92.
          




19
            Steinmaus CM, Nunez S, Smith AH. Diet and bladder cancer: a meta-analysis of six dietary variables. 
            
Am J Epidemiol

             
            2000

            ;
            151

            :
            693

            –702.
          




20
            Smith-Warner SA, Spiegelman D, Yaun SS, Adami HO, Beeson WL, van den Brandt PA, et al. Intake of fruits and vegetables and risk of breast cancer: a pooled analysis of cohort studies. 
            
JAMA

             
            2001

            ;
            285

            :
            769

            –76.
          




21
            Michels KB, Edward G, Joshipura KJ, Rosner BA, Stampfer MJ, Fuchs CS, et al. Prospective study of fruit and vegetable consumption and incidence of colon and rectal cancers. 
            
J Natl Cancer Inst

             
            2000

            ;
            92

            :
            1740

            –52.
          




22
            Smith-Warner SA, Giovannucci E. Fruit and vegetable intake and cancer. In: 
            
Nutritional oncology.

             Boston (MA): Academic Press; 
            1999

            .
          




23
            Steinmetz KA, Potter JD. Vegetables, fruit, and cancer prevention: a review. 
            
J Am Diet Assoc

             
            1996

            ;
            96

            :
            1027

            –39.
          




24
            International Agency for Research on Cancer and World Health Organization. 
            
Fruit and vegetables. IARC handbooks of cancer prevention.

             Vol 8. Lyon (France): IARC Press; 
            2003

            .
          




25
            Willett WC, Sampson L, Browne ML, Stampfer MJ, Rosner B, Hennekens CH, et al. The use of a self-administered questionnaire to assess diet four years in the past. 
            
Am J Epidemiol

             
            1988

            ;
            127

            :
            188

            –99.
          




26
            Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, Willett WC. Reproducibility and validity of an expanded self-administered semiquantitative food frequency questionnaire among male health professionals. 
            
Am J Epidemiol

             
            1992

            ;
            135

            :
            1114

            –26; discussion 1127–36.
          




27
            Salvini S, Hunter DJ, Sampson L, Stampfer MJ, Colditz GA, Rosner B, et al. Food-based validation of a dietary questionnaire: the effects of week-to-week variation in food consumption. 
            
Int J Epidemiol

             
            1989

            ;
            18

            :
            858

            –67.
          




28
            Willett W. 
            
Nutritional epidemiology. 2nd ed.

             New York (NY): Oxford University Press; 
            1998

            .
          




29
            Steinmetz KA, Potter JD, Folsom AR. Vegetables, fruit, and lung cancer in the Iowa Women's Health Study. 
            
Cancer Res

             
            1993

            ;
            53

            :
            536

            –43.
          




30
            McCullough ML, Feskanich D, Rimm EB, Giovannucci EL, Ascherio A, Variyam JN, et al. Adherence to the Dietary Guidelines for Americans and risk of major chronic disease in men. 
            
Am J Clin Nutr

             
            2000

            ;
            72

            :
            1223

            –31.
          




31
            McCullough ML, Feskanich D, Stampfer MJ, Rosner BA, Hu FB, Hunter DJ, et al. Adherence to the Dietary Guidelines for Americans and risk of major chronic disease in women. 
            
Am J Clin Nutr

             
            2000

            ;
            72

            :
            1214

            –22.
          




32
            Rose GA, Blackburn H. Cardiovascular survey methods. In: 
            
WHO Monograph Series, No. 58.

             Geneva (Switzerland): World Health Organization; 
            1982

            .
          




33
            Walker AE, Robins M, Weinfeld FD. The National Survey of Stroke. Clinical findings. 
            
Stroke

             
            1981

            ;
            12

            :
            I13

            –44.
          




34
            Stampfer MJ, Willett WC, Speizer FE, Dysert DC, Lipnick R, Rosner B, et al. Test of the National Death Index. 
            
