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ABSTRACT

Background and aims:To systematically review the latest evidence on estladtl and emerging
nutrition-related risk factors for incidence of amertality from total, ischemic and haemorrhagic
strokes.

The present review was conducted in the framewbtheowork carried out through 2015 and 2016
for the preparation of the Italian Guidelines foe Prevention and Treatment of Stroke, 8th Edition,
by ISO-SPREAD (ltalian Stroke Organization and $ttieoke Prevention and Educational
Awareness Diffusion).

Methods and Results:Systematic review of articles focused on primamsvention of stroke
published between January 2013 to May 2016 thramgéxtensive search of the literature using
MEDLINE/PUBMED, EMBASE and the Cochrane Library.tistes were ranked according to the
SIGN methodology while the GRADE system was usegktablish the strength of
recommendations.

As a result of our literature search, we examinédn@ta-analyses overall (mainly of prospective
studies), a few isolated more recent prospectiveies not included in the meta-analyses, and a
smaller number of available randomized controlleals and case-control studies. Based on the
analysis of the above articles, 36 Syntheses chviadable evidence and 36 Recommendations
were eventually prepared.

The present document was developed by organizengvhilable evidence into three individual
areas (nutrients, food groups and dietary pattemgjovide a systematic and user-friendly
overview of the available evidence on the relatigm®¥etween nutrition and primary prevention of
stroke. Yet analysis of foods and food patternsaadd translating the information about nutrients
in a tool more amenable to use in daily life alsthie light of the argument that people eat foods
rather than nutrients.

Conclusions:The present literature review and dietary recomragods provide healthcare
professionals and all interested readers with tulieeerview for the reduction of the risk of tatal
ischemic and haemorrhagic stroke through dietarglifications.



INTRODUCTION

Of the 17.5 million deaths attributable to cardismalar disease, an estimated 6.7 million are due to
stroke, which is among the top causes of deatrdesadbility worldwide [1,2].

In Europe, stroke by itself ranks as the seconglsimost common cause of death accounting for
almost 1.1 million deaths each year [3].

Considerable differences in stroke incidence weuad across European countries with lower rates
of total stroke observed in southern and highessrat eastern European countries, especially in
women [4] and death rates from stroke being mughériin Central and Eastern Europe than in
Northern, Southern and Western Europe [3].

Stroke is estimated to cost the EU economy overld@l88n a year, around one-fifth of the overall
cost of CVD. Of the total cost of stroke in the Eldpund 50% is due to direct health care costs,
22% to productivity losses and 29% to the inforoaak of people with stroke [3].

Despite the noticeable advancements in the treataigratients with acute ischemic stroke,

primary prevention remains the best approach fducig the burden of stroke especially in light

of the fact that 77% of strokes are first evenis [5

Modifiable risk factors such as suboptimal systblmod pressure (> 115 mmHg), excess salt
intake, low fruit and vegetable consumption andgptat inactivity have been identified as major
contributory factors leading to an increase inkstrosk [6,7].

A landmark case-control study involving 22 courgneorldwide found that ten modifiable risk
factors explained up to 90% of the risk of straieast highlighting the need for targeted preventive
strategies to substantially reduce the burdenrokst[8].

The tremendous impact of dietary habits as wetlfasngle nutrients on the development of
cardiovascular disease is well established; itidegh estimated that a healthy dietary pattern based
on the Dietary Guidelines for Americans may helpeduce by 30% the risk of coronary heart
disease [9]. In the landmark PREDIMED trial, a Medianean-type of diet supplemented with
extra-virgin olive oil or nuts was associated watR9%% (HR:0.71; 95%CI 0.56—0.90) reduction in
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the rate of cardiovascular events and 39% (HR:@6%CI 0.44—0.86) lower rate of stroke
compared with the low fat control diet in multivate analysis [10].

The cardiovascular advantages deriving from adopifca Mediterranean-like healthy diet were
observed also for secondary CVD prevention [11].

To date, a persuasive body of evidence suggesthehtihy dietary patterns - typically encouraging
the consumption of adequate amounts of fruits, teddes, legumes, non-refined cereals, fish and
lower intake of animal foods — represent an optitoal for stroke prevention, at least in part
because of their favorable action on major riskdecfor stroke (i.e. high blood pressure, high

serum cholesterol and hyperglycemia) [12,13].

Yet the influence of diet and of specific nutriemtghe primary prevention of stroke needs to be
further explored, especially for hemorrhagic stréewnhich the evidence is scarce and
inconclusive.

The present document systematically reviews tlestavidence on established and emerging
nutrition-related risk factors for stroke morbidapd mortality, with the purpose of providing
healthcare professionals and individuals with eva#gebased recommendations for the reduction of
the risk of total, ischemic and hemorrhagic strakesugh dietary modifications. It stems from the
work carried out through 2015 and 2016 for the pragion of the Italian Guidelines for the
Prevention and Treatment of Strok& Edition, by ISO-SPREADIfalian Stroke Organization and

the Stroke Prevention and Educational Awareneskifidn).

METHODS

As a contribution to the Guideline preparation Dmtember 2014, the Italian Society of Human
Nutrition (SINU) was requested to appointathhocWorking Group (WG) for Nutrition and
Stroke (see appendix 1)T'he Group identified theutritional risk factors for strokand defined

nutritional strategies for stroke prevention, ntibnal care of the patient in the acute phase and
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nutritional care of the patient in the rehabilitati phase of strokas the issues to be dealt with by
the WG. For each of these issues the WG has detives conclusions to ISO-SPREAD in the form
of specific Syntheses and Recommendations, whieé haen incorporated and make integral part
of the ISO-SPREAD Guidelines [14].

The present article is an extensive report of thekwearried out by the Nutrition and Stroke WG
concerning the issue of Nutrition and Stroke Pr&éeearand provides the rationale and the scientific
bases of the nutritional recommendations for tle@mtion of stroke as delivered in the 1ISO-
SPREAD Guidelines.

In the first place, the Group defined the work noglitiogy and the distribution of the different tasks
among its components. In accordance with the chmmttectively made by the larger ISO-SPREAD
Group, the WG on Nutrition and Stroke has adopted3IGN methodology [15] in keeping with

the previous editions of the guidelines. This mdtiogy is based on the formulation of a
comprehensive judgment of the evidence availablarig given topic, i.e. on an objective appraisal
of the quality and relevance of the studies avilaind not just of the statistical significance of
their respective results. Following the new regeilicy of SIGN, the ABCD method, used in the
previous editions of the ISO-SPREAD guidelinesndicate the strength of the recommendations,
was replaced by a simplified version of the GRAQEtem leading to the formulation sfrongor
weakrecommendations ifavor or againsta given intervention: the decision was made orbtsas

of the quality, consistency and scientific valuelef evidence available as well as of the assedsmen
of the balance between the demonstrated advandaggsossible adverse effects of a given factor
[16]. The SIGN classification of the evidence and GRADE assessment of the strength of
recommendations are provided in Table 2.

The SIGN methodology was also adopted for thecaligvaluation of the individual studies
available on each topic,&tudychecklistbeing compiled by a member of the WP to assess the
internal and external validity of each of the aahlé studies and to formulate a final global

evaluation of its scientific value. Different chdisks were used according to the type of study,
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whether systematic review/meta-analysis, randomeoadirolled trial, prospective observational
investigation, or case-control study [15]. For etagic, a final “@nsidered judgment forivas
compiled by collecting all the information includedthe studies check lists, thus coming to a
global assessment of the scientific reliability aelévance of the studies available, the consigtenc
of their results, the probability of publicatiorabj the apparent or possible benefits and harms of
the intervention(s) proposed as well as the degirésasibility and the predicted impact of the
intervention on the population. Eventually, the sidered judgment forms were used to prepare a
SYNTHESIS of the relevant information on each delét¢opic and to deliver one or more specific

RECOMMENDATIONS.

In summary, the process flow chart was made ofdl@wing steps:
1. Identification of the topics relevant to the for@atibn of the nutritional guidelines for stroke
prevention;
2. Definition and implementation of the evidence shafrategy;
3. Evaluation of the relevant articles and preparatibthhe respective check lists;
4. Preparation of the Considered judgment forms;
5. Preparation of the SYNTHESES of the available ewi@eand of the respective
RECOMMENDATIONS;
6. Decision about level of evidence for each synthasdstrength of the individual
recommendations.
We built up an archive, made up initially of alethelevant references retrieved for the previous
editions of the ISO-SPREAD guidelines (the last tn2012) and we integrated it with all the
relevant articles gathered through an extensiveeked the literature using MEDLINE/PUBMED,
EMBASE and the Cochrane Library through Novemb&=2@dditional information was retrieved
through a manual search of references from reesmgws and relevant published original studies.

The search of the databases was updated on M&P36,to identify any new studies.



The key words used for our literature exploratiarev(in alphabetical order): alcohol, antioxidants,
calcium, carbohydrates, cereals, cerebrovascudaade, coffee, chocolate, dairy products, DASH
diet, diet, dietary patterns, egg, fat, fatty acfdser, fish, folate, fruit, magnesium, meat,
Mediterranean diet, milk, minerals, nutrition, nudBve oil, potassium, proteins, sodium, stroke,
stroke prevention, sweetened beverages, tea, \@ggtaegetarian diet, vitamins (an example of
the search strategy is provided in Table 1).

As a result of this collaborative work, 36 SINTHESEBnd 36 RECOMMENDATIONS were
eventually prepared: their formulation is the resfithe examination of 87 meta-analyses overall
(including mainly prospective and to a much smiabdent case-control studies and randomized
controlled trials), of a few isolated more recerdgpective studies not included in the meta-
analyses, and of a smaller number of availableaariwed controlled trials and case-control
studies.

Each synthesis or recommendation was initially areg by 2-3 members of the WG and was then
brought to the collective evaluation and judgmetrthe whole group. The group has held three ad
hoc meetings at approximately three month intergtating 2015 for methodological confrontation
and discussion of progress results. Eventuallythallsyntheses and recommendations received the
group general approval.

The present document was developed by organizengvhilable evidence into three individual
areas (nutrients, food groups and dietary pattéongllarantee an accurate scientific overview able
to provide health researchers with consistent kadg# on the existing relationship between
nutrition and primary prevention of stroke. Yet lyses of foods and food patterns allows
translating the information about nutrients in stmmg more amenable to use in daily life also in

the light of the argument that people eat foodserathan nutrients.



MICRONUTRIENTS

Sodium chloride (salt)

While a clinically relevant food deficit of sodiuand chlorine) is extremely unlikely in healthy
individuals, excess in sodium chloride intake is@xely common and is a recognized causative
factor of hypertension and of cardiovascular diesg$7-19]. Several meta-analyses of randomized
controlled trials support the blood pressure longeffect of reduction in sodium chloride intake
[20, 21] and therefore it is realistic to expedtthreduced salt intake favorably affects strokle ris
The biological plausibility of the association beem sodium chloride intake and stroke risk is
based on studies in genetic models of hypertemaiveonsistently showing that elevated sodium
chloride intake induced the development of vascdidenage and led to an elevated incidence of
stroke [21]. Moreover, both in vitro and clinicalidies indicated that a higher plasma sodium
concentration and/or an elevated sodium chloritekannegatively affect endothelial function [22,
23], oxidative stress [24], platelet aggregatios][2rterial stiffness [26, 27], left ventricularass

and function [28, 29].

After the meta-analysis by Strazzullo et al in 200 further meta-analyses have been published
until 2015 [30]. The meta-analysis by Aburto etiatluded nine studies with 14 comparisons and
72,878 individuals from general population sam|pBdg. Higher compared with lower salt intake
was associated with a 24% (95% CI 8% to 488449%) higher rate of stroke.

The meta-analysis by Graudal et al. in additioggneral population samples also included studies
in high cardiovascular risk individuals or patient$h clinical cardiovascular disorders [32]. The
comparison of high (estimate of >215 mmol/day) ssal sodium intake (115-215 mmol/day) with
7 studies and 186,091 individuals yielded a 21%érgate of stroke in the first group (95% CI 4%
to 41%), whereas the comparison of low (<115 mnagffdodium vs usual sodium again with 7
studies 56,582 subjects did not show a signific#iference. This study however has been
criticized because of inadequate assessment ahtate and of high risk of reverse causality due

to the inclusion of cohorts of seriously ill patiemnder intensive medical treatment [33].



