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KEYWORDS Abstract Background and aims: Whole grain food sources have been associated
Cardiovascular with lowered risk of cardiovascular disease (CVD). Studies in recent years have
disease; strengthened this observation and elucidated potential mechanisms for this associ-
Cereals; ation. This study sought to quantitate the available observational evidence on
Diet; whole grain intake and clinical cardiovascular events.

Atherosclerosis; Methods and results: Seven prospective cohort studies with quantitative measures
Metabolic of dietary whole grains and clinical cardiovascular outcomes were identified from
cardiovascular MEDLINE searches and a review of the literature. Based on event estimates
syndrome; adjusted for cardiovascular risk factors, greater whole grain intake (pooled average
Cohort studies; 2.5 servings/d vs. 0.2 servings/d) was associated with a 21% lower risk of CVD
Meta-analysis events [OR 0.79 (95% Cl: 0.73—0.85)]. Similar estimates were noted for different

CVD outcomes (heart disease, stroke, fatal CVD) and in sex-specific analyses. Con-
versely, refined grain intake was not associated with incident CVD events [1.07
(0.94—1.22)].

Conclusions: There is a consistent, inverse association between dietary whole
grains and incident cardiovascular disease in epidemiological cohort studies. In light
of this evidence, policy-makers, scientists, and clinicians should redouble efforts to
incorporate clear messages on the beneficial effects of whole grains into public
health and clinical practice endeavors.

© 2007 Elsevier B.V. All rights reserved.
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Organization estimates that, over the next two
decades, developing countries will bear the brunt
of the increasing burden of CVD [1]. Over thirty
years ago, Dr. Trowell noted that sub-Saharan Africa
had a lower prevalence of ischemic heart disease
than industrialized European and American popula-
tions, hypothesizing that observed differences were
attributable to the relative intake of refined versus
whole plant food sources [2]. This came to be known
as the ‘fiber hypothesis’’, which related fiber in-
take from cereal and plant sources to chronic heart
and gastrointestinal diseases. The first prospective
evaluation of the **fiber hypothesis’’ with respect
to heart disease came from the United Kingdom
[3]. Morris et al. found that cereal fiber (but not veg-
etable fiber) was negatively associated with inci-
dent ischemic heart disease. The first study to
prospectively associate whole grain consumption
with cardiovascular events was the Seventh Day
Adventists’ study, in which individuals who con-
sumed wheat bread had a 55% lower risk of non-fatal
MI than those who ate white bread [4]. In 2003, Dr.
Anderson synthesized data from thirteen studies
evaluating intake of whole grains, fruits, vegeta-
bles, and fiber with respect torisk for clinical cardio-
vascular disease [5]. Of five studies prospectively
evaluating whole grain intake and cardiovascular
risk, higher intake of whole grains was associated
with a 29% lower risk for cardiovascular events (ad-
justed RR 0.71, 95% ClI 0.48—0.94). However, since
this analysis, multiple observational studies have
replicated this association and important causal
pathways have been elucidated, including effects
on glucose homeostasis, serum lipids, and endothe-
lial function. We sought to quantitate the available
observational evidence on whole grain intake and
clinical cardiovascular events and review the poten-
tial mechanisms of this association.

Methods

We identified observational studies that evaluated
the association between whole grain intake and
clinical cardiovascular events using the following
inclusion criteria: 1. the studies were performed
using self-reported quantitative measures of whole
grain intake (e.g. servings/day); 2. cardiovascular
events were ascertained prospectively; and 3. the
studies provided adequate data to generate ad-
justed event rates. Studies were identified from
a MEDLINE search for ‘whole grain’ and ‘cardiovas-
cular disease’ from 1966 to April 2006. Additional
studies were drawn from reference lists of relevant
manuscripts. Data were extracted by two indepen-
dent investigators, and inconsistencies were

resolved by mutual agreement. For within-study
comparisons, individuals in the highest quantile of
whole grain intake were compared to individuals
with the lowest whole grain intake. Covariate-
adjusted event rates were derived from published
event rates and adjustedrelative risk estimates. For
studies that reported risk estimates for multiple
cardiovascular endpoints, the most comprehensive
cardiovascular disease endpoint was utilized for the
primary analysis. For studies that evaluated this
association in multiple models, we evaluated esti-
mates based on demographic-adjusted models and
more fully-adjusted models (i.e. including cardio-
vascular risk factors) separately. Secondary analy-
ses evaluated specific endpoints (coronary heart
disease (CHD)/CHD mortality, ischemic stroke/
stroke mortality) and subgroups (men, women)
based on risk-factor adjusted estimates. Addition-
ally, the relationship between refined grain intake
and cardiovascular events was assessed using stud-
ies that provided this information.