Am J Epidemiol

             
            1984

            ;
            119

            :
            837

            –9.
          




35
            Hu FB, Stampfer MJ, Rimm E, Ascherio A, Rosner BA, Spiegelman D, et al. Dietary fat and coronary heart disease: a comparison of approaches for adjusting for total energy intake and modeling repeated dietary measurements. 
            
Am J Epidemiol

             
            1999

            ;
            149

            :
            531

            –40.
          




36
            Hosmer DW, Lemeshow S. 
            
Applied survival analysis: regression modeling of time to event data.

             New York (NY): Wiley; 
            1999

            .
          




37
            DerSimonian R, Laird N. Meta-analysis in clinical trials. 
            
Control Clin Trials

             
            1986

            ;
            7

            :
            177

            –88.
          




38
            Willett WC. Diet and cancer: one view at the start of the millennium. 
            
Cancer Epidemiol Biomarkers Prev

             
            2001

            ;
            10

            :
            3

            –8.
          




39
            Bazzano LA, He J, Ogden LG, Loria CM, Vupputuri S, Myers L, et al. Fruit and vegetable intake and risk of cardiovascular disease in US adults: the first National Health and Nutrition Examination Survey Epidemiologic Follow-up Study. 
            
Am J Clin Nutr

             
            2002

            ;
            76

            :
            93

            –9.
          




40
            Lanza E, Jones DY, Block G, Kessler L. Dietary fiber intake in the US population. 
            
Am J Clin Nutr

             
            1987

            ;
            46

            :
            790

            –7.
          




41
            Krebs-Smith SM, Cook A, Subar AF, Cleveland L, Friday J. US adults' fruit and vegetable intakes, 1989 to 1991: a revised baseline for the Healthy People 2000 objective. 
            
Am J Public Health

             
            1995

            ;
            85

            :
            1623

            –9.
          




42
            Thompson FE, Kipnis V, Subar AF, Krebs-Smith SM, Kahle LL, Midthune D, et al. Evaluation of 2 brief instruments and a food-frequency questionnaire to estimate daily number of servings of fruits and vegetables. 
            
Am J Clin Nutr

             
            2000

            ;
            71

            :
            1503

            –10.
          




43
            Fuchs CS, Willett WC, Colditz GA, Hunter DJ, Stampfer MJ, Speizer FE, et al. The influence of folate and multivitamin use on the familial risk of colon cancer in women. 
            
Cancer Epidemiol Biomarkers Prev

             
            2002

            ;
            11

            :
            227

            –34.
          




44
            Giovannucci E, Rimm EB, Liu Y, Stampfer MJ, Willett WC. A prospective study of tomato products, lycopene, and prostate cancer risk. 
            
J Natl Cancer Inst

             
            2002

            ;
            94

            :
            391

            –8.
          




45
            Giovannucci E. Tomatoes, tomato-based products, lycopene, and cancer: review of the epidemiologic literature. 
            
J Natl Cancer Inst

             
            1999

            ;
            91

            :
            317

            –31.
          




46
            Eichholzer M, Luthy J, Moser U, Fowler B. Folate and the risk of colorectal, breast and cervix cancer: the epidemiological evidence. 
            
Swiss Med Wkly

             
            2001

            ;
            131

            :
            539

            –49.
          




47
            Rimm EB. Folate and vitamin B6 from diet and supplements in relation to risk of coronary heart disease among women. 
            
Bibl Nutr Dieta

             
            2001

            ;(
            55

            ):
            42

            –5.
          




48
            McCarron DA, Reusser ME. Are low intakes of calcium and potassium important causes of cardiovascular disease? 
            
Am J Hypertens

             
            2001

            ;
            14

            :
            206S

            –12S.
          




49
            Knekt P, Kumpulainen J, Jarvinen R, Rissanen H, Heliovaara M, Reunanen A, et al. Flavonoid intake and risk of chronic diseases. 
            
