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Abstract

Stroke is a leading cause of death and disability, with high individual, social and economic costs. Diet has been identified as a
modifiable risk factor for cardiovascular diseases and stroke in several large epidemiological studies. The evaluation of foods
groups and dietary patterns provides a more realistic representation of actual dietary intake, and gives clues to developing
guidelines aimed at general population. We review the role of Mediterranean diet, fruit and vegetables, and olive oil
consumption, on the risk of stroke and other vascular outcomes. Findings from major studies indicate that, together with a
healthy lifestyle, the traditional Mediterranean way of eating, including social and cultural components, and inscribed on the
Representative List of the Intangible Cultural Heritage of Humanity by UNESCO, may be considered a cost-effective
intervention to reduce the human, social and economic burden of stroke and cardiovascular disease.
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1. Introduction

Stroke is a leading cause of death and disability, with about 16 million events occurring annually in the world,
causing a total of 5.7 million deaths (Strong et al., 2007). As a consequence, stroke ranks as the second cause of
death in the world population after ischaemic heart disease (the third only if neoplastic diseases are considered as a
group) (Di Carlo, 2009).
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Stroke is also a costly disease. In western countries, on average, 0.27% of gross domestic product is spent on
stroke by national health systems, and stroke care accounts for about 3% of total health care expenditures (Evers et
a., 2004). In the 27 EU countries, total annual cost of stroke is estimated at €27.2 billion, €19.1 billion (70.2%) for
direct and €8.1 billion (29.8%) for indirect costs. A further sum of €11.1 billion is calculated for the value of
informal care (Nichols et al., 2012).

Italy is one of the countries with the most rapidly increasing percentages of elderly population, a prevalence of
stroke in people aged over 65 years of 6.5%, and about 200,000 new stroke cases expected each year (Di Carlo et
al., 2003).

Given the significant impact on public health, the identification of possible modifiable risk factors is essential to
reduce the burden of this condition. In particular, diet has been identified as a modifiable risk factor for stroke in
several large epidemiological studies, and the evaluation of population attributable risk indicates that we can
achieve a significant reduction in incidence through generalized prevention campaigns aimed at education to healthy
lifestyle (Boden-Albala and Sacco, 2000; O’ Donnell et a., 2010; Agnoli et al., 2011; Tikk et al., 2014).

In past decades, clinical research in nutrition and its relation with diseases was centered on micro- or macro-
nutrients, such as vitamins, while more recently a growing body of evidence focused on the relevance of foods
groups (e.g., fruits), or dietary patterns and their role on the incidence of cardiovascular diseases and stroke
(Dearborn et al., 2015). Dietary patterns are more realistic representations of actual dietary intake, and are also
useful for developing guidelines for the general population (Agnoli et al., 2011), as they are closer to behaviours that
can be modified than nutrient intakes (Hulshof et al., 2001).

We will review main evidences on the links between nutrition and cerebrovascular disease, focusing on fruit and
vegetables, and olive oil, considered in light of their role as components of the Mediterranean diet.

2. Fruit and vegetables consumption and stroke risk

In 2005, the World Health Organization evaluated the total worldwide mortality attributable to inadequate
consumption of fruit and vegetables to be up to 2.64 million deaths per year. Increasing individual fruit and
vegetable consumption up to 600 g per day (the baseline of choice) could reduce the burden of ischemic heart
disease and stroke by 31% and 19%, respectively (Lock et al. 2005).

The role of fruit and vegetables consumption on the risk of stroke was evaluated in a series of cohort studies.

The Finnish Mobile Clinic Health Examination Survey evaluated the relationship between consumption of plant
foods (i.e. fruits and berries, vegetables, and cereals) and incidence of cerebrovascular disease in a population with
low fruit and vegetable and high wholegrain intake. A cohort of 3,932 men and women, aged 40-74 years and free
of cardiovascular diseases at baseline, was followed for 24 years. An inverse association was found between fruit
consumption and the incidence of cerebrovascular diseases, ischemic stroke and intracerebral hemorrhage, with a
risk reduction of 25%, 27% and 53%, respectively. These associations were primarily due to the consumption of
citrus fruits and cruciferous vegetables (Mizrahi et al. 2009).

