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conditions which affect the heart, the brain and 
peripheral arteries. Inappropriate nutrition has most
consistently been linked with CHD, and this chapter
deals primarily with CHD and those risk factors for
the disease which are influenced by diet.

20 Cardiovascular diseases
Jim Mann and Alexandra Chisholm

Cardiovascular disease includes coronary heart dis-
ease (CHD) (also referred to as coronary artery disease
or ischaemic heart disease, cerebrovascular disease
and peripheral arterial disease). A similar patholog-
ical process underlies each of these three groups of

CHD is a common condition in most acuent and
some developing societies. In most industrialized
countries, it is the commonest single cause of death,
often accounting for around one-third of all deaths.
In addition, each year there are about as many non-
fatal cases as there are deaths. A high proportion of
the health care budget in these countries is spent

treating CHD and its consequences. Genetic as well as
nutritional factors contribute to the aetiology of the
condition, but lifestyle modification is undoubtedly
the most effective means of reducing CHD risk in
high-risk populations and individuals. Dietary modi-
fication is also important in the treatment of people
who have already developed CHD.

Coronary heart disease

The basic pathological lesion underlying CHD is 
the atheromatous plaque, which bulges on the inside
of one or more of the coronary arteries that supply
blood to the heart muscle (myocardium). In addtion,
a superimposed thrombus or clot may further occlude
the artery (Fig. 20.1). A variety of cells and lipids are
involved in the pathogenesis of the atherosclerotic
plaque and the arterial thrombus, including lipopro-
teins, cholesterol, triglycerides, platelets, monocytes,
endothelial cells, fibroblasts and smooth muscle cells.

Nutrition can influence the development of CHD 
by modifying either atherogenesis or thrombogenesis 
or both these processes. Two readily identifiable 
clinical conditions result from these pathological
processes:

1. Angina pectoris is characterized by pain in the
centre of the chest, which is brought on by exertion or
stress, and which may radiate down the left arm or to
the neck. It results from a reduction or temporary
block to the blood flow through the coronary artery

20.1 Pathological and clinical aspects
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to the heart muscle. The pain usually passes with rest
and seldom lasts for more than 15 minutes.

2. Coronary thrombosis or myocardial infarction
results from total occlusion of the artery, which causes
infarction or death of some of the heart muscle 

cells and is associated with prolonged, and usually 
excruciating, central chest pain. The terms coronary
thrombosis and myocardial infarction are used to 
describe the same clinical condition, although they
really describe its two distinct pathological processes.

20.2 Epidemiological aspects 283
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Fig. 20.1 A normal coronary artery is contrasted with an artery showing atheromatous deposits.

There are marked international differences in rates 
of CHD (Fig. 20.2). Overall rates are higher in men
than women, though as women age, CHD contributes
a greater proportion of total mortality. Mortality
rates are more than seven times higher in some East-
ern European countries than they are in Japan and
within Europe, and there is an almost threefold dif-
ference between France, Spain and Portugal on the
one hand and some of the more northern countries
such as Scotland, Northern Ireland and Finland. The
experience of migrants and changing rates in vari-
ous countries suggest that environmental and beha-
vioural differences account for much of the variation
between countries. People who have migrated from a

low-risk country (e.g. Japan) to a relatively high-risk
country (e.g. the USA) tend to have rates approach-
ing the host country. There is also some evidence for
the reverse: Finns living in Sweden have appreciably
lower rates than those in their country of origin. In
the UK, where CHD rates are higher in Scotland and
Northern Ireland than in England, CHD risk depends
upon country of residence at the time of death rather
than country of birth.

Some examples of the rapidly changing rates 
(increases as well as decreases) are shown in Fig. 20.3.
Some of the most striking changes have been the 
increase in many European countries, North America,
Australia and New Zealand during the third quarter

20.2 Epidemiological aspects

EOH_C20.qxd  3/22/07  5:43 PM  Page 283



of the twentieth century. Then, in the fourth quarter,
rates declined appreciably in those countries but 
increased strikingly in most countries of Eastern
Europe. In general, a decline has occurred in those

countries where the attempt to reduce cardiovascular
risk factors has been most active. The situation is 
particularly complex in some countries where acu-
ence and poverty coexist and which are said to be in a
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state of nutrition transition. In such countries, (e.g.
India, South Africa), CHD rates are high amongst 
the relatively acuent and those rapidly accumulating
wealth, whereas diseases of undernutrition remain
prevalent amongst the poor and underprivileged. This
situation is the reverse of what has been observed in
more acuent societies where the socioeconomically
disadvantaged have higher CHD rates than better- 
educated, more acuent groups in the community.

Projections suggest that CHD will become an 
increasingly important health issue in developing
countries and that the majority of cases and deaths
worldwide will be in developing rather than developed

countries. The changes that have occurred are com-
patible with lifestyle changes that have occurred in
these countries, but given the complex interactions
between various lifestyle attributes that may influ-
ence CHD rates, it is very dibcult from such data to
disentangle individual effects. This may be done using
more sophisticated epidemiological and experimental
approaches discussed later. The observation that
changes in CHD rates have occurred over relatively
short time periods encourages the belief that CHD is
to some extent preventable. The hope is to reduce
morbidity and mortality from CHD in those who are
in the prime of life.
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Early studies investigating the role of dietary factors
in the causation of CHD involved correlating national
dietary intakes (based on food balance data) with
CHD death rates (mortality) in countries with vary-
ing rates or with changes in CHD mortality over time
in individual countries. Positive associations between
CHD death rate (age standardized) and saturated fat,
sucrose, animal protein and coffee consumption and
negative correlations with flour (and other foods rich
in complex carbohydrates) and vegetables are some
of the most clearly described. However, both food
balance data and mortality statistics can be unreli-
able. Studies that measure food intake of individuals
and relate this information about food and nutrients
to accurately recorded information regarding CHD
events and mortality are much more reliable.

It was the pioneering Seven Country Study that
was started around a half-century ago, coordinated by
Ancel Keys and colleagues, which gave credence to the
diet–heart hypothesis. Food consumption of people
in 16 defined cohorts in seven countries, selected 
because of their widely varying rates of CHD, was 
related to subsequent CHD incidence. The strongest
correlation was observed between CHD and percent-
age of energy derived from saturated fat (Fig. 20.4).

Weak inverse associations (suggesting protective
effects) were found with percentages of energy from
mono- and polyunsaturated fat and CHD. Total fat
did not correlate with CHD, and of the other well-
known risk factors for CHD (see below) only plasma
(total) cholesterol and blood pressure appeared to 

20.3 Foods and nutrients in the aetiology of 
coronary heart disease: the development of 
the diet–heart hypothesis
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explain part of the geographic variation in the fre-
quency of this condition. These observations led to
the suggestion that nutrition-related factors may be
particularly important in determining whether coun-
tries are likely to have high CHD rates and that the
diet–heart disease link was principally mediated via
an effect of saturated fat on plasma cholesterol, which
in turn increased the risk of CHD. The Seven Country
Study also provided evidence that the degree of risk
conferred by other lifestyle factors is strongly influ-
enced by nutrition-related factors: the relationship
between cigarette smoking and CHD is much more
powerful in those countries where saturated fat intake
and mean plasma cholesterol levels are high (e.g. in
the USA and northern European countries) than 
in southern Europe and Japan, where saturated fat 
intake and cholesterol levels are lower.

A few well-conducted prospective studies have 
examined the relationship between foods and nutri-
ents and the subsequent development of CHD within
a single population. In addition to the problems asso-
ciated with the long-term follow-up of tens of thou-
sands of individuals, there are particular dibculties
associated with establishing nutritional aetiology in
this way: no methods for measuring dietary intake are
fully reliable, and a single assessment does not neces-
sarily provide a truly representative indication of life-
long, or even long-term dietary practices. Some more
recent studies have assessed dietary intake using more

sophisticated food frequency questionnaires admin-
istered several times during the follow-up period and
have used biological markers as surrogate measures
of dietary intake (e.g. plasma levels of antioxidants;
fatty acid composition of red cells, platelets or adipose
tissue as indicators of the nature of dietary fat).

Among the best known and most meticulous of
the prospective studies have been those undertaken
by the Harvard group, led by Willett, and based on
follow-up of huge cohorts of female nurses and male
health professionals. These studies are impressive 
because of their size and excellent retention rates, the
detailed and validated food frequency questionnaires
from which intakes of foods and nutrients are com-
puted, and the sophisticated statistical analyses that
have examined the effects of potential confounding
by other factors related to CHD. The Harvard and
other longitudinal studies have suggested several foods
and nutrients that may be protective against CHD:
fish, wholegrain cereals, fruits and vegetables, nuts,
garlic, moderate intakes of red wine and some other
alcoholic drinks, antioxidant nutrients (B6, vitamins
C and E, flavonoids), non-starch polysaccharides and
folic acid and several long-chain unsaturated fatty
acids—C18:2, ω-6; C18:3, ω-3; C20:5, ω-3—and
three that might increase risk—dietary cholesterol,
trans-unsaturated fatty acids and coffee. Some 
examples of the studies in which these associations
have been demonstrated are given in Table 20.1. It
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Table 20.1 Age-adjusted relative risk of coronary heart disease according to quintile of intake of certain
foods or nutrients

Study population Relative risk according to quintile of intake P for trend

1 2 3 4 5

43 757 male health professionals (40–75 years) Total dietary fibre
(Rimm et al., 1996) 1.00 0.97 0.91 0.87 0.59 < 0.001

75 521 female nurses (38–63 years) Wholegrain consumption
(Liu et al., 2000) 1.00 0.87 0.82 0.72 0.67 < 0.001

87 245 female nurses (34–59 years) Total vitamin E intake
(Stampfer and Rimm, 1995) 1.00 0.90 1.00 0.68 0.59 < 0.001

39 910 male health professionals (40–75 years) Carotene intake
(Rimm et al., 1996) 1.00 0.93 0.93 0.86 0.71 0.02
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should be noted that, even in longitudinal studies
where dietary intake has been carefully measured and
endpoints accurately assessed, it may be extremely
dibcult to determine whether any demonstrated asso-

ciation is causal. Further information on causality
may be obtained from studies examining the effect of
foods and nutrients on cardiovascular risk factors
(section 20.4) and intervention trials (section 20.5).

