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ABSTRACT

Background: Relations between the consumption of nuts and le-
gumes and risk of ischemic heart disease (IHD), stroke, and diabetes
have not been well established.

Objective: We systematically investigated and quantified associa-
tions of nut and legume consumption with incident IHD, stroke, and
diabetes.

Design: We systematically searched multiple databases to identify
randomized controlled trials or observational studies that examined
the relations. Studies were excluded if they reported only inter-
mediate physiologic measures, soft cardiovascular outcomes, or
crude risk estimates. Data were extracted independently and in
duplicate. We assessed pooled dose-response relations by using a
generalized least-squares trend estimation, and prespecified sources of
heterogeneity were assessed by using metaregression. The potential for
publication bias was explored by using funnel plots, Begg’s and
Egger’s tests, and Duval and Tweedie trim-and-fill methods.
Results: Of 3851 abstracts, 25 observational studies (23 prospective
and 2 retrospective studies) and 2 trial reports met inclusion criteria
and comprised 501,791 unique individuals and 11,869 IHD, 8244
stroke, and 14,449 diabetes events. The consumption of nuts was
inversely associated with fatal IHD (6 studies; 6749 events; RR per
4 weekly 28.4-g servings: 0.76; 95% CI: 0.69, 0.84; I* = 28%),
nonfatal IHD (4 studies; 2101 events; RR: 0.78; 0.67, 0.92; P =
0%), and diabetes (6 studies; 13,308 events; RR: 0.87; 0.81,0.94;
I? = 22%) but not stroke (4 studies; 5544 events). Legume consump-
tion was inversely associated with total IHD (5 studies; 6514 events;
RR per 4 weekly 100-g servings: 0.86; 0.78, 0.94; I? = 0%) but not
significantly associated with stroke (6 studies; 6690 events) or di-
abetes (2 studies; 2746 events). A meta-regression did not identify
the effect modification by age, duration of follow-up, study location,
or study quality. Mixed evidence was seen for publication bias, but
analyses by using the Duval and Tweedie trim-and-fill method did
not appreciably alter results.

Conclusion: This systematic review supports inverse associations
between eating nuts and incident IHD and diabetes and eating legumes and
incident IHD. Am J Clin Nutr 2014;100:278-88.

INTRODUCTION

Although nuts and legumes (beans) have nutrient profiles that
may reduce cardiometabolic risk, their associations with major
clinical cardiometabolic endpoints have not been well established
(1, 2). Nuts are rich in unsaturated fatty acids, plant protein,

dietary fiber, antioxidant vitamins (eg, vitamin E and tocoph-
erols), minerals (eg, magnesium and potassium), and phyto-
chemicals (eg, flavonoids). Legumes are rich in protein, complex
carbohydrates, fiber, and various micronutrients (eg, phyto-
chemicals) (1). Controlled trials have shown beneficial effects of
the consumption of nuts and legumes on cardiovascular disease
(CVD)? risk factors (1), and a recent trial in high risk adults
showed that advice to consume a Mediterranean diet supple-
mented with nuts significantly reduced CVD events ~30% (3).
However, to our knowledge, only one previous meta-analysis
has reviewed the relation between nut consumption and ische-
mic heart disease (IHD) and showed an inverse relation with
fatal (but not nonfatal or total) IHD (4), and relations of nut or
legume consumption with other cardiometabolic endpoints such
as stroke or type 2 diabetes have not been systematically re-
viewed. Furthermore, the previous meta-analysis (4) included
only 4 studies, did not use most—covariate-adjusted risk esti-
mates from each study, and did not assess the potential dose-
response relation. To address these key gaps in knowledge, we
performed a systematic review and meta-analysis of associations
between nut and legume intakes and incident IHD, stroke, and
diabetes.
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METHODS

We followed the Meta-analysis of Observational Studies in
Epidemiology (5) guidelines for observational studies and Pre-
ferred Reporting Items for Systematic reviews and Meta-Analyses
(6) guidelines for randomized control trials during all stages of
design, implementation, and reporting of this meta-analysis.

Primary exposures and outcomes

Primary exposures of interest were the consumption of nuts,
which was defined as intake of tree nuts (eg, walnut, almond,
hazelnuts, pecan, cashew, and pistachio) and peanuts (including
peanut butter), and legumes, which was defined as intake of
beans, peas, lentil, and tofu, with the exclusion of studies focused
on soy, soy milk, or soybean oil. Primary outcomes of interest
were incident IHD, stroke, and type 2 diabetes. Subtypes of IHD
and stroke were further evaluated including fatal and nonfatal
IHD and ischemic and hemorrhagic strokes.

