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Whole grain consumption and risk of cardiovascular disease,
cancer, and all cause and cause specific mortality: systematic
review and dose-response meta-analysis of prospective studies
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ABSTRACT

OBJECTIVE

To quantify the dose-response relation between
consumption of whole grain and specific types of
grains and the risk of cardiovascular disease, total
cancer, and all cause and cause specific mortality.

DATA SOURCES
PubMed and Embase searched up to 3 April 2016.

STUDY SELECTION

Prospective studies reporting adjusted relative risk
estimates for the association between intake of whole
grains or specific types of grains and cardiovascular
disease, total cancer, all cause or cause specific
mortality.

DATA SYNTHESIS
Summary relative risks and 95% confidence intervals
calculated with a random effects model.

RESULTS

45 studies (64 publications) were included. The
summary relative risks per 90 g/day increase in whole
grain intake (90 g is equivalent to three servings—for
example, two slices of bread and one bowl of cereal or
one and a half pieces of pita bread made from whole
grains) was 0.81(95% confidence interval 0.75 to 0.87;
12=9%, n=7 studies) for coronary heart disease, 0.88
(0.75t0 1.03; 12=56%, n=6) for stroke, and 0.78 (0.73 to
0.85; 1>=40%, n=10) for cardiovascular disease, with
similar results when studies were stratified by whether
the outcome was incidence or mortality. The relative
risks for morality were 0.85 (0.80 to 0.91; 1>=37%, n=6)

WHAT IS ALREADY KNOWN ON THIS TOPIC

A high intake of whole grains has been associated with a lower risk of type 2
diabetes, cardiovascular disease, and weight gain

Recommendations for whole grain intake have often been unclear orinconsistent
with regard to the amount and types of whole grain foods that should be consumed
to reduce chronic disease and risk of mortality

WHAT THIS STUDY ADDS

and added bran

premature mortality

A high intake of whole grains was associated with reduced risk of coronary heart
disease, cardiovascular disease, total cancer, and all cause mortality, as well as
mortality from respiratory disease, infectious disease, diabetes, and all non-
cardiovascular, non-cancer causes

Reductions in risk were observed up to an intake of 210-225 g/day (seven to seven
and a half servings/day) and for whole grain bread, whole grain breakfast cereals,

The results strongly support dietary recommendations to increase intake of whole
grain foods in the general population to reduce risk of chronic diseases and
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for total cancer, 0.83 (0.77 to 0.90; 12=83%, n=11) for
all causes, 0.78 (0.70 to 0.87; 12=0%, n=4) for
respiratory disease, 0.49 (0.23 to 1.05; 12=85%, n=4)
for diabetes, 0.74 (0.56 to 0.96; 12=0%, n=3) for
infectious diseases, 1.15 (0.66 to 2.02; 12=79%, n=2)
for diseases of the nervous system disease, and 0.78
(0.75t0 0.82; 12=0%, n=5) for all non-cardiovascular,
non-cancer causes. Reductions in risk were observed
up to an intake of 210-225 g/day (seven to seven and a
half servings per day) for most of the outcomes.
Intakes of specific types of whole grains including
whole grain bread, whole grain breakfast cereals, and
added bran, as well as total bread and total breakfast
cereals were also associated with reduced risks of
cardiovascular disease and/or all cause mortality, but
there was little evidence of an association with refined
grains, white rice, total rice, or total grains.

CONCLUSIONS

This meta-analysis provides further evidence that
whole grain intake is associated with a reduced risk of
coronary heart disease, cardiovascular disease, and
total cancer, and mortality from all causes, respiratory
diseases, infectious diseases, diabetes, and all
non-cardiovascular, non-cancer causes. These findings
support dietary guidelines that recommend increased
intake of whole grain to reduce the risk of chronic
diseases and premature mortality.

Introduction
Cardiovascular disease and cancer remain the two most
common causes of death and in 2013 accounted for 25.5
million deaths worldwide.! Grains are one of the major
staple foods consumed around the world and provide
56% of the energy and 50% of the protein intake. They
constitute the largest component of recommended
daily intake in all dietary guidelines.? Because of their
important role in most diets around the world, interest
in the health effects of grain consumption, and in par-
ticular whole grains, is increasing.?# A high intake of
whole grains has been associated with a reduced risk of
type 2 diabetes,> coronary heart disease,® and obesity.®
Whole grains contain endosperm, germ, and bran, in
contrast with refined grains, which have the germ and
bran removed during the milling process. Whole grains
are good sources of fibre, B vitamins, and some trace
minerals such as iron, magnesium, and zinc.” These
nutrients are found in the outer layer of the grains or
the bran that function as a protective shell for the germ
and endosperm inside. The germ is nourishment for the
seed and contains antioxidants, vitamin E, and some B
vitamins, while the endosperm provides carbohydrates,
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protein, and energy.” Consumption of whole grains dif-
fers considerably between populations,® with the main
source being whole grain bread in Scandinavian coun-
tries,” whole grain bread and breakfast cereals in the
United States,!® brown rice, unrefined maize and sor-
ghum in some African countries,” and brown rice in
Asia,? although most of the rice consumed in Asia is
white rice.3

Several previous prospective studies have found a
lower risk of coronary heart disease,*' stroke,'¢18 car-
diovascular disease,*'?2° and all cause mortality*?1620-2
associated with a high intake of whole grains, though
not all studies reported a clear association.??+27 We
have previously reported an inverse association
between dietary fibre and whole grain intake and risk of
colorectal cancer,?® and a previous review of mostly
case-control studies reported a lower risk of several
individual cancers, mainly of the digestive system, with
higher intake of whole grains,* but data from cohort
studies are limited. Whether whole grain consumption
is associated with risk of total cancer is not clear, and
clarification of this question would be important from a
public health point of view. Epidemiological studies on
whole grains and total cancer, however, have reported
mixed results, with some studies suggesting a possible
inverse association,*®222° while others have shown no
clear association.?°?” Of the cohort studies on whole
grains and cardiovascular disease or all cause mortal-
ity, somel®202 but not all*>17 212 studies reported a pos-
sible plateau effect, with most of the benefit observed at
relatively low levels of intake. Although two previous
meta-analyses suggested an inverse association
between high versus low intake of whole grains and
coronary heart disease,®3° no dose-response analyses
were conducted, thus questions remain about the
strength and shape of the dose-response relation
between whole grains and coronary heart disease and
the amount of whole grains that need to be eaten to
reduce risk of coronary heart disease and other chronic
diseases. Whole grain intake has also been inversely
associated with other less common causes of death
including deaths from infection,*?°?? respiratory dis-
ease,*?202 diabetes,’?°? and kidney disease? in some
studies, but the available data are limited.

Despite a growing body of epidemiological evidence
for the health benefits of whole grain consumption,
dietary recommendations have often been unclear or
inconsistent with regard to the amount of whole grains
that should be eaten to reduce the risk of chronic dis-
ease. For example the World Cancer Research Fund
2007 report recommended that people should “eat rela-
tively unprocessed cereals (grains) and/or pulses with
every meal,”! while in the United Kingdom there is no
specific recommendation other than “choosing whole
grain, brown or high fibre varieties wherever you can,”
but no specific quantities of whole grains were recom-
mended.* In the US and Canada the recommendation
is that “all adults eat at least half their grains as whole
grains” so at least three servings of whole grains should
be consumed each day,?® while in Scandinavian coun-
tries intake of at least 75 g per day of whole grain
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(dry weight), which equals about 250 g a day (eight
servings/day) of whole grain products (fresh weight), is
recommended.?* There might be several reasons for the
inconsistent dietary guidelines for whole grain intake,
including difficulties in measuring intake, differences
in the consumption patterns between populations, or
lack of data on intake in some populations, but it might
also be because most previous meta-analyses consid-
ered only selected disease endpoints and did not con-
duct dose-response analyses.®3° We found a reduced
risk of incidence of type 2 diabetes associated with up to
two to three servings a day (60-90 g/day) of whole grain
but no further reductions in risk with higher intakes,®
while in a second meta-analysis of whole grain intake
and colorectal cancer a linear inverse association was
observed with intakes of up to 180 g/day.?® Whether the
association is linear or reaches a plateau for other
chronic disease outcomes and all cause mortality, or
whether only specific types of whole grains are associ-
ated with chronic disease and all cause mortality,
would be important to clarify to provide more detailed
and consistent dietary recommendations with regard to
the amount and types of whole grains that should be
consumed to reduce the risk of chronic disease and pre-
mature mortality. Answering this question would also
clarify whether there are additional benefits with high
intakes such as those recommended in the Scandina-
vian guidelines®* and whether such high recommenda-
tions are justified. Several large cohort studies including
more than 22000 cases of cardiovascular disease and
more than 662000 participants®2°222735 have been pub-
lished since or were missed3¢ by the previous meta-anal-
yses of whole grains and cardiovascular disease.®3°

To provide a more comprehensive, up to date, and
detailed assessment of whole grain intake and several
health outcomes we conducted a systematic review and
meta-analysis of whole grain consumption in relation
to coronary heart disease, stroke, cardiovascular dis-
ease, and total cancer and all cause mortality, as well as
less common causes of mortality including respiratory
disease, infectious disease, diabetes, neurological dis-
ease, and all non-cardiovascular, non-cancer causes
combined. We aimed to clarify the strength and the
shape of the dose-response relation between whole
grain intake and these outcomes. We also summarised
data on specific types of whole grains as well as on
refined grains and total grains. Because of the limited
amount of data, however, the main focus of our current
analysis is on whole grains.

Methods

Search strategy and inclusion criteria

We searched the PubMed and Embase databases from
their inception (1966 and 1947, respectively) to 31 May
2014 and later updated the search to 3 April 2016.
Details of the search terms are provided in table S1 in
appendix 1. We included prospective studies of grain
intake and incidence or mortality from coronary heart
disease, stroke, cardiovascular disease, total cancer,
and all cause and cause specific mortality if they
reported adjusted relative risk estimates and 95%
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confidence intervals. For the dose-response analyses a
quantitative measure of the intake for at least three cat-
egories of grain intake or a risk estimate for grain intake
on a continuous scale had to be available. We searched
the references of the retrieved reports for any additional
studies. A list of the excluded studies is provided in
table S2 in appendix 1. We followed standard criteria
(PRISMA criteria) for reporting meta-analyses.’” The
authors of one study?> were contacted for clarification
of the amount of whole grain intake, which was
reported in ounces/day (1 ounce=28 g) in the publica-
tion but was clarified to be in ounces/1000 kcal/day by
the authors. In another study,?® the authors were con-
tacted for clarification of the increment for bread which
was clarified to be 100 g/d rather than 10 g/d.

Patient involvement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in
developing plans for design, or implementation of the
study. No patients were asked to advise on interpreta-
tion or writing up of results. There are no plans to dis-
seminate the results of the research to study participants
or the relevant patient community.

Data extraction

From each study we extracted name of first author, pub-
lication year, country, name of the study, follow-up
period, sample size and number of cases or deaths, type
of outcome, sex, age, type of grains, amount or fre-
quency of intake, relative risks and 95% confidence
intervals, and variables adjusted for in the analysis.
Data were extracted by one author (DA) and checked by
another author (DCG) for accuracy.