Summary of evidence

The vast majority of the available evidence inddsahat elevated salt intake is associated with
higher stroke risk, mainly but not exclusivelyfance of its blood pressure raising effect. Fewadat
are available to conclusively discriminate betwsshemic and hemorrhagic subtypes.

Although results from RCTs are lacking, the bullesidence derived from experimental, clinical
and epidemiological studies and in particular tbewmnented effect of excess salt intake reduction
on blood pressure in both hypertensive and nornsotenndividuals, strongly suggest the need to
reduce sodium chloride intake based on WHO recordatean [34]. In accordance with WHO
recommendation, the 2014 revision of the ItaliafeRance Dietary Intakes (LARN) recommends 5
g of salt (2g of sodium) as the SDT (standard dyatarget ) for the population: this choice is
mainly motivated by the results of randomized caolied trials indicating a linear decrease in blood
pressure upon reduction of dietary sodium intakeataes below 2 g/day [35,36].

Potassium

An inverse relationship between dietary potassikinritake and blood pressure has been reported
both within and across populations [37-40]. Becdugeertension is the leading cause of
cerebrovascular disease [41], it is realistic tpest that higher K intake may affect stroke risk.
Indeed, many milestone studies in animal modelgestgd that a high K intake reduces vascular
damage and counteract the increase in strokecatsed by a high Na regimen [42-46], even
independently from the effect on BP.

An original observational investigation carried authe eighties and including 859 men and
women showed that stroke mortality was significafdgiver among participants in the upper tertile
of habitual dietary K intake after a 12-year follaywy observation [47]. Since then, a number of
prospective studies have explored the possiblecegsm between dietary K intake and incidence
of cerebrovascular events. A remarkable numbeobbd studies and five systematic reviews and

meta-analyses of these studies carried out onlsarapadult general population have consistently
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shown an inverse significant association betweditina K intake and risk of stroke [40, 48-51]. In
a comprehensive analysis, including 14 cohorts fi@prospective studies, based on 333,250
people and more than 10,600 stroke events an aver@ighted difference of 1500 mg per day in K
intake was associated with a 20% lower risk ofk@rRR:0.80; 95% ClI: 0.72-0.9G; + 47%) [50].
This inverse association was also detected in wge-desponse analyses showing that an increase
of 1,000 mg per day in dietary K intake was lingas$sociated with 10% (RR=0.90, 95%CI 0.84-
0.96;F=47%) [50] and 11% lower risk of stroke (RR:89, 95% ClI, 0.83-0.97°350.8%) [49].

The analysis of stroke sub-types, although inclgdawer cohorts, confirmed a significant inverse
association with ischemic (RR: 0.89; 95% CIl= 0.837) but not with hemorrhagic stroke
(intracerebral hemorrhage: RR: 0.95, 95% Cl= 0.8®;1subarachnoid hemorrhage: RR: 1.08, 95%
Cl=0.92-1.27) [49]. More recently, such resultsdnbeen confirmed in the framework of the
Women Health Initiative [52] and by the further m@inalysis by Vinceti and co-workers, which
has shown in addition that, even for the risk ahberhagic stroke, the inverse relationship with
potassium intake is statistically significant pietd data unadjusted for blood pressure are used in
the calculation [53]. This approach appears todumd as the rate of hemorrhagic stroke is strongly
dependent on blood pressure with consequent riskerfadjustment if adjustment for blood
pressure is made.

Potassium supplementation

Few studies provided data on the relationship betveeipplemental K and stroke risk. In a large
cohort of men, K supplementation was associatel igiluced risk of total stroke [51], whereas, in
a previous analysis, a similarly favorable effeelsvdetected mainly among hypertensive male
participants [52]. A similar trend not achievingtsstical significance was further observed in a

recent analysis of the Nurses’ Health Study datbath regard to ischemic stroke [54].

Summary of evidence
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A large body of evidence supports a favorable ethédietary K intake on stroke risk, also in part
independently of its well-recognized beneficiaketfon BP, although few data are available to
conclusively discriminate between ischemic and hehagic subtypes or in favor of K
supplementation.

The 2014 Revision of the Italian Dietary Referelmtakes (LARN) set a value of 3900 mg a day as
a potassium adequate intake for the adult populaiticaccordance with other similar documents
released by European and American authoritieqy kedsed on the potassium content of 4200
mg/day of the DASH diet which was shown to be dffecin lowering blood pressure in a
controlled dietary intervention trial [55].

Calcium

The relationship between calcium intake and stiebeen explored by many prospective studies.
The majority of them addressed calcium intake ffood as a whole or by comparison of dairy
versus non-dairy calcium intake. A few other stadeecused on the association between

supplemental calcium intake and stroke.

Total dietary calcium intake and stroke

In their meta-analysis of 11 observational prospedtudies with 436,150 participants and 9,095
strokes, Larson and colleagues assessed the dim@ise relationship between total dietary
calcium intake and risk of stroke [56]. Becausé¢hef significant heterogeneity observed among all
studies @ = 70.3%), the authors stratified the analysis tyyytation average calcium intake (<700
mg/day vs. >700 mg/day). Dietary calcium intake wagrsely associated with risk of stroke in
populations with an average calcium intake <700dag{RR for a 300-mg/d increase in calcium
intake: 0.82; 95% Cl 0.76-0.88=0.0%). On the contrary, it was weakly positivebgaciated with
stroke risk in populations with a calcium intaked87/ng/day (RR: 1.03; 95% CI 1.01-1.06;
12=0.0%). An inverse association between calciumkim&nd risk of stroke was actually apparent

only in Asian populations, which had in genera¢katively low calcium intake (RR for an increase

12



of 300 mg/d in calcium intake: 0.78, 95% C.I. 00’.87): there was however some evidence of
possible publication bias [56].

In another meta-analysis of 10 prospective studids 371,495 participants and 10,408 strokes,
Tian and colleagues did not detect an associagbmden calcium intake and risk of total stroke
(RR: 0.96; 95% CI 0.89-1.04°466.3%) or of any stroke subtype. However, in aasate analysis

of seven studies with follow-up longer than 14 geaigh calcium intake was indeed associated
with reduced stroke rate (RR: 0.67; 95% CI 0.518018-0.0%) [57].

Finally, in a very recent meta-analysis includifigc®dhort studies, dose—-response meta-regression
analysis did not find statistically significantdiar or nonlinear relationships between levels of

dietary or total calcium intake and the risk obtattroke or stroke mortality [58].

Dairy vs. non-dairy calcium intake

Analyzing the relationship between dairy and nomydealcium intake and stroke, Larson and
colleagues reported that the RR of stroke for arf@@@day increase in calcium intake was 0.78
(95% C1 0.62-0.99) for dairy calcium and 0.98 (98%0.73-1.30) for non-dairy calcium [56]. The
addition of another study providing results foryodhiry calcium intake did not change the results
(RR: 0.73; 95% CI 0.59-0.91) [59]. In their updatedta-analysis, also Tian and colleagues found
that high dairy calcium intake was associated &i##1% reduction in the risk of total stroke (RR:
0.76; 95% CI 0.66-0.86°+0.0%), while non-dairy calcium intake had no eff@@R:0.99; 95% ClI

0.84-1.16; 1=33.3%)) [57].

Calcium supplements

While the meta-analyses of prospective studiecatdithe absence of any significant correlation
between calcium supplemental intake and stroké&36a meta-analysis of nine intervention trials
comparing administration of calcium with or withoutamin D vs. placebo (28,072 participants,

676 incident myocardial infarctions and 764 incidenokes, mean follow-up 5.7 years) showed
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that the supplementation of calcium or calcium aitaimin D increased the risk of stroke (RR:1.15,
95%CI=1.00-1.32;%0.0%), myocardial infarction (RR:1.24, 95% Cl=1-045; f=0.0%) and the

composite of myocardial infarction and stroke (RR5] 95% Cl=1.03-1.27%+0.0%) [60].

Summary of evidence

In conclusion, while the evidence of a protectiffea of calcium from dairy products on the risk
of stroke is consistent, evidence of the impadbotdl calcium intake was detected only in
populations with a lower than average calcium iatakd in studies with a longer follow-up. On the
other hand, the combined evidence of prospectigemitional studies and randomized controlled
intervention trials indicates that calcium suppletsanay increase the risk of myocardial infarction
and stroke. With respect to possible mechanisntiseoéffects of calcium and dairy intake on stroke
risk, recent data from the ATTICA cross-sectiortably of a sample of general population [61] and
from a few randomized controlled trials in overwdigdividuals [62] suggest that consumption of
dairy products is inversely associated with lowdgraystemic inflammation. Moreover, a dose-
response meta-analysis of prospective cohort Suddkcated an inverse relationship of low-fat

dairy and milk consumption to the incidence of hypesion [63].

Magnesium

Larson and colleagues in a meta-analysis of sexasppctive studies recently explored the
relationship between magnesium intake and stroke 241,378 participants and 6477 events [64].
The authors found that total dietary magnesiunkmtaas inversely associated with the risk of
stroke, specifically ischemic stroke. In particulan increment of 100 mg in magnesium dietary
intake per day was associated with an 8% reduatidime risk of total stroke (RR: 0.92; 95% CI
0.88-0.97; 1= 0%). In a subsequent meta-analysis of 8 pros@estudies with 304,551
participants and 8,367 events (same as for Lanssta-analysis plus one new study), Nie and

colleagues confirmed the significant inverse asgam between magnesium intake and risk of total
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stroke (RR: 0.89; 95% ClI 0.82-0.97:4 0.0%) [65]. Subgroup analyses suggested a &ignif
inverse association between magnesium intake andst of ischemic stroke (RR: 0.88; 95% CI
0.80, 0.98). A few subsequent population-based rt@adies confirmed that a higher magnesium
intake from food was associated with decreasedofiskroke. In particular, Sluijs et al. analyzing
the European Prospective Investigation into CaandrNutrition-Netherlands (EPIC-NL) study
cohort confirmed the association between high drateagnesium intake and a reduced stroke risk
[66]. As previously mentioned, the analysis of Health Professionals Follow-up Study (HPFS)
database performed by Adebamowo and coll. indictiada diet rich in magnesium, potassium,
and calcium contributes to reduced risk of strakenen [51]. Again Adebamowo and colleagues,
analyzing the Nurses’ Health Study (NHS) | anddtabases and performing a subsequent meta-
analysis of prospective studies, found that a caetbmineral diet with high intake of magnesium
and potassium was associated with reduced riskakes(combined RR of total stroke = 0.87 (95%
C10.83, 0.92) for a 100-mg/d increase of magnesniake and 0.91 (95% CI 0.88, 0.94) for a

1000-mg/d increase of potassium intake; with nevbeh-study heterogeneity) [54].
Summary of evidence
There is consistent evidence in favor of a provecgffect of a higher intake of magnesium toward

the risk of stroke, in particular of ischemic steok

Vitamins and antioxidants Literature data on stroke prevention are especiatlysed on B

vitamins, including folate, vitamingand B (all involved in the metabolism of homocysteine, a
potential risk factor for cardiovascular disea$6g], as well as on vitamins counteracting oxidativ
stress and inflammation (both involved in the pgtdmesis of cardiovascular diseases) [68, 69],
namely vitamin A, C and E. Recently, besides itsafon bone health, vitamin D is also emerging

as a factor involved in the modulation of a numtifigphysiological processes such as the renin-
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angiotensin system activity, endothelial functieascular smooth muscle proliferation, insulin

sensitivity, and systemic inflammation [70, 71].

Folate, Vitamin Bg, Vitamin B 1>

These three vitamins are strictly connected inotie-carbon metabolic pathwaywhich
homocysteine is a crucial metabolite that can acdat® either as a result of genetic defects or of
nutritional deficiencies [67].