Search strategy

We searched multiple databases including PubMed (www.ncbi.
nlm.nih.gov/pubmed), Ovid (www.ovid.com), the Cochrane Library
(www.thecochranelibrary.com), the Web of Science (www.wokinfo.
com), Cumulative Index to Nursing and Allied Health Literature
(www.ebscohost.com/biomedical-libraries/the-cinahl-database), Fac-
ulty of 1000 (www.f1000.com), and Gray Literature sources (Www.
opengrey.eu). In addition, of full-text articles selected for review, we
hand searched citation lists and performed additional electronic
searches of the first 20 related articles on PubMed. We also directly
contacted experts to identify recently published or potentially un-
published studies. Searches of databases were conducted through 25
December 2013. Search terms included nut, seeds, almond, pecan,
cashew, pistachio, macadamia, legume, bean, soybeans, lentil, peas,
peanut, Mediterranean diet, cardiovascular disease, heart disease,
myocardial infarction, heart attack, sudden death, stroke, cerebro-
vascular accident, and diabetes; see supplemental text under “Sup-
plemental data” in the online issue for full search terms. Titles and
abstracts of all identified articles were screened by one investigator;
full-texts of potentially relevant articles were assessed for eligibility
independently and in duplicate by 2 investigators.

Study selection
Inclusion criteria

We included all randomized controlled trials (RCTs), pro-
spective cohorts, or case-control studies that evaluated nut or
legume consumption and risk of IHD, stroke, or diabetes in
generally healthy adults. Studies were included if they provided
corresponding multivariable-adjusted risk estimates such as RRs,
HRs, or ORs with corresponding data to calculate the variance.

Exclusion criteria

We excluded studies with concomitant major interventions that
could not be separated from nut or legume consumption. Studies
were also excluded if they only reported soft CVD outcomes (eg,
angina) or intermediate risk factors (eg, blood lipids, insulin re-
sistance, or metabolic syndrome), only providing crude (un-
adjusted) risk estimates if observational, focused on comparing
vegetarians with nonvegetarians, or had a follow-up duration

<3 mo. When duplicate publications from the same study were
identified, we included the report that included the largest number
of cases for each endpoint of interest. We excluded commentaries,
reviews, and case reports after reviewing their related articles and
citation lists for relevant original investigations.

Data extraction

Data were extracted by using a standardized electronic format
independently and in duplicate by 2 investigators. Information
included the first author name, contact information, publication
year, study name, location, design, population (age, sex, race, and
sample size), duration of follow-up, exposure definition, exposure
assessment, exposure categories, dose in each category, outcome
definition, outcome ascertainment, statistical analysis method,
and covariates. Also, for each exposure category, we collected
data on the median exposure, number of participants, person-
years, number of events, and risk estimate and its corresponding
uncertainty. For nuts, analyses were standardized to 4 weekly
servings [28.4 g (1 oz)/serving (7)] on the basis of intakes as-
sociated with lowest risk in observational studies (8) and dietary
targets set by advocacy organization (9). For consistency, anal-
yses for legumes were also standardized to 4 weekly servings
[100 g/serving (7)]. Differences in data extraction between in-
vestigators were unusual and were resolved by consensus.

Quality assessment

We assessed study quality on the basis of 5 criteria including
the appropriateness and reporting of inclusion and exclusion
criteria, assessment of exposure, assessment of outcome, control
of confounding, and evidence of bias as previously reported (10).
Each study received a score of zero or one (one being better) for
each criterion, and an overall quality score was calculated as the
sum of individual scores. For descriptive purposes, quality scores
from O to 3 were generally considered lower quality, and scores
from 4 to 5 were considered higher quality.

Statistical analysis

To maximize the use of information across all categories of
exposure in each study, we conducted dose-response meta-analyses
by using the 2-step generalized least-squares trend model (11, 12).
Study-specific dose-response risk estimates were computed from
the In of risk estimates across categories of nut and legume intakes,
with the consumption level in each category accounted for; and
these study-specific risk estimates were pooled to derive an overall
risk estimate. HRs and ORs were considered approximations of
RRs. For each category of exposure, required inputs were the
multivariable-adjusted risk estimate, its corresponding SE, person-
years of follow-up (for RCTs and prospective cohorts) or number of
subjects (for case-control studies), median exposure, and number of
cases. When only sex-stratified results were reported by a study,
these estimates were first pooled within each study by using the
2-step generalized least-squares trend method to derive the overall
study-specific risk estimate. Analyses were performed by using
random-effects inverse-variance weights. We compared these
findings to fixed-effects inverse-variance weights in sensitivity
analyses.

