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a Causal Link Between Dietary Factors
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Background: Although a wealth of literature links di-
etary factors and coronary heart disease (CHD), the strength
of the evidence supporting valid associations has not been
evaluated systematically in a single investigation.

Methods: We conducted a systematic search of
MEDLINE for prospective cohort studies or random-
ized trials investigating dietary exposures in relation to
CHD. We used the Bradford Hill guidelines to derive a
causation score based on 4 criteria (strength, consis-
tency, temporality, and coherence) for each dietary ex-
posure in cohort studies and examined for consistency
with the findings of randomized trials.

Results:Strongevidencesupportsvalidassociations(4cri-
teria satisfied)ofprotective factors, including intakeofveg-
etables,nuts, and“Mediterranean”andhigh-qualitydietary
patternswithCHD,andassociationsofharmful factors, in-
cluding intakeof trans–fattyacidsandfoodswithahighgly-
cemic indexor load.Amongstudiesofhighermethodologic

quality, therewasalsostrongevidenceformonounsaturated
fatty acids and “prudent” and “western” dietary patterns.
Moderate evidence (3 criteria) of associations exists for in-
take of fish, marine �-3 fatty acids, folate, whole grains, di-
etary vitamins E and C, beta carotene, alcohol, fruit, and
fiber. Insufficient evidence (�2 criteria) of association is
present for intake of supplementary vitamin E and ascor-
bic acid (vitamin C); saturated and polyunsaturated fatty
acids; total fat;�-linolenicacid;meat;eggs;andmilk.Among
thedietaryexposureswithstrongevidenceofcausationfrom
cohort studies, only a Mediterranean dietary pattern is re-
lated to CHD in randomized trials.

Conclusions: The evidence supports a valid associa-
tion of a limited number of dietary factors and dietary
patterns with CHD. Future evaluation of dietary pat-
terns, including their nutrient and food components, in
cohort studies and randomized trials is recommended.
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T HE RELATIONSHIP BETWEEN

dietary factors and coro-
nary heart disease (CHD)
has been a major focus of
health research for almost

half a century. The pioneering work of
Keys and Aravanis1 stimulated many
subsequent studies of diet and CHD,
which have since evaluated the effects of
numerous dietary nutrients, foods, and di-
etary patterns on CHD risk. More re-
cently, prospective cohort studies and ran-
domized controlled trials (RCTs) have
examined these associations in large popu-
lations with long periods of follow-up.
However, the results of cohort studies and
RCTs can be discrepant (eg, for intake of
vitamin E and beta carotene),2-13 and the
results of some RCTs of dietary supple-
ments paradoxically revealed adverse ef-
fects on CHD for certain nutrients that
were previously shown to exert protec-
tive effects in cohort studies.2,4,7,8 This has
generated confusion among health care
professionals, policy makers, and the
population at large who are interested in

this information to aid them in CHD pre-
vention strategies.

In his classic study, Hill14 proposed a set
of criteria (the Bradford Hill criteria) to
evaluate systematically whether a causal link
between an exposure of interest and a health
outcome exists. These guidelines are used
by epidemiologists to test causal hypoth-
eses and have undergone little modifica-
tion since their original publication.15 Be-
fore advocating that specific dietary factors
be consumed in large or minimal amounts,
it is necessary to base public health recom-
mendations on the best available scientific
evidence.16 To address this issue, we con-
ducted a systematic review of the litera-
ture examining the association between nu-
trient intake, dietary components, and
dietary patterns (hereafter referred to as di-
etary exposures) and CHD and its related
clinical outcomes. Our specific objectives
were (1) to systematically evaluate dietary
exposures and CHD using the Bradford Hill
criteria; (2) to determine which dietary ex-
posures have been studied sufficiently in
RCTs and found to support the findings of

Author Affiliations: Population
Health Research Institute,
Hamilton Health Sciences
(Drs Mente and Anand and
Mr de Koning), and
Departments of Medicine
(Dr Anand) and Clinical
Epidemiology and Biostatistics
(Mr de Koning and
Drs Shannon and Anand),
McMaster University,
Hamilton, Ontario, Canada.

(REPRINTED) ARCH INTERN MED/ VOL 169 (NO. 7), APR 13, 2009 WWW.ARCHINTERNMED.COM
659

©2009 American Medical Association. All rights reserved.
 at University College London, on April 15, 2009 www.archinternmed.comDownloaded from 

http://www.archinternmed.com


prospective cohort studies; and (3) to
identify the dietary exposures deemed
to have insufficient evidence to be
conclusive.

METHODS

SEARCH STRATEGY
AND STUDY SELECTION

We searched the MEDLINE database for
prospective cohort studies and RCTs from
1950 through June 2007. The bibliogra-
phies of retrieved articles were scanned
for additional cohort studies and RCTs.
Two of us (A.M. and L.D.) indepen-
dently assessed study eligibility. Ex-
cluded studies and reasons for exclusion
were listed, and disagreement was re-
solved by discussion and consensus. We
included original English-language ar-
ticles pertaining to the effect of diet on the
following primary outcomes: coronary or
ischemic heart disease and fatal or non-
fatal myocardial infarction. These ar-
ticles were also evaluated for the follow-
ing secondary outcomes: angina pectoris,
sudden death, cardiovascular disease, and
total mortality. Relative risks (RRs) of out-
comes are presented with their 95% con-
fidence intervals (CIs) after adjusting for
potential confounders. We only consid-
ered studies that followed up subjects for
at least 1 year. Cohort studies had to in-
clude estimates of dietary intake using
conventional dietary assessment tools (eg,
food frequency questionnaires, food rec-
ords, or 24-hour diet recall). Clinical trials
had to be randomized and to compare di-
etary exposure with a control diet or a pla-
cebo. Crossover trials were excluded if
plasma biomarkers or atherosclerotic in-
dicators were not evaluated because coro-
nary outcomes occurring after a cross-
over would be difficult to interpret.

DATA EXTRACTION

The following data were extracted from
the selected studies: (1) study design (co-
hort study or RCT, ie, parallel or facto-
rial); (2) country of origin; (3) number
of participants; (4) characteristics of
participants (ie, age and sex); (5) di-
etary assessment tool; (6) intake dos-
age; (7) length of follow-up; (8) descrip-
tion of the interventions (RCTs); and
(9) cardiovascular disease outcomes.

For the prospective cohort studies,
data were extracted on the estimates of
the association between the dietary ex-
posure and disease outcome. The co-
hort studies typically report estimated in-
take as quantiles (usually quartiles or
quintiles). The higher intake level is com-
pared with the lowest intake level and the

results are reported as odds ratios or RRs
for each clinical outcome. The P values
for trend, where available, were used to
evaluate dose-response relationships. For
RCTs, we compared the RRs of disease
outcomes between the dietary interven-
tion and control groups. The cohort stud-
ies and RCTs were stratified according to
risk of bias (methodologic quality), as de-
termined using the criteria in supple-
mentary appendix 1 (this and the other
appendices are available on request from
the authors).17,18 The different dietary pat-
terns evaluated in studies were noted. The
“Mediterranean” dietary pattern empha-
sizes a higher intake of vegetables, le-
gumes, fruits, nuts, whole grains, cheese
or yogurt, fish, and monounsaturated
relative to saturated fatty acids. The “pru-
dent” dietary pattern is characterized by
a high intake of vegetables, fruit, le-
gumes, whole grains, and fish and other
seafood. The “western” pattern is char-
acterized by a high intake of processed
meat, red meat, butter, high-fat dairy
products, eggs, and refined grains.