We identified eight publications from seven
cohorts with both quantitative whole grain esti-
mates and clinical cardiovascular event rates that
included sufficient data for analysis (Table 1). Other
reports of interest were excluded for the following
reasons: restrospective study design [6], use of
qualitative rather than quantitative whole grain
measures (i.e. ‘"What type of bread do you use?’’)
[4], and presentation of data subsequently updated
[7]. Studies that met entry criteria and provided suf-
ficient data were included in the analyses, with
study weights based on the inverse variance. For
the main and secondary analyses, we evaluated
the Mantel-Haentzel test for heterogeneity.
As there was no evidence of significant heterogene-
ity (Q=0.04-8.17, p=0.07-0.83), fixed-effects
models were used. Publication bias was evaluated
using funnel plots and the Egger test [8], and sensi-
tivity analyses corrected for bias using the trim-and-
fill method [9]. All analyses were performed using
MIX v. 1.2 (Kitasato University, 2006; http://
www.mix-for-meta-analysis.info/index.html).

Results

Six studies provided information for demographic-
adjusted analyses [10—15], and seven included in-
formation for risk-factor-adjusted analyses [10—
16] (Table 2). Among these cohorts, the pooled aver-
age intake of those with high intake was 2.5 serv-
ings/d, while consumption in the comparison
group averaged 0.2 servings/day. High intake of
whole grains was associated with a 37% lower risk
of incident cardiovascular disease in the analyses

Please cite this article in press as: Philip B Mellen et al., Whole grain intake and cardiovascular disease: A meta-analysis, Nutr
Metab Cardiovasc Dis (2007), doi:10.1016/j.numecd.2006.12.008



http://www.mix-for-meta-analysis.info/index.html
http://www.mix-for-meta-analysis.info/index.html

800°Z1°900Z°P2awnu(/910L°0}:10p (£00Z) SlQ dseAOLpIe) qeIsw

JINN ‘sisAjeue-e1owW Y :3SEISIP JRINDSBAOLPIRD pUR 9Xejul Utels S)oym ““1e 39 uanaw g dityd :se ssaud ul a)d1e siyy 931 aseald

Table 1 Prospective cohort studies evaluating the association between quantitative measures of whole grain intake and clinical cardiovascular events
Cohort Ref. N? Age Sex Whole grain WG intake: WG intake: Years of Outcomes
range dietary measure low quantile® high quantile follow-up  evaluated
lowa Women’s Health 10 34,492 55—69 Female FFQ 1.5 (0-3.5) 22.5 (18.5—84.5) 9 CHD death,
Study (IWHS) (servings/wk) stroke death,
CVD death
Nurses’ Health 11, 17 75,521 38—63 Female FFQ (servings/d) 0.13 (0—0.26) 2.7 (1.8—17.9) 10, 12 CHD, ischemic
Study (NHS) stroke
Norwegian County 12 33,848 35-56  50% FFQ (whole (0.05—0.60) (2.25—5.40) 14 CHD death,
Study (NCS) Female  grain bread score) CVD death
Physicians’ Health 13 86,190 40-84 Male FFQ (servings (0—1) (>7.0) 6 CHD death,
Study (PHS) whole grain stroke death,
cereal/wk) CVD death
Atherosclerosis Risk in 14 11,940 45—64 56% FFQ (servings/d) 0.1 (0—0.2) 3.0 (2.0—10.5) 11 CHD, ischemic
Communities (ARIC) Female stroke
Health Professionals’ 15 42,850 40-75 Male FFQ (g/d) 3.3 49.6 14 CHD
Follow-up Study (HPFS)
Older community-dwelling 16 535° 60—98 67% 3-d food 0.31 (0—-0.56) 2.9 (>1.94) 12—15 CVD death
adults, Boston, MA Female record
(servings/d)

Abbreviations: Ref — reference; WG — whole grain; FFQ — food frequency questionnaire; CHD — coronary heart disease; CVD — cardiovascular disease.
2 Number of participants included in original article (all quantiles of whole grain intake).
b Values represent the quantile median (range).

