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Abstract N\
Background: To investigate the correlation between consumption of whole grains and the risk of all-cause, cardiovascular disease |
(CVD), and diabetes-specific mortality according to a dose-response meta-analysis of prospective cohort studies.

Methods: Observational cohort studies, which reported associations between whole grains and the risk of death outcomes, were
identified by searching articles in the MEDLINE, EMBASE, and the reference lists of relevant articles. The search was up to November
30, 2015. Data extraction was performed by 2 independent investigators, and a consensus was reached with involvement of a third.

Results: Ten prospective cohort studies (9 publications) were eligible in this meta-analysis. During follow-up periods ranging from
5.51t0 26 years, there were 92,647 deaths among 782,751 participants. Overall, a diet containing greater amounts of whole grains may
be associated with alower risk of all-cause, CVD-, and coronary heart disease (CHD)-specific mortality. The summary relative risks (RRs)
were 0.93 (95% confidence intervals [Cls]: 0.91-0.95; Preterogeneity < 0.001) for all-cause mortality, 0.95 (95% Cls: 0.92-0.98;
Preterogeneity < 0.001) for CVD-specific mortality, and 0.92 (95% Cls: 0.88-0.97; Pheterogensity < 0.001) for CHD-specific mortality for an
increment of 1 serving (30 g) a day of whole grain intake. The combined estimates were robust across subgroup and sensitivity analyses.
Higher consumption of whole grains was not appreciably associated with risk of mortality from stroke and diabetes.

Conclusion: Evidence from observational cohort studies indicates inverse associations of intake of whole grains with risk of
mortality from all-cause, CVD, and CHD. However, no associations with risk of deaths from stroke and diabetes were observed.

Abbreviations: CHD = coronary heart disease, Cl = confidence interval, CVD = cardiovascular disease, FFQ = Food Frequency
Questionnaire, ICD = International Classification of Diseases, NOS = Newcastle-Ottawa quality assessment scale, RR = relative risk.
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1. Introduction

Worldly, whole grain foods have been widely recommended for
the general population in numerous dietary guidelines. For the
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term “whole grain,” all the available definitions emphasize the
presence of 3 parts: the bran, the germ, and the endosperm.
Compared with refined grain products that comprise mainly the
endosperm, whole grain foods are rich in a wide variety of
nutrients in the outer bran and germ layers: several vitamins,
dietary fiber, minerals, and phytochemicals.''! Many a prospec-
tive cohort studies and meta-analyses have linked a higher intake
of whole grains and a decreased risk of cardiovascular disease
(CVD),> type 2 diabetes,'*®! and some types of cancers.”®!
Human clinical trials have showed that consumption of whole
grain foods have beneficial roles in total cholesterol and LDL-
cholesterol,”'! glucose metabolism,!*!! endothelial function,?!
and inflammatory biomarkers.!"?!

Although whole grains are proposed to be responsible for
health-promoting effects,*'5! data regarding the association
between consumption of whole grains and deaths were not
entirely consistent. For example, higher intake of whole grains
was reported to be associated with a decreased risk of mortality in
the Atherosclerosis Risk in Communities (ARIC) study,!™®! the
Towa Women’s Health Study (IWHS),"”! the Nurses’ Health
Study (NHS), and the Health Professionals Follow-Up Study
(HPFS),"8! whereas null associations were found among a
healthy elderly population™® or diabetes patients.*’! To our
knowledge, no comprehensive quantitative assessment of the
associations between whole grains consumption and the risk of
mortality from all-cause, CVD, and diabetes has been carried out.
The objective of the current study was to evaluate these
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associations based on prospective cohort studies in apparently
healthy adults.

2. Methods

We preformed the meta-analysis following the criteria set out by
the Preferred reporting items for systematic reviews and meta-
analysis guidelines.”?" There are no ethical issues involved in our
study since our data were based on published studies.

2.1. Literature search

Two authors (LBL and JGX) searched the bibliographical
databases of MEDLINE and EMBASE for studies published in
journals from January 1, 1966 to November 30, 2015. We
conducted searches in each database using the following search
algorithm (as formatted for Ovid): (cereals OR bread OR oat OR
grains OR wheat) AND (fatal OR coronary heart disease OR
cardiovascular disease OR death OR mortality OR stroke OR
diabetes). The search was limited to articles published in English. A
manual search was also conducted, using references of key articles.