In the Japan Collaborative Cohort Study for Evaluation of Cancer Risk, 25,206 men and 34,279 women aged 40-
79 years were followed for 13 years. Fruit intake in the highest versus the lowest quartiles was inversely associated
with vascular mortality, mortality from stroke (33% risk reduction), and total mortality (Nagura et al., 2009).

In a prospective study in Sweden on 74,961 participants free from stroke, coronary heart disease, and cancer at
baseline, followed for a mean of 10.2 years, a comparison of the highest versus the lowest category of total fruit and
vegetable consumption showed a multivariable relative risk reduction for total stroke of 13% (Larsson et al., 2013).

The associations between food group consumption and risk of death from stroke among ethnic groups in the
United States was evaluated in the US Multiethnic Cohort Study, including >215,000 participants of 5 ethnic
groups: African Americans, Native Hawaiians, Japanese Americans, Latinos, and Caucasians. Vegetable intake was
associated with a significant reduction in risk for fatal stroke among African American women. Among Japanese
American women only, high fruit intake was significantly associated with a risk reduction for stroke mortality.
Among men, a significant reduction in stroke mortality was observed among Native Hawaiians (Sharma et al.,
2013).

The Swedish Mammography Cohort and the Cohort of Swedish Men included 69,677 participants aged 45-83
years, followed for 10.3 years. High intakes of total fiber and fiber from fruits and vegetables but not from cereals
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were inversely associated with risk of stroke. After adjustment for other risk factors, comparing the highest versus
the lowest quintile of intake, a risk reduction of 10% for total fiber and vegetable fiber, and 15% for fruit fiber was
found for total stroke incidence (Larsson and Wolk, 2014).

Two meta-analyses evaluated the relation between fruit and vegetable intake and incidence of stroke in cohort
studies.

The first one considered 8 studies, including 257,551 individuals (4,917 stroke events) with an average follow-up
of 13 years. Compared with individuals who had less than three servings of fruit and vegetables per day, the pooled
relative risk of stroke was 0.89 (95% CI 0.83-0.97) for those with three to five servings per day, and 0.74 (95% ClI,
0.69-0.79) for those with more than five servings per day. Fruit and vegetables showed a significant protective effect
on both ischemic and hemorrhagic stroke in subgroup analyses (He et al., 2006).

The more recent meta-analysis included 20 prospective cohort studies, 760,629 participants and 16,981 stroke
events. The multivariable relative risk of stroke for the highest versus lowest category of total fruits and vegetables
consumption was 0.79 (95% CI, 0.75-0.84). The relative risk was 0.77 (95% ClI, 0.71-0.84) for fruits consumption,
and 0.86 (95% CI, 0.79-0.93) for vegetables consumption. Citrus fruits, apples/pears, and leafy vegetables seemed
those more contributing to the protection. Every 200 g per day increment in fruits and vegetables consumption
decreased the risk of stroke by 32% and 11%, respectively (Hu et al., 2014).

3. Olive oil consumption and stroke risk

Oleic acid is a monounsaturated fatty acid (MUFA), and represents about 90% of all MUFA provided in the diet.
According to the European Prospective Investigation into Cancer and Nutrition (EPIC), performed in 27 centers
across 10 countries, extra virgin olive oil was the most dominant source of this type of fatty acid in Italy, Greece,
and Spain, whereas in most other EPIC centers the main contributors to total MUFA intake were meat and meat
products, added fats and dairy products (Linseisen et al., 2009). High consumption of olive oil is among main
characteristics of the Mediterranean diet, and is considered a major contributor to its protective effect on the
cardiovascular system (L6pez-Miranda et al., 2010).

In the Greek arm of the EPIC Study, intakes of olive oil, vegetables, and fruit were significantly and inversely
associated with both systolic and diastolic blood pressure, with a dominant beneficial effect of olive oil
(Psaltopoulou et al. 2004). In the Spanish population of the EPIC Study, including 40,622 participants aged 29-69
years, in comparison with non-consumers, the highest quartile of olive oil consumption was associated with a 26%
reduction in risk of overall mortality and a 44% reduction in risk of cardiovascular mortality (Buckland et al., 2012).