The between-study heterogeneity was assessed by using
Cochran’s Q and the P statistic. I? values of 25%, 50%, and 75%
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were considered to represent low, moderate, and high heteroge-
neity, respectively (13). Potential explanatory sources of hetero-
geneity were explored by using meta-regression including age
(continuous; and categorical <50 compared with =50 y), follow-
up duration (continuous), study location (United States compared
with non—United States), and study-quality score (continuous).
Publication bias was assessed statistically by using Egger’s
and Begg’s tests (14) and visual inspection of funnel plots.
The influence of a potential publication bias on findings was
explored by using the Duval and Tweedie trim-and-fill pro-
cedure (15). Analyses were conducted with STATA 13.0 soft-
ware (StataCorp).

RESULTS

Of 3851 articles identified, 27 studies met inclusion and ex-
clusion criteria (Figure 1), including 2 RCT reports, 23 pro-
spective cohort reports, and 2 retrospective case-control studies.
These represented one unique trial, 13 unique prospective cohorts,
and 2 unique retrospective case-control studies that comprised
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501,791 unique participants. The weighted mean (=SD) age of
populations was 53.4 = 4.0 y, with a weighted mean follow-up
of 13.1 = 6.3 y (Tables 1 and 2). Sixteen studies were from
North America, 8 studies were from Europe, and 3 studies were
from Asia. Median intakes of nuts across categories within each
study ranged from 0 to 213 g/wk and of legumes from O to
938 g/wk. Nearly all studies adjusted for major potential con-
founders including age, sex, tobacco use, physical activity,
alcohol intake, and intakes of saturated fat, trans fat, fiber,
vegetables, and fruit. Several studies also adjusted for factors
that could be either confounders or intermediates in the causal
pathway (eg, blood pressure and hypercholesterolemia) (16-21);
such adjustment could inappropriately attenuate observed risk
estimates. Nearly all studies received a high-quality score (=4).

Nut consumption and cardiometabolic endpoints

Five prospective cohorts and one RCT evaluated the relation of
nut intake with fatal IHD (206,114 participants; 6749 events), and
3 prospective cohorts and one RCT assessed nut intake and
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FIGURE 1. Screening and selection process of studies evaluating the consumption of nuts or legumes and incidence of ischemic heart disease, stroke, or
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TABLE 1 (Continued)

Disease
ascertainment

Median consumption in
lowest/highest categories

Exposure
assessment

First author (year

Endpoint

Design

Location

Study name

of publication) (ref)

Death certificates

4/26 Total, ischemic, hemorrhagic

FFQ

Prospective cohort

Japan

JACC

Nagura (2009) (39)

Diabetes

Self-report
Self-report

Diabetes

12/80
12/65

FFQ

Prospective cohort

us

IWHS

Meyer (2000) (41)

Diabetes

FFQ
/We used the reported median intake or midpoint of each exposure category to define the median intake in that category. For studies with open-ended lower or higher categories that did not report median

intake, we set the lower boundary to zero for lower categories and used the difference from the median to the upper range in the closest adjacent category to impute the median intake in the highest category.

When reported intakes were energy adjusted (eg, per 1000 kcal), we estimated absolute intakes on the basis of the mean or median total energy intake. All intakes were standardized across studies to 4 weekly

Prospective cohort

China

SWHS

Villegas (2008) (34)

servings (28.4 g) for nuts and 4 weekly servings (100 g) for legumes. AHS, The Adventist Health Study; EPIC, European Prospective Investigation into Cancer and Nutrition; FFQ, Food-frequency
questionnaire; FMCHES, Finnish Mobile Clinic Health Examination Survey; HPFS, Health Professionals Follow-Up Study; IHD, ischemic heart disease; IWHS, Iowa Women’s Health Study; JACC, Japan

Collaborative Cohort Study; JPHC, The Japan Public Health Center—Based Study; NHEFS, NHANES Epidemiologic Follow-up Study; NHS, Nurses’ Health Study; PHS, Physicians’ Health Study;

PREDIMED, Prevencion con Dieta Mediterranea; ref, reference; SWHS, Shanghai Women’s Health Study.

2 Disease endpoints were ascertained by an endpoints committee of physicians whereby a physician, who was unaware of the subjects’ risk factor status, reviewed medical records and death certificates (for

fatal events). If the cause of death was not adequately documented in the medical records, the next of kin was interviewed about the circumstances under which death occurred.