2.2. Study selection

Two authors (LBL and JGX) independently read titles, abstracts,
and key words of identified articles. To be included, studies had
to meet the criteria as follows: had a prospective cohort study
design; reporting relative risks (RRs) and corresponding 95%
confidence intervals (Cls) for at least 3 quantitative categories of
whole grains consumption and mortality; mortality type included
all-cause, CVD (coronary heart disease [CHD] and stroke), or
diabetes. For each cohort study, we selected the publication with
the longest follow-up time. Studies were excluded if they reported
animal models and populations defined by preexisting disease or
participants younger than 16 years. Studies selected for detailed
analysis by these 2 investigators had an agreement value (k) of
95%; disagreements were resolved by a 3rd investigator (ZK).

2.3. Data extraction

Two investigators (LBL and JGX) extracted data as follows:
author, year of publication, country, the study name, follow-up
time, number of participants, age, and gender, dietary assessment
method (type, number of food items, and whether it had been
validated), number of cases, adjustment for potential confound-
ers, and RR estimates and the corresponding 95% confidence
interval (CI) for the highest compared with the lowest grain
intake. If separate risk estimates for men and women were
available in 1 study, we treated it as separate studies. We emailed
the authors of studies with appropriate data but with specific
missing information, but none responded.

2.4. Quality assessment

According to the Newcastle-Ottawa quality assessment scale
(NOS),?! we conducted the quality assessment to determine the
likely risk of bias associated with each of the included studies.
This scale uses 8 items, categorized into the 3 domains: selection
(4 points), comparability (2 points), and the ascertainment of
outcomes of interest (3 points). As such, NOS ranges between
0 and 9 points; and a total score of 7 or greater was used to
indicate high-quality studies and a total score of 6 or smaller
indicated low-quality studies.
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2.5. Statistical methods

We used the statistical program STATA, version 11.0 (STATA,
College Station, TX) and R package (version 2.11.0 beta)
statistical software for all dose-response analyses. Significance
was set at P<0.05. To take into account within- and between-
study heterogeneity, we employed random effects modeling to
meta-analyses the data.[?3!

The dose-response results in the forest plots are presented in a
1 serving/day increment, which was according to the method of
generalized least-squares trend estimation developed by Orsini
and Greenland.?*?%! This analysis is performed on the basis of
the data for categories of whole grains intake levels on median
dose, number of cases and participants, and adjusted logarithm of
the RR with its SE. Lack of this information led us to estimate the
dose-response slopes using variance-weighted least squares
regression analysis.***’! This analysis was restricted to the
studies reporting 3 or more exposure levels. In the absence of such
median intake value, we used the midpoint of each category. For
an open-ended upper category of intake, we assumed the size of
the interval to be the same as the previous category. In studies that
reported the intakes in grams, we used 30g as a serving size for
recalculation of the intakes to a common scale (serving).

We employed the Q statistic for homogeneity between studies.
P value of <0.10 represents statistically significant heterogeneity.
Q statistic tests whether the between-study variability in effect
sizes exceeds that expected from corresponding within-study
variability. We also examined I* statistic, which measures the
percentage of the total variation across studies that is due to
heterogeneity, rather than chance./*®! We explored heterogeneity
between studies using 3 strategies. First, subgroup analyses were
performed to assess the potential modifying effects of the
following variables on outcomes: sex, continent, duration of
follow-up, and degree of adjustment for confounding including a
history of hypertension, deslipidemia, type 2 diabetes, and
dietary fiber intake. Second, we carried out stepwise meta-
regression analyses. Third, we reran the meta-analysis removing
studies once at a time to determine whether a particular study
accounted for the heterogeneity.

According to fractional polynomial models,'””! we evaluated a
potential nonlinear relationship between whole grains consump-
tion and risk of all-cause and CVD mortality. A likelihood ratio
test was used to assess the difference between the nonlinear and
linear models to test for nonlinearity.?”!

To detect publication biases, we explored heterogeneity in
funnel plots and the degree of asymmetry by using Begg test (rank
correlation) and Egger test (linear regression).*®*°! Significant
publication bias was defined as a P value<0.1. We also
conducted the trim and fill computation to evaluate the effect of
publication bias.!>!

