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Abstract This review aims at summarizing updated evidence on cardiovascular disease (CVD) risk associated with consump-
tion of specific food items to substantiate dietary strategies for atherosclerosis prevention. A systematic search on
PubMed was performed to identify meta-analyses of cohort studies and RCTs with CVD outcomes. The evidence
is highly concordant in showing that, for the healthy adult population, low consumption of salt and foods of animal
origin, and increased intake of plant-based foods—whole grains, fruits, vegetables, legumes, and nuts—are linked
with reduced atherosclerosis risk. The same applies for the replacement of butter and other animal/tropical fats
with olive oil and other unsaturated-fat-rich oil. Although the literature reviewed overall endorses scientific society
dietary recommendations, some relevant novelties emerge. With regard to meat, new evidence differentiates proc-
essed and red meat—both associated with increased CVD risk—from poultry, showing a neutral relationship with
CVD for moderate intakes. Moreover, the preferential use of low-fat dairies in the healthy population is not sup-
ported by recent data, since both full-fat and low-fat dairies, in moderate amounts and in the context of a balanced
diet, are not associated with increased CVD risk; furthermore, small quantities of cheese and regular yogurt con-
sumption are even linked with a protective effect. Among other animal protein sources, moderate fish consumption
is also supported by the latest evidence, although there might be sustainability concerns. New data endorse the re-
placement of most high glycemic index (GI) foods with both whole grain and low GI cereal foods. As for beverages,
low consumption not only of alcohol, but also of coffee and tea is associated with a reduced atherosclerosis risk
while soft drinks show a direct relationship with CVD risk. This review provides evidence-based support for pro-
moting appropriate food choices for atherosclerosis prevention in the general population.
...................................................................................................................................................................
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1. Introduction

There is strong evidence that dietary factors can influence the develop-
ment of atherosclerosis directly, or through their effects on traditional
risk factors, such as plasma lipids, blood pressure, and plasma glucose.
However, this evidence is only partially based on randomized clinical
trials (RCTs) with hard endpoints. In fact, although RCTs occupy the
highest position in the hierarchy of evidence among the various study
designs, those on diet and atherosclerotic events are relatively few and
do not always provide consistent results.1

This inconsistency is partly due to methodological problems in the
study conduct and interpretation. In fact, to reliably detect effects on
chronic diseases, trials must evaluate changes in eating behaviours in large,
compliant, and representative populations over long periods. This is not
always feasible since, among other reasons, long-term compliance to rec-
ommended dietary modifications is difficult to achieve; moreover, trial
planning must balance costs and statistical power. In addition, most trials
focus on single dietary changes; however, when the energy intake is kept
constant, eating less of one macronutrient implies necessarily eating more
of others and the type of the replacement can influence the outcomes.1

Against this background, it must be acknowledged that the difficulties
in conducting clinical trials designed to adequately test dietary strategies
for prevention of atherosclerosis make it unlikely that the present re-
search gaps in nutrition research will be filled in the future by this type of
studies.

Therefore, it is reasonable to assume that if the evidence from RCTs
were the only adequate scientific support for dietary recommendations
for atherosclerosis prevention, very few dietary changes would pass the
scrutiny for inclusion in guidelines. This would limit drastically the

possibility to reduce the risk of atherosclerosis in a large number of peo-
ple who do not qualify for lifelong drug treatment. For these reasons, it is
reasonable to embrace also observational studies with hard endpoints in
the evidence in support to dietary recommendations for prevention of
atherosclerotic vascular disease. Long-term prospective cohort studies,
tough based on self-reported dietary assessments and limited by residual
confounding, allow a more successful control for confounding factors
than cross sectional studies and hold several strengths that complement
trial shortcomings.2

However, in the interpretation of the epidemiological evidence, it
should always be considered that foods are mixtures of different nutrients
and non-nutrient bioactive compounds and that characteristics other than
nutrient combination (i.e. physical features of the foods, processing and
cooking procedures) modulate the bioavailability of nutrients and, in turn,
their metabolic effects. Therefore, in recent years research on diet and
atherosclerosis has given more and more emphasis to foods and dietary
patterns rather than to the nutrient’s composition of the diet. This ap-
proach can also facilitate the translation of the information derived from
nutritional research into clinical recommendations. In fact, the general pub-
lic and practising physicians would find it difficult to fully understand and
implement recommendations based on nutrients intake, whereas it would
be easier for them to rely on a guidance based on food groups.3–5

Against this background, the aim of this article is to review and update
evidence on the relationship between diet and atherosclerosis by
highlighting the associations between food choices and coronary heart
disease (CHD) and cardiovascular diseases (CVDs)—the most common
and severe clinical manifestations of atherosclerosis—taking into consid-
eration data from prospective studies and RCTs—when available—with
CVD end points.
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2. Research methods

We have carried out a review of the literature on the association be-
tween individual foods/food groups and CHD/CVD incidence and/or
mortality published up to 31 August 2020. Foods have been grouped on
the basis of their origin (whether animal—meats, eggs, fish, dairy—or
vegetal—cereals, legumes, vegetables, fruits, nuts); in addition, the litera-
ture on dietary fats and beverages consumption has also been reviewed.
For each food group/item a systematic search for meta-analyses of pro-
spective cohort studies with CHD/CVD incidence and/or mortality as
end points has been performed independently by two reviewers (I.C.
and A.G.). The reasons to focus on prospective studies is that this study
design allows a more successful control for confounding factors; more-
over, in nutritional epidemiology they often represent the best source of
evidence since RCTs are not always available. The utilization of meta-
analyses allows a comprehensive and balanced summary of the available
evidence; in this respect, we have included in our evaluation all the avail-
able meta-analyses on the relationships between a specific food group
and atherosclerotic cardiovascular events. The reproducibility of the
outcomes of different meta-analyses together with the magnitude of the
relative risk and its confidence interval have been considered as meas-
ures of the consistency and the strength of the association. The research
has been carried out utilizing the electronic database PubMed and using
as key words the food items of interest along with the terms related to
the outcomes, i.e. CHD incidence or CHD mortality or CVD incidence
or CVD mortality or CHD or ischaemic heart disease or coronary artery
disease or acute myocardial infarction (MI). A subsequent search has
been performed for recent cohort studies not included in the meta-anal-
yses (up to August 2020) as well as for RCTs evaluating the association
of specific foods/nutrients with CHD or CVD endpoints.

Exclusion criteria are meta-analyses including retrospective and/or
case–control studies or studies conducted on populations with specific
dietary habits (i.e. vegetarians and vegans) or with chronic diseases re-
quiring specific dietary treatment (i.e. diabetes, dyslipidaemia, hyperten-
sion etc.).

The relative risks and their confidence intervals have been extracted,
as well as the heterogeneity assessment through I2 statistics method, and
are summarized in Supplementary material online, Tables S1–S7. Foods
consumption and their association with outcomes have been quantified
by comparing the highest with the lowest consumption of the single
food group. When available, data from dose–response analyses have
been used in order to identify the serving sizes of foods with the stron-
gest association with the outcomes, or representing the threshold of in-
take above or below which the relationship curve departs from linearity.
This is particularly useful in order to provide dietary recommendations
to the general population.

3. Associations between food
choices and CHD

3.1 Foods of animal origin (Table 1)
3.1.1 Meat
The relation of meat consumption with CHD has been explored by two
meta-analyses of observational prospective studies, both of which indi-
cate an excess of CHD risk (fatal and non-fatal) associated with regular
meat consumption. For each additional 100 g/day of meat intake, a 25%
increase in CHD incidence is reported; similarly, a significantly increased

risk is shown for the incidence of CVD. Conversely, the associations
with CHD and CVD mortality do not reach the conventional level of sta-
tistical significance. All meta-analyses present a very high heterogeneity
among the studies (Supplementary material online, Table S1).

A relevant source of heterogeneity resides in the fact that meats are
broadly classified into red (i.e. beef, pork and lamb) or white (i.e. chicken,
turkey and rabbit) types, with different contents of fat, cholesterol and
iron; furthermore, meats can be consumed fresh or processed with the
addition of salt and chemicals. These important nutritional differences
may impact on health outcomes and, therefore, the associations with the
atherosclerosis risk must be evaluated separately for the various meat
types.