3 The study did not separately report risk estimates for fatal and nonfatal IHD, and the risk estimate of total IHD was used for both fatal and nonfatal IHD.

#Fatal THD was not included in the analysis because a report with a larger number of cases from the same cohort was included in the analysis.

°Not included in the analysis because a report with a larger number of cases on the same association from the same cohort was included in the analysis.
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%Ischemic and hemorrhagic stroke were not included in the analysis because a report with a larger number of cases from the same cohort was included in the analysis.

7Total intakes of nuts and peas.

8 Intake of peanuts.

nonfatal IHD (141,390 participants; 2101 events) (Figure 2, A
and B). Pooling all studies, 4 weekly 28.4-g servings of nuts
were associated with 24% lower risk of fatal IHD (RR: 0.76;
95% CI: 0.69, 0.84) and 22% lower risk of nonfatal IHD (RR:
0.78; 95% CI: 0.67, 0.92).

Three prospective cohorts and one RCT study reported on nut
consumption and stroke (155,685 participants; 5544 events).
When we pooled these studies, nut intake was not significantly
associated with total stroke (RR: 0.89; 95% CI: 0.74, 1.05)
(Figure 2C) or stroke subtypes (see Supplemental Figure 1, A
and B, under “Supplemental data” in the online issue). In 5
prospective cohorts and one RCT that assessed nut intake and
incident diabetes (230,216 participants; 13,308 events), an in-
verse association with risk was seen (per 4 weekly servings, RR:
0.87; 95% CI: 0.81, 0.94) (Figure 2D).

All findings were similar with a fixed-effects inverse-variance
weighting. For example, 4 weekly servings of nuts was associated
with 22% lower risk of fatal IHD (95% CI: 16%, 27%), 22%
lower risk of nonfatal IHD (95% CI: 8%, 33%), and 12% lower
risk of diabetes (95% CI: 7%, 17%) and was not associated with
total stroke (RR: 0.95; 95% CI: 0.87, 1.03).

Legume consumption and cardiometabolic endpoints

When 5 prospective cohorts (198,904 participants; 6514 events)
were pooled, 4 weekly 100-g servings of legumes was associated
with 14% lower risk of total IHD (RR: 0.86; 95% CI: 0.78, 0.94)
(Figure 3A). Six prospective cohorts evaluated legume con-
sumption and stroke (254,628 participants; 6690 events). Pooling
all studies, legume intake was not significantly associated with
total stroke (RR: 0.98; 95% CI: 0.84, 1.14) (Figure 3B) or stroke
subtypes (see Supplemental Figure 2, A and B, under “Supple-
mental data” in the online issue). Two prospective cohorts re-
ported on legume consumption and incident diabetes (100,179
participants; 2746 events) (Figure 3C). When these studies were
pooled, legume consumption was not significantly associated with
incident diabetes (RR: 0.78; 95% CI: 0.50, 1.24).

Findings with fixed-effects inverse-variance weighting were
similar for IHD (RR: 0.86; 95% CI: 0.78, 0.94) and stroke (RR:
1.00; 95% CI: 0.90, 1.12). In contrast, with fixed-effects inverse-
variance weighting, legume consumption was inversely associ-
ated with diabetes (RR: 0.79; 95% CI: 0.71, 0.87).

Evaluation of heterogeneity

For several diet-disease relations, at least a moderate statistical
heterogeneity was evident (Figures 2 and 3). However, no sta-
tistically significant source of heterogeneity was identified in
a meta-regression analysis of age, follow-up duration, study
location, and study-quality score (P > 0.05 for each).