APPLICATION OF
BRADFORD HILL GUIDELINES

A modified algorithm of the Bradford
Hill criteria was used to systematically
evaluate the evidence of a causal rela-
tionship between each dietary expo-
sure and CHD.14 As summarized in
Table 1, the following 4 criteria were
used in the review of cohort studies:
strength, consistency, temporality, and
coherence. A fifth criterion, biological
gradient, was not included in the algo-
rithm because dietary exposures may not
exhibit dose-response relationships
with CHD owing to possible threshold
effects or “j-shaped” relationships
(Table 1). Nevertheless, we explored
evidence of this criterion separately.

The 4 Bradford Hill criteria were used
to derive a causation score for each di-
etary exposure. The score was com-
puted as the unweighted sum of the num-
ber of criteria that were met, for a possible
range of 0 to 4. A score of 4 was consid-
ered strong evidence of a cause-and-
effect relationship between the dietary ex-
posure and disease. A score of 3 was
deemed to indicate moderate evidence of
causation. A score of 2 or less was con-
sidered a reflection of weak evidence of
causation. As a final step, a sixth crite-
rion, experiment, was used to examine
whether the evidence from cohort stud-
ies was consistent with that from RCTs.
Three criteria were omitted, including
plausibility, specificity, and analogy be-
cause these factors were already satisfied
by default (plausibility), considered non-
specific to CHD (specificity), or deemed
to be subjective (analogy) (Table 1).

STATISTICAL ANALYSES

We used commercially available statisti-
cal software (Comprehensive Meta Analy-
sis software, version 2.2 [Biostat, Engle-
wood, New Jersey] and SAS, version 9.1
[SAS Institute Inc, Cary, North Caro-
lina]). Statistical heterogeneity across
studies was assessed using the Q statis-
tic,19 with significant heterogeneity for all
of the dietary predictors except for beta
carotene, eggs, monounsaturated fatty ac-
ids, trans–fatty acids, nuts, whole grains,
and a “Mediterranean” dietary pattern.
Summary estimates were calculated using
a general variance-based method (ran-
dom-effects model) with 95% CIs.19

Because the potential confounders con-
sidered in multivariate analyses vary
across studies, we used the parameter es-
timates in the most complex model,
which typically include demographic,
lifestyle, and dietary factors. Stratified
analyses were also conducted by meth-
odologic quality, sex, type of dietary as-
sessment tool (food frequency question-
naires vs food records and 24-hour recall),
continental region (North America,
Europe, and Asia), and type of preven-
tion strategy (primary vs secondary) to
assess the influence of these factors on
the observed associations between diet
and CHD.

INVESTIGATION OF
HETEROGENEITY

The comparison of quantile extremes to
compute RRs in cohort studies may add
heterogeneity to summary RR estimates
because the mean and median levels of in-
take in the quantile groups varied from
study to study. To examine this, we cre-
ated a scatterplot and linear regression for
each dietary exposure, with the RR value
for a given study on the y-axis and the dif-
ference in mean or median intake be-
tween quantile extremes on the x-axis. A
slope of greater than or less than 0 would
suggest that the differences in mean in-
take across studies influenced the sum-
mary RR value, whereas a slope of 0 would
suggest that differences in mean intake
across studies probably have a negligible
effect on the summary estimates. As
shown in supplementary appendix 2, no
relationship was observed for �-3 fatty ac-
ids (as well as other dietary exposures;
data not shown), suggesting that differ-
ent quantile values across studies likely
cannot explain the variation in RR val-
ues. Finally, to assess whether the re-
sults might be explained by certain di-
etary factors being studied more
frequently or the possible reporting of
mostly positive results, we examined the
relationshipbetween the summaryRRval-
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ues derived from the cohort studies and
the sample size from all cohort studies
pooled together for each particular di-
etary factor, with separate plots for ben-
eficial and harmful dietary exposures. A
slope of 0 would suggest that a propen-
sity to study certain dietary factors more
than others likely does not account for the
variation in the effects across dietary ex-

posures. No associations were observed
(supplementary appendix 3).

RESULTS

The Figure displays the number of
studies evaluated and excluded
through the stages of the literature

review. The search of the MEDLINE
database yielded 146 prospective co-
hort studies describing 361 subco-
horts and 43 RCTs involving 51 sub-
groups. Most of the cohort studies
(125 [86%]) were primary preven-
tion studies, whereas 32 RCTs (74%)
were secondary prevention trials.

Table 1. Bradford Hill Criteria for Assessing Causation in Cohort Studies and Definitions Used in This Review

Criterion (No.) Bradford Hill Criteria (1965) Definition in This Review

Included in causation score
Strength (1) Most important factor; RR needed to define a

strong association likely depends on
phenomena being studied

Strong association for each dietary exposure was defined as
summary RR of �0.83 or �1.20, statistically significant at
P� .05, and in expected directiona,b

Consistency (2) Finding of an association needs to be replicated
in other studies

Consistency for each dietary exposure was defined as �67%
of associationsc showing strongd or modeste effect on
primary outcomes in expected direction for dietary
exposure in questionb

Temporality (3) Refers to temporal relationship of association
between exposure and disease outcome; to
infer causality, exposure must precede
outcome

Measurement design of each observational study was
temporally correct because analyses were restricted to
prospective cohort studies, which ensured absence of
outcomes at start of follow-upf

Coherence (4) Cause-and-effect relationship should not conflict
with known information on natural history and
biology of disease (eg, consistent with sex
differences, secular trends, geographic
findings, histopathologic/laboratory studies,
animal models)

Evidence needs to support an association of dietary exposure
with surrogate risk factors for atherosclerosis or MI, or
subclinical markers of atherosclerosis, or significant
summary RR showing an association with primary
outcomes in expected direction

Evaluated separately from causation score
Biological gradient (5) When risk of disease increases (or decreases)

incrementally as dose of exposure increases;
provides strong evidence of causal
relationship

Biological gradient of each dietary predictor was defined as
�50% of tests for trendc pertaining to primary outcomes
being statistically significant in expected direction for
exposure in questionb

Examined if RCTs support evidence
of causation

Experiment (6) Experimental evidence from laboratory studies or
RCTs could potentially provide strongest
support for causation

Experimental evidence of each dietary exposure was defined
as �50% of effectsc on coronary outcomes in RCTs being
statistically significant and consistent with expectation for
dietary exposure in question, or significant association
based on pooled analysis of clinical trialsb

Excluded from causation score
Specificity (7) Specific exposure is related to only 1 disease;

cautions that this criterion should not be
overemphasized

Not evaluated in this review because CVD outcomes are highly
intercorrelated and, consequently, associations between a
single dietary exposure and multiple cardiovascular end
points do not preclude a possible causal relationship; highly
plausible that food would affect �1 form of CVD even when
abnormalities have little relationshipg

Plausibility (8) An association that makes sense biologically is
more likely to be causal; plausibility depends
on biological knowledge of the day

Exposures selected in this review all meet plausibility criteria
for credible scientific mechanism to explain associations

Analogy (9) Weakest form of evidence of causality is arguing
by analogy; largely reflects imagination or
experience of the scientist

Not evaluated in this review because largely driven by
creativity of the investigators and is the least convincing
criterion

Abbreviations: CVD, cardiovascular disease; MI, myocardial infarction; RCT, randomized controlled trial; RR, relative risk.
aRR cutoff points of no more than 0.83 and at least 1.20 to define a strong association were derived from the median values of the distribution of RR values in

existing cohort studies for the beneficial and harmful dietary exposures, respectively.
bAn association in the expected direction or consistent with expectation is simply an RR of less than 1.0 for beneficial dietary exposures and an RR of greater than