20.4 Cardiovascular risk factors and their nutritional determinants 287
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Attempts to explain the pathological process under-
lying CHD and to identify individuals at risk suggest
that there is no single cause of the disease. An under-
standing of the characteristics that put individuals at
particular risk of developing CHD provides a useful
background against which to examine in more 
detail the role of diet in the aetiology. The term ‘risk
factor’ is used to describe features of lifestyle and 
behaviour, as well as physical and biochemical attrib-
utes that predict an increased likelihood of develop-
ing CHD. Potential risk factors are often identified

when comparisons are made between people who have
developed CHD and healthy controls (case–control
studies) and are confirmed by cohort (prospective)
studies in which these factors are measured in a large
group of apparently healthy people who are then 
followed to see if they develop the disease or not at
some future date. The presence, absence or degree 
of each factor can then be related to the risk of devel-
oping CHD. Table 20.2 lists most of the important
risk factors for CHD that have been identified in this
way. The effect of risk factors is synergistic if they are

20.4 Cardiovascular risk factors and their 
nutritional determinants

Table 20.2 Risk factors for coronary heart disease

Irreversible • Masculine gender
• Increasing age
• Genetic traits, including monogenic and polygenic disorders of lipid metabolism
• Body build

Potentially reversible • Cigarette smoking
• Dyslipidaemia: increased levels of cholesterol, triglyceride, low-density and

very-low-density lipoprotein and apolipoprotein B; low levels of high-density
lipoprotein; atypical lipoproteins

• Oxidizability of low-density lipoprotein
• Obesity, especially when associated with high waist circumference or waist/hip ratio
• Hypertension
• Physical inactivity
• Diabetes, hyperglycaemia and insulin resistance
• Increased thrombosis: increased haemostatic factors and enhanced platelet

aggregation
• High levels of homocysteine
• High levels of inflammatory markers (e.g. CRP, IL-6, TNFα)
• Impaired fetal nutrition

Psychosocial • Stressful situations
• Coronary-prone behaviour patterns: type A behaviour

Geographic • Climate and season: cold weather
• Soft drinking water
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truly independent, that is, when more than one risk
factor is present, the combined increase in risk is
greater than might be expected from simply adding
together the risk associated with each. The irrever-
sible psychosocial and geographic factors, as well as
cigarette smoking and physical activity, are reviewed
in textbooks of medicine and epidemiology. This
chapter concentrates on potentially reversible factors
that have been shown to be influenced by diet.

20.4.1 Dyslipidaemia
Altered levels of blood lipids and lipoproteins (see
Chapter 3) may place individuals at increased risk of
CHD in three ways. First, a relatively small pro-
portion of people have an exceptionally high risk 
because of a clearly inherited increase of plasma lipids
and lipoproteins. Second a large number of people

(perhaps as many as half the adult population in
high-risk countries) have a slight to moderately in-
creased risk because their blood lipids are higher
than desirable as a result of an interaction between
polygenic (many genes involved) and lifestyle-related
factors. They are described as having ‘polygenic’ or
‘common’ hyperlipidaemia. Third, some people are
also at increased CHD risk because of low levels of
high-density lipoprotein (HDL).

Genetically determined disorders of lipid meta-

bolism The clearly defined genetically determined
disorders of lipid metabolism, which are usually 
characterized by an increase in one or more lipo-
protein fractions, are described in Table 20.3. Familial 
hypercholesterolaemia is the best known. It is charac-
terized by marked elevation of plasma total and low-
density lipoprotein (LDL) cholesterol, with xanthomas

288 Chapter 20 Cardiovascular diseases
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Table 20.3 ‘Genetic–metabolic’ classification of hyperlipidaemia

Familial 
hypercholesterolaemia

Familial 
combined 
hyperlipidaemia

Remnant 
hyperlipoproteinaemia

Familial 
hypertriglyceridaemia

Excessive synthesis

Lipoprotein
lipase/apo CII
deficiency

Polygenic 
hypercholesterolaemia

↑ = raised; ↑↑ = markedly raised; N = normal; + = relatively low; ++++ = extremely high; LDL = low-density lipoproteins; 
VLDL = very-low-density lipoproteins. 
Source: Lewis, (1987) B. Disorders of lipid transport. In: Weatherall D.J., Ledingham J.G.G., and Warrell D.A. (eds) The Oxford
Textbook of Medicine, 2nd edition. Oxford, Oxford University Press.

Lipid abnormalities

Cholesterol and LDL ↑↑
Triglyceride N or slightly ↑

Cholesterol and LDL ↑
Triglyceride and VLDL ↑

Cholesterol ↑↑
Triglyceride ↑↑
Intermediate-density 

lipoprotein ↑

Triglyceride and VLDL ↑↑
Chylomicrons ↑

Triglyceride ↑↑
Chylomicrons ↑↑
VLDL ↑

Cholesterol and LDL ↑

Relative
prevalence

++

+++

+

+

Rare

++++

Inheritance

Autosomal
dominant

Uncertain

Apo EIII
deficiency and
other factors

Probably auto-
somal dominant

Probably
recessive

Polygenic

Atherosclerosis 
risk

+++

++

++

Uncertain

Uncertain

+
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(nodules) in tendons and a very high risk of pre-
mature CHD. Untreated, 85% of males with this con-
dition will have had a myocardial infarction before 
the age of 60 years. The metabolic abnormality and
clinical consequences result from impaired removal
of LDL from the circulation because of a reduction 
in LDL receptors on the surface of cells. The other
common inherited hyperlipidaemia, familial combined
hyperlipidaemia, is characterized by increased LDL
and increased very-low-density lipoprotein (VLDL),
which result from increased production of these
lipoproteins. The mode of inheritance is not so clearly
understood, but the condition is associated with an
equally high risk of cardiovascular disease. Remnant
hyperlipidaemia and the familial hypertriglyceridaemic
states are relatively rare. In addition to the diagnostic 
categories shown in Table 20.3, some individuals will
be at risk because they have increased levels of atyp-
ical lipoproteins. Concentrations of lipoprotein (a),
which is assembled from LDL and apolipoprotein
(a), may vary from near zero to over 1000 mg/L.
Case–control studies suggest a strong independent
association with CHD, but no data are available from
prospective studies. Finally, some individuals appear
to have high levels of LDL, that are smaller and more
dense than typical LDL particles. These small, dense
LDL particles appear to be more atherogenic than
typical LDL. Diet and other lifestyle factors are relat-
ively unimportant in the aetiology of these conditions,
but play a role in their management.

Polygenic hypercholesterolaemia Hypercholes-
terolaemia, with elevated LDL or VLDL, or both,
is one of the most clearly described CHD risk factors. 
In over 40 longitudinal studies in different countries,
total cholesterol has been shown to be related to 
the rate of CHD. The association is independent of 
other risk factors and characterized by a gradient of
risk with increasing plasma cholesterol concentration
(Fig. 20.5). Cholesterol is a major constituent of the
atheromatous plaque. Average cholesterol levels are
similar in adult men and women, but this similarity
hides the different age trends observed in cross-
sectional studies (Fig. 20.6). Hormonal factors may
in part explain the gender differences but the fact that
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Fig. 20.5 Within-population relationship between plasma
cholesterol and CHD and total mortality.

Source: Martin, M.J., Hulley, S.B., Browner, W.S., et al. (1968)
Serum cholesterol, blood pressure, and mortality: implications
from a cohort of 361,662 men. Lancet, 2, 933–6.

populations and groups with low average cholesterol
levels do not show such marked increases with age
suggest that lifestyle-related factors may also be 
involved.

LDL which transports the bulk of cholesterol in the
blood stream, is taken up by macrophages after being
oxidized and may then become deposited in the
atheromatous plaque. Dietary antioxidants (vitamins
E and C and carotenoids, and possibly flavonoids and
selenium) may protect LDL against oxidation (see
Chapters 11 and 13) and help slow the progression of
atherosclerosis and thus influence the degree of risk
conferred by a particular level of plasma cholesterol.
High intakes of antioxidants may explain the relat-
ively low rates of CHD in France despite cholesterol
and saturated fat intakes that do not differ appreci-
ably from other countries with much higher CHD
rates (the ‘French paradox’, see Box 6.4).