Statistical methods

We calculated summary relative risks of cardiovascular
disease, total cancer, and all cause and cause specific
mortality for the highest versus the lowest level of
intake and for 90 g a day increment (three servings/day;
the approximate median range across studies) using the
random effects model by DerSimonian and Laird,?
which takes into account variation (heterogeneity) both
within and between studies. The average of the natural
logarithm of the relative risks was estimated and the
relative risk from each study was weighted with random
effects weights. When studies reported data separately
by sex we pooled the relative risks using a fixed effects
model before inclusion in the meta-analysis. A two
tailed P<0.05 was considered significant.

We conducted linear dose-response analyses using
the method by Greenland and Longnecker® to compute
study specific slopes (linear trends) and 95% confi-
dence intervals from the natural logarithm of the rela-
tive risks across categories of grain intake. For each
category of grain intake we used the mean or median if
it was reported in the publication and estimated the
midpoint of the upper and lower bound for the remain-
ing studies. When extreme categories were open ended
or had extreme upper or lower values we used the width
of the adjacent interval to calculate an upper or lower
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cut-off value. For total grains, whole grains, and refined
grains we used 30 g as a serving size (one slice of bread
or one bowl of breakfast cereal) to recalculate results
from studies reporting data in g/day to servings/day, as
in our previous analyses.>?® For intake of pasta we used
150 g as a serving size while for total rice we used 167.25
g as a serving size (cooked weight) based on a weighted
average of the serving size for white rice (158 g/day) and
brown rice (195 g/day), weighted by the proportion of
rice intake of each type (75% white rice and 25% brown
rice),”! unless a serving size was specified in the paper.
Separate analyses were conducted for studies reporting
on total whole grains and specific subtypes of whole
grains. We assessed a potential non-linear dose-re-
sponse relation between grain intake and cardiovascu-
lar disease, cancer, and all cause and cause specific
mortality using restricted cubic splines with three knots
at 10%, 50%, and 90% centiles of the distribution,
which were combined using multivariate meta-analy-
sis.#?*3 The 95% confidence intervals were derived from
the standard errors of the differences in linear predic-
tors between each given point on the dose-response
curve and a stated reference value, computed from the
covariate values and the covariance matrix of the esti-
mated coefficients.** A likelihood ratio test was used to
assess the difference between the non-linear and linear
models to test for non-linearity.*>

Heterogeneity between studies was evaluated with Q
and I? statistics.*¢ For the Q statistic a P<0.10 was con-
sidered to be significant. I? is the amount of total varia-
tion explained by variation between studies. We carried
out subgroup and meta-regression analyses stratified
by study characteristics (duration of follow-up, sex,
geographical location, number of cases, whether the
method of dietary assessment had been validated,
study quality, and adjustment for confounding factors)
to investigate potential sources of heterogeneity. Influ-
ence analyses in which we excluded one study at a time
from each analysis were conducted to investigate the
robustness of the findings. We assessed publication
bias with Egger’s test* and have provided funnel plots
in analyses including 10 or more studies. Study quality
was assessed with the Newcastle-Ottawa scale, which
awards 0-9 points based on the selection, comparabil-
ity, and outcome assessment.*® We considered studies
with 0-3, 4-6, and 7-9 points to represent low, medium,
and high quality studies, respectively. Stata version 12.0
software (StataCorp, TX) was used for the analyses.

Results

We included 45 cohort studies (64 publications)* 159 in
the analyses of grain intake and coronary heart disease,
stroke, cardiovascular disease, total cancer, and all
cause mortality and other causes of mortality (table
$3-S12 in appendix 1, fig 1). Twenty studies were from
Europe, 16 were from the US, and nine were from Asia.
The studies included in the analyses of whole grains
included 7068 cases of coronary heart disease, 2337
cases of stroke, 26 243 cases of cardiovascular disease,
34346 deaths from cancer, and 100 726 all cause deaths.
The number of participants ranged from 245012 to
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Records identified (n=48 380):
PubMed (n=39 741) Embase (n=8639)

= Records excluded based on title or abstract (n=47 049)
Records given detailed assessment (n=1331)
= Reported on exposures other than grains (n=1185)
Reported on intake of grains (n=146)

Publications excluded (n=82):
Reviews (n=18)
Case-control studies (n=14)
Abstract only publications (n=10)
Not relevant exposure/outcome (n=9)
Meta-analyses (n=9)
Duplicates (n=6)
No risk estimates, confidence intervals (n=3)
Studies only in patients with diabetes (n=2)
Unusable result, no quantities (n=2)
Qualitative assessment of grain (n=2)
Not original data (n=1)
Patients with heart disease (n=1)
Crude dietary assessment (n=1)
Cross sectional study (n=1)
Ecological study (n=1)
Total disease mortality as outcome (n=1)
Unadjusted risk estimates (n=1)

Cohorts included (n=45 studies; 64 publications):
CHD incidence or mortality (n=23 studies; 25 publications)
Stroke incidence or mortality (n=15 studies; 15 publications)
CVD incidence or mortality (=19 studies; 20 publications)
Total cancer incidence or mortality (=13 studies;
14 publications)
All cause mortality (n=30 studies; 36 publications)
Respiratory disease mortality (n=5 studies; 5 publications)
Infectious disease mortality (n=4 studies; 4 publications)
Diabetes mortality (n=>5 studies; 5 publications)
Nervous system disease mortality (n=3 studies;
3 publications)
Non-cardiovascular, non-cancer causes of death
(n=5 studies; 4 publications)

Fig 1| Flow chart of study selection

705253. Tables S3-S12 in appendix 1 provide a summary
of the study characteristics. Figure 1 shows a flowchart
of the study selection. Figures S1-S20 in appendix 2
show the results from the high versus low analyses and
scatter plots from the non-linear dose-response analy-
ses. Figures S21-S102 in appendix 2 show results for spe-
cific types of grains, refined grains, and total grains.

Whole grains and coronary heart disease

Seven cohort studies*?151617 36 jpyestigated the associ-
ation between whole grain intake and risk of coronary
heart disease and included a total of 7068 cases and
316 491 participants (one additional publication was
included only in the subgroup analysis of incidence of
coronary heart disease® as it overlapped with another
publication®). The summary relative risk for high versus
low intake was 0.79 (95% confidence interval 0.73 to
0.86; I>=0%, Phererogencity=0-63) (fig S1 in appendix 2,
table 1). The summary relative risk per 90 g/day was
0.81(0.75 to 0.87; I’=9%, Ppeterogencity=0-36) (fig 2, table 1).
Although the test for non-linearity was significant for the
association between whole grain intake and coronary
heart disease (P<0.001), with a slightly steeper reduction
in risk up to three servings a day than more than three
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servings a day, there was a clear dose-response relation,
and there were further reductions in risk up to 210 g/day
(fig 2, fig S2 in appendix 2, table S13 in appendix 1).

Subtypes of whole grains including whole grain
bread,? 152951526062 whole grain breakfast cereals,?55153
and added bran®754 were inversely associated with
coronary heart disease, but no association was
observed for germ,' refined grains,*!¢5863 white
bread,>' ¢ refined grain breakfast cereals,’'% total
rice,%6% or total grains,>*®63 while rye was only
inversely associated in the high versus low analysis and
not in the dose-response analysis (figs S21-S44 in
appendix 2, table 2).94957

Whole grains and stroke

Six cohort studies#?16182463 were included in the
analysis of whole grain intake and risk of stroke
and included 2337 cases and 245012 participants.
The pooled relative risk for high versus low intake
was 0.87 (95% confidence interval 0.72 to 1.05; [>=32%,
Ppcterogeneity=0-21 (fig S3 in appendix 2, table 1). The sum-
mary relative risk per 90 g/day was 0.88 (0.75 to 1.03;
12=56%, Pheterogencity=0-04) (fig 3, table 1). There was evi-
dence of non-linearity between whole grain and risk of
stroke (P<0.001), and there was no further reduction in
risk above 120-150 g/day (fig 3, fig S4 in appendix 2,
table S13 in appendix 1).

We found no clear association between intake of
whole grain bread,’>? whole grain breakfast cereals,®
refined grains,*16182463 total rice,*1565968 or total
grains!82461636769 and risk of stroke (figs S45-S56 in
appendix 2, table 2).

Whole grains and cardiovascular disease

Ten cohort studies (nine publications)* 9192262763 jpyes-
tigated whole grain intake and risk of cardiovascular
disease and included 26243 cases and 704 317 partici-
pants. The summary relative risk for high versus low
intake was 0.84 (95% confidence interval 0.80 to 0.87;
2=0%, Pheterogencity=0-48) (fig S5 in appendix 2, table 1).
The summary relative risk was 0.78 (0.73 to 0.85;
=40%, Ppeierogencity=0-09) per 90 g/day (fig 4, table 1).
There was evidence of a non-linear association between
whole grain intake and risk of cardiovascular disease
(P<0.001), with a stronger reduction in risk from no
intake up to 50 g/day than with higher intakes, but
with slight further reductions in risk with intakes up to
200 g/day (fig 4, fig S6 in appendix 2, table S13 in
appendix 1).

Intake of whole grain bread,???3¢5262 whole grain
breakfast cereals,”> total breakfast cereals,*¢>37! and
bran,?°5* but not germ,?° refined grains,*20363 total
rice,"15659 or total grains,®'%270 were inversely associ-
ated with the risk of cardiovascular disease (figs S57-S72
in appendix 2, table 2).

Whole grains and total cancer

Six cohort studies (five publications)*?202227 were
included in the analysis of whole grain intake and risk
of total cancer and included 34 346 deaths from cancer
among 640 065 participants. The summary relative
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Table 1| Intake of total whole grains and effect on coronary heart disease, stroke, cardiovascular disease, total cancer, all cause mortality, and cause
specific mortality. Analysis of low versus high intake and dose-response analysis

High v low analysis

Dose-response analysis

No of studies  RR* (95% Cl) 12 Pvaluet Dose (g/day) No of studies RR*(95% Cl) 12 Pvaluet
Incidence
Coronary heart disease 5 0.80 (0.74t00.87) 0 0.62 90 5 0.84(0.77t00.92) 34 0.20
Stroke 3 0.86 (0.60t01.20) 65 0.06 90 3 0.84(0.59t0 1.20) 74 0.02
Cardiovascular disease 2 0.89 (0.81t00.99) 0 0.40 90 2 0.87(0.78t00.97) 0 0.85
Incidence or mortality
Coronary heart disease 6 0.79(0.73t00.86) 0 0.63 90 7 0.81(0.75t00.87) 9 0.36
Stroke 5 0.87 (0.72 to 1.05) 32 0.21 90 0.88 (0.75 to 1.03) 56 0.04
Cardiovascular disease 9 0.84(0.80t00.87) 0 0.48 90 10 0.78 (0.73t00.85) 40 0.09
Mortality
Coronary heart disease 2 0.65(0.52t00.83) 33 0.22 90 3 0.81(0.74t00.89) 10 0.33
Stroke 2 0.85 (0.64t0 1.13) 0 0.99 90 3 0.86 (0.74 10 0.99) 34 0.20
Cardiovascular disease 7 0.81(0.75t00.87) 37 0.15 90 8 0.71(0.61t00.82) 72 0.001
Total cancer 6 0.89(0.82t00.96) 72 0.003 90 6 0.85 (0.80t0 0.91) 37 016
All cause 9 0.82 (0.77 t0 0.88) 83 <0.001 90 1" 0.83 (0.77 t0 0.90) 83 <0.001
Respiratory disease 4 0.81(0.69t00.94) 63 0.05 90 4 0.78 (0.70t00.87) 0 0.46
Diabetes 4 0.64(0.42t00.98) 64 0.04 90 4 0.49 (0.23 t0 1.05) 85 <0.001
Infectious disease 3 0.80(0.68t00.96) 0 0.68 90 3 0.74(0.56t00.96) 0 0.85
Nervous system disease 2 113 (0.89 to 1.43) 29 0.24 90 2 115 (0.66 t0 2.02) 79 0.03
Non-cardiovascular, non-cancer causes 5 0.79 (0.69t00.92) 86 <0.001 90 5 0.78 (0.75 to 0.82) 0 0.99

