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Introduction
Throughout the Asia–Pacific region cardiovascular disease
(CVD) is a major cause of mortality, although rates differ
from country to country.1 This variation in mortality rates
cannot be solely attributed to genetic and/or geographical
location. It would appear that a sizeable proportion of this
difference may be explained by certain food patterns as well
as other lifestyle factors. Interest in the protective effects of
specific foods has arisen from a number of epidemiological
studies that show a relationship between food intake and
CVD. For example, Inuits and Japanese living in Japan, have
much lower rates of coronary heart disease (CHD) compared
with other countries such as New Zealand and Australia. This
difference appears to relate, at least in part, to the consump-
tion of marine foods. A recent review investigating the
effects of fruit and vegetable consumption indicate these
foods are protective against CVD, in particular CVD mortal-
ity.2 These associations have prompted a number of dietary
interventions and the findings from these studies often sup-
port these observations.

Many of the risk factors associated with CVD are
affected by particular food habits such as hypertension,
dislipidaemia, diabetes, obesity, homocysteine, inflammation
and blood clotting factors (such as fibrinogen). The intake of
food itself may be influenced adversely by other cardio-
vascular risk factors such as smoking, physical inactivity and
alcohol. Hypertension and dislipidaemia have been posi-
tively moderated by particular dietary patterns, which include
the regular consumption of fish and/or a high intake of fruits
and vegetables. There are a number of properties in these
foods that potentially offer protection and these may operate
through one or more pathways.

Observational studies in relation to fish consumption
Middle-aged men living in the Netherlands who consumed at
least one to two fish meals per week suffered less CHD than
those who did not eat fish.3 Furthermore, the risk of dying
from CHD decreased as the consumption of fish increased.
This inverse relationship between fish consumption and
CHD mortality has also been found in the elderly.4 The
Chicago Western Electric Study examined the health and

food intake patterns of 1800 males.5 During 30 years of follow-
up, men who ate the equivalent of 35 g or more of fish per
day had a 44% lower risk of death from a myocardial infarc-
tion compared with those who ate no fish.

In a large prospective cohort study conducted in the US
(the Health Professionals Follow-up study), neither the intake
of n-3 fatty acids (from fish) or the consumption of fish itself
was associated with a lower risk of CHD.6 However, the risk
of a non-fatal myocardial infarct when adjusted for con-
founders (such as age, body mass index (BMI), smoking
habits, alcohol intake, hypertension, diabetes, hypercholes-
terolaemia and family history of myocardial infarction), was
33% lower in men who consumed two to three fish meals per
week (37 g/day) compared to those who consumed no fish.

Intervention studies with fish
While most cohort studies examining the association between
fish consumption and CVD tend to indicate a protective effect,
there have also been several intervention studies to further 
support this association. The survival of men recovering from
a myocardial infarction has been favourably influenced by 
fish consumption or fish oil supplements. In the Dart study,
men assigned to a diet including two to three fatty fish meals
per week had a 29% reduction in all-cause mortality, while
changes in fat or cereal fibre consumption had no such effect.7

In the GISSI-Prevenzione trial, subjects surviving a myo-
cardial infarction were randomly allocated to receive 1 g of 
n-3 polyunsaturated fat containing eicosapentaenoic acid and
docosahexaenoic acid.8 After 31/2 years there was a 20%
decrease in cardiovascular death, non-fatal myocardial infarc-
tion, and non-fatal stroke in those taking the n-3 polyunsatu-
rated fatty acid (PUFA) supplements compared to the controls.
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Fish consumption also appears to protect against hyper-
tension, a major risk factor for CVD. When a group of over-
weight, hypertensive men and postmenopausal women were
randomly assigned to an energy-restricted diet with one fish
meal per day (for 16 weeks), there was a drop in blood
pressure over and above those assigned only to the energy-
restricted diet.9 In other words, the drop in blood pressure
was substantially enhanced when fish consumption was
combined with weight loss.

Mechanisms of protection (fish)
There are many properties in fish that may protect against
CVD. Fish is rich in omega 3 fatty acids, calcium, selenium,
vitamin D, taurine and Coenzyme Q10 (CoQ10).

Omega 3 fatty acids
Omega 3 fatty acids have been shown to protect against
arrhythmia. The survival of experimental dogs who were made
to endure artificially induced ventricular fibrillation while
exercising was greatly enhanced when the dogs were infused
with either eicosapentaenoic acid (EPA) or docosahexaenoic
acid.10 Omega three fatty acids can also help to reduce plate-
let aggregation and thereby have an antithrombotic effect.
Both omega 6 and omega 3 fatty acids compete for cyclooxy-
genase, an enzyme important in the synthesis of a number of
prostaglandins. Omega 3 fatty acids suppress the synthesis 
of thromboxane A2 (from arachidonic acid) and enhance the
synthesis of prostacyclin (a prostaglandin that inhibits plate-
let adhesion and stimulates vasodilation).11 A high concen-
tration of triglycerides in blood, an important risk factor for
CVD, can be lowered with omega 3 fatty acids. Omega 3
fatty acids inhibit the synthesis of triglycerides in the liver.12

Calcium
Fatty fish is a good source of calcium. Calcium may protect
against CVD by favourably influencing blood pressure. One
meta-analysis of randomised control trials investigating the
effects of calcium supplementation on blood pressure found
evidence to indicate that calcium supplementation in the
order of 1000–2000 mg per day may lower systolic but not
diastolic blood pressure.13 This effect was greatest in those
who had a low calcium intake to begin with.