Levels of total and LDL-cholesterol are pro-
foundly influenced by the dietary factors described 
in Chapter 3 (section 3.3.4). It seems very likely that
the deleterious effect of saturated fat on CHD in epi-
demiological studies is largely explained by the ability
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of myristic, palmitic and perhaps also lauric acids to
elevate LDL and total cholesterol and the protective
effects of ω-6 polyunsaturated fatty acids (PUFA) by
their cholesterol-lowering properties.

Hypertriglyceridaemia This is a less clearly defined
risk factor. People who have had myocardial infarc-
tions tend to have higher levels of triglycerides and
VLDL than controls and this association is con-
firmed by prospective studies. However, it is not clear
whether the association between triglycerides and
VLDL and CHD is independent of other factors
known to be associated with both raised levels of
triglycerides and cardiovascular risk (e.g. obesity, 

hyperglycaemia, hypercholesterolaemia and hyper-
tension). It has been suggested that raised levels of
triglycerides may only be important in the presence
of reduced HDL cholesterol. Raised plasma trigly-
cerides appear to be particularly important in deter-
mining cardiovascular risk in people with diabetes.
Determinants of plasma triglyceride and VLDL levels
are discussed in section 3.3.4.

Reduced high-density lipoprotein concentrations

There has been considerable interest in plasma HDL
as a protective factor. Women have higher levels of
HDL and lower risk of CHD. An attempt to aggregate
the findings of four large American studies suggests
that an increase of 1 mg/100 mL (0.026 mmol/L) HDL
cholesterol is associated with a 2–3% reduction in
CHD. HDL levels do not differ markedly with age, are
reduced in heavy cigarette smokers, and are increased
by physical activity and alcohol intake (Chapter 6).
Nutritional determinants are considered in sec-
tion 3.3.4.

Apolipoproteins Apoprotein B (apo B) and apopro-
teins A1 (apo A1) are the major apoproteins of LDL
and HDL, respectively, and therefore, not surpris-
ingly, the former is predictive of CHD and the latter 
protective against CHD. However, interestingly the 
effects appear to be independent of total cholesterol,
LDL and HDL. The interaction between diet and 
the apolipoproteins is complex. Dietary factors that
influence LDL and HDL also have an effect on apo B
and apo A1, but genetic variation appears to explain
some of the variation in LDL and HDL response
among individuals to dietary change.

20.4.2 Thrombogenesis
Factors that increase the tendency to thrombosis
(either as a result of increased platelet aggregation or
a high level of coagulability of blood) have received
less attention than those influencing lipids and lipo-
proteins. They are more dibcult to study and much
of the relevant research is based on in vitro tests, 
which may not correspond to what goes on inside the
body. One clue to the potential for dietary factors to
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enhance or reduce the tendency for platelets to aggre-
gate stems from observations made on the Eskimo
people (Inuits) of Greenland. They have low rates 
of CHD and reduced platelet aggregation compared
with Western nations, despite high intakes of total fat.
However, this fat comes largely from marine foods
rich in ω-3 fatty acids (eicosapentaenoate, C20:5,
and docosahexaenoate, C22:6), which form the anti-
aggregatory prostanoid, PGI3. Platelet aggregation 
is largely controlled by a balance between the pro-
aggregatory compound thromboxane A2 (synthesized
from arachidonic acid released from the platelet
membrane after injury to the blood vessel wall) and
the antiaggregatory substance prostacyclin PGI2 (also
synthesized from arachidonic acid in the endothelial
cells of the arterial wall). C20:5 and C22:6 inhibit
conversion of arachidonic acid to thromboxane A2

as well as facilitate the production of the additional 
antiaggregatory substance PGI3 (Fig. 20.7). Polyun-
saturated fatty acids of the ω-6 series may also reduce
platelet aggregation by providing the series 1 prosta-
noid PGE1, which is also antiaggregatory. Oleic acid
may also act as a inhibitor of platelet aggregation,
though the effect is less than for polyunsaturated
fatty acids.

Although there have been studies of the anti-
thrombogenic effect of polyunsaturated fatty acids in
humans, the thrombogenic effect of saturated fatty
acids has been more extensively studied in laboratory
animals. The findings are consistent: the longer-chain
saturated fatty acids (C14:0, C16:0 and C18:0) all 

appear to accelerate thrombosis. One mechanism
may be via inhibition of antiaggregatory prostacyclin.
Stearic acid (C18:0), which appears not to raise LDL,
has thrombogenic properties.

Dietary factors may also influence thrombogenesis
via an effect on the coagulation system. The physiolo-
gical function of coagulation is to secure haemostasis
after an injury. Thrombin is produced, which enables
the conversion of soluble fibrinogen to insoluble
fibrin. Several prospective studies suggest that factors
involved in the coagulation system (notably factor
VII and fibrinogen) are important predictors of CHD.
Too high a level of coagulability might predispose
to thrombosis. High levels of fibrinogen are asso-
ciated with obesity and cigarette smoking. Factor VII
is associated to a greater extent with dietary factors: 
increasing dietary fat can increase it within 24 hours.
Levels of a range of clotting factors, including factor
VII, are lower in populations and groups eating a
low-fat, high-polyunsaturated/saturated-ratio, high-
fibre diet, and individuals changing to such a diet
show reduction in these factors. Levels of another pro-
thrombotic agent, plasminogen activator inhibitor-1
(PAI-1) are reduced on low-glycaemic-index diets.

20.4.3 Diabetes, hyperglycaemia
and insulin resistance
Many studies have shown that people with diabetes
have an increased risk of CHD. Genetic factors play
important roles in the aetiology of type 2 diabetes,
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but nutrition-related factors are also important.
Obesity (body mass index > 30) is associated with a
considerable increase in risk of diabetes and there is
evidence that those who are overweight are also at 
increased risk. High intakes of saturated fat and 
low intakes of dietary fibre and low-glycaemic-index
foods increase the risk of developing type 2 diabetes.
This effect appears to be independent of the relation-
ship between low fibre intakes and obesity. Impaired
glucose tolerance, raised levels of fasting glucose and
insulin resistance, pre-diabetic states that have a sim-
ilar aetiology to type 2 diabetes, are also associated
with increased cardiovascular risk.

20.4.4 Hypertension
Increasing levels of both systolic and diastolic blood
pressure are associated with increased rates of CHD,
strokes (cerebral vascular disease) and peripheral
vascular disease. Fewer than half of the adults in the
USA are considered to have optimal blood pressure
and nearly a quarter have hypertension.

Sodium (salt) Over 30 years ago, Dahl drew atten-
tion to the correlation between salt intake and preval-
ence of hypertension in populations. This and other
similar studies were flawed by methodological dib-
culties associated with measuring salt intake and blood
pressure. Also, the association may not be causal 
because increased salt intake is associated with greater
acculturation and many other lifestyle-related attrib-
utes of a ‘Western’ diet could explain the link with
CHD. The best available method for assessing sodium
intake is 24-hour urinary sodium excretion. This
method and standardized blood pressure measure-
ments were used in the Intersalt Study (Elliott et al.,
1996), which collected data on 10 000 people in 
32 countries. The results suggested that a reduction 
in sodium intake of 100 mmol/day would be expected
to result in differences of approximately 10 mmHg
in systolic blood pressure and 6 mmHg in diastolic
blood pressure over a 30-year period. Meta-analyses
of published observational studies, as well as ran-
domized controlled trials, of sodium restriction have
demonstrated broadly comparable results.

Even a more modest reduction in dietary sodium
(to 50 mmol/day or about 3 g/day of salt) might be
expected to lower systolic blood pressure by about 
6 mmHg, on average, with more marked reductions 
in those with higher blood pressures. It has been 
estimated that a reduction in blood pressure of this
magnitude would reduce the incidence of stroke by
26% and CHD by 15%. Several mechanisms have
been suggested to explain the association between salt
intake and blood pressure, including reduced urinary
sodium excretion and fluid retention by some indi-
viduals, increased sympathetic nervous system activity
and impaired baroreflex function and alterations of
ion transport in vascular smooth muscle. The hetero-
geneity in the response of individuals to sodium 
restriction suggests the possible existence of a group
of hyper-responders, but there is as yet no simple test
by which such individuals might be identified.

Potassium In the Intersalt Study, urinary potassium
excretion—an assumed indicator of intake—was
negatively related to blood pressure. A pooled analysis
of a number of intervention trials suggests that potas-
sium supplementation might reduce blood pressure
in both normotensive and hypertensive people by 
an average of 5.9–3.4 mmHg. However, several lim-
itations reduce the likely effectiveness of increasing
potassium intake as an important means of treating 
hypertension. The effect of potassium appears to be
relatively small when compared with a reduction in
sodium intake. The amount of potassium required 
to reduce blood pressure is relatively high so that 
supplements rather than dietary modification would 
be necessary to achieve appreciable blood pressure
lowering. No foods contain subcient to provide the
increase in intake achieved in the trials—between 
50 and 140 mmol potassium per day.

Body weight Obese people have higher blood pres-
sures than lean people and if they lose weight their
blood pressure falls, even if usual salt intake is main-
tained on the calorie-restricted diet. Raised blood
pressure is particularly associated with obesity that is
centrally rather than peripherally distributed. The
Intersalt Study showed a highly significant correlation
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between body mass index as an index of obesity and
blood pressure. An Australian study showed, in a
clinical trial setting, that dietary weight reduction
(mean loss of 7.4 kg) compared favourably with a
standard β-blocker drug, metoprolol, in the treat-
ment of mild hypertension. Furthermore, diet was
associated with an improvement in the lipid profile,
which was not seen with the drug.