[27]

3. Results

3.1. Search results

Figure 1 showed the study selection process and results from the
literature search. We identified 4655 articles from the MEDLINE
database and 4629 articles from the EMBASE database. Additional
28 articles were included from the reference reviews. After
exclusion of duplicates and papers that did not meet the inclusion
criteria, 85 of which had potential value and were available as full-
textarticles. In the review of these 85 articles, 76 were subsequently
excluded from the meta-analysis for various reasons. Therefore, a
total of 9 articles with 10 prospective cohort studies (1 article!®!
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Figure 1. Flow diagram of systematic literature search.

contained 2 large independent cohort studies: the NHS and the
HPES, respectively) were included in the meta-analysis.

3.2. Study characteristics

Table 1 and supplementary Table 1, http:/links.lww.com/MD/
B206 showed the characteristics of the included studies, all of
which had a prospective cohort design. The 10 studies contained
a total of 782,751 subjects (ranged from 535 to 367,442) and
92,647 deaths from all-cause (ranged from 165 to 46,067). One
study provided results specific for both genders.*!! Two cohorts
consisted entirely of males!'®%I and 3 cohorts consisted entirely
of females."”'%33 Four cohort studies included men and
women. Eight cohort studies were conducted in the United
States and 2 in Europe. One study measured consumption of
whole grains by diet records,"” and all other studies used
validated Food Frequency Questionnaire (FFQ). All studies made
adjustments for age, smoking, alcohol intake, body mass index
(BMI), and exercise. Adjustments were conducted for history of
hypertension or measured blood pressure (6 cohorts), diabetes (5
cohorts), and total energy intake (6 studies). Few studies were
adjusted for dyslipidemia (3 cohorts) and dietary fiber intake (2
cohorts). Assessment of study quality according to NOS yielded
an average score of 8.1, and all studies were of high quality (NOS
>6; supplementary Table 2, http:/links.lww.com/MD/B206).

3.3. All-cause mortality

Figure 2 showed the results of the pooled analysis for the
relationship between whole grain consumption and the risk of all-

cause mortality, which was evaluated in 10 cohorts (9
publications),'¢~1%-3273¢ comprising 782,751 participants and
92,647 deaths. The pooled risk estimation was 0.93 (95% CI:
0.91-0.95) for every 1 serving of whole grains a day, with
significant heterogeneity (I>=79. 0%, Pheterogeneiry < 0.001). Begg
test indicated no publication bias (P=0.640; supplementary
Figure 1A, http:/links.lww.com/MD/B206), but Egger test
indicated possible publication bias (P=0.002). The trim and fill
analysis suggested that the imputed risk estimate was identical to
our original risk estimate. No missing studies were imputed in the
contour-enhanced funnel plot.

3.4. Cardiovascular disease-specific mortality

Figure 3A showed the pooled analysis for the relation between
whole grains consumption and risk of CVD-specific mortality,
which was evaluated in 8 studies (7 publications),!'”~1%-32:34-3¢I
comprising 733,810 participants and 22,811 deaths from CVD.
The pooled risk estimation was 0.95 (95% CI: 0.92-0.98) for an
increment of 1 serving of whole grains a day, with significant
heterogeneity (I*=68.6%, Pheterogeneity < 0.001). Both Begg test
(P=0.276; supplementary Figure 1B, http:/links.lww.com/MD/
B206) and Egger test (P=0.202) indicated no publication bias.

Figure 3B showed the pooled analysis for the relation between
whole grains consumption and risk of CHD-specific
mortality, which was evaluated in 3 studies,'”***¢! comprising
240,532 participants and 2678 deaths from CHD. The
pooled risk estimation was 0.92 (95% CI: 0.88-0.97) for every 1
serving of whole grains a day, with significant heterogeneity (I* =
79-1%9 Pheterogeneity =0.002).


http://links.lww.com/MD/B206
http://links.lww.com/MD/B206
http://links.lww.com/MD/B206
http://links.lww.com/MD/B206
http://links.lww.com/MD/B206
http://links.lww.com/MD/B206
http://www.md-journal.com

icine

Med

(2016) 95:33

ICIne

Li et al. Med

"BOUBLIBYIPAJ\ BIBIQ U0D UODUBAAId 8U} = INIATHd APMS UiesH SUBIOISAU=SHd ‘SU0SIad paiiy Jo UONBIJ0SSY UBILIBLIy-LIeaH JO SaInyiisu| [BUONEN 8U}= ddyY-HIN ‘APMS UieaH SeSINN=SHN ‘UONAJBJUI [BIPIBI0AW = ‘B[eW =\ ‘APMIS U}[eSH S,UBLOA BMO|= SHMI
‘ApmS dn-Mmojj04 S[BUOISSBJ0Id Ul[BSH = S4dH ‘8lewa) = 4 ‘UoisuaiadAy dols 0} sayoro.dde ARl = HSY( ‘9Seasip JeinaseAolpIed = (A0 ‘9seasip Leay AIRu0iod = gH) ‘APMS LifesH USWOA %0B|g 841 = SHMG Xepul SSew Apog = [Aig ‘APMS SeIuNLILIO) Ui 3SiY SIS08[0S01auly = JJHY