With regard to processed meat (i.e. bacon, sausages and salami), a
strong positive association with CHD end points is shown in two out of
three available meta-analyses of observational prospective studies in
which a daily serving of 50 g/day of processed meat is associated with a
27% and a 44% increase in CHD incidence. No significant association
with fatal or non-fatal CHD is reported in a third meta-analysis which,
however, shows a significantly increased CVD mortality in high vs. low
consumers; this is in line with three other meta-analyses with CVD end
points showing a hazard ratio for CVD mortality that ranges between
1.02 and 1.24 for high vs. low consumption (Supplementary material on-
line, Table S1).

The evidence on the relationship between unprocessed red meat
consumption (i.e. beef, pork and lamb) and CHD is less concordant.
Among the three published meta-analyses on observational prospective
studies, only one reports a statistically significant 27% increase in the inci-
dence of CHD for a daily consumption of 100 g of red meat, while the
other two show no relationship. However, looking at CVD mortality,
the three available meta-analyses consistently show an excess of CVD
mortality associated with a regular consumption of 100 g/day of unpro-
cessed red meat and a reduced CVD mortality associated with a three
servings/week lower consumption of unprocessed red meat
(Supplementary material online, Table S1). In this respect, it is also worth
underlining that studies in which replacement of proteins from unpro-
cessed red meat with plant proteins is investigated, consistently show
that reducing red meat consumption is associated with a lower CVD
mortality.6,7

In relation to white meat, the only available meta-analysis of observa-
tional prospective studies explores the relationship with CHD mortality
and does not show any statistically significant association. Large prospec-
tive cohort studies with CHD and CVD end points subsequently pub-
lished have been recently meta-analysed by our group, together with
prior studies, and the results confirm the lack of association between
white meat intake and incidence of CHD or CVD, either fatal or non-fa-
tal; there is, however, a large heterogeneity among the included studies
that cannot be easily explained (Supplementary material online, Table
S1). Biologically plausible mechanisms may mediate the different relation-
ships of processed and red meat or white meat with CV outcomes.
Poultry, as compared with beef, lamb, or pork is characterized by a lower
fat content, a more favourable fatty acid profile (i.e. a higher saturated/
unsaturated fatty acid ratio) and a lower content of heme iron—both
saturated fatty acids (SFAs) and heme iron are associated with an higher
risk of atherosclerosis; in addition, preservatives, such as sodium and
nitrates—largely used in the preparation of processed meat—increase
the risk of hypertension, insulin resistance, and endothelial dysfunction,
all of which are established CV risk factors.8,9

In summary, based on the consistent evidence of a markedly increased
risk of CHD/CVD associated with processed meat intake (Table 1), this
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food item should be consumed only occasionally. For unprocessed red
meat data are less coherent (Table 1), but the overall evidence indicates
that its consumption should also be limited, although to a lesser extent
(i.e. two servings of 100 g per week), unless this is contraindicated for
medical reasons. More stringent limitations may not be feasible in most
western countries where red meat is consumed almost on a daily basis.
White meat can be consumed in moderate amounts (up to three serv-
ings of 100 g per week), based on its neutral association with atheroscle-
rosis risk (Table 1), and may represent a healthier and more eco-
sustainable alternative to red meat, together with plant-based protein
sources (Figure 1). However, these considerations are based on the fea-
tures of the meat products available today on the market; it might be
speculated that variations of the genetic background and modifications
of the feeding modalities of pigs and cows could change the impact of
red meat on cardiovascular health.

3.1.2 Eggs
Several meta-analyses of prospective cohort studies consistently report
the absence of any significant association between moderate egg con-
sumption (up to one egg/day) and fatal or non-fatal CHD. This finding is
coherent with data on CVD incidence and mortality (Table 1 and
Supplementary material online, Table S1). However, the data indicate a
non-linear dose/response relationship and, therefore, the risk may in-
crease for a larger consumption.

In the past, more caution on egg consumption was motivated by their
high cholesterol content, which may contribute to rise the plasma cho-
lesterol levels. However, response to dietary cholesterol is variable, and
partly under genetic control:10 ‘hyper responders’ present an impaired
inhibition of endogenous cholesterol synthesis during a cholesterol rich
diet, often associated to lower plasma levels of apolipoprotein E and in-
creased levels of apolipoprotein C-III.11 Moreover, other features of the
diet (i.e. a high saturated fat and/or a low fibre content) can amplify the
plasma cholesterol response to a cholesterol rich diet. In the majority of
the population (‘normal responders’), the plasma cholesterol increase
elicited by a dietary cholesterol content of 300– 600 mg/day—which
corresponds to three servings of two eggs per week—is small.

Therefore, on the basis of the available evidence, a moderate con-
sumption of eggs (up to three servings of two eggs per week, or one egg
per day) can be permitted (Figure 1). This may not apply to people with
hyperlipidaemia or diabetes for whom more caution is appropriate.
A similar caution would be suitable in populations with a western dietary
pattern rich in foods with a high content of SFAs; in this case, it may be
wise not to exceed a weekly consumption of three eggs.12

3.1.3 Fish
The results of seven meta-analyses of observational prospective studies
are concordant in indicating that moderate fish consumption is signifi-
cantly associated with a reduced CHD incidence and mortality (Table 1
and Supplementary material online, Table S1). However, in some of
them, there is a significant heterogeneity among the included studies; this
suggests that the relationship with CVD may vary in relation to the differ-
ent fish categories and/or cooking procedures that are utilized in differ-
ent countries. As for quantities, a dose–response meta-analysis of 15
cohort studies reports a 12% reduction in the incidence of CHD for 4
servings of fish weekly (100 g/day); other meta-analyses indicate that
even smaller fish intakes (100–150 g/week) are associated with a lower,
yet statistically significant, benefit: 4–7% CHD reduction. For a consump-
tion exceeding 3–4 servings/week, the relation with CHD (both fatal and
non-fatal) is less clear. There are some indications that the relationship
may shift towards a neutral or even an inverse association in a meta-
analysis by Jayedi, in which a U-shaped dose–response relationship be-
tween fish consumption and non-fatal MI has been reported.13 A subse-
quent dose–response meta-analysis including 19 studies, shows that
provided that fish consumption is above 40 g/day, CHD incidence is line-
arly and inversely correlated with the intake; however, the same article
reports that for what concerns CHD mortality, the relationship is not
linear and the greatest reduction is observed for a fish consumption
around three servings weekly remaining, nevertheless, stable for higher
intakes.14

The benefits of moderate fish consumption in relation to atheroscle-
rosis prevention are generally attributed to the high content of long-
chain omega-3 polyunsaturated fats (PUFAs), which contribute to

...........................................................................................

..............................................................................................................................................................................................................................

Table 1 Association between consumption of foods of animal origin and risk of atherosclerosis

Food item Risk of atherosclerosis Consistency of the evidence

CHD CVD

Incidence/mortality Incidence/mortality

Meat "" " 1

Processed meat "" "" 11

Unprocessed red meat "" "" 1

White meat $ $ 11

Eggs $ $ 11

Fish # # 11

Dairy products $ $ 11

Full fat dairy $ $ 1

Low fat dairy $ $ 1

Milk $ $ 1

Yogurt $ # 1

Cheese # # 1

The risk of atherosclerosis associated with a higher vs. lower consumption of each food item is indicated with arrows (up: increase; down: decrease; flat: neutral). Single arrows indi-
cate a statistically significant increase/decrease of RR up to 10%; double arrows indicate a statistically significant increase/decrease of RR >10%.
The consistency of the evidence is indicated as follows: ± insufficient/controversial; þ moderate; þþ high.
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..control plasma triglycerides, improve membrane fluidity, and exert an
anti-inflammatory and anti-thrombotic activity. However, the contribu-
tion of other nutrients cannot be ruled out.15

In summary, current evidence is consistent with a fish consumption
between two and four servings of 150 g per week as a means to contrib-
ute to atherosclerosis prevention (Figure 1); for higher intakes, some
inconsistencies about the association with CHD outcomes have
emerged among the available studies. Further investigation is required to
explore the impact of gender and geographical location on this relation-
ship as well as that of the specific types of fish consumed. The relevant
ecological impact of fish consumption represents a further motivation to
keep its consumption between two and four servings per week, since
higher quantities would be probably unsustainable.16

3.1.4 Dairy products
This is a large food group which includes food items with several differ-
ences in their nutritional features; among others, fat and salt content, as
well as processing methodologies and fermentation, may impact on car-
diovascular health outcomes.

The consumption of dairy products globally is not associated with
CHD, as consistently shown in six meta-analyses of observational pro-
spective studies. Furthermore, among four of these meta-analyses
reporting also CVD outcomes, one shows a significant inverse associa-
tion with CVD incidence while the others do not report any
significant relationship (Table 1 and Supplementary material online,
Table S2).