1.0 for harmful exposures.
cPercentage values were calculated as the sum of all significant effects on primary outcomes divided by the total number of tests for an effect on primary outcomes

multiplied by 100. If the percentage exceeded the prespecified cutoff value (eg, 50% for biological gradient), then the criterion was satisfied. The percentage cutoff values
for these 2 criteria are summarized in the table.

dCriterion 1 defines this association.
eA modest association was defined as any statistically significant effect in the expected direction and no quantile showing a statistically significant effect in the

opposite direction.
fAlthough the measurement design of each cohort study is temporally correct, we retained this criterion in our guidelines to assess causality because temporality is

necessary although not sufficient in itself to infer causation; thus, an absence of a temporal relationship between diet and coronary heart disease would preclude a
causal link.

gAnalysis of the results from RCTs is not meant to override the results from cohort studies, but rather to indicate whether the evidence from RCTs is concordant with
that of cohort studies.
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Supplementary appendix 4 sum-
marizes the characteristics and re-
sults of the included prospective co-
hort studies by dietary exposure.
Among the 361 subcohorts in-
cluded in the review, 201 were from
the United States, 130 were from Eu-
rope, and 12 were from Asia. For
each dietary factor, an average of
29 209 individuals were included,
and the median length of follow-up
was 11 (range, 2.8-28) years; mean
age was 53 years; and 41% were
women. Most of the studies (89%)
used a food frequency question-
naire to assess dietary intake.

Supplementary appendix 5 sum-
marizes the characteristics and re-
sults of the included RCTs by di-
etary exposure. For each dietary
variable, there was an average total
of 7204 individuals, and the me-
dian length of follow-up was 3.7
(range, 1-12) years; mean age was
58 years; and 36% were women.

POOLED ESTIMATES
FROM COHORT STUDIES

The pooled analyses of cohort stud-
iesshowedthatanincreasedconsump-
tionofalcohol(RR[95%CI]forheavy
consumption, 0.69 [0.64-0.75]; for
light/moderate consumption, 0.71

[0.67-0.75]), dietary beta carotene
(0.73 [0.65-0.82]), fiber (0.78 [0.72-
0.84]), fish (0.81 [0.70-0.92]), total
folate (0.68 [CI, 0.57-0.79]), dietary
folate (0.62 [0.50-0.79]), fruits (0.80
[0.66-0.93]), marine �-3 fatty acids
(0.86[0.75-0.97]),monounsaturated
fatty acids (0.80 [0.67-0.93]), nuts
(0.70 [0.57-0.82]), vegetables (0.77
[0.68-0.87]), total vitamin C (0.82
[0.71-0.92]),dietaryvitaminC(0.80
[0.68-0.91]), total vitamin E (0.77
[0.66-0.89]), dietary vitamin E (0.77
[0.55-0.99]), and whole grains (0.81
[0.75-0.86]) and increased Mediter-
ranean (0.63 [0.53-0.72]) and high-
qualitydietpatterns(0.63[0.45-0.81])
were each associated with a signifi-
cantly lowerriskofCHD.Conversely,
an increased consumption of trans–
fatty acids (RR, 1.32 [95% CI, 1.16-
1.48])andfoodswithahighglycemic
index (1.32 [1.10-1.54]) were asso-
ciated with a significantly higher risk
of CHD (Table 2).

Higher intake of �-linolenic acid,
eggs, meat, milk, polyunsaturated
fatty acids, saturated fatty acids, total
fat, and ascorbic acid (vitamin C)
and vitamin E supplements and pru-
dent and western diet patterns were
not significantly associated with
CHD (Table 2). Among studies of
higher methodologic quality, pru-

dent (RR, 0.73 [95% CI, 0.62-
0.83]) and western (1.55 [1.27-
1.83]) diet patterns were each
associated with CHD. In keeping
with previous information, fish in-
take was protective against fatal CHD
(RR, 0.83 [95% CI, 0.71-0.94]), but
marine �-3 fatty acids (0.88 [0.66-
1.11]) and �-linolenic acid (0.98
[0.60-1.36]) were not.

Table3 shows the summary RRs
for each dietary exposure, stratified
by dietary assessment tool, sex, geo-
graphic region, and type of preven-
tion strategy. Primary prevention
studies indicate favorable associa-
tions for vitamin E, beta carotene, vi-
tamin C, and fiber intake, whereas
secondary prevention studies show
beneficial associations for fish and
�-3 fatty acid intake. The intake of
marine �-3 fatty acids was benefi-
cial in women. The summary esti-
mates are generally consistent across
the strata of other potential effect
modifiers.

POOLED ESTIMATES
FROM RCTs

The pooled analysis of RCTs showed
that increasedconsumptionofmarine
�-3fattyacids(RR,0.77[95%CI,0.62-
0.91])andaMediterraneandietarypat-

Original articles on diet and heart disease594

Potentially relevant articles on diet and heart disease5705

Included in the systematic review507
References146
Subcohorts361

Included in the systematic review94
References43
Subgroups51

Prospective cohort studies223 Randomized controlled trials66 Other study design305

Excluded cohort studies77
Primary outcome was not studied27
Dietary exposure/comparison group
not pertinent to analysis

17

No estimate of RR or 95% CI provided22
No conventional instrument used to
measure dietary intake

1

Period of follow-up was <1 y0
Same data presented previously3
More recent follow-up data published7

Excluded RCTs23
Primary outcome was not studied5
Period of follow-up was <1 y8
Crossover trial2
Same data presented previously1
Questionable data2
More recent follow-up data published5

Articles excluded on the basis of title or abstract review5111
Not related to dietary factors or outcomes of interest3224
Not original full-length articles1887

Figure. Flowchart summary of literature search. CI indicates confidence interval; RCT, randomized controlled trial; and RR, relative risk.
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tern (0.32 [0.15-0.48]) were each as-
sociatedwithasignificantly lowerrisk
ofCHD.Higherintakeofbetacarotene
supplements, fiber, fish, folatesupple-
ments, fruitsandvegetables,andpoly-

unsaturatedfattyacidsrelativetosatu-
rated fatty acids, total fat, and ascor-
bic acid and vitamin E supplements
werenot significantlyassociatedwith
CHD. The summary RRs were gener-

allyconsistentacrossthestrataofmeth-
odologic quality (Table 4).

Cohort studies provide abun-
dant evidence of an association with
total mortality for many dietary

Table 2. Agreement of Observed Data From Cohort Studies With Bradford Hill Criteria for Assessing a Potential Causal Relationship
Between Selected Dietary Exposures and Coronary Heart Diseasea

Dietary Exposure

Total
No. of

Patients
No. of

Subcohorts

Strength, Summary RR (95% CI)b

Temporalityb

Consistency in Coronary
Outcomes, No. (%)b

Coherenceb

No. of
Criteria

Met (of 4)
Coronary

Outcomesc
Coronary Outcomes and

Secondary Eventsc
Coronary Risk
or Mortality

Coronary Risk,
Mortality, or MI

“Mediterranean”
dietd

66 337 4 0.63 (0.53-0.72)e 0.66 (0.57-0.75)e Yes 4/4 (100)e 4/4 (100)e Yes 4

High-quality diet 192 737 4 0.63 (0.45-0.81)e 0.63 (0.45-0.81)e Yes 3/4 (75)e 3/4 (75)e Yes 4
Vegetables 220 564 9 0.77 (0.68-0.87)e 0.77 (0.68-0.87)e Yes 5/7 (71)e 6/11 (55) Yes 4
Nuts 184 194 6 0.70 (0.57-0.82)e 0.67 (0.57-0.77)e Yes 5/10 (50) 4/6 (67)e Yes 4
Trans–fatty acids 145 132 4 1.32 (1.16-1.48)e 1.32 (1.16-1.48)e Yes 3/4 (75)e 3/6 (50) Yes 4
Glycemic index or

load
338 410 8 1.32 (1.10-1.54)e 1.33 (1.13-1.52)e Yes 4/6 (67)e 4/8 (50) Yes 4

“Prudent” dietf 121 208 3 0.84 (0.61-1.07) 0.84 (0.61-1.07) Yes 2/3 (67)e 2/3 (67)e Yes 3g