‘axelu| ABIsus [e10] pue

6 ‘selaqelp ‘08¢
‘oYons 19511 ‘QHO

‘INg ‘loyodje ‘Bupjols ‘Uopeanps ‘awp dn-mojjoy ‘8by |68, ‘Miepow [ejoL 600°0¢ ¥9-0€ 4+IN a4t HOYod Y9 13H UBIABUIpUBIS Gl0g/ussuyor
Xapul
Buea Ayyesy ‘SuBNARNW JO 8N pue ‘uoisuspiadAy
pue ‘|oJeisajoyd ybiy ‘seieqelp g adAy jo Aoisly ‘NG 129¢ ‘N
“funnoe [eaisfyd :aejul joyoofe :Bupjows snaleblo ‘aby Y1811 ‘Auferow [elo] 47854 /8-C¢E N ve SddH vSn GL0Z/MMW
Xapul
Bunes Ayiesy ‘suileNARNW JO 8SN pue ‘uoISusLiadAy
pue ‘josissjoyd ybly ‘sejacelp g adfy jo foisiy ‘g 686¢ ‘AAD
“funnoe [eaisfyd ‘asejul joyoofe :Bupjows snaleblo ‘aby '901'G1 ‘Auerow fejo) 797 G6-0¢€ 4 9¢ SHN vSN G10Z/NMW
1aqy} [Ba18d
‘afesn auowloy pue ‘eyejul ABisus [e10) ‘sajqelaban
[10} PUB JINJ [B10} ‘TeaW paJ Jo uondwinsuod ‘AyAloe 1/€ ‘SelaqeIp fipmg
[eaishyd ‘Ayseqo ‘sniels yiesy ‘sniels [elew ‘[ons| ‘€8¢'LL ‘aND UljesH pue
uoiieanpa ‘axe joyodfe ‘soel ‘Bupjows ‘Japush ‘sby 1/90'9y ‘Miferow [0 [A A L/-0G 4+ IN 148 1810 ddvV-HIN vSN G10g/bueny
el [0yoafe pue ‘Bupiows ‘Buiyorem
UOISIAG[a] ‘Bs10Jaxa SNO.OBIA ‘SNIEIS [ILBW ‘UOTRINPa
‘oxfelul ABJsus [ej0} ‘Jusuodwiod HSY(Q Yoes ‘aby 8/91 ‘Mijeriow [elo] 10028 69-0¢ 4 9l SHME vsn G10z/sbog
uondwinsuod ajqe1aban pue ‘Unly
‘ayeul ABiaus [e10) ‘AIAnoe [eaisAyd ‘|ens| [euoneanpa
‘9Y[eIul |0Y0I[e ‘SUlEIS JO BSN ‘I8JUsd JUSLLINIOAI SN
‘sainssald poojd ‘NG ‘seleqelp ‘snjels Bupows xas ‘aby ‘Gey “Auferow fejo) 9l¢/ G/-GS 4+ I\ 6'S a3nia3dd ureds 710¢/S8[elS0)-|Ing
'Sa|qe1abon
pue ‘)nJj [e10} ‘pooJeas pue ysl) ‘1esw pal ‘98yjod
‘UreIB paulal ‘|oyode Jo SaxelUl pue ‘asn juswa|ddns vy ‘9ons ‘yeo L
ulweyApnw ‘esn uabolise ‘AiAnoe [eaisAyd ‘uoneanpa ‘QHD ‘6061} ‘QND
‘Buiows ‘ores diu-1stem ‘g ‘evelul ABisus ‘aby 12656 ‘Aurepiow fejo] cle'lLe 6965 4 Ll SHMWI vSN £00¢/8qoder
uoneaIpaw
Bunamol-pidi| Jo anisuspadAynue o asn pue ‘asessip
ueay Jo AoISIy ‘exelul pioe Aley palesnies abejuaisd
‘aeul ABJous ‘NG ‘BSI0iexe ‘@yelul [oyodfe ‘Buows 68 ‘AND suostad Buinl|
'SNje}S [E}LeW ‘Jusluufelie [euoieanps ‘AoluLe xes ‘aby ‘61 ‘Auferow [ejo] GES 86—09 4+ I Gl—¢l -Runwwog vsn 9002/unofuyes
suonealpaw anisuspadAynue Jo asn pue ‘ainssald
poojq 21j01sAs ‘onel diy-01-1Slem ‘NG ‘uswade|del
auowIoy pue ‘axejul joyoofe ‘Auanae [eaisAyd
‘sniels Bupjols ‘uoieanpe axeyul Ablaus ‘xes ‘adel ‘aby 1z ‘Rievow [ejoL 0v6'LL 79-G¥ 4+ Al oldy vsn £00z/UsyeIs
SUILUBJANW JO 8sh pue gy | ‘exons
‘uoisuapiadAy ‘oJeiseloyd ybly ‘seyeqelp ¢ adfy NG ‘887 ‘IN -18EL ‘QAD
“funnoe [eaisfyd :eejul joyodfe :Bupjowss enaleblo ‘aby P11 ‘Riepow fejo] 06198 78-0%7 I §'q SHd vSn €002/
syuawisnipy syjeap sjaalgqns Japuab ‘sieak sleak Hoyod 1o Apms jo Jeaf/ioyin 1s14
JO "ON JO "ON ‘abues aby ‘dn-mojjo4 Apms jo awepn uonean

