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Abstract

Background: Questions remain about the strength and shape of the dose-response rela-
tionship between fruit and vegetable intake and risk of cardiovascular disease, cancer
and mortality, and the effects of specific types of fruit and vegetables. We conducted a
systematic review and meta-analysis to clarify these associations.

Methods: PubMed and Embase were searched up to 29 September 2016. Prospective
studies of fruit and vegetable intake and cardiovascular disease, total cancer and all-
cause mortality were included. Summary relative risks (RRs) were calculated using a ran-
dom effects model, and the mortality burden globally was estimated; 95 studies (142
publications) were included.

Results: For fruits and vegetables combined, the summary RR per 200 g/day was 0.92 [95%
confidence interval (Cl): 0.90-0.94, 1= 0%, n= 15] for coronary heart disease, 0.84 (95% Cl:
0.76-0.92, I?=73%, n= 10) for stroke, 0.92 (95% Cl: 0.90-0.95, I>=31%, n= 13) for cardiovas-
cular disease, 0.97 (95% Cl: 0.95-0.99, 1= 49%, n=12) for total cancer and 0.90 (95% Cl:
0.87-0.93, I?’=83%, n=15) for all-cause mortality. Similar associations were observed for
fruits and vegetables separately. Reductions in risk were observed up to 800 g/day for all
outcomes except cancer (600 g/day). Inverse associations were observed between the intake

©The Author 2017. Published by Oxford University Press on behalf of the International Epidemiological Association 1029
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact
journals.permissions@oup.com

¥20Z Y4B\ 0g uo 1senb Aq 2/¥6£0€/6201/€/91/810n1e/8ll/woo dno-olwspeoe//:sdiy wolj pepeojumoq


http://www.oxfordjournals.org/

1030

International Journal of Epidemiology, 2017, Vol. 46, No. 3

of apples and pears, citrus fruits, green leafy vegetables, cruciferous vegetables, and salads
and cardiovascular disease and all-cause mortality, and between the intake of green-yellow
vegetables and cruciferous vegetables and total cancer risk. An estimated 5.6 and 7.8 million
premature deaths worldwide in 2013 may be attributable to a fruit and vegetable intake
below 500 and 800 g/day, respectively, if the observed associations are causal.

Conclusions: Fruit and vegetable intakes were associated with reduced risk of cardiovas-
cular disease, cancer and all-cause mortality. These results support public health recom-
mendations to increase fruit and vegetable intake for the prevention of cardiovascular

disease, cancer, and premature mortality.

Key words: Fruit and vegetables, diet, nutrition, cardiovascular disease, cancer, all-cause mortality, cohort, global

assessment

Key Messages

ther reductions in risk were observed above 600 g/day.

ous vegetables and total cancer risk.

¢ Although a high fruit and vegetable intake has been recommended for prevention of cardiovascular disease and
some cancers, questions remain with regard to the amounts and types of fruits and vegetables that are most strongly
associated with a reduced risk of cardiovascular disease, total cancer or all-cause mortality and with regard to the
burden of disease and mortality that may be attributed to a low fruit and vegetable intake.

* In this meta-analysis of 95 studies (142 publications), reductions in risk of cardiovascular disease and all-cause mor-
tality were observed up to an intake of 800 g/day of fruit and vegetables combined, whereas for total cancer no fur-

* Inverse associations were observed between intake of apples/pears, citrus fruits, green leafy vegetables/salads and
cruciferous vegetables and cardiovascular disease and mortality, and between green-yellow vegetables and crucifer-

* An estimated 5.6 and 7.8 million premature deaths worldwide in 2013 may be attributable to a fruit and vegetable in-
take below 500 and 800 g/day, respectively, if the observed associations are causal.

Introduction

A high intake of fruit and vegetables is one of the corner-
stones of a healthy diet and has been recommended to the
general public to reduce the risk of cardiovascular diseases
and cancer, which are the two most common causes of pre-
mature death worldwide and which accounted collectively
for 25.5 million deaths in 2013." These recommendations
have to a large degree been based on findings from epi-
demiological studies which have shown inverse associations
between high fruit and vegetable intake and risk of certain
cancers,” coronary heart disease’and stroke.* However, the
question of what is the optimal level of fruit and vegetable
intake to reduce the risk of chronic diseases and premature
death is still unanswered. This is reflected by the fact that
recommendations for dietary intake vary globally. For ex-
ample, current recommendations for fruit and vegetable in-
take range from at least 400 g/day by the World Cancer
Research Fund, the WHO, and in England, to 500 g/day in
Sweden, to 600g/day in Denmark, 650-750 g/day in
Norway, and 640-800 g/day in the USA (Table 5.2, page
60 in the report).’