Calcium Intracellular calcium is an important 
determinant of arteriolar tone, and some claims have
been made that increased calcium intake can reduce
blood pressure. However, two meta-analyses summar-
izing the results of more than 20 trials showed that 
intakes of 1000 mg or more of calcium per day have
only a trivial effect on blood pressure levels. Calcium
supplements or a high-calcium diet might be useful
in a very small number of hypertensive patients who
have low serum calcium levels or increased plasma
parathyroid levels.

Combining dietary factors It is conceivable that
combining the effects of the various nutrients that
appear to influence blood pressure levels will have a
far greater effect than altering a single nutrient. In the
series of DASH (Dietary Approaches to Stop Hyper-
tension) trials (Sacks et al., 2001), the effects on blood
pressure of specific diets were compared with control
diets—these diets were rich in: fruit and vegetables;
fruit, vegetables and low-fat dairy products; fruit,
vegetables and low-fat dairy products and low in
sodium. As shown in Fig. 20.8, the effect of increasing
fruit, vegetable and low-fat dairy products is greatest
when sodium intake is also reduced, the reduction 
in both systolic and diastolic blood pressure being
greatest when blood pressures are raised. These effects
are comparable with those resulting from some blood
pressure-lowering medications.

Comparable data exist regarding the effects of 
a vegetarian diet on blood pressure. A series of care-
fully controlled studies from Perth, Western Australia,
have shown that significant reductions in systolic and
diastolic pressures occur when healthy subjects are
changed from a typical Western diet to a vegetarian
diet and salt intake is kept constant. Both the vege-

tarian diet and the combination diet of the DASH trial
have many nutritional attributes that could be con-
tributing to the blood pressure-lowering effect, and it
is probably impossible as well as clinically unhelpful
to attempt to disentangle which have the greatest effect.

Alcohol In epidemiological studies, blood pressure
increases progressively when reported alcohol intake
increases above three drinks per day. Several inter-
vention studies have shown that reduction of alcohol
intake can produce an appreciable reduction in blood
pressure amongst hypertensive heavy drinkers. For
example, one study showed that replacing standard
beer (5% alcohol) with a reduced alcohol beer (0.9%
alcohol) produced a reduction in alcohol intake 
from 450–64 mL/week and a significant fall in blood
pressure.

Other factors Small and inconsistent inverse asso-
ciations have been reported between blood pressure
and polyunsaturated fatty acids, magnesium, protein
and dietary fibre. A small positive association with
caffeine has also been reported.
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Fig. 20.8 The effect on systolic blood pressure with a
control diet when sodium is reduced (l) and on the DASH
diet with similar reductions in sodium (n). Differences
between DASH and control diets are significant at each
level of sodium intake but smallest when sodium intake is
low (1.5 g/day).

Source: Sacks et al. (2001).
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20.4.5 Obesity
Obesity is a major risk factor for CHD. While increas-
ing body mass index shows a modest and graded 
association with myocardial infarction, increasing
waist circumference and waist/hip ratio show a more
striking relationship. The effect is not surprising given
the association between excess adiposity and several
other risk factors, notably dyslipidaemia, hyperten-
sion, insulin resistance and type 2 diabetes. Weight loss
corrects most of the clinical and metabolic derange-
ments seen in overweight and obese individuals (see
Chapter 16).

20.4.6 Inflammatory markers
Inflammation is now acknowledged as a process that
can appreciably increase cardiovascular risk to the
extent that high-sensitivity C-reactive protein (CRP)
is regarded as a useful risk indicator. Information 
regarding the extent to which nutritional factors can
influence the inflammatory response is limited. How-
ever, diets very low in fat have been shown to reduce
levels of high-sensitivity CRP. Moderately high intakes
of ω-3 fatty acids may also reduce the inflammatory
response.

20.4.7 Impaired fetal nutrition
Robinson and Barker (2002) in Southampton ob-
served some time ago that low-birthweight babies, 
especially those who tended to gain weight rapidly 
in early life, were more prone than those of normal
weight to a range of clinical and metabolic abnormal-
ities (including obesity, hypertension, dyslipidaemia,
insulin resistance) that predispose to the increased
risk of CHD and diabetes in later life. The fetal-
origins hypothesis (Barker) suggests that maternal

malnutrition at critical stages of fetal development
leads to intrauterine growth retardation, including
decreased pancreatic islet β cells, decreased num-
ber of nephrons, insulin resistance, and a range of 
other abnormalities that are not associated with later
chronic diseases if the child remains in a relatively 
deprived nutritional environment. However, prob-
lems are proposed to occur if the malnourished fetus
is born into conditions of adequate nutrition or over-
nutrition and rapid catch-up growth occurs. Much
debate and research centres around the explanation
for the observation, but the hypothesis has been 
offered as an explanation for the massive increase in
cardiovascular disease and type 2 diabetes that has
occurred with increasing acuence in some develop-
ing countries. The main message to be taken from this
research at this stage is the importance of adequate and
appropriate nutrition for women of childbearing age.
There is insubcient evidence to recommend altering
current advice regarding infant feeding practices (see
Chapter 31).

20.4.8 Raised plasma
homocysteine levels

Patients with inborn errors of homocysteine meta-
bolism have very high levels of plasma homocysteine,
homocysteinuria and a high risk of cardiovascular
disease. It has also been found that in the general
population there is a gradient of CHD risk associated
with increasing levels of plasma homocysteine, i.e.
homocysteine is an independent risk factor for CHD.
Interest in this relatively newly identified risk factor
centres around the fact that folic acid and vitamins B6

and B12 can reduce raised homocysteine levels. There
is as yet no definitive evidence that reducing homo-
cysteine levels can reduce clinical CHD.
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Ideally, evidence from epidemiological and experi-
mental studies should be confirmed in randomized
controlled trials involving clinical endpoints in order
to establish causal links between individual foods 

and nutrients and CHD. As with other chronic 
diseases there are major methodological dibculties 
in undertaking such trials (see Chapter 1). How-
ever, several trials have been undertaken and these
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demonstrate the potential of dietary modification 
to reduce cardiovascular risk. The early trials all 
attempted to lower cholesterol levels, usually by in-
creasing the poly-unsaturated/saturated (P/S) ratio,
i.e. they were single-factor intervention trials. More
recent trials have involved multifactorial interven-
tions, including dietary change intended to improve
all nutritionrelated risk indicators, as well as attempts
to modify other risk factors that are not diet 
related (e.g. cigarette smoking). Dietary intervention
trials have been undertaken in people with and 
without evidence of CHD at the time the trial was
started (i.e. secondary and primary prevention trials). 
This section describes briefly a few landmark trials 
(Table 20.4) and presents an overview of all of the 
important investigations of this kind.

Los Angeles Veterans Administration Study This
was the first of the major intervention trials, in 
which 846 male volunteers (aged 55–89 years) were
randomly allocated to ‘experimental’ and ‘control’
diets taken in different dining rooms. The control
diet was intended to be typically North American
(40% energy from fat, mostly saturated). The experi-
mental diet contained half as much cholesterol, and
predominantly polyunsaturated vegetable oils (ω-6
PUFA) replaced approximately two-thirds of the 
animal fat, achieving a P/S ratio of 2. With skilled
food technology, the trial was conducted under 
double-blind conditions. During the 8 years of trial,
plasma cholesterol in the experimental group was
13% lower, and coronary events, as well as deaths due
to cardiovascular disease, were appreciably reduced
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Table 20.4 Results of selected intervention trials. (Confidence intervals are given in parenthesis)

Trial No of subjects % reduction Odds ratio (experimental vs control)
in cholesterol

Total mortality Fatal and non-fatal CHD

Veterans 846 13 0.98 0.77
Administration 
(Dayton et al., 1969) (0.83–1.15)

Oslo 1232 13 0.64 0.56
(Hjermann et al., 1981) (0.37–1.12)

DART
Fat advice 2033 3.5 0.98 0.92

(0.77–1.26)

Fish advice 2033 Negligible 0.74 0.85
(0.57–0.93)

Lyons Heart 605 Negligible 0.30 0.24
(de Lorgeril et al., 1994) (0.11– 0.82)

CHAOS 
(Stephens et al., 1996) 2002 NA 1.30 0.60

GISSI-Prevenzione
n-3 fatty acids 2836 NA 0.80 0.80

(0.67–0.94)

Vitamin E 2830 NA 0.86 0.88
(0.72–1.02)

HOPE (2000) 1511 NA 1.00 1.05
(0.89–1.13)

NA, not available.
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compared with the controls (Table 20.4). The beneficial
effect of the cholesterol-lowering diet was most evid-
ent in those with high cholesterol levels at the start of
the study. Deaths due to other and uncertain causes
occurred more frequently in the experimental group,
though no single other cause predominated. This in-
crease in non-cardiovascular mortality in the experi-
mental group raised for the first time the possibility
that cholesterol lowering might be harmful in some
respects, despite the reduction in CHD. This has not
been substantiated in subsequent studies.