¢ Included individuals with history of CVD.
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Table 2 Covariates for studies included in demographic and risk factor-adjusted analyses
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Abbreviations: CVD — cardiovascular disease; CHD — coronary heart disease; BP — blood pressure; BMI — body mass index; WHR — waist-hip ratio; HRT — hormone replacement therapy; OCP —
oral contraceptive use; SFA — saturated fatty acids; PFA — polyunsaturated fatty acids; MFA — monounsaturated fatty acids; TFA — trans fatty acids; IWHS — lowa Women’s Health Study; NHS —
Nurses’ Health Study; NCS — Norwegian County Study; PHS — Physicians’ Health Study; ARIC — Atherosclerosis Risk in Communities; HPFS — Health Professionals’ Follow-up Study; D — demo-
graphic-adjusted; RF — demographic + risk factor adjusted; F — female cohort; M — male cohort.
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based on demographic-adjusted estimates [OR .63
(95% C10.58—0.68)] (Fig. 1). This association was ev-
ident in analyses based on risk-factor-adjusted esti-
mates, aswell [0.79 (0.73—0.85)]. Though there was
evidence of publication bias when evaluated with
the Egger test (intercept = — 2.32, p = 0.001), the
results were similar in analyses that corrected for
this using the trim-and-fill method [0.81 (0.75—
0.87)]. The results did not differ after removing
one study [16] that included individuals with preva-
lent cardiovascular disease [0.79 (0.73—0.86)].
The findings were similar when analyses were
restricted to studies that provided sex-specific
results for men [0.82 (0.73—0.92)] [13,15] or
women [0.79 (0.68—0.91)] [10,11]. Estimates
were similar when analyses were limited to studies
that reported fatal CVD endpoints [0.78 (0.70—
0.88)] [10,12,13,16]. This association was also
present when evaluating the endpoint of incident
CHD [0.76 (0.69—0.83)] [7,11—15], but an apparent
association was less significant for incident stroke
[0.83 (0.68—1.02)] [10,13,14,17]. There was no ev-
idence of decreased risk for cardiovascular events
when comparing groups with high versus low re-
fined grain intake [1.07 (0.94—1.22)] [10,13,14].

Discussion

The inverse association between whole grain in-
take and cardiovascular disease has been consis-
tently demonstrated in multiple observational
studies. In analyses reflecting cardiovascular
events from over 149,000 participants, we found
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Sahyoun, 2006
Overall ! <>
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0.0 04 08 12
Odds Ratio
Figure 1 0dds ratios of incident cardiovascular

disease, comparing high versus low whole grain intake.
Abbreviations: IWHS — lowa Women’s Health Study;
NHS — Nurses’ Health Study; NCS — Norwegian County
Study; PHS — Physicians’ Health Study; ARIC — Athero-
sclerosis Risk in Communities; HPFS — Health Profes-
sionals’ Follow-up Study. 'Demographic-adjusted
model. 2Demographic + risk factor adjusted model.

that consumption of 2.5 servings of whole grains
was associated with a 21% lower risk of incident
CVD compared to intake of 0.2 servings per day,
after adjustment for cardiovascular risk factors.
Similarly, whole grain intake is inversely associated
with atherosclerosis, the common pathway for
ischemic heart disease. In one study of 229 post-
menopausal women, six or more servings of whole
grain products per week was associated with 40%
less coronary atherosclerotic progression [18]. As
this evidence on the association of whole grain in-
take with atherosclerosis and clinical cardiovascu-
lar disease has been accumulating, other research
continues to elucidate mechanisms whereby whole
grains influence cardiovascular health.

Whole grain intake and CVD risk:
potential mechanisms

Grains consist of bran, germ, and endosperm
components. When refined, the carbohydrate-
rich endosperm component is retained, while
many biologically active agents, such as fiber,
vitamins, minerals, antioxidants, and other plant
compounds (lignans, phytosterols, etc.) are re-
moved with the bran and germ [19]. These biolog-
ical agents influence cardiovascular risk through
effects on glucose homeostasis [20,21], lipids and
lipoproteins [16,22], endothelial function [23],
and other mechanisms [24—26], potentially ac-
counting for much of the observed benefit of high
intake of whole grains.