Publication bias

The visual inspection of funnel plots (see Supplemental Figure 3
under “Supplemental data” in the online issue) and Begg’s and
Egger’s tests provided mixed evidence for a publication bias to-
ward small, protective studies for the relation of nut consumption
with fatal [HD (Begg’s P = 0.260, Eggers’s P = 0.059) and total
stroke (Begg’s P = 0.089, Eggers’s P = 0.006) and legume con-
sumption with total stroke (Begg’s P = 0.06, Eggers’s P = 0.009).
When we explored the influence of a potential publication bias
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TABLE 2
Characteristics of the participants and quality scores of the identified studies’
Degree of
First author (year Age Sample Follow- Person- No. of covariate Quality
of publication) (ref) Population range size up years  events adjustment score
y y
Nuts
THD
Albert (2002) (17) US male physicians 40-84 21,454 17 366,751 1603 +++ 5
Bao (2013) (22) US female registered nurses 34-59 76,464 30 2,135,482 2208 +++ 5
US male health care professionals 40-75 42,498 24 903,371 2698 +++ 5
Bernstein (2010) (23) US female registered nurses 30-55 84,136 26 2,050,071 3162 +++ 5
Estruch (2013) (3) Adults at high risk of CVD in Spain 55-80 7447 4.8 31,980 106 ++ 5
Fraser (1992) (24) US non-Hispanic white Adventists 25+ 26,473 6 158,838 463 ++ 5
in California
Hu (1998) (16) US female registered nurses 34-59 86,016 14 1,132,229 1255 +++ 5
Blombhoff (2006) (25) US postmenopausal women in Iowa 55-69 31,778 15 472,354 948 +++ 5
Stroke
Bao (2013) (22) US female registered nurses 34-59 76,464 30 2,135,482 878 +++ 5
US male health care professionals 40-75 42,498 24 903,371 687 +++ 5
Bernstein (2012) (26) US female registered nurses 30-55 84,010 26 2,041,679 2633 +4++ 5
US male health care professionals 40-75 43,150 22 833,660 1397 +++ 5
Djoussé (2010) (27) US male physicians 40-86 21,078 21.1 455,246 1424 +++ 5
Estruch (2013) (3) Adults at high risk of CVD in Spain 55-80 7447 4.8 31,980 139 ++ 5
He (2003) (28) US male health care professionals 40-75 43,732 14 612,248 578 +++ 5
Diabetes
Jiang (2002) (29) US female registered nurses 34-59 83,818 16 1,283,547 3206 +++ 5
Kochar (2010) (30) US male physicians 40-87 20,224 19.2 388,301 1828 +++ 5
Montonen (2005) (31) Finnish men and women 40-69 4304 23 98,992 383 ++ 4
Pan (2013) (32) US female registered nurses 52-77 58,063 10 1,164,248 5121 +++ 5
US female registered nurses 35-52 79,893 10 1,599,667 4098 +++ 5
Salas-Salvado (2014) (33) Adults at high risk of CVD in Spain 55-80 3541 4 14,173 273 ++ 5
Villegas (2008) (34) Chinese women residing in Shanghai 40-70 64,191 4.6 297,744 1605 +++ 5
Legumes
THD
Bazzano (2001) (21) US NHANES 1 participants 25-74 9632 19 159,599 1802 +++ 5
Bernstein (2010) (23) US female registered nurses 34-59 84,136 26 2,050,071 3162 +4++ 5
Buckland (2009) (35) Healthy volunteers living in Spain 29-69 40,757 104 423, 873 606 ++ 4
Dilis(2012) (36) Adults with no CVD or cancer in Greece ~ 20-86 23,929 10 229,894 636 +++ 5
Kabagambe (2005) (37)  Hispanic Americans in the central valley — 4238 — — 2119 +++ 3
of Costa Rica
Kelemen (2005) (38) US postmenopausal women in Iowa 55-69 29,017 17 475,755 739 +++ 4
Kokubo (2007) (19) Japanese men and women 40-59 40,450 12.5 503,998 308 +++ 5
Martinez-Gonzalez Spanish male or female admitted to — 342 — — 171 +++ 3
(2002) (18) hospitals of Pamplona
Nagura (2009) (39) Japanese men and women who 40-79 59,485 12.7 756,054 452 +++ 5
participated in
municipal health screening
examinations
Stroke
Bernstein (2012) (26) US female registered nurses 34-59 84,010 26 2,041,679 633 +++ 5
US male health care professionals 40-75 43,150 22 833,660 1397 +++ 5
Kokubo (2007) (19) Japanese men and women 40-59 40,450 12.5 503,998 578 +++ 5
Misirli (2012) (40) Adults with no CVD or cancer in Greece ~ 20-86 23,601 10.6 227,448 395 +++ 5
Mizrahi (2009) (20) Finnish men and women 40-74 3932 24 94,368 625 ++ 4
Nagura (2009) (39) Japanese men and women who 40-79 59,485 12.7 756,054 1053 +++ 5
participated in municipal health
screening examinations
Diabetes
Meyer (2000) (41) US postmenopausal women in Iowa 55-69 35,988 6 202,673 1141 ++ 4
Villegas (2008) (34) Chinese women residing in Shanghai 40-70 64,191 4.6 297,744 1605 +++ 5