Oslo Trial Middle-aged men at high risk of CHD
(smokers or those having a cholesterol in the range
7.5–9.8 mmol/L) were divided into two groups; half
received intensive dietary education and advice to
stop smoking, the other half served as a control group
(Hjermann et al., 1981). An impressive reduction 
in total coronary events was observed (Table 20.4) in
association with a 13% fall in serum cholesterol and a
65% reduction in tobacco consumption. There was
also an improvement in total mortality and no signi-
ficant difference between the two groups with regard
to non-cardiac causes of death. Statistical analysis sug-
gested that approximately 60% of the CHD reduction
could be attributed to serum cholesterol change and
25% to smoking reduction. The composition of the
experimental diet was quite different from that used
in the Veterans Administration trial: total and saturated
fat were markedly reduced without any appreciable
increase in ω-6 PUFA, and fibre-rich carbohydrate
was increased. These differences, as well as the fact
that the participants in the Oslo Trial were younger,
could have accounted for the different results with 
regard to non-cardiovascular diseases.

Diet and Reinfarction Trial (DART) This was the
first trial to examine the effects of diets high in ω-3
PUFA. Burr et al. (1989) randomized 2033 men who
had survived myocardial infarction to receive or not
receive advice on each of three dietary factors: a 
reduction of fat intake and an increase in the ratio of
polyunsaturated to saturated fat, an increase in fatty
fish intake, and an increase in cereal fibre. For those
unable to eat fatty fish, a fish oil supplement was 

recommended. Within the short (2-year) follow-up
period, the subjects advised to eat fatty fish had 
a 26% reduction in all causes of mortality com-
pared with those not so advised. The other two diets 
were not associated with significant differences in
mortality, but in view of the fact that fat modifica-
tion only achieved a 3–4% reduction in serum
cholesterol, compliance with the fat-modified and
high-fibre diets may have been less than that on the
fish diet. Furthermore, diets aimed to reduce athero-
genicity (ω-6 PUFA) are likely to take longer to show
a beneficial effect than those aimed at reducing
thrombogenicity (ω-3 PUFA). These results are the
first to find that very simple advice aimed at redu-
cing thrombogenicity (at least two weekly portions,
200–400 g, of fatty fish) appears to reduce mortality
appreciably. Results of follow-up long after the com-
pletion of the intervention phase were inconclusive.

Lyons Heart Study This study (de Logeril et al.,
1994)  is the most recent in the series of multifactorial
dietary intervention studies in the secondary pre-
vention of cardiovascular disease, in which 605
individuals with clinical CHD received conventional 
dietary advice or advice to follow a type of Mediter-
ranean diet. The experimental diet was lower in total
and saturated fat (30% and 8% total energy) than the
control diet (33% and 12% total energy) and con-
tained more oleic (13% vs 10% total energy) and α-
linolenic acid (0.80% vs 0.27%). Dietary linoleic acid
was higher in the control group (5.3% vs 3.6%). The
Mediterranean diet included more bread, legumes,
vegetables and fruit, and less meat and dairy prod-
ucts. Those in the experimental group were also pro-
vided with a margarine rich in α-linolenate (C18:3,
n-3). The marked reductions in risk ratios for cardio-
vascular events as well as total mortality associated
with the experimental diet are dibcult to interpret.
The confidence intervals are wide and it is dibcult
to understand why cholesterol levels did not fall 
despite the reduced intake of saturated fatty acids.
The latter observation has led to the suggestion that
the beneficial effect must have resulted from an 
antithrombogenic effect of the diet or a reduction in
the risk of dysrythmias. The study has been widely
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quoted as providing evidence for the health benefits
associated with the Mediterranean diet, though it
should be noted that the experimental diet cannot 
be regarded as a traditional Mediterranean diet given
the important role of n-3-supplemented margarine
in the intervention diet.

Cambridge Heart Antioxidant Study (CHAOS)

Several early clinical trials involving supplementa-
tion with antioxidant nutrients (vitamins C and E
and β-carotene) without concomitant dietary change
suggested no benefit in terms of cardiovascular risk
reduction despite strong evidence of a cardiopro-
tective effect in epidemiological studies. This study 
from Cambridge (Stephens et al., 1996) involved
the randomization of over 2000 participants with
pre-existing cardiovascular disease to receive either
placebo or 400 IU or 800 IU α-tocopherol daily. 
After 1.4 years, non-fatal myocardial infarction was
substantially reduced in the α-tocopherol group 
(14 out of 1035) as compared with the control group
(41 out of 967). However, there were marginally 
more total deaths in the α-tocopherol than the con-
trol group (36 out of 1035 compared with 26 out 
of 967).

GISSI–Prevenzione Study This large study (GISSI,
1999) examined the effect of supplementation with
very-long-chain ω-3 fatty acids (eicosapentaenoic acid,
EPA, and docosahexaenoic acid, DHA) or vitamin E
(300 mg), or both, in 2830 subjects who had had a
myocardial infarction. The trial was not conducted 
in a double-blind manner but was nevertheless inter-
esting in view of its size and otherwise appropriate
conduct. Supplementation with ω-3 fatty acids was
associated with a statistically significant 15–20% 
reduction in all of the important endpoints (non-
fatal myocardial infarction, cardiovascular deaths and 
total mortality). A smaller reduction in event rate in
association with vitamin E supplementation did not
achieve statistical significance.

Heart Outcomes Prevention Evaluation (HOPE)

Study Patients at high risk of cardiovascular events
because they had cardiovascular disease or diabetes

and one other risk factor were randomized to 
receive placebo, 400 IU vitamin E or drug treatment 
(an angiotensin-converting enzyme (ACE) inhibitor,
ramipril) and were followed for 4.5 years. A primary
outcome event (myocardial infarction, stroke or death
from a cardiovascular cause) occurred in 16.2% (772
out of 4761) patients assigned to the vitamin E group
and 15.5% (739 out of 4780) assigned the placebo.
Furthermore, there were no differences between the
two groups when considering total mortality or indeed
any other cardiovascular endpoint.

Overall perspective of the trials
It is inappropriate to aggregate the results of the 
dietary intervention trials in a meta-analysis in view
of the wide range of interventions that have been 
employed. Nevertheless, certain conclusions may be
drawn from the results of the various studies. There 
is convincing evidence that cholesterol lowering by
dietary means reduces coronary events in the con-
text of both primary and secondary prevention.
Indeed there is confirmation of the rule derived from
observational epidemiology that a 2–3% reduction in 
coronary events results from each 1% of cholesterol
lowering achieved. Such benefit is further confirmed
in trials of pharmaceutical reduction of total cholesterol
by statin drugs.

There would seem to be reasonably strong evid-
ence that lowering of total cholesterol (reflecting
principally a reduction in LDL cholesterol) should
primarily be achieved by reducing total and saturated
fatty acids. While increasing ω-6 polyunsaturated fatty
acids (chiefly linoleic acid C18:2, ω-6) might fur-
ther decrease LDL, the clinical trials do not suggest
that replacement energy be derived entirely from this
source. Rather, they suggest that when substitution is
required, oleic acid (C18:1, ω9), carbohydrate from
lightly processed cereals (whole grains), vegetables
and fruit as well as linoleic acid might all contribute
replacement energy.

Two trials provide some support for the suggestion
that dietary modification has the potential to reduce
cardiovascular risk by means other than cholesterol
lowering. The DART and GISSI trials achieved 
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appreciable reductions in cardiovascular mortality with
minimal change in cholesterol, presumably because
the increase in C20:5, ω-3 and C22:6, ω-3 in the 
fish or fish oil supplements resulted in reduced
tendency to thrombosis or perhaps reduced the 
risk of dysrythmias. Similarly, the experimental diet
in the Lyons Heart Study was not associated with 
appreciable lowering of cholesterol. It is impossible 
to identify which of the many nutritional changes 
might have been responsible for the beneficial effects
observed in this study. There was undoubtedly an 
increase in a range of antioxidant nutrients, which
may have reduced oxidizability of LDL, despite min-
imal change in cholesterol. Non-starch polysaccharide
(dietary fibre) as well as starch increased because 
of the increase in cereals, vegetables and fruit. Total
saturated fatty acids decreased while oleic and α-
linolenic acids increased. The authors of the study 
regarded the last-mentioned change to be of par-
ticular importance. However, it would seem more
plausible to suggest that a combination of all of these
factors contributed to the overall risk reduction 
resulting from favourable modification of several of
the risk factors listed in Table 20.2. Although widely
quoted, it should be noted that the Lyons Heart Study

is relatively small and the estimate of risk reduction
subject to wide confidence intervals.

The trials of nutrient supplements have generally
been disappointing apart perhaps from the GISSI-
Prevenzione study, which suggests potential benefit 
of supplementation with modest amounts of fish 
oils. Several trials published subsequent to the HOPE
Study and a meta-analysis provide convincing evid-
ence for the absence of a benefit of supplemental 
vitamin E for high-risk individuals. There is no clear
explanation as to why the vitamin E and other anti-
oxidant nutrient supplementation trials have been
largely negative despite strong suggestions of benefit
from epidemiological data. The most likely explana-
tion would seem to be either that a longer time frame
might be necessary in order to demonstrate benefit or
that a blend of these nutrients in proportions similar
to those found in foods might be required to produce
benefit, rather than a pharmacological dose of a single
antioxidant nutrient. Large trials are presently under-
way to determine whether supplementation with folic
acid and other dietary determinants of homocysteine
levels have the potential to reduce cardiovascular risk.
Early underpowered trials have generated contra-
dictory results.
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The epidemiological and experimental evidence 
discussed above has generated a large number of 
associations between foods and nutrients and CHD.
A WHO/FAO Expert Consultation (2003) considered
the strength of evidence for all of the putative lifestyle-
related variables and categorized them as being con-
vincingly, probably or possibly causal. For some, the
evidence was regarded as insubcient (Table 20.5).
Associations graded as convincing or probable were
deemed to be subcient to translate into recommenda-
tions. Most of these associations have been discussed
in the preceding sections and in Chapter 3, but are 
reviewed briefly below to justify the evidence grad-
ings and resultant recommendations.