When full fat and low fat dairy foods are evaluated separately, the
data are concordant in showing a neutral association with CHD
for both these subtypes of dairies up to a global consumption of 200 g
per day—including milk (Table 1 and Supplementary material online,

Table S2). However, no reliable information is available for higher
intakes.

As for specific dairy foods, the consumption of a serving of �200 g/
day of milk is not associated with CHD incidence in 4 out of 5 meta-anal-
yses. With regard to CVD, Soedamah-Muthu et al.17 report a significant
risk reduction (<10%) associated with the same amount of milk con-
sumption, but this result has not been confirmed by two subsequent
meta-analyses showing no statistically significant relationship (Table 1
and Supplementary material online, Table S2).

The possible role of dairy fermentation in relation to the risk of ath-
erosclerosis has also been evaluated. Two meta-analyses report a signifi-
cant inverse relationship of fermented dairy foods (including yogurt and
cheese) with CVD incidence, but not with CHD (Supplementary mate-
rial online, Table S2). In particular, Guo et al.18 summarizing the results of
eight cohort studies—mostly from Europe—have shown a significant
17% reduction in the incidence of CVD for high vs. low intake of fer-
mented dairies. More recently, Zhang et al.19 have reported a significant
18% reduction in the incidence of MI associated with the habitual con-
sumption of fermented cheese. These findings are coherent with a signifi-
cant inverse association between fermented dairy and CHD or MI
reported in some recently published studies not included in the available
meta-analyses.20,21

With regard specifically to cheese, several meta-analyses have
reported an inverse association with CHD and CVD incidence (Table 1
and Supplementary material online, Table S2). In particular, two meta-
analyses, in which the dose–response relationship has been evaluated,
have shown a statistically significant reduction (average 12%) of CHD in-
cidence for an intake of 50 g/day of cheese. As for yogurt consumption,
no significant relationship has been shown in studies with CHD as the
endpoint, probably due to a small number of events. Conversely, a signif-
icant inverse association with CVD incidence and mortality has been

Figure 1 Suggested food consumption according to the available evidence on the association between food choices and risk of atherosclerosis. The red
colour indicates the association with a higher risk of atherosclerosis; the yellow colour indicates a neutral relationship with risk of atherosclerosis for a mod-
erate consumption; the green colour indicates the association with a lower risk of atherosclerosis. 1Canned fruits should not be used in substitution of fresh
fruits. 2The amount can vary in relation to the energy needs.
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reported in the more recent meta-analyses, in contrast with the older
ones. The apparent inconsistency may be due to the insufficient amount
of yogurt utilized by the high consumers in some of the old studies. In
fact, a significant protective association with CVD has been reported
only for a daily amount of yogurt of at least 200 g per day (Table 1 and
Supplementary material online, Table S2).

Dairy products represent one of the most heterogeneous food
groups. Full fat dairy products have been traditionally assumed to be a
high and unnecessary source of saturated fat. However, despite their
high content of SFAs—mostly long-chain SFAs, some of which are also
present in meat (lauric acid, myristic acid, palmitic acid, and stearic
acid)—they are an important source of potentially beneficial com-
pounds, such as the medium-chain and odd-chain saturated fats, naturally
occurring trans-fatty acids (TFAs), branched-chain amino acids, vitamin
K1 and K2, and calcium.22 These nutritional characteristics could explain
why the epidemiological evidence does not support a pro-atherogenic
role of milk and dairy foods, even if full fat. Obviously, this applies to the
healthy population in the context of a balanced diet, since the impact of
these foods on the atherosclerosis risk might be detrimental in people at
high CVD risk in the light of the hypercholesterolemic effect of a high
saturated fat diet. With respect to fermentation, a number of epidemio-
logical observations support the beneficial role of fermented dairy in re-
lation to the risk of atherosclerosis, possibly due to their probiotic
activity. The intake of probiotics plays an important role in improving the
intestinal flora, favouring the growth of beneficial bacteria and reducing
the risk of chronic illnesses, such as CVDs. In particular, probiotics have
antioxidative, anti-platelet aggregation, and anti-inflammatory properties
and may lower the level of cholesterol and blood pressure.23

In summary, current evidence endorses recommendations to utilize
milk and cheese with moderation (one cup daily and, respectively, three
small servings of 50 g per week), and to include a serving of 200 g yogurt
in the daily diet (Figure 1).

3.2 Plant-based foods (Table 2)
3.2.1 Legumes
An inverse relationship between legume consumption and incidence of
CHD has been reported in two recent meta-analyses of observational
prospective studies; the largest risk reduction (-14%) has been observed
for a consumption of 400 g per week. These results have been confirmed
in subsequent meta-analyses in which high (at least 250 g/week) vs. low
(0 g/week) intakes have been compared. The findings are qualitatively
similar when CVD outcomes are considered; conversely, no significant
relationship has been reported for fatal events (Table 2 and
Supplementary material online, Table S3). A reduction of CHD and CVD
mortality is associated with the consumption of soy products in some
meta-analyses, but the results are not fully concordant; however, a bene-
ficial association seems to be present with fermented soy foods like natto
and miso. No data are available on the dose–response relationship
(Supplementary material online, Table S3).

Besides the high protein content, legumes are a good source of vis-
cous fibre, which have a well-documented beneficial effect on plasma lip-
ids and on post-prandial glucose and insulin responses; moreover, they
are rich in multiple bioactive constituents—including folate and phyto-
chemicals—that can improve the cardiometabolic health.24 However, it
is possible that the metabolic benefits of legume consumption are partly
due to the fact that legumes are often consumed as an alternative to
meat, high glycemic index (GI) cereals, starchy foods, and sugar rich
foods.6,7

In summary, a regular consumption of legumes, up to four servings of
180 g (fresh or frozen) per week, represents one of the most evidence-
based dietary means to reduce the risk of atherosclerosis (Figure 1).

3.2.2 Nuts
The evidence of an inverse relationship between the habitual nut con-
sumption and the risk of CHD incidence and mortality is very consistent.
As for quantities, four dose–response meta-analyses have reported an
average 25% reduction in the incidence of CHD for a daily consumption
of 28 g of nuts. Data on CVD risk are concordant with these findings
(Table 2 and Supplementary material online, Table S3). Nuts are rich in fi-
bre, and are also a source of linoleic acid, which has been shown to be in-
versely associated with the incidence of CHD and CVD (Supplementary
material online, Table S5).

Therefore, in agreement with dose–response analyses, a daily con-
sumption of a serving of nuts (a handful: around 30 g) is recommended
(Figure 1).

3.2.3 Vegetables and fruits
Five out of six meta-analyses of observational prospective studies on the
association between vegetable consumption and CHD have reported a
significant inverse association; an 8–18% lower incidence of CHD events
has been found in people consuming large amounts of vegetables, with a
maximal reduction (nearly 18–21%) associated with a daily consumption
of 400 g (i.e. two servings per day); for this amount, the reduction of
CHD mortality has been reported to be 34% (Supplementary material
online, Table S3). As for vegetable types, high compared to low con-
sumptions of green leafy vegetables and tomatoes are associated with a
significant 17% and 10% reduction in the incidence of CHD, respectively.
The data are generally concordant with that on CVD outcomes (Table 2
and Supplementary material online, Table S3).

Fruit consumption is inversely associated with CHD incidence and
mortality in several meta-analyses; however, some of them present a sig-
nificant heterogeneity, thus suggesting that the relationship with the
events may vary in relation to the fruit type. The most recent and com-
prehensive dose–response meta-analysis indicates that a daily consump-
tion of 400 g of fruit is associated with reduction of CHD incidence
(-10%) and mortality (-18%); this amount of fruit is associated also with a
significant reduction of CVD incidence (-21%) and mortality (-32%)
(Table 2 and Supplementary material online, Table S3). This significant in-
verse relationship is shared by fruit juices (containing 100% fruit).
Conversely, tinned fruit is associated with a significantly higher risk of
CVD (Supplementary material online, Table S3).