‘AjjeLOW S)9gRIP pue ‘9seasIp JB[NISBAOIPIED ‘9SNed-||e 4O YSM 8y} pue uondwnsuod uielb ajoym UddMIaq UOIIBIOOSSE 8U} UO S8IpNIs 8y} JO SolisuslorIey)




Li et al. Medicine (2016) 95:33 www.md-journal.com

Study Relative %

D Risk (95% Cl) Weight
Liu (2003) 0.87 (0.81, 0.94) 4.87
Steffen (2003) 0.90 (0.85, 0.97) 5.74
Sahyoun (2006) 0.99 (0.87, 1.13) 1.95
Jacobs (2007) 0.92 (0.90, 0.94) 14.05
Buil-Cosiales (2014) 0.95 (0.83, 1.08) 1.93
Wu, NHS (2015) 0.91(0.88, 0.94) 11.43
Wu,HPFS (2015) 0.98 (0.95, 1.01) 11.98
Huang (2015) 0.92 (0.90, 0.95) 12.82
Boggs (2015) 0.79(0.71,0.88) 275
Johnsen,F (2015) 0.94 (0.93, 0.95) 16.22
Johnsen,M (2015) 0.96 (0.95, 0.97) 16.25

Overall (I-squared =79.0%, p = 0.000) 0.93 (0.91, 0.95) 100.00

NOTE: Weights are from random effects analysis
T T T T
2 .5 1 2 5

Figure 2. The summary risk association for 1 serving whole grains intake per day and all-cause mortality.

Study Relative %
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Overall (I-squared = 79.1%, p = 0.002) 092(0.67,097) 10000
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Study Relative %
D Risk (95% CI) Weight
Liu (2003) 1.34(0.99,1.83) 245

Jacobs (2007) 094 (0.87,1.02) 2383

Johnsen, F (2015) 0.94(0.89,1.00) ~ 33.58
Johnsen, M (2015) 0.96(0.91,1.00)  40.14

Overall (I-squared = 41.7%, p = 0.161) 0.96 (0.91, 1.00) 100.00

C

Figure 3. The summary risk association for 1 serving whole grains intake per day and the risk of mortality from (A) cardiovascular disease, (B) coronary heart
disease, and (C) stroke.
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Study Relative %
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Johnsen, M (2015) - 1,01 (0.92,1.10) 38.92
Overall (I-squared = 84.0%, p = 0.002) <: 0.91(0.76, 1.10) 100.00
i
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Figure 4. The summary risk association for 1 serving whole grains intake per day and the risk of diabetes-specific mortality.

