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Coronary heart disease (CHD) is a major cause of death
worldwide. Dietary factors have an important role in
influencing the outcome of this disease. Dietary guide-
lines around the world now recommend increased
consumption of plant foods for the prevention of CHD.
Epidemiologic and human intervention studies have
documented an inverse relationship between the con-
sumption of plant-based diets and deaths attributed to
heart disease. Plant foods contain many beneficial com-
pounds that, by acting through multiple mechanisms,
provide protection against the disease. American and
Canadian recommendations for the daily intake of fruits
and vegetables provide a sound basis for a healthy diet
and the prevention of CHD.

Introduction

Coronary heart disease (CHD) is responsible for many
deaths in North America and rest of the world. Accord-
ing to the World Health Organization (WHO) and the US
Centers for Disease Control and Prevention (CDC), 16.7
million deaths were reported around the globe due to
different types of cardiovascular diseases (CVD). Many
factors contribute toward the risk of heart disease. They
include nonmodifiable risk factors (advancing age, hered-
ity and family history, gender, and ethnicity), modifiable
risk factors (abnormal blood lipids, tobacco use, physical
inactivity, obesity, unhealthy diet, and diabetes mellitus),
and other risk factors (excess homocysteine, inflamma-
tion, and abnormal blood coagulation). Although genetic
factors and age are the common risk factors, other fac-
tors such as hypertension, hyperlipidemia (including
hypercholesterolemia and hypertriglyceridemia), insulin
resistance, and lifestyle factors such as diet, cigarette
smoking, obesity, lack of physical activity, and other

physical and psychological tensions, are also recognized
as being equally important risk factors associated with
the disease [1]. Among the modifiable risk factors, diet
has received a great deal of attention in recent years.
Based on epidemiologic and human intervention stud-
ies, countries around the world have formulated dietary
guidelines for the prevention of CHD. One of the major
recommendations is to increase the consumption of
plant-based foods. Important sources of plant foods in
human diets include fruits, vegetables, cereals, legumes,
nuts, and other miscellaneous items such as herbs and
medicinal plants. Plant foods contain many components
that have been associated with the risk of CHD (Table 1).

Role of Plant Foods in the Progression of CHD
Knowledge of the various steps involved in the progres-
sion of CHD would be beneficial in understanding the
role of plant foods and their components in its preven-
tion. Figure 1A shows a schematic representation of the
multiple-step model for CHD. There is evidence support-
ing the role of plant foods and their components in the
early, middle, and late stages of CHD. Population-based
studies have provided observations that consumption of
plant foods can reduce rates of mortality associated with
CHD [29,3,4¢]. Most of the population-based epidemio-
logic studies use deaths due to CHD as the end point.
However, most of the in vitro investigations study the
early events in the progression of the disease. The link
between early events of the disease, such as low-density
lipoprotein (LDL) oxidation, and the terminal outcome
of death is an important area of future research.

Serum lipids, including cholesterol and triglycerides,
have been the main focus with respect to the risk of CHD.
Serum total, LDL cholesterol, and high-density lipoprotein
(HDL) cholesterol and the ratio of LDL/HDL traditionally
are used as biomarkers of CHD risk [5]. As a result, most of
the dietary strategies for the prevention of CHD have been
directed at lowering total and LDL cholesterol while increas-
ing levels of HDL cholesterol. Reducing cholesterol synthesis
and increasing its excretion can maintain serum lipids in
the recommended range. Dietary fiber, in particular, has
provided an effective means of managing serum lipids and
reducing the risk of CHD.
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Table 1. Components of plant-based foods associated with risk of coronary heart disease

Ingredient Mode of action

Plant sterols and stanols

Displace cholesterol in the micelles and increase its fecal excretion, leading to decreases in

the amounts of cholesterol absorbed by lumen [33].

Types and amounts of fat
Dietary fiber
Antioxidant polyphenols

Mono- and polyunsaturated fatty acids improve serum lipid profiles [34¢]
Helps reduce stomach emptying time; improves blood lipid profile and insulin homeostasis [35¢]

Inhibit LDL cholesterol oxidation and improve endothelial dysfunction, which are key steps

in the development of atherosclerosis; inhibit platelet aggregation [36]

Dietary phytoestrogens
(flavonols, flavones)

Antioxidant carotenoids

Vitamins (B, B,, and B,))

Antioxidant vitamins
(C, E, and A)

Minerals

Plant proteins

Prevent oxidation of LDL cholesterol (inhibiting platelet aggregation and improving
endothelial dysfunction) and reduce inflammation [37¢]

Reduce oxidative damage of lipids, proteins, and DNA by quenching singlet oxygen and
trapping peroxyl radicals [38]

Lower homocysteine levels and reduce the risk of CHD [17¢,39¢]

Protect cellular components against free radical-induced oxidative damage [34¢,40]

Act as cofactors for the activity of antioxidant defense enzymes [41]

Reduce plasma cholesterol and triglyceride levels and raise HDL cholesterol levels [42¢]

CHD—coronary heart disease; HDL—high-density lipoprotein; LDL—low-density lipoprotein.