“Western” dieth 121 208 3 1.33 (0.86-1.79) 1.33 (0.86-1.79) Yes 2/3 (67)e 2/3 (67)e Yes 3g

Monounsaturated
fatty acids

101 521 4 0.80 (0.67-0.93)e 0.80 (0.67-0.93)e Yes 2/4 (50) 3/5 (60) Yes 3g

Fish 363 228 29 0.81 (0.70-0.92)e 0.81 (0.71-0.92)e Yes 8/36 (22) 11/48 (23) Yes 3
Total folate 308 012 2 0.68 (0.57-0.79)e 0.68 (0.57-0.78)e Yes 2/4 (50) 4/7 (57) Yes 3
Dietary folate 104 307 4 0.62 (0.50-0.79)e 0.62 (0.50-0.79)e Yes 0/1 2/4 (50) Yes 3
Whole grains 356 070 11 0.81 (0.75-0.86)e 0.81 (0.75-0.86)e Yes 3/11 (27) 5/13 (38) Yes 3
Total vitamin E 509 739 5 0.77 (0.66-0.89)e 0.78 (0.66-0.89)e Yes 6/16 (38) 6/17 (35) Yes 3
Dietary vitamin E 183 206 8 0.77 (0.55-0.99)e 0.77 (0.55-0.99)e Yes 2/8 (25) 2/8 (25) Yes 3
Dietary beta carotene 138 741 10 0.73 (0.65-0.82)e 0.74 (0.65-0.82)e Yes 4/9 (44) 5/10 (50) Yes 3
Total vitamin C 595 376 5 0.82 (0.71-0.92)e 0.82 (0.72-0.92)e Yes 6/19 (32) 6/20 (30.) Yes 3
Dietary vitamin C 271 777 11 0.80 (0.68-0.91)e 0.80 (0.68-0.92)e Yes 2/10 (20) 3/11 (27) Yes 3
Alcohol,

light/moderate
consumption

1 747 107 70 0.71 (0.67-0.75)e 0.72 (0.68-0.76)e Yes 27/69 (39) 31/82 (38) Yes 3

Alcohol, heavy
consumption

1 693 893 64 0.69 (0.64-0.75)e 0.70 (0.65-0.76)e Yes 24/67 (36) 29/76 (38) Yes 3

Fruits and vegetables 199 514 7 0.79 (0.72-0.87)e 0.79 (0.72-0.87)e Yes 1/5 (20) 1/8 (12) Yes 3
Fruits 222 706 10 0.80 (0.66-0.93)e 0.81 (0.68-0.94)e Yes 1/7 (14) 2/11 (18) Yes 3
Fiber 215 054 15 0.78 (0.72-0.84)e 0.78 (0.72-0.85)e Yes 7/15 (47) 8/19 (42) Yes 3
�-3 Fatty acids

Marine (excluding
�-linolenic acid)

301 780 13 0.86 (0.75-0.97) 0.86 (0.75-0.97) Yes 4/14 (29) 7/22 (32) Yes 2i

�-Linolenic acid 145 497 5 1.06 (0.92-1.20) 1.01 (0.84-1.18) Yes 0/6 0/10 Yes 2
All 447 277 18 0.91 (0.81-1.00) 0.89 (0.80-0.99) Yes 4/20 (20) 7/31 (23) Yes 2

Supplementary
vitamin E

162 244 4 0.83 (0.60-1.07) 0.83 (0.60-1.07) Yes 2/4 (50) 2/4 (50) Yes 2

Supplementary
ascorbic acid

161 437 4 0.87 (0.60-1.13) 0.86 (0.61-1.11) Yes 1/4 (25) 1/4 (25) Yes 2

Total fat 126 439 7 0.99 (0.88-1.09) 0.99 (0.88-1.09) Yes 1/9 (11) 1/9 (11) Yes 2
Saturated fatty acids 160 673 11 1.06 (0.96-1.15) 1.06 (0.96-1.15) Yes 4/12 (33) 4/14 (29) Yes 2
Polyunsaturated fatty

acids
102 937 6 1.02 (0.81-1.23) 1.02 (0.81-1.23) Yes 1/6 (17) 1/8 (12) Yes 2

Meatj 236 414 12 1.23 (0.98-1.49) 1.23 (0.98-1.49) Yes 5/13 (38) 5/15 (33) No 1
Eggsj 258 221 6 1.06 (0.89-1.23) 1.06 (0.89-1.23) Yes 1/6 (17) 1/6 (17) No 1
Milkj,k 216 820 8 0.94 (0.75-1.13) 0.91 (0.73-1.09) Yes 1/8 (12) 1/8 (12) No 1

Abbreviations: CI, confidence interval; MI, myocardial infarction; RR, relative risk.
aThe characteristics and results of the cohort studies are presented in supplementary appendix 4 (available on request from the authors).
bThe definition of each Bradford Hill criterion is shown in Table 1.
cThe cohort studies typically report estimated intakes as quantiles (usually quartiles or quintiles). The higher intakes are compared with the lowest intakes and

reported as odds ratios or RRs for each clinical outcome. We used these comparisons of extreme quantile groups across studies to compute summary estimates or,
where incremental units are used, an increment equal to approximately 1 SD unit of intake.

dThe “Mediterranean” dietary pattern emphasizes a higher intake of vegetables, legumes, fruits, nuts, whole grains, cheese or yogurt, fish, and monounsaturated
relative to saturated fatty acids.

eDenotes that the criterion for strength, consistency, or biological gradient is satisfied.
fThe “prudent” dietary pattern is characterized by a high intake of vegetables, fruit, legumes, whole grains, and fish and other seafood.
gBradford Hill score is 4 when restricting analyses to cohort studies of high methodologic quality (low risk of bias).
hThe “western” pattern is characterized by a high intake of processed meat, red meat, butter, high-fat dairy products, eggs, and refined grains.
iBradford Hill score is 3 when restricting analyses to cohort studies of high methodologic quality (low risk of bias).
j In an independent review of the literature by two of us (A.M. and L.D.), evidence of coherence was found for all of the dietary exposures except for meat, eggs,

and milk.
kWe could not differentiate between low vs high-fat milk intake because all of the studies except for one20 did not measure the type of milk consumed (possibly

because many of the cohorts in these studies originated in the 1970s when the consumption of reduced-fat milk was less common).
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Table 3. Summary RRs and 95% CIs for the Association Between Each Dietary Exposure and Coronary Heart Disease
in Cohort Studies, Stratified by Dietary Assessment Tool, Sex, Region, and Prevention Efforta

Dietary Exposure

Dietary Assessment Toolb Sexc Region Prevention Effortd

FFQ Food Record Men Women Both United States Europe Asia Primary Secondary

“Mediterranean” diete 0.66
(0.57-0.75)

0.66
(0.57-0.75)

0.67
(0.57-0.77)

0.64
(0.54-0.75)

0.69
(0.52-0.93)

High-quality diet 0.63
(0.45-0.81)

0.54
(0.45-0.63)

0.57
(0.45-0.70)

0.81
(0.09-1.54)

0.63
(0.45-0.81)

Vegetables 0.83
(0.77-0.90)

0.52
(0.35-0.69)

0.79
(0.65-0.94)

0.81
(0.60-1.02)

0.68
(0.38-0.99)

0.71
(0.57-0.85)