" Degrees of adjustment for confounders were as follows: sociodemographics (+), sociodemographics plus either other risk factors or dietary variables (++), and
sociodemographics plus other risk factors and dietary variables (+++). For quality scores, a quality assessment was performed by a review of the study design,
including inclusion and exclusion criteria, assessment of exposure, assessment of outcome, control of confounding, and evidence of bias. Each criterion of the 5
quality criteria was evaluated and scored on an integer scale (zero or one, with one being better) and summed; quality scores from O to 3 were considered lower
quality, and quality scores from 4 to 5 were considered higher quality. CVD, cardiovascular disease; IHD, ischemic heart disease; ref, reference.
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Studh Study  No. of i
Author (ref)  Year N.mz Sizev Ev‘:n‘:s RR(95% Cl) Weight (%)
Albert(17) 2002 PHS 21454 566 _ 058(034,089) 3.28
Fraser (24) 1982 AHS 26473 260 —_— 059(0.44,080) 9.38
Blomhoff (25) 2006 IWHS 31778 948 —_—— 068(053,086) 1356
Estruch(3) 2013 PREDIMED 7447 69 —_— 079(055,1.14) 6.48
Bao (22) 2013 NHS 78464 2208 —a— 080(069,083) 2668
Bao (22) 2013 HPFS 42498 2698 R 052(0.74,080) 4064
Overall (I-squared = 27.7%, p = 0.227) 0 0.76(0.69,084) 10000
NOTE: Weights are from random effects analysis i
T T
0.30 1.00 3.00
RR for fatal CHD per 4 servings (28.4 g)iwk of nuts
Study Study  No.of
Author (ref)  Year Name Skze  Events RR (85% CI)  Weight (%)
Fraser (24) 1992 AMS 26473 134 —_— 057(0.37,088) 1373
Estuch(3) 2013 PREDIMED 7447 69 —_— 079(055,1.14) 1955
]
Hu (16) 1998 NHS 86016 861 —_— 081(064,103) 4676
Abert(17) 2002 PHS 21454 1037 —_—t 089(062,127) 1996
Overall (-squared = 0.0%, p = 0.463) ® 0.78(067,092)  100.00
]
NOTE: Weights are from random effects analysis |
T = T
0.30 1.00 3.00
RR for nonfatal CHD per 4 servings (28.4 g)/wk of nuts
Study  Study No.of
Author (refy  Year Name Size Events RR(95% CI)  Weight (%)
Estruch (3) 2013 PREDIMED 7447 %0 —_— 062(0.44,087) 1553
Bersiein(26) 2012 NS si010 2633 — 081086100 2418
Bernstein (26) 2012 HPFS 43150 1397 —_— 095082, 1.11) 2888
Djoussé (27) 2010 PHS 21078 1424 ‘ —— 105(0.83, 1.18) N4
Cverall (I-squared = 72 7%, p = 8.012) C) 089(074,105) 10000
NOTE: Waights are from random effects anafysss
T T
0.30 1.00 3.00
RR for total stroke per 4 servings (28.4 g)/wk of nuts
Study Study  No.of
Author (ref) Year  Name Size  Events RR(95% CI)  Weight (%)
Villegas (34) 2008 SWHS s4191 1805 ——am——i! 0.39(0.18,084) 083
Pan (32) 2013 NHSI 70893 4008 e 0.63(0.75082) 2814
Montonen (31) 2005 FMCHES 4304 383 _ e 0.85(048,151) 152
Salas-Salvado'(33) 2014 PREDIMED 3541 273 —a— 0.86(088,1.08)  8.41
Kochar (30) 2010 PHS 20224 1828 —3- 089 (078,102) 2038
Pan(32) 2013 NHS 58063 5121 fead 091(084,088) 4073
Overall (l-squared = 21.8%, p = 0.268) 0 0.87 (081, 084) 100.00
NOTE: Weights are from random effects analysis
T T
0.30 1.00 3.00

RR for diabetes per 4 servings (28.4 g)wk of nuts

FIGURE 2. Nut consumption and risk of cardiometabolic endpoints. Nut intake and risk of fatal IHD (A), nonfatal IHD (B), stroke (C), and diabetes (D). The
figure shows pooled estimates (dashed line) and 95% Cls (open diamond) of risk per 4 weekly servings (28.4 g) of nuts (left) and plots of pooled (solid black lines)
and study-specific (solid gray lines) RRs (right). AHS, The Adventist Health Study; CHD, coronary heart disease; FMCHES, Finnish Mobile Clinic Health
Examination Survey; HPFS, Health Professionals Follow-Up Study; ITHD, ischemic heart disase; IWHS, ITowa Women’s Health Study; NHS, Nurses’ Health Study;

PHS, Physicians’ Health Study; PREDIMED, Prevencion con Dieta Mediterranea; ref, reference; SWHS, Shanghai Women’s Health Study.