20.6.1 Fatty acids and dietary
cholesterol
Myristic and palmitic acids, derived from dairy prod-
ucts and meat, comprise a substantial proportion of
total intake of saturated fatty acids in countries with
high fat intakes and high CHD rates. They have a
more marked LDL-raising effect than other saturated
fatty acids and reducing their intake has been shown,
in randomized controlled trials, to be associated with
reduced rates of CHD regardless of replacement 
energy. trans-Unsaturated fatty acids, mostly found
in deep-fried fast foods, baked goods and some fat
spreads, are associated with an even more atherogenic

20.6 Foods and nutrients as causes of coronary heart
disease: strength of evidence
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plasma lipid profile (increased LDL and lipoprotein
(a) and decreased HDL) than saturated fatty acids.
Furthermore, several large cohort studies have reported
a linear association between their intake and sub-
sequent CHD risk. Polyunsaturated vegetable oils
supplying linoleic acid, found especially in sunflower
and soybean oils, lower LDL, and when used as a 
replacement energy for saturated fat in clinical trials
have been shown to be associated with reduced dis-
ease rates. However, excessive intakes (PUFA > 10%
total energy) may reduce HDL levels and might pro-
mote oxidation of LDL and should be avoided.

ω-3 Polyunsaturated oils (EPA and DHA from fish
oils) have potentially powerful beneficial effects on

several cardiovascular risk factors (notably they are
antiplatelet and anti-inflammatory) and physiology
(endothelial function, arterial compliance, vascular
reactivity, cardiac electrophysiology) and randomized
trials suggest clinical benefit. Although these fatty
acids can lower triglycerides, the benefit is believed 
to be mediated principally through pathways other 
than lipoproteins. While the evidence relating to 
the protective effects of these polyunsaturated fatty
acids is regarded as convincing, the potentially pro-
tective effects of oleic acid, derived from olive oil,
canola and nuts and plant sources of ω-3 fatty 
acids (α-linolenic acid, high in flaxseed, canola and
soybean oils) are considered to be probable. The
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Table 20.5 Summary of strength of evidence on lifestyle factors and risk of developing 
cardiovascular diseases

Evidence

Convincing

Probable

Possible

Insubcient

EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; NSP, non-starch polysaccharides.

Source: WHO/FAO (2003)

Increased risk

Myristic and palmitic acids
trans fatty acids
High sodium intake
Overweight
High alcohol intake (for 

stroke)

Dietary cholesterol
Unfiltered boiled coffee

Fats rich in lauric acid
Impaired fetal nutrition
β-Carotene supplements

Carbohydrates
Iron

No relationship

Vitamin E 
supplements

Stearic acid

Decreased risk

Regular physical activity
Linoleic acid
Fish and fish oils (EPA and DHA)
Vegetables and fruits (including 

berries)
Potassium
Low to moderate alcohol intake 

(for coronary heart disease)

α-Linolenic acid
Oleic acid
NSP
Wholegrain cereals
Nuts (unsalted)
Plant sterols/stanols
Folate

Flavonoids
Soy products

Calcium
Magnesium
Vitamin C

EOH_C20.qxd  3/22/07  5:43 PM  Page 299



. .

beneficial effect of oleic acid on LDL is less marked,
and while there is epidemiological evidence for a 
protective role, oleic acid has not been used as a sole
replacement for saturated fat in any randomized con-
trolled trial. α-Linolenic acid (see section 18.3) from
plant foods has been found to be inversely related 
to CHD in prospective studies, but in the Lyons 
Heart trial, in which intake was increased, it was 
only one of the dietary variables that was modified. 
Stearic acid, another important saturated fatty acid,
does not appear to adversely influence lipoproteins, 
and although there is a suggestion that it might be
thrombogenic in animals, there are no comparable
data in humans, hence the suggestion that there is
probably no risk of CHD associated with its con-
sumption. Lauric acid, on the other hand, does elevate
LDL but is also associated with an almost equivalent
increase in HDL, which may mitigate at least to some
extent any lipoprotein-mediated adverse effects. There
is also no corroborative epidemiological evidence of
increased CHD risk, hence its classification as a 
possibly related factor.

Cholesterol in the blood is derived from endo-
genous synthesis and dietary intake, principally from
dairy fat and meat, which are also important sources
of saturated fatty acids, and eggs, which are not.
Dietary cholesterol raises plasma LDL and plasma
cholesterol, especially when consumed in substantial
amounts and when intake of saturated fatty acids
is also high. There is some, though not entirely con-
sistent, evidence from observational studies that 
increasing intakes are associated with increasing
CHD risk. However, no clinical trial has examined
the effect of reducing dietary cholesterol without also
substantially reducing saturated fatty acids. From 
a practical point of view, restriction of saturated 
fatty acids will be associated with a reduction in 
the dietary cholesterol except in individuals with an 
unusually high intake of egg yolk. Plant sterols and
stanols, when incorporated into functional foods,
notably margarines and spreads, are associated with
appreciable reductions in LDL and cholesterol, by 
inhibiting cholesterol absorption. Products are
widely available but long-term effects have not been 
examined.

20.6.2 Sodium and potassium
Sodium and potassium are considered to be, respect-
ively, convincingly promotive and protective against
cardiovascular disease because of their effects on
blood pressure (reviewed in section 20.4.4). Although
potassium supplements have been shown to be asso-
ciated with reductions in blood pressure, fruit and
vegetables, which are rich sources of potassium, rather
than supplements, are recommended.

20.6.3 Dietary fibre (non-starch
polysaccharides) and wholegrain
cereals
Dietary fibre is a heterogeneous mixture of poly-
saccharides and lignins that are not degraded by the
endogenous enzymes. Water-soluble fibres (notably
pectins, gums, mucilages and some hemicelluloses)
reduce total and LDL cholesterol, and several large
cohort studies have reported that high intakes of 
dietary fibre, as well as diets high in wholegrain 
cereals, were associated with CHD. Thus, although the
mechanisms are not clear, dietary fibres are regarded
as probably protective factors against CHD. 

20.6.4 Antioxidant nutrients and
flavonoids
Experimental evidence has clearly demonstrated 
the potential for antioxidant nutrients (vitamin E, 
vitamin C, β-carotene) to reduce the oxidizability 
of LDL in vitro, and prospective studies have shown 
a decreasing risk of CHD with increasing intakes 
of these nutrients and flavonoids, which occur in a
variety of foods of vegetable origin such as onions,
berries, apples and tea. However, several large clin-
ical trials in which vitamins E and C and β-carotene
have been given as supplements have shown no con-
sistent benefit. Indeed, vitamin E supplementation
has been studied in a subcient number of studies 
for meta-analyses to confirm absence of benefit in 
terms of reducing cardiovascular risk (Table 20.5).
Failure of supplementation to confirm experimental
and observational data may result from the need 
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for prolonged exposure to produce benefit or the re-
quirement for a blend of antioxidants and flavonoids
such as may be found in foods rather than in supple-
ments supplying pharmacological doses of a single
nutrient.

20.6.5 B vitamins
Increasing homocysteine levels appear to increase
CHD risk in case–control and cohort studies. Dietary
folate and folic acid as a supplement or fortificant 
result in lowering of homocysteine by facilitating 
the methylation of homocysteine to methionine (see
Chapter 12) and vitamins B6 and B12 may further 
reduce homocysteine by enhancing its conversion 
to cysteine. Although the first trial of homocysteine
lowering by supplemental B vitamins suggested 
clinical cardiovascular benefit, the results have been 
inconsistent in subsequent randomized controlled
trials. The results of further larger trials are awaited.

20.6.6 Food items and food
groups
Fruit and vegetables Consumption of fruit and
vegetables has long been believed to promote good
health, but it is only relatively recently that ecological
and prospective studies have reported their poten-
tial to reduce both CHD and stroke. The series of
DASH trials have shown convincing benefits in
terms of reducing blood pressure levels, especially
when consumed together with relatively high intakes
of low-fat dairy products and a reduced intake of
sodium. Additional benefit in terms of cardiovascular
risk reduction may accrue as a result of the high in-
take of antioxidant nutrients and flavonoids in fruits,
berries and vegetables, some of which may also be
high in dietary fibre.

Fish Many prospective studies have shown a 
reduced risk of CHD in association with fish con-
sumption, especially fatty fish, with one recent sys-
tematic review suggesting that high-risk populations
might halve CHD deaths if fish intake was increased
to 40–60 g/day. All-cause mortality may also be 

reduced by an increase in fish consumption. The
DART and GISSI-Prevenzione trials support the clin-
ical benefits of regular consumption of fish and fish
oils (C20:5, C22:6), which may reduce cardiovascular
risk via several different mechanisms.