0.85
(0.71-0.98)

0.77
(0.68-0.87)

Nuts 0.67
(0.57-0.77)

0.76
(0.54-0.97)

0.72
(0.59-0.90)

0.60
(0.46-0.73)

0.66
(0.55-0.76)

0.87
(0.45-1.29)

0.67
(0.57-0.77)

Trans–fatty acids 1.32
(1.16-1.48)

1.32
(1.09-1.56)

1.33
(1.07-1.66)

1.31
(0.87-1.75)

1.33
(1.13-1.52)

1.32
(1.16-1.48)

Glycemic index or load 1.33
(1.13-1.52)

1.06
(0.91-1.20)

1.50
(1.29-1.71)

1.62
(1.21-2.03)

1.17
(1.01-1.33)

1.33
(1.13-1.52)

“Prudent” dietf 0.84
(0.61-1.07)

0.70
(0.56-0.86)g

0.76
(0.60-0.98)g

1.06
(0.93-1.21)g

0.73
(0.62-0.83)

1.06
(0.93-1.21)g

0.84
(0.61-1.07)

“Western” dieth 1.33
(0.86-1.79)

1.64
(1.24-2.17)g

1.46
(1.07-1.99)g

0.97
(0.85-1.10)g

1.55
(1.27-1.83)

0.97
(0.85-1.10)g

1.33
(0.86-1.79)

Monounsaturated fatty
acids

0.81
(0.68-0.93)

0.80
(0.62-0.98)

0.82
(0.62-1.10)g

0.81
(0.61-1.01)

0.80
(0.64-0.95)

0.80
(0.67-0.93)

Fish 0.78
(0.66-0.90)

1.21
(0.18-2.24)g

0.85
(0.70-1.01)

0.77
(0.51-1.02)

0.78
(0.63-0.94)

0.80
(0.70-0.95)

0.87
(0.66-1.07)

0.74
(0.47-1.01)

0.83
(0.73-0.93)

0.45
(0.12-0.79)

Folate 0.72
(0.65-0.80)

0.54
(0.30-0.77)

0.54
(0.30-0.77)

0.75
(0.68-0.82)

0.57
(0.36-0.78)

0.75
(0.68-0.82)

0.54
(0.40-0.67)

0.69
(0.59-0.79)

0.61
(0.40-0.82)

Whole grains 0.80
(0.75-0.86)

0.80
(0.70-0.90)

0.78
(0.65-0.91)

0.82
(0.75-0.89)

0.80
(0.73-0.85)

0.86
(0.74-0.99)

0.81
(0.75-0.86)

Vitamin E 0.78
(0.66-0.90)

0.75
(0.41-1.09)g

0.72
(0.63-0.81)

0.74
(0.56-0.93)

1.00
(0.76-1.24)

0.77
(0.65-0.88)

0.83
(0.50-1.15)

0.77
(0.65-0.88)

1.04
(0.58-1.51)g

Beta carotene 0.74
(0.64-0.83)

0.73
(0.53-0.93)g

0.75
(0.66-0.84)

0.78
(0.58-0.98)

0.55
(0.34-0.76)

0.76
(0.66-0.86)

0.70
(0.55-0.85)

0.72
(0.65-0.79)

1.34
(0.79-1.88)g

Vitamin C 0.85
(0.74-0.95)

0.80
(0.60-1.00)g

0.78
(0.64-0.92)

0.89
(0.74-1.03)

0.72
(0.35-1.08)

0.87
(0.74-1.00)

0.72
(0.56-0.89)

0.77
(0.68-0.86)

1.55
(0.98-2.12)

Alcohol, heavy
consumption

0.69
(0.64-0.75)

1.02
(0.64-1.40)g

0.71
(0.64-0.79)

0.63
(0.54-0.71)

0.72
(0.52-0.93)

0.64
(0.59-0.70)

0.82
(0.68-0.97)

0.69
(0.32-1.06)

0.70
(0.63-0.76)

0.67
(0.58-0.77)

Alcohol, light/moderate
consumption

0.72
(0.68-0.76)

0.72
(0.68-0.76)

0.72
(0.65-0.79)

0.69
(0.52-0.85)

0.71
(0.66-0.76)

0.73
(0.66-0.80)

0.66
(0.43-0.89)

0.70
(0.66-0.75)

0.72
(0.66-0.79)

Fruits and vegetables 0.79
(0.71-0.87)

0.81
(0.58-1.04)g

0.75
(0.58-0.92)

0.74
(0.50-0.99)

0.81
(0.72-0.90)

0.80
(0.73-0.88)

0.70
(0.41-0.99)

0.79
(0.72-0.87)

Fruits 0.82
(0.67-0.98)

0.79
(0.49-1.08)

0.79
(0.49-1.09)

0.81
(0.53-1.09)

0.84
(0.68-1.00)

0.84
(0.69-0.99)

0.78
(0.53-1.04)

0.81
(0.68-0.94)

Fiber 0.74
(0.65-0.83)

0.83
(0.62-1.04)

0.76
(0.68-0.84)

0.71
(0.57-0.84)

0.90
(0.76-1.03)

0.83
(0.78-0.87)

0.73
(0.57-0.88)

0.77
(0.70-0.84)

0.90
(0.65-1.15)

Total fat 1.04
(0.93-1.15)

1.04
(0.68-1.40)

0.95
(0.81-1.08)

1.05
(0.79-1.32)

1.04
(0.68-1.40)

0.91
(0.78-1.05)

1.08
(0.94-1.21)

0.98
(0.87-1.10)

1.04
(0.68-1.40)

Saturated fatty acids 1.10
(0.91-1.29)

1.04
(0.99-1.09)

1.03
(0.93-1.12)

1.17
(0.75-1.59)

1.73
(0.03-3.44)

1.06
(0.98-1.14)

1.07
(0.83-1.32)

1.06
(0.96-1.16)

1.01
(0.64-1.37)g

Polyunsaturated fatty
acids

0.91
(0.64-1.18)

1.00
(0.66-1.34)g

1.12
(0.86-1.37)

0.75
(0.60-0.92)g

1.00
(0.66-1.34)e

0.98
(0.71-1.25)

1.13
(0.94-1.32)

1.03
(0.78-1.28)

1.06
(0.80-1.32)

�-3 Fatty acids
Marine (excluding

�-linolenic acid)
0.86

(0.75-0.97)
0.97

(0.82-1.13)
0.70

(0.59-0.81)
0.88

(0.68-1.07)
0.83

(0.65-1.01)
0.99

(0.81-1.16)
0.74

(0.56-0.91)
0.88

(0.77-0.99)
0.69

(0.47-1.03)g

�-Linolenic acid 1.04
(0.86-1.21)

0.73
(0.25-1.22)g

1.12
(0.94-1.29)

0.90
(0.68-1.12)g

0.73
(0.25-1.22)g

0.92
(0.74-1.11)

1.08
(0.72-1.44)

1.04
(0.86-1.21)

0.73
(0.25-1.22)g

All 0.90
(0.80-0.99)

0.73
(0.25-1.22)g

1.01
(0.89-1.13)

0.74
(0.64-0.84)

0.87
(0.72-1.02)

0.85
(0.72-0.99)

1.02
(0.87-1.16)

0.74
(0.56-0.91)

0.91
(0.82-1.01)

0.70
(0.50-0.90)

Meat 1.23
(0.98-1.49)

1.65
(1.29-2.00)

1.22
(0.94-1.50)

0.92
(0.40-1.44)

1.32
(1.07-1.56)

0.92
(0.40-1.44)

1.20
(0.94-1.46)

1.71
(0.97-2.44)

Eggs 1.06
(0.89-1.23)