Am J Clin Nutr

             
            2002

            ;
            76

            :
            560

            –8.
          




50
            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

            ;
            313

            :
            775

            –9.
          




51
            Tribble DL. AHA science advisory. Antioxidant consumption and risk of coronary heart disease: emphasis on vitamin C, vitamin E, and beta-carotene: A statement for healthcare professionals from the American Heart Association. 
            
Circulation

             
            1999

            ;
            99

            :
            591

            –5.
          




52
            Stryker WS, Kaplan LA, Stein EA, Stampfer MJ, Sober A, Willett WC. The relation of diet, cigarette smoking, and alcohol consumption to plasma beta-carotene and alpha-tocopherol levels. 
            
Am J Epidemiol

             
            1988

            ;
            127

            :
            283

            –96.
          




    
    
         
    




        


        
© Oxford University Press


        

    








 
    

    
            
        Topic:

        	
                    cardiovascular diseases
                
	
                    cancer
                
	
                    diet
                
	
                    chronic disease
                
	
                    food
                
	
                    fruit
                
	
                    vegetables
                
	
                    hpfs trial
                
	
                    green leafy vegetables
                


    

 
    

    
        
    
                
                    Issue Section:

                        Article
                


    



 
    

    
        
 
    


                

                
                    Download all slides
                

                    
         
    


                
    
        

 
    

    
         
    


                

            

        


    




    
        
    
        
            
        

            Advertisement

            


 
    

 

    

 

    

    
        



        


    
            
                Citations

                    
    
        

 
    


                    

                            

                    
                Views

                
                    32,350

                

            

                    
                    Altmetric

                    
    
            
    

         
 
    


                    



            

                    
                
                    
                    More metrics information
                
            

    




                
                    




    
            Metrics


            
                
                    
                        Total Views
                        32,350
                    

                    
                        
                            27,287
                            Pageviews
                        

                        
                            5,063
                            PDF Downloads
                        

                                            

                

                Since 11/1/2016

            


            
            
                


                
                    	Month:	Total Views:
	November 2016	5
	December 2016	10
	January 2017	57
	February 2017	191
	March 2017	157
	April 2017	150
	May 2017	106
	June 2017	66
	July 2017	41
	August 2017	70
	September 2017	135
	October 2017	141
	November 2017	112
	December 2017	504
	January 2018	703
	February 2018	558
	March 2018	702
	April 2018	669
	May 2018	560
	June 2018	431
	July 2018	371
	August 2018	506
	September 2018	535
	October 2018	620
	November 2018	861
	December 2018	638
	January 2019	587
	February 2019	685
	March 2019	794
	April 2019	950
	May 2019	732
	June 2019	609
	July 2019	783
	August 2019	732
	September 2019	759
	October 2019	516
	November 2019	504
	December 2019	625
	January 2020	303
	February 2020	332
	March 2020	265
	April 2020	478
	May 2020	263
	June 2020	245
	July 2020	201
	August 2020	476
	September 2020	735
	October 2020	295
	November 2020	339
	December 2020	237
	January 2021	223
	February 2021	242
	March 2021	346
	April 2021	465
	May 2021	372
	June 2021	264
	July 2021	287
	August 2021	256
	September 2021	345
	October 2021	326
	November 2021	323
	December 2021	264
	January 2022	321
	February 2022	245
	March 2022	271
	April 2022	357
	May 2022	325
	June 2022	224
	July 2022	193
	August 2022	204
	September 2022	320
	October 2022	294
	November 2022	255
	December 2022	298
	January 2023	210
	February 2023	238
	March 2023	283
	April 2023	275
	May 2023	281
	June 2023	275
	July 2023	179
	August 2023	227
	September 2023	321
	October 2023	355
	November 2023	265
	December 2023	247
	January 2024	277
	February 2024	330
	March 2024	223


                

            



        
            Citations

                
    
        

 
    