*RR<1 favours those with higher intake

1P for heterogeneity.

risk for the high versus the low intake was 0.89
(95% confidence interval 0.82 to 0.96; ’=72%, Ppcierogencity
=0.003) (fig S7 in appendix 2, table 1). The summary rel-
ative risk per 90 g/day was 0.85 (0.80 to 0.91; >=37%,
Pheterogencity=0-16) (fig 5, table 1). The heterogeneity
seemed to be explained by one large US study,?” and
when this was excluded there was no evidence of het-
erogeneity (I12=0%, P=0.74) and the association

Study Relative risk Relative risk
(95% CI) (95% CI)
Wang 2016 — 0.83 (0.57 to 1.23)
Johnsen 2015 E 3 0.84 (0.77 10 0.93)
Rautiainen 2012 -+ 0.90 (0.78 to 1.04)
Jacobs 2007 —'—‘- 0.72 (0.60 to 0.87)
Jensen 2004 - 0.65 (0.46 t0 0.92)
Steffen 2003 —=— 0.75 (0.56 t0 1.01)
Liu 1999 — 0.72 (0.56 t0 0.93)
Overall * 0.81 (0.75 t0 0.87)
0.25 0.5 1 1.5 2
% 1.0
'5 Best fitting cubic spline
NN 95% confidence interval
£ 0.8
[
e -
0.6
0.4
0 50 100 150 200 250

Whole grains (g/day)

Fig 2 | Forest plot for consumption of whole grains
(per 90 g/day) and risk of coronary heart disease, with
graph illustrating non-linear response
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remained similar (summary relative risk 0.87, 0.83 to
0.92). There was no evidence of a non-linear association
between whole grain intake and total cancer (P=0.15;
fig 5 fig S8 in appendix 2, table S13 in appendix 1).

There was an inverse association between intake of
whole grain bread®?°3¢52 and total cancer, and there
were weak inverse associations between intake of
refined grains,*%° and total grains”” and total cancer
in the dose-response analysis, but no association was
observed between brown rice,”? white rice,*? total
breakfast cereals,3¢”! and total rice’>?? and total cancer
(figs S73-S86 in appendix 2, table 2).

Whole grains and all cause mortality
Eleven cohort studies (10 publications)4916192021222527
investigated the association between whole grain
intake and all cause mortality and included 100726
deaths and 705253 participants. The pooled relative risk
for high versus low intake was 0.82 (95% confidence
interval 0.77 to 0.88; I>=83%, Ppeterogeneity<0-001) (fig S9
in appendix 2, table 1). The summary relative risk was
0.83 (0.77 to 0.90; 2=83%, Py eierogencity<0-001) per 90 g/
day (fig 6, table 1). The heterogeneity was reduced
when we excluded two outlying studies?? (12=66%,
P=0.003), but the association was not substantially
altered (summary relative risk 0.81, 0.76 to 0.86).
Although the test for non-linearity was significant
(P<0.001), and steeper reductions in risk were observed
at lower intakes, there was a clear dose-response rela-
tion, and the lowest risk was observed at 225 g/day
(fig 6, fig S10 in appendix 2, table S13 in appendix 1).
Intakes of whole grain bread,®25262%0 whole grain
breakfast cereals,®5387 pasta, 3380 total bread, 337677 and
total breakfast cereals,>37138 were inversely associated
with all cause mortality, and, in addition, total grain
COnSumptiOnGl 6263 65 66 76 82-84 85 87-89 91 was inVerselY asso-
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Table 2 | Intakes of subtypes of grains and effect on coronary heart disease, stroke, cardiovascular disease, cancer, and mortality. Analysis of high
versus low intake and dose-response analysis

High v low analysis

Dose-response analysis

Type of grain No of studies RR* (95% Cl) 12 Pvaluet Dose (g/day) No of studies RR*(95% Cl) 12 Pvaluet
Coronary heart disease

Whole grain bread 7 0.83 (0.75t0 0.92) 0 0.64 90 5 0.83 (0.76 t0 0.92) 0 0.53
Whole grain breakfast cereals 4 0.72 (0.64 10 0.82) 0 0.92 30 4 0.81 (0.751t0 0.88) 0 0.69
Rye products 2 0.81 (0.70 to 0.94) 0 0.47 30 2 0.97 (0.91 to 1.05) 54 014
Added bran 3 0.78 (0.63 to 0.95) 65 0.06 10 2 0.72 (0.58 to 0.89) 34 0.22
Germ 2 0.73 (0.33t0 1.64) 65 0.09 2 2 0.88 (0.76 t0 1.03) 0 0.65
Refined grains 4 1.16 (0.84 to 1.59) 48 0.2 90 5 113 (0.90 to 1.42) 57 0.05
White bread 2 1.07 (0.86 t0 1.34) 50 0.16 90 2 0.96 (0.53t0 1.76) 86 0.007
Refined grain breakfast cereals 2 115 (0.79 to 1.67) 70  0.07 30 2 114 (0.75 t0 1.73) 72 0.06
Total rice 4 0.98 (0.90t0 1.07) 0 0.44 100 4 0.99 (0.95 to 1.03) 7 0.36
Total grains 3 1.07 (0.91t0 1.25) 0 0.47 90 2 1.07 (0.88 t0 1.30) 0.40
Stroke

Whole grain bread 2 0.88 (0.75t0 1.03) 0 0.89 90 1 0.88 (0.72t0 1.07) — —
Whole grain breakfast cereals 2 0.99 (0.531t0 1.86) 77  0.04 30 2 1.07 (0.69 to 1.64) 78 0.03
Refined grains 4 0.95 (0.78 to 1.14) 23 0.28 90 5 0.91 (0.81t0 1.02) 29 0.23
Total rice 4 1.02 (0.94to 1.11) 0 0.95 100 4 1.00 (0.97 t0 1.03) 0 0.87
Total grains 4 0.89 (0.79 to 1.00) 6 0.36 90 5 0.93 (0.85 t0 1.02) 62 0.03
Cardiovascular disease

Whole grain bread 4 0.83(0.75t00.92) 0 0.78 90 3 0.87 (0.80 t0 0.95) 0 0.71
Whole grain breakfast cereals 2 0.74 (0.65 t0 0.84) 4 0.31 30 2 0.84 (0.78 t0 0.90) 0 0.82
Bran 3 0.82 (0.76 t0 0.88) 0 0.64 10 2 0.85 (0.79 t0 0.90) 0 0.37
Germ 2 1.06 (0.97 to 1.16) 0 0.41 2 2 1.05 (0.96 t0 1.15) 0 0.41
Refined grains 2 1.02 (0.91 to 1.14) 16 0.27 90 3 0.98 (0.90 to 1.06) 56 (ONN|
Total breakfast cereals 2 0.80 (0.70t0 0.90) 55 014 30 3 0.80 (0.681t0 0.93) 73 0.03
Total rice 3 0.96 (0.90to 1.03) 0 0.54 100 3 0.98 (0.95 to 1.00) 0 0.47
Total grains 3 0.94 (0.84 t0 1.06) 0 0.47 90 1 0.83 (0.70 to 1.00) = =
Total cancer

Whole grain bread 3 0.89 (0.78 to 1.01) 42 018 90 3 0.91 (0.85 to 0.96) 0 0.63
Brown rice 3 1.07 (0.91t0 1.26) 27 0.26 100 3 0.98 (0.92 t0 1.04) 0 0.61
Refined grains 1 0.98 (0.82t0 1.16) = = 90 2 0.94 (0.90 t0 0.99) 0 0.60
White rice 3 0.87 (0.76 t0 1.01) 53 0.12 100 3 0.98 (0.92 to 1.05) 49 0.14
Total breakfast cereals 1 0.90 (0.86 t0 0.95) — — 30 2 0.90 (0.82 t0 1.00) 36 0.21
Total rice 4 0.95 (0.88 t0 1.02) 65 0.03 100 4 0.98 (0.95 to 1.01) 55 0.08
Total grains 1 0.92 (0.80 to 1.06) = = 90 2 0.97 (0.96 t0 0.99) 0 0.51
All cause mortality

Whole grain bread 5 0.81 (0.74 t0 0.88) 57 0.05 90 2 0.85 (0.82 to 0.89) 0 0.36
Whole grain breakfast cereals 3 0.79 (0.72t0 0.86) 50 014 30 2 0.87 (0.84 10 0.90) 0 0.85
Oats or oatmeal 3 0.89 (0.76 t0 1.04) 90 <0.001 20 1 0.88 (0.83 t0 0.92) = =
Refined grains 2 1.02 (0.93t01.12) 0 0.64 90 4 0.95 (0.91t0 0.99) 20 0.29
Pasta 1 0.61 (0.26 to 1.45) = = 150 2 0.85 (0.74 t0 0.99) 54 0.14
Total bread 3 0.77 (0.72 t0 0.81) 0 0.42 90 3 0.83 (0.80 t0 0.85) 0 0.41
Total breakfast cereals 2 0.87 (0.811t00.93) 47 017 30 3 0.89 (0.83 t0 0.96) 92  <0.001
Total grains 13 0.91 (0.87 t0 0.95) 4 0.41 90 7 0.96 (0.90 to 1.02) 71 0.002

*RR<1 favours those with higher intake.

1P for heterogeneity.

ciated with mortality in the high versus low analysis,
but not in the dose-response analysis, while refined
grain intake was weakly inversely associated with mor-
tality in the dose-response analysis, but not in the high
versus low analysis*1620¢3 (table 2). There was no asso-
ciation between intake of oats or oatmeal?8¢°° and mor-
tality (figs S87-S102 in appendix 2, table 2).