As for mechanisms, the high fibre content, both soluble and insoluble,
of fruits and vegetables can play a relevant role. Dietary fibre can modu-
late major risk factors for atherosclerosis (i.e. plasma lipids, blood glu-
cose and insulin sensitivity) in the fasting and post-prandial state.25

Polyphenols are also very important constituents of plant foods with an-
tioxidant properties and relevant metabolic benefits. They interact selec-
tively with intestinal microbiota and facilitate the growth of bacterial
strains with a beneficial metabolic activity. Moreover, they can be
absorbed in the intestine and reach the liver where they modulate glu-
cose and lipid metabolism. There is evidence that diets rich in polyphe-
nols improve glucose and insulin metabolism as well as the plasma lipid
profile and reduce the systemic inflammatory status.26,27

The available evidence consistently supports a large consumption of
fruit and vegetables—at least two servings of 200 g per day for each of
them—in the habitual diet (Figure 1).
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3.2.4 Cereals
They represent the major constituent of the habitual diet almost in every
country and embody a large and heterogeneous group of food items
with different nutritional properties. Within this group, three major cate-
gories can be identified: refined carbohydrates with high GI (i.e. white
rice and white bread); refined cereals with low GI (i.e. pasta, parboiled
rice, and corn tortilla), and whole-grain cereal foods.

As for the overall consumption of refined cereals, only one over three
meta-analyses of observational prospective studies reports an associa-
tion with an increased CHD risk. Less information is available on the re-
lationship with CVD and it does not indicate a significant association
(Table 2 and Supplementary material online, Table S4).

Among various nutritional properties, cereal foods may largely differ
for the rate of carbohydrate digestion and absorption, which modulates
the post-prandial glucose response. This is measured by the GI, generally
considered a marker of the overall metabolic impact of these foods.28

The amount of carbohydrates consumed multiplied by the GI of the
food is expressed by the glycemic load. In the last decades, six meta-anal-
yses have evaluated the relationship between the GI of the diet and
CHD in longitudinal studies and they are concordant in showing an in-
creased atherosclerosis risk in individuals consuming high GI diets (Table
2 and Supplementary material online, Table S4). The relative risks for the
high vs. the low GI diets range between 1.06 and 1.25 and reach statisti-
cal significance in four out of six meta-analyses. When the dose–re-
sponse relationship is explored, a daily consumption of 98 g of
carbohydrate consumed as high GI cereal foods (i.e. 80 g of white bread
plus 50 g of rice) is significantly associated with a 66% higher CHD risk.
Similarly, CHD risk is 44% higher for each 65 g/day of glycemic load.29

The relationship with CVD has been explored in one meta-analysis of
eight cohort studies with mortality endpoints, which has not found any
significant association; no data are available for non-fatal events.

The diverging relationships with the atherosclerosis risk of high or low
GI refined cereals are largely due to their different impact on post-pran-
dial blood glucose, which is the consequence of physical-chemical prop-
erties of the food matrix within which the available (glycemic)
carbohydrates are embedded. These properties modulate the rate of di-
gestion, absorption, and metabolism of carbohydrates and, thus, the rate

of glucose appearance in the blood stream, which in turn, influences
other metabolic pathways relevant for the atherosclerosis risk, like insu-
lin sensitivity, plasma insulin, lipids, blood pressure, subclinical systemic
inflammation, and the oxidative stress.30

As for whole-grain foods (i.e. bread, rice, oat, and barley), a strong and
consistent inverse relationship with CHD risk has been found in several
meta-analyses of longitudinal cohort studies; the risk reduction associ-
ated with the habitual consumption of these food items ranges from 25%
to 34% (Supplementary material online, Table S4). However, some
meta-analyses report a significant heterogeneity among the included
studies; this might indicate that various cereal types (or the technologies
employed for their preparation) might have different relationships with
the outcomes. The dose–response analysis indicates that for each addi-
tional intake of 30 g/day of whole-grain cereal foods a reduction of 8% in
CHD mortality is observed. The risk estimates for CVD incidence
and mortality are similar (Table 2 and Supplementary material online,
Table S4).

The benefits of habitual whole-grain consumption are mediated by
the improvement of multiple risk factors for atherosclerosis, such as in-
sulin resistance, dyslipidaemia, subclinical inflammation, and oxidative
stress. Whole grains are also a great source of insoluble dietary fibre
and, therefore, they are bulky and have a low-energy density; this can
promote satiety and prevent weight gain. Insoluble dietary fibre from
whole grain is not digested and absorbed in the small intestine but passes
to the colon, where it undergoes bacterial degradation. This is an anaer-
obic process producing short chain fatty acids—acetate, propionate, and
butyrate—as end-products; these have important effects on satiety and
on glucose and lipid metabolism.31

In summary, in view of the rather consistent evidence that high GI re-
fined cereals (and other starchy foods like potatoes) are associated with
an elevated atherosclerosis risk, it seems appropriate to recommend to
reduce their use, limiting their consumption to no more than two serv-
ings per week (Figure 1). A more stringent restriction might be appropri-
ate, but it seems presently not feasible on a general scale, since in most
countries these items represent staple foods. Replacement of high GI re-
fined cereals could be achieved with both low GI refined cereal foods
and whole grain. For both of them a dose–response relationship with
atherosclerotic cardiovascular events has been reported; according to

........................................................................

..............................................................................................................................................................................................................................

Table 2 Association between consumption of plant-based foods and risk of atherosclerosis

Food item Risk of atherosclerosis Consistency of the evidence

CHD CVD

Incidence/mortality Incidence/mortality

Legumes # # 11

Nuts ## ## 11

Vegetables ## ## 11

Fruits ## ## 11

100% fruit juices # 6 6

Canned fruits 6 "" 6

Whole-grain cereals ## ## 11

Refined cereals " $ 6

Refined cereals and other starchy foods with high glycemic index "" 6 1

The risk of atherosclerosis associated with a higher vs. lower consumption of each food item is indicated with arrows (up: increase; down: decrease; flat: neutral). Single arrows indi-
cate a statistically significant increase/decrease of RR up to 10%; double arrows indicate a statistically significant increase/decrease of RR >10%; ± indicates insufficient/controversial
data.
The consistency of the evidence is indicated as follows: ± insufficient/controversial; þ moderate; þþ high.
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..the available information, a relevant decline in the events could be
achieved already for a daily consumption of one or two daily servings—
the size depends on the specific item—of both low GI and whole-grain
cereal foods in substitution of high GI refined cereals (Figure 1).

3.3 Dietary fats (Table 3)
There is very consistent evidence indicating that consumption of foods
containing TFAs is associated with a higher risk of CVD and sudden
death; this relationship is stronger than for any other dietary fat. In fact, a
meta-analysis of four prospective cohort studies has shown that a 2% in-
crease in energy intake from TFAs is associated with a 23% higher inci-
dence of CHD (Supplementary material online, Table S5).

In relation to butter, two meta-analyses of observational prospective
studies have been published on the relationship with CHD incidence and
both report the lack of a statistically significant association. Similarly, the
only available meta-analysis with CVD endpoints does not show any sig-
nificant relationship with butter consumption (Table 3 and
Supplementary material online, Table S5). It is, however, of note that
these meta-analyses are based on few studies (3–5) and in one of
them—the largest one with 120 852 participants—an increased ischae-
mic heart disease mortality is associated with butter and dairy fat intake
in women.32 Moreover, the usual butter intake in the meta-analysed
studies is moderate (i.e. 9 g/day on average and 25 g/day in the high con-
sumers group) and, therefore, no information can be gained from these
studies on higher intakes, which are common in many populations.

In relation to non-tropical vegetable oils, the available evidence must
be considered separately for olive oil, rich in monounsaturated fats
(MUFAs), and other vegetable oils rich in linoleic acid. As for olive oil,
there are three meta-analyses of observational prospective studies on
the relationship with CHD incidence and all of them report a trend to-
wards a lower risk for an increased olive oil consumption; however, only
in one of them the conventional level of statistical significance is reached.
The relationship with CVD incidence is more reproducible, since three
meta-analyses of prospective studies with this endpoint consistently
show a significant risk reduction in the highest categories of olive oil con-
sumption (Table 3 and Supplementary material online, Table S5). In a

dose–response evaluation, a 5 g increase in olive oil consumption is asso-
ciated with significant reduction of CHD incidence (-7%), CVD incidence
(-4%), and CVD mortality (-8%). Furthermore, a recent intervention
trial, the PREDIMED, has shown that the incidence of major cardiovascu-
lar events is reduced by 31% in those participants assigned to a
Mediterranean diet supplemented with extra-virgin olive oil in compari-
son to those assigned to a reduced-fat diet.33

As for the relationship between consumption of vegetable oils rich in
linoleic acid (i.e. safflower, sunflower, corn, and soybean oils) and the
risk of atherosclerotic events, the evidence from meta-analyses of obser-
vational prospective studies was rather weak until some years ago; how-
ever, two very recent meta-analyses with a much larger number of cases
than the previous ones (50 786 and 15 198, respectively) report a very
clear association between higher intakes of linoleic acid rich oils (evalu-
ated by a reliable biomarker of intakes, such as the fatty acid spectrum of
plasma lipids) and a reduced CVD mortality (-13%) or total CVD inci-
dence and CVD mortality (-7% and -22%, respectively)34,35 (Table 3 and
Supplementary material online, Table S5).