Nuts Several large epidemiological studies have 
reported decreased CHD risk in association with 
frequent consumption of nuts. The studies have gen-
erally considered nuts as a group. Nuts are high in 
unsaturated fats and regular consumption results 
in a favourable alteration in the fatty acid profile of
plasma lipids, as well as some reduction in athero-
genic lipoproteins. It is clearly impossible to conduct
a long-term clinical trial in which increased intake of
nuts is the sole dietary modification. Nevertheless,
the evidence is deemed to be subcient to regard nuts
as probably protective against CHD. Any recom-
mendations to include nuts in the diet must be 
tempered with a reminder of their relatively high 
energy content to ensure that an increase in intake
does not result in energy imbalance.

Soy Soy protein has a favourable effect on several
cardiovascular risk factors. An overview of 38 clinical
studies suggests that a consumption of 47 g of soy
protein daily leads to a 9% decline in total cholesterol
and a 13% fall in LDL-cholesterol. Soy isoflavones
have been shown to lower blood pressure, and there is
some evidence of beneficial effects on vascular and
endothelial function, platelet aggregation, smooth
muscle cell proliferation and LDL oxidation. Soy 
protein has been shown to inhibit atherosclerosis 
in animals, but human data are regarded as insub-
cient to classify the potential benefits as being greater
than ‘possible’.

Alcohol Ecological, case–control and cohort studies
all suggest a protective effect of low to moderate 
alcohol consumption. The effect is apparent for all 
alcoholic drinks and has been attributed to the HDL-
raising effect of alcohol, or perhaps to the antioxidant
content of some alcoholic beverages. It is noteworthy
that the benefits in absolute terms apply only to middle-
aged and older individuals. Other cardiovascular and
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health risks associated with alcohol, especially when
consumed in excess, argue strongly against a general
recommendation for its use.

Coffee Boiled unfiltered coffee raises total and LDL-
cholesterol because of the cafestol content of coffee
beans. Such unfiltered coffee is still widely consumed
in Greece, the Middle East and Turkey. A shift from
coffee prepared in this way to filtered coffee is reported
to have contributed appreciably to the decline in
plasma cholesterol in Finland.

20.6.7 Dietary patterns
Early dietary advice aimed at reducing cardiovascular
risk centred principally around a reduction in satur-
ated and an increase in polyunsaturated fatty acids.
More recently, there has been interest in certain 
dietary patterns that are regarded as protective against
CHD. The traditional Mediterranean diets of Italy,
Greece and Spain have been singled out as being of
particular benefit, perhaps because populations con-
suming the traditional diets of countries surrounding
the Mediterranean Sea had remarkably low rates of
CHD, and probably also because of the widespread
publicity surrounding the Lyons Heart Study. The
fact that, from a culinary point of view, such dietary
patterns are regarded as especially attractive may also
have contributed.

Vegetarian diets have also been promoted for 
their apparent cardioprotective effect. Vegetarians are

indeed at lower risk of CHD than meat eaters, but it
has not been established which attributes of the vege-
tarian diet might be protective since there are many
aspects other than the avoidance of meat that charac-
terize these diets. One study suggests that the lower
rates might be due to the relatively low intake of 
saturated fatty acids rather than meat avoidance.

The substantial body of epidemiological, experi-
mental and clinical trial data reviewed above provide
strong evidence that there are other equally cardio-
protective dietary patterns. The attributes of cardio-
protective diets listed in Table 20.6 are seen in many
traditional diets (e.g. most Asian diets) and indeed
the so-called typical Western diet can be modified 
to follow these dietary principles. It is important to
note that adopting individual attributes of poten-
tially appropriate cardioprotective diets may not
confer benefit. For example, consuming substantial
quantities of olive oil in the context of an otherwise
inappropriate diet may confer little or no advantage.
Failure to ensure appropriate energy balance may
negate the benefits of adhering to many of the other
attributes listed in Table 20.6 because obesity-mediated
cardiovascular risk (see Chapter 16) may outweigh
favourable trends in other risk factors. Unfortun-
ately, some populations that previously consumed
cardioprotective diets and had low rates of CHD have
introduced foods not traditionally consumed. For 
instance, some modern Mediterranean or Asian diets
may be high in saturated fatty acids and thus, at
least to some extent, have lost their health benefits.
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Table 20.6 Attributes of cardioprotective dietary patterns

• Low intakes of saturated fatty acids

• High intakes of raw or appropriately prepared fruits and vegetables

• Wholegrains and lightly processed cereal foods are preferred

• Fat intakes are predominantly derived from unmodified vegetable oilsa

• Fish, nuts, seeds and vegetable protein sources are important dietary components

• Meat, when consumed, is lean and eaten in small quantities

• Energy balance reduces rates of obesity

aCoconut oil and palm oil are not encouraged because they tend to elevate cholesterol and LDL
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It is essential in countries with high CHD rates to
have in place a nutritional strategy that is aimed 
at the entire population. Individuals with extreme
levels of risk factors or with several different risk 
factors are at the highest risk of CHD and will bene-
fit most, as individuals, from dietary modification.
However, the majority of cases of CHD will occur in
people at moderate risk, i.e. those with one or two
risk factors that may be modestly elevated. This is
simply because there are far more such individuals
in the population than people at very high risk. 
Thus, in order to reduce (or in those countries where
rates are already coming down to further reduce) the
epidemic proportions of CHD, population change
is essential. The disadvantage of the ‘population 
approach’ is that many individuals are being asked 
to make changes that are likely to produce a relat-
ively small reduction in their personal CHD risk 
(the ‘prevention paradox’) and those who are at 
high risk will still need to be individually identified 
because they are likely to require more radical and 

individually designed lifestyle changes and perhaps
medication.

Most high-risk countries have in place nutrient and
food targets aimed at reducing CHD rates and more
global targets have been set by the WHO. Table 20.7
compares the UK targets with those suggested by
WHO/FAO. While at first glance there appear to be
some striking differences, these principally reflect local
and international requirements. A total fat intake tar-
get of 35% may be a realistic goal in a country such as
the UK where present average intake may be higher.
For international purposes, the WHO-recommended
range acknowledges that, on the one hand, many
countries have a low total fat intake and there is no
justification for an increase; on the other hand, for
countries with a high fat consumption at present, 
reduction to an intake of around 30% may be a target
achievable in the long term and one that might facilit-
ate the reduction of obesity as well as more directly
helping to reduce CHD risk by reducing saturated
and trans-unsaturated fatty acids.

20.7 Nutritional strategies for high-risk populations

High-risk individuals are those who have markedly
elevated levels of a single risk factor (e.g. those with
familial hyperlipidaemia), those with multiple risk
factors (see Table 20.2), or those who have already
developed clinical CHD. They may be identified 
because of a personal or family history of CHD or in
screening programmes. It is clearly important in such
individuals to attempt to achieve the lowest possible
degree of risk with regard to all identifiable risk 
factors. From a dietary point of view, the principles
are similar to those recommended for the general
population, but further changes from the current
Western diet are often required. Food lists such as
those given in Table 20.8 are helpful, but individually
tailored advice from a dietitian and regular monitor-
ing of dietary intake and risk factor levels are usually
necessary. Emphasis on dietary advice specific to 

particular risk factors is required. For those who are
overweight or obese, weight loss should be a primary
consideration (see Chapter 16). For most high-risk
individuals, saturated fatty acids should be reduced
to 8% or less of total energy in order to help achieve
the lowest possible levels of LDL. Regular intakes of
soluble-fibre-rich foods and the use of margarines
and spreads to which plant sterols or stanols have
been added also facilitate LDL reduction. For those
with high triglyceride and low HDL levels, rapidly 
digested (high-GI) carbohydrate intake should be as
low as possible and carbohydrate should principally
be derived from intact fruits, vegetables and whole-
grain cereals. It may be helpful for such individuals to
have a lower than average intake of total carbohydrate
provided that any relative increase in fat intake 
derives from mono- and polyunsaturated fatty acids

20.8 Dietary advice for high-risk individuals
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with cis configuration and that energy balance is
maintained. The presence of hypertension necessit-
ates emphasis on salt restriction and increased intake
of fruit, vegetables and low-fat dairy products. The
absence of clinical trial data showing the benefits of
dietary change in the elderly does not mean that they
should not be given dietary advice. The absolute risk
of cardiovascular disease increases steadily with age,
although the relative risk associated with individual
risk factors might decrease. No doubt there is an 
age beyond which there are minimal advantages to
dietary change, but those who might be expected to

otherwise have a reasonable life expectancy should be
given advice similar to that given to younger people.
When giving lipid-lowering advice to older people, it
is necessary to ensure an adequate intake of essential
nutrients because they usually have a reduced intake
of total energy.

