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Abstract Nut consumption has been inconsistently as-

sociated with risk of stroke. Our aim was to carry out a

meta-analysis of prospective studies to assess the relation

between nut consumption and stroke risk and mortality.

Pertinent studies were identified by a search of PubMed

and Embase through June 2014 and by reviewing the ref-

erences of retrieved articles. Prospective cohort studies that

reported relative risks (RRs) with 95 % confidence inter-

vals (CIs) for the association between nut consumption and

risk of stroke were included. Six articles including nine

independent prospective cohorts with 476,181 participants

were included in the meta-analysis. The pooled RR of

stroke was 0.90 (95 % CI 0.83–0.98) comparing the

highest with the lowest nut consumption. Stratifying by

gender, significant inverse association was observed for

females (RR 0.88; 95 % CI 0.78–0.98). Sensitivity analysis

restricted to studies with adjustment for common con-

founding factors showed similar results, strengthening the

association between nut consumption and stroke risk.

Moreover, we observed a trend toward an inverse asso-

ciation between higher nut consumption and stroke mor-

tality (RR 0.86; 95 % CI 0.69–1.06), although it is not

significant. Current evidence indicated that nut consump-

tion is inversely associated with risk of stroke.
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Introduction

Stroke is the second leading cause of death worldwide,

which is a huge public health problem [1]. Diet is one of

the key lifestyle factors involved in the prevention of

stroke, among which nut consumption has received con-

siderable attention. Nuts are rich in vitamins, minerals,

unsaturated fatty acids, fiber, and many other bioactive

substances [2, 3]. Studies have shown that nuts may have

beneficial effects on lipids [4], blood pressure [5], and in-

sulin sensitivity [6]. Moreover, nuts are an important

constituent of the Mediterranean diet and studies have

indicated that Mediterranean diet supplemented with nuts

could reduce the risk of stroke [7, 8].

A recent meta-analysis [9] reported that nut consump-

tion was not associated with stroke risk (RR 0.89; 95 % CI

0.74–1.05). However, the evidence was limited because

only 4 studies (155,685 participants) were included. In

addition, gender may modify the effects of nut consump-

tion on stroke risk [10, 11], examining the gender differ-

ences in the nut consumption-stroke association is of

interest. Moreover, there is still no definite conclusion

between nut consumption and stroke mortality.

To fill these gaps, we systematically evaluated the as-

sociation between nut consumption and stroke risk and

mortality by conducting a meta-analysis.

Methods

Literature search and selection

We conducted this meta-analysis according to the checklist

of the Meta-analysis of Observational Studies in Epi-

demiology (MOOSE) [12]. We performed literature search
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in PubMed and Embase through June 2014 using the key

words ‘‘nut’’ combined with ‘‘stroke’’, ‘‘cerebrovascular

disease’’, and ‘‘cerebrovascular disorder’’. Then, we re-

viewed the references of retrieved publications to identify

any relevant articles that were not identified in the pre-

liminary literature searches.

For inclusion, studies had to meet the following criteria: (1)

published in the English language; (2) a prospective cohort

design; (3) the exposure of interest was nut consumption; (4)

the outcome of interest was stroke; and (5) relative risk (RR)

with 95 % confidence intervals (CIs) was provided. We ex-

cluded retrospective studies, randomized controlled trials,

non-human studies, non-original research (editorials, reviews,

or commentaries), and duplicated studies. Three authors (ZZ,

GX, and XL) evaluated the retrieved studies independently

and discrepancies were resolved by discussion.

Data extraction and quality assessment

Data we collected included the name of first author, pub-

lication year, country, characteristics of study population,

follow-up time, methods for assessment of nut consump-

tion, total number of individuals and cases, confounding

factors, and the RRs with corresponding 95 % CIs. If

necessary, we contacted authors to request additional data.

To assess the study quality, a 9-star system based on the

Newcastle–Ottawa Scale [13] was adopted. The score

ranges from 0 to 9 with a higher score indicating higher

study quality.

Statistical analysis

Statistical heterogeneity from primary studies was tested

with the Q and I2 statistic [14]. Given the absence of

heterogeneity, we combined RR estimates using fixed-ef-

fects models. Publication bias was evaluated with Egger

regression test. Subgroup analyses were also conducted to

test the robustness of the association.

Sensitivity analysis was conducted to examine the in-

fluence of diverse exclusion criteria on the overall out-

come. We also evaluated whether the overall results could

have been affected by a single study using knock-1-out

analysis in sequence.

Then we assessed the dose–response relationship based

on the dose–response meta-analysis method proposed by

Orsini et al [15]. We assigned the median or mean level of nut

consumption for each category to the corresponding RR for

each study. If the linear dose–response result was provided

by the included study already, it was used directly. Potential

nonlinear relationship between nut consumption and study

outcomes was examined using restricted cubic splines with

knots fixed at percentiles 25, 50, and 75 % of the distribution

[16]. All statistical analyses were two-sided and performed

with STATA version 12 (StataCorp, College Station, TX).

P \ 0.05 was considered significant.