Several studies support the protective role ofadietolate against stroke, while data on vitamin B
and B remain less clear. However, meta-analyses orrsydie reviews on these topics are
missing. A cohort study (9,764 healthy individuaged 25-74 y) showed reduced ischemic stroke
incidence (RR:0.79; 95% CI1 0.63-0.99) among indnaid in the highest quartile of folate intake
compared with those in the lowest quartile [7Zjnding in accordance with results from an Asiatic
population [73] in which low folate intake was asisbed with increased ischemic stroke risk
(HR:1.61; 95% CI 1.04-2.48 and HR:1.82; 95% CI 12206 for £'and 2° quartiles compared with
3 and 4" quartile combined). In contrast, neither the cobardy of 83,272 US female nurses [74]
nor the investigation on subjects from the Northeweden Health and Disease Cohort [75] found a
relationship between folate intake, folate plaseveels or vitamin B intake and stroke. In the
Japan Collaborative Cohort Study (23,119 men an@135women, aged 40-79 y), no association
was found between vitaminBintake and stroke mortality; high dietary folate536ug/d) and
vitamin Bs (> 1.33 mg/d) intakes showed a downward trendrfortality in women (HR: 0.83; 95%
C10.61-1.12 for folate; HR: 0.63; 95% CI 0.39-1f0Bvitamin B) but not in men [76]. In a large
cohort of US men (n=43,732), He and colleaguesatied] an inverse relationship between folate or
vitamin By, intakes and risk of ischemic stroke (RR: 0.71; 95P0.52-0.96 for folate; RR: 0.73,;
95% CI 0.53-0.99) [77]. Likewise, high dietary ftdantake was linked to decreased risk of
cerebral infarction (RR:0.80; 95% CI 0.70-0.91Finnish male smokers (n=26,556), especially

among those with a high vitamin Bntake; nevertheless, vitamin,B/itamin B, and methionine
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intakes alone were not associated with risk okst{@8]. Despite the limited number of subjects
(n=967), the study by Welikert et al. detectedyaiicant association between low vitamig,B
plasma levels and increased risk of cerebral is@nenhereas the intake of folate and vitamin B

were not associated at all [79].

Folate, Vitamin B6, Vitamin B12 supplementation

Since 2012, nine meta-analyses of RCTs have bddisiped on the effect of vitamin B
supplementation on the risk of stroke. The majaritthem showed a borderline reduction ranging
between 9 and 6 % of the risk of stroke after vitaBisupplementation [80-85].

The meta-analysis by Zeng and co-workers studieghtitential effect of folate supplementation on
stroke risk by stratifying previous RCTs accordiadortification status [86]. The final fourteen
RCTs enrolled 39,420 patients (7 without folataifimation, 4 with folate fortification and 3 with
partial folate fortification). The RR for stroke &8.88 (95 % CI 0.77-1.00°=1%) in the subgroup
without folate fortification, 0.91 (95 % CI 0.82,01; F=47%) in the subgroup with partial folate
fortification and 0.94 (95 % C1 0.58, 1.54=61%) in the subgroup with folate fortification.

In the meta-analysis of Dong et al. a total ofrialg (86,393 patients) comparing 7 treatment
strategies with vitamin B (FA + ViB+ VBi12, FA + VBg, FA + VB12, Ve + VB12, FA, VBg, niacin
and placebo] were included [87]. Supplementatiai Bi vitamins was associated with reduced
risk of stroke and cerebral haemorrhage (RR: ®98 Cl 0.84-0.98;%15.8% and 0.74; 95% Cl
0.58-0.94; 3=0.0%, respectively), but not of ischemic stroR&( 0.97; 95% Cl 0.88-1.07;
12=0.0%) in the standard meta-analysis. In the nétwueta-analysis, the risk of stroke was lower
with folic acid plus vitamin Bas compared with folic acid plus vitaminEand was lower with

folic acid plus vitamin B plus vitamin B, as compared with placebo or folic acid plus vitasi,.
Recently, in the meta-analysis by Li et al. of 3DTR involving 77,816 participants and 3,164
stroke events folic acid supplementation showeglative risk for stroke of 0.90 (95% CI 0.84-

0.96; F=27.4%) compared with controls [88]. The effectraérvention was more pronounced
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among participants with lower plasma folate lexatlbaseline (RR: 0.79, 95% CI 0.69-0\8RR:
0.97, 95% CI1 0.86-1.08, for baseline folate <16 Wimand>16 nmol/L, respectively, P=0.02 for
interaction)-.

Summary of evidence

So far, studies on the impact of dietary vitamigsBd B, on the risk of stroke are few and
controversial. Conversely, there is evidence ofaaqutive effect of regular consumption of high
folate-containing foods although this effect mayalieibutable, at least in part, to other beneficia
nutrients, namely vitamin C, phytochemicals, fiakso present in plant foods. Systematic
supplementation of folic acid, vitamirgBr vitamin B, (alone or in combination) shows a slightly

beneficial effect on primary prevention of strok&gre so in subjects with lower levels of folate.

Vitamin A, Vitamin C, Vitamin E

Up to now, only few literature data on antioxidaitdmins and stroke are available. Reliable
studies only concern vitamin C and its potentiathamisms of action (prevention of endothelial
dysfunction, anti-inflammatory and anti-hypertermsrole) [89, 90]. A meta-analysis including 11
prospective studies on vitamin C intake (217,45i@pants and 3,762 stroke events) and 6
prospective studies on plasma vitamin C levelso@® participants and 989 stroke cases)
demonstrated that both dietary intake and plasweddef vitamin C were inversely related to the
risk of stroke, in a dose-dependent manner (RR:@8% Cl 0.74-0.90:%0.0% for dietary
vitamin C intake and RR:0.62; 95% CI 0.49-0.782[7.6% for circulating vitamin C high-versus-
low categories)91]. The RR for each 100 mg/day increment in diet@amin C was 0.83 (95% CI
0.75- 0.93), and for each 20 nmol/L increment noudating vitamin C was 0.81 (95% CI1 0.75 to
0.88; f=0.0%).

In contrast, a meta-analysis of 15 randomized odiatt trials (188,209 participants and 3,749
stroke events) concluded that antioxidant vitanioptementation had no effects on the rate of

cardiovascular events, including stroke (RR:0.8%3C| 0.93—1.05;%0.0%) [92].
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Two large studies failed to demonstrate any asgoniaetween vitamin A or vitamin E intake and
incidence of stroke or stroke mortality [93, 94pbwkver, high vitamin E intake was associated

with increased risk of haemorrhagic stroke (HR42%5% CI 1.13-7.62) [94].

Summary of evidence

A diet rich in vitamin C appears to be benefic@l the prevention of ischemic stroke whereas there
IS No apparent association between vitamin A @min E intake and stroke rates. Both randomized
controlled trials and meta-analyses thereof promalsupport for the use of antioxidant vitamin

supplements in the prevention of stroke.

Vitamin D

A large body of evidence points to the renin-arggistn system activity, endothelial function,
smooth muscle proliferation, insulin sensitivitydagystemic inflammation as possible targets of the
vitamin D biological system for the prevention afdiometabolic disorders, including stroke [95].
Dietary vitamin D and vitamin D supplementation

The contribution of vitamin D intake from foodssarpplements to cardiovascular health is still
controversialvery likely because 80% of the vitamin requiremerdovered by sun exposure and
because other confounding factors exist), evenghdwo cohort studies suggest a potential
beneficial effect. In the Honolulu Heart Prograthwas shown that low dietary vitamin D intake
was associated with an increased risk of stroke iarhrticular, thromboembolic stroke in
Japanese-American men [96]. On the other handmeta-analysis of 21 trials with 13,033
participants, evaluating the effect of vitamin Opplementation (in the form of cholecalciferol,
calcitriol, ergocalciferol or vitamin D analogs) tre risk of cardiovascular events, Ford et al] [97
did not detect any association between vitamin @pementation and risk of stroke (RR: 1.07;
95% CI: 0.91-1.29).

Summary of evidence
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There is consistent evidence that low circulatengls of vitamin D are associated with an
increased risk of stroke, while still sparse aeedhta on the association between dietary intake of
vitamin D and stroke. There is no convincing evitiehowever of a significant effect of vitamin D

supplementation on the rate of stroke.

Dietary Fiber

Dietary fiber has been reported to reduce theaiskypertension, the strongest risk factor forlstro
[28], to positively affect LDL-cholesterol, postpidial lipids levels and insulin sensitivity [98,]99
fibrinolysis [100] and inflammation [101].

In the last few years three meta-analyses weraghdal that evaluated the association of dietary
fiber intake and stroke risk. The meta-analysi€bhgn and coworkers included six prospective
cohort studies for a total of 314,864 participaarid 8920 stroke cases [102]. The analysis showed
that the RR of stroke was 13% lower (RR: 0.87; 950.77-0.99; 3=36.4%) in the highest vs
lowest category of dietary fiber intake. Subgrounplgsis indicated that the RR for men and women
were 0.95 (95% CI, 0.83-1.08) and 0.80 (95% CIl6@®6), respectively, and that the RR for
ischemic stroke and hemorrhagic stroke were 0.8%(€I, 0.72-0.96) and 0.86 (95% CI, 0.70—
1.06), respectively, although the analysis on gmikbtypes was based on a quite small number of
studies. Dose-response analysis suggested a 12f4ticedin stroke risk for each 10g/day
increment in dietary fiber intake.

The meta-analysis by Threapleton and coworkersidey two additional studies to those
evaluated by Chen [102], with 2781 incident strekents, showed that a 7g/day increase in total
fiber intake was associated with 7% reduction taltstroke risk (RR: 0.93; 95% CI, 0.88-0.98;
1=59%) [103]. There was no statistical evidencerpéssociation between higher (4g/day) soluble
fiber intake and risk of stroke. The meta-analg$ighang and coworkers included 11 prospective

cohort studies and 325,627 participants [104]. Mie¢a-analysis evaluated the relation of dietary
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fiber intake, fiber source and type of fiber wiktetrisk of fatal and nonfatal stroke. It showed tha
the relative risk of stroke was lower by 17% (RE&3) 95% Cl| 0.74-0.93%E

38.7 %) in the highest vs lowest category of diefdrer. Moreover, a dose—response association
between dietary fiber intake and stroke risk waseobed. In particular, there was a reduction of
10%, 16% and 23% for 5g, 10g and 15g incremenfibén intake, respectively. However, dietary
fiber intake was not related to stroke mortalitysubgroup analyses, greater dietary fiber intake
was inversely associated with the risk of ischestiioke (RR: 0.83; 95% Cl 0.74-0.93:20.5%)
while a trend of protection for hemorrhagic strokas observed (RR: 0.87; 95% CI 0.72-1.05;
12=0.0%). Both cereal and vegetable fibers were @ssatwith reduced stroke risk by 24% and
14%, respectively, whereas no association was tegéor fruit fiber and for soluble and insoluble
fiber intake.

Summary of evidence

The results of the three available meta-analys@sasipective studies consistently indicate that the
consumption of dietary fiber is dose-dependentbpamted with a lower risk of stroke. The
beneficial effect seems to be greater for ischeéhaa for hemorrhagic stroke. It also seems more

pronounced for cereal and vegetable fiber intake.
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MACRONUTRIENTS

Carbohydrates

Postprandial hyperglycemia is an independent askof for stroke. Dietary carbohydrate (CHO) is
the main factor able to influence the blood glucesponse. The glycemic index (Gl) of a food, an
index of CHO quality, is commonly used as markethefpostprandial blood glucose response
[105]. In addition, given that the amount and thaldy of carbohydrates in the diet is extremely
variable and thus may have a variable influenceherpostprandial glycemic response, the
glycemic load (GL) (calculated as the product @f @l of a food item and its available
carbohydrate content) is widely used to assesgltttemic effect of CHO rich foods [106].
Carbohydrates, Gl and GL

The possible associations between CHO intake/GH@&Lstroke risk were evaluated in two meta-
analyses. The first one, including 6 prospectivieocbstudies, showed that a high GL was
associated with an increased risk of total stré¥@:(1.19; 95%CI 1.00-1.43°40.0%) whereas a
high Gl was not associated with risk of stroketoole-related death (RR: 1.09; 95%CI 0.94-1.26;
12=0.0%) [107]. Similar results were reported in theta-analysis by Cai and coworkers that
included seven prospective studies [108]. In thesavanalysis on 225,000 participants free from
diabetes, high CHO intake and high Gl were not@ased with stroke (RR: 1.10; 95%CI 0.99-
1.21; 12=23.0% and RR: 1.12; 95%CI 0.95-1.35613%, respectively) while a high GL was
associated with an increased risk of stroke, (RE9:195%C| 1.05-1.36%5.0%). No information
on the possible association of high CHO intake/GN@th different subtypes of stroke was
provided.