However, in order to get a better insight into the potential impact of
different dietary fats on the risk of atherosclerosis, it is relevant to look
also at the extensive literature of longitudinal cohort studies and RCTs
evaluating the risk of events associated with substitution of SFAs—the
major type of fat present in butter, animal fat, and tropical oils—with dif-
ferent nutrient sources (Supplementary material online, Table S6).
Notably, in the context of the overall diet, when the energy intake is
kept constant, eating less of one macronutrient implies necessarily eating
more of others. The quality of the replacement can influence the ob-
served effect. In fact, consistent evidence from prospective studies indi-
cates that if SFAs reduction is obtained through the replacement with
refined carbohydrate foods, the risk of atherosclerotic events not only
does not decrease, but it can even rise, in parallel with an increase of the
rate of obesity and type 2 diabetes.1,5 Conversely, the substitution of 5%
energy from SFAs with an isoenergetic amount of omega-6 PUFAs is
consistently associated with a significant reduction of CHD incidence—
between 9% and 25%—in five available meta-analyses, and with a reduc-
tion of CHD mortality (between 13% and 26%) in two meta-analyses.

.....................................................................................

..............................................................................................................................................................................................................................

Table 3 Association between consumption of dietary fats, salt, beverages, and chocolate and risk of atherosclerosis

Food item Risk of atherosclerosis Consistency of the evidence

CHD CVD

Incidence/mortality Incidence/mortality

Buttera $" $" 1

Olive oilb # ## 11

Vegetable oils (rich in linoleic acid)b ## ## 11

Salt "" "" 1

Sugar-sweetened beverages "" "" 11

Low-calories sweetened beverages " " 1

Alcoholic beveragesc ## ## 11

Coffeec # ## 1

Teac # # 1

Chocolatec # ## 11

The risk of atherosclerosis associated with a higher vs. lower consumption of each food item is indicated with arrows (up: increase; down: decrease; flat: neutral). Single arrows indi-
cate a statistically significant increase/decrease of RR up to 10%; double arrows indicate a statistically significant increase/decrease of RR >10%.
The consistency of the evidence is indicated as follows: ± insufficient/controversial; þ moderate; þþ high.
aDepending on the replacing food.
bThe evaluation includes observational studies and RCTs taking into account the replacing food or macronutrient (Supplementary material online, Tables S5 and S6).
cModerate consumption.
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A further meta-analysis exploring the substitution of 1% energy from
SFAs with omega-6 PUFAs shows a statistically significant 8% reduction
of CHD incidence. In relation to CVD incidence, only one meta-analysis
is available and reports a 25% reduction of the incidence associated with
a 5% energy substitution of omega-6 PUFAs for SFAs (Supplementary
material online, Table S6).

These findings are consistent with those of a meta-analysis of RCTs
showing that replacement of SFAs with omega-6 PUFAs induces a statis-
tically significant reduction of CHD incidence (-24%).36 However, this
meta-analysis includes mostly patients with pre-existing CVD and there-
fore the results may not be fully reproducible in the healthy population;
nevertheless, when the data were evaluated by subgroup analysis, people
who were currently healthy appeared to benefit by this intervention as
much as those at increased risk of heart disease or stroke (people with
high blood pressure, high serum cholesterol, or diabetes), and people
who have already had heart disease or stroke events.36 Another meta-
analysis including a larger number of studies has shown a significant 10%
reduction in CHD incidence for substituting omega-6 PUFAs to SFAs.37

In contrast, no effect of this substitution on CHD incidence and mortality
has been shown in another meta-analysis of RCTs;38 this article, how-
ever, has been criticized because of the flawed design of some meta-ana-
lysed trials: mixed dietary intervention, insufficient study duration, low
adherence, and inadequate statistical power. Limiting the meta-analysis
to the adequate controlled trials, the results show that lowering satu-
rated fat and replacing it with vegetable oils rich in PUFA reduces CHD
by 29%.39

The results of meta-analyses of longitudinal cohort studies on the as-
sociation between replacement of SFAs with an isoenergetic quantity of
MUFAs are less concordant since in only one of the four available meta-
analyses this substitution is associated with a statistically significant CHD
reduction (-15%) (Supplementary material online, Table S6). These
inconsistencies are probably due to the fact that in North American
cohorts a large part of dietary MUFAs is not of vegetable origin and
might have a different impact from that of MUFAs from olive oil. In this
regard, it is of note that the only meta-analysis which shows statistically
significant results specifically evaluates the effect of MUFAs from olive
oil.40 The findings of a large European cohort from the PREDIMED study,
evaluated in an observational perspective, are coherent with this inter-
pretation; in fact, participants in the upper energy-adjusted tertile of olive
oil consumption compared to the bottom tertile show a 35% lower risk
of CVD.41 These results confirm the outcomes of the PREDIMED trial in
which the intervention consisted of a Mediterranean type of diet supple-
mented with olive oil.33

The pro-atherogenic role of foods high in saturated fat has been eluci-
dated by the results of RCTs on atherosclerosis risk factors. They have
clearly shown a reduction in LDL-cholesterol—a major risk factor for
atherosclerosis—when SFAs are replaced by MUFAs or PUFAs.42

Moreover, the substitution of butter with olive oil or other oils rich in
unsaturated fatty acids has been reported to decrease blood pressure,
improve insulin sensitivity, reduce subclinical inflammation, and control
the haemostatic process.43,44

In summary, olive, soybean, sunflower, safflower, and corn oil are
healthier choices than butter as well as other animal fats or tropical oils
rich in saturated fat; these should be sparely utilized in the habitual diet,
being, instead, replaced by unsaturated fats (Figure 1). Among the health-
ier sources of unsaturated fats special emphasis in the context of the pri-
mary prevention of atherosclerosis should be given to extra-virgin olive
oil, in view of the results of the PREDIMED study; in addition, this oil is a
relevant source of micronutrients that have been shown to have a

beneficial impact on cardiometabolic risk factors.26,27,45 The average
daily consumption of non-tropical vegetable oils should be between 25
and 40 g depending on the energy needs.

3.4 Salt, beverages, and chocolate (Table 3)
3.4.1 Salt
Salt has received considerable attention as a potential risk factor for
CVD. However, evidence on the dose–response association between
dietary sodium intake and CVD risk is not always coherent and in many
meta-analyses is characterized by high heterogeneity among the included
studies (Table 3 and Supplementary material online, Table S7).
Discrepancies might be partly explained by methodological errors com-
mon in observational studies, including reverse causality, systematic and
random errors in sodium intake assessment, interindividual differences in
salt sensitivity, and residual confounders.46 A recent comprehensive
meta-analysis of 24 cohort studies shows that compared with individuals
with a low sodium intake, those with a high sodium intake have a higher
adjusted risk of CVD (rate ratio 1.19, 95% confidence interval 1.08–1.30)
and that the risk of CVD increases up to 6% for every 1 g increase in die-
tary sodium intake.47 These data are only partially coherent with prior
meta-analyses (Table 3 and Supplementary material online, Table S7).

High sodium intake has been shown to have a strong impact on patho-
physiological mechanisms of CVD. Besides the documented effects on
blood pressure—a well-established risk factor for atherosclerosis—high
salt intake has unfavourable effects on left ventricular mass, arterial stiff-
ness, renal function, cardiac output, and alterations in sympathetic out-
flow. Common underlying mechanisms include excess inflammation and
oxidative stress.48 Furthermore, the long-term follow-up observation of
two lifestyle intervention trials on the prevention of hypertension, has
demonstrated that people assigned to a sodium restriction intervention
experience a 25–30% lower risk of cardiovascular outcomes 10–
15 years after the end of the trial.49 Currently, an average intake below 5
g of salt per day (equivalent to �2.3 g sodium) is recommended to
healthy adult people, but this quantity is largely exceeded in most popu-
lations (Table 4). In western countries, around 80% of salt ingested is hid-
den in processed and canned foods, such as processed meats, bread and
other bakery products, canned legumes, or fish. Besides avoiding added
salt, effective reduction of salt intake can be achieved only if reduced salt
products are made widely available and their use is promoted.50

3.4.2 Soft drinks
Four meta-analyses of observational prospective studies have shown
that a daily consumption of one serving/day (250 mL) of sugar-sweet-
ened beverages (SSBs) is associated with a 15–22% higher incidence of
CHD; qualitatively similar results are available for CHD mortality and for
CVD incidence and mortality (Table 3 and Supplementary material on-
line, Table S7). As for low-calories sweetened beverages (LCSBs), they
contain low-energy sweeteners, such as acesulfame-K, aspartame, and
sucralose, and are consumed as an alternative to SSBs, due to the com-
parable sweet taste and the very low-energy content. Recent meta-anal-
yses have reported a marginal, but statistically significant increase in the
incidence of CHD incidence as well as of CVD incidence and mortality
associated with the regular consumption (1 serving/day) of LCSBs (Table
3 and Supplementary material online, Table S7).