Selenium
Fish is rich in selenium and as selenium is important in the
function of a number of anti-oxidant enzymes, such as the
glutathione peroxidases, it may potentially retard the devel-
opment of CVD via two pathways. One pathway offering
protection would be through the favourable action of anti-
oxidant enzymes on the oxidation of lipids; therefore inhibit-
ing atherosclerosis. The other pathway would involve the
production of eicosanoids. In selenium deficiency, the syn-
thesis of thromboxane (an eicosanoid that enhances vaso-
constriction and platelet aggregation) is favoured over the
synthesis of prostacyclin (a vasodilatory eicosanoid).14

Vitamin D
Fish, especially fatty fish, is one of the few foods containing
vitamin D. Vitamin D is important in cell differentiation.15

Therefore, it may play a role in dampening down athero-
genesis, a process which has proliferative features.

Taurine
Taurine excretion is sometimes used as a marker of seafood
intake.16 Animal studies in rats suggest taurine may reduce
serum cholesterol levels by altering the activity of certain
enzymes that either influence cholesterol metabolism through
bile acid synthesis or inhibit its absorption from the intestine.17

Coenzyme Q10
Concentrations of CoQ10 in fish range from 4 to 64 µg/g of
fish.18 CoQ10 protects low-density lipoprotein (LDL) against
oxidation in vitro and so may play a protective role against
atherosclerosis.18

Ecological studies in relation to fruit and vegetable
consumption
When the availability and consumption of exotic fruits, such
as citrus fruits and bananas (due to imports), increased 
in Poland in recent years, there was a corresponding fall in
ischaemic heart disease (IHD).19 Changes in medical care,
smoking, drinking and stress did not parallel this decline in
IHD, suggesting changes in fruit consumption and other
dietary patterns (less animal and more vegetable fat) were
factors contributing to the fall observed in IHD.

Observational studies in relation to fruit and vegetable
consumption
Several prospective cohort studies have shown that the intake
of fruit and vegetables appears to protect against the risk 
of stroke. When results from the Nurses Health Study and
the Health Professional Follow-up Study were pooled and
analysed in relation to ischaemic stroke, subjects whose
intake of fruit and vegetables fell into the highest quintile had
a 31% lower risk of stroke compared with those in the low-
est quintile.20 The fruit and vegetables that appeared to be
most protective were vitamin C-rich fruits and vegetables,
citrus fruits and juices, green leafy vegetables and crucifer-
ous vegetables such as broccoli, cabbage, cauliflower and
brussel sprouts. When a cohort of middle-aged men were
followed for 20 years, the risk of stroke was also shown to
decrease for each increment of three servings of fruit and
vegetables eaten per day.21

In the Ireland-Boston Diet-Heart Study, three cohorts of
men were followed for almost two decades.22 Those whose
vegetable food score fell in the middle or highest tertile
(after controlling for age and cohort) had a 43% and 46%,
respectively, lower risk of dying from CHD compared with
those who fell in the lowest tertile. The dietary intake of
fruits and vegetables and the intake of anti-oxidant vitamins
(carotene, E and C) was examined in a group of Finnish men
and women in relation to mortality from heart disease. Men
in the highest tertile for vegetable consumption had a 34%
lower risk of dying from CHD compared with those in the
lowest tertile. Among the women, vitamin C was inversely
associated with CHD mortality but this association was not
seen in men.23

After 25 years of follow-up in 16 cohorts of the Seven
Countries Study, flavonoid intake was found to be inversely
associated with CHD mortality.24 Furthermore, the variance
in flavonoid intake after adjusting for saturated fat and ciga-
rette smoking accounted for 8% of the total explained vari-
ance in CHD mortality. In addition to this cross-cultural
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comparison, the relationship between the dietary intake 
of flavonoids and CHD mortality as well as the incidence of
stroke has also been examined within one of these 16 cohorts:
the Zutphen Elderly Study.25 The Zutphen Elderly Study
examines Dutch men that were originally enrolled in the
Seven Countries Study. When these elderly men were ranked
in tertiles according to their daily intake of flavonoids, the
risk of dying from CHD after adjusting for age, diet and
other risk factors was 68% lower in the men who fell in the
top two tertiles. In this same group of men, those with the
highest intake of flavonoids were also more likely to be pro-
tected against stroke.26 It is worth noting the major source of
flavonoids in the Zutphen study came from black tea (61%),
onions (13%) and apples (10%).25

Elevated serum homocysteine concentrations have been
identified as an independent risk factor for CVD.27 Nutrient
deficiencies such as folate, vitamin B6 and B12 can raise
serum homocysteine concentrations. In the Framingham
study, folate status and homocysteine concentrations were
inversely associated.28 The foods that made an important
contribution to folate status in this study population of
elderly, included breakfast cereal, fruit, orange juice and
leafy green vegetables.