1.08
(0.79-1.48)g

0.91
(0.70-1.12)

1.21
(0.88-1.55)

1.00
(0.87-1.14)

1.06
(0.89-1.23)

Milk 0.92
(0.69-1.15)

0.93
(0.64-1.22)

0.72
(0.55-0.89)

1.00
(0.71-1.30)

1.50
(0.81-2.19)g

1.05
(0.68-1.43)

0.83
(0.62-1.04)

0.91
(0.73-1.09)

Abbreviations: CI, confidence interval; FFQ, food frequency questionnaire; RR, relative risk.
aBlank fields indicate that there were not enough studies available to compute summary RRs within the strata.
bWe did not compute RRs for cohort studies using 24-hour diet recall because there were only a handful of cohort studies using this dietary assessment tool (ie, for

fish, whole grains, fiber, and folate), as shown in supplementary appendix 4 (available on request from the authors).
cEach of the 3 sex columns contains studies that are not necessarily the same, and studies that present men and women together do not contribute to studies of men

and women separately; therefore, the RRs for both are not the average of those for men and women pooled together.
dStudies that included general or healthy populations were classified as primary prevention studies. Investigations that included subjects with coronary heart disease

or a cardiovascular risk factor (eg, smoking, hypertension, or diabetes mellitus) were classified as secondary prevention studies.
eThe “Mediterranean” dietary pattern emphasizes a higher intake of vegetables, legumes, fruits, nuts, whole grains, cheese or yogurt, fish, and monounsaturated

relative to saturated fatty acids.
fThe “prudent” dietary pattern is characterized by a high intake of vegetables, fruit, legumes, whole grains, and fish and other seafood.
gDerived from only 1 study.
hThe “western” pattern is characteized by a high intake of processed meat, red meat, butter, high-fat dairy products, eggs, and refined grains.
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exposures (supplementary appen-
dix 6). Randomized controlled trials
corroborate these associations for the
consumption of �-3 fatty acids and
a Mediterranean diet because most
of the other dietary factors have not
been evaluated to date.

APPLICATION OF
BRADFORD HILL GUIDELINES

FOR CAUSALITY

Agreement of observed data from co-
hort studies with Bradford Hill cri-
teria for each dietary exposure is pre-

sented in Table 2. Strong evidence
supports a causal link with CHD (�4
criteria) for several protective fac-
tors, including intake of vegetables
and nuts and Mediterranean and
high-quality dietary patterns, and for
harmful factors, including consump-

Table 4. Evidence From RCTsa

Dietary Exposure

Causation
Score
(of 4)

Total Trials

Trials With Low Risk of Bias,
High Methodologic Quality

Consistent With
Findings Using

the Bradford
Hill Criteria Comments

No. (%) of Tested
Associations With
Significant Effectb

Summary
RR (95% CI)

No. (%) of
Studies With
Significant

Effect
Summary

RR (95% CI)

“Mediterranean” dietc 4 2/2 (100)d 0.32 (0.15-0.48)d . . . Yes Strong evidence of causation
in cohort studies; strong
effects in RCTs, albeit 1
study

Fish 3 0/3 1.12 (0.66-1.59) . . . No Moderate evidence in cohort
studies; no evidence of an
effect in RCTs

Fruits and vegetables 3 0/2 1.01 (0.74-1.27) . . . Unknown Unable to assess; only 1 RCT
Fiber 3 0/1 1.11 (0.96-1.29) . . . Unknown Unable to assess; only 1 RCT
�-3 Fatty acids

Marine (excluding
�-linolenic acid)

3 5/19 (26) 0.77 (0.62-0.91)d 1/9 (11) 0.57 (0.34-0.80)d Yes Moderate evidence in cohort
studies; significant effect
in RCTs

Marine and �-linolenic
acid

2 5/20 (25) 0.80 (0.65-0.94)d 1/9 (11) 0.57 (0.34-0.80)d Noe Weak evidence in cohort
studies; significant effect
in RCTs

Supplementary vitamin E 2 3/35 (9) 0.92 (0.84-1.01) 2/24 (8) 0.93 (0.82-1.03) Yes Weak evidence in cohort
studies; nonsignificant
effects in RCTs

Supplementary ascorbic
acid

2 0/3 0.98 (0.70-1.25) 0/3 0.98 (0.70-1.25) Yes Weak evidence in cohort
studies; nonsignificant
effects in RCTs

Total fat 2 1/8 (12) 1.05 (0.99-1.11)f 0/3 1.01 (0.89-1.15)f Yes Weak evidence in cohort
studies; no effect in RCTs

Saturated fatty acidsg 2 Unknown Unable to assess
Polyunsaturated fatty acids

Excluding total fat
interventions

2 1/12 (8) 0.94 (0.87-1.02) 1/7 (14) 0.95 (0.80-1.10) Yes Weak evidence in cohort
studies; weak effect in
RCTs

All studies 2 2/20 (10) 0.95 (0.91-0.99)d 1/10 (10) 0.97 (0.88-1.06) Yes Weak evidence in cohort
studies; significant but
weak effect in RCTs

Supplementary folate Unknown 0/16 0.99 (0.91-1.06) 0/10 1.00 (0.92-1.08) Unknown Not studied in cohort
studies; no effect in RCTs

Supplementary beta
carotene

Unknown 1/14 (7) 1.01 (0.92-1.09) 1/14 (7) 1.01 (0.92-1.09) Unknown Not studied in cohort
studies; nonsignificant
effects in RCTs

Abbreviations: CI, confidence interval; RCT, randomized controlled trial; RR, relative risk; ellipses, no studies.
aThe definition of experimental evidence from RCTs is shown in Table 1. No RCT data were available for high-quality, “prudent,” and “western” diet patterns and intake

of vegetables, nuts, trans–fatty acids, glycemic index or load, monounsaturated fatty acids, whole grains, dietary folate, dietary vitamins E and C, dietary beta carotene,
alcohol, fruits, saturated fatty acids, meat, eggs, and milk. Thus, consistency with the Bradford Hill criteria is unknown.

bIndicates the percentage of tested associations on coronary outcomes that show a significant effect, and consistent with expectation for the dietary exposure in
question (see Table 1, criterion 6); therefore, the number of tested associations is often greater than the number of studies owing to assessment of multiple outcomes in
some studies.

cThe “Mediterranean” dietary pattern emphasizes a higher intake of vegetables, legumes, fruits, nuts, whole grains, cheese or yogurt, fish, and monounsaturated
relative to saturated fatty acids.

dDenotes that at least 50% of effects on coronary outcomes in RCTs are statistically significant and consistent with expectation for the dietary exposure in question,
or a significant association based on pooled analysis of clinical trials.

eCohort studies have assessed plant (�-linolenic acid) and marine (eicosapentaenoic acid and docosahexaenoic acid) sources of �-3 fatty acids; RCTs have assessed
predominantly marine sources.

fHigh vs low total fat intake.
gNo studies were available; this exposure was examined only in concert with other dietary changes.
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tion of trans–fatty acids and foods
with a high glycemic index or load.
There is also strong evidence sup-
porting a valid association for mono-
unsaturated fatty acid intake and a
prudent diet (protective factors) as
well as a western diet (harmful fac-
tor) among studies of high meth-
odologic quality. Moderate evi-
dence (3 criteria) for associations
exists for intake of fish, marine �-3
fatty acids, folate, whole grains, di-
etary vitamins E and C, beta caro-

tene, alcohol, fruit, and fiber. Weak
evidence (�2 criteria) is present for
protective factors, including intake
of supplementary vitamin E and
ascorbic acid, polyunsaturated fatty
acids, �-linolenic acid, eggs, and
milk, and for harmful factors, in-
cluding intake of meat, saturated
fatty acids, and total fat. In separate
analyses of the biological gradient
(supplementary appendix 7), evi-
dence of a linear dose-response with
CHD is found for most of the di-

etary exposures except for mono-
unsaturated fatty acids and total fat,
folate, fruits, �-3 fatty acids, fish, vi-
tamin C, eggs, and milk.