The mechanism whereby a high GL would increas&strisk may consist in the vascular injury
induced by a chronic increase in blood glucosepsdprandial insulinemia, both of which act
through a higher oxidative stress and sub-clirsgatemic inflammation with production of
oxidized lipoproteins and AGEs [109, 110].

Summary of evidence
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The results of the two meta-analyses of prospectw®rt studies indicate that high dietary GL is
directly associated with the risk of stroke whild@ intake and Gl are not. These findings support

recommendations for decreasing daily consumptidmgif Gl foods/diet to prevent stroke.

Fatty acids

Monounsaturated fatty acids (MUFA)

There is clinical and epidemiological evidence tiatary MUFA may help lower blood pressure
[111], reduce low-density lipoprotein cholesterodariglyceride [112], and thus lower estimated
cardiovascular risk. Over the past 20 years, tladyais of cohort studies of MUFA intake in
relation to primary prevention of stroke has yield®wever inconsistent results, possibly due to
the different dietary sources of MUFA.

One meta-analysis reviewing the literature untile)l@014 (11 cohort studies on combined MUFA,
olive ail, oleic acid, and MUFA:SFA ratio and 9 dies on MUFA intake only) indicated that top
versus bottom third combined MUFA, olive olil, oleicid, and MUFA:SFA ratio was associated
with a reduced risk of stroke (RR:0.83, 95% CI 607a7; £ = 70%) [113]. Subgroup analysis
showed that actually olive oil intake was mostliykerucial for this result, since higher intakes of
olive oil were associated with reduced risk of ls&r¢RR:0.60, 95% CI 0.47-0.77=0.0%). In
contrast, the association between monounsaturatgdaicid intake of mixed animal and plant
origin and stroke risk did not attain statistidgingficance although exhibiting a trend for protent
(RR: 0.85, 95% CI1 0.72-1.01% %+ 65%)).

Consistently, a more recent meta-analysis of 18ge&ctive cohort studies, including 314,511
individuals and 5827 strokes, provided evidence hiigh MUFA intake was borderline associated
with the overall risk of stroke (RR:0.86, 95% CT4-1.00; f=48%) [114]. Subgroups analysis
showed that higher dietary MUFA intake was inversedsociated with the risk of hemorrhagic
(RR: 0.68, 95% CI 0.49-0.96°40.0%) but not of ischemic stroke (RR: 0.92, 95%)F0-1.08;

12=41%).
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Saturated fatty acids (SFA)

A meta-analysis of eight prospective cohort studieduding 179,436 subjects, did not show a
significant association between SFA intake and oisétroke (RR: 0.81, 95% CI 0.62-1.05;
12=61%) [115].

Another meta-analysis of 13 observational studid$] also showed that SFA intake was not
associated with ischemic stroke (RR: 1.02, 95%.6041.15; f=59%).

A very recent meta-analysis including two more msdfor a total of 476,569 individuals and
11,074 strokes, concluded that apparently highéy iGtake was associated with reduced risk of
overall and fatal stroke (RR:0.89, 95 % CI 0.826018=37.4% and RR: 0.75; 95 % CI. 0.59—0.94;
12=0.0%, respectively) [117] but in subgroup analysisassociation was present only for East-
Asians (f=42.4%), for a SFA amount <25 g/da§=45.3%), for men ¢£0.0%) and for a BMI<24
(kg/m? 1°=34.1%).

Only one meta-analysis examined randomized coatidtials of at least 6 months duration
reducing or substituting saturated fat with otlypes of fat [118]. The overall assessment of ten
such trials, involving 25,063 subjects randomizededuced/modified diet and 34,790 subjects to
usual diet, showed a RR for any type of stroke.89@95% CI 0.89-1.11%40.0%).

Trans unsaturated fatty acids (TFA)

The meta-analysis by De Souza et al. also exantireedossible association of TFA intake with
cardiovascular disease [116]. Only three studi¢ls y©05 cases out of 190,284 participants
analyzed the association between TFA intake arfebmae stroke, showing a non-significant RR of
1.07 (95% CI 0.88-1.28%167%) with a considerable heterogeneity among studi
Polyunsaturated fatty acids (PUFA)

Much more explored was the association betweekestind PUFA intake or PUFA blood levels
with eight meta-analyses published in the lastd&ry,eChowdhury et al analyzed 14 population
based prospective studies of the relationship bEti@ng chain omega 3 fatty acids (LCn-3FA)

and the risk of cerebrovascular events, involvi@§,319 participants and 5374 strokes [119]. Ten
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studies dealt with dietary PUFA intake and fourhA®UFA blood levels: in both cases no
significant associations were detected (RR:0.99 @3 0.80-1.013=18% and RR:1.04, 95% CI
0.90-1.20; 4=0.0%, respectively): this was true for both iscieeand hemorrhagic stroke types.

In the meta-analysis by Larsson et al [120] inatgd8 prospective studies with 5,238 stroke events
among 242,076 participants, there was likewiseverall significant association between intake of
LCn-3FA and total stroke risk although a trenddastection was observed (RR: 0.90, 95 % CI
0.81-1.01;3=13.9%).

The meta-analysis by Pan et al. focused on thd-gienived omega-3FA-linolenic acid (ALA;
18:3n23) [121]. The authors reviewed 5 prospedtudies (100,915 participants, 3026 cases), that
assessed either dietary ALA intake or ALA biomargencentrations. Neither dietary ALA (RR:
0.96, 95% CI 0.78-1.17,2#49.7%) nor ALA blood levels (RR: 0.77, 95% CI 0-BBO; 12=74.6%)
were associated with the risk of stroke.

In a more recent cohort study, Mozaffarian etgpoarted that total plasma phospholipids LCn-
3FAwere inversely related to ischemic stroke risthva 37% lower risk in the highest versus the
lowest quintile but without significant relationghwith hemorrhagic stroke [122].

A number of trials were performed to test wheth€nt3FAsupplementation would reduce the
incidence of cardiovascular accidents. In partiGilae meta-analyses have reviewed randomized
controlled trials of the effect of PUFA supplemeatsthe risk of stroke. In the meta-analysis by
Kotwal et al. [123], including 7 studies havingate as an outcome with 46,750 participants and
1369 events, no association was detected betwe®RA supplementation and the rate of
cerebrovascular events overall (RR: 1.03, 95% @2-0.16;=9.3%). Likewise, in their meta-
analysis of 7 randomized, double-blind, placebotwdled trials, Kwak and coworkers detected no
effect of EPA and DHA supplements on the incidesicgtroke or transient ischemic attacks among

patients with previous evidence of existing CVD (RR3, 95% Cl 0.77-1.66°331.1%) [124].
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Similar results were provided by the meta-analgsiRCTs of EPA and DHA supplementation
performed by Rizos et al. and including 9 studiéh w490 stroke events among 52,589
participants (RR: 1.05, 95% CI 0.93-1.18:14%) [125].

Chowdhury et al. meta-analyzed 12 randomized cbedrtrials ofo-3 FA supplementation with
62,040 participants and 1563 stroke events [118]significant effect was observed overall (RR:
1.03, 95% CI 0.94-1.12°%3.5%), and so also for primary or secondary préeeririals as well as
for ischemic or hemorrhagic stroke.

Summary of evidence

In conclusion, based on a large number of prospecibservational studies and randomized
controlled trials, there is no convincing evidewtan effect of different types of fatty acid inegk
either as dietary intake or plasma level, on thk of stroke. The apparent discrepancy between
these studies results and those of studies focusirigods containing such fats (olive oil, nutshfi
meat, milk and dairy products) may be at leastyaxplained by the fact that the protective or
harmful effect of a given food on human healthis tesult of a complex interaction among its

micro- and macro-nutrient constituents.

Protein

The meta-analysis by Zhang et al. combined thdteeBum seven prospective studies involving
254,489 participants [126]. The pooled RR for séréie the highest compared with the lowest
dietary protein intake was 0.80 (95% CI 0.66-018861.1%). The dose-response analysis indicated
that a 20-g/d increment in dietary protein intalasvassociated with a 26% lower risk of stroke.
Upon stratification for type of protein, the RR f&iroke for animal protein was 0.71 (95% CI 0.50-
0.99; F=69.4%). However, a recently updated meta-anabfsl® prospective studies with 528,982
participants showed no evidence of an associattnwden total protein intake and stroke risk (RR
0.98; 95% CI 0.89-1.07°466.5%), whereas dietary vegetable protein inta&e associated with a

slight but significantly lower rate (RR 0.90; 95%@82—0.99: 4=0.0%) [127].
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Blood pressure-lowering might be a possible explandor the association between dietary
vegetable protein intake and the risk of stroke3][12

Summary of evidence

There is still insufficient evidence in supportasf association between dietary protein intake and

stroke.

1. FOOD GROUPS
Vegetable sources

Fruits and vegetables

The evidence in favor of a direct association betwkeuits and vegetables intake and the risk of
stroke has been recently confirmed by a meta-aisaby0 cohort studies by Hu D et al. who
found that 200 g higher daily intakes of fruitsvegetables were respectively associated with 32%
lower (RR: 0.68; 95%CI 0.56-0.82) and 11% lower (RB9; 0.81-0.98) rates of stroke [129].
The findings were consistent for ischemic (RR: §(.94-0.85) and hemorrhagic stroke (RR: 0.78;
0.69-0.88). Data from the Japanese prospective siydkuda et al. revealed a protection against
stroke death of as much as 28% (HR: 0.72; 95%QCl-0.95) for the highest vs the lowest quatrtile
of fruit intake whereas no such association wasdidor vegetable consumption [130].

In the HAPIEE cohort study the highest intake oftfand vegetable (corresponding to a daily
median intake of 831g) reduced stroke mortality}8yo (HR:0.52; 95%CI 0.28-0.98) [131].

The possible protective effect of fruits and vebkda has indeed a strong biological basis. Fruits
and vegetables are rich sources of potassium, rsagngfolate, fiber, and antioxidant compounds
(vitamin C, beta-carotene, and flavonoids). Th#ea can be mediated by reduction of blood
pressure and improvement of microvascular fundii@2, 133].

Summary of evidence

The large majority of the available evidence iawor of an inverse association between fruits and

vegetables consumption and the risk of stroke.
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Legumes

A meta-analysis by Afshin et al of 6 prospectivaa studies including a total of 254,628
participants and about 7,000 stroke events waalletto detect an association between legumes
intake and risk of total stroke (RR: 0.98; 95% (41.14; f=32%) or stroke subtypes [134]. So
also was a second meta-analysis of 8 prospectigiestwith a total of 468,887 subjects and 10,493
stroke events by Shi and coworkers (SRR: 0.95; @5%84—1.08;3 = 43.2%) [135].

Summary of evidence

Based on the results of two meta- analyses, nc@s®em is apparent between legumes
consumption and risk of stroke. This finding is xipected considering that legumes are good
sources of potassium, magnesium, fiber and vegetablein and that they have been associated
with documented benefits on several risk factorstaoke, i.e. hyperlipidemia [136],
hyperglycemia [137] and high blood pressure [138]well as on the risk of coronary heart disease

[134].

Nuts

Overall 10 meta-analyses of mainly prospective otamnal studies and one randomized
controlled trial have provided information aboug tielationship between nut consumption and risk
of stroke over the last three years.