Whole grains and other causes of death

Inverse associations were also observed for the associa-
tion between whole grains and mortality from respira-
tory disease (fig 7, figs S11-S12 in appendix 2, table 1,
6617 deaths, 632849 participants),*9202 diabetes (fig 8,
figs S13-S14 in appendix 2, table 1, 808 deaths, 632849

participants),*°202 infectious diseases (fig 9, fig S15-S16
in appendix 2, table 1, 1386 deaths, 512839 partici-
pants),*2°22 and non-cardiovascular, non-cancer
causes (fig 11, figs S19-S20 in appendix 2, table 1, 25697
deaths, 640065 participants),*9202227 hut not for dis-
eases of the nervous system (fig 10, fig S17-S18 in appen-
dix 2, table 1, 2285 deaths, 145397 participants).420
There was evidence of non-linearity in the analyses of
mortality from respiratory disease (P=0.001), diabetes
(P<0.001), infectious diseases (P=0.003), and diseases
of the nervous system (P<0.001), with most of the reduc-
tion in risk observed with intakes up to about 60-90 g/
day for diabetes and infectious diseases, but with fur-
ther reductions in risk with higher intakes for respira-
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Study Relative risk Relative risk
(95% CI) (95% CI)
Wang 2016 —— 0.80 (0.57 to 1.12)
Johnsen 2015 —-—- 0.86 (0.71 to 1.04)
Mizrahi 2009 . 1.08 (0.96 to 1.22)
Jacobs 2007 —:I-— 0.89 (0.67t0 1.19)
Steffen 2003 — 0.70 (0.44 t0 1.11)
Liu 2000 — 0.69 (0.48 to 1.00)
Overall - 0.88 (0.75 t0 1.03)
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Fig 3 | Forest plot for consumption of whole grains
(per 90 g/day) and risk of stroke, with graph illustrating
non-linear response

tory disease mortality (figs 710, figs S12, S14, S16, S18,
S20 in appendix 2). The analysis of mortality from dis-
eases of the nervous system showed a slight positive
association at low intakes, but no association at intakes
of 90 g/day, while the association with all non-cardio-
vascular, non-cancer causes of death showed little evi-
dence of non-linearity (P=0.06; figs 10-11, table S14 in
appendix 1).

Publication bias, subgroup and meta-regression

analyses, study quality, and influence analyses

There was no evidence of small study bias such as pub-
lication bias with Egger’s test for coronary heart disease
(P=0.11), cardiovascular disease (P=0.31), total cancer
(P=0.44), and all cause mortality (P=0.99) (figs
S103-S104 in appendix 2), but some indication for
stroke (P=0.01). There were, however, few studies in this
analysis, and exclusion of one outlying study'® from the
analysis attenuated Egger’s test to non-significance
(P=0.13) and made the summary estimate significant
(0.82, 95% confidence interval 0.72 to 0.93). There was
little evidence of heterogeneity between subgroups in
subgroup and meta-regression analyses stratified by
study characteristics including duration of follow-up,
sex, type of outcome, geographical location, number of
cases or deaths, or adjustment for confounding factors
(table S15-S16 in appendix 1). The association between
whole grain intake and coronary heart disease, cardio-
vascular disease, and total cancer was consistent
among both US and European studies, while the associ-
ation with stroke and all cause mortality was observed
only in US studies. For all cause mortality, however,
exclusion of one study,” in which intake of whole
grains was extremely low (and which partly explained
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Study Relative risk Relative risk
(95% CI) (95% CI)

Wang 2016 —_— 0.82 (0.63 t0 1.05)
Huang 2015 - 0.74 (0.68 t0 0.80)
Johnsen 2015 - 0.85 (0.78t0 0.92)
Sonestedt, 2015 e 0.86 (0.76 t0 0.98)
Wu 2015 (HPFS) — 0.72 (0.58 t0 0.90)
Wu 2015 (NHS) —_— 0.56 (0.40 t0 0.79)
Buil-Cosiales 2014 ——————— 0.83(0.40t01.71)
Fitzgerald, 2012 - 0.89 (0.71 t0 1.11)
Jacobs 2007 —— 0.75 (0.63 t0 0.89)
Sahyoun 2006 — 0.45 (0.21 t0 0.95)

Overall * 0.78 (0.73 t0 0.85)
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Fig 4 | Forest plot for consumption of whole grains
(per 90 g/day) and risk of cardiovascular disease,
with graph illustrating non-linear response

the heterogeneity), made the summary estimate signifi-
cant for the European studies as well (summary relative
risk 0.82, 0.79 to 0.85; 1%=0%, Pjeterogencity=0-36). In the
analysis of whole grain intake and stroke there was a
significant association among studies with stroke mor-
tality as the outcome, among US studies, and among
studies with a validated dietary assessment, however,
there was no significant difference between these sub-
group analyses (table S15 in appendix 1). There was also
little evidence of heterogeneity in the remaining sub-
group analyses (tables S15-S16 in appendix 1).

Mean (median) study quality scores for the studies on
whole grains were 7.9 (8.0) for coronary heart disease,
7.7 (8.0) for stroke, 7.7 (8.0) for cardiovascular disease,
7.8 (8.0) for total cancer, and 7.9 (8.0) for mortality, out
of a maximum of 9 points (tables S17-S21 in appendix 1).

In sensitivity analyses in which we excluded one
study at a time from each analysis the summary esti-
mates were not substantially altered for coronary heart
disease, cardiovascular disease, total cancer, and all
cause mortality, but for stroke there was one study?
that explained the lack of association (figs S105-S109 in
appendix 2).

Discussion

In this dose-response meta-analysis we found an
inverse association between whole grain intake and
outcomes of several major chronic diseases, including
coronary heart disease, stroke, cardiovascular disease
overall, total cancer, and all cause mortality as well as
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Study Relative risk Relative risk Study Relative risk Relative risk
(95% CI) (95% CI1) (95% CI) (95% C1)
Huang 2015 [ | 0.79 (0.74t00.84)  Wang 2016 —— 0.94 (0.80 t0 1.16)
Johnsen 2015 . 0.86 (0.81 t0 0.91) Huang 2015 l 0.76 (0.73t0 0.79)
Wu 2015 (HPFS) —:I-— 0.90 (0.74 t0 1.10) Johnsen 2015 l 0.82 (0.79 t0 0.85)
Wu 2015 (NHS) —l— 0.96 (0.76 to 1.21) Wu 2015 (HPFS) 1-'- 0.91 (0.81t0 1.02)
Buil-Cosiales 2014 —-—.—— 0.77 (0.43 to 1.38) Wu 2015 (NHS) —- 0.67 (0.57 t0 0.77)

0.92 (0.81 to 1.04)

Jacobs 2007 !
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Fig 5 | Forest plot for consumption of whole grains
(per 90 g/day) and risk of total cancer, with graph
illustrating non-linear response

less common causes of death such as from respiratory
disease, diabetes, infectious disease, and all non-car-
diovascular, non-cancer causes. There were reductions
of 21%, 16%, 11%, and 18%, respectively, in the relative
risk of coronary heart disease, cardiovascular disease,
total cancer, and all cause mortality for the highest ver-
sus lowest category of whole grain intake. In the
dose-response analyses there were reductions of 19%,
22%, 15%, and 17%, respectively, in the relative risk per
90 g/day (one serving equals 30 g), while the associa-
tion for stroke was significant only in the non-linear
dose-response analysis. There were also reductions of
19%, 36%, 20%, and 21% in the relative risk of mortality
from respiratory disease, diabetes, infectious disease,
and all non-cardiovascular, non-cancer causes, respec-
tively, with a high versus low intake of whole grains. No
evidence of an association was observed for mortality
from nervous system disorders in the high versus low or
linear dose-response analysis. There was some evi-
dence of a slight positive association at low intakes but
not at intakes of 90 g/day or more. There was indication
of non-linearity in several of the dose-response analy-
ses, with somewhat steeper reductions in risk at lower
levels of intake in most of the analyses. There were,
however, further reductions in the risk of coronary
heart disease and mortality from cancer, respiratory
disease, and all non-cardiovascular, non-cancer causes
of death as well from all cause mortality up to intakes as
high as 210-225 g/day (seven to seven and a half serv-
ings a day).

Although current dietary guidelines recommend
whole grains rather than refined grains, recommenda-
tions have often not quantified the amount of whole
grain intake that should be consumed,?' thus the cur-

Boggs 2014 0.30 (0.15 to 0.60)
Buil-Cosiales 2014 ——  0.98(0.67t01.44)
van den Brandt 2011 - 1.05(0.95t0 1.17)
Jacobs 2007 - 0.82 (0.76 t0 0.89)
Sahyoun 2006 ————  0.80(0.49t01.31)
Steffen 2003 —i 0.77 (0.61 t0 0.96)
Overall * 0.83 (0.77 t0 0.90)
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Fig 6 | Forest plot for consumption of whole grains
(per 90 g/day) and risk of all cause mortality, with graph
illustrating non-linear response

rent analysis provides a considerable improvement of
the evidence base for the level of whole grains that
should be consumed to reduce the risk of chronic dis-
eases and mortality. Relatively few people might have
three or more servings a day of whole grains. As indi-
cated by the benefits we observed in the non-linear
dose-response analyses at an intake of even one or two
servings a day in relation to most of the outcomes, how-
ever, even moderate increases in whole grain intake
could reduce the risk of premature mortality. Also, as
many people might have a total grain intake of three or
more servings a day, replacement of most or all of the
refined grains with whole grains could increase whole
grain intake substantially.

Although there was some evidence of non-linear
associations between whole grain intake and coronary
heart disease, stroke, cardiovascular disease, and mor-
tality from all causes, respiratory disease, diabetes, and
infections, with stronger reductions in risk observed at
lower levels of intake, in most of the analyses there was
a clear dose-response relation with further reductions
with intakes up to seven to seven and a half servings a
day (210225 g/day). In addition, there were inverse
associations for some subtypes of whole grains or total
grains and coronary heart disease (whole grain bread,
whole grain breakfast cereals, added bran), cardio-
vascular disease (whole grain bread, whole grain
breakfast cereals, bran, total breakfast cereals), total
cancer (whole grain bread, total grains), and all cause
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Study Relative risk Relative risk
(95% CI) (95% CI)
Huang 2015 0.82(0.71t0 0.95)
Johnsen 2015 0.82 (0.66 to 1.03)
Wu 2015 0.71 (0.49t0 1.02)
Jacobs 2007 0.67 (0.53 to 0.85)
Overall 0.78 (0.70 to 0.87)
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Fig 7 | Forest plot for consumption of whole grains
(per 90 g/day) and risk of mortality from respiratory
disease, with graph illustrating non-linear response

mortality (whole grain bread, whole grain cereals, total
grains, total bread, pasta), which supports the findings
for whole grain intake overall. There was little evidence
of an association between intake of refined grains and
any of the outcomes. The number of studies in the anal-
yses of grain subtypes, however, was low. Given that
whole grain consumption differs substantially between
populations, both with regard to type and amount, and
because most of the current data are from US and Euro-
pean studies it is possible that effect sizes might differ
in other populations.