The possible protective effect of olive oil on the risk of incident stroke was evaluated among participants from
the Three-City (Bordeaux, Dijon and Montpellier) Study with no history of stroke at baseline, in a main sample of
7,625 subjects for olive oil consumption and in a secondary sample of 1,245 subjects for plasma oleic acid. The
median follow-up was 5.25 years. Intensive use of olive oil was linked to a 41% lower risk of stroke. In the
secondary sample, higher plasma oleic acid was associated with lower stroke incidence. Compared to those in the
first tertile, participants in the third tertile of plasma oleic acid had a 73% reduction of stroke risk (Samieri et al.,
2011).

In the cohort of 23,601 participants from the Greek segment of the EPIC Study free of cardiovascular diseases
and cancer at baseline, during a median follow-up period of 10.6 years, a 23 g/day increment in consumption of
olive oil was inversely associated with stroke incidence (20% risk reduction) and mortality (11% risk reduction)
(Misirli et al., 2012).

In a meta-analysis of 32 cohort studies including 841,211 subjects, the comparison of the top versus bottom third
of the distribution of a combination of MUFA (of both plant and animal origin), olive oil, oleic acid, and
MUFA/saturated fatty acids ratio resulted in a significant risk reduction for all-cause mortality, cardiovascular
mortality, cardiovascular events, and stroke. In particular, the risk for incident stroke was reduced by 17%
considering all MUFA combined, and by 40% considering only olive oil intake (Schwingshackl and Hoffman,
2014).
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4. Towards a synthesis: Mediterranean diet and stroke risk

Mediterranean diet is among dietary patterns most often considered for a possible impact on stroke burden in the
general population. The traditional Mediterranean diet is characterized by olive oil as the principal source of fat, a
high intake of fruit, nuts, vegetables, legumes and cereals; a moderate intake of fish and poultry; a low intake of
dairy products, red meat, processed meats, and sweets; and wine consumed in low to moderate amounts, usually
with meals (Willett et al., 1995).

Adherence to Mediterranean diet was found to reduce the risk of hypertension (Psaltopoulou et al. 2004),
diabetes (Martinez-Gonzalez et al. 2008), coronary heart disease (Buckland et al., 2009), obesity (Buckland et al.,
2008), and metabolic syndrome (Salas-Salvadé J et al., 2008). A meta-analysis of prospective studies, including a
total of 2,190,627 subjects, showed that a 2-point increase in adherence to the Mediterranean diet was associated
with a significant reduction of overall mortality, cardiovascular incidence or mortality, cancer incidence or
mortality, and incidence of neurodegenerative diseases (Sofi et al., 2010). In a meta-analysis of randomized
controlled trials comparing Mediterranean to low-fat diets, individuals assigned to a Mediterranean diet had more
favorable changes in weighted mean differences of body weight, body mass index, systolic blood pressure, diastolic
blood pressure, fasting plasma glucose, total cholesterol, and high-sensitivity C-reactive protein (Nordmann et al.,
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2011).

The specific role of Mediterranean diet on cardiovascular and stroke risk has been evaluated in cohort studies and
in primary prevention trials inside and outside the Mediterranean basin (Table 1).

Table 1. Mediterranean diet and risk of stroke and other vascular events in longitudinal studies.