The meta-analysis by Afshin et al. of three proipecohorts and one RCT for a total of 155,685
participants and 5,544 events failed to detectsan@ation between nut intake and total stroke,
although a trend toward protection emerged (RF9:®8% CI 0.74-1.05£72.7%), or stroke
subtypes [134]. In a meta-analysis of 8 prospediudies with a total of 468,887 subjects and
10,493 stroke events Shi et al. reported a faverafiéct of higher nut intake (RR: 0.90, 95% CI

0.81-0.99; 3=0.0%) [135]. Gender was found to modify the effaichut consumption on stroke
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risk, with greater health advantages for women (®B5, 95% CI 0.75-0.9730.0%) in

comparison with men (RR:0.95, 95% CI| 0.82-1.72010%).

Luo et al. analyzed data from five studies and tbarmprotection from stroke associated with high
nut intake confined to women (RR: 0.87; 95% CI| 0088; F=0.0%) [139]. The meta-analysis by
Zhou et al. using data from four prospective staidheluding 182,730 participants and 5,669 stroke
cases failed to find an association (RR: 0.90; €9%.71-1.14; 3=49.6%) [140]. Likewise, in the
meta-analysis by Grosso et al., based on only thoit studies of nut intake and stroke mortality,
higher nut consumption was not significantly asstead with the rate of stroke death (RR:0.84;
95%C| 0.64-1.09;%£0.0%) [141].

On the other hand, Zhang et al. , on the basisixfstudies including nine independent cohorts
with 476,181 participants, estimated a reductiothe risk of stroke of as much as 10% (pooled
RR: 0.90; 95% CI 0.83-0.98%*40.0%) comparing the highest with the lowest nutstomption

[142]. In line with previous evidence, this metabysis suggested health advantages for women
(RR: 0.88; 95% CI 0.78-0.98°40.0%) but not for men (RR: 0.92; 95%CI 0.82—11350.0%). In
dose-response analysis overall an increment ofVinggday in nut consumption showed a trend for
protection toward stroke risk (RR: 0.94; 95 % (@23>1.08). Still more recently, Mayhew et al.
reported no associations of higher nut consumptidimischemic (RR: 1.06; 95%CI 0.81-1.38;
12=64%), hemorrhagic (RR: 0.83; 95% CI 0.59-1.16fotal stroke (RR: 1.05; 95%CI 0.69-1.61;
12=77%) [143]. The authors found however a marginsiificant reduction of 17% in the total
stroke death rate (RR: 0.83; 95% Cl 0.69-1.66010%).

In the most recent dose-response meta-analys obtort studies conducted by Shao et al.
evidence for a nonlinear association between nakeand stroke risk was observed with a RR of
0.86 (95%CI 0.79-0.94) for a 12 g/day greater masamption [144].

Finally, the PREDIMED randomized controlled triilbsved that high cardiovascular risk

individuals consuming a Mediterranean diet with eaeving per day of mixed nuts (30 g) had a
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46% reduced risk of stroke (HR: 0.54, 95%CI 0.384Pas compared to a control group allocated
to a lower fat control diet [10].

Summary of evidence

A reduction in stroke risk associated with greatarsumption of nuts was documented in four
meta-analyses of prospective studies and by one R@Imeta-analyses showed health advantages
confined to women, whereas four meta-analyses aidaveal any beneficial effect. Therefore, the
evidence on the health advantages of nuts agamdtidity and mortality from stroke remains

somewhat unclear.

Cereals

While a large body of evidence suggests that higtere-grain intake reduces the risk of type 2
diabetes [145], coronary heart diseases [146] almhaancer [147], data on the association
between whole-grain and/or refined cereal conswngnd risk of fatal and non-fatal stroke are not

fully consistent.

Whole-grain cereals

Two meta-analyses evaluated the relationship betwémwle grain cereal intake and risk of fatal
and non-fatal stroke. The meta-analysis by Melleh @workers, including four prospective
studies with 208,143 participants, showed a trdn@tatection for stroke event rate associated with
whole grain cereal intake although results weresmgtificant (OR=0.83, 95% CI 0.68-1.02; Q=
0.04-8.17) [148]. The more recent meta-analysisdyg et al. included six prospective studies
involving 247,487 participants and 1635 stroke ¢v¢t9]. Pooled results showed a significant
reduction of stroke risk by 14% (RR: 0.86; 95% C130.99; f=0.0%) in the highest versus the
lowest category of whole grain cereal intake.

Refined cereals
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The only meta-analysis by Wu and coworkers avaslall this topic (8 prospective studies with a
total of 410,821 subjects and 8284 stroke evehts)ed no association between refined cereal
intake and risk of stroke (SRR:1.02; 95% CI 93-11380.0%) [150].

Summary of evidence

The most recent meta-analysis of the availablegaas/e studies of whole grain cereal intake and
risk of stroke provided evidence of an inverse eission, whereas no association was shown for
highly refined cereal consumption. The protectitfea of whole grain cereals towards stroke may
be due to their provision of fiber, vitamins, miaksrand other phytochemical compounds, that are
removed during the refining process, with some loiclv having antioxidant properties that may

reduce chronic inflammation and blood pressurel$ejié1].

Olive all

Olive oil is a main component of the Mediterrandaat and its effect on the risk of stroke has been
reviewed by two recent meta-analyses, both dealgnly with stroke but also with ischemic
heart disease [113, 152]. The two meta-analysd&sdead the same two cohort studies and
consistently reported that an increased consumpfiative oil was associated with a significant
reduction in the risk of stroke (respectively, FRIRZ6, 95 % Cl: 0.67-0.86°40.0% for an
increment of 25 g/day of olive oil consumption [152d RR: 0.60; 95% ClI: 0.47-0.77=0.0% in
the top compared with the bottom tertile of oliveconsumption [113]).

The meta-analysis by Martinez-Gonzalez et al. [H&) included the PREDIMED randomized
controlled trial [10] that clearly showed a redoatin the risk of stroke after extra-virgin olivé o
(EVOO) supplementation. The protective effect of Y was attributed to a combined effect of
polyphenols, tocopherols and monounsaturated &aitys.

Summary of evidence

Two meta-analyses and one RCT support the proteefiect of EVOO on the risk of stroke.
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Chocolate

According to a meta-analysis of five prospectivelsts with 4,260 stroke cases the risk of stroke is
reduced by 19% (RR: 0.81; 95% CI 0.73—-0.810%) for the higheststhe lowest category of
chocolate consumption [153].

Late evidence from the EPIC-Norfolk cohort inclugli?0,951 men and women confirmed a
beneficial effect of chocolate on the risk of sedkR: 0.77; 95% CI 0.62 -0.97) for those in the
top quintile of chocolate consumption (16-99 g/dagisus non-consumers of chocolate [154].
Consistently, a meta-analysis of five studies idiclg the aforementioned one, showed that higher
compared to lower chocolate consumption was agsolcvaith lower stroke risk (RR: 0.79; 95% CI
0.70 -0.87;3=0.0%) [154].

Chocolate is an important dietary source of flavdramtioxidants and its intake resulted in
increased high density lipoprotein (HDL), decreassddensity lipoprotein (LDL) oxidation,
improved endothelial function and reduced bloodguee [155].

Summary of evidence

In conclusion, chocolate consumption is likely ®ldeneficial for primary prevention of stroke.

Animal sources

Fish

The meta-analysis by Xun et al included 19 indepatdohorts from 16 prospective studies for a
total of 402,127 individuals and 10,568 incidembké cases [156]. Compared with those who ate
fish never or less than once per month, HRs oflew total stroke were 0.97 (95% CI, 0.87-1.08),
0.86 (0.80—0.93), 0.91 (0.85-0.98:20.1%) and 0.87 (0.79—0.96) for fish consumptien 1
3/month, 1/week, 2—-4/week, and >5/week, respegtifrelfor linear trend=0.09). The association,

consistent for fatal and non-fatal stroke, was oleskfor ischemic stroke, but not for hemorrhagic

stroke.
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Chowdhury et al. analyzed 21 prospective cohodistuincluding 675,048 participants and 25,320
incident cerebrovascular events [119]. The RR fiake, for 2-4 servings versgd serving a

week, was 0.94 (95% CI: 0.90-0.98:22%) and for5 servings versus one serving a week was
0.88 (0.81-0.96;%20%). In the dose-response analysis (18 studiespcrement of two servings a
week of any type of fish was associated with a 9984 Cl 1%-7 %) reduced risk of
cerebrovascular disease. In a subset of studiggd®@participants) the corresponding RR for white
fish types was 1.03 (95% CI 0.90-1.1%:0.0%) and for fatty fish types was 0.84 (95% GI2to
0.98; f=10.1%). The protection was similar for ischemid &iemorrhagic stroke.

The potential benefit of fish consumption coulddbieibuted to the combined and interactive effect
of long chain omega 3 fatty acids and to a widayaof nutrients that are abundant in fish (vitamins
D and B complex, essential amino acids and traa@ehts).

Summary of evidence

Consumption of fish is consistently associated wetifuced risk of stroke.

Meat and processed meat

Meat consumption is a common source of protein afiadl energy for humans. However, the 2005
U.S. Dietary Guidelines for Americans recommended tconsumption of red and processed meat
should be moderated because of the epidemiologuidénce that high consumption of meat is
associated with increased risk of major chronicetiegative disorders [157]. The meta-analysis by
Kaluza et al included six prospective studies 829,495 participants and 10,630 stroke events
[158]. In pooled analysis, each one serving perafdgesh red meat, processed meat, and total red
meat was associated with 11%, 13%, and 11% higdleof total stroke, respectively (fresh red
meat: f=0%; processed meaf=B7.8%; and total red meaf=D%).

Subsequently, Chen et al. published a further rap#dysis of five prospective studies on 239,251
subjects and 9,593 stroke events [159]. In a commaof the highest against the lowest category of

meat intake, the risk of stroke increased by 15¢béth red and processed meat intake(I0%),
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by 9% (F=0.0%) for red meat intake and by 14%-@3%)for processed meat intake alone. The
association was significant for ischemic stroke, rmt for hemorrhagic stroke.

More recently Yang C et al. meta-analyzed sevesgactive cohort studies, involving 2,079,236
subjects and 21,730 strokes cases [160]. Totahestt consumption was directly associated with
total stroke (RR1.14, 95% CI 1.05-1.24%40.0%), cerebral infarction (RR:1.13, 95% CI 1.08t.
12=19.8%), and ischemic stroke (RR:1.22, 95% CI 1L@B; F=0.0%). A higher risk for total

stroke was observed for total red meat consumpiiimve 5@/day, fresh red meat above glday,
and for any consumption of processed red meat.

A recent observational study in the ARIC populatioot included in Yang’'s meta-analysis, reached
similar conclusions [161].

Summary of evidence

There is a strong evidence that the consumptioadfnd processed meat is associated with an
increased risk of ischemic stroke.

The increased risk of stroke associated with higgémeat consumption could be attributed to the
combined effect of the high content in saturatety facids and cholesterol, to the iron mediated

lipid peroxidation and to the high salt contenpodcessed meat.

Milk and dairy products

Two meta-analyses reported data on milk and daogycts and stroke. Hu et al. analyzed 15
prospective cohort studies, with 28,138 stroke esvamong 764,635 participants [162]. Total dairy
(RR: 0.88; 95% CI 0.82-0.94°461.8%), low fat dairy (RR: 0.91; 95% CI 0.85-0.9%41.6%),
fermented milk (RR: 0.80; 95% CI 0.71-0.8%:0.0%) and cheese (RR: 0.94; 95% CI 0.89-1.00;
12=0.0%) were all associated with reduced risk aflstr while whole/high-fat dairy, non-fermented
milk, butter and cream were not.

A non-linear relationship was found between milksemption and risk of stroke, with maximum

benefit (18% lower risk) at about 200 ml/day.
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Qin et al reviewed 10 studies reporting strokewtsame and including 504,803 participants with
21,801 stroke cases [163]. They showed that daingumption was associated with a significant
reduction of stroke rate (RR:0.87; 95%:CI 0.77-018869.8%): in particular, the associations of
low fat dairy and cheese were statistically sigmaifit whereas those of high fat dairy, yogurt and
butter were not.