Figure 3C showed the pooled analysis for the relation between
whole grains consumption and risk of stroke-specific mortality,
which was evaluated in 3 studies,!'”3>%¢! comprising 240,532
participants and 840 deaths from stroke. The pooled risk
estimation was 0.96 (95% CI: 0.91-1.01) for every 1 serving of
whole grains a day, with no evidence of significant heterogeneity
(I*=41.7%, Pheterogencity=0.161).

3.5. Diabetes-specific mortality

Figure 4 showed the pooled analysis for the relation between
whole grains consumption and risk of diabetes-specific mortality,
which was evaluated in 2 studies,*"**! comprising 487,451
participants and 465 deaths. The definition of diabetes-specific
mortality was based on International Classification of Diseases
(ICD), 9th and 10th Revision (ICD-9, 250; ICD-10, E10-E14) in
1 article,®*! but not available in the other article.*™ The pooled
risk estimation was 0.91 (95% CI: 0.76-1.11) for every 1 serving
of whole grains a day, with significant heterogeneity (I*=84.0%,
Pheterogeneity =0.002).

3.6. Subgroup, meta-regression, and sensitivity analyses

Subgroup analyses were shown in Table 2. For the risk of all-
cause mortality, the sex-specific SRR were 0.95 (95% CL
0.93-0.99; 3 studies) for men and 0.92 (95% CI: 0.89-0.94; 4
studies) for women. The difference in SRRs across gender strata
was not significant (P=0.169). There was no statistically
significant difference in the association between the USA
(SRR=0.92, 95% CIL: 0.89-0.94) and Europe (SRR=0.95,
95% CI: 0.93-0.97; P gifterence = 0.268). No significant differences
were shown among strata of duration of follow-up (<14 years:
SRR=0.92, 95% CI: 0.90-0.93; >14 years: SRR=0.94, 95%
CL: 0.91-0.96). Restricting analysis to studies adjusted for
diabetes, dyslipidemia, hypertension, dietary fiber intake, and
multivitamins intake, respectively, resulted in nearly identical
pooled estimates.

For the risk of CVD-specific mortality, every 1 serving increase
in whole grain consumption was associated with a decreased risk
of deaths from CVD in both males (SRR=0.94, 95% CI:
0.89-0.98; n=3) and females (SRR=0.91, 95% CI: 0.89-0.93;
n=3). There was statistically significant difference in the
association between the USA (SRR=0.90, 95% CI: 0.87-0.92)
and Europe (SRR =0.95, 95% CI: 0.92-0.98; Pyitterence = 0.029).
No significant differences were shown among strata of duration
of follow-up (<14 years: SRR=0.91, 95% CI: 0.88-0.93; >14
years: SRR=0.93, 95% CI, 0.90-0.96, Puitterence=0.269).
Restricting analysis to studies adjusted for history of diabetes,
dyslipidemia, hypertension, dietary fiber intake, and multi-
vitamins intake, respectively, yielded a statistical inverse
association with low/no between-study heterogeneity (Table 2).
When the overall homogeneity and effect size were calculated by
excluding 1 study at a time, the results were not affected by the
removal of 1 study (Supplementary Figure 2A and B, http://links.
Iww.com/MD/B206).

3.7. Nonlinear association

Using a restricted cubic spline model, we observed some evidence
of a significant nonlinear association between whole grain intake
and the risk of mortality from all-cause (P=0. 001 for
nonlinearity, Supplemental Figure 3A, http:/links.lww.com/
MD/B206) and CVD (P=0. 003 for nonlinearity, Supplemental
Figure 3B, http://links.lww.com/MD/B206).

4. Discussion

Our meta-analyses of prospective cohort studies confirm an
inverse association between whole grain consumption and the
risk of all-cause and CVD-specific mortality in both men and
women: individuals eating each additional 1 serving of whole
grains daily would reduce all-cause mortality by 7% and CVD-
specific mortality by 8%. These findings were consistent across
subgroup and sensitivity analyses. Furthermore, there was
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Subgroup and meta-regression analyses for the association between whole grains consumption and risk of all-cause and cardiovascular

disease mortality.