As shown in Table 4, sufficient
support from RCTs to satisfy the cri-
terion for experimental evidence is
observed only for marine or total �-3
fatty acid intake and a Mediterra-
nean dietary pattern. Little or weak
evidence from RCTs is found for con-
sumption of fruits, vegetables, fish,
fiber, polyunsaturated fatty acids, and
total fat and supplemental intake of
beta carotene, vitamin E, ascorbic
acid, and folate. Other factors have
not been evaluated singly in clinical
trials (Table 4). The evidence from
RCTs agrees with the Bradford Hill
results from cohort studies for in-
take of ascorbic acid and vitamin E
supplements, polyunsaturated fatty
acids, and total fats and a Mediterra-
nean dietary pattern, but disagree for
fish consumption, which shows mod-
erate evidence of a causal link with
CHD in cohort studies but virtually
no effect in RCTs. Among the fac-
tors with strong evidence of causa-
tion, only overall healthy dietary pat-
terns are significantly associated with
CHD in RCTs (Table 5).

COMMENT

This review is, to our knowledge, the
first to systematically assess whether
a valid association exists between di-
etary exposures and CHD using the
Bradford Hill guidelines. In apply-
ing a predefined algorithm, we iden-
tified strong evidence of a causal re-
lationship for protective factors,
including intake of vegetables, nuts,
and monounsaturated fatty acids and
Mediterranean, prudent, and high-
quality dietary patterns, and harm-
ful factors, including intake of trans–
fatty acids and foods with a high
glycemic index or load and a west-
ern dietary pattern. Among these di-
etary exposures, however, only a
Mediterranean dietary pattern has
been studied in RCTs and signifi-
cantly associated with CHD. In ad-
dition, we found modest evidence to
support a causal relationship for in-
take of fish, marine �-3 fatty acids,
folate, whole grains, dietary vita-
mins E and C and beta carotene, al-
cohol, fruits, and fiber, and weak evi-

Table 5. Summary of the Evidence of a Causal Association Between Diet
and Coronary Heart Disease, as Determined From Examination
of Prospective Cohort Studies Using the Bradford Hill Guidelines
and Consistency With Findings From RCTsa

Evidence of a Causal Association
From Cohort Studies Cohort Data Only Supported by RCTs

Strong
“Mediterranean” dietb Yes
High-quality diet �

Vegetables �

Nuts �

Trans–fatty acids �

Glycemic index or load �

“Prudent” dietc,d �

“Western” dietd,e �

Monounsaturated fatty acidsd �

Moderate
Fish No
Marine �-3 fatty acids Yes
Dietary folate �

Supplementary folate RCT data only
Whole grains �

Dietary vitamin E �

Dietary beta carotene �

Supplementary beta carotene RCT data only
Dietary vitamin C �

Alcohol, light/moderate consumption �

Alcohol, heavy consumption �

Fruits �

Fiber �

Weak
Supplementary vitamin E Yes
Supplementary ascorbic acid Yes
Total fat Yes
Saturated fatty acids �

Polyunsaturated fatty acids Yes
�-3 Fatty acids, total Nof

Meat �

Eggs �

Milk �

Abbreviation: RCT, randomized controlled trial.
aThe analysis of the results from RCTs is not meant to override the results from cohort studies, but

rather to indicate whether the evidence from RCTs is concordant with that of cohort studies.
bThe “Mediterranean” dietary pattern emphasizes a higher intake of vegetables, legumes, fruits, nuts,

whole grains, cheese or yogurt, fish, and monounsaturated relative to saturated fatty acids.
cThe “prudent” dietary pattern is characterized by a high intake of vegetables, fruit, legumes, whole

grains, and fish and other seafood
dStrong evidence was found when we restricted analyses to cohort studies of high methodologic

quality (low risk of bias).
eThe “western” pattern is characterized by a high intake of processed meat, red meat, butter, high-fat

dairy products, eggs, and refined grains.
fCohort studies have assessed plant (�-linolenic acid) and marine (eicosapentaenoic acid and

docosahexaenoic acid) sources of �-3 fatty acids; RCTs have assessed predominantly marine sources.
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dence of causation for intake of
supplementary vitamin E and ascor-
bic acid, saturated and polyunsatu-
rated fatty acids and total fat,
�-linolenic acid, meat, eggs, and milk.
The modest or weak evidence of these
dietary exposures is mostly consis-
tent with the findings of RCTs, al-
though RCTs have yet to be con-
ducted for several factors. Taken
together, these findings support a
causal relationship between only a
few dietary exposures and CHD,
whereas the evidence for most indi-
vidual nutrients or foods is too mod-
est to be conclusive.

A wealth of epidemiologic stud-
ies have evaluated associations be-
tween dietary exposures and CHD.
The general consensus from the evi-
dence currently available is that a re-
duced consumption of saturated and
trans–fatty acids and a higher intake
of fruits and vegetables, polyunsatu-
rated fatty acids including �-3 fatty
acids, and whole grains are likely ben-
eficial.21-23 This is reflected in the re-
vised Dietary Guidelines for Ameri-
cans 2005 from the US Departments
of Health and Human Services and
Agriculture.24 However, little direct
evidence from RCTs supports these
recommendations. In some cases,
RCTs have not been conducted, and
RCTs that have been conducted have
generally not been adequately pow-
ered or have evaluated surrogate end
points rather than clinical out-
comes. Despite this lack of informa-
tion, evidence-based recommenda-
tionsderived fromcohort studieshave
been advocated.25 This is cause for
concern because dietary advice to
limit the intake of a certain nutrient
(ie, dietary fat) may result in in-
creased consumption of another (ie,
carbohydrates), which can have ad-
verse effects on CHD risk factors.26

Moreover, without large prospective
studies in which multiple health out-
comes are evaluated, recommenda-
tions to modify a dietary component
may decrease the likelihood of one
chronic disease (ie, CHD) at the cost
of increasing another (ie, cancer).16

We found strong evidence that
trans–fatty acids are associated with
CHD risk, but weak evidence impli-
cating saturated and polyunsatu-
rated fatty acids and total fat intake.
Relatively few cohort studies have
shown that a higher intake of poly-

unsaturated fatty acids or a lower in-
take of saturated fatty acids is re-
lated to a reduced risk of CHD.27

Ecological data from the Seven Coun-
tries Study showed a strong positive
association (r=0.73) between satu-
rated fatty acid intake and CHD in-
cidence,1 although a much lower cor-
relation was observed for total fat
(r=0.39), suggesting that not all types
of fat (ie, polyunsaturated fatty ac-
ids) are associated with an in-
creased CHD risk. However, these
data were interpreted by some to
mean that all fats are associated with
increased CHD risk, and subse-
quent dietary guidelines advocated
low-fat diets.21-23 More recently, the
lack of benefit of diets of reduced total
fat has been established,28 and the evi-
dence supporting the adverse effect
of trans–fatty acids on cholesterol lev-
els29 and CHD30-34 has increased,
which is reflected in our findings.
Single-nutrient RCTs have yet to
evaluate whether reducing satu-
rated fatty acid intake lowers the risk
of CHD events. For polyunsatu-
rated fatty acid intake, most of the
RCTs have not been adequately pow-
ered and did not find a significant re-
duction in CHD outcomes. On the
other hand, mechanistic studies have
demonstrated that diets low in total
fat are associated with increased tri-
glyceride and lower high-density li-
poprotein cholesterol levels, whereas
diets enriched with unsaturated fatty
acids such as olive oil have positive
effects on serum lipids.29 Further
work is needed to demonstrate the
beneficial effects of these fatty acids
on clinical outcomes.