Very recently, a further comprehensive systematierw and dose—-response matelysis of milk
and other dairy products in relation to stroke hsk been published, including 18 studies with
762,414 individuals and 29,943 stroke events [1LA4onsumption of 200 g of milk daily was
associated with a 7% lower risk of stroke (RR: 09 CI 0.88-0.98; n=14°486%). The
association was nonlinear, with the strongest beiakéffect at about 125 g/day (RR: 0.86; 95% ClI
0.82-0.89; n=13) but benefit remaining significalthough attenuated, up to 750 g/day.

The association between cheese consumption arie stelx was nonlinear and most pronounced at
25 g/day (RR: 0.91; 95% CI 0.86-0.96:31.2%). Notably, higiat milk was associated with an
increased stroke risk (RR: 1.04; 95% Cl 1.02-1166).0%), while no associations were found for
yogurt, butter, or total dairy.

Possible explanations for the protective effeateofuced fat milk is its content in calcium,
magnesium, potassium and bioactive compounds & thit have also been associated with a
reduced risk of both hypertension and stroke.

Summary of evidence

A regular consumption of milk and dairy productassociated with lower incidence of stroke. The

association is more consistent for products with ¢ontent in fat.

Eqgs
Two meta-analyses explored the possible relatipnshegg consumption to stroke risk. While
Shin et al. found no association (HR: 0.93; 9599 @IL-1.07; 1=0.0%) [165], the meta-analysis by

Rong et al. indicated that an increase of one eggl@y was inversely related to hemorrhagic stroke
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(RR: 0.75; 95% CI 0.57-0.99°436.8%) [166]. No association was observed withésaic stroke
(RR: 0.91; 95% CI 0.82-1.02°40.0%), while the combined relative risk of strdkean increment
of one egg consumed per day was 0.91 (95% C| 0.@&%-£=0.0%).

Summary of evidence

Egg consumption is poorly associated with strokk although a trend toward protection against

hemorrhagic stroke was suggested.

2. BEVERAGES
Coffee
In a meta-analysis of six prospective studies, kaet al. failed to find any significant
relationship between stroke death and consumpficnféee (RR: 0.95; 95 %CI 0.70-1.29; p for
heterogeneity=0.009, for highest vs lowest catggbroffee intake) while an increment of 1 cup
per day was marginally associated with a lower ofs&troke of 5% in men (RR: 0.95; 95%CI 0.89-
1.00) [167].
The association between coffee drinking and sth@sebeen recently addressed by a meta-analysis
of 10 prospective observational studies showinge#dns in the risk of stroke of 11% (RR: 0.89;
95% ClI, 0.84—0.947£0.0%) and 20% (RR: 0.80; 95% CI, 0.75—0.86615%) for the
consumption of respectively 1.5 cups and 3 cuptiee a day [168]. At higher intakes (mean of
5.5 cups per day), no protection was detected (RFS; 95% ClI, 0.84—1.07°454.5%) thus
indicating a non-linear association.
Data from a large cohort of over 80,000 Japanesests, not included in the aforementioned
meta-analyses, showed that, as compared with seddoking coffee, the risk of total stroke was
lowered by 11% (HR:0.89; 0.80-0.99), 20% (HR:0.8072-0.90) and 19% (HR:0.81; 0.72-0.91)
for individuals drinking coffee 3-6 times/week, dpcper day or2 cups of coffee per day,

respectively [169]. Risk of cerebral infarction walso reduced at each category of intake (from 1-2
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times/week t@2 cups per day) whereas a trend for protectiondesscted for intracerebral
hemorrhage (HR: 0.82; 0.66-1.02).

Summary of evidence

Moderate coffee consumption is inversely associatéurisk of stroke and is likely to be
beneficial for primary prevention. Such evidenceassistent with available data for CVD

prevention.

Tea

In a meta-analysis of 14 prospective studies, &hah found that a 3 cups per day higher
consumption of tea was associated with 13% (RR%;®8% CI 0.81-0.947£53.8%) and 24%

(RR: 0.76; 95% CI 0.69-0.84°40.0%) decreased risk of total stroke and cerébfaitction,
respectively, in a dose-response relationship,endmslsociations with cerebral or subarachnoid
hemorrhage were not statistically significant [170]

Similar findings were obtained by the meta-analg$ig2 prospective studies by Zhang et al. who
found that a difference in tea intake of three gogasday was associated with a reduced risk of tota
stroke of 18% (RR: 0.82; 95% CI 0.73-0.92:717.6%), while incidence of cerebral infarction or
intracerebral hemorrhage were lowered by 16% (R&4:®5 % Cl 0.72—0.98378.7%) and 21%
(RR: 0.79; 95 % CI 0.72—0.87=0.0%), respectively [171].

More recently, the meta-analysis of 9 studies idicig 259,267 individuals by Pang et al. suggested
that individuals consuming 1-3 cups/day of greenhtad 36% lower risk of stroke as compared to
those with intake <1 cup/day (OR = 0.64, 95% CFoe186; f=87%) [172].

Summary of evidence

Regular consumption of tea, especially green {@eears to be beneficial for primary prevention of

stroke.

Sweetened beverages
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In a dose-response meta-analysis of four prospestivdies Xi et al. found that the highest intake
of sweetened beverages was marginally associatedawiincreased risk of total stroke (RR: 1.10,
95% CI 1.00-1.20;%:43.4%) as compared with the lowest level [173} BRsociation was
stronger for Caucasian populations (RR: 1.17, 93%.@5- 1.28). No significant association was
found in separate analyses on ischemic strokeraphéagic stroke.

Summary of evidence

The only meta-analysis available indicates an mmed risk of stroke associated with sweetened

beverages intake.

3. ALCOHOL
The association of moderate alcohol consumptioh weitiuced risk of cardiovascular disease has
been consistently shown in many epidemiologicalissiand supported by extensive work; on the
other hand, abuse of alcohol is unquestionably hdrfh74,175]. Nevertheless, the specific
relationship of alcohol consumption with strokeatroversial.
A systematic review and meta-analysis publishe®byksley et al. in 2014ssessed the effect of
alcohol consumption on multiple cardiovascular oates and concluded that light to moderate
daily alcohol intake was associated with a redutddof multiple cardiovascular outcomes
whereas consumption of larger amounts was assdaiate higher risks of stroke incidence and
mortality [176]. Specifically, those who consumegD>grams/day were at an increased risk of
incident stroke compared with abstainers (RR: 19626 Cl 1.32—-1.98).
Zhang et al. have showed evidence of a non-lireationship between alcohol intake and total
stroke risk in an updated meta-analysis based @oB0rts from 15 prospective studies [177]. Low
alcohol intake (<15 grams/day), compared with molabl intake, was associated with a reduced
risk of total stroke (RR: 0.85; 95% CI 0.75-0.95yd&tue for Q statistic=0.006), but the risk
increased with alcohol intakes >30 grams/day (RR0;195% CIl 1.01-1.43; P-value for Q statistic

<0.001). Similar findings were obtained by a dosgponse meta-analysis suggesting a potential J-
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shaped correlation between alcohol intake andafig&tal stroke and stoke mortality (p for non-

linearity <0.001, for both dose-response analyses).

Alcohol consumption and ischemic stroke

Comparing to male lifetime abstainers, alcohol comgtion of less than 35 g/day was associated
with a decreased RR of ischemic-stroke mortalitye Tisk curve had a nadir (RR: 0.86; 95% ClI
0.81-0.93) at 12 grams/day [178]. For women, threekt risk of ischemic-stroke mortality was
detected for those consuming less than 12 gramsydg protective effects were apparent up to
44 grams/day. Likewise, the risk for ischemic-s&okorbidity for both sexes resulted in a J-shaped
curve, a protective effect being apparent up tgrams/day among men and to 46 grams/day for
women. For heavy alcohol intake (12 drinks/dayg, rislative risks of ischemic-stroke were 1.60
(95% CI 1.38-1.86) for men and 2.15 (95% CI 1.6362for women [178].

Evidence of a non-linear relationship between adtattake and ischemic stroke risk was shown by
Zhang et al. (p < 0.001), confirming that low-alobmtake (<15 grams/day) was associated with a
reduced risk of ischemic stroke (RR: 0.81; 95% (#680.90; P-value for Q statistic=0.094), while
no significant association was observed with anladtintake > 45 grams/day [177].

Alcohol consumption and hemorrhagic stroke

In the meta-analysis by Patra et al., a direct@sgon was observed between alcohol consumption
and risk of hemorrhagic stroke (morbidity/mortaljtyrespective of sex [178]. While the
association was linear for men, the curve for wonvas J shaped since there was an apparently
protective effect of moderate drinking with a nda#ing reached at less than 1 drink per day (RR:
0.69; 95% CI 0.54-0.89).

In the dose-response meta-analysis by Zhang atranlinear relationship between alcohol intake
and hemorrhagic stroke risk was found (P = 0.088)te low-to-moderate alcohol intake had no
significant effect on the risk of hemorrhagic seatompared with not drinking alcohol, an alcohol

intake of >45 g/day was associated with definitebreased risk [177].
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Summary of evidence

The available meta-analyses suggest a J-shap¢idmstap between alcohol consumption and
ischemic stroke, with lower risk for moderate alsbbtonsumers. In contrast, heavy alcohol
consumption increases the risk of both ischemicrerdorrhagic stroke.

Numerous mechanisms have been proposed for theveupaotective effect of alcohol towards
vascular disease, namely increased levels of hagisity lipoprotein cholesterol, decreased levels
of low-density lipoprotein cholesterol, reductionglatelet aggregation, beneficial effects on
inflammation [175, 179]. Anti-atherogenic and atmiembotic effects together with improvement
of endothelial function were nevertheless mainlyidgd to non-alcoholic components
(polyphenols) of alcoholic beverages [174, 179, 88@)]. The blood pressure modulating effect of

alcohol [179, 180] could further explain the linktlveen alcohol and stroke.

4. DIETARY PATTERNS
The relationship between different dietary patteand risk of stroke has been extensively explored.
The adherence to a given dietary model is usuaBgssed by two alternative approaches. The ‘a
priori-defined’ approach is based on predefined giimlity indices using current nutrition
knowledge; the ‘a posteriori’ methodology reliesstatistical techniques, and is known as

“empirically or data-driven defined dietary patterfil81].

“A priori"—defined dietary indices

Mediterranean diet

The traditional Mediterranean diet (MD) is intendedthe one typically consumed in the early
1950s and 1960s by the populations bordering théitsleanean Sea. It is essentially characterized
by a wide consumption of fruits and vegetables-rafimed grains, nuts, legumes, fish, olive oil as
main fat source, moderate wine consumption prelgidlring main meals and low intake of dairy

products and meat [182].
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A recent meta-analysis of 12 studies reported agrge association between degree of adherence to
a Mediterranean dietary pattern and risk for sti@kie: 0.71, 95% CI 0.57-0.89=69.1%) [183].
The analyses regarding sub-categories of strokgrswd an inverse relationship with ischemic
stroke (RR: 0.52, 95%CI 0.28-0.96=86.8%) but no significant association with hemagic

stroke (RR: 0.97, 95%Cl 0.57-1.67=50%).

The meta-analysis by Kontiogianni et al. [181], afdaly the previous one [183] by adding 2 cohort
studies [184, 185] and the PREDIMED randomizedetaen clinical trial [10], revealed that
greater adherence to the MD was associated with|8@84r risk of stroke events (RR:0.68, 95% CI
0.58- 0.79;3=0.0%).

Cerebrovascular advantages from the MD were |a&stigblished also in a US population setting on
20,197 subjects from the REGARDS study [186]. Tindars showed a 21% reduced risk of
ischemic stroke for high vs low adherence to the MIR: 0.79; 0.65—-0.96). No association of
adherence to MD with incident hemorrhagic stroke veand.