Study Relative risk Relative risk
(95% ClI) (95% Cl)
Huang 2015 —— 0.42 (0.25 t0 0.69)
Johnsen 2015 : 1.10(0.79 to 1.52)
Wu 2015 - 0.15 (0.05 to 0.40)
Jacobs 2007 0.63 (0.31 to 1.26)
Overall 0.49 (0.23 to 1.05)
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Fig 8 | Forest plot for consumption of whole grains
(per 90 g/day) and risk of mortality from diabetes,
with graph illustrating non-linear response
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Study Relative risk Relative risk
(95% CI) (95% CI)
Huang 2015 —.— 0.71 (0.52 to 0.96)
Wu 2015 —= 0.89 (0.41 to 1.94)
Jacobs 2007 —-—— 0.79 (0.37 to 1.70)
Overall e 0.74 (0.56 t0 0.96)
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Fig 9| Forest plot for consumption of whole grains
(per 90 g/day) and risk of mortality from infectious
diseases, with graph illustrating non-linear response

Limitations of the study

Our meta-analysis has some limitations that should be
mentioned. There was high heterogeneity in the analy-
sis of whole grains and all cause mortality. With the
exception of one study from the Netherlands,?” which
had a small range of whole grain intake (the interquar-
tile range was 0-0 and 10.6-13.5 g/d in men/women,
respectively), however, the heterogeneity seemed to be
more due to differences in the strength of the associa-
tion between studies than to differences in the direction
of the association. Exclusion of two outlying studies?' %
reduced the heterogeneity in the analysis of all cause
mortality but did not substantially alter the summary
estimates.

Study Relative risk Relative risk
(95% Cl) (95% Cl)
Wu 2015 1.53 (1.08 t0 2.16)
Jacobs 2007 0.86 (0.59 to 1.26)
Overall 1.15 (0.66 t0 2.02)
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Fig 10 | Forest plot for consumption of whole grains
(per 90 g/day) and risk of mortality from diseases of
nervous system, with graph illustrating non-linear response
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Study Relative risk Relative risk
(95% CI) (95% CI)

Huang 2015 == 0.78 (0.68 to 0.89)
Johnsen 2015 [ | 0.78 (0.74 10 0.83)
Wu 2015 —— 0.80 (0.68 t0 0.93)
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Jacobs 2007 D 0.78 (0.67 t0 0.89)
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Fig 11| Forest plot for consumption of whole grains (per
90 g/day) and risk of mortality from non-cardiovascular,
non-cancer causes, with graph illustrating non-linear
response

Although we took into account the different amounts
and ranges of whole grain intake between studies in the
dose-response analysis, studies could also have dif-
fered by the types of whole grains consumed, by how
accurately they measured whole grain intake, or by
how they defined whole grains. This could have con-
tributed to heterogeneity between studies. In addition,
given the diversity of whole grain products available it
is difficult to assess intake accurately in epidemiologi-
cal studies, and some degree of measurement error is
inevitable. A recent review recommended reporting
intake as the actual amount of whole grain per dry
weight.” As some studies have classified some whole
grain items (breakfast cereals, muesli) as whole grain
foods if they have a whole grain content of >25% or
>50% of the weight of the product, then a grain product
could be considered whole grain if its whole grain con-
tent varied between 25-100 g or 51-100 g per 100 g of the
product. Somebody could consume a product with 24 g
or 50 g of whole grain per 100 g of the product and still
be considered to eat no whole grain, leading to misclas-
sification of the exposure. Most of the studies seemed to
report intake as the amount or frequency of whole grain
food or product intake (fresh weight including water
content), while only two publications®?° reported
intakes in actual amount of whole grain food (dry
weight). One study that reported results for both whole
grain products (fresh weight) and actual whole grain
intake (dry weight) in relation to mortality, however,
found similar associations for the two.® Most of the
associations were similar for different types of whole
grains, and, in addition, most of the US studies seemed
to define whole grains similarly, while few of the Euro-
pean studies provided a definition of whole grain.

People with a high intake of whole grains might have
different lifestyles, diets,?°%* or socioeconomic status®*
than those with a low intake, thus confounding by
other lifestyle factors is a potential source of bias. In
subgroup analyses we found that the associations
observed persisted among studies that adjusted for
smoking, alcohol, physical activity, BMI, and other
dietary factors such as sugar sweetened beverages, red
meat, and fruit and vegetables. Though differences in
socioeconomic factors or deprivation could also have
influenced the findings, both the Nurses’ Health Study
and the Health Professionals Follow-up Study, cohorts
in which there would be relatively little confounding by
socioeconomic status or deprivation, found similar
results to the overall analysis, and there was no evi-
dence of heterogeneity in the results stratified by
adjustment for education.

The number of studies that investigated subtypes of
whole grains and total or refined grains was limited.
Any further studies should therefore try to clarify asso-
ciations between specific subtypes of grains and cardio-
vascular disease, cancer, and mortality, as well as less
common causes of mortality. As in any meta-analysis of
published studies publication bias could have influ-
enced the results. Though we found some indication of
small study effects such as publication bias in the anal-
ysis of stroke, there was no evidence of publication bias
for the remaining outcomes, although the number of
studies was moderate and power to detect such bias is
low when there are few studies.

Strengths of the study

Strengths of the current study include the compre-
hensive analyses of intake of whole grain and sub-
types of grain in relation to a range of chronic disease
and mortality outcomes including high versus low
analyses; linear and non-linear dose-response analy-
ses; the detailed subgroup, sensitivity, and influence
analyses; the large numbers of cases or deaths and
participants included; and the high quality of the
studies included.

Mechanisms

Several mechanisms could explain the beneficial effect
observed between whole grain intake and coronary
heart disease, cardiovascular disease, cancer, and all
cause and cause specific mortality. Whole grains are
rich in fibre, which can reduce the postprandial glucose
and insulin responses leading to better glycaemic con-
trol.®> Epidemiological studies have suggested a lower
risk of overweight and obesity®?°” and of type 2 diabe-
tes’® among people with a high whole grain intake.
Though both adiposity and type 2 diabetes are estab-
lished risk factors for cardiovascular disease, cancer,
and mortality, in our analysis all the studies adjusted
for BMI, suggesting an association independent of BMI.
One study on whole grains and coronary heart disease!”
and another study on mortality® found little difference
between hazard ratios adjusted or not adjusted for BMI,
so if anything BMI might mediate only a small part of
the association.
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Higher whole grain intake has been associated with a
lower prevalence or risk of hypertension or raised blood
pressure,® 8% hypertriglyceridaemia,®*1°° and lower
concentrations of total and low density lipoprotein cho-
lesterol,” 190 which are important cardiovascular risk
factors. Higher fibre intake has been associated with
reduced risk of coronary heart disease,!®' stroke,!0
some cancers,?81°3 and all cause mortality.104105196 Fibre
intake, in particular soluble fibre, might reduce choles-
terol concentrations by inhibiting reabsorption of bile
acid and by bacterial fermentation of fibre in the colon,
which results in the production of short chain fatty
acids, which inhibit cholesterol synthesis in the liver.!%
Dietary fibre can reduce the risk of cancer by mechanic
removal of damaged cells from the digestive tract,°8
increasing stool bulk, diluting carcinogens, decreasing
transit time, altering the gut microbiota,2819%111 and
binding oestrogens in the colon and increasing the
faecal excretion of oestrogens, leading to lower oestro-
gen concentrations,103112

Whole grain consumption has been found to be
inversely associated with mortality from inflammatory
diseases,* and an intervention study found reduced
concentrations of fasting serum glucose, measures of
lipid peroxidation, and homocysteine concentrations
among participants fed a whole grain/legume powder
supplement.'> Whole grain intake has been associated
with lower levels of inflammatory markers (PAI-l,
CRP)"117 and liver enzymes (GGT, ASAT),'” higher lev-
els of which have been associated with increased risk of
cardiovascular disease, cancer, and mortality.!18-120
Whole grain intake has also been associated with higher
levels of adiponectin,!'® which increases insulin sensi-
tivity and reduces inflammation. Whole grains also con-
tain several other potentially beneficial components
that could explain some of the current findings.!*!

Further studies are needed to clarify whether there is
an underlying mechanism for the non-linear associa-
tion between whole grain intake and cardiovascular
disease, all cause mortality, and mortality from respira-
tory disease, diabetes, and infectious diseases. A high
intake of whole grains could also reduce the risk of
chronic disease and mortality indirectly, by displace-
ment of unhealthy foods or drinks. The association for
cardiovascular disease and mortality, however, per-
sisted in studies that adjusted for intake of red and pro-
cessed meat and sugar sweetened beverages.

Policy implications and future research

We found that a high whole grain intake was associated
with reduced risk of coronary heart disease, cardiovas-
cular disease, total cancer, and all cause mortality as
well as mortality from respiratory disease, infections,
diabetes, and all non-cardiovascular, non-cancer
causes combined. This is strong evidence that a high
intake of whole grains is beneficial for several health
outcomes in a dose-response manner. In addition, a
high intake of whole grains has previously been associ-
ated with reduced risk of colorectal cancer,?® type 2 dia-
betes,> and overweight or obesity.® Altogether these
findings have important public health implications as
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whole grain intake can be modified relatively easily by
replacing refined grains and could have a large effect on
the burden of chronic disease if adopted in the general
population. As shown in the current meta-analysis, a
high intake of whole grain is not only associated with
reduced risk of cardiovascular disease and diabetes but
also with mortality from cancer, respiratory disease,
infectious disease, and all non-cancer, non-cardiovas-
cular causes combined. The current findings therefore
strongly support existing dietary recommendations to
increase whole grain consumption in the general popu-
lation. From a practical angle a whole grain product
intake of 90 g/day can be achieved, for example, by eat-
ing a portion of whole grain breakfast cereals (30-40 g)
at breakfast and a piece of whole grain pita bread for
dinner (60 g). The non-linear analyses suggested that
the reduction in risk of mortality is steepest at the
lowest level of whole grain intake (people who increase
from no intake of whole grain to two servings/day) and
that perhaps targeting subjects with a very low intake
might have a greater impact. Further reductions were
observed up to 210-225 g/day (seven to seven and a half
servings a day), however, suggesting further benefits
with even higher intakes. Most of the studies included
in the analyses of whole grains were from the US, and
only a few European studies have been published so far.
Whole grain intake is higher in Northern Europe3*12
than in the US, and populations in Northern Europe
might therefore be promising for further studies of the
association between whole grains and health out-
comes, both in terms of examining more extreme
intakes and specific types of whole grains. Further stud-
ies are needed in other geographical locations, as are
studies of specific diseases and less common causes of
death and that incorporate biomarkers of whole grain
intake.!?3

In conclusion our results provide further evidence for
the beneficial effects of diets high in whole grains on
the risk of coronary heart disease, cardiovascular dis-
ease, total cancer, and all cause mortality, as well as
mortality from respiratory disease, infections, diabetes,
and all non-cardiovascular, non-cancer causes com-
bined. Reductions in risk are observed up to 210-225 g/
day or seven to seven and a half servings a day, and the
current findings support dietary recommendations to
increase intake of whole grains and as much as possible
to choose whole grains rather than refined grains.

AUTHOR AFFILIATIONS

"Department of Public Health and General Practice, Faculty of
Medicine, Norwegian University of Science and Technology,
Trondheim, Norway

’Department of Epidemiology and Biostatistics, School of Public
Health, Imperial College London, London, UK

3Department of Nutrition, Harvard T H Chan School of Public Health,
Boston, MA, USA

“Department of Epidemiology, Harvard T H Chan School of Public
Health, Boston, MA, USA

>Channing Division of Network Medicine, Department of Medicine,
Brigham and Women’s Hospital and Harvard Medical School,
Boston, MA, USA

6Centre for International Health, Department of Global Public Health

and Primary Care and Department of Clinical Dentistry, University of
Bergen, Bergen, Norway

1



RESEARCH

12

“The Tisch Cancer Institute, Icahn School of Medicine at Mount Sinai,
New York, NY, USA

8Biostatistics Unit, Centre for Epidemiology and Biostatistics,
University of Leeds, Leeds, UK

Section of Preventive Cardiology, Department of Endocrinology,
Morbid Obesity and Preventive Medicine, Oslo University Hospital
Ulleval, Oslo, Norway

We thank Tao Huang and Lu Qi (Department of Nutrition, Harvard T
Chan School of Public Health) for clarification of the data from the
NIH-AARP Diet and Health Study, and Diewertje Sluik (Division of
Human Nutrition, Wageningen University) for clarification of the data
from the European Prospective Investigation into Cancer and Nutrition
study.