using the trim-and-fill method, findings were generally similar
with inverse associations of nut consumption with fatal IHD and
no significant association of nut consumption or legume con-
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sumption with total stroke (see Supplemental Figure 4 under
“Supplemental data” in the online issue). Evidence of a publica-
tion bias was not seen for studies that examined nut consumption
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FIGURE 3. Legume intake and risk of cardiometabolic endpoints. Legume intake and risk of total IHD (A), stroke (B), and diabetes (C). In each panel, the left
figure shows the pooled estimates (dashed line) and 95% CIs (open diamond) of the risk per 4 weekly servings (100 g) of legumes, and the right figure shows the plot
of the pooled (solid black line) and study-specific (solid gray lines) RRs. EPIC-G, European Prospective Investigation into Cancer and Nutrition-Greece; EPICH,
European Prospective Investigation into Cancer and Nutrition-Heart; FMCHES, Finnish Mobile Clinic Health Examination Survey; HPFS, Health Professionals
Follow-Up Study; IHD, ischemic heart disease; IWHS, Iowa Women’s Health Study; JACC, Japan Collaborative Cohort Study; JPHC, The Japan Public Health
Center—Based Study; NHEFS, NHANES Epidemiologic Follow-up Study; NHS, Nurses’ Health Study; ref, reference; SWHS, Shanghai Women’s Health Study.

and nonfatal THD or diabetes or legume consumption and total
IHD or diabetes. However, such testing could have had limited
power in the setting of relatively few studies.

DISCUSSION

For the first time to our knowledge, we systematically
reviewed the relations between consumption of nuts and legumes
and incidence of IHD, stroke, and diabetes. Our investigation
identified 27 studies that included 501,791 unique individuals

from 3 continents, including 11,869 IHD, 8244 stroke, and
14,449 diabetes events. We showed that 4 weekly 28-g servings
of nuts were associated with 24% lower risk of fatal IHD, 22%
lower risk of nonfatal IHD, and 13% lower risk of diabetes. Also,
the consumption of 4 weekly 100-g servings of legumes was
associated with 14% lower risk of IHD. Conversely, neither nut or
legume intake was significantly associated with incident stroke,
and legume consumption was not significantly associated with
incident diabetes, although each assessment was based on rel-
atively few studies.
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Most findings were robust to the choice of random- or fixed-effects
weights and fill-and-trim methods to explore the potential influence
of a publication bias. The exception was legume consumption and
diabetes risk, for which results varied on the basis of weight;
therefore, significant fixed-effects findings, which were derived from
only 2 studies, should be interpreted with caution. Otherwise, each
pooled analysis included hundreds of thousands of participants and
thousands of clinical events. Thus, our study represents the most
complete available evidence to-date on how intakes of these foods
relate to the incidence of major cardiometabolic events.

Cardiovascular and metabolic benefits of nut consumption have
been supported by several lines of evidence. Nuts contain many
healthful components including unsaturated fatty acids, vege-
table proteins, fiber, folate, minerals, antioxidants, and phyto-
chemicals, which, in isolation or as part of enriched foods,
improve cardiometabolic risk factors (42-45). For example, in
a pooled analysis of 25 controlled trials, daily nut consumption
reduced the total cholesterol concentrations by 10.9 mg/dL, the
LDL-cholesterol concentration by 10.2 mg/dL, the LDL-to-
HDL ratio by 0.22, and the total-to-HDL ratio by 0.24 (46). The
consumption of nuts has also reduced triglycerides in subjects
with high baseline concentrations (>150 mg/dL) (46). Further-
more, a recent meta-analysis of 8 controlled feeding trials
showed that nut consumption lowered systolic blood pressure
(—2.25 mm Hg; 95% CI: —4.22, —0.28 mm Hg) and mean
blood pressure (—0.75 mm Hg; 95% CI: —1.44, —0.06 mm Hg)
(45). The consumption of nuts may also improve the antioxidant
capacity and reduce systemic inflammation (47). In addition,
low carbohydrate and high unsaturated fat contents of nuts
produce lower postprandial glucose and insulin responses when
consumed alone or in combination with carbohydrate-rich foods
(48, 49). Nuts are also a rich source of magnesium, which may
have antiarrhythmic effects (50). Notably, although nuts are
relatively calorie-dense (20-30 kJ/g) because of their higher
total fat content (46-76%), nut consumption has been associated
with less adiposity in observational studies (51) and did not con-
tribute to weight gain in trials (47, 51). In sum, improvements in
CVD risk factors in trials, benefits of a nut-focused dietary in-
tervention rich in the Prevencion con Dieta Mediterranea
(PREDIMED) trial (3), and our current results together provide
compelling evidence that nut consumption is cardioprotective.