Data regarding fruit and vegetable intake and cancer
risk are less clear-cut today” than a decade or two ago.® A
modest association between fruit and vegetable intake or
specific subtypes of fruits and vegetables and total cancer
risk cannot yet be excluded,” but the available studies have
been inconsistent.” 2! Some studies reported inverse associ-

78 11-13,17, 21 \whereas other studies found no clear

ations,
association; ! 141618220 however, some of these may
have had statistical power too low to detect a modest asso-
ciation.”'®!* Cohort studies have been more consistent in
finding an inverse association between fruit and vegetable
intake and risk of coronary heart disease and stroke!***3
than for cancer, and this has also been shown in meta-ana-
lyses®* as well as in several additional studies that have
been published since these meta-analyses.'®'"**=*? In add-
ition, several!®'®2739733 byt not all>*™*° cohort studies
have found inverse associations between fruit and vege-
table intake and all-cause mortality but again, some of
these studies may have had statistical power too low to de-

tect an association.>436-38
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However, the question of what is an optimal intake of
fruit and vegetables remains unclear because the shape of
the dose-response relationship between fruit and vegetable
intake and incidence or mortality from cardiovascular dis-
ease and total cancer as well as the association with all-
cause mortality has not been well defined. Although a recent
meta-analysis found a reduced risk of all-cause mortality
and cardiovascular disease mortality, but not cancer mortal-
ity, with greater fruit and vegetable intake,*' the review
missed or excluded a large number of publications on all-

11,18,30,33-38:42-52 4nd included only studies

cause mortality
of cardiovascular disease mortality and cancer mortality,
not of disease incidence. Further, at least 16 additional co-
hort studies (17 publications) have since been pub-
lished.?>37°® Thus questions remain with regard to the
strength and shape of the dose-response relationship be-
tween fruit and vegetable intake and chronic disease risk
and mortality, and whether fruit and vegetables also reduce
the risk of incident cardiovascular disease or cancer. In add-
ition, it is not clear whether specific types of fruits and vege-
tables are particularly beneficial with regard to reducing
chronic disease risk and mortality, since previous reviews
have not analysed fruit and vegetable subtypes.>**!

We conducted a systematic review and meta-analysis of
published prospective studies relating fruit and vegetable
consumption to risk of incidence or mortality from coron-
ary heart disease, stroke, total cardiovascular disease, and
total cancer, and to all-cause mortality, and we specifically
aimed to clarify the strength and shape of the dose-
response relationship for these associations and whether
specific types of fruit and vegetables were associated with
risk. Last, we calculated the attributable fractions of all-
cause and cause-specific mortality globally and by region
under the assumption that the observed associations are
causal.

Methods

Search strategy and inclusion criteria

We searched the PubMed and Embase databases from their
inception (1966 and 1947, respectively) up to 19 July
2016, and the search was later updated to 29 September
2016. Details of the search terms used for the PubMed
search are shown in Supplementary Table 1 (available at
IJE online) and a similar search was conducted in Embase.
Prospective studies of fruit and vegetable intake and risk of
incidence or mortality from coronary heart disease (total
coronary heart disease or major coronary event, nonfatal
myocardial infarction (MI), any MI, fatal MI, incident is-
chaemic heart disease, fatal ischaemic heart disease, acute
coronary syndrome), stroke (total stroke, ischaemic, haem-
orrhagic, intracerebral and subarachnoidal haemorrhage),

total cardiovascular disease (coronary heart disease and
stroke combined), and total cancer and all-cause mortality
were included if they reported adjusted estimates of the
relative risk (RR) (including odds ratios and hazard ratios)
and 95% confidence intervals (Cls); and for the dose-
response analyses, a quantitative measure of the intake for
at least three categories of fruit and vegetable intake had to
be available. The excluded studies are listed in
Supplementary Table 2, available at IJE online.

Data extraction

Results and study characteristics were extracted into tables
and included: name of first author, publication year, coun-
try or region, the name of the study, follow-up period,
sample size and number of cases or deaths, type of out-
come, gender, age, type of fruit and vegetables, amount or
frequency of intake, RRs and 95% Cls and variables ad-
justed for in the analysis. We followed standard criteria for
reporting meta-analyses.®” The data extraction was con-
ducted by D.A., and was checked for accuracy by L.T.F.
and N.K.

Statistical methods

We calculated summary relative risks (RRs) of incidence or
mortality from coronary heart disease, stroke, total cardio-
vascular disease, and total cancer, and of all-cause mortal-
ity for the highest vs the lowest level and per 200 g/day of
fruits, vegetables and total fruit and vegetable intake using
the random-effects model by DerSimonian and Laird”’
which takes into account both within- and between-study
variation (heterogeneity). For specific types of fruits and
vegetables we calculated summary RRs using 100 g/day as
the increment. The average of the natural logarithm of the
RRs was estimated and the RR from each study was
weighted by the method of DerSimonian and Laird.”® The
primary analysis of coronary heart disease, stroke, cardio-
vascular disease and total cancer included studies that re-
ported on both incidence and mortality from these
outcomes, but subgroup analyses were conducted separ-
ately for incidence and mortality. For studies that provided
results stratified by gender, smoking status, or other sub-
groups, but not overall, the relative risks were pooled using
a fixed-effects model before inclusion in the meta-analysis.
One exception is a study which published separately on
White®” and Black®® subjects in two different publications
and which had different durations of follow-up in the two
publications, and in this case both results were included
without combining the subgroups. For two studies we
recalculated the confidence intervals from 99% to
950, 43,60
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We conducted linear dose-response analyses using the
method by Greenland and Longnecker”" to calculate RRs
and 95% ClIs from the natural logarithm of the risk esti-
mates across categories of intake. For each category of fruit
and vegetable intake we used the mean or median if re-
ported, and the midpoint of the upper and lower bound
was estimated for the remaining studies. When extreme
categories were open-ended we used the width of the adja-
cent interval to calculate an upper or lower cut-off value.
Consistent with previous meta-analyses, we used 80¢g as a
serving size for fruit and vegetable intake.”>”? For specific
fruit and vegetable types we used serving sizes as provided
in a pooled analysis of cohort studies,”* but for some sub-
types of fruits and vegetables which were not reported on
in this publication we used 80¢g as a serving size as well.
We contacted the authors of six studies'®>¢-01:6%75:76
for information regarding the quantities of consump-
tion for subtypes of fruits and vegetables or for more
details of data which were only briefly described in
the text, and all replied and provided supplementary
information. 16-56:61,64.75.76

A potential nonlinear dose-response relationship be-
tween fruit and vegetable intake and cardiovascular dis-
ease, cancer and mortality risks was assessed using
restricted cubic splines with three knots at 10%, 50% and
90% percentiles of the distribution, which was combined
using multivariate meta-analysis.””””® We conducted a sen-
sitivity analysis using fractional polynomial models for the
nonlinear analysis as well,”” and we determined the best-
fitting second-order fractional polynomial regression
model, which was defined as the one with the lowest
deviance.

Heterogeneity between studies was evaluated using Q
and I? statistics.®” To explore potential heterogeneity we
conducted subgroup analyses by study characteristics.
Small-study effects such as publication bias were assessed
using Egger’s test®! and by inspection of the funnel plots.
When Egger’s test indicated bias, we tested whether this
affected the results by excluding studies with a low
number of cases or by excluding obvious outlying studies
based on inspection of the funnel plots. We also
conducted sensitivity analyses excluding each study at a
time from each analysis to clarify if the results were ro-
bust. Study quality was assessed using the Newcastle-
Ottawa scale which awards 0-9 stars based on the selec-
tion, comparability and outcome assessment.®> We con-
sidered studies with scores of 0-3, 4-6 and 7-9
to represent low, medium and high quality studies,
respectively. Stata version 13.0 software (StataCorp, TX,
USA) was used for the analyses.

Attributable fractions

We calculated the fraction of deaths attributable world-
wide due to low fruit and vegetable intake, assuming a
causal relationship, using the relative risks from the nonlin-
ear dose-response analysis. The prevalence of low fruit and
vegetable intake was calculated based on data from the
World Health Survey which provided estimates of fruit
and vegetable intake from 26 national population-based
surveys covering 14 geographical regions.**** We used
data on mortality from the Global Burden of Disease Study
2013." Because all the epidemiological studies included in
this meta-analysis have been conducted in mainly adult
populations, we excluded the number of deaths occurring
before 15 years age as well as the intake levels for subjects
< 15 years. The preventable proportion of deaths and cause-
specific deaths attributable to a low fruit and vegetable intake
was calculated using the formula proposed by Miettinen.®’
Further information about these calculations is provided in
the Supplementary Methods, available at IJE online.

Results

A total of 142 publications from 95 unique cohort studies

7-40,42-68,75,76,86—-164 (

were included in the analyses Figure

1; Supplementary Tables 3-7, available at IJE online); 44

49772 records identified in total:
40744 records identified in the PubMed database
9028 records identified in the Embase database

48386 records excluded
based on title or abstract

1386 records given detailed assessment

Updated 1020 reported on other
search: 4 exposures than fruit and
publications vegetables

’ 370 records on fruit and vegetable intake ’

228 publications excluded:

45 case-control studies

41 reviews

33 duplicates

23 not relevant exposure/outcome
17 abstract only publications

16 no risk estimates, confidence
intervals, or not usable result

14 meta-analyses

10 comments/news/editorials

7 studies in subjects with diabetes
7 not original data

3 household intake (not individual)
3 cross-sectional studies

3 ecological studies

2 secondary prevention study

2 unadjusted risk estimates

2 only 1 study for F&V subtype

95 cohort studies (142 publications) included

Figure 1. Flow-chart of study selection.
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studies were from Europe, 26 were from the USA, 20 from
Asia and five from Australia. Five publications reported re-
sults from two studies that were combined.'?*12%134.140
Throughout the text the total number of studies and publi-
cations are reported, but the number included in each high
vs low analysis and dose-response analysis may differ
slightly because some studies only reported dichotomous
results or results on a continuous scale. The number of
studies, cases, participants and the references for the stud-
ies included in each high vs low and dose-response analysis
are provided in Table 1. The number of cases or deaths
ranged between 17 742 and 43 336 for coronary heart dis-
ease, 10 560 and 46 951 for stroke, 20 329 and 81 807 for
cardiovascular disease, 52 872 and 112 370 for total can-
cer and 71 160 and 94 235 for all-cause mortality (Table
1). The number of participants in each analysis ranged
from 226 910 to 2 123 415 (any outcome) (Table 1).
Supplementary Tables 3-7 show a summary of the study
characteristics of the included studies. Figure 1 shows a
flowchart of the study selection process. Figures 2—-6 show
the results for the dose-response analyses, and
Supplementary Figures 1-31 (available at IJE online)
shows the high vs low analyses for all outcomes and the
high vs low, linear and nonlinear dose-response analyses
for ischaemic and haemorrhagic stroke. Supplementary
Tables 8-18 shows the results from the nonlinear dose-
response analyses for all outcomes. Results for subtypes of
fruit and vegetables are shown in Tables 2—6 (also see
Supplementary Tables 19-27 and Supplementary Figures
32-242).

Coronary heart disease

Seventeen studies (15 publications),?3:>%>31:32:96,58,64,86,88,

9 9 . s =
90.91.93.94,98,132 96 studies (26 publications),”™! 22327
29,36,55,56,58,60,62-64,86,88,91,92,94,95,98-100,104,132 4 53

studies (23  publications)®!0:22:23:27:29:34,55.56,58,62,64,56,
§8,91,94,95,98,100,101,103,104,132 oo infuded in the analyses
of fruit and vegetables combined, fruits alone and vege-
tables alone and coronary heart disease, respectively. The
summary RR per 200 g/day was 0.92 (95% CI: 0.90-0.94,
I*=0%) for fruits and vegetables (Figure 2a, b, Table 1;
Supplementary Figure 1), 0.90 (95% CI: 0.86-0.94,
> =44%) for fruits (Figure 2c, d, Table 1; Supplementary
Figure 2), and 0.84 (95% CI: 0.79-0.90, ’=61%) for
vegetables (Figure 2e, 2f, Table 1; Supplementary
Figure 3). There was no evidence of a nonlinear association
for fruits and vegetables, P onlincarity = 0.30, and there was
a 24% reduction in the relative risk at an intake of 800 g/
day (Figure 2b; Supplementary Table 8). Nonlinear associ-
ations were observed for fruits, Proniinearity <0.0001
(Figure 2d, Supplementary Table 9), and vegetables,

Poonlinearicy < 0.0001 (Figure 2f, Supplementary Table 9),
with most of the reductions in risk observed at the lower
levels of intake, and there was a 21% reduction in relative
risk up to 750-800 g/day for fruits and a 30% reduction in
the relative risk up to 550-600 g/day for vegetables.

Of specific types of fruit and vegetables”!%!!28:3%.36,

56,60,62,64,89,91,92,94,96,97,100, 102,105,106, 140-148, 163,164 5/
pears, citrus fruits, fruit juices, green leafy vegetables, beta-
carotene-rich fruits and vegetables and vitamin C-rich fruits
and vegetables showed inverse associations with coronary
heart disease in the high vs low analysis, and in addition
tomatoes were inversely associated with coronary heart dis-
ease in the dose-response analysis (Table 2; Supplementary

Tables 19-20, Supplementary Figures 32-76).

Stroke

Ten studies (10 publications)’31,56,58,64,108—110,118,120,122

19 studies (19 publications)’11,25—27,55,56,58,60,62—64,109,112—

117,12 .
126 and 14 studies (15
27,55,56,58,62,64,109,112,113,115-117,126

publications) %~

were included in the
analysis of fruit and vegetables, fruits, and vegetables,
and total stroke risk, respectively. The summary RR per
200 g/day was 0.84 (95% CI: 0.76-0.92, 1*=73%) for
fruits and vegetables (Figure 3a, b, Table 1; Supplementary
Figure 4), 0.82 (95% CI: 0.74-0.90, I*=73%) for fruits
(Figure 3c, d, Table 1; Supplementary Figure 5), and 0.87
(95% CI: 0.79-0.96, I> = 63%) for vegetables (Figure 3e, f,
Table 1; Supplementary Figure 6). There was evidence of a
nonlinear association between fruit and vegetables, fruits,
and vegetables, and total stroke, Poniinearity <0.0001
(Figure 3b; Supplementary Table 10), Phontinearity < 0.0001
(Figure 3d; Supplementary Table 11), Phontinearity < 0.0001
(Figure 3f; Supplementary Table 11), with stronger reduc-
tions in risk at lower levels of intake. There was a 33% re-
duction in the relative risk at intakes of 800 g/day of fruits
and vegetables, 20% reduction in the relative risk at 200-
350 g/day of fruits and 28% reduction in the relative risk
at 500 g/day of vegetables, and there was little evidence of
further reductions in risk at higher intakes.

Eight studies (seven publications),>*-3108-111.120 19

25-27,109,112-114,116,117,126

studies (10 publications), and

nine studies (eight publications)>=27-109-111.113.116

were
included in the analyses of fruits and vegetables combined,
fruits, and vegetables, and ischaemic stroke, respectively.
The summary RR per 200 g/day was 0.92 (95% CI: 0.87-
0.97, *=9%) for fruits and vegetables (Supplementary
Figures 7-9, Supplementary Tables 12, 29, available at IJE
online), 0.78 (95% CI: 0.69-0.89, I*=58%) for fruits
(Supplementary Figures 10-12, Supplementary Tables 12,
29) and 0.86 (95% CI: 0.76-0.97, I> = 55%) for vegetables

(Supplementary Figures 13-15, Supplementary Tables 12,
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29). Three studies (two publications, two risk esti-

108,109 " eight studies (seven publications, seven risk

19,25-27,63,109,113

mates)

and six studies (five publica-
19,25,27,63,113

estimates)
tions, five risk estimates were included in the
analyses of fruits and vegetables combined, fruits, and
vegetables, and haemorrhagic stroke, respectively. The
summary RR per 200 g/day was 0.88 (95% CI: 0.78-0.99,
’=0%) for fruits and
(Supplementary Figure 16, Supplementary Table 29), 0.66
(95% CI: 0.50-0.86, I*=57%) for fruits (Supplementary
Figures 17-19, Supplementary Tables 13, 29), and 0.76
(95% CI:  0.55-1.06, I1*=42%) for vegetables
(Supplementary Figures 20-22, Supplementary Tables 13,
29).

Of specific types of fruit and vegetables,
HI2,119,141-144,146,148-150,164 o ineakes of apples/pears, cit-

rus fruits, fruit juice, green leafy vegetables and pickled vege-

vegetables  combined

11,26,56,60,62,64,109,

tables were inversely associated with total stroke risk,
whereas intake of grapes was also inversely associated with
total stroke in the dose-response analysis (Table 3,
Supplementary Tables 21-22, Supplementary Figures 77—
26,109-111,121,146,150,162,164 (]

was evidence that intake of citrus fruits, citrus fruit juices,

109). For ischaemic stroke

green leafy vegetables, and vitamin C-rich fruits and vege-
tables were inversely associated with risk, but none of the as-

. . . 9
sociations with haemorrhagic stroke?®:!0%146:150,164

were
significant (Table 3; Supplementary Table 23, Supplementary

Figures 110-140).