All-cause mortality

Cardiovascular disease

Subgroup No. RR (95% CI) P, P, % Py No. RR (95% CI) P, P, % Py

All 10 0.93 (0.91-0.95) <0.001; 79.0 8 0.92 (0.89-0.94) <0.001; 68.6

Sex
Men 3 0.95 (0.92-0.99) 0.015; 76.3 0.169 3 0.94 (0.89-0.98) 0.004; 82.2 0.230
Women 4 0.92 (0.89-0.94) 0.002; 79.9 3 0.91 (0.89-0.93) 0.301;16.8

Location
USA 8 0.92 (0.89-0.94) <0.001; 74.6 0.268 6 0.90 (0.87-0.92) 0.294; 18.3 0.029
Europe 2 0.95 (0.93-0.97) 0.021; 74.0 2 0.95 (0.92-0.98) 0.061; 55.6

Follow-up, year
<14 5 0.92 (0.90-0.93) 0.465; 0 0.688 5 0.91 (0.88-0.93) 0.405; 0.1 0.269
>14 5 0.94 (0.91-0.96) <0.001; 84.3 3 0.93 (0.90-0.96) 0.001; 75.3

Adjustments by diabetes
Yes 5 0.93 (0.89-0.96) 0.002; 76.5 0.935 5 0.90 (0.88-0.92) 0.528; 0 0.056
No 5 0.93 (0.91-0.96) <0.001; 81.2 3 0.94 (0.91-0.97) 0.011; 66.4

Adjustments by hypertension
Yes 5 0.93 (0.89-0.97) 0.004; 71.0 0.848 5 0.88 (0.84-0.91) 0.508; 0 0.031
No 4 0.93 (0.91-0.95) <0.001; 86.7 3 0.94 (0.91-0.96) 0.005; 69.8

Adjustments by dyslipidemia
Yes 3 0.92 (0.87-0.99) 0.001; 86.7 0.943 3 0.88 (0.85-0.92) 0.414; 0 0.068
No 7 0.93 (0.91-0.95) <0.001; 78.5 5 0.93 (0.90-0.96) 0.004; 66.1

Adjustments by fiber intake
Yes 2 0.92 (0.91-0.94) 1.00; 0 0.830 2 0.91 (0.89-0.94) 0.716; 0 0.278
No 8 0.93 (0.91-0.96) <0.001; 78.6 6 0.92 (0.88-0.95) 0.001; 71.0

Adjustments by vitamin intake
Yes 4 0.93 (0.89-0.96) 0.001; 82.3 0.979 4 0.90 (0.87-0.92) 0.368; 5.0 0.484
No 6 0.93 (0.91-0.96) <0.001; 77.4 4 0.94 (0.91-0.97) 0.019; 60.6

Cl=confidence interval, RR=relative risk.

significant association for the risk of mortality from CHD, but no
associations for the risk of mortality from stroke and diabetes.

A causal link between whole grains consumption and mortality
risk cannot be proven using observational studies. To date, there
are many controlled trials that directly investigated the effects of
whole-grain interventions on putative intermediate biomark-
ers.!”371 For example, results from a clinical trial in North Europe
suggested that a greater proportion of whole grain rye in a Nordic
diet is associated with favorable outcomes in LDL-cholesterol
and log triglyceride concentrations.””! A randomized cross-over
trial suggested that consumption of unfermented and fermented
whole grain rye crisp bread led to lower postprandial glucose and
insulin response compared with refined wheat crisp bread.!>”! All
such clinical trials recruited small numbers of participants and
were of short-term duration (<1 year). In addition, participants
always consumed controlled portions of the foods, but not mimic
ordinary daily consumption. Owing to the likely long pathogen-
esis of CVD and the difficulty in controlling consumption of food
over long-enough duration, it is unfeasible to perform long-term
randomized trials.

The negative association observed between whole grains intake
and mortality risk agrees with previous reports. Greater
adherence to a Mediterranean diet, with a relatively large
amount of whole grains, has been shown to be related with the
lower risk of total mortality and mortality from CVDs. 353!
Recently, results from a meta-analysis showed that compared
with persons who ate the lowest level of whole grains, individuals
consuming 48 to 80g whole grain/day had a 26% lower risk of
type 2 diabetes (95% CI: 0.69, 0.80) and 21% lower risk of CVD
(95% CI: 0.74, 0.85).1'% These findings were confirmed by Tang

et al’s meta-analysis,*! which identified a lower CVD risk of
around 21%(95% CI: 0.74-0.83) for high whole grains
consumers compared with the lowest consumers.