Contributors: DA and TN conceived and designed the study. DA, NK,
EG, LTF, PB, TN, DCG, ER, and ST acquired, analysed, and interpreted
the data. DCG checked data extractions. DA drafted the manuscript,
which was critically revised for important intellectual content by all
authors. DA and DCG carried out the statistical analysis. DA, LJV, ST,
and ER obtained funding. TN supervised the study. All authors have
read and approved the final manuscript. DA is guarantor and had full
access to all the data and takes responsibility for the integrity of the
data and the accuracy of the data analysis.

Funding: This project was funded by Olav og Gerd Meidel Raagholt’s
Stiftelse for Medisinsk Forskning, the liaison committee between the
Central Norway Regional Health Authority (RHA) and the Norwegian
University of Science and Technology (NTNU), and the Imperial College
National Institute of Health Research (NIHR) Biomedical Research
Centre (BRC). The funders had no role in the study design, data
collection, data analysis and interpretation, writing of the report, or
the decision to submit the article for publication.

Competing interests: All authors have completed the ICMJE uniform
disclosure form at http://www.icmje.org/coi_disclosure.pdf and declare:
no support from any organisation for the submitted work; no financial
relationships with any organisation that might have an interest in the
submitted work in the previous three years; no other relationships or
activities that could appear to have influenced the submitted work.

Ethical approval: Not required.

Transparency: The lead author affirms that the manuscript is an
honest, accurate, and transparent account of the study being reported;
that no important aspects of the study have been omitted; and that
any discrepancies from the study as planned have been disclosed.

Data sharing: No additional data available.

This is an Open Access article distributed in accordance with the terms
of the Creative Commons Attribution (CC BY 3.0) license, which
permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See:
http://creativecommons.org/licenses/by/3.0/.

1 GBD 2013 Mortality and Causes of Death Collaborators. Global,
regional, and national age-sex specific all-cause and cause-
specific mortality for 240 causes of death, 1990-2013: a
systematic analysis for the Global Burden of Disease Study 2013.
Lancet 2015;385:117-71. d0i:10.1016/S0140-6736(14)61682-2.

2 Flightl, Clifton P. Cereal grains and legumes in the prevention of
coronary heart disease and stroke: a review of the literature. EurJ Clin
Nutr 2006;60:1145-59. doi:10.1038/sj.ejcn.1602435.

3 Jacobs DRJr,, Marquart L, Slavin J, Kushi LH. Whole-grain intake and
cancer: an expanded review and meta-analysis. Nutr Cancer
1998;30:85-96. doi:10.1080/01635589809514647.

4 Jacobs DRJr,, Andersen LF, Blomhoff R. Whole-grain consumption is
associated with a reduced risk of noncardiovascular, noncancer death
attributed to inflammatory diseases in the lowa Women’s Health
Study. Am J Clin Nutr 2007;85:1606-14.

5  AuneD, Norat T, Romundstad P, Vatten LJ. Whole grain and refined
grain consumption and the risk of type 2 diabetes: a systematic
review and dose-response meta-analysis of cohort studies. Eur/
Epidemiol 2013;28:845-58. doi:10.1007/s10654-013-9852-5.

6 YeEQ, Chacko SA, Chou EL, Kugizaki M, Liu S. Greater whole-grain
intake is associated with lower risk of type 2 diabetes, cardiovascular
disease, and weight gain. / Nutr 2012;142:1304-13. d0i:10.3945/
jn.111.155325.

7 Slavin]L, Jacobs D, Marquart L, Wiemer K. The role of whole grains in
disease prevention. JAm Diet Assoc 2001;101:780-5. doi:10.1016/
S0002-8223(01)00194-8.

8  MichaR, Khatibzadeh S, Shi P, Andrews KG, Engell RE, Mozaffarian D.
Global Burden of Diseases Nutrition and Chronic Diseases Expert
Group (NutriCoDE). Global, regional and national consumption of
major food groups in 1990 and 2010: a systematic analysis including
266 country-specific nutrition surveys worldwide. BM/ Open
2015;5:€008705. doi:10.1136/bmjopen-2015-008705.

20

21

22

23

2%

25

26

27

28

29

30

Johnsen NF, Frederiksen K, Christensen J, et al. Whole-grain products
and whole-grain types are associated with lower all-cause and
cause-specific mortality in the Scandinavian HELGA cohort. Br/ Nutr
2015;114:608-23. doi:10.1017/S0007114515001701.

Jacobs DRJr, , Meyer KA, Kushi LH, Folsom AR. Is whole grain intake
associated with reduced total and cause-specific death rates in older
women? The lowa Women’s Health Study. Am J Public Health
1999;89:322-9. doi:10.2105/AJPH.89.3.322.

Muhihi A, Gimbi D, Njelekela M, et al. Consumption and acceptability
of whole grain staples for lowering markers of diabetes risk among
overweight and obese Tanzanian adults. Global Health 2013;9:26.
doi:10.1186/1744-8603-9-26.

Zhang G, Pan A, Zong G, et al. Substituting white rice with brown rice
for 16 weeks does not substantially affect metabolic risk factors in
middle-aged Chinese men and women with diabetes or a high risk for
diabetes. / Nutr 2011;141:1685-90. doi:10.3945/jn.111.142224.
Nanri A, Mizoue T, Noda M, et al. Japan Public Health Center-based
Prospective Study Group. Rice intake and type 2 diabetes in
Japanese men and women: the Japan Public Health Center-based
Prospective Study. Am J Clin Nutr 2010;92:1468-77. doi:10.3945/
ajcn.2010.29512.

Villegas R, Liu S, Gao YT, et al. Prospective study of dietary
carbohydrates, glycemic index, glycemic load, and incidence of type 2
diabetes mellitus in middle-aged Chinese women. Arch Intern Med
2007;167:2310-6. d0i:10.1001/archinte.167.21.2310.

Liu'S, Stampfer MJ, Hu FB, et al. Whole-grain consumption and risk of
coronary heart disease: results from the Nurses’ Health Study. Am J
Clin Nutr1999;70:412-9.

Steffen LM, Jacobs DRJr, , Stevens ], Shahar E, Carithers T, Folsom
AR. Associations of whole-grain, refined-grain, and fruit and
vegetable consumption with risks of all-cause mortality and
incident coronary artery disease and ischemic stroke: the
Atherosclerosis Risk in Communities (ARIC) Study. Am J Clin Nutr
2003;78:383-90.

Jensen MK, Koh-Banerjee P, Hu FB, et al. Intakes of whole grains, bran,
and germ and the risk of coronary heart disease in men. Am J Clin Nutr
2004;80:1492-9.

Liu'S, Manson JE, Stampfer MJ, et al. Whole grain consumption and
risk of ischemic stroke in women: A prospective study. JAMA
2000;284:1534-40. d0i:10.1001/jama.284.12.1534.

Sahyoun NR, Jacques PF, Zhang XL, Juan W, McKeown NM.
Whole-grain intake is inversely associated with the metabolic
syndrome and mortality in older adults. Am J Clin Nutr
2006;83:124-31.

Wu H, Flint AJ, Qi Q, et al. Association between dietary whole grain
intake and risk of mortality: two large prospective studies in US men
and women. JAMA Intern Med 2015;175:373-84. doi:10.1001/
jamainternmed.2014.6283.

Boggs DA, Ban Y, Palmer JR, Rosenberg L. Higher diet quality is
inversely associated with mortality in African-American women. / Nutr
2015;145:547-54. d0i:10.3945/jn.114.195735.

Huang T, Xu M, Lee A, Cho S, Qi L. Consumption of whole grains and
cereal fiber and total and cause-specific mortality: prospective
analysis of 367,442 individuals. BMC Med 2015;13:59. doi:10.1186/
512916-015-0294-7.

Rautiainen S, Levitan EB, Orsini N, et al. Total antioxidant capacity
from diet and risk of myocardial infarction: a prospective cohort of
women. Am / Med 2012;125:974-80. doi:10.1016/].
amjmed.2012.03.008.

Mizrahi A, Knekt P, Montonen J, Laaksonen MA, Heliévaara M, Jarvinen
R. Plant foods and the risk of cerebrovascular diseases: a potential
protection of fruit consumption. BrJ Nutr 2009;102:1075-83.
doi:10.1017/50007114509359097.

van den Brandt PA. The impact of a Mediterranean diet and healthy
lifestyle on premature mortality in men and women. Am J Clin Nutr
2011;94:913-20. doi:10.3945/ajcn.110.008250.

Fitzgerald KC, Chiuve SE, Buring JE, Ridker PM, Glynn RJ. Comparison
of associations of adherence to a Dietary Approaches to Stop
Hypertension (DASH)-style diet with risks of cardiovascular disease
and venous thromboembolism. / Thromb Haemost 2012;10:189-98.
doi:10.1111/j.1538-7836.2011.04588.x.

Buil-Cosiales P, Zazpe |, Toledo E, et al. Fiber intake and all-cause
mortality in the Prevencion con Dieta Mediterranea (PREDIMED)
study. Am J Clin Nutr 2014;100:1498-507. doi:10.3945/
ajcn114.093757.

Aune D, Chan DS, Lau R, et al. Dietary fibre, whole grains, and risk of
colorectal cancer: systematic review and dose-response meta-
analysis of prospective studies. BM/ 2011;343:d6617. doi:10.1136/
bmj.d6617.

Jacobs DRJr,, Meyer HE, Solvoll K. Reduced mortality among whole
grain bread eaters in men and women in the Norwegian County
Study. Eur / Clin Nutr 2001;55:137-43. d0i:10.1038/
sj.ejcn.1601133.

Mellen PB, Walsh TF, Herrington DM. Whole grain intake and
cardiovascular disease: a meta-analysis. Nutr Metab Cardiovasc Dis
2008;18:283-90. d0i:10.1016/j.numecd.2006.12.008.

doi: 10.1136/bm;j.i2716 | BMJ2016;353:12716 | the bmj



RESEARCH

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

World Cancer Research Fund/American Institute for Cancer Research.
Food, Nutrition, Physical Activity and the Prevention of Cancer: a
Global Perspective.AICR, 2007.

Mann KD, Pearce MS, McKevith B, Thielecke F, Seal CJ. Low whole
grain intake in the UK: results from the National Diet and Nutrition
Survey rolling programme 2008-11. Br/ Nutr 2015;113:1643-51.
doi:10.1017/S0007114515000422.

Oldways Whole Grains Council. http://wholegrainscouncil.org/
whole-grains-101/whole-grain-guidelines-worldwide.