In relation to the strong evidence supporting the association between
SSBs and atherosclerosis, their high content of fructose could certainly
play a relevant role. Several studies have shown a detrimental effect of
fructose intake on plasma lipids and insulin sensitivity. Fructose is
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metabolized in the intestine and the liver and promotes the synthesis of
triglycerides, thus contributing to the development of dyslipidaemia, vis-
ceral adiposity, and insulin resistance;51 moreover, in a prospective study
of 42 883 participants, SSB consumption has been found to be associated
with higher levels of C-reactive protein, and inflammatory cytokines.52

SSB consumption has also been suggested to increase serum uric acid
concentrations which, in turn, reduces endothelial nitric oxide activity
thus impairing skeletal muscle blood flow.53 These mechanisms can also
explain why SSBs increase the risk of hypertension. Furthermore, the ha-
bitual consumption of low-energy sweeteners may educate the taste to-
wards a sweet preference, thus leading to a high consumption of sugar-
sweetened foods and drinks.54

Within this context, despite the fact that the consumption of LCSBs in
replacement of SSBs may seem a healthier choice, their regular use is not
beneficial in the long term. Therefore, in the light of the available evi-
dence, it is appropriate to limit drastically the consumption of all soft
drinks and to replace them with water (Table 4).

3.4.3 Alcoholic beverages
In the absence of contraindications and in the context of a healthy eating
and lifestyle, there is evidence that low-to-moderate alcohol consump-
tion is associated with a reduced cardiovascular risk in the adult popula-
tion (Table 3 and Supplementary material online, Table S7). In particular,
a meta-analysis with total CVD as the endpoint, shows that 24 g per day
of alcohol (i.e. two glasses of wine) is associated with the maximal risk re-
duction (32%) and that higher intakes are associated with a progressive
increase of the risk.55 This meta-analysis also shows that moderate beer
consumption (one can per day) is associated with a 20% lower risk of
CVD as compared with abstainers, in agreement with previous data de-
rived from the analysis of high vs. low beer consumption.

The complex relationship emerging from the dose–response analysis
has been interpreted as a J-shaped curve, since by increasing amounts of
alcohol the dose–response curve, after an initial decrease, reverts
towards a positive trend. It is of note that data on all-cause death suggest
a smaller intake of alcohol (10 g per day) to obtain the maximal risk
decrease.55

The benefits of moderate alcohol intake are due to its effect on lipid
and glucose/insulin metabolism as well as on systemic subclinical inflam-
mation and coagulation.56 However, in higher intakes its effects are dele-
terious; in fact, it increases blood pressure, induces fatty liver disease,

impairs insulin sensitivity and contributes to rise plasma glucose and tri-
glyceride levels.57

In summary, moderate alcohol consumption can be allowed to people
already utilizing alcoholic beverages, since consumption of up to two
glasses of wine per day in men and one glass in women or one can of
beer is associated with a significantly lower risk of atherosclerosis in
comparison to abstainers or to those consuming higher amounts of alco-
hol (Table 4).

3.4.4 Coffee and tea
Four meta-analyses with only few cohorts have reported no association
between the consumption of coffee and CHD outcomes. Two more re-
cent meta-analyses including also new studies have shown that the con-
sumption of three cups of coffee per day is inversely and significantly
associated with a 10% and 16% reduction, respectively, of the risk of
CHD incidence and mortality. The dose–response analysis on CVD inci-
dence indicates that the protective association disappears for a con-
sumption higher than five cups daily (Table 3 and Supplementary material
online, Table S7).

The non-linear U-shaped relationship between coffee consumption
and CVD risk may be explained by some biological mechanisms. Coffee
is a complex chemical mixture with many active compounds, including
the phenolic ones like chlorogenic acid, as well as caffeine, minerals like
potassium and magnesium, niacin and its precursor trigonelline, and
lignans. Coffee consumption is associated with higher insulin sensitivity, a
lower risk of type 2 diabetes, and lower concentrations of inflammatory
markers, such as C-reactive protein and E-selectin.58 Conversely, heavy
coffee consumption is associated with a slightly elevated risk of hyper-
tension59 and higher levels of plasma homocysteine in the long term.60,61

In addition, cafestol a major component of unfiltered coffee, increases se-
rum total cholesterol concentrations;62 this can explain why in older
studies, in which the use of unfiltered coffee was more widespread, the
outcomes are usually less beneficial. In summary, the U-shaped relation-
ship between coffee consumption and risk of CVD might be due to a bal-
ance between beneficial and detrimental effects: for moderate coffee
consumption (three cups per day), the beneficial effects may prevail and
vice versa. This could not apply to people with conditions that can make
them particularly sensitive to the detrimental effects of coffee (i.e.
arrhythmias, hypertension etc.).

Tea consumption is associated with lower CHD incidence and mor-
tality in three meta-analyses. The risk reduction is >20% for three cups
of tea per day (Table 3 and Supplementary material online, Table S7).

The consumption of tea, especially green tea, may be beneficial for
atherosclerosis prevention due to its high catechin content. It is known
that this compound has antioxidative properties useful to prevent the
oxidation of low-density lipoproteins in vitro and in vivo, and that it con-
tributes to favourably modulate the plasma lipid profile and the vascular
reactivity and to reduce vascular inflammation, atherogenesis, and
thrombogenesis.63

In summary, in consideration of the available evidence, consumption
of up to three cups of coffee or tea per day may be permitted, if not con-
traindicated for specific health reasons (Table 4).

3.4.5 Chocolate
A marginal, but statistically significant, decrease in the incidence of CHD
(5% on average) has been reported by four dose–response meta-analy-
ses for a moderate chocolate consumption (Table 3 and Supplementary
material online, Table S7). Notably, the most recent one,64 including eight

......................................................................................................

Table 4 Acceptable consumption of salt, beverages, and
chocolate according to the available evidence on the
association between their consumption and risk of
atherosclerosis

Daily Occasionally

(less than once/

week)

At least 2 L of water Soft drinks

Up to three cups of coffee or tea

Up to 1–2 glasses of wine or one can of beer

Up to 5 g of salt (equivalent to about 2.3 g of sodium)a

Up to 10 g of chocolate

aTo make the dishes more pleasant spices, vinegar, and aromatic herbs can be
used. Canned foods (i.e. tuna and legumes) or salt preserved foods (i.e. proc-
essed meats and olives) should be limited due to their high salt content; alterna-
tively, canned legumes and olives should be washed before their utilization.
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studies, shows no further risk reduction for a consumption exceeding 20
g/day. As for CVD, a non-linear relationship was found between choco-
late consumption and CVD incidence by Ren et al.;65 they identified a
checkmark-shaped curve, with the greater risk reduction associated with
45 g of chocolate daily. Thus, the optimal dose of chocolate to consume
may vary in relation to the cardiovascular outcome (i.e. CHD or CVD)
and also to the type of chocolate: dark chocolate contains more co-
coa—and its bioactive substances—than milk chocolate, which, con-
versely is richer in saturated fats and added sugars. Unfortunately most
existing studies do not distinguish between dark and milk chocolate and
this may be relevant to reliably evaluate the dose–response relationship
between different cocoa sources and CVDs. Polyphenols, including flava-
nols, such as catechin, are present in chocolate in higher amounts than in
other dietary sources, such as red wine or tea; moreover, cocoa is also a
source of polymeric proanthocyanidinis. These compounds may contrib-
ute to atherosclerosis prevention through the reduction of oxidative
stress and lipid peroxidation, as well as platelet activation.26,27 In this line,
a meta-analysis of randomized controlled trials has shown that cocoa fla-
vanol intake is associated to a decrease in serum triglycerides and C-re-
active protein, and to an increase in high-density lipoprotein.66 The
available evidence allows up to 10 g per day of dark chocolate within a di-
etary approach to prevent atherosclerosis, since for this amount of con-
sumption the beneficial effects exceed the risk of weight gain and its
related harmful consequences on cardiovascular health (Table 4).