Like nuts, legumes contain multiple bioactive constituents that
could improve cardiometabolic health, including fiber, folate, and
phytochemicals (52). In a meta-analysis of 11 clinical trials, the
consumption of nonsoy legumes lowered total cholesterol, LDL
cholesterol, and triglycerides by 7%, 6%, and 17%, respectively,
without significant changes in body weight (52). Legumes also
produce lower glycemic responses, which may protect against
diabetes (53). Although the identified studies did not attempt to
model specific food replacements, it is plausible that metabolic
benefits of legume consumption could at least partly be related to
the replacement of iron-containing meats or higher glycemic
grains, starches, and sugars (10, 54). Our results showed an
inverse association between eating legumes and risk of IHD
while also highlighting the paucity of studies on legumes and
stroke or diabetes.

A previous meta-analysis of 4 prospective cohorts reported an
inverse association between nut consumption and fatal IHD (4).
However, the study did not assess nonfatal IHD, stroke, diabetes,
or legume consumption. Also, only data in highest compared with

lowest categories of intakes were used rather than the use of all
categories; and extracted risk estimates in 3 of 4 studies (16, 17,
24) were not the most multivariable adjusted (ie, including di-
etary covariates). Our findings have built on and substantially
expanded these previous results by evaluating a range of car-
diometabolic endpoints, assessing legume consumption, using
fully multivariable-adjusted estimates; and incorporating all
categories of data to quantify the overall pooled dose response.

Compared with the PREDIMED trial (3), our pooled risk
estimates for nuts were of similar magnitude for [HD and diabetes
and were not significant for stroke. Because total CVD was the
primary outcome of the PREDIMED trial, the specific findings in
that trial for secondary endpoints such as IHD, stroke, and di-
abetes should be interpreted cautiously, and our pooled results
may provide the most robust overall estimate of how nut con-
sumption influences these endpoints. Conversely, PREDIMED
participants achieved other small dietary changes that could alter
stroke risk, which perhaps accounted for a larger benefit than seen in
our meta-analysis. In addition, some of the observational studies in
our analysis adjusted for potential mediating pathways (eg, blood
pressure) that might have attenuated the true magnitude of the effect.

An insufficient consumption of nuts has been estimated to be
a major contributor to global cardiometabolic mortality (8). On
the basis of risk estimates from a preliminary version of this
meta-analysis (55), nearly 2.5 million global deaths in 2010 were
estimated to be attributable to low nut intake (8). Compared with
our previous preliminary results (55), our current findings showed
modestly smaller inverse associations of nut consumption with
IHD and diabetes. Future analyses should incorporate these new
findings to provide the best estimates of the global burden of
diseases attributable to insufficient nut consumption.

Our analysis had several strengths. We systematically searched
multiple databases to identify relevant studies. Our pooled
findings included and were consistent with results of a large
randomized trial (3, 33). We used available information across all
exposure categories to estimate the pooled dose response. We
evaluated and accounted for potential heterogeneity by several
characteristics including study quality. Although relatively few
studies were identified for each diet-disease association, large
numbers of participants and events were included, which in-
creased the statistical power to detect clinically meaningful as-
sociations. We identified studies from North America, Europe,
and Asia, which increased the generalizability.

Potential limitations should be considered. We did not identify
any controlled trials that evaluated legumes and incident THD,
stroke, or diabetes. Although all observational studies in our
analysis adjusted for multiple major risk factors, the possibility of
residual confounding by imprecisely or unmeasured factors could
not be excluded. Yet, our findings were consistent with car-
diometabolic benefits of nuts and legumes in short-term trials
and, for nuts, with a clinical endpoint trial. Dietary habits were
self-reported, definitions of nuts and legumes were not identical
across studies, and most studies did not account for nuts or le-
gumes consumed as an ingredient within other foods. These
limitations would have caused an exposure misclassification,
which could have attenuated the true effects toward the null.

In conclusion, we showed inverse associations of nut con-
sumption with fatal ITHD, nonfatal IHD, and diabetes and of
legume consumption with incident IHD. Our findings also
highlight key knowledge gaps, such as for stroke subtypes and
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legumes and diabetes. In light of their constituents and benefits on
cardiometabolic risk factors in trials, our results support a role for
nuts and possibly legumes as part of a cardiometabolically
healthy diet.
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