I. Early events
Serum total cholesterol accumulation
Oxidation of LDL cholesterol
Accumulation of oxidized LDL
cholesterol by macrophages
Formation of foam cells

Il. Middle events
Formation of arterial plaque
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Cardiovascular thrombosis
Mild myocardial infarction
Acute myocardial infarction
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Figure 1. A, Multistep model for the development of coronary heart disease (CHD). B, Low-density lipoprotein (LDL) oxidation and CHD.

Oxidative stress induced by reactive oxygen species
(ROS) is also considered to play an important part
in the etiology of several chronic diseases, including
CHD [6°]. Oxidation of the circulating LDL creates
oxidized LDL, which is thought to play a key role in
the pathogenesis of atherosclerosis, the underlying dis-
order leading to heart attack and ischemic stroke [5].
Figure 1B shows the LDL oxidation hypothesis in the
etiology of CHD. Antioxidant nutrients are believed to
slow the progression of atherosclerosis because of their
ability to inhibit the damaging oxidative processes [7].

In this respect, plant foods naturally contain several
antioxidants, including vitamins, minerals, and phyto-
chemicals. Plant foods are good sources of vitamins A,
C, and E, all of which have been documented to have
antioxidant properties. Selenium is an important trace
mineral that is essential for the activity of the enzyme
glutathione-S-peroxidase, an important antioxidant
enzyme [8e]. Major antioxidant phytochemicals
present in plant foods include carotenoids, such as
beta-carotene and lycopene, and polyphenols, such
as anthocyanins [9].
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Fruits and Vegetables in the Prevention of CHD
Evidence in support of the role of fruits and vegetables
in the prevention of CHD comes from epidemiologic,
human intervention, and animal studies. Recent epi-
demiologic studies published in the literature are
summarized in Table 2. Based on these observations,
dietary recommendations around the world recom-
mend increased consumption of fruits and vegetables.
American food guidelines recommend the consumption
of 2 to 4 servings of fruits per day and 3 to 5 servings
of vegetables per day [10]. Canadian guidelines recom-
mend consumption of 5 to 10 servings of fruits and
vegetables per day [11]. Many studies have shown an
association between low fruit and vegetable intake and
the development of CVD and other degenerative dis-
eases [12¢]. Diets rich in fruits and vegetables may help
reduce the risk of CHD in a number of ways. They dis-
place from the diet foods that are high in sodium [13],
fat [14], and energy. They are also important sources
of soluble and insoluble fiber [15¢] and sterols, which
help reduce serum cholesterol levels [14]. By reducing
the intake of sodium, they also help reduce blood pres-
sure and the risk of CHD. As good sources of naturally
occurring antioxidants, fruits and vegetables help
reduce oxidative stress and improve endothelial func-
tion. Together with legumes, they are the main source
of folate [16], which is known to protect against CHD
by its ability to reduce the level of homocysteine in
the blood [17¢]. One vegetable that has been studied
extensively in recent years for its role in the preven-
tion of CHD is the tomato. Tomatoes and processed
tomato products naturally contain lycopene, a caro-
tenoid antioxidant phytochemical. Although several
population-based studies showed an inverse relation-
ship between the consumption of tomatoes and the
serum levels of lycopene and the incidence of CHD,
the strongest evidence comes from a multicenter case-
control study that evaluated the relationship between
adipose tissue antioxidant status and acute myocardial
infarction [18]. Participants (662 cases and 717 con-
trols) from 10 European countries were recruited to
maximize the variability in exposure within the study.
Needle aspiration biopsy samples of the adipose tissue
were taken shortly after the infarction and the level of
o-carotene, beta-carotene, lycopene, and o-tocopherol
measured. After adjusting for age, body mass index,
socioeconomic status, smoking, hypertension, and
maternal and paternal history of the disease, lycopene
was shown to be protective against the risk of myocar-
dial infarction [19e]. Results from the Nurses’ Health
Study, Health Professionals Follow-up Study [20],
several other long-term studies [21e-23¢], and from
controlled dietary intervention studies provide com-
pelling evidence supporting the relationship between
increased consumption of fruits and vegetables and
decreased risk of CHD and stroke.

Cereal Grains, Legumes, Nuts, and Other
Plant-Based Foods in the Prevention of CHD
Cereal grains and their products are the major food group
for most humans, providing a significant proportion of total
energy intake in our diet. Several components of cereals have
known potential for reducing risk factors for CHD. They
include fiber, linoleic acid, vitamin E, folate, and selenium.
Among the phytochemicals present in cereals, phytoestro-
gens of the lignan family and several phenolic acids with
antioxidant properties also have cardioprotective proper-
ties. As shown in Table 2, several recent studies support the
conclusion that consumption of grains and cereals can help
lower plasma lipids, including triglycerides, LDL cholesterol,
and total cholesterol. Although the type of cereal grains and
the major components that they may contain can have dif-
fering effects on plasma lipids, it has been suggested that
whole grain cereal foods and oatmeal or bran may reduce
the risk of CHD.

Legumes have also been studied for their beneficial
effects against heart disease (Table 2). They are a good
source of plant protein and complement the high carbohy-
drate staples such as rice, wheat, maize, and various root
and tuber crops. Among the legumes, soybeans have been
studied the most. However, other beans classified as legumes
also possess beneficial properties. Similar to the cereal
grains, they also contain several beneficial compounds asso-
ciated with lowering the risk of CHD and, in particular,
protein, fiber, phytoestrogens, and isoflavones are credited
for the cardioprotective properties of legumes.

An extensive body of literature describes the beneficial
effects of consuming nuts on serum lipid profiles [24e].
Inclusion of 50 to 100 g (approximately 1.5-3.5 servings)
of nuts, five or more times a week, in conjunction with a
low-fat diet, can help decrease total and LDL cholesterol
and protect against CHD. However, improvement of lipid
profiles was also observed with the consumption of 20 g/d
of some types of nuts [25¢]. Clinically relevant improvement
in the reduction of serum LDL cholesterol was also shown
with as little as 4 g/d of nuts. Thus, nuts seem to have a
broader benefit in dyslipidemia, depending on the level
and duration of intake [26¢]. The mechanisms whereby the
consumption of nuts affords protection against CHD are
probably multiple. The fatty acid profile of nuts, in particu-
lar the presence of the omega-3 fatty acid a-linoleic acid
(ALA), has been suggested as being important with respect
to their beneficial cardioprotective properties.

Consumption of certain beverages rich in polyphenols,
such as red wine containing resveratrol, green tea contain-
ing catechins, and pomegranate juice containing catechins
and quercetin, has been shown to protect LDL cholesterol
against oxidative damage and to improve endothelial dys-
function, both of which are recognized as early events in
atherogenesis [27]. Grape seeds that contain proanthocyani-
dins can also protect against LDL oxidation [28e]. Several
spices, herbs, and condiments used in food preparations
have also been shown to inhibit platelet aggregation and
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prevent thrombosis [29¢-31e]. Extensive work has been
carried out on the role of garlic in the prevention of CHD.
Both animal and human studies have shown the ability of
garlic to protect against cardiovascular disease because of
its hypocholesterolemic, hypolipidemic, antihypertensive,
antithrombotic, and antihyperhomocysteinemic properties,
as well as its ability to inhibit platelet aggregation [32e].

Conclusions

There is compelling evidence to suggest that dietary factors
play an important role in influencing CHD. An unhealthy
diet that contains high levels of saturated fats and cholesterol,
along with obesity, are the major dietary risk factors of the
disease. Dietary guidelines around the world now recom-
mend increased consumption of plant foods to lower the risk
of CHD. Plant foods inherently contain low levels of total
and saturated fat and no cholesterol. In addition, they also
contain many compounds that have been shown to be cardio-
protective. They include dietary fiber; proteins; antioxidants
such as vitamins A, E, and C; selenium; and folate. They help
reduce the intake of saturated fats and cholesterol, increase
the intake of mono-and polyunsaturated fatty acids, prevent
cholesterol synthesis, and protect lipids against oxidative dam-
age. Plants also contain a variety of beneficial phytochemicals
that reduce the risk of CHD via multiple mechanisms. Caro-
tenoids and polyphenols present in plant foods have been
shown to be potent antioxidants that reduce LDL oxidation
and help prevent plaque formation and improve macrophage
function. By positively influencing the early events, they can
significantly reduce the number of deaths attributed to car-
diovascular complications. Future research will continue to
identify new components of plant foods beneficial to main-
tain a healthy heart and the mechanisms of their action. US
government food guidelines recommend the consumption of
2 to 4 servings of fruits and 3 to 5 servings of vegetables per
day, and Canadian guidelines recommend consumption of 5
to 10 servings of fruits and vegetables per day. On the basis
of the mounting scientific evidence in favor of plant foods in
preventing CHD, it is prudent to follow these guidelines and
the overall recommendation to increase the consumption of
plant-based foods.
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