A cross-sectional study, comparing two religious groups
with similar lifestyles, but different food habits found differ-
ences in blood pressure between the two groups. The Seventh-
Day Adventists, a religious group who follow a vegetarian
diet, had lower blood pressure levels at all ages (ranging
from 30 to 79 years) compared with the Mormons, a reli-
gious sect who consume an omnivore diet.29

Interventions in relation to fruit and vegetable
consumption
In the Dietary Approaches to Stop Hypertension (DASH)
study, a high intake of fruits and vegetables (around 8–10
serves per day) when consumed against a background diet
low in saturated and total fat, was shown to be effective in
lowering blood pressure.30 Furthermore, when this high
intake of fruit and vegetables was accompanied by a moder-
ate intake of low-fat diary products, the blood pressure low-
ering effects were further enhanced. These impressive changes
were also evident after following this dietary pattern for only
2 weeks.

Mechanisms of protection (fruit and vegetables)
There are many mechanisms that might explain, at least in
part, the protective properties of fruits and vegetables such
as energy, anti-oxidants, dietary fibre, nutrients and phyto-
chemicals.

Energy
Obesity is a risk factor for hypertension, diabetes mellitus
type II and dyslipidaemia, risk factors in the development of
CVD. Diets high in saturated fat have also been shown to
account for differences in CHD death rates cross-culturally.24

Fruits and vegetables are low in fat (especially saturated fat)
and energy.  If they are eaten in sufficient quantity, they may
displace the intake of other foods, especially those high in
saturated fat. This pattern of eating may indirectly protect
against CVD. However, in many studies where the consump-
tion of fruits and vegetables is shown to be inversely associated

with CVD, this association often remains after adjusting for
such factors as saturated fat and energy intake, suggesting
other factors in fruits and vegetables play an important role
in protection.

Anti-oxidants
Fruits and vegetables contain a multitude of anti-oxidants
from well-known nutrients such as vitamin C and beta-
carotene to the less well studied phytochemicals such as
flavonoids. Anti-oxidants can quench free radicals and pre-
vent the oxidation and modification of LDL and other
lipids.

Dietary fibre
Dietary fibre may favourably influence the risk of CVD by
improving lipid profiles31 and possibly protecting against
hypertension.32

Nutrients
There are a number of pathways in which several nutrients
found in fruits and vegetables could exert a protective
effect. A variety of fruits and vegetables are a good source
of folate and several are a good source of vitamin B6. These
nutrients can assist in preventing the rise of homocysteine,
an independent risk factor for CVD. Fruits and vegetables
are also rich in potassium, magnesium and to a lesser extent
calcium, minerals that may play an important role in pre-
venting hypertension. Vitamin C acting as an anti-oxidant
has been shown to protect against stroke and possible
CHD, although the evidence is less convincing regarding
the latter.33

Phytochemicals
Fruits and vegetables contain many different phytochemi-
cals. Flavonoids, a subgroup of phenols (a major class of
plant chemicals), possess several properties that potentially
offer protection against CVD. This protection may be due
to the anti-oxidant and platelet inhibiting effects of flav-
onoids.34 Flavonoids can influence platelet aggregation 
by blocking cyclooxygenase, the enzyme required for 
prostaglandin synthesis.35 Flavonoids can also inhibit the
angiotensin-converting enzyme responsible for increasing
blood pressure.35

Sitosterol is a major plant sterol that is similar in struc-
ture to cholesterol. It competes with cholesterol in the
intestine and inhibits its absorption. If eaten in sufficient
quantities, plant sterols can reduce serum cholesterol and
LDL cholesterol.36 The intake of plant sterols has been esti-
mated to range from approximately 150 mg per day up to
about 1 g per day in vegetarians.36 Vegetable oils are also an
important food source of plant sterols.

Sulfur-based compounds like allicin found in garlic may
play a protective role in cardiovasuclar disease. One recent
meta-analysis of randomised clinical trials investigating the
effects of garlic on total cholesterol found evidence to suggest
that garlic had a positive effect on lowering total cholesterol
levels, although this effect was weak.37

Many fruit and vegetable contain salicylates, a family of
plant chemicals to which aspirin belongs. The salicylate
chemicals may exert a mildly protective effect through their
antithrombotic and anti-inflammatory properties.38
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Conclusion
There is good evidence to suggest fish, fruits and vegeta-

bles are protective against CVD especially CVD mortality.
The mechanisms responsible for this protection are complex
as are the properties of fish, fruits and vegetables. Consum-
ing these properties as foods probably provides the best pro-
tection as the effects are likely to be synergistic or additive.
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