Author, Study No. Years of Comparison Outcome Relative risk (95% CI)
year participants  follow-
up
Fungetal., Nurses 74,886 20 Top vs. bottom Coronary heart disease 0.71 (0.62-0.82)
2009* Health quintile of Fatal coronary heart disease ~ 0.58 (0.45-0.75)
Study alternate Stroke 0.87 (0.73-1.02)
Mediterranean Fatal stroke 0.69 (0.44-1.07)
diet score Vascular death 0.61 (0.49-0.76)
Gardener Norhern 2,568 9 Top vs. bottom Combined ischemic stroke,
etal., Manhattan quintile of myocardial infarction and )
2011% Study Mediterranean vascular death 0.75(0.56-0.99)
diet score
Agnoli et EPICOR 40,681 7.9 Highest vs. lowest  All stroke 0.47 (0.30-0.75)
al., 20118 tertile on the Ischemic stroke 0.37 (0.19-0.70)
Italian Hemorrhagic stroke 0.51 (0.22-1.20)
Mediterranean
Index
Hoevenaar-  EPIC-NL 34,708 12 2-unit increment Total cardiovascular disease  0.95 (0.91-0.98)
Bloom et Cohort in Mediterranean Fatal cardiovascular disease  0.78 (0.69-0.88)
al., 2012%  study diet score Myocardial infarction 0.86 (0.79-0.93)
Stroke 0.88 (0.78-1.00)
Estruch et PREDIMED 7,447 48 Mediterranean Myocardial infarction, 0.70 (0.54-0.92) (olive oil)
al., 2013  Study diet supplemented  stroke or vascular death 0.72 (0.54-0.96) (nuts)

with extra-virgin
olive oil or nuts
vs. control group

Stroke

0.67 (0.46-0.98) (olive oil)
0.54 (0.35-0.84) (nuts)

In the Nurses' Health Study, a total of 74,886 women aged 38-63 years, without a history of cardiovascular
disease, were followed for two decades. A greater adherence to the Mediterranean diet was associated with a 29%
and 13% lower risk of incident coronary heart disease and stroke, respectively (Fung et al., 2009).



766 Antonio Di Carlo et al. / Agriculture and Agricultural Science Procedia 8 (2016) 762 — 768

In 2,568 participants in the Northern Manhattan Study, increased adherence to Mediterranean diet over a mean
follow-up of 9 years was inversely associated with a 25% reduction of the composite outcome of ischemic stroke,
myocardial infarction or vascular death (Gardener et al., 2011).

The EPICOR study evaluated the association between stroke and adherence to different dietary patterns (Agnoli
et al., 2011). An Italian Mediterranean Index adapted the Greek Mediterranean Index to Italian eating behavior, and
was based on intake of 11 items: high intakes of 6 typical Mediterranean foods (pasta; typical Mediterranean
vegetables such as raw tomatoes, leafy vegetables, onion, and garlic, salad, and fruiting vegetables; fruit; legumes;
olive oil; and fish); low intakes of 4 non-Mediterranean foods (soft drinks, butter, red meat, and potatoes); and also
alcohol. A total of 40,681 volunteers were followed for a mean follow-up of 7.9 years. A diet with a high score on
the Italian Index was associated with the greatest risk reduction of incidence of all types of stroke (53%), ischemic
(63%) and hemorrhagic stroke (49%).

In the EPIC-NL Study, a cohort of 34,708 participants free of cardiovascular disease at baseline were followed
for 12 years. A 2-unit increment in the Mediterranean Diet Score was inversely associated with incidence of fatal
and total cardiovascular disease, stroke (12% risk reduction), myocardial infarction and pulmonary embolism
(Hoevenaar-Blom et al., 2012).

The PREDIMED study was a multicenter Spanish trial which enrolled 7,447 persons (aged 55-80 years) at high
cardiovascular risk, but with no cardiovascular disease at enrollment. Participants were randomly assigned to one of
three diets: a Mediterranean diet supplemented with extra-virgin olive oil, a Mediterranean diet supplemented with
mixed nuts, or a control diet (advice to reduce dietary fat). The primary end point was the rate of major
cardiovascular events (myocardial infarction, stroke, or death from cardiovascular causes). The trial was stopped on
the basis of the results of an interim analysis, after a median follow-up of 4.8 years. Main findings were a 28%
reduction of major cardiovascular events for the group assigned to a Mediterranean diet with nuts and a 30%
reduction for the group assigned to a Mediterranean diet with extra-virgin olive oil, compared with the control
group. Regarding components of the primary end point, only the comparisons of stroke risk, with a 33% (olive oil)
and 46% (nuts) reduction, reached statistical significance (Estruch et al., 2013).