Whole grain intake, insulin resistance, and
type 2 diabetes mellitus

The World Health Organization estimates the
worldwide prevalence of type 2 diabetes mellitus
(T2DM) to be 170 million, with an anticipated 50%
increase by 2010. The greatest increase is occur-
ring in countries undergoing the transition to
“*Western’’ lifestyle patterns [27]. In the United
States, the prevalence of T2DM increased 765%
from 1935 to 1996 [28]. Ecologic data suggest
that the increasing prevalence of T2DM accom-
panies a parallel increase in total energy intake,
the majority of which comes from refined carbohy-
drates [28,29]. This is supported by prospective
data from the Nurses’ Health Study, in which in-
take of sugar-sweetened beverages was associated
with weight gain and incident T2DM [30].
Conversely, higher intake of unrefined carbohy-
drates, such as whole grains, appears to be pro-
tective against insulin resistance and T2DM. Whole
grain meals are associated with reduced glucose and
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insulin responses [20], and longer feeding studies
indicate that increased whole grain intake may
improve insulin sensitivity or beta-cell function
[31,32]. Cross-sectional studies have shown that
whole grain intake is inversely associated with insu-
lin resistance [21,33] and components of the meta-
bolic syndrome [16,34]. Furthermore, multiple
longitudinal cohort studies have demonstrated an
inverse relationship between whole grain or cereal
fiber intake and incident T2DM. In a meta-analysis
by Liu, individuals with higher whole grain intake
had a 30% lower risk of incident T2DM compared to
those with low whole grain intake [35]. The benefi-
cial effects of whole grains on glucose homeostasis
are likely attributable to the specific carbohydrates
found in whole grains (including fiber [36,37], re-
sistant starches [38] and oligosaccharides [20]),
physical factors that determine carbohydrate ab-
sorption [20], phytochemicals (e.g. lignans) [39],
and magnesium [40].

Whole grain effects on lipids

Though effects on insulin sensitivity and glycemia
are likely a major component of the cardiopro-
tective benefit realized with increased consump-
tion of whole grains, early evaluations of unrefined
grain sources emphasized cholesterol as the cen-
tral mechanism of cardiovascular benefit. Dr.
Trowell’s ecologic observations focused on total
cholesterol levels as a reflection of carbohydrate
source [2], noting that cholesterol levels across
populations were more strongly associated with
fiber intake than amount or type of fat. Since
then, an abundance of evidence has demonstrated
an inverse relationship between intake of soluble
fiber (most often consumed as B-glucan from
oats [41]) and LDL-cholesterol [42]. Animal models
suggest that this effect is mediated, in part, by in-
creased bile acid degradation and loss [43], dis-
rupting enterohepatic bile circulation and
reducing the amount of cholesterol available for
LDL synthesis [44], which in turn leads to an upre-
gulation of hepatic LDL receptors [45]. In addition
to soluble fiber, whole grains are also rich in phy-
tosterols, which compete with cholesterol for ab-
sorption in the small intestine, lowering LDL
cholesterol [22,46]. Whole grains are also associ-
ated with a reduction in small LDL cholesterol
[47]. In addition to effects on LDL, whole grains in-
fluence the insulin resistant lipid pattern (ele-
vated triglycerides and low HDL cholesterol)
associated with the metabolic syndrome [16].
Thus, whole grains could confer cardiovascular
benefits by acting on numerous lipid inter-
mediates, including LDL (amount and size), HDL,

and triglycerides, resulting in a lipid profile that
is globally less atherogenic.

Whole grains and endothelial function

Whole grain constituents also appear to influence
the vascular endothelium directly. Endothelial
dysfunction is an early development in the path-
ophysiology of atherosclerosis [48]. Whole grain in-
terventions have been shown to improve vascular
reactivity, a marker of endothelial function, in re-
sponse to a high fat meal [23], and dietary patterns
associated with high intake of whole grains are as-
sociated with improved plasma markers of endo-
thelial function [49,50]. Whole grains are rich in
lignans, phytoestrogens whose intakes have been
associated with decreased cardiovascular death
[51], presumably through beneficial effects on
the endothelium. Furthermore, whole grains are
rich in antioxidants, including vitamin E, which
may have a significant beneficial effect on the vas-
cular endothelium [52].