Our results support an associa-
tion between foods with higher gly-
cemic index values and CHD out-
comes.Metabolic studieshaveshown
that higher glycemic index scores are
associated with coronary risk fac-
tors, such as higher fasting triglycer-
ides and lower high-density lipopro-
teincholesterol levels.35 Our findings,
however,donot imply thatevery food
with a low glycemic index is equally
beneficial. Nevertheless, the glyce-
mic index represents 1 functional
property of food that can help guide
dietarychoicesandmayeffectivelyor-
ganize a healthy dietary pattern, if
used carefully. This functional in-
dex may be supplemented with in-
formationaboutglycemic load,which

reflects weighted carbohydrate in-
take and may provide further infor-
mation about food choices based on
appropriate serving size.

We found moderate evidence of
valid associations involving fish in-
take and heterogeneity in the effects
of �-3 fatty acids. Metabolic studies
have shown that these factors exert
beneficial effects on surrogate mea-
sures of CHD such as levels of se-
rum triglycerides and thrombotic
factors, markers of endothelial dys-
function, and prevention of cardiac
arrhythmias.36,37 The findings from
cohort studies, however, have been
inconsistent, and some have re-
ported a detrimental effect.31,32,38,39

Our summary estimate (RR, 0.81) for
fish intake and CHD risk was simi-
lar to that reported in a meta-
analysis by Whelton et al,40 who also
reported similar estimates for fatal vs
nonfatal CHD. A previous system-
atic review reported a stronger pro-
tective effect for fish intake in popu-
lations at higher risk of CHD than
initially healthy populations,41 which
wealsoobserved.Similarly,ouranaly-
sis showed that the effects of marine
�-3 fatty acids on CHD events are
context driven because benefits are
observedpredominantly in femaleco-
horts andsecondarypreventionstud-
ies, and the individual RCTs corrobo-
rated these benefits in subjects with
CHD. However, a meta-analysis by
Bucher et al42 suggested that an equal
benefit from dietary and supplemen-
tal sources existed. Our findings did
not support an association between
intake of plant �-3 fatty acids (eg,
�-linolenic acid) and CHD in co-
hort studies, andevidence fromRCTs
is still lacking.These findingsarecon-
sistentwithrecent informationshow-
ing that �-linolenic acid supplemen-
tation does not affect cardiovascular
risk markers.43 Collectively, the evi-
dence suggests a benefit of in-
creased marine �-3 fatty-acid intake
against CHD in certain population
subsets, although more studies are
needed before widespread recom-
mendations are made for the gen-
eral population.

The discrepant findings of co-
hort studies vs RCTs often draw the
attention of investigators. For in-
stance,high-impactclinical trials such
as Gruppo Italiano per lo Studio della
Sopravvivenza nell’Infarcto Mio-
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cardico, Heart Outcomes Preven-
tionEvaluation,HeartOutcomesPre-
vention Evaluation–The Ongoing
Outcomes,andthePhysician’sHealth
Study3,7,13,44 did not support the find-
ings of large cohort studies that sup-
ported a protective association be-
tween vitamin E and beta carotene
intake and CHD. In our analysis, dif-
ferentiating between dietary and
supplemental intake and implemen-
tation of the Bradford Hill guide-
lines helped to demonstrate that dis-
crepantresults involvingthe2designs
are minimal. In particular, our find-
ings of modest or weak evidence of a
causal link between CHD and in-
take of polyunsaturated fatty acids
and total fat and vitamin E and ascor-
bic acid supplements are compat-
ible with the results from RCTs. Simi-
larly, the strongevidenceof causation
involving a Mediterranean dietary
pattern is compatible with the evi-
dence fromtheLyonDietHeartStudy
trial. These findings lend support to
the usefulness of the Bradford Hill
guidelines in gauging the evidence of
causation and emphasize the impor-
tanceof examining theevidence from
observational studies, given some of
the limitations of RCTs (eg, subject
compliance, disease latency, and du-
ration of exposure).

We observed strong evidence of a
causal link between CHD and di-
etary patterns. Population-based co-
hort studies have demonstrated the
protective effect of a quality diet
against CHD and all-cause mortal-
ity,45-49 and these benefits are addi-
tivewithother lifestyleactivitiesaimed
at improving health.47 The Lyon Diet
Heart Study showed that a Mediter-
ranean dietary pattern reduces cause-
specific and all-cause mortality in pa-
tients with CHD.50 Dietary patterns
have the advantage of taking into ac-
count the complex interactions and
cumulative effects of multiple nutri-
ents within the entire diet because
these effects may be larger and easier
to detect than the effect of a single nu-
trient or food.51,52 Finally, CHD is a
complex condition involving numer-
ousphysiologicsystems,whichmakes
it unlikely that modifying the intake
of a few nutrients would alter these
systems and influence clinical out-
comes.Giventheadvantagesofevalu-
ating dietary patterns vs single nutri-
ent components, we recommend that

future RCTs test various dietary pat-
terns in sufficiently large popula-
tionsanddeterminetheeffectsof these
patternsonmultiple importanthealth
outcomes, including cardiovascular
disease and cancer.

Ourstudyhasanumberofstrengths
because we undertook several mea-
sures to minimize bias, including re-
strictingourreviewtostudieswiththe
strongest causal inference(eg, cohort
studiesandRCTs), conductingan in-
dependent assessment of study eligi-
bility by 2 of the authors, using pre-
definedcriteriatoevaluatetheevidence
of causation, and performing stratifi-
cationanalyses foranumberofextra-
neousvariables. Inaddition,weexam-
inedhigh-qualityorlargerstudieswith
sufficient outcome events, evaluated
the potential for heterogeneity of ef-
fectsacrosscohortstudies,andassessed
publication bias.

We may be criticized for creating
arbitrary definitions of strong, mod-
erate, and weak evidence, although
these classifications have face valid-
ity and similar scoring systems have
been used to assess the evidence of
causation from observational stud-
ies.53,54 Second, we had to derive the
RR cutoff points to define a strong as-
sociation from the distribution of RR
values in cohort studies because the
true cutoff points for defining clini-
cally meaningful effects are not
known. Third, the heterogeneity of
cohort studies may have influenced
our results. However, our scatter-
plots of RR values against the differ-
ence in mean and median intake be-
tween quantile extremes showed no
relationship for each dietary predic-
tor, suggesting that differences in
mean intake across studies do not ex-
plain the variation in RR values. Last,
the evidence of causation may de-
pend on the prevention strategy (pri-
mary vs secondary) or dietary assess-
ment tool used in studies or may vary
across populations. However, our
subanalysis showed that, in general,
the summary estimates are consis-
tent across the strata of potential
effect modifiers.

CONCLUSIONS

Our implementation of the Brad-
ford Hill criteria identified strong evi-
dence that a causal association ex-

ists between CHD and intake of
vegetables, nuts, monounsaturated
fatty acids, foods with a high glyce-
mic index, trans–fatty acids, and over-
all diet quality or dietary patterns.
Among these factors, only a Medi-
terranean dietary pattern was re-
lated to CHD in RCTs. Although in-
vestigations of dietary components
may help to shed light on mecha-
nisms behind the benefits of dietary
patterns, it is unlikely that modify-
ing the intake of a few nutrients or
foods would substantially influence
coronary outcomes. Our findings
support the strategy of investigating
dietary patterns in cohort studies and
RCTs for common and complex
chronic diseases such as CHD.
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