A meta-analysis evaluated the association between adherence to a Mediterranean diet and risk of stroke,
depression, and cognitive impairment. Eleven studies covered stroke, and included 162,092 subjects. High
adherence to Mediterranean diet was associated with a 29% reduced risk for stroke, 32% reduced risk of depression
and 40% of cognitive impairment (Psaltopoulou et al., 2013).

Comparable data on stroke incidence across European countries are lacking, as well as data which may relate
different dietary patterns to stroke incidence in different countries. In the European Registers of Stroke (EROS)
Study, population-based stroke registers were established in 6 European countries: France (Dijon); Italy (Sesto
Fiorentino, northwest of Florence); Lithuania (Kaunas); the United Kingdom (London); Spain (Menorca); and
Poland (Warsaw) (Heuschmann et al., 2009). Standardized criteria were used among these register including
overlapping sources of notification. Overall, a source population of 1,087,048 inhabitants was observed, for a total
of 2,129 patients with first stroke. Higher incidence rates of stroke were observed in eastern and lower rates in
southern European countries, namely Italy and Spain. Total stroke incidence per 100,000, adjusted to the European
population, ranged in men from 101.2 and 116.3 in Sesto Fiorentino and Menorca to 239.3 in Kaunas, and in women
from 63.0 and 65.8 in Sesto Fiorentino and Menorca to 158.7 in Kaunas. Unfortunately, dietary habits were not
available in the EROS Study, therefore we can only have indirect inference to suggest that lower rates observed in
southern European countries (Spain and Italy) may in part depend on Mediterranean diet. We know from the EPIC
survey that extra virgin olive oil is the most dominant source of MUFA in Italy and Spain, and Florence was one of
the Italian centers involved in EPIC (Linseisen et al., 2009).

5. Conclusions

The effect of Mediterranean diet on vascular system, and on stroke in particular, relies undoubtedly on single
components, but it is maximized in the diet considered as a whole. Moreover, the potential role of some
components is still non completely understood. For instance, olive oil, with its content of oleic acid, is considered a
major contributor to the beneficial effect of Mediterranean diet on the vascular system, in light of the protective
associations with hypertension, diabetes, lipid profile, coronary artery disease, metabolic syndrome and obesity
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(Lopez-Miranda et al., 2010). However, olive oil contains hundreds of nonfat components with potential biological
relevance, antioxidant and anti-inflammatory properties, including phenolic compounds, squalene, vitamin E,
carotenoids, chlorophyll (Covas et al., 2006; Scarmeas and Dauchet, 2011). Also, more data are needed on the role
of moderate wine consumption on incidence of and mortality from stroke and cardiovascular disease (Klatsky et al.,
2003; Artero et al., 2015).

In 2013 the Mediterranean diet was inscribed on the Representative List of the Intangible Cultural Heritage of
Humanity by UNESCO. In the motivations, it was underlined that “the Mediterranean diet involves a set of skills,
knowledge, rituals, symbols and traditions concerning crops, harvesting, fishing, animal husbandry, conservation,
processing, cooking, and particularly the sharing and consumption of food. Eating together is the foundation of the
cultural identity and continuity of communities throughout the Mediterranean basin. It is a moment of social
exchange and communication, an affirmation and renewal of family, group or community identity” (UNESCO,
2015).

Therefore, the cultural and social aspects of a Mediterranean way of eating are considered essential, together
with the specific components of the diet. Unfortunately, as evidenced by Willet: “Ironically, the major benefactors
in the research on the Mediterranean lifestyle and health have not been the Mediterranean countries’. For example,
the countries of Northern Europe had the highest rates of cardiovascular disease in the world, but after adoption of
many of the features of the Mediterranean diet, their life expectancy has increased dramatically. By contrast,
lifestyles have changed in the Mediterranean area toward those of Northern Europe. The changes have not been in
diet alone as the role of physical activity has also clearly declined (Willet, 2006).

In light of reported evidence, we can conclude that there is now a considerable amount of research suggesting the
necessity for reappraisal, preservation and promotion of Mediterranean diet. Together with a healthy lifestyle, it is a
cost-effective intervention to reduce the human, social and economic burden of stroke and cardiovascular disease.
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