Results

Literature search and study characteristics

The initial search identified 239 potentially relevant cita-

tions. Of these, 18 articles were identified for detailed

evaluation (Fig. 1). Among the 18 articles, 13 were further

excluded: review (n = 8); no RR or 95 % CI reported

(n = 5). One additional article was included from the

reference review. Thus, six articles [17–22] with nine in-

dependent cohorts remained in this meta-analysis.

The characteristics of the selected studies are shown in

the Table 1. These studies were published between 2000

and 2013. The duration of follow-up ranged from 7.6 to

30 years and cohort sizes ranged from 21,078 to 87,025

(total 476,181). Quality scores of each study are shown in

Table 2. The included studies met the quality score of 7–9.

Nut consumption and risk of stroke

The association between nut consumption and risk of

stroke was shown in Fig. 2. For the 9 cohorts, 6 detected an

inverse association between nut consumption and stroke

risk, with 1 [20] reaching statistical significance. Overall,

participants with the highest nut consumption, compared

with the lowest, had a significant decreased stroke risk (-

combined RR 0.90; 95 % CI 0.83–0.98) without hetero-

geneity among studies (P = 0.751; Table 3). Beginning

with the first published study, we computed the cumulative

combined RR. As a result, the pooled RR reached statis-

tical significance since 2012 and showed a trend of asso-

ciation as published studies increased (Fig. 3).

Subgroup analysis

Stratifying by subtype, the RRs were 0.90 (95 % CI

0.74–1.09) for ischemic stroke, and 1.53 (95 % CI

0.97–2.41) for hemorrhagic stroke. Stratifying by gender,

significant inverse association was observed for females

(RR 0.88; 95 % CI 0.78–0.98; Fig. 4). In the subgroup

analyses by sample size, the protective effect of nut con-

sumption was stronger in studies with larger sample size

(C50,000). Moreover, we also observed significant asso-

ciation in high quality studies (C8 stars) (Table 3).

Dose–response analysis

Five studies [17, 19–22] were eligible for the dose–re-

sponse analysis. We did not observe a nonlinear
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relationship between nut consumption and risk of stroke

(P for nonlinearity [0.05). The dose–response analysis

indicated that a 1 serving/day increment of nut consump-

tion was associated with 6 % lower risk of stroke (RR 0.94;

95 % CI 0.82–1.08).

Sensitivity analyses

Sensitivity analyses were conducted to examine the influ-

ence of different exclusion criteria on the pooled result.

Exclusion of one study [18] that were did not adjust for age

yielded an RR of 0.89 (95 % CI 0.82–0.97), without

heterogeneity (P = 0.711). The results persisted when we

excluded one study [20] that did not adjust for hypertension

(RR 0.92; 95 % CI 0.81–1.06), without heterogeneity

(P = 0.620). Further analyses testing the influence of any

single study on the overall results by removing a study at

each turn yielded a range of RR from 0.88 to 0.92.

Nut consumption and stroke mortality

Of the included studies, two [17, 22] reported the asso-

ciation between nut consumption and stroke mortality. In

the combined analysis, there was a trend toward an inverse

association between higher nut consumption and lower

stroke mortality (RR 0.86; 95 % CI 0.69–1.06, P = 0.16).

Publication bias

Egger test indicated no evidence of publication bias among

the included studies (P = 0.40, Fig. 5).

Comment

There is rapidly increasing interest in the association be-

tween nut consumption and risk of stroke. In this meta-

analysis, we found that high nut consumption was sig-

nificantly associated with a reduced risk of stroke. The

protective effects of nut on stroke have a strong biological

basis. Although nuts are high in fat, they contain mostly

unsaturated fats, which have beneficial effects on blood

lipids [4]. Randomized controlled study indicated that men

in the nut diet decreased total and low-density lipoprotein

cholesterol (LDL-C) levels by 12 and 16 %, respectively,

compared with the control diet [23]. In addition, nuts are

also rich in arginine. Arginine is the precursor of nitric

oxide (NO), which is an effective vasodilator and can re-

strain platelet aggregation and adhesion. Therefore, the

anti-atherogenic effect of nuts might be in part connected

with the arginine–NO pathway [24]. Moreover, nuts are

rich sources of potassium, magnesium, folate, fiber [25,

26]. Meta-analyses of randomized controlled trials show

that supplementation with potassium alone or in combi-

nation with other minerals such as magnesium and calcium

results in a reduction in blood pressure [27, 28]. Studies

also suggest that higher dietary fiber and protein intake

could lower blood pressure and are associated with de-

creased stroke risk [29–32]. Since hypertension is an im-

portant risk factor for stroke, the blood pressure-lowering

effect of major components in nuts could be one of the

major mechanisms contributing to a reduced risk of stroke

with increased nut consumption. Another important nutri-

ent in nut is folate. Folate is a crucial regulator of the

Fig. 1 Flowchart of study

selection
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metabolism of homocysteine, and studies have indicated

that dietary supplementation with folate reduces blood

levels of homocysteine and is inversely related to the risk

of stroke [33].