3.5 Dietary micronutrient supplements
Several comprehensive meta-analyses of RCTs have investigated the im-
pact of dietary supplements on atherosclerosis prevention.67–69 They fo-
cus on Vitamin E, Vitamin C, Vitamin D, beta-carotene, folic acid, Vitamin
B complex, multivitamins, calcium, and selenium.

In relation to multivitamin supplementation, even though a marginal
reduction of the CHD risk was observed in observational studies, the
results of clinical trials clearly indicate that it does not improve cardiovas-
cular outcomes in the general population.70

Among the compounds with antioxidants properties (i.e. Vitamin E,
beta-carotene, and Vitamin C) the most investigated is Vitamin E. Two
recent meta-analyses of RCTs specifically focusing on Vitamin E supple-
mentations have reached opposite conclusions.67,68 Other dietary sup-
plements with antioxidant effects, namely beta-carotene and Vitamin C,
have shown no relationship with CHD incidence. Therefore, globally,
the available evidence from RCTs does not support the dietary supple-
mentation of antioxidant vitamins for atherosclerosis prevention.

As for folic acid, a beneficial effect of its supplementation in the pre-
vention of CVD events is reported in two meta-analysis of RCTs.68,69

However, this finding is largely driven by a Chinese multicentre trial in 20
702 hypertensive adults, which showed a 19% decreased risk of CVD
due to a lower incidence of stroke.71 It has been hypothesized that such
finding may be related to the lack of folic acid fortification in China. To
what extent, these results could apply to countries where folic acid forti-
fication is already undertaken is uncertain. The supposed mechanism by
which folic acid may reduce the risk of stroke is through the reduction of
plasma homocysteine levels; however, the cause–effect relation between
folic acid supplementation and stroke is not well established.72 In addi-
tion, there is concern that high folic acid intake might increase the risk of
cancer, as seen for prostate cancer in the long-term follow-up of the
Selenium and Vitamin E Cancer Prevention Trial study.73 For these rea-
sons, additional evidence is required before folic acid supplementation is
recognized to be part of the population strategy for atherosclerotic
CVD prevention.

Vitamin D supplementation has been proposed as a potential tool for
reducing the atherosclerosis risk in view of its activity on the renin–an-
giotensin–aldosterone system and on the endothelial function, as well as
for its direct effect on calcium-dependent myocyte contractility and on
inflammation.74 A recent meta-analysis of five RCTs67 shows a significant
inverse relationship between Vitamin D supplementation alone—not
combined with calcium—and the incidence of CHD and CVD, but these
findings are not concordant with the previously published meta-analysis
by Jenkins et al. Thus, data from RCTs on Vitamin D supplementation for
the prevention of atherosclerosis is controversial.

Vitamin B complex, calcium and selenium, and other trace elements
have been also explored in relation to cardiovascular prevention. All in
all, the data does not show reproducible effects of these supplements on
the risk of atherosclerotic events.67–69

A search of evidence from meta-analyses of observational studies and
clinical trials on hard cardiovascular endpoints in people free of CVD
was also carried out for some dietary supplements known to be espe-
cially beneficial for cardiometabolic risk factors, such as fermented red
rice, pro- and prebiotics (fibre), omega-3 PUFAs, plant sterols in people
without clinical manifest CVD, but it retrieved no results.

4. Current ESC and AHA
recommended food choices for
CVD prevention and future
directions

The core message of the most recent recommendation for CVD pre-
vention of the two leading international scientific societies of cardiol-
ogy—the European Society of Cardiology (ESC)75 and the American
Heart Association (AHA)76 is in line with the evidence here reviewed,
since both documents emphasize the consumption of plant-based rather
than animal-based foods, suggest reducing the salt intake and SSBs, and
recommend to those who drink alcoholic beverages to use them in
moderation. More in detail, in relation to plant-based foods, they under-
line the need to increase the consumption of fruits, vegetables, nuts, and
whole grains and, for what concerns animal-based foods, they both rec-
ommend to reduce processed meat intake and to increase the consump-
tion of fish.

However, there are some relevant differences between these two
guidelines since those of the AHA provide more details on the type and
quantity of recommended foods, while the European Guidelines (2016)
are more nutrient-oriented and, with some exceptions, provide indica-
tions for nutrient intakes, rather than food selection. Nevertheless, the
European document should be viewed in connection with the ‘ESC/EAS
guidelines for the management of dyslipidemias to reduce cardiovascular
risk’, which has a more comprehensive approach to dietary intervention
and is more food-oriented77 (Table 5).

Anyway, some relevant innovations in relation to the appropriate
food choices for atherosclerosis prevention emerge from the evidence
reviewed in this article (summarized in Table 5).

With regard to animal-based foods, the most recent research calls for
more attention to the different types of meat, distinguishing not only be-
tween processed and unprocessed meat but also between red meat and
poultry. In this context, not only processed meat should be limited to oc-
casional utilization, but also red meat consumption should be substan-
tially reduced in most countries where it is consumed on a daily basis.
Two servings per week would represent a more health-conscious
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.
consumption (Figure 1). This choice is also motivated by ecological con-
siderations, as the production of red meat has a very strong impact on
CO2 emissions.78 As for other sources of proteins, legumes are the rec-
ommended replacement for red meat; moderate fish consumption is
also supported, though it may rise sustainability issues. Poultry may also
be a suitable protein source alternative to red meat, since it has been
shown to have a neutral relation with the risk of atherosclerosis in mod-
erate amounts and its production has a lower impact on the ecosys-
tem.78 Another new understanding relates to dairy products. Recent
evidence does not support different attitudes in the consumption of
these food items based on their fat content (full fat or reduced-fat dair-
ies). It suggests, instead, that in the context of a balanced diet, for a global
daily consumption of <200 g/day—including milk—no increase of CHD
risk is observed in the healthy population, and that, among the dairies,
fermented products like cheese (in small amounts) and yogurt should be
preferred in view of their association with a reduced risk of atheroscle-
rotic CVDs (Figure 1).

In relation to plant-based foods, recent evidence supports the need to
differentiate not only whole grain from refined cereals, but also low from
high GI refined cereal foods. The indication to limit high GI foods con-
sumption and to replace them with whole grain and low GI cereals is
gaining increasing support from recent scientific data and needs to be
clearly highlighted (Figure 1). As for consumption of fruits and vegetable,
it seems well established that dietary guidelines should give more and
more emphasis to these food items, since they are strongly associated
with a lower atherosclerosis risk; accordingly, the daily consumption of
fruit and vegetables should be increased up to 400 g/day for each of
them in the light of the linear inverse dose–response relationship be-
tween the incidence of atherosclerotic CVD and consumption of these
food items at least up to these amounts. On the basis of the evidence
provided by dose–response analyses, also the desirable consumption of
legumes should be higher than presently recommended, up to four serv-
ings per week (Figure 1).

5. Research gaps and future
directions

The evidence here reviewed is fairly consistent in establishing a relation-
ship between some food choices and atherosclerotic cardiovascular out-
comes; however, for some food groups inconsistencies between meta-
analyses and a significant heterogeneity among the included studies rep-
resent relevant limitations of the available evidence. This indicates that
the relationship with atherosclerotic outcomes may vary in relation to
the study population, the background diet, the study outcome, and the
specific food item within the broad food category. Therefore, it seems
appropriate to direct future epidemiological research towards the evalu-
ation of possible sources of heterogeneity, in particular through targeted
analyses on individual food items rather than on broad food groups.