Kyrg C, Skeie G, Dragsted LO, et al. Intake of whole grain in
Scandinavia: intake, sources and compliance with new national
recommendations. Scand J Public Health 2012;40:76-84.
doi:10.1177/1403494811421057.

Sonestedt E, Hellstrand S, Schulz CA, et al. The association between
carbohydrate-rich foods and risk of cardiovascular disease is not
modified by genetic susceptibility to dyslipidemia as determined by
80 validated variants. PLoS One 2015;10:e0126104. doi:10.1371/
journal.pone.0126104.

von Ruesten A, Feller S, Bergmann MM, Boeing H. Diet and risk of
chronic diseases: results from the first 8 years of follow-up in the
EPIC-Potsdam study. Eur/ Clin Nutr 2013;67:412-9. doi:10.1038/
ejcn.2013.7.

Moher D, Liberati A, Tetzlaff ], Altman DG. PRISMA Group.
Preferred reporting items for systematic reviews and meta-
analyses: the PRISMA statement. BM/ 2009;339:b2535.
doi:10.1136/bmj.b2535.

Sluik D, Boeing H, Li K, et al. Lifestyle factors and mortality risk in
individuals with diabetes mellitus: are the associations different from
those in individuals without diabetes?Diabetologia 2014;57:63-72.
doi:10.1007/500125-013-3074-y.

DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials 1986;7:177-88. doi:10.1016/0197-2456(86)90046-2.
Greenland S, Longnecker MP. Methods for trend estimation from
summarized dose-response data, with applications to meta-analysis.
Am ] Epidemiol 1992;135:1301-9.

Muraki |, Wu H, Imamura F, et al. Rice consumption and risk of
cardiovascular disease: results from a pooled analysis of 3 U.S.
cohorts. Am J Clin Nutr 2015;101:164-72. doi:10.3945/
ajcn.114.087551.

Jackson D, White IR, Thompson SG. Extending DerSimonian and
Laird’s methodology to perform multivariate random effects
meta-analyses. Stat Med 2010;29:1282-97. doi:10.1002/sim.3602.
Orsini N, Li R, Wolk A, Khudyakov P, Spiegelman D. Meta-analysis for
linear and nonlinear dose-response relations: examples, an
evaluation of approximations, and software. Am J Epidemiol
2012;175:66-73. doi:10.1093/aje/kwr265.

Orsini N, Greenland S. A procedure to tabulate and plot results after
flexible modeling of a quantitative covariate. Stata / 2011;11:1-29.
http://www.stata-journal.com/article.ntml?article=st0215

Royston P. A strategy for modelling the effect of a continuous
covariate in medicine and epidemiology. Stat Med 2000;19:1831-47.
doi:10.1002/1097-0258(20000730)19:14<1831::AID-
SIM502>3.0.CO;2-1.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med 2002;21:1539-58. doi:10.1002/sim.1186.

Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BM/ 1997;315:629-34.
doi:10.1136/bmj.315.7109.629.

Wells G, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies in
meta-analyses. http://www.ohri.ca/programs/clinical_epidemiology/
oxford.asp.

Pietinen P, Rimm EB, Korhonen P, et al. Intake of dietary fiber and risk
of coronary heart disease in a cohort of Finnish men. The Alpha-
Tocopherol, Beta-Carotene Cancer Prevention Study. Circulation
1996;94:2720-7. doi:10.1161/01.CIR.94.11.2720.

Gartside PS, Wang P, Glueck CJ. Prospective assessment of coronary
heart disease risk factors: the NHANES | epidemiologic follow-up
study (NHEFS) 16-year follow-up. JAm Coll Nutr 1998;17:263-9.
doi:10.1080/07315724.1998.10718757.

Jacobs DRJr,, Meyer KA, Kushi LH, Folsom AR. Whole-grain intake may
reduce the risk of ischemic heart disease death in postmenopausal
women: the lowa Women’s Health Study. Am J Clin Nutr
1998;68:248-57.

Appleby PN, Key TJ, Burr ML, Thorogood M. Mortality and fresh fruit
consumption. JARC Sci Publ 2002;156:131-3.

Liu'S, Sesso HD, Manson JE, Willett WC, Buring JE. Is intake of breakfast
cereals related to total and cause-specific mortality in men?Am J Clin
Nutr 2003;77:594-9.8.

Mink PJ, Scrafford CG, Barraj LM, et al. Flavonoid intake and
cardiovascular disease mortality: a prospective study in
postmenopausal women. Am J Clin Nutr 2007;85:895-909.

Buckland G, Gonzalez CA, Agudo A, et al. Adherence to the
Mediterranean diet and risk of coronary heart disease in the Spanish
EPIC Cohort Study. Am J Epidemiol 2009;170:1518-29. doi:10.1093/
aje/kwp282.

thebmj | BMJ2016;353:12716 | doi: 10.1136/bmj.i2716

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

Eshak ES, Iso H, Date C, et al. JACC Study Group. Rice intake is
associated with reduced risk of mortality from cardiovascular disease
in Japanese men but not women. / Nutr 2011;141:595-602.
doi:10.3945/jn.110.132167.

Simild ME, Kontto JP, Mdnnisté S, Valsta LM, Virtamo J. Glycaemic
index, carbohydrate substitution for fat and risk of CHD in men. Br/
Nutr 2013;110:1704-11. d0i:10.1017/S0007114513000858.

Yu D, Shu XO, Li H, et al. Dietary carbohydrates, refined grains,
glycemic load, and risk of coronary heart disease in Chinese adults.
Am J Epidemiol 2013;178:1542-9. doi:10.1093/aje/kwt178.

Eshak ES, Iso H, Yamagishi K, et al. Rice consumption is not
associated with risk of cardiovascular disease morbidity or mortality
in Japanese men and women: a large population-based, prospective
cohort study. Am J Clin Nutr 2014;100:199-207. doi:10.3945/
ajcn.113.079038.

Rebello SA, Koh H, Chen C, et al. Amount, type, and sources of
carbohydrates in relation to ischemic heart disease mortality in a
Chinese population: a prospective cohort study. Am / Clin Nutr
2014;100:53-64. doi:10.3945/ajcn.113.076273.

Tognon G, Lissner L, Saebye D, Walker KZ, Heitmann BL. The
Mediterranean diet in relation to mortality and CVD: a Danish cohort
study. Br/ Nutr 2014;111:151-9. doi:10.1017/S0007114513001931.
Atkins JL, Whincup PH, Morris RW, Lennon LT, Papacosta O,
Wannamethee SG. High diet quality is associated with a lower risk of
cardiovascular disease and all-cause mortality in older men. / Nutr
2014;144:673-80. doi:10.3945/jn.113.186486.

Wang JB, Fan JH, Dawsey SM, et al. Dietary components and risk of
total, cancer and cardiovascular disease mortality in the Linxian
Nutrition Intervention Trials cohort in China. Sci Rep 2016;6:22619.
doi:10.1038/srep22619.

Helnzes A, Kyrg C, Andersen |, et al. Intake of whole grains is
associated with lower risk of myocardial infarction: the Danish Diet,
Cancer and Health Cohort. Am J Clin Nutr 2016;103:999-1007.
doi:10.3945/ajcn.115.124271.

ShiZ, Zhang T, Byles J, Martin S, Avery JC, Taylor AW. Food Habits,
Lifestyle Factors and Mortality among Oldest Old Chinese: The
Chinese Longitudinal Healthy Longevity Survey (CLHLS). Nutrients
2015;7:7562-79. d0i:10.3390/nu7095353.

Bongard V, Arveiler D, Dallongeville ], et al. Food groups associated
with a reduced risk of 15-year all-cause death. Eur/ Clin Nutr 2016.
doi:10.1038/ejcn.2016.19.

Larsson SC, Médnnisto S, Virtanen MJ, Kontto J, Albanes D, Virtamo J.
Dietary fiber and fiber-rich food intake in relation to risk of stroke in
male smokers. Eur/ Clin Nutr 2009;63:1016-24. doi:10.1038/
€jcn.2009.16.

Oba S, Nagata C, Nakamura K, et al. Dietary glycemic index,
glycemic load, and intake of carbohydrate and rice in relation to
risk of mortality from stroke and its subtypes in Japanese men
and women. Metabolism 2010;59:1574-82. doi:10.1016/j.
metabol.2010.02.004.

Misirli G, Benetou V, Lagiou P, Bamia C, Trichopoulos D, Trichopoulou
A. Relation of the traditional Mediterranean diet to cerebrovascular
disease in a Mediterranean population. Am J Epidemiol
2012;176:1185-92. doi:10.1093/aje/kws205.

Gardener H, Wright CB, Gu Y, et al. Mediterranean-style diet and risk of
ischemic stroke, myocardial infarction, and vascular death: the
Northern Manhattan Study. Am J Clin Nutr 2011;94:1458-64.
doi:10.3945/ajcn.111.012799.

XuM, Huang T, Lee AW, Qi L, Cho S. Ready-to-Eat Cereal Consumption
with Total and Cause-Specific Mortality: Prospective Analysis of
367,442 Individuals. | Am Coll Nutr 2016;35:217-23.
doi:10.1080/07315724.2014.971193.

Khan MM, Goto R, Kobayashi K, et al. Dietary habits and cancer
mortality among middle aged and older Japanese living in hokkaido,
Japan by cancer site and sex. Asian Pac J Cancer Prev 2004;5:58-65.
Iso H, Kubota Y. Japan Collaborative Cohort Study for Evaluation of
Cancer. Nutrition and disease in the Japan Collaborative Cohort Study
for Evaluation of Cancer (JACC). Asian Pac | Cancer Prev
2007;8(Suppl):35-80.

Couto E, Boffetta P, Lagiou P, et al. Mediterranean dietary pattern and
cancer risk in the EPIC cohort. Br/ Cancer 2011;104:1493-9.
doi:10.1038/bjc.2011.106.

Sharma S, Vik S, Pakseresht M, Shen L, Kolonel LN. Diet impacts
mortality from cancer: results from the multiethnic cohort study.
Cancer Causes Control 2013;24:685-93. doi:10.1007/
510552-013-0148-6.

Kahn HA, Phillips RL, Snowdon DA, Choi W. Association between
reported diet and all-cause mortality. Twenty-one-year follow-up on
27,530 adult Seventh-Day Adventists. Am J Epidemiol
1984;119:775-87.

Rotevatn S, Akslen LA, Bjelke E. Lifestyle and mortality among
Norwegian men. Prev Med 1989;18:433-43.
doi:10.1016/0091-7435(89)90003-0.

Trichopoulou A, Kouris-Blazos A, Wahlqvist ML, et al. Diet and overall
survival in elderly people. BM/ 1995;311:1457-60. doi:10.1136/
bmj.311.7018.1457.

13



RESEARCH

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

10

o

10

Osler M, Schroll M. Diet and mortality in a cohort of elderly people in a
north European community. Int/ Epidemiol 1997;26:155-9.
doi:10.1093/ije/26.1.155.

Fortes C, Forastiere F, Farchi S, Rapiti E, Pastori G, Perucci CA. Diet and
overall survival in a cohort of very elderly people. Epidemiology
2000;11:440-5. doi:10.1097/00001648-200007000-00013.
Trichopoulou A, Orfanos P, Norat T, et al. Modified Mediterranean diet
and survival: EPIC-elderly prospective cohort study. BM/
2005;330:991. doi:10.1136/bmj.38415.644155.8F.