Cardiovascular disease
Seventeen studies (16 publications),'s16:18:31:3942,33,56,58,64,75,

86-88,98,125 25 11,15,16,19,24,27,53—

studies (23 publications)
56,58,60-6475,76,8898,124125,127 404 27 srudies (19 publica-

15,16,19,24,27,53-56,58,62,64,75,76,88,98,124,125,127 were

tions)
included in the analysis of fruit and vegetables, fruits, and
vegetables, and cardiovascular disease, respectively. The sum-
mary RR was 0.92 (95% CI: 0.90-0.95, I>= 31%) for fruits
and vegetables (Figure 4a, b, Table 1; Supplementary Figure
23), 0.87 (95% CI 0.82-0.92, 2=79%) for fruits
(Figure 4c, d, Table 1; Supplementary Figure 24), and 0.90
(95% CI: 0.87-0.93, I>=12%) for vegetables (Figure 4e, 4f,
Table 1, Supplementary Figure 25). There was evidence of
nonlinearity, Puoniinearicy < 0.0001, for fruits and vegetables
(Figure 4b; Supplementary Table 14), and fruits,
Proniinearity < 0.0001, (Figure 4d; Supplementary Table 15),
and for vegetables, Ponlinearicy=0.04  (Figure 4f;
Supplementary Table 15), with steeper inverse associations at
lower levels of intake, although for vegetables the association
was approximately linear. There were 28%, 27% and 28%
reductions in relative risk at intakes of 800 g/day for fruits

and vegetables and fruits, and 600 g/day of vegetables,
respectively.

Of specific types of fruits and vegetables!!:1%:16:19:36:60-

62,64,75,87,123,124,129,141,142,144,146,148,151,152,154,159,164 1
was evidence that high vs low intake of apples/pears, citrus
fruits, carrots and noncruciferous vegetables were inversely
associated, and tinned fruits were positively associated with
cardiovascular disease risk, and in the nonlinear dose-
response analysis there was evidence that cruciferous vege-
tables, green leafy vegetables, and tomatoes were inversely
associated with risk, although few studies were included in
these analyses (Table 4; Supplementary Tables 24 and 25,
Supplementary Figures 141-178).

Total cancer

Fourteen studies (13 publications),”>%13:13:16,18.20,42,53.56,

S9.87.128 55 rudies (22 publications), ~11+13-17:19-21,5354,
36:37,39,61,65 114128 3nd 19 studies (17 publications),”
13,15-17,19-21,53,54,56,57,59,65,128 o0 10 1404 in the ana-
lysis of fruit and vegetables, fruits, and vegetables, and
total cancer, respectively. The summary RR was 0.97
(95% CI: 0.95-0.99, ’=49%) for fruits and vegetables
combined (Figure 5a, b, Table 1; Supplementary
Figure 26), 0.96 (95% ClI: 0.94-0.99, 1>=52%) for
fruits (Figure 5S¢, d, Table 1; Supplementary Figure 27) and
0.96 (95% CI: 0.93-0.99, 1>=55%) for vegetables
(Figure Se, f, Table 1; Supplementary Figure 28). There
was evidence of nonlinearity for fruits and vegetables,
Poonlinearity = 0.02 (Figure 5b; Supplementary Table 16),
fruits, Pronlinearicy =0.02  (Figure 5d; Supplementary
Table 17), and vegetables, Ppontincaricy=0.03 (Figure 5f;
Supplementary Table 17), with most of the reductions in
risk at lower levels of intake. There were 14%, 8% and
12% reductions in the relative risk for intakes of 550-
600 g/day for fruits and vegetables, fruits, and vegetables,
respectively, but there was little evidence of further reduc-
tions in risk with higher intakes.

Of specific types of fruits and vegetables®'!%

16,19,54,56,87,105,130,143,153-160 C e .
6,19,54,56,87,105,130,143, €0 there were significant inverse

associations between cruciferous vegetables and green-
yellow vegetables and total cancer risk (Table 3;
Supplementary Table 26, Supplementary Figures 179-209).

All-cause mortality

In all, 24 studies (23 publications),'®>%>31:32:3%:42-44,47

50,53,56,58,67,68,75,87,98,132,134,161 37 Studies (36 publica_

. 9-11,19,27,29,30,35-37,40,43,45-47,51-58,61,62,66,68,75,98,131—
tions),
133,135-137.139 and 33 studies (31 publications)®!?27-2%33-
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