On the other hand, interest is growing in identifying the determinants
of interindividual variation in response to food intake. The overall target
of this research line is the identification of appropriate markers for a per-
sonalized nutrition based on each person’s profile of genes and pheno-
typic characteristics. Several studies have identified gene–nutrient
interactions for some gene variants able to influence the metabolic re-
sponse to specific dietary components;79 however, the major drawback
of this research line is the poor reproducibility. Other underlying individ-
ual characteristics besides genetic markers may be of greater help for
personalized nutrition. Among them, the role of metabolomics and gut

microbiota composition is gaining increasing attention since different
microbiotic patterns can influence the response to nutrition and modu-
late the effects on health.80

Accordingly, future directions of nutritional research should include
new methodological approaches taking into account more closely the
potential of personalized markers to predict metabolic responses to die-
tary interventions, thus guiding the appropriate food choices at the indi-
vidual level.81 However, although current research on precision
medicine is very promising, the massive and rapid worldwide increase in
CVDs in recent times demonstrates that global environmental risk fac-
tors play a relevant role in the present epidemic of non-communicable
diseases. Therefore, only a population strategy can help to reduce the
burden on health of inadequate eating habits underpinning the epidemic
we are facing.5

6. Conclusions

Food choices are the most important factors undermining health and
well-being, accounting for as much as almost 50% of all CVD deaths.
According to the Global Burden of Disease Study, more than 9.1 million
premature deaths from CVD worldwide—equal to 52% of all CVD
deaths—are attributable to diet-related risks.82 Other lifestyle related
factors—such as smoking and low physical activity—as well as the indi-
vidual’s genetic background can modify CV risk and may also modulate
the impact of diet on atherosclerosis; however, to review the role of
these factors remains beyond the scope of this article. While acknowl-
edging the importance of other environmental and genetic factors, we
focus here on food choices, since diet is one of the most important exog-
enous factors that humans are exposed to in the every-day life.

The evidence here reviewed indicates that diets with a higher intake
of plant-based foods—limiting the consumption of refined cereals and
starchy foods—are associated with a markedly lower cardiovascular risk
in comparison with diets including predominantly animal foods.83

Although small in magnitude, the reported reductions in relative risks,
when translated at the population level, may significantly impact on the
absolute cardiovascular risk, resulting in a substantial reduction of the
number of events.82

We have focused our research mainly on evidence from observational
studies, but the conclusions are also supported by some large trials: The
Dietary Approaches to Stop Hypertension diet, focused on blood pres-
sure control and other cardiovascular risk factors,84 the Lyon Diet Heart
study exploring the effect of the Mediterranean diet in people with previ-
ous CVD85 and the PREDIMED trial for CVD reduction in people with-
out a prior CV event.33 The findings of these studies corroborate long-
term cohort studies reporting the cardiovascular benefits of a
Mediterranean-like diet and its components, including olive oil, nuts,
legumes, fruits, vegetables, whole grains, fish, and wine (in moderate
amount).86–89 In the PREDIMED trial, a 30% reduction of total CVD was
reported among individuals randomized to a Mediterranean diet plus ex-
tra-virgin olive oil or mixed nuts.33

Although future research directions need to take into account individ-
ual factors that would allow a greater personalization of the nutritional
approach, for the time being, the evidence supports at the population
level changes in the habitual diet that are coherent with the features of
the traditional Mediterranean diet. This model not only has proven to be
able to substantially contribute to the prevention of atherosclerosis, but
can also facilitate dietary compliance in view of its strong links with the
cultural roots of the populations from that region. It may be wise to
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Table 5 Summary table of the current ESC and AHA/ACC recommended food choices for CVD prevention and recent evi-
dence that may be considered for future dietary guidelines

Dietary component ESC (2016)75 AHA/ACC (2019)76 Recent evidence that may be considered for

the formulation of future recommendations

Vegetables and legumes >_200 g/day (2–3 servings) Overall: 21=2 cups/day

Dark green vegetables: 11=2 cups/week

Red/orange vegetables: 51=2 cups/week

Starchy vegetables: 5 cups/week

Other vegetables: 4 cups/week

Beans and peas: 11=2 cups/week

Consumption of legumes up to 400 g/week is as-

sociated with CVD risk reduction. Therefore,

legumes should be consumed in larger quanti-

ties and more frequently than currently recom-

mended, as a partial replacement for red meat.

Fruits >_200 g/day (2–3 servings) 2 cups/day

Unsalted Nuts 30 g/day 5 oz eq/day of nuts, seeds, and

legumes

Cereals Preferably from whole

grain

6 oz eq/day

Whole grain: 3 oz eq/day

Other refined grains: 3 oz eq/day

High GI refined starchy foods are associated with

an increased CHD risk in comparison with

whole grain and low GI cereal foods.

Therefore, it may be appropriate to drastically

reduce the consumption of high GI foods and

replace them with whole grain (2 servings/day)

and refined low GI cereal foods (1 serving/day).

Fish 1–2 times/week, one of

which to be oily fish

Preferably oily fish:

8 oz eq/week

Dairy foods – Fat free or low fat: 3 cups/day Consumption of up to 200 g/day of total dairy

foods (including milk), irrespective of being full

fat or low fat, is not associated with an increased

CVD risk and, therefore, can be allowed in the

absence of dyslipidemia.

Fermented dairies should be preferred in view of a

negative association with CVD

(i.e. cheese: 3 servings/week, yogurt: 1 serving/day).

Lean meat, poultry – 26 oz eq/week White meat should be preferred to red meat

given its neutral association with CVD. In con-

trast to red meat, white meat in moderate

amounts is not associated with an increased

CVD risk.

Processed meat Processed foods: to

displace

To displace

Eggs – Not specified

(eggs are combined with lean meat

and poultry)

1 egg daily is not associated with an increased

CVD risk and, therefore, can be allowed in peo-

ple without diabetes and dyslipidemia.

Oils: unsaturated FAs sources – 45 g/day In addition to the results of previous epidemiologi-

cal studies and RCTs, the evidence from the

PREDIMED trial and new data on the impor-

tance of olive polyphenols as modulators of

CVD risk factors support to consider extra-vir-

gin olive oil as a preferential choice for the re-

placement of SFAs and industrial trans-fats

sources. Other non-tropical vegetable oils can

also be considered.

Alcoholic beverages Males: 2 glasses/day

(20 g/day of alcohol)

Females: 1 glass/day

(10 g/day of alcohol)

2 drinks/day for males

1 drink/day for females

Sugar-sweetened soft drinks Consumption must be

discouraged

Consumption must be limited

Added sugars:

up to 100 Kcal/day (F)

Low-calories sweetened drinks should also be lim-

ited since their consumption is associated with

an increased cardiovascular risk.

Continued
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..make this heritage available to other people, giving them the opportunity
to take advantage of a gastronomic tradition that links so well health
with enjoyment. This may be extremely important for the implementa-
tion of feasible programmes for prevention of chronic non-communica-
ble diseases. In fact, long lasting lifestyle changes are difficult to be
achieved and, although health motivations may help compliance in the
short term, pleasure remains an important determinant of any dietary
change aimed to last. In addition, among the relevant factors influencing
the intention to change food choices, the most important ones are moti-
vation, affordability, time, access, and knowledge.90 Therefore, a strategy
based exclusively on guidelines and nutritional education will not be suffi-
cient to change the lifestyle of the population; policy options to be con-
sidered should necessarily include initiatives to facilitate production,
marketing, availability, and affordability of foods that are not only healthy
but also gastronomically appealing.
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Supplementary material is available at Cardiovascular Research online.
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Table 5 Continued

Dietary component ESC (2016)75 AHA/ACC (2019)76 Recent evidence that may be considered for

the formulation of future recommendations

up to 150 Kcal/day (M)

Sodium <_2000 mg/day

Salt: <5 g/day

<_2300 mg/day

Salt: <_5–6 g/day

Coffee or tea Not mentioned Not mentioned Moderate consumption (up to 3 cups/day) is asso-

ciated with a reduced CVD risk and, therefore,

can be permitted.

Chocolate Not mentioned Not mentioned Moderate consumption (10 g/day) is associated

with a reduced CVD risk and, therefore, can be

permitted.

ESC, European Society of Cardiology; AHA, American Heart Association; ACC, American College of Cardiology; g, grams; oz, ounce; eq, equivalent; GI, glycemic index; FAs, fatty
acids; SFAs, saturated fatty acids.
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E, Belay YA, Bell ML, Bello AK, Bennett DA, Bensenor IM, Bergeron G, Berhane A,
Bernabe E, Bernstein RS, Beuran M, Beyranvand T, Bhala N, Bhalla A, Bhattarai S,
Bhutta ZA, Biadgo B, Bijani A, Bikbov B, Bilano V, Bililign N, Bin Sayeed MS, Bisanzio
D, Biswas T, Bjørge T, Blacker BF, Bleyer A, Borschmann R, Bou-Orm IR, Boufous S,
Bourne R, Brady OJ, Brauer M, Brazinova A, Breitborde NJK, Brenner H, Briko AN,
Britton G, Brugha T, Buchbinder R, Burnett RT, Busse R, Butt ZA, Cahill LE,
Cahuana-Hurtado L, Campos-Nonato IR, Cárdenas R, Carreras G, Carrero JJ,
Carvalho F, Casta~neda-Orjuela CA, Castillo Rivas J, Castro F, Catalá-López F, Causey
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