Hays JC, Keller HH, Ostbye T. The effects of nutrition-related factors on
four-year mortality among a biracial sample of community-dwelling
elders in the North Carolina piedmont. / Nutr Elder 2005;25:41-67.
doi:10.1300/J052v25n02_04.

Knoops KT, Groot de LC, Fidanza F, Alberti-Fidanza A, Kromhout D, van
Staveren WA. Comparison of three different dietary scores in relation
to 10-year mortality in elderly European subjects: the HALE project.
EurJ Clin Nutr 2006;60:746-55. doi:10.1038/sj.ejcn.1602378.
Trichopoulou A, Bamia C, Trichopoulos D. Anatomy of health effects of
Mediterranean diet: Greek EPIC prospective cohort study. BM/
2009;338:02337. doi:10.1136/bmj.b2337.

Buckland G, Agudo A, Travier N, et al. Adherence to the Mediterranean
diet reduces mortality in the Spanish cohort of the European
Prospective Investigation into Cancer and Nutrition (EPIC-Spain). Br/
Nutr2011;106:1581-91. doi:10.1017/S0007114511002078.

Olsen A, Egeberg R, Halkjeer J, Christensen J, Overvad K, Tjgnneland A.
Healthy aspects of the Nordic diet are related to lower total mortality. /
Nutr 2011;141:639-44. doi:10.3945/jn.110.131375.

Tognon G, Rothenberg E, Eiben G, Sundh V, Winkvist A, Lissner L. Does
the Mediterranean diet predict longevity in the elderly? A Swedish
perspective. Age (Dordr) 2011;33:439-50. doi:10.1007/
s11357-010-9193-1.

Martinez-Gonzélez MA, Guillén-Grima F, De Irala J, et al. The
Mediterranean diet is associated with a reduction in premature
mortality among middle-aged adults. / Nutr 2012;142:1672-8.
doi:10.3945/jn.112.162891.

Prinelli F, Yannakoulia M, Anastasiou CA, et al. Mediterranean diet and
other lifestyle factors in relation to 20-year all-cause mortality: a
cohort study in an Italian population. Br/ Nutr 2015;113:1003-11.
doi:10.1017/S0007114515000318.

Roswall N, Sandin S, Lof M, et al. Adherence to the healthy Nordic
food index and total and cause-specific mortality among Swedish
women. Eur | Epidemiol 2015;30:509-17. doi:10.1007/
$10654-015-0021-x.

Li K, Husing A, Kaaks R. Lifestyle risk factors and residual life
expectancy at age 40: a German cohort study. BMC Med 2014;12:59.
doi:10.1186/1741-7015-12-59.

Zhang R, Zhang X, Wu K, et al. Rice consumption and cancer incidence
in US men and women. Int/ Cancer 2016;138:555-64. doi:10.1002/
ijc.29704.

Ross AB, Kristensen M, Seal CJ, Jacques P, McKeown NM.
Recommendations for reporting whole-grain intake in observational
and intervention studies. Am / Clin Nutr 2015;101:903-7. doi:10.3945/
ajcn.114.098046.

Kyrg C, Skeie G, Dragsted LO, et al. Intake of whole grains in
Scandinavia is associated with healthy lifestyle, socio-economic and
dietary factors. Public Health Nutr 2011;14:1787-95. doi:10.1017/
$1368980011000206.

Esmaillzadeh A, Mirmiran P, Azizi F. Whole-grain consumption and the
metabolic syndrome: a favorable association in Tehranian adults. Eur
J Clin Nutr 2005;59:353-62. doi:10.1038/sj.ejcn.1602080.

McKeown NM, Troy LM, Jacques PF, Hoffmann U, O’Donnell CJ, Fox CS.
Whole- and refined-grain intakes are differentially associated with
abdominal visceral and subcutaneous adiposity in healthy adults: the
Framingham Heart Study. Am J Clin Nutr 2010;92:1165-71.
doi:10.3945/ajcn.2009.29106.

McKeown NM, Meigs JB, Liu S, Wilson PW, Jacques PF. Whole-grain
intake is favorably associated with metabolic risk factors for type 2
diabetes and cardiovascular disease in the Framingham Offspring
Study. Am J Clin Nutr 2002;76:390-8.

Steffen LM, Kroenke CH, Yu X, et al. Associations of plant food, dairy
product, and meat intakes with 15-y incidence of elevated blood
pressure in young black and white adults: the Coronary Artery Risk
Development in Young Adults (CARDIA) Study. Am J Clin Nutr
2005;82:1169-77, quiz 1363-4.

Flint AJ, Hu FB, Glynn RJ, et al. Whole grains and incident hypertension
in men.Am J Clin Nutr 2009;90:493-8. doi:10.3945/ajcn.2009.27460.
Hollaender PL, Ross AB, Kristensen M. Whole-grain and blood lipid
changes in apparently healthy adults: a systematic review and
meta-analysis of randomized controlled studies. Am J Clin Nutr
2015;102:556-72. doi:10.3945/ajcn.115.109165.

Threapleton DE, Greenwood DC, Evans CE, et al. Dietary fibre intake
and risk of cardiovascular disease: systematic review and
meta-analysis. BM/ 2013;347:f6879. doi:10.1136/bm].f6879.

102

103

104

105

106

10

~

10

[°3)

109

110

m

12

13

14

15

116

M7

18

19

120

12

12

N

123

Threapleton DE, Greenwood DC, Evans CE, et al. Dietary fiber intake
and risk of first stroke: a systematic review and meta-analysis. Stroke
2013;44:1360-8. d0i:10.1161/STROKEAHA.111.000151.

Aune D, Chan DS, Greenwood DG, et al. Dietary fiber and breast cancer
risk: a systematic review and meta-analysis of prospective studies.
Ann Oncol 2012;23:1394-402. doi:10.1093/annonc/mdr589.

KimYY, Je . Dietary fiber intake and total mortality: a meta-analysis of
prospective cohort studies. Am J Epidemiol 2014;180:565-73.
doi:10.1093/aje/kwul74.

Chuang SC, Norat T, Murphy N, et al. Fiber intake and total and
cause-specific mortality in the European Prospective Investigation
into Cancer and Nutrition cohort. Am J Clin Nutr 2012;96:164-74.
doi:10.3945/ajcn.111.028415.

ParkY, Subar AF, Hollenbeck A, Schatzkin A. Dietary fiber intake and
mortality in the NIH-AARP diet and health study. Arch Intern Med
2011;171:1061-8. doi:10.1001/archinternmed.2011.18.

Anderson JW, Baird P, Davis RH Jr, et al. Health benefits of dietary fiber.
Nutr Rev 2009;67:188-205. doi:10.1111/].1753-4887.2009.00189.x.
Coleman HG, Murray LJ, Hicks B, et al. Dietary fiber and the risk of
precancerous lesions and cancer of the esophagus: a systematic review
and meta-analysis. Nutr Rev 2013;71:474-82. doi:10.1111/nure.12032.
Costabile A, Klinder A, Fava F, et al. Whole-grain wheat breakfast
cereal has a prebiotic effect on the human gut microbiota: a
double-blind, placebo-controlled, crossover study. BrJ Nutr
2008;99:110-20. doi:10.1017/S0007114507793923.

Martinez I, Lattimer JM, Hubach KL, et al. Gut microbiome composition
is linked to whole grain-induced immunological improvements. ISME J
2013;7:269-80. doi:10.1038/ismej.2012.104.

Foerster J, Maskarinec G, Reichardt N, et al. The influence of whole
grain products and red meat on intestinal microbiota composition in
normal weight adults: a randomized crossover intervention trial. PLoS
One 2014;9:109606. doi:10.1371/journal.pone.0109606.

Cohen LA, Zhao Z, Zang EA, Wynn TT, Simi B, Rivenson A. Wheat bran
and psyllium diets: effects on N-methylnitrosourea-induced mammary
tumorigenesis in F344 rats. ] Natl Cancer Inst 1996;88:899-907.
doi:10.1093/jnci/88.13.899.

JangY, Lee JH, Kim OV, Park HY, Lee SY. Consumption of whole grain
and legume powder reduces insulin demand, lipid peroxidation, and
plasma homocysteine concentrations in patients with coronary artery
disease: randomized controlled clinical trial. Arterioscler Thromb Vasc
Biol 2001;21:2065-71. d0i:10.1161/hq1201.100258.

Masters RC, Liese AD, Haffner SM, Wagenknecht LE, Hanley AJ. Whole and
refined grain intakes are related to inflammatory protein concentrations
in human plasma. / Nutr 2010;140:587-94. doi:10.3945/jn.109.116640.
Katcher HI, Legro RS, Kunselman AR, et al. The effects of a whole
grain-enriched hypocaloric diet on cardiovascular disease risk factors
in men and women with metabolic syndrome. Am / Clin Nutr
2008;87:79-90.pmid:18175740.

Qi L, van Dam RM, Liu S, Franz M, Mantzoros C, Hu FB. Whole-grain,
bran, and cereal fiber intakes and markers of systemic inflammation
in diabetic women. Diabetes Care 2006;29:207-11. doi:10.2337/
diacare.29.02.06.dc05-1903.

Montonen J, Boeing H, Fritsche A, et al. Consumption of red meat and
whole-grain bread in relation to biomarkers of obesity, inflammation,
glucose metabolism and oxidative stress. Eur/ Nutr 2013;52:337-45.
d0i:10.1007/500394-012-0340-6.

Mok, Son DK, Yun YD, Jee SH, Samet JM. y-Glutamyltransferase and
cancer risk: The Korean cancer prevention study. Int/ Cancer
2016;138:311-9. doi:10.1002/ijc.29659.

Kaptoge S, Di Angelantonio E, Lowe G, et al. Emerging Risk Factors
Collaboration. C-reactive protein concentration and risk of coronary
heart disease, stroke, and mortality: an individual participant
meta-analysis. Lancet 2010;375:132-40. doi:10.1016/
S0140-6736(09)61717-7.

Du G, Song Z, Zhang Q. Gamma-glutamyltransferase is associated
with cardiovascular and all-cause mortality: a meta-analysis of
prospective cohort studies. Prev Med 2013;57:31-7. doi:10.1016/j.
ypmed.2013.03.011.

Fardet A. New hypotheses for the health-protective mechanisms of
whole-grain cereals: what is beyond fibre?Nutr Res Rev 2010;23:65-
134. doi:10.1017/S0954422410000041.

Montonen J, Knekt P, Jarvinen R, Aromaa A, Reunanen A. Whole-grain
and fiber intake and the incidence of type 2 diabetes. Am J Clin Nutr
2003;77:622-9.

Kyrg C, Olsen A, Landberg R, et al. Plasma alkylresorcinols, biomarkers
of whole-grain wheat and rye intake, and incidence of colorectal
cancer. / Natl Cancer Inst 2014;106:djt352. doi:10.1093/jnci/djt352.

© BM]J Publishing Group Ltd 2016

Appendix 1: Supplementary tables S1-S21
Appendix 2: Supplementary figures S1-S109

See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe




