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ABSTRACT: The causal link between massive socio-economic and technological development, nutrition transition, and diet-related
chronic disease epidemiology is now well established. Evidence from epidemiological and clinical studies has identified significant
reduction in the consumption of fruits, vegetables and other plant-based foods in their traditional, natural forms, as one major
consequence of nutrition transition that promotes pathogenesis of diet-related chronic diseases, such as, cardiovascular diseases and
their risk factors. Many non-nutrient phytochemicals of plant foods are key mediators of nutritional physiology and health, serving to
protect against diet-related CVD and risk factors. This review focuses on the emerging evidence for the protective effects of
polyphenolic phytochemicals on risks of diet-related CVD and their possible mechanisms of action. Epidemiological evidence,
substantiated by numerous human trials and dietary interventions in humans using polyphenol-rich foods, associates high consumption
of certain classes of polyphenols, notably flavonoids (flavones, flavonols, catechins, isoflavones) and lignans, with reduced risk of
nutrition—related CVD. The underlying mechanisms of the cardioprotective effects of these polyphenols are just beginning to be
unravelled but they involve the fundamentally antioxidant and other biological activities of polyphenols, including their vasoactive,
oestrogenic, anti-inflammatory, and anti-hypertensive effects, and entail, at least in part, the inhibition of pathogenesis of
atherosclerosis, a precursor of CVD.
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Introduction

It is has been recognised since the agrarian and industrial revolutions in Britain and Europe during the 16™ — 18"
centuries that a society undergoing a massive socio-economic and technological development may witness equally
striking changes not only in lifestyles, food supplies and dietary pattern but also in disease epidemiology. The change in
dietary pattern that accompanies rapid socio-economic development and urbanization is termed nutrition transition.
Scientific interest in this phenomenon was rekindled towards the end of the 20" century by epidemiological reports
linking shifts from the pre-industrial traditional diet to the Western diet with the high incidence of adult-onset diabetes
mellitus and other non communicable, chronic diseases among the aboriginal Amerindians (1,2) and Australians (3) who
had given up their traditional diets for the Western food culture. More recently, there have been growing reports that
nutrition transition related chronic diseases are increasingly becoming a major cause of death in the middle-and lower-
income countries as well (4-6) The development was attributed to the attendant changes in the structure and composition
of diet, in particular, the relatively higher intake of certain nutrients like fat lacking in unsaturated fatty acids (7,8) the
relatively reduced intake of carbohydrates in their natural unrefined forms (9-11) and the reduced consumption of plant-
based diets (10) coupled with the shift to sedentary lifestyles(12,13).
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The nutrition transition-related diseases arise because in the course of adopting and adapting to a new lifestyle and
food culture that is totally different from the traditional diet, there is a progressive reduction in the level of intake of the
dietary components with beneficial health effects and an equally progressive increase in the intake of those with adverse
health effects. Of recent, there has been an upsurge of scientific interest in the healthful effects of plant based diets (11,
14, 15) generally and of their component non-nutrient phytochemicals(16-19), specifically. This apparently stems from
the recognition that a plant- based diet regimen provides the lowest content of promoters and the highest content of
inhibitors of metabolic dysregulation that lead to major causes of disease and debility in adults over 40 years of age (5)
and that non-nutrient phytochemicals may be one of the major inhibitors of metabolic dysregulation and, consequently
important mediator of health (16, 18-20). The positive mediatory effect of dietary fibre (non starch polysaccharides plus
lignin) on human health is already well recognized (21-23). This review will focus on the emerging biomedical evidence
in support of the reported protective effects of non-nutrient, dietary phytochemicals other than dietary fibre, in particular,
the polyphenols, on nutrition-related, non-communicable, chronic diseases, their bioscientific basis, and the underlying
biologic mechanisms of their mediation of the identified roles. However, given the multiplicity of non-communicable
chronic diseases associated with nutrition transition, detailed review will be limited to cardiovascular disease. The
review will be done from the perspective of determinants of nutrition transition and its health outcome.

Determinants of Nutrition Transition and Related Chronic Diseases

Nutrition transition is especially apparent among rapidly developing populations undergoing (demographic) transition
from a pre-industrial, traditional society to an industrial, urban society(12, 16) because rapid socio-economic
development generally engenders major shifts in food supplies, dietary pattern and lifestyle (especially physical activity
in both work and leisure) with concurrent shifts in disease patterns (epidemiological transition) as well (6, 10). A
comprehensive study of the situation in Asia and the Pacific, for instance, has demonstrated that nutrition transition is a
central part of a sequence of three causally linked transitions, namely demographic, nutrition and epidemiological
transitions, in that order (10).

Causally Linked Transitions

Demographic transition is characterized by a shift away from a rural society with a low life expectancy at birth and
families with many children, intense physical activity to an urban society with a higher life expectancy at birth with few
children and reduced physical activity at work and leisure(24). With respect to physical activity, increased urbanization
and technology lead to a shift from physically active to sedentary occupations, less walking and cycling, more use of cars
and television, increased use of labour saving devices at work and home, and changes in income profile (10). In the case
of nutrition transition, there is typically, a shift away from the mixed plant-and animal-based diet of the hunter-gatherer
pre-industrial traditional diet towards a more varied diet that includes pre-processed food, more of food of animal origin
(especially those like eggs, milk and dairy products and meat that are major sources of saturated fatty acids), more added
sugar and fat, and often more alcohol (16, 25, 26). In other words, there is a trend towards more refined, less bulky more
energy dense diets with increased proportion of saturated fat-bearing animal foods. It has been estimated that, for all
developing countries combined, the per capita consumption of beef, mutton, goat, pork, poultry, eggs and milk rose by
an average of 50% per person between 1973 and 1996 (27). The most immediate result of the combination of transition
to a relatively energy dense diet with physically inactive lifestyle is a rapid increase in overweight and obesity (17,28)
which are important risk factors of major nutrition-related chronic diseases, such as, adult-onset diabetes
mellitus(16,17,29) and cardiovascular disease(6,10,29) Diabetes mellitus and cardiovascular disease (CVD) are among
the products of nutrition transition-linked epidemiological transition Epidemiological transition is characterized by a
shift from endemic nutrient deficiency and infectious diseases, mostly of early life, to epidemic of nutrition related
noncommunicable chronic diseases, generally of later life(30). Among the major noncommunicable chronic diseases
which manifest later in life and whose incidence become epidemic during prolonged nutrition transition are adult-onset
diabetes mellitus, cardiovascular diseases (i.e. coronary heart disease, ischaemic heart disease or ischaemic stroke and
peripheral vascular disease and their precursors like atherosclerosis and hypertension) and certain cancers such as those
of the colon, rectum, endometrium, lung and breast (6,10). They manifest later in life presumably as a consequence of
increasing access to a modern healthcare system which controls infectious, parasitic, and nutritional diseases and allows
most of the population to reach ages in which chronic diseases manifest themselves (17). This range of chronic
degenerative diseases were previously regarded as diseases of the affluent industrial society but by mid-1990s had
become global public health problems (6,31) and a leading cause of death in developing countries including low income
countries of the tropics (5,12,17) A lot of work has been done globally in the past two decades on nutrition and
epidemiological transitions and the dominant trends in the emerging data suggest that some of the nutrition related
chronic diseases become epidemic at a speed that is a function of the velocity of demographic and nutrition transitions,
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and that they may emerge as epidemics in a predictable sequence (10). For example, while adult-onset diabetes emerge at
the early stages of dietary changes and economic development and become a public health problem within a generation,
cardiovascular diseases and cancers of the colon and rectum emerge at later stages and may take two generations to
become epidemic.

The nature of the shift in the structure or pattern of diet during nutrition transition varies from country to country as a
result of differences in culture and socioeconomic environment. Consequently, the sequence and rate of emergence of
chronic diseases during nutrition transition and the stages at which they become epidemics, vary among populations.
Accordingly, a determination and understanding of the characteristic features of nutrition and epidemiological transitions
in a given population must precede the design and implementation of any intervention initiative. Such well informed
intervention initiatives have led to effective control of nutrition-related chronic disease epidemics in several populations
(1, 3,32-34).

Chronic Disease: A Consequence of Disruption of Homeostatic Balances.

The determinants of nutrition transition and its health consequences have been reviewed from the evolutionary
perspectives(13,16). Human nutritional physiology reportedly reflects evolutionary adaptations to patterns of ingestion of
both nutrient and nonnutrient components of the diet. Based on available scientific data, it has been postulated that
nutrition transition-related chronic diseases emerge basically because of disruption of a number of balances
(homeostasis) that had existed prior to the onset of demographic and nutrition transitions: balance between consumption
of energy and of micronutrients; between nutrient intake and other environmental factors, including nonnutrient
components of the diet; between energy intake and physical activity in work and leisure; and balance between body
physiology and certain bioactive nonnutrient components of the diet (nutrition ecology) consumed on a routine
basis(16,35). Human interaction with these dietary and nondietary environmental factors is complex and for populations
that live in closely defined relationships with the natural environment, such as, those engaged in traditional forms of
subsistence agriculture where the ingestion of a range of phytochemicals from plant foods, condiments, beverages and
herbal medicine may be part of their normal ecology, the disruption of the inherent homeostasis in their way of life can
have negative consequences to body physiology and health (16). Our primate legacy, fossil hominid, and hunter-gatherer
lifestyles selected for adaptive metabolically thrifty genotypes and phenotypes have been rendered deleterious through
modern lifestyles that increase energy input and reduce output(13) and reduce consumption of nonnutrient
phytochemicals (16,35). Many of the essential nonnutrient phytochemical components of plant foods are lost during
modern processing of grains or refining of vegetable oils. Apart from disrupting the homeostatic
relationships with the natural environment, processing and refining destroy the possible synergistic interactions that may
exist among the natural constituents of a foodstuff vis-a-vis the beneficial health effects of the food(36). This can be
better appreciated against the background of evidence from several studies(11,14,15,36) indicating that a high
consumption of plant-based foods, such as, fruits and vegetables, nuts and whole grains, is associated with a significantly
lower risk of coronary heart disease, stroke and hypertension, obesity, and adult-onset diabetes mellitus.

Causes of Variations in Incidence of Chronic Disease

Although all humans are physiologically similar, there are well known genetic differences among populations which
reflect adaptations to specific dietary cultures, for example, lactase deficiency among the adult population of ethnic
groups with no history of keeping dairy animals (16). Besides, genetic heterozygosity (37,38) and acquired metabolic
defects like foetal and infant inadequate nutrition insults (39,41) within populations may affect the manner individuals in
a given population may respond to dietary change. A growing body of evidence reviewed by Waterland and Gaza (39)
and Popkin and co-workers (10) suggests that early nutrition-related insults may contribute to later diet-related chronic
diseases, especially, cardiovascular diseases, obesity, hypertension, and adult-onset diabetes.

Manifestations of foetal and early childhood nutrition insults include low birthweight and stunting. Low birthweight
and stunting have both been linked with risks of chronic diseases such as hypertension and CVD later in life (10,42). The
biologic mechanisms underlying this phenomenon, otherwise called foetal programming or metabolic imprinting, have
been reviewed (39,43) but are, by and large, still unclear. It is believed that early nutrition-related insults may also
compromise immune function (44). However, the large variation in risk of chronic diseases within and between
populations suggests that behavioral or lifestyle factors, such as, diet and physical inactivity, may play a major role in the
aetiology of nutrition transition-related chronic diseases, especially, cardiovascular disease (17). A standardized study of
glucose intolerance and high blood pressure in four representative African origin populations as a test of a hypothesis on
genetic cause of adult-onset diabetes, for instance, has shown that energy imbalance and intergenerational
socioeconomic influences are much more likely causes of diabetes (and probably most other chronic diseases for which
diabetes is a major risk factor) than ethnic or genetic variation, which does occur, poorly related to phenotype(45). Non-
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genetic intergenerational mechanisms considered in the study include amniotic growth factors and maternal exposure.
Evidence from molecular and genetic epidemiological studies indicate that dietary imbalance can alter gene-nutrient
interactions in ways that increase the risk of developing chronic diseases(38).

Differences in diet culture have served to explain significant inter-population variations in the incidence of nutrition-
related chronic disease, with lower incidence being explained by protective effects of certain components of the diet.
Plant foods, as mentioned earlier, account for the bulk of the dietary components associated with protective effects
against nutrition-related chronic diseases. The protective plant constituents are mostly those liable to be removed during
processing/refining of foodstuffs (e.g. dietary fibre, plant pigments); those found only/more abundant in plant foods and
consequently, their consumption is more likely to be adversely affected by the accelerating shift away from the
traditional plant-based diet during nutrition transition(e.g dietary fibre, other non-nutrient phytochemicals, unsaturated
fatty acids); and those that exert their protective effects only when in their natural forms and consequently, their
protective activity is destroyed by processing or refining (e.g. starch polysaccharides). The protective effects of
nonnutrient phytochemicals other than dietary fibre, against nutrition-related chronic diseases became increasingly
manifest with the observation of a number of cases of low incidence of nutrition-related chronic disease that could
neither be explained by the nutrient components of the diet nor by other classical risk factors (i.e incidence of paradoxes)
coupled with the emergent scientific evidence of the potential beneficial health effects of certain classes of non-nutrient
phytochemicals, in particular, the polyphenols. Incidentially, the best known of these paradoxes in chronic disease
incidence are those concerning cardiovascular diseases (CVDs) and which were subsequently explained by the
cardioprotective effects of polyphenols in the regular diet.

PHENOLIC PHYTOCHEMICALS AND LOW CVD INCIDENCE PARADOXES

The protective effects of non-nutrient dietary phytochemicals have explained a number of paradoxical inter-
population variations in the incidence of CVD, the best known cases being the French(46,47),the Maasai(16,48) and the
Mediterranean(49) paradoxes. Emerging evidence indicates that non-nutrient phytochemicals exert their protective
effects through mechanisms involving certain novel CVD risk factors rather than the conventional or classical risk
factors (i.e., age, sex, genetic, disposition, elevated serum cholesterol and blood pressure, smoking, physical inactivity
and obesity). Among the novel risk factors are oxidative stress, endothelial dysfunction, homocysteine concentration,
inflammation and thrombosis(17,50). These emerged following a greater understanding of the processes involved in
atherosclerosis development and heart disease. Strong epidemiological evidence and a number of clinical trials on
intermediary health outcomes have engendered the belief among medical scientists that treating elevated homocysteine
(homocysteine lowering) and the other novel risk factors would be important in CVD prevention(50).

The French Paradox

The relatively low rate of atherosclerosis and coronary heart disease among the French population compared to other
industrialized European countries with similarly high intakes of saturated fatty acids and comparable serum cholesterol,
blood pressure and prevalence of smoking, has been attributed to a lower consumption of whole milk and greater
consumption of plant foods and red wine(46) and the French custom of drinking red wine with meals(47). The apparent
protective effect of red wine has been attributed largely to polyphenolic compounds contained in it (16,17), based on the
generally known antioxidant properties of polyphenolic compounds. They are believed to mediate the observed positive
effects of red wine on blood platelet aggregation and lipid metabolism(51). It has been postulated that the polyphenolic
compounds contained in red wine retard the progression of atherosclerosis by protecting against lipid peroxidation,
particularly of polyunsaturated LDL- cholesterol(16). There is good evidence that oxidative damage to lipids and
lipoproteins, particularly LDL oxidation, is linked to development of atherosclerosis(17). However, subsequent studies
based on a greater understanding of the processes involved in the development of atherosclerosis, plaque rupture, and
thrombosis, suggest that polyphenols may protect against CVD by influencing novel risk factors like vascular endothelial
function(17,20). A European Union-funded study on wine and cardiovascular disease recently reviewed by Kelly (17),
has provided some insight into how red wine polyphenols may protect against heart disease through modulation of
endothelial function.

The pathophysiology of the three main forms of CVD (i.e coronary heart disease, ischaemic stroke, and peripheral
vascular disease) is similar and involves atherosclerosis and thrombosis. The development of the former entails
impairment of endothelial function. Endothelial dysfunction is considered an early step in the process of
atherosclerosis(17,20). The normal healthy endothelium has many anti-atherogenic functions, including, regulation of
blood flow, inhibition of blood clotting and prevention of adhesion of inflammatory cells to blood cells lining, which are
performed through mediators like nitric oxide, NO and prostacyclin released by the endothelium(17). Endothelial
dysfunction is characterized by a decreased bioactivity of NO and impaired flow-mediated vasodilation(20). In that
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unhealthy state, adhesion molecules on the surface of activated endothelium mediate the attachment of leukocytes to
endothelium. From there, the leukocytes can infiltrate into the artery wall, become resident or macrophages and then, can
engulf large amounts of lipid, leading to atherosclerosis. Evidence from the EU-funded study on wine and cardiovascular
disease suggest that red wine polyphenols may indeed exert their protective effects by preventing endothelial
dysfunction.

The EU-funded study found that red wine polyphenols extract (RWPE) mediated a vasorelaxant effect via the
stimulation of NO release from the endothelium in rat aorta, mediated improved vascular tone in rabbits via a reversal of
cholesterol-induced endothelial dysfunction, and prevented mechanisms relevant for in vivo plaque development,
including leukocyte adhesion to endothelial cell and reduction of expression of intercellular adhesion molecules(17).
Four polyphenolic components of RWPE were found to induce mechanisms relevant for vasoconstriction; they are two
anthocyanins (delphinidin and petunidin), a flavonol (quercetin) and a stilbene (resveratrol). These are among the
polyphenolic compounds long suspected to be among the active anti-atherogenic agents in red wine(51).

The Maasai Paradox

The incidence of atherosclerosis and CVD among the Maasai pastoralists of East Africa is low despite their high
intakes of fat and cholesterol and low intake of carbohydrates(52,53). The Maasai obtain up to 66% of their energy from
fat(52) and subsist on diet high in milk, yogurt and meat(53) , a dietary culture associated with high incidence of CVD
(28). Several hypotheses have been propounded to account for the paradoxical situation(51), but none was fully
satisfactory until the Maasai ethnobotany factor was brought into the equation, initially by Day and coworkers (48). The
subsequent verification of the ethnobotany factor was based on the fact that the Maasai routinely ingest wild plant
materials as foods, as ingredients of milk and meat-based soups, as masticants, and as herbal medicines(54).

The Centre for Nutrition and the Environment of Indigenous Peoples of Mc Gill University, Canada has examined
plant foods and food additives used by the Maasai of Kenya and Tanzania in relation to their possible role as
hypocholesterolaemic agents(16). About 82% of the Maasai food additives screened were found to contain potentially
hypocholesterolaemic phytochemicals, including saponins and phenols. On the strength of the findings and known
biological activities of the identified phytochemicals(55,56), it was postulated that saponins, polyphenols and
phytosterols in foods, medicines and masticants contribute to the phenomenon of low rate of atherosclerosis and
coronary heart disease among the Maasai(16). However, there appears to be as yet no epidemiological study to test this
hypothesis to confirm the existence of an inverse relationship between the occurrence of these phytochemicals in the
Maasai diet and the incidence of cardiovascular diseases. Nonetheless, evidence that plant polyphenols exert positive
cardiovascular health benefits and as a result, are serious candidates in explanations of the protective effects of plant
foods and additives against CVD as well as other nutrition-related chronic diseases is now well documented(18-
20,57,58).

The Mediterranean Paradox

The Mediterranean paradox is the lower incidence of coronary heart disease among the southern European
populations inhabiting the Mediterranean region, compared to the rest of Europe, despite comparable blood lipid profiles,
blood pressure, saturated fat consumption and smoking. The paradox has been attributed to the protective effects of the
traditional Mediterranean diet(49). The Mediterranean diet typically uses olive oil as the major culinary fat and it is to
this dietary component that the cardioprotective effects of the Mediterranean diet has been traced.

Unrefined olive oil or extra-virgin olive oil, is rich in monosaturated fatty acids and contains a considerable amount of
polyphenolic compounds, such as, hydroxytyrosol and oleuropein(17,59-61). The polyphenolic compounds are
responsible for the peculiar, pungent taste and high stability of extra-virgin 0il(60) There is good evidence that olive oil
polyphenols are powerful antioxidants both in vitro and in vivo and that they also exert other biological activities that
could partially account for the observed healthful effects of the Mediterranean diet (60,61). Evidence from reports of the
several human trials reviewed by Patrick and Uzick (59) show that olive oil has a therapeutic effect on myocardial
infarction and exerts anti-hypertensive, antioxidant, and anti-inflammatory effects and that olive oil polyphenols rather
than the monounsaturated fatty acids (MUFA) may account for the greater part of the observed cardioprotective effects
of olive oil.

Among the most celebrated of the early human trials on the cardiovascular health effects of olive oil was the Lyon
Diet Heart Study which compared a Mediterranean diet with standard post-infarction “prudent Western diet” in patients
who had suffered a first major cardiac infarction. The dramatic improvements recorded early in the trial, with 76%
reduction in cardiac events after only 27 months in a 5- year trial, persisted during a mean follow-up of 46 months(49).
The study, involving 605 post-infarct patients, achieved a greater reduction in coronary mortality using simple dietary
changes than any reported cholesterol-lowering study (62). One of the human trials that provided evidence that the
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polyphenols played a more prominent role in the cardioprotective effects of olive oil reported in epidemiological studies
and human trials was the study in which the effects of extra-virgin olive oil on blood pressure of mild to moderate
hypertension patients were compared to those of sunflower oil (63). Olive oil supplementation produced significantly
lower systolic and diastolic blood pressures than sunflower oil supplementation and at the end of the trial, all patients on
the sunflower diet required medication while eight patients receiving olive oil diet had no need for drug therapy. Olive
oil and sunflower oil are rich in MUFA and polyunsaturated fatty acids (PUFA), respectively. Were unsaturated fatty
acid content to be the major cardioprotective principle, sunflower oil diet would have produced the more pronounced
effect on hypertension. However, while extra-virgin olive oil is rich in polyphenols which are significantly reduced but
not completely absent in refined olive 0il(64) polyphenols are completely absent in sunflower oil.

Olive oil polyphenols are believed to exert their protective effects on cardiovascular disease and its risk factors, such
as, hypertension and atherosclerosis, through multiple biological mechanisms that largely exploit their antioxidant and
anti-inflammatory properties, among others. Several studies with polyphenols extracted from extra-virgin olive oil have
shown that they significantly inhibit key elements in the pathogenesis of CVD(17,60,61,65,66). Some of their beneficial
activities, such as, inhibition of LDL oxidation(67), reduction of blood pressure(63), and reduction of macrophage
uptake of LDL-cholesterol(67) have been confirmed in human trials. The two biomolecular events, LDL oxidation and
macrophage uptake of LDL, are key factors initiating intimal cell injury, foam cell formation, and, ultimately,
atherosclerosis(68), a precursor of CVD. Nonetheless, a lot more work still need to be done to clearly understand the
underlying biologic mechanism whereby olive oil and its polyphenols exert the reported protective effects on
cardiovascular disease.

DIETARY POLYPHENOLS ASSOCIATED WITH PREVENTION OF CARDIOVASCULAR DISEASE.

The interest of nutritional science in the healthful effects of plant food ployphenols has grown beyond resolving the
French and other paradoxes. The interest shown in the potential beneficial health effects of polyphenolic compounds in
plant foods, beginning from the mid-1990s, has been so phenomenal that before the end of the decade, it culminated in
an international conference (The 1% International Conference on Polyphenols and Health, Vichy, France, November 18-
21, 2004), one of the main objectives of which was to review the evidence for healthful effects of polyphenols in humans
from both clinical trials and epidemiological studies(18).

A critical review of the more than 350 communications presented at the conference (18,19) has led to a number of
salient inferences on the beneficial effects of plant polyphenols to human cardiovascular health. These are (a)
polyphenols clearly improve the status of different oxidation stress biomarkers; (b) clinical trials in which polyphenols
were administered as supplements or with food, have established that some polyphenols do improve cardiovascular
health status as indicated by several biomarkers closely associated with risk of cardiovascular disease; (c)
epidemiological studies tend to confirm the protective effects of polyphenol consumption against cardiovascular disease;
and (d) several types of plant polyphenols have beneficial effects on human cardiovascular disease. More significant
progress has been made in the field of beneficial effects of polyphenols on human cardiovascular diseases than on other
nutrition-related chronic diseases

Committed biomedical research interest in the health effects of plant polyphenols was stimulated by epidemiological
reports suggesting a protective effect of fruits and vegetables on cancer and cardiovascular diseases. Plant polyphenols
were considered as serious candidates for the active mediators by the various hypotheses suggested to explain these
beneficial effects because they are a large group of natural antioxidants ubiquitous in a diet high in vegetables and
fruits(19). A considerable body of literature supports a role for oxidative stress in the pathogenesis of age-related
diseases and a contribution of dietary polyphenols to their prevention. In addition to their antioxidant properties, plant
polyphenols show several other interesting effects in animal models and in vitro systems, which are relevant to the
biologic mechanisms that may contribute to their potentially protective roles in CVDs. Specifically, they trap and
scavenge free radicals, regulate nitric oxide, decrease leukocyte immobilization, induce apoptosis, inhibit cell
proliferation and angiogenesis, and exhibit phytoestrogenic activity(19).They also alter cholesterol homeostasis and
increase LDL~receptor activity in human cells in vitro(69)

Plant phenols are a very large and diverse group of phytochemicals, comprising about 12 major classes, based on
general chemical structure (Table 1); this excludes lignin, a component of dietary fibre. The most ubiquitous of
secondary metabolites in plants(70) , all plant phenols are derived from the common intermediate, L-phenylalanine (a
protein amino acid), or its close precursor, shikimic acid, through the shikimic acid pathway in plants, and
characteristically contain at least one aromatic ring structure with one or more hydroxyl groups. Most of these major
classes are, in turn, large and diverse, consisting of several sub-classes. Among the major classes of polyphenols strongly
associated with protective effects on cardiovascular disease are flavonoids, stillbenes, lignans and biflavonoids. Those of
their members which exert their protective effects via biologic mechanisms involving interaction with oestrogen
receptors and/or interference with oestrogen function are classified as phytoestrogens.

26



Z. S. C. Okoye

Flavonoids

The flavonoids are a very widespread family of structurally related water soluble phenolic compounds largely
confined to vascular plants. Over 6000 different flavonoids occurring in plants have been described (19) and they can be
grouped into at least nine major classes (see Table 2) based on the oxidation state of the C; residue of the phenylpropane
unit of the molecule(71). Many flavonoids, such as, anthocyanins (blue to mauve), flavonols (yellow, cream), and
flavonones (cream-white), are coloured and serve as major plant colorants. The anthocyanins, for example, are
widespread as petal and fruit colorants(72). Consequently, flavonoids are widely found in fruits and vegetables as well as
nuts and other plant foods. However, comprehensive data on their contents in foods are only available for flavonols,
flavones, and catechins(19).

Like other polyphenols, flavonoids, by virtue of their molecular structures, have antioxidant, free radical-scavenging
and electron transport-catalysing properties(73). These chemical properties derive from a hydroxyl group at the C-3
position in ring C, a double bond between C-2 and C-3, a carbonyl group at the C-4 position, and multiple hydroxylation
of the A and B aromatic rings. The biological activities of flavonoids, including their health effects, are largely
determined by the three major characteristic chemical properties.

A large body of evidence from epidemiological studies and human trials, recently reviewed(19,74), strongly
associates high consumption of flavonoids with a reduced risk of cardiovascular disease. Investigations, mostly in vitro,
designed to elucidate the underlying molecular mechanisms mediating the protective effects of flavonoids against CVD
indicate that they exert those effects by reducing oxidative stress, inhibiting low density lipoprotein(LDL) oxidation and
platelet aggregation, acting as vasodilators in blood vessels, inhibiting the adherence of monocytes to vascular
endothelium, promoting fibrinolysis and acting as immunomodulators and anti-inflammatory agents(74), all of which are
relevant events in atherogenesis. They are also believed to affect cellular signalling pathways, modulate cell membrance
characteristics and receptor functions and influence gene expression and protein activity(75). Flavonoids’ intake
reportedly improves insulin resistance and glucose tolerance(19), two biomarkers of adult-onset diabetes mellitus which
is a risk factor of CVD.

The epidemiological evidence for an inverse relationship between flavonoid intake and risk of CVD has been
confirmed by dietary interventions in humans using flavonoid-rich foods(76). Schroeter and co-workers(20), for
example, have shown in healthy male adult that the ingestion of flavonoid-rich cocoa was associated with acute elevation
in levels of circulating NO species, an enhanced flow-mediated vasodilation response of conduit arteries, and an
augumented microcirculation, which are positive indices of improvement in cardiovascular health. The classes of
flavonoids that have been associated with protective effects on cardiovascular health in the epidemiological and human
intervention studies include flavonols, flavones, catechins and isoflavones.

Flavonols, Flavones and Catechins.

Twelve prospective, cohort studies on flavonoid intake and risk of coronary artery disease and five prospective,
cohort studies on the risk of stroke were published as at the time of the 1% International Conference on Polyphenols and
Health(19). Seven of the 12 studies on the risk of coronary artery disease found protective effects of flavonols and
flavones or of catechins with respect to fatal and non-fatal coronary artery disease and reductions in mortality were up to
65%. Two of the five studies on stroke risk found an inverse association. In one of the two studies, a protective effect
was observed for flavonols and flavones but not for catechins. The nine sets of data suggest protective effects on CVD of
high intakes of flavonols and flavones and possibly catechins(19). A greater fraction of studies to date have focused on
flavonols and flavones.

Flavonols found to exert protective effects on cardiovascular health include quercetin, kaempferol and
myricetin(19,77). Mortality from ischaemic heart disease was found to be lower among Finnish people with high intakes
of quercetin(77). Knekt & co-workers also observed an inverse relationship between ingestion of quercetin and myricetin
and reduced risk of adult-onset diabetes mellitus, a risk factor of CVD. Quercetin and kaempferol protect against
glucose-induced oxidation of human low density lipoproteins (LDL) in vitro (78). The catechin (-) — epicatechin and its
metabolite epicatechin -7-0- glucuronide have been identified as mediators of the beneficial effects of flavonoid-rich
cocoa beverages on vascular functions in human(20). Oral administration of chemically pure (-) — epicatechin to human
volunteers closely emulated acute vascular effects of flavonoid-rich cocoa drinks. Several other species of catechins,
including (+)-catechin, (+)-gallocatechin, (-)-epigallocatechin, (-)—epicatechin gallate and (-)-epigallocatechin gallate,
have been detected in human foods(19) but their individual effects on the vascular system have not been studied. The
intake of catechins have been positively correlated with the intake of fruits and vegetables and their antioxidant nutrient
constituents(19).
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Table 1. The major classes of plant phenols

Class Basic Carbon Skeleton
S/No Class
1. Phenols Cs
2. Phenolic acids Cs-Cy
3. Phenylacetic acids Ce-C,
4. Hydroxycinnamic acids, coumarins,
henylpropenes, chromones Ce-Cs
5. Quinones Cs-C4 (Naphthoquinones)
Ce-C»-Cg (Anthraguinones)
6. Xanthones Cs-C1-Cq
7. Stilbenes Cs-C,-C
8. Flavonoids Ce-Cs-Co
9. Lignans & neolignans [Ce-Csl2
10. Biflavonoids [Ce-C3-Ce]2
11. Tannins [C6-C3-Cg], condensed tannins (flavolans)

12. Melanins

[CG]n

Source: Godwin & Mercier (1993)

Table 2: the major types of Flavonoids

S/No  Type Example*
1. Flavones Apigenin(3)
2. Flavonones Kaempferol(4)
3. Catechins Catechin(5)
(Flavan-3-015s) (-) — Epicatechin(5)
(+) — Epicatechin (5)
4, Flavanones Naringenin(3)
5. Dihydroflavonols Taxifolin(5)
6. Flavan -3,4-diols Teracacidins(5)
(Proanthocyanidins Isoteracacidin(b)
or Leucoanthocyauidins) Leuorobinetinidin(6)
Guibaurtacacidin(4)
7. Anthocyanidins Pelargonidin(4)
8. Isoflavones Genistein(3)
9. Neoflavones (4-phenylcoumarins) Dalbergin(1)

Source: Goodwin & Mercier (1993). *Figures in parenthesis represent number of hydroxyl groups per molecule

Isoflavones

Isoflavonoids have been widely associated with reduced risk of cardiovascular diseases and their precursors(17,79,80).
The regular consumption of isoflovone-rich foods, such as, soya bean, in China, Japan and other Asian countries is
believed to be responsible, at least in part, for the low incidence of CVD in those countries(17). Data from
epidemiological reports and laboratories have demonstrated that isoflovones have multi-biological and pharmacological
effects in humans and animals, including oestrogenic and anti-oestrogenic effects, cell signalling conduction, and cell
growth and death(80). All these mechanisms are relevant to the reported protective role of isoflavonoids against CVD
and other nutrition-related chronic diseases like breast and prostate cancers. Thus, it has been postulated that isoflovones
protect against CVD not only through their antioxidant and oestrogenic properties but also through their other properties,
such as, protein tyrosine kinase inhibitors, regulators of gene transcription and modulators of transcription factors(80).
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The range of properties displayed by isoflavones, namely, as an oestrogenic agent, an inhibitor of intestinal glucose
uptake and a preventive agent for glucose-induced lipid peroxidation, may also mediate protection against diabetes(78), a
risk factor of CVD.

The isoflavones in ingested soyabean, soya products, or other isoflavone-rich foods, are biotransformed by intestinal
microflora, the metabolites are absorbed and undergo enterohepatic recycling to reach circulating concentrations that
exceed by several orders of magnitude the amounts of endogenous oestrogens (79). Isoflavones and other bioactive
phytochemicals with oestrogenic properties are generally classified as phytoestrogens and treated as such.

Phytoestrogens

Data on health benefits of plant products classified as phytoestrogens have been reviewed(81). Evidence from
molecular and cellular experiments, animal studies, and to a limited extent, human clinical studies, so reviewed suggests
that phytoestrogens may potentially confer beneficial health effects related to cardiovascular diseases and other nutrition-
related chronic diseases like cancer. The identified potential health benefits are consistent with the reported
epidemiological evidence suggesting that rates of heart disease and other nutrition-related chronic diseases are lower
among populations that consume plant-based diets, particularly, among cultures with diets that are traditionally high in
phytoestrogen-rich foods. The majority of phytoestrogens found in typical human diets can be categorized into two
primary classes: isoflavones and lignans (81), both of which are polyphenols.

Phytoestrogens are found in appreciable amounts in a wide range of commonly consumed foods, with soya and flax
products being particularly rich sources of isoflavones and lignans, respectively. Other classes of polyphenol with
oestrogenic properties include stilbenes. For example, resveratrol (3, 4°, 5-trihydroxystilbene) found in red wine, berries
and grapes, among others, has been associated with the low incidence of CVD among the French (16,17).

In terms of molecular structure and activity, phytoestrogens appear to have a number of features in common(18): they
have a 2-phenylnaphthalene-type chemical structure similar to those of oestrogens and have been found to bind to
oestrogen receptors; they exhibit weak oestrogenic activity of the order of 10? — 107 that of 17p-oestradiol, but may be
present in the body at concentrations 100-fold higher than endogenous oestrogens; and they may exert both oestrogenic
and anti-oestrogenic effects on metabolism, depending on several factors such as, their concentration, the concentrations
of endogenous oestrogens, and individual characteristics like gender and menopausal status. The anti-oestrogenic activity
of phytoestrogens may be partially explained by their competition with endogenous 17 [ - oestradiol for oestrogenic
receptors. The reported protective effects of phytoestrogens against CVD is consistent with the cardioprotective effects
of the endogenous oestrogens which they mimic. For example, morbidity and mortality from CVD reportedly increase
sharply in women after menopause, a situation which has been attributed to the loss of the hormone oestrogen (17).
However, oestrogenic effects may not be the only biological mechanism through which phytoestrogens exert
cardioprotective and other beneficial health effects. Studies have shown that phytoestrogens may also act through
influence on growth factor action, vascular smooth muscle cells, lipid oxidation, cell proliferation and differentiation,
angiogenesis, enzymes and protein synthesis (80,82,83). In any case, isoflavones, lignans and stilbenes, being
polyphenols, are basically antioxidants and it was the antioxidant property of polyphenols that stimulated interest in the
health effects of phenolic phytochemicals; antioxidant mechanisms have largely explained protective effects against
atherogenesis and CVD. The possible non-oestrogenic mechanisms pertaining to isoflavone were highlighted earlier.

Lignans

Published studies on health effects of lignans were recently reviewed (19). Evidence from several epidemiological
studies and human trials reported significant inverse relationships between dietary lignans and risk of CVD. The lignans
evaluated in most of the studies were secoisolariciresinol and matairesinol and their enterometabolites. The two and
several other lignans are converted by human intestinal bacteria to metabolites collectively called enterolignans, the best
known being enterolactone and enterodiol. Significant inverse relationships have been established between plasma
concentrations of enterolignans and risk factors of CVD. For example, a cross-sectional study on Finnish male volunteers
in the Antioxidant Supplementation in Atherosclerosis Prevention Study (84) established a significant inverse
relationship between plasma enterolactone concentrations and the plasma level of F,- isoprostane, a biomarker of in vivo
lipid peroxidation.
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Other Classes of Polyphenols

Flavonoids, stilbenes and lignans are by no means the only classes of plant polyphenols with bioactivities that may be
beneficial to cardiovascular health. They just happen to be the classes of polyphenols on which most studies on health
effects of plant polyphenols have been focused. To these classes belong plant polyphenols which, by virtue of their
historical antecedents in nutrition transition—related chronic disease epidemiology and chemical structures, are
considered more serious candidates for the explanation of the reported protective effects of fruits and vegetables on
oxidation-linked chronic diseases such as CVD. A large number of polyphenolic compounds, frequently of diverse
chemical structures, is normally found in a given plant food(18) and naturally, only those considered as serious
candidates are measured in epidemiological studies and dietary interventions in humans or administered in human trials.
However, the beneficial health effects of polyphenols outside these ‘elite’ classes are now being elucidated largely
through animal and in vitro cell studies and emerging evidence, in some cases, substantiated by epidemiological studies,
has identified other classes of polyphenols with potential beneficial effects on cardiovascular disease. They include
phenolic acids like ellagic acid (85) and biflavonoids (86).

Ellagic acid is believed to function either by countering the negative effects of oxidative stress by directly acting as an
antioxidant or by activating/inducing cellular antioxidant enzyme systems (85). Biflavonoids have been reported to
support arterial wall structural integrity and to interfere with a variety of proatherosclerotic stimuli. Studies on cultured
human aortic smooth muscle cells (SMC) suggest that biflavonoids may exert these beneficial effects by, among others,
participating in the regulation of SMC-mediated contraction and by countering pathophysiological effects of angiotensin
11 (86).

Furthermore, ethnopharmacological and ethnobiochemical studies have revealed a wide range of other polyphenols
outside the classes discussed above which reportedly exhibited biological activities, in vitro and in vivo, similar to those
observed in studies on polyphenols and the risk of CVD. For example, the aqueous extract of the stem bark of
Sacoglottis gabonensis, a Nigerian palmwine additive, and its isocoumarin polyphenol isolate, are potent anticoagulants
and antioxidants (87). Like the plant polyphenols reported to exert cardioprotective properties, the isocoumarin
polyphenol inhibited lipid peroxidation in vivo. However, the antioxidant effect was studied in a non-vascular tissue. On
the other hand, its anticoagulant action affected two of the clotting factors considered as new risk factors of CVD(59).
On the other hand, there are many ethnopharmacological reports of plant food extracts with polyphenol-like
cardioprotective effects in which the active principles were not characterized. For example, extracts of a number of
spices used by Tibetan highlanders were found to exert strong antioxidant effect on human LDL in vitro and to display
strong free radical-scavenging activity(88), both of which are typical properties of plant polyphenols.

Conclusion

It is now generally recognized in nutrition science that plant food polyphenols are key mediators of nutritional
physiology and health, and that many polyphenols, especially, flavonoids, lignans and stilbenes, exert protective effects
on CVD largely by virtue of their biological antioxidant properties which derive from their characteristic chemical
structures, and several of their other wide ranging bioactivities, notably, oestrogenic, vasoactive, anti-inflammatory and
anti-hypertensive properties. The recognition has been made possible by the large, growing body of convincing evidence
from epidemiological studies, human trials and dietary interventions as well as animal and human cell studies. Most
studies on the mode of action of polyphenols on health have focused on inhibition of the process of atherosclerosis as the
probable principal mechanism through which plant polyphenols protect against CVD and have, indeed, demonstrated
that polyphenols associated with protective effects against CVD strongly interfere with various aspects of atherogenesis,
including, inhibition of endothelial dysfunction and reduction of macrophage uptake of LDL-cholesterol.

One major indicator of the increasing recognition of the beneficial effects of plant polyphenols on cardiovascular
health is the growing literature on dietary intervention initiatives exploiting the growing knowledge of the healthful
effects of polyphenolic phytochemicals. The current dietary intervention initiatives range from statutory dietary
guidelines in Europe and USA recommending a high consumption of fruits and vegetables on a regular basis(15,36) to
the use of plant polyphenol extracts as antioxidant food supplements(89,90). The ongoing efforts at securing statutory
standards and approval for the use of plant polyphenol extracts as antioxidant food supplements were preceded by a
largely secular initiative, namely, the emergence in the late 1980s of the concept of and advocacy for “functional foods”
(i.e foods or food ingredients modified to provide health benefits beyond the traditional nutrients they contain) and its
various ramifications like “designer food”, “pharmafood” and “nutraceuticals” (91).

The role of plant polyphenols as mediators of nutritional physiology and health is expectedly progressively relegated
in nutrition transition since the rate of consumption of plant foods in their natural, unrefined forms is typically reduced in
the course of nutrition transition. The characteristic shift from the predominantly plant-based diet of the traditional, rural,
pre-industrial society to the Western food culture of the industrial society would lead to a significant reduction in the
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level of consumption of plant food polyphenols, with the attendant consequences on cardiovascular health. The rate at
which nutrition transition proceeds and the impact it has on diet-related CVD epidemiology vary from population to
population and are dependent on the pace of socio-economic and technological development and certain other factors
that are unique to each population (e.g; nutritional ecology, traditional food culture). Thus, for an effective intervention
policy, the determinants of nutrition transition in a given population, including the polyphenol profiles of the traditional
plant foods, condiments and additives and beverages must first be ascertained. This would imply that a lot more work
still need to be done in the area of identifying and documenting plant polyphenols that contribute to the reported
protective effects of plant-based foods, such as, fruits, vegetables, nuts and whole grains, on the risk of cardiovascular
disease as virtually all the reported studies on effects of plant polyphenols on cardiovascular health were done in Europe
and America.

References

1. Shintani TT, Hughes CK, Beckman S, Oconnor HK: Obesity and cardiovascular risk internvention through the ad libitum
feeding of traditional Hawaiian diet. Am. J. Clin Nutr. 1991; 53:51647-S1651.

2. Young TK: Diabetes mellitus among Native Americans in Canada and the United States: an epidemiological review. Am J.
Human Biol. 1993; 5:399-413.

3. O’dea K: Marked improvement in carbohydrate and lipid metabolism in diabetic Australian Aborigines after temporary
reversion to traditional lifestyle. Diabetes 1984; 33: 596-603.

4.  Pearson TA: Cardiovascular disease in developing countries: myths, realities, and opportunities. Cardiovascular Drugs and
Therapy 1999; 13(2): 94-104.

5. Solomon NW: Plant-based diets are traditional in developing countries: 21% century challenges for better nutrition and health.
Asia Pacific J.Clin. Nutr. 2000; 9(S1): S41-S54.

6.  Chopra M, Galbraith S, Darnton—Hill I: A global response to a global problem: the epidemic of overnutrition Bull. WHO 2002;
80 (12): 1-11

7. Hu FB, Manson JE, Willett WC: Types of dietary fat and risk of coronary heart disease: A critical review. Journal of the
American College of Nutrition 2001; 20(1): 5-19.

8.  Kelly C: Dietary fat and cardiovascular disease. Flair—-Flow 4 Synthesis Report for Health Professionals No.1 2001; ISBI: 2-
7380-1005-9 http//flair-flow.com/health-index.html.

9.  LiuS, Willett WC,Stafmpfer MJ et al: A prospective study of dietary glycemic load, carbohydrate intake, and risk of coronary
heart disease in US women. Am. J. Clin. Nutr. 2000; 71(6):1455-1461

10. Popkin BM, Horton SH, Kim S: The nutrition transition and prevention of diet-related disease in Asia and the Pacific. The
United Nations University Food and Nutrition Bulletin 2001; 22(4S): 1-58.

11. Hu FB: Plant-based foods and prevention of cardiovascular disease: an overview. Am J. Clin. Nutr. 2003; 78(3):544S-551S

12.  Popkin BM: The nutrition transition and its health implications in lower income countries. Public Health Nutrition 1998; 1: 5-21

13. Lieberman SL: Dietary, evolutionary, and modernizing influences on the prevalence of type 2 diabetes. Ann. Rev. Nutr. 2003;
23:345-377.

14. Savige GS: Candidate foods in the Asia-Pacific region for cardiovascular protection: fish, fruit and vegetables. Asia Pacific J.
Clin. Nutr. 2001; 10(2): 134-137.

15. Bazzano LA, Serdula MK, Liu S: Dietary intake of fruits and vegetables and risk of cardiovascular disease. Current
Atherosclerosis Reports 2003; 5: 492-499.

16. Johns T: Phytochemicals as evolutionary mediators of human nutritional physiology. Int. J. Pharmacognosy 1996;34(5): 327-
334

17. Kelly C: Diet and cardiovascular disease. Health Professionals 2003 http://www.nutrition.org.uk

18. Scalbert A, Johnson TT, Saltmarsh M: Polyphenols: antioxidants and beyond. Am. J. Clin. Nutr. 2005; 81(1): 215S-217S

19.  Arts ICW, Hollman PCH: Polyphenols and disease risk in epidemiological studies. Am. J. Clin. Nutr. 2005; 81(1): 317S-325S

20. Schroeter H, Heiss C, Balzer J et al: (-)- Epicatechin mediates beneficial effects of flavanol-rich cocoa on vascular function in
humans. Proc. Natl. Acad. Sci. USA 2006; 103(4): 1024-1029.

21. Burkitt D.P: Epidemiology of cancer of the colon and rectum. Cancer 1971;28: 3-13.

22. Kritchevsky D, Klurfeld DM: Dietary fiber and cancer. In: Cancer and Nutrition. RB Alfin-Slater and D Kritchevsky (eds)
Plenum Press, New York. pp. 127-140, 1996

23. Lanza E, Schatzkin A, Daston C et al: Implementation of a 4-Y, high-fiber, high-fruit-and-vegetables, low fat dietary
intervention: results of dietary changes in the Polyp Prevention Trial. Am J. Clin. Nutr. 2001; 74: 387-401.

24. Bongaarts J, Watkins S: Social interactions and contemporary fertility transitions. Pop. Dev. Rev. 1996; 20: 639-682.

25. Eaton SB, Konner M: Paleolithic nutrition: a consideration of its nature and current implications. New Eng. J. Med. 1985; 312:
283-289

26. Drewnowski A, Popkin BM: The nutrition transition: new trends in the global diet. Nutr. Rev. 1997; 55:31-43

27. Pinstrup-Anderson P. Pandya-Lorch R (eds): The Unifinshed Agenda: Perspectives on Overcoming Hunger, Poverty, and
Environmental Degradation. International Food Policy Research Institute, Washington DC; 2001, cited by Ref. 6.

28. Popkin BM: Nutrition in transition: changing global nutrition challenge. Asia Pacific J. Clin. Nutr. 2001; 101: S13-S18.

31


http://www.nutrition.org.uk/

29.
30.

31.
32.

33.
34.
35.
36.
37.
38.
39.

40.

41.

42.

43.
44,

45.

46.

47.
48.

49.

50.

51.

52.

53.
54.

55.
56.

57.
58.

59.

60.
61.
62.
63.

64.

Int. J. Biomed. Hlth. Sci. Vol. 3, No. 1 (2007)

Mann JI: Diet and risk of coronary disease and type 2 diabetes Lancet 2002; 360: 783-789.

Omran AR: The epidemiological transition: a theory of the epidemiology of population change. Milbank Memorial Fund Q
1971; 49(4pt 1): 509- 538

Popkin DM, Doak CM: The obesity epidemic is a worldwide phenomenon. Nutr. Rev. 1998; 56: 106-114.

Dowse GK, Gareeboo H, Alberti KG et al: Changes in cholesterol concentrations and other cardiovascular risk levels after five
years of the non-communicable disease intervention programme in Mauritius. Br. Med. J. 1995; 311: 1255-1259.

Cutter J, Tan BY, Chew SK: Levels of cardiovascular disease risk factors in Singapore following a national intervention
programme. Bull. WHO 2001; 79:908-915.

Kim S, .Moon S, Popkin BM: The nutrition transition in South Korea. Am. J. Clin. Nutr. 2000; 71(1): 44-53.

Etkin NL: Medicinal cuisines: diet and ethnopharmacology. Int. J. Pharmacognosy 1996; 34(5): 313-326.

Seal CJ: Whole grains and CVD risk Proc. Nutr. Soc. 2006; 65(1):24-34.

Neel JV: Genetics and nutrition: an evolutionary perspective. In: Genetic Factors in Nutrition. A Valezquez and H Bourges
(eds). Academic Press, Orlando, Florida. pp3-16, 1984.

Kaput J, Ordovas JM, Ferguson L et al: The case for strategic international alliances to harness nutritional genomics for public
and personal health. Br. J.Nutr. 2005; 94(5): 623-632.

Waterland RA., Garza C: Potential mechanisms of metabolic imprinting that lead to chronic disease. Am. J. Clin. Nutr. 1999;
69(2): 179-197.

Hoffman DJ, Sawaya AL, Verreschi I, Tucker KL, Roberts SB: Why are nutritionally stunted children at increased risk of
obesity? Studies of metabolic rate and fat oxidation in shantytown children from Sao Paulo, Brazil. Am. J. Clin Nutr. 2000;
72:702-707.

Hoffman D.J., Roberts SB, Verreschi I, Martins PA, de Nasciment C, Tucker KL, Sawaya AL: Regulation of energy intake may
be impaired in nutritionally stunted children from the shantytowns of Sao Paulo, Brazil. J. Nutr. 2000; 130:2265-2270.

Valdez R, Athens MA, Thompson GH, Bradshaw BS, Stern MP: Birthweight and adult health outcomes in a biethnic polulation
in the USA. Diabetologia 1994; 37(6): 624-631.

Lucas A, Fewtrell MS, Cole TJ: Fetal origins of adult disease — the hypothesis revisited. Br Med. J. 1999; 319: 245-249.
McDade TW, Beck MA, Kuzawa CW, Adair LS: Prenatal undernutrition and postnatal growth are associated with adolescent
thymic function. J. Nutr. 2001; 131(4): 1225-1231.

Cruickshank JK, Mbany JC, Wills R, Balkau B, McFarlane-Anderson N, Forrester T: Sick genes, sick individuals or sick
populations with chronic disease? The emergence of diabetes and high blood pressure in African—origin populations. Int.J.
Epidemiol. 2001; 30: 111-117

Artaud-Wild SM, Connor SL, Sexton G, Connor WE: Differences in coronary mortality can be explained by differences in
cholesterol and saturated fat intakes in 40 countries but not in France and Finland. Circulation 1993; 88: 2771-2779.

Criqui MH, Ringle BL: Does diet or alcohol explain the French paradox? Lancet 1994; 344:1719-1723.

Day J, Carruthers M, Bailey A, Robinson D: Anthropometric, physiological and biochemical differences between urban and
rural Maasai. Athrosclerosis 1976; 23:357-361.

de Lorgeril M, Salen P, Martin JL et al.: Effect of a Mediterranean type of diet on the rate of cardiovascular complications in
patients with coronary artery disease. Insights into the cardioprotective effects of certain nutriments. J. Am. Coll. Cardiol. 1996;
28:1103-1108.

Arbor Communications PTL: Homocysteine and heart disease in 2006. Arbor Clinical Nutrition Updates 2006; 258: 1-3

Johns T, Chapman L: Phytochemicals ingested in traditional diet and medicines as modulators of energy Metabolism. In:
Phytochemistry of Medicinal Plants, Recent Advances in Phytochemistry 29. JT Anarson, R Mata and JT Romeo (eds) Plenum
Press, New Yok. pp 161-188, 1995.

Bliss K, Ho K-J, Mikkelson B, Lewis L, Taylor CB: Some unique biological characteristics of Masai of East Africa. New Eng.
J. Med. 1971: 264:694-699.