A more recent meta-analysis of prospective stugiesrandomized control trials found that
individuals in the highest quantile of adherencéheoMD had lower incidence of stroke (RR: 0.76;
95%C| 0.60-0.96;%£52%) as compared with those least adherent [187].

DASH diet

The Dietary Approaches to Stop Hypertension (DA8id} was specifically developed to target
lowering blood pressure and CVD risk and was inetlds an example of healthy eating pattern in
the 2005 Dietary Guidelines for Americans [188].

Adherence to the DASH diet is appraised by the DASb6te that is based on eight criteria: high
intake of fruits, vegetables, nuts and legumes,levbrains, low-fat dairy products and low intake
of sodium, red and processed meats and sweetewerhges [189].

A meta-analysis of observational prospective stuthat examined the DASH-style diet in relation

to CVD accrued evidence on the protective roléhc dietary pattern against stroke by showing
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that imitating a DASH-like diet can significantlgduce the risk of stroke by 19% (RR:0.81; 95%ClI
0.72-0.92 for highest vs lowest concordance ntife€).0%) [190].

In a prospective cohort study conducted among 33h@&althy men and women aged 20-70 years
recruited in the Dutch segment of the EPIC studinyif et al. found that higher adherence to the
DASH diet (expressed as 1 SD increase in the se@s)associated with lower risk of fatal/non-
fatal stroke (HR:0.90; 95%CI 0.82- 0.99) [191]. tlistinction between ischemic and hemorrhagic
types was provided.

More recently, Larsson et al sought to test the@ason between the DASH diet and stroke
incidence by using data from two large prospedituelies in Sweden for a total sample of 74, 404
men and women (45-83 years of age) [192]. The nemtlDASH diet score was inversely
associated with the risk of ischemic stroke (RR6095%CI 0.78-0.94 for the highest versus the
lowest quatrtile of the score), and showed a treméitd protection against intracerebral hemorrhage
(RR: 0.81; 95%CI 0.63-1.05) or subarachnoid henaweh By using the DASH target intakes for
nine nutrients (total fat, saturated fat, protéiver, cholesterol, calcium, magnesium, potassium
and sodium), Chan et al. highlighted only a treswlards an inverse association between the DASH

diet and risk of stroke in men (HR:0.62; 95%CI 01384) [185].

Other a priori-defined dietary patterns

The Healthy Eating Index (HEI) s summary measure of the degree to which an ingaVsldiet
is aligned with Dietary Guidelines for American908 [189]: in the EPICOR study it was
associated with lower risk of ischemic stroke (HEG4; 95%CI 0.31-0.94) [193].

The healthy Nordic food index includes foods thagioate in Scandinavia, are commonly
consumed in Nordic countries, and are likely toenbgneficial health effects. This resulted in
inclusion of six food groups: rye bread, oatmepplas/pears, cabbages, root vegetables and

fish/shellfish [194]. On the wake of previous do@nted beneficial effects of the Nordic dietary
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pattern on short-term markers of CVD, Roswall etrathe Swedish Women'’s Lifestyle and Health
cohort failed to find any association with risk thfestroke (HR:0.99; 95%CI 0.94-1.04) [194].

The Recommended Food Score (RFS) tries to defmewharall diet quality by discriminating
“healthy” from “less healthy” foods based on digtguidelines and present knowledge [195]. In
the Swedish Mammography Cohort, a higher RFS wsscagted with a 15% reduced risk of total
stroke (RR: 0.85; 95%CI 0.76—0.95) [195]. The w$lcerebral infarction was also reduced by 13%
(RR: 0.87; 95%CI 0.76-0.99) with a non-significamhilarly downward trend for hemorrhagic
stroke (RR: 0.77; 95%CI 0.58-1.01).

Empirically derived dietary patterns

As for the ‘a priori’ defined diets, the associatiaf ‘a posteriori’-identified dietary patterns has
been widely assessed and has produced contrastohiggs.

A recent meta-analysis by Zhang et al. includingtal of 21 studies, in which dietary patterns were
identified by factor analysis or principal compohanalysis, showed lower risk of stroke for the
highest compared with the lowest categories oftiealthy” dietary pattern, which was
characterized by high intakes of vegetables, frtigh, low-fat milk, and whole grains (OR: 0.77;
95%C| 0.64-0.93;%£87%) [196].

A meta-analysis by Rodriguez-Monforte et al. estintathe association between empirically
derived dietary patterns and CVD, by using datenfeaght cohort studies, revealed a non-
significant trend towards an inverse associatidwéen prudent/healthy dietary patterns and risk of
stroke (RR: 0.86; 95% CI 0.74- 1.03=59.5%) (197].

Western dietary patterns

Two recent meta-analyses failed to find any sigarft association between adherence to a
Western-type diet (rich in i.e. red and/or procdsseats, refined grains, sweets) and risk of stroke
[196, 197].

Summary of evidence
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A persuasive body of evidence supports a favonaibeof dietary models characterized by a
relatively high consumption of plant foods (frut®getables, unrefined cereals, legumes, nuts), use
of extra virgin olive oil as main source of fat, devate consumption of fish, milk and dairy

products, and a lower consumption of meat (pasditylof red and processed meats) along with

regular consumption of low-to moderate amountedfwine at the main meals.

DISCUSSION

This document reviews the available evidence froth lobservational and interventional studies
concerning the association between nutritionaltsadnd risk of stroke and provides evidence-
based recommendations for dietary modificationsreabke to reduce stroke morbidity and

mortality rates. A major strength of the preserdudoent is the performance of a systematic review
of the available literature and the adoption afjanous methodology for the assessment of the
value of the evidence provided by each study anthéyneta-analyses thereof, based on the widely
recognized SIGN system. As pointed out [198], prly conducted systematic review is an
efficient way to summarize the best available reseavidence for a focused research question.
Overall, the available literature provides convingcevidence that diet quality affects the risk of
stroke to a significant extent. This may be stdtednany selected nutrients and foods based on the
results of good quality meta-analyses and of studreanimal models which add biological
plausibility to the epidemiological data mainly tiang from observational studies.

The main limitation is given by the substantiaklat randomized controlled intervention trials
specifically designed to test the effect of a gidetary modification on stroke as the primary
outcome. Unfortunately, randomized controlled $riafe expensive, may pose ethical problems and
are difficult to perform because of the need to itoora large study population over a long follow-
up period if the long-term effect of intervention bard health outcomes is to be assessed.

Other limitations are given by the possibility esrdual confounding affecting many observational

studies and by the limited amount of stroke-specédsearch studies.
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Moreover, a common limitation of the studies exjlgrthe role of diet in relation to stroke is the
inadequate discrimination between ischemic and Indragic type of stroke, actually mainly due to
the relatively low incidence of the latter. In fagery few studies reached significant results abou
the possible association between dietary habitgigkaf hemorrhagic stroke. Indeed, the different
physiopathological background of the two typestadke would require a separate evaluation
especially when dealing with potential factorsiskprotection.

Overall, we found a consistent body of evidencestone nutrients and food groups but not for
others. Examples are given by the convincing ewdari the protective role of adequate dietary
calcium or nut intake which translated in a stromgpmmendation in favor, whereas no such
evidence was available in either direction for eggsumption for which accordingly no
recommendation was provided. In some cases, additstudies are obviously needed in order to
clarify their potential contribution to stroke pention. As an example, little is known on the role
sweetened beverages or of some specific foodsaaieygs in modulating the risk of stroke. In
addition, a major research need emerged from tmsensus is a better understanding of the
possible role of non-nutritional components carbigdome foods, including their content in
pesticides, nitrites or heavy metals, which majdyiendesirable health outcomes on a longer-term
basis [199].

A last positive consideration is that the evideacailable with regard to the influence of dietary
patterns appears to be in general more solid tinre available for single nutrients or foods also
thanks to the support provided by a few randomcadrolled trials.

Yet, the SINU Nutrition and Stroke Working Grougoenmendations conform to the concept that
people eat a complex and variable admixture of$padt just nutrients, and that, as a consequence,
dietary patterns provide a better picture of fond autrient consumption and may thus be more
predictive of disease risk as compared with in@kadividual foods or nutrients. Addressing
dietary patterns allows to account for the compieaf overall diet and the potential interactions

between nutrients and food groups [200, 201], thaditating public guidance and minimizing
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industry manipulation [181].
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Table 1. Example of the search strategy model adogd for sodium.

(("sodium, dietary"[MeSH Terms] OR ("sodium"[All &lds] AND "dietary"[All Fields]) OR
"dietary sodium"[All Fields] OR ("dietary"[All Figls] AND "sodium"[All Fields]) OR "dietary
sodium"[All Fields] OR "sodium chloride, dietary"[@$H Terms] OR ("sodium"[All Fields] AND
"chloride"[All Fields] AND "dietary"[All Fields]) R "dietary sodium chloride"[All Fields] OR
("dietary"[All Fields] AND "sodium"[All Fields])) R (("sodium, dietary"[MeSH Terms] OR
("sodium"[All Fields] AND "dietary"[All Fields]) OR"dietary sodium"[All Fields] OR
"sodium”[All Fields] OR "sodium"[MeSH Terms]) ANDhtake[All Fields]) OR ("sodium chloride,
dietary"[MeSH Terms] OR ("sodium"[All Fields] ANDchloride"[All Fields] AND "dietary"[All
Fields]) OR "dietary sodium chloride"[All Fields]RO("dietary"[All Fields] AND "salt"[All
Fields]) OR "dietary salt"[All Fields]) OR (("sodm chloride"[MeSH Terms] OR ("sodium"[All
Fields] AND "chloride"[All Fields]) OR "sodium chtale"[All Fields] OR "salt"[All Fields]) AND

intake[All Fields])) AND ("stroke"[MeSH Terms] ORstroke"[All Fields]).
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Table 2. Revised grading system for recommendations evidence based guidelines.

Levels of evidence

1++ High quality meta-analyses, systematic reviewR@T's, or RCTs with a very low risk
of bias.

1+ Well conducted meta-analyses, systematic revidw&d's, or RCTs with a low risk of
bias.

1- Meta-analyses, systematic reviews or RCTs, or R@ifsa high risk of bias.

2++ High quality systematic reviews of case-controtonort studiesr high quality case-
control or cohort studies with a very low risk @indounding, bias, or chance and a high
probability that the relationship is causal.

2+ Well conducted case-control or cohort studies witbw risk of confounding, bias, or
chance and a moderate probability that the relshignis causal.