Because fiber and whole grain consumption are likely to
correlate highly, it remains a challenge to examine whether dietary
fiber intake is a surrogate marker for whole grain intake and the
potential beneficial compounds within whole grains, or whether it
is the fiber component of whole grains that confers the protective
associations observed with greater intake. In the current meta-
analysis, we found that the inverse associations between intake of
whole grains and risks of deaths from all-cause and CVD did not
change after adjustment for cereal fiber, suggesting that other
ingredients may partly account for the whole-grain effects.
Furthermore, our subgroup analyses observed that the pooled
risk estimations from American studies were significantly lower
than those from European studies (P=0.029). There were
differences in classifications and types of whole grains consump-
tion according to geographical locations, which would account for
the heterogeneity between study locations. However, these results
should be interpreted with caution, as a small number of studies
could be included in each subgroup analysis.

Several plausible mechanisms exist for these associations
between consumption of whole grains and mortality. Whole
grains are good sources of minerals (magnesium, potassium, and
calcium), fiber, B-group vitamins, vitamin E, and phytochemicals.
Many observational studies have suggested that intake of fiber
was inversely associated with risks of several chronic diseases,
including CHD,*%! stroke,!*!! and certain neoplasms.!***3!
Cereal fiber was able to prevent the oxidation of cholesterol
and to increase the formation of endothelial prostacyclin, which
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may lead to the reduction of vascular tone and inhibition of
platelet aggregation.[*¥ Furthermore, antioxidant phytochem-
icals, such as phenolic acids and alkylresorcinols, may modulate
cellular oxidative status and prevent biologically important
molecules such as DNA, proteins, and membrane lipids from
oxidative damage.!*"! In addition, intakes of magnesium and
calcium have been reported to be inversely associated with the
risk of mortality*®*”! and several diseases.[*3*’!

Our meta-analysis has several strengths. First, this meta-
analysis included only prospective cohort studies, which may
help minimize potential recall or selection bias. Second, our meta-
analysis included a total of 782 thousand subjects and 92
thousand cases of all-cause mortality; we therefore had adequate
statistical power to detect moderate associations. Third, the
estimates from the fully adjusted models (such as age, sex,
smoking, alcohol use, physical activity, BMI, and its intermediate
biomarkers) for each study were used in our analyses to reduce
the potential of confounding. Moreover, the nonlinear dose—
response analysis was conducted, which can help to quantify the
associations and test the shape of these possible associations.

Our study has some limitations. First, all but one studies
assessed dietary intake by using FFQs, errors in measurement of
whole grain intake were inevitable.’*" However, the self-
administered FFQs used in these studies were validated against
multiple diet records, and reasonable correlation coefficients
were observed between these assessments of whole grains
consumption. In addition, the definition of whole grains differed
in some of the studies. For example, 2 studies'®!*! considered
whole grain foods using the proportion of whole grain or bran
>25% as the criterion, and other studies did not show the
definition of whole grains. Owing to the prospective study design
in the included studies, misclassification of whole grains
consumption was independent of study outcome ascertainment,
which is more likely to attenuate the associations toward the null.

Second, unmeasured or residual confounding cannot be
completely ruled out. All the included studies adjusted for the
conventional risk factors, such as smoking, alcohol use, obesity,
and physical inactivity, all of which have been shown to increase
the risk of all-cause mortality!®?! and CVD. However, few studies
adjusted for other dietary factors (such as dietary fiber and
multivitamins intake, etc.) and for baseline vascular drug use
(such as antihypertensives, statins, aspirin, etc.).

Third, significant heterogeneity was observed among studies,
which may be explained in part by the inconsistency in study
locations, number of cases, baseline exclusion criteria, popula-
tion demographic and lifestyle characteristics, methods of dietary
assessments, and adjustment for confounders. Indeed, in the
meta-regression analysis of CVD mortality, studies from the USA
showed little heterogeneity, while studies from Europe showed
significant heterogeneity.

Fourth, the participants included in our meta-analysis were
predominantly from the United States and Europe. Therefore, the
results are applicable to the United States and Europe but cannot
be extended to other demographic or ethnic groups.

Finally, we could not completely deny the possibility of
publication bias. Actually, Egger test did show a significant
publication bias for the association between whole grain
consumption and all-cause mortality. The application of the
trim and fill method did not alter the summary effect size, further
suggesting that results were not affected by publication bias.

In conclusion, our meta-analysis provides further evidence that
higher intake of whole grains is inversely related to the risk of deaths
from all causes, particularly from CVDs. Consumption of whole

Medicine

grains was not associated with risk of stroke and diabetes-specific
deaths. The results support current recommendations to increase
whole grain consumption to promote health and overall longevity.
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