In this study, the protective effect of nut consumption was

stronger in females than in males. One possible explanation

is the different self-reporting of dietary habits between

genders as well as the higher awareness of healthy dietary

patterns among females than males. Compared with females,

males tended to be more likely to be smokers, consume more

calories, alcohol and caffeine, which may diminish the

benefit of nut on stroke. Moreover, because of the small

sample size for subgroup analysis and the observational

nature of the included studies, this result should be

interpreted with caution. Further well-designed large

prospective studies and randomized clinical trials for nut

supplementation are warranted to confirm this association

and to establish the gender effects on nut-stroke relationship.

Our present study is robust because the prospective

design of included study could eliminate recall bias and

selection bias. In addition, the studies included in this

meta-analysis had relatively large sample size (476,181

subjects) and long period of follow-up (mean follow-up

duration: 21.1 years). Meta-analysis of these prospective

studies is a potentially powerful method to evaluate the

long-term effects of nut consumption on stroke risk. Our

study also has several limitations. First, because of the

observational design, the possibility that other factors may

Table 2 Methodologic quality of cohort studies included in the meta-analysis

References Representativeness

of the exposed

cohort

Selection

of the non

exposed

cohort

Ascertainment

of exposure

Outcome

of interest

not present

at start of

study

Control

for

important

factorsa

Assessment

of outcome

Follow-up

long

enough for

outcomes

to occurb

Adequacy

of follow

up of

cohortsc

Total

quality

scores

Yochum [17] q q q q qq q q – 8

He [18] – q q q q q q q 7

Djoussé [19] – q q q qq q q q 8

Bernstein [20] – q q q qq q q q 8

Yaemsiri [21] q q q q qq q – q 8

Bao [22] q q q q qq q q q 9

a A maximum of 2 stars could be awarded for this item. Studies that controlled for age received one star, whereas studies that controlled for

intake of other nutrients received an additional star
b A cohort study with a follow-up time [10 year was assigned one star
c A cohort study with a follow-up rate [80 % was assigned one star

Fig. 2 Nut consumption and

risk of stroke
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account for the observed results could not be eliminated.

Nut consumption tends to be associated with healthy life-

styles that may be protective against stroke, such as higher

fruit or vegetables intake and less smoking. However, most

included studies have adjusted for these major

confounders, which should decrease the potential bias due

to these lifestyle factors. Second, all included studies used

food frequency questionnaires to evaluate levels of nut

consumption. As a result, measurement error was inevi-

table, which may lead to attenuation of true associations in

Table 3 Stratification analyses

of nut consumption and stroke

risk

Group No. of studies RR (95 % CI) Heterogeneity test

v2 P I2 (%)

Total 9 0.90 (0.83–0.98) 5.06 0.751 0.0

Subtype

Ischemic stroke 3 0.90 (0.74-1.09) 0.05 0.975 0.0

Hemorrhagic stroke 2 1.53 (0.97–2.41) 0.58 0.445 0.0

Gender

Male 5 0.92 (0.82–1.05) 3.25 0.517 0.0

Female 4 0.88 (0.78–0.98) 1.41 0.703 0.0

Sample size

\50,000 6 0.92 (0.81–1.03) 3.87 0.568 0.0

C50,000 3 0.88 (0.78–0.99) 1.01 0.604 0.0

Publication year

\2010 3 0.91 (0.69–1.20) 1.79 0.409 0.0

C2010 6 0.90 (0.82–0.98) 3.27 0.659 0.0

Duration of follow-up

\20 years 4 0.90 (0.73–1.10) 1.80 0.616 0.0

C20 years 5 0.90 (0.82–0.98) 3.26 0.515 0.0

Quality score

\8 stars 2 0.97 (0.71–1.33) 1.07 0.301 6.5

C8 stars 7 0.89 (0.82–0.97) 3.75 0.711 0.0

Fig. 3 Cumulative meta-analysis. Evaluation of time trends (year of publication) in relation between nut consumption and risk of stroke
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a prospective study, especially when the exposure was

evaluated before outcome. Thus, further study should up-

date the assessment of nut consumption termly during the

follow-up. Third, the unit/serving and the range between

the lowest and highest categories for nut consumption was

not consistent among the studies and the information on

type of nuts was lacking in some studies, which may have

contributed to the heterogeneity in the pooled analysis.

Future studies should use uniform criteria for nut con-

sumption and consider type of nuts in the analysis. Fourth,

in a meta-analysis of published studies, publication bias

could be of concern because small studies with negative

results tend not to be published. In this meta-analysis, no

evidence of publication bias was found.

Implications

Stroke is a main cause of permanent disability and death,

with huge economic losses due to functional impairments.

The epidemiologic evidence on the relation between nut

consumption and stroke risk remain inconsistent. Findings

from our meta-analysis of prospective cohort studies indi-

cate that nut consumption is inversely associated with risk

of stroke. Thus, future guidelines should recommend nut

consumption for stroke prevention.

Conclusions

Our meta-analysis demonstrates that high nut consumption

was significantly associated with a reduced risk of stroke.

The findings from these observational studies need to be

further confirmed in well-designed large randomized clin-

ical trials of nut supplementation.

Fig. 4 Nut consumption and risk of stroke stratified by gender

Fig. 5 Funnel plot for the publication bias
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