2- Case-control or cohort studies with a high riskaffounding, bias, or chance and a
significant risk that the relationship is not cdusa

3 Non-analytic studies, e.g. case reports, casesseri

4 Expert opinion.

Grades of recommendation *

Undesirable consequences clearly outweigh

desirable consequences Strong recommendation against

Undesirable consequences probably outweigh

desirable consequences Conditional recommendation against

Balance between desirable and undesirable

consequences is closely balanced or uncertain. Recommendation for research and possibly
conditional recommendation for use
restricted to trials

Desirable consequences probably outweigh

undesirable consequences Conditional recommendation for

Desirable consequences clearly outweigh

undesirable consequences Strong recommendation for

*From ref. 16

66



Table 3 Syntheses and recommendations for micronuants, macronutrients, food groups and dietary pagrns

. . . . . Level of Strength
Dietary component Synthesis Potential mechanisms Recommendation . & .
evidence of recommendation
Micronutrients
Electrolytes
An adequate dietary calcium
Higher dairy calcium intake . - intake is recommended
. & . Y . Possible beneficial effects .
is associated with lower . according to age.
. of low-fat dairy products on . . .
stroke risk. This may be attained in the .
. . . L blood pressure and . Strong recommendation
Dietary calcium Higher total calcium intake . . context of a balanced diet 2++ .
. - . systemic inflammation, . in favor
is beneficial in populations . . . through lower fat milk and
. . particularly in overweight .
with a relatively low e e dairy products, vegetables,
L individuals . .
average calcium intake. legumes and calcium-rich
drinking water.
. Extreme caution should be
Calcium supplements may . -
. . used in the prescription of .
. increase the risk of . Strong recommendation
Calcium supplement o . calcium supplements, unless 1+ .
myocardial infarction and against
needed to correct proven
stroke. .
deficits.
- Beneficial effects on blood | An adequate dietary
Inverse association i . magnesium intake is
Magnesium between dietary przs;t:re,dl?sgdln resistance, recimmended according to 944 Strong recommendation
g magnesium intake and and b}eod Rgids. & in favor
. . . age.
ischemic stroke risk.
Evidence of an inverse
association between
potassium intake and risk Dietary potassium intake
. of stroke. Blood pressure lowering should be increased possibly Strong recommendation
Potassium e 2++ .
The association is likely to effect. to 100 mmol (3.9 g)/ day in favor
be more favorable for
ischemic rather than for
hemorrhagic stroke.
There is solid evidence on . . Sodium (salt) intake should
- . Strong relationship .
. the association of higher . be reduced to or below 2 Strong recommgendation
Sodium between salt intake and 2++

salt intake and risk of
stroke.

blood pressure.

g/day (5 g of salt)

against




Vitamins and antioxidants

Adequate dietary folate
intake has been associated
with lower risk of stroke, in

The beneficial effect is
likely to be independent

Regular consumption of high

Strong recommendation

Folates . . . . folate-containing foods 2++ .
particular of the ischemic from homocysteine. in favor
should be promoted.
type.
The association between
dietary or plasma levels of Strong recommendation
Vitamin Bg, Vitamin By, Vitamin B¢, Vitamin B, 2+ . &
. S against
with stroke risk is
uncertain.
No association between
vit. A intake and stroke The use of antioxidant
risk. Both higher dietary vitamin supplements for the Strong recommendation
Vitamin A, Vitamin E and supplemented vitamin prevention of stroke is not 2+ . g
. . J against
E intakes are associated indicated.
with increased risk of
hemorrhagic stroke.
. . Prevention of endothelial . .
Both higher dietary and . . An adequate dietary intake of .
N o dysfunction, anti- R Strong recommendation
Vitamin C blood levels of vitamin C . . vitamin C is recommended. 2+ .
. . inflammatory and anti- in favor
have been associated with hvpertensive role
reduced risk of stroke. s '
No support for the use of Vitamin Bg, Vitamin By,/folate
Folates, Vitamin Bg, Vitamin ahtiexidantvitamin supplements are not 1+ Strong recommendation
B, supplements supplements in the beneficial for the prevention against
prevention of stroke. of stroke.
Vitamin D deficiency, as
Favorable role on blood - Y
N . . e indicated by a plasma
Low blood levels of vitamin | pressure, insulin sensitivity, . .
. . . . . . . concentration of 25- Strong recommendation
Vitamin D D are associated with renin-angiotensin system, 2++

increased stroke incidence.

endothelial function,
proliferation of vascular
smooth muscle cells,

hydroxycholecalciferol below
50 nmol/L (20 ng/mL) must
be corrected appropriately.

in favor
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regulation of parathyroid
hormone levels.

Dietary fiber intake is
associated with reduced

Reduction of blood
pressure levels,

Dietary fiber intake should be

Strong recommendation

Dietary fiber risk of stroke: effect more imp_)rovemer)t.of insu.Iin increased .to 25 g/day by 2++ in favor
. . resistance, lipid profile consumption of adequate
pronounced for ischemic _ o .
fibrinolysis, inflammation amounts of plant foods.
stroke and for women. . .
and endothelial function.
Macronutrients
Carbohydrates
Vascular injury induced by A low-glycemic load diet is
a chronic increase in blood recommended.
glucose and postprandial
A high dietary GLis . insulinemia, whiFh a.ct See related food (i.e.
associated with the risk of | through both oxidative
Carbohydrate, Gl and GL . . 2++ Cereals or Sweetened
stroke while total CHO stress and a sub-clinical
. . . . beverages)
intake and Gl are not systemic inflammation with
production of oxidized
lipoproteins and AGEs.
No relationship between The intake of MUFA-rich See related food
Dietary MUFA dietary MUFA and risk of foods should be encouraged i (v.egetaiIbIe source.s: i.e.
stroke. olive oil, nuts; animal
sources: i.e. lard, meat)
No association was found The intake of SFA-rich foods
between dietary SFAs should be limited according
intake and stroke. to specific guideline See related food (i.e.
Dietary SFA Reduction or substitution recommendations. 2++ butter, dairy products,
of SFAs with PUFAs or meat, seasoned cheese).
MUFAs is not associated
with stroke risk.
No association between The intake of foods rich in
TFA should be limited S lated food (i.e.
Dietary TFA TFA intake and risk of > 9u € |m'| 'e - 2+ ee rea'l ed food (i.e
according to specific guideline margarine, butter).
stroke. -
recommendations.
Dietary PUFAs No association between The intake of foods rich in 2++ See related food (i.e.
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omega-3 long chain fatty
acids or a-linolenic acid
with either ischemic or
hemorrhagic stroke.

PUFA should be encouraged
according to specific guideline
recommendations.

vegetable oils, nuts, fish).

Evidence from intervention
studies of primary and
secondary prevention of
stroke failed to find any

Strong recommendation

PUFA supplements association between Use of fat supplementation 1+ .
. ) against
omega-3 fatty acid should be avoided.
supplementation and
either ischemic or
hemorrhagic stroke.
It is suggested to refer to See related food (animal
No sufficient evidence in . .gg . . ( .
. guideline specific sources: i.e. meat, fish,
. support of any association .
Protein . . recommendations on foods 2++ eggs, seasoned cheese;
between dietary protein . . .
. containing either vegetable or vegetable sources: i.e.
intake and stroke. " .
animal proteins. legumes, nuts)
Food groups
Vegetables sources
Fruit and vegetable intake
Solid evidence of a dose- should be increased to 5
dependent inverse servings a day to ensure
association between higher | Reduction of blood adequate intakes of dietary .
. . . > ) . . Strong recommendation
Fruits and vegetables fruit and vegetables intake | pressure and improvement | fibers, minerals (potassium, 2++ in favor
and reduced risk of total, of microvascular function. magnesium), vitamins (e.g.
ischemic and hemorrhagic folic acid) and other
stroke. nutrients.
Dietary intake of legumes is
recommended in line with
No association between beneficial effects
Legumes legumes intake and stroke documented for 2++
risk. cardiovascular health.
Evidence of beneficial Improvement of markers of | Regular nut intake should be .
. . N . . Strong recommendation
Nuts effect of nut intake against | oxidation, inflammation encouraged (20-30 g/die) 1-

stroke risk.

and endothelial function.

In the framework of a well-

in favor
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balanced diet in view of their
well-documented
cardiovascular health benefits

Limited evidence for a

Improvement of blood
pressure, body weight,
insulin —resistance, lipid

Dietary intake of whole-grain
cereals should be

Whole-grain Cereals reduced risk of stroke at . o recommended in line with 2+
. . profile and subclinical .
higher intakes. . . documented cardiovascular
inflammation.
advantages.
. . Combined effect of Extra virgin olive oil (EVOO) is
Evidence of a reduced risk - L .
. . . . polyphenols, tocopherols indicated as main dietary fat Strong recommendation
Olive oil of stroke for higher intakes 1+ .
2 . and monounsaturated fatty | source. in favor
of extra virgin olive oil. .
acids.
Increased high-density Regular and moderate
lipoprotein (HDL), consumption of dark
Moderate intake of dark pop ( ) . P
. . decreased low-density chocolate should be .
chocolate is associated . . . - . Strong recommendation
Chocolate . . lipoprotein (LDL) oxidation, | encouraged, also in light of its | 2++ .
with reduced risk of total . . . in favor
improved endothelial documented cardiovascular
stroke. .
function and reduced blood | health advantages.
pressure.
Animal sources
Fat or semi-fat fish intake is
. PUFA, vitamin D and B, i
Reduced risk of total and YI amin ' an recommend.ed .at Ieast. twice
. : L potassium, calcium and a week also in light of its
ischemic stroke with higher . . ) .
. . ) magnesium contained in largely documented Strong recommendation
Fish fish consumption. No . - 2++ .
. L . fish may have favorable cardiovascular health in favor
consistent association with
. vascular effects. advantages.
hemorrhagic stroke.
Likely linked to Dietary intake of meat should
High intake of meat and the unfavorable effects of be limited to 1-2 times a
processed meat is SFA content, high heme, week; however, consumption .
. . . . - . ! ! Strong recommendation
Meat and processed meat associated with a higher lipid peroxidation, and high | of processed meat should be 2++ against
risk of total and ischemic salt content of processed only occasional. &
stroke. meat on blood pressure.
Milk and dairy products Lower risk of ischemic and Possibly mediated by high Regular consumption of low 2++ Strong recommendation
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hemorrhagic stroke
observed with regular
moderate consumption of
low-fat milk and dairy
products.

content of calcium,
magnesium, potassium and
bioactive peptides.

fat milk and dairy products is
recommended.

in favor

No association with either

No recommendation can be

Eggs ischemic or hemorrhagic . 2++
provided
stroke was documented.
Beverages
Regular coffee intake is . Moderate coffee
. . . Polyphenols, chlorogenic ) .
associated with lower risk . . . consumption is Strong recommendation
Coffee . . acid, caffeine, niacine and 2++ )
of total and ischemic lienans recommended. in favor
stroke. & )
Higher tea consumption is Moderate consumption of tea
& . . P Favorable health effects of . P . .
associated with reduced .. . (and particularly green tea) is Strong recommendation
Tea . . . antioxidants, catechins e 2++ .
risk of total, ischemic and . recommended. in favor
. theanine.
hemorrhagic strokes.
Consumption of The consumption of
sweetened beverages is Unfavorable effect on LDL- | sweetened beverages should Strong recommendation
Sweetened beverages associated with Increased cholesterol, VLDL, blood be discouraged. 2++ 3 ainft
risk of total and ischemic glucose and insulin. &
stroke
Moderate consumption is
associated with Improved Alcohol intake should be
Evidence of a J-shaped lipid profile, reduction in limited to 1 drink per day for Strong recommendation
relationship between platelet aggregation, women and to 2 drinks per in favir of moderate and
ethanol intake and stroke beneficial effects on day for men. recular intake
Alcohol risk. Alcohol abuse is inflammation, 2++ Strgon recomr.nendation
associated with increased antiatherogenic and anti- 3 ainft alcohol intake
risk of total, ischemic and thrombotic effects and aﬁove moderate amounts
hemorrhagic stroke. regulation of endothelial ’
function and blood
pressure.
Dietary patterns
Mediterranean-type A Mediterranean dietary Possibly related to anti- A Mediterranean-type of diet, 1+ Strong recommendation

pattern is associated with

inflammatory, antioxidant,

rich in fruits, nuts, vegetables,

in favor
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lower morbidity and
mortality from stroke.

anti-atherogenic and
antithrombotic action of
main components of the
Mediterranean diet.

non-refined grains, fish, extra
virgin olive oil as main fat
source, moderate intakes of
low-fat milk and dairy
products but low in meat and
processed meat, and
moderate intake of alcohol
during main meals, is highly
recommended.

A DASH dietary pattern is

Possibly related to large
amount of plant foods and

A DASH dietary pattern can

Strong recommendation

DASH diet associated with reduced . 2++ )
. dairy products and to low be recommended. in favor
risk of stroke. .
salt intake.
Favorable association . Other healthy dietary
. . Possibly related to large .
Other healthy dietary between stroke risk and patterns, mainly based on
. amounts of vegetable 2++
patterns other healthy dietary . large amounts of plant foods,
dietary sources.
patterns. are acceptable.
. . A Western dietary pattern
No consistent evidence .
. should be discouraged
available on the . .
. . because of its well- Strong recommendation
Western dietary patterns association between 2++

Western-type diets and
risk of stroke.

documented adverse effects
on CVD health and risk
factors.

against
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Highlights

» Systematic review of nutrition-related risk factors for primary prevention of stroke
* Evidence organized into three individual areas to provide a user-friendly overview
* Quality of evidence and strengths of the recommendations by validated tools

» 36 Syntheses and 36 Recommendations were eventually prepared