Mann G. Spoerrt A, Gray M, Jarashow D: Atherosclerosis in the Masai. Am. J. Epidemiol. 1972; 95:26-37.

Johns T, Mhoro EB, Sanaya P, Kimanani EK: Herbal remedies of the Batemi of Ngorongoro District, Tanzania: a quantitative
appraisal. Econ. Bot. 1994; 48: 90-95.

Thompson LU: Potential health benefits and problems associated with anutrients in foods. Food Res. Int. 1993; 26:131-149.
Fraser GE: Diet and coronary heart disease: beyond dietary fats and low-density — lipoprotein cholesterol. Am.J.Clin. Nutr.
1994; 59: S1117-S1123.

WHO/FAQO: Diet, Nutrition, and Prevention of Chronic Diseases. World Health Organization, Geneva. 2003; cited by Ref 18
Kondratyuk TP, Pezzuto JM: Natural product polyphenols of relevance to human health. Pharmaceutical Biology 2004;
42(S1/1): 46-63.

Patrick L, Uzick M: Cardiovascular disease: C-reactive protein and the inflammatory disease paradigm: HMG-CoA reductase
inhibitors, alpha-tocopherol, red yeast rice, and olive oil polyphenols. A review of the Literature. Altern. Med. Rev. 2001; 6(3):
248-271.

Visioli F, Poli A, Galli C: Antioxidant and other biological activities of phenols from olives and olives oil. Medicinal Research
Reviews 2001; 22(1):65-75.

Visioli F, Galli C: Biological properties of olive oil phytochemicals. Crit. Rev. Food Sci. Nutr. 2002; 42(3): 209-221.

Leaf A: Dietary prevention of coronary heart disease: the Lyon Diet Heart Study. Circulation 1999; 99: 733-735.

Ferrara LA, Raimondi AS, d’Episcopo L et al: Olive oil and reduced need for antihypertensive medications. Arch. Intern. Med.
2000; 160: 837-842.

Wiseman SA, Mathot JN, de Fouw NJ, Tijburq LB: Dietary non-tocophenol antioxidants present in extra virgin olive oil
increase the resistance of low density lipoproteins to oxidation in rabbits. Atherosclerosis 1996;120:15-23

32



65.

66.

67.

68.

69.

70.

71.
72.

73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.

85.
86.

87.
88.

89.
90.

9L

Z. S. C. Okoye

Caruso D. Berra B, Giavarini F et al: Effect of virgin olive oil phenolic compounds in vitro oxidation of human low density
lipoproteins. Nutr. Metab. Cardiovasc. Dis. 1999; 9: 102-107

Coni E, Di Benedetto R, Di Pasquale M et al.: Protective effect of oleuropein, an olive oil biophenol , on low density lipoprotein
oxidizability in rabbit. Lipids 2000; 35:45-54

Aviram M, Eias K: Dietary olive oil reduces low-density lipoprotein uptake by macrophages and decreases the susceptibility of
the lipoprotein to undergo lipid peroxidaton. Ann. Nutr. Metab. 1993; 37: 75-84

Ross R: Atherosclerosis — an inflammatory disease. New Eng. J. Med. 1999; 340:115-126.

Davalos A, Fernandez- Hernando C, Cerrato F, Martinez-Botas J, Gomez-Coronado D, Gomez-Cordoves C, Lasuncion MA:
Red grape juice polyphenols alter cholesterol homeostasis and increase LDL-receptor activity in human cells in vitro. J.Nutr.
2006; 136:1766-1773.

Edwards R, Gatehouse JA: Secondary metabolism. In: Plant Biochemistry and Molecular Biology. PJ Lea and RC Leegood
(eds) John Wiley and Sons Ltd, Chichester, England. pp 193-218, 1999.

Goodwin TW, Mercier El: Introduction to Plant Biochemistry. Pergamon Press Ltd, Oxford. pp528-566, 1993.

Hendry GAF : Plant pigments. In: Plant Biochemistry and Molecular Biology. PJ Lea and RC Leegood (eds) John Willey and
Sons Ltd, Chichester, England pp 219-234, 1999.

Mbwambo ZH, Luyengi L, Kinghorn AD: Phytochemicals: a glimpse into their structural and biological variation. Int. J.
Pharmacognnosy 1995; 34:335-343.

Lamuela-Raventos RM, Romero-Perez Al, Andres-Lacueva C, Tornero A: Review: health effects of cocoa flavonoids. Food Sci.
Technol. Int. 2005; 11(3):159-179.

Scalbert A, Manach C, Morand C, Remesy C, Jimenez L: Dietary polyphenols and prevention of diseases. Crit. Rev. Food Sci.
Nutr. 2005; 45: 287-306.

Williamson G, Manach C,: Bioavailability and bioefficacy of polyphenols in humans. Il . Review of 93 intervention studies.
Am J. Clin.Nutr. 2005; 81: 243S - 255S.

Knekt P, Kumpulainen J, Jarvinen R et al: Flavonoid intake and risk of chronic diseases. Am J. Clin. Nutr. 2002; 76(3): 560-
568.

Vedavanam K, Srijayanta S, O’Reilly J, Raman A, Wiseman H: Antioxidant action and potential antidiabetic properties of an
isoflavonoid-containing soyabean phytochemical extract (SPE). Phytother. Res. 1999; 13(7): 601-608.

Setchell KD: Phytoestrogens: the biochemistry, physiology, and implications for human health of soy isoflavones. Am. J. Clin
Nutr. 1998; 68: 1333S-1346S.

Ren MQ, Kuhn G, Wegner J, Chen J: Isoflavones, substances with multi-biological and clinical properties. Eur. J. Nutr. 2001;
40(4): 135-146.

Tham DM, Gardner CD, Haskell WL: Potential health benefits of dietary phytoestrogens: a review of the clinical,
epidemiological, and mechanistic evidence. J. Clin. Endocrinol. Metab. 1998; 83(7): 2223-2235.

Knight DC, Eden JA: A review of the clinical effects of phytoestrogens. Obstet. Gynecol. 1996; 87: 897-904.

Adlercreutz H, Mazur W: Phyto-oestrogens and western diseases. Ann. Med. 1997; 29: 95-120.

Vanharanta M, Voutilainen S, Nurmi T, et al: Association between low serum enterolactone and increased plasma F, —
isoprostanes, a measure of lipid peroxidation. Atherosclerosis 2002; 160: 465-469.

Vattem DA, Shetty K: Biological functionality of ellagic acid: a review. J Food Biochem. 2005; 29(3): 234-266

Ivanov V, Roomi MW., Kalinovsky T, Niedzwiecki A, Rath M: Bioflovonoids effectively inhibit smooth muscle cell-mediated
contraction of collagen matrix induced by angiotesin Il. J. Cardiovasc. Pharmacol. 2005; 46(5): 570-576.

Okoye ZSC: Biological activity of Sacoglottis gabonensis stem bark extract, a palmwine additive. Biokemistri 2001, 11: 79-93
Owen P L, Johns T: Antioxidants in medicines and spices as cardioprotective agents in Tibetan highlanders. Pharmaceutical
Biology 2002, 40 (5): 346-357.

Craig W: Phytochemicals: guardians of our health. J. Am Dietetic Assoc. 1996; 97(10): 199S-204S

Dresbach SH, Rossi A: Phytochemicals — vitamins of the future? Ohio State University Extension Fact Sheet HYG — 5050-98.
http://ohioline.osu.edu/hyg-fact/5000/5050.html

Malaspina A: Functional foods: overview and introduction. Nutr. Rev. 1996;54(11): 4S-10S.

33


http://ohioline.osu.edu/hyg-fact/5000/5050.html