                    Powered by Dimensions
                

                                
                        
                                877
                        
                        Web of Science
                    

        



        
            Altmetrics

            

    
            
    

         
 
    

            

        






    

                        ×
                    

                

        


 
    

    
        
    
        Email alerts

                
                    Article activity alert
                

                
                    Advance article alerts
                

                
                    New issue alert
                

                    
                Receive exclusive offers and updates from Oxford Academic
            

        
            

            
                
            
        

    

 
    

    
            


 
    

    
        
    Citing articles via

    
            
                Web of Science (877)
            

                    
                Google Scholar
            

            


 
    

    
            	
                
                    Latest
                

            
	
                
                    Most Read
                

            
	
                
                    Most Cited
                

            


        






    




            
                    


    


    



        
Linkage of individual-patient data confirm protection of prophylactic human papillomavirus vaccination against invasive cervical cancer    



 






        
            
        







    


    



        
A new perspective on mitigating lung cancer risks through smoking cessation and reduction    



 






        
            
        







    


    



        
Response to yarmolinsky, tzoulaki, gunter, et al    



 






        
        







    


    



        
Cytoreductive nephrectomy in the era of immune checkpoint inhibitors: a U.S. FDA pooled analysis    



 






        
            
        







    


    



        
Familial adversity: association with discontinuation of adjuvant hormone therapy and breast cancer prognosis    



 






        
            
        






                    

            





        
        
        
        
        
 
    

    
            
        More from Oxford Academic

            
                Medicine and Health
            


            
                Books
            

            
                Journals
            

    

 
    

    
        
    
        
            Looking for your next opportunity?
        

    


        
                
                    Cancer Biology Researcher

                    
                        Winston-Salem, North Carolina
                    

                

                
                    Consultant Dermatologist

                    
                        Wellington, Other / Non US
                    

                

                
                    General Pediatrician

                    
                        Brockville, Ontario
                    

                

                
                    Sleep Medicine Neurologist

                    
                        Sacramento, California
                    

                

        

        View all jobs


    
        

        

    



 
    


    




    



    
        
    
        
            
        

            Advertisement

            


 
    













                

            
    


        
        


        
            


    
    
        
    
        
            
        

            Advertisement

                    
                close advertisement
            
    


 
    


    


    
            
    
        
    
        
            
        

            Advertisement

            


 
    


    



    



    	
    About JNCI

	
    Editorial Board

	
    Policies

	
    Author Guidelines

	
    Facebook


	
    Twitter

	
    Purchase

	
    Recommend to your Library

	
    Advertising and Corporate Services

	
    Journals Career Network







        
            

    
                        


        
            	Online ISSN 1460-2105
	Print ISSN 0027-8874
	Copyright © 2024 Oxford University Press


        



    


 
    


    
        
    
        



    
    



	About Oxford Academic
	Publish journals with us
	University press partners
	What we publish
	New features 





	Authoring
	Open access
	Purchasing
	Institutional account management
	Rights and permissions





	Get help with access
	Accessibility
	Contact us
	Advertising
	Media enquiries





	Oxford University Press
	News
	Oxford Languages
	University of Oxford





Oxford University Press is a department of the University of Oxford. It furthers the University's objective of excellence in research, scholarship, and education by publishing worldwide








	Copyright © 2024 Oxford University Press
	Cookie settings
	Cookie policy
	Privacy policy
	Legal notice










 
    


        

    

    

    


        








    



    
        
    

    Close




    
        

    

    Close






    
        This Feature Is Available To Subscribers Only

        Sign In or Create an Account

    

    Close




    This PDF is available to Subscribers Only

    View Article Abstract & Purchase Options
    
        For full access to this pdf, sign in to an existing account, or purchase an annual subscription.

    

    Close


 
    


    







    
    














    
    
    
        
            
        











    


    
    
    
    

    



    

    
    




    

    
            

 
    


    




        
    