Whole grains: other mechanisms of
cardiovascular benefit

In addition to their effects on insulin sensitivity,
lipids, and endothelial function, whole grains may
influence other parameters that shape cardiovas-
cular risk, including blood pressure [24], plasma
homocysteine [25], and inflammation [26]. Thus,
whole grains are a complex food source with pleo-
tropic effects, and the cardiovascular benefits as-
sociated increased dietary whole grains involve
multiple pathways.

Conclusions

Despite the abundant evidence in support of in-
creasing whole grain intake and a diverse assort-
ment of whole grain food sources (Table 3), intake
remains low. Data from the National Health and
Nutrition Examination Survey 1999—2000 found
that only 8% of U.S. adults consume three or
more servings of whole grain per day, with most
whole grains consumed in snack foods (41%) [fol-
lowed by cereals (32%), breads (18%) and other
sources (9%)] [53]. The same data revealed that
42% of adults eat no whole grains on a given day.
Many consumers and health professionals are un-
aware of the health benefits of whole grains [54].
This may improve as guidelines begin to make
whole grain recommendations more explicit
[53,55].
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Table 3

Amaranth

Barley

Buckwheat

Corn (whole cornmeal, popcorn)

Millet

Oats (oatmeal)

Qinoa

Rice (brown rice)

Rye

Sorghum (or milo)

Teff

Triticale

Wheat (varieties include spelt, emmer, farro,
einkorn, Kamut®, durum; forms include bulgur,
cracked wheat, and wheatberries)

Wild rice

When consumed in a form retaining the bran, germ, and en-
dosperm components. Source: The Whole Grains Council
(http://www.wholegrainscouncil.org).

Examples of whole grain foods and flours

In summary, dietary whole grains have been

in postmenopausal women: the lowa Women’s Health
Study. Am J Clin Nutr 1998 Aug 1;68(2):248—57.

[8] Egger M, Smith GD, Schneider M, Minder C. Bias in meta-
analysis detected by a simple, graphical test. BMJ 1997
Sep 13;315(7109):629—34.

[9] Sutton AJ, Duval SJ, Tweedie RL, Abrams KR, Jones DR. Em-
pirical assessment of effect of publication bias on meta-
analyses. BMJ 2000 Jun 10;320(7249):1574—7.

[10] Jacobs Jr DR, Meyer KA, Kushi LH, Folsom AR. Is whole

grain intake associated with reduced total and cause-spe-

cific death rates in older women? The lowa Women’s

Health Study. Am J Public Health 1999 Mar;89(3):322—9.

Liu S, Stampfer MJ, Hu FB, Giovannucci E, Rimm E,

Manson JE, et al. Whole-grain consumption and risk of cor-

onary heart disease: results from the Nurses’ Health Study.

Am J Clin Nutr 1999 Sep 1;70(3):412—9.

[12] Jacobs Jr DR, Meyer HE, Solvoll K. Reduced mortality among
whole grain bread eaters in men and women in the Norwe-
gian County Study. Eur J Clin Nutr 2001 Feb;55(2):137—43.

[13] LiuS, Sesso HD, Manson JE, Willett WC, Buring JE. Isintake of

breakfast cereals related to total and cause-specific mortal-

ity in men? Am J Clin Nutr 2003 Mar 1;77(3):594—9.

Steffen LM, Jacobs Jr DR, Stevens J, 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 ische-

(1]

[14]

inversely associated with cardiovascular risk fac-
tors, atherosclerosis, and incident cardiovascular
disease. In light of this consistent evidence, policy-
makers, scientists, and clinicians should redouble
efforts to incorporate clear messages on the
beneficial effects of whole grains into public
health and clinical practice endeavors.

mic stroke: the Atherosclerosis Risk in Communities
(ARIC) Study. Am J Clin Nutr 2003 Sep 1;78(3):383—90.

[15] Jensen MK, Koh-Banerjee P, Hu FB, Franz M, Sampson L,
Gronbaek M, et al. Intakes of whole grains, bran, and
germ and the risk of coronary heart disease in men. Am J
Clin Nutr 2004 Dec 1;80(6):1492—9.

[16] Sahyoun NR, Jacques PF, Zhang XL, Juan W, McKeown NM.
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