The widespread use of several cardioprotective
drugs shown in randomized controlled trials to be 
of benefit to people at high risk of cardiovascular 
disease in no way reduces the need to comply with 
dietary advice. Statins are principally prescribed to 
reduce total and LDL-cholesterol, β-blockers and
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Table 20.7 Ranges of population nutrient intake goals as recommended by WHO and FAOa and 
in the UKb (unless otherwise stated, the goals are expressed as percentage of total energy)

WHO/FAO UK

Total fat 15–30% 35%

Saturated fatty acids (SFA) < 10% < 10%

cis Polyunsaturated fatty acids (PFA) 6–10% ++

n-6 PUFA 5–8% < 10%

n-3 PUFA 1–2% 1.5 g/week+

cis Monounsaturated fatty acids By differencec ++

trans Fatty acids (TFA) < 1% < 2%

Dietary cholesterol < 300 mg/day Approx. 245 mg/day

Total carbohydrate 55–75% 50%

Free sugarsd < 10% Fruits and vegetables encouraged

Dietary fibre (NSP) From foods Complex carbohydrates encouraged

Protein 10–15% ++

Sodium chloride < 5 g/day 6 g/day (100 mmol/day)

Potassium 3.5 g/day

Fruit and vegetables > 400 g/day Encouraged

a WHO/FAO (2003).
bReport of the Cardiovascular Review Group Committee on Medical Aspects of Food Policy. Nutritional Aspects of Cardiovascular
Disease, Department of Health, Report on Health and Social Subjects 46, London 1994.
cTotal fat – SFA + PFA + TFA.
dAll monosaccharides and disaccharides added to foods by manufacturer, cook or consumer, plus sugars naturally present in honey,
syrups and fruit juices.
+Mainly from oily fish.
++No specific recommendation.
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ACE inhibitors to lower blood pressure, and aspirin
and other antiplatelet drugs to reduce the risk of
thrombosis. While these drugs may have some bene-
fits beyond favourably altering the risk factors for
which they have been prescribed, a cardioprotective
diet influences a wide range of risk determinants. In
addition, dietary compliance may enhance the effect

of the drug. For example, appreciable reduction of
saturated fatty acids will result in lipid lowering 
beyond that which can routinely be achieved by statins
and strict salt restriction, and other dietary measures
to lower blood pressure will enhance the blood pres-
sure-lowering effect of hypotensive agents.

20.9 Gene–nutrient interactions 305

. .

It has long been appreciated that not everyone exposed
to a risk factor for CHD will develop the disease and
that exposure to foods or nutrients known to influ-
ence risk factors will produce a range of responses
within a group of individuals all consuming the 
same diet. For example, while increasing saturated
fatty acids can elevate total and LDL-cholesterol to 
an extent that may, in a population or group of indi-
viduals, be predicted by a formula (see Box 20.1),
some individuals may show little or no change, whereas
others will have striking changes in their levels when
the nature of dietary fat changes (see Fig. 20.9). In 
the clinical context, failure to respond to dietary 
modification has often been attributed to failure to

comply with dietary advice. While non-compliance is
indeed associated with absence of response or reduced 
response, variation in response has been confirmed
in carefully controlled dietary experiments in which all
participants were fed identical diets. Genetic factors
undoubtedly account for this variability, and several
genetic polymorphisms that predict plasma lipid 
responses to change in dietary fat have now been
identified. For example, individuals carrying the
APO E4 allele of the APO E gene will show a more
marked reduction in total and LDL-cholesterol than
those who do not carry it, when changed to a diet 
that is reduced in both fat and cholesterol. A com-
mon genetic polymorphism in the promoter region

20.9 Gene–nutrient interactions

BOX 20.1 Predictive equations for estimating changes in plasma cholesterol and lipoprotein

concentrations in response to changes in dietary fatty acids and cholesterol. More sophisticated

equations were developed when the effects of different saturated and unsaturated fatty acids 

were identified. TC and LDL-C given in mg/dL. For mmol/L, multiply by 0.02586

Authors Equations

Keys et al. (1957) ΔTC = 1.35 (2ΔS − ΔP) + 1.52ΔZ

Mensink and Katan (1992) ΔTC = 1.51ΔS − 0.12ΔM − 0.60ΔP
ΔLDL-C = 1.28ΔS − 0.24ΔM − 0.55ΔP

Yu et al. (1995) ΔTC = 2.02 (ΔC12:0 + Δ14:0 + Δ16:0) − 0.03 (Δ18:0) − 0.48ΔMUFA − 0.96ΔPUFA
ΔLDL-C = 1.46 (Δ12:0 + Δ14:0 + Δ16:0) + 0.07 (Δ18:0) − 0.69ΔMUFA − 0.96ΔPUFA

Abbreviations:
Δ = change, TC = total cholesterol, LDL-C = LDL cholesterol, S = percentage of saturated fatty acids, M/MUFA = percentage of
monounsaturated fatty acids, P/PUFA = percentage of polyunsaturated fatty acids; all as percentage of total energy intake.
C12:0, C14:0, C16:0 = percentage saturated fatty acids with 12, 14 or 16 carbon atoms
Z = square root of daily dietary cholesterol
Source: Kris-Etherton, Y., Yu-Poth, S. Sabaté, J., et al. (1999) Nuts and their bioactive constituents: effects on serum lipids and other
factors that affect disease risk. Am J Clin Nutr, 70, 5045–115.
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of the APO AI gene determines the extent to which
HDL responds to substantial increases in polyun-
saturated fatty acids.

Such observations have led to speculation that
this study of ‘nutrigenetics’ will soon lead to the 
development of ‘designer diets’, which will enable 
individualized dietary advice to be based on genetic
characteristics. However, while this type of nutri-
genetic research will no doubt continue to flourish,
such expectations are premature for several reasons:
polygenic rather than monogenic factors are almost
certainly responsible for most of the heterogeneity in
risk factor response to diet; no studies carried out thus
far have involved subcient participants to study the
interaction of many genes; most research to date has
centred on the variability in plasma lipid and  lipopro-
tein response to changes in nature of dietary fat, and

many other risk factors and nutrients are involved;
and finally—and perhaps of greatest importance—
there is convincing evidence that compliance with
cardioprotective dietary patterns can profoundly
reduce cardiovascular risk in high-risk populations
and the majority of individuals who have raised risk-
factor levels.

Nutrigenomic research explores how nutrients
influence gene expression rather than the inter-
individual differences in relation to the effects of 
nutrients. Of particular relevance to cardiovascular
disease has been the research that has shown the 
profound effect of ω-3 fatty acids on the activation of 
nuclear receptors, which are associated with inflam-
mation and lipid metabolism, thus helping to explain
their cardioprotective effect.
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. .

Cerebrovascular disease presents clinically as a stroke,
which, like the clinical manifestations of CHD, also
has a major impact on public health because of its
high frequency in most acuent and developing coun-
tries. There are several different types of stroke.

One cause of stroke is a bleed from one of the cere-
bral arteries (haemorrhagic stroke); it may be asso-
ciated with a congenital abnormality (aneurysm) and/
or raised levels of blood pressure. Thus, nutritional
determinants of hypertension are contributory causal
factors. Ischaemic strokes are more common and result
from thrombosis and atheroma, the process being
similar to that which results in myocardial infarction.

The clinical features of stroke (typically loss or
slurring of speech and weakness of one side of the
body) result from the loss of blood supply to a section
of the brain. Although the nutritional determinants
have been far less studied than is the case for CHD,
the risk factors for the two sets of conditions are 
similar, and therefore nutritional factors that pre-
dispose to CHD should also apply. However, in the
relatively limited number of studies of stroke that
have been carried out, some food groups emerge 
as being particularly relevant. Most striking is the
protective effect of fruit and vegetables, as demon-
strated in six of the seven large prospective studies

Cerebrovascular disease
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Fig. 20.9 Individual changes in LDL
cholesterol when cis-unsaturated fatty
acids replace some of the saturated
fatty acids in the diet.

EOH_C20.qxd  3/22/07  5:43 PM  Page 306



that examined the relationship. Although it appears
most categories of fruit and vegetables may be pro-
tective, the effect is particularly striking for cruci-
ferous vegetables, green leafy vegetables and citrus 
fruits. Blood pressure is also a particularly important
risk factor for ischaemic stroke, so that, once again, 
all the nutritional determinants of hypertension can 
be regarded as especially relevant. Of the remaining
nutrients and food groups that have been identified

as causal or protective in terms of CHD, ω-3 fatty
acids, regular fish consumption and intake of whole
grains have been shown to be protective against 
ischaemic stroke.

Thus, although there have been no intervention
studies specifically to examine the effect on clinical
outcome, implementing a cardioprotective dietary
pattern (see Table 20.8) can be expected to reduce the
risk of both haemorrhagic and ischaemic stroke.

Cerebrovascular disease 307
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All fats should be
limited to no more
than the daily
amount unless
otherwise directed.

If following a weight-
reducing diet, use
reduced fat MUFA
or PUFA spreads
and the ‘light’ sterol
or stanol spreads.

20–25 g/day sterol
or stanol spreads will
help reduce blood
cholesterol

Mixed light and 
dark poultry 
meat (skinned), 
3–5 times/week.

Very lean red 
meat or game.

3–5 teaspoons/day

Per serving/

1–11/2 teaspoon

Equivalent to 4–5
teaspoons/day

Serving: – 
(cooked weight)

High risk
100–150 g women;
150–200 g men
< 3 times/week

Moderate
100–250 g
3–5 times/week

Monounsaturated (MUFA)
or polyunsaturated (PUFA)
table spreads/margarine.

Mono- or polyunsaturated
oils, e.g. olive, canola,
peanut, soybean, avocado;
sunflower, corn, sacower,
wheatgerm, grapeseed,
sesame; nut oils, e.g. walnut,
hazel nut, almond, avocado.

If following a weight-
reducing diet use
reduced-fat mono- or
polyunsaturated spreads.

Avocado may be used 
as a spread instead of
margarine or table spread.

Mixed light and dark
poultry meat (skinned).

Lean beef, lamb, pork, steak
mince, ham.

Average serving liver or
kidneys no more than once
a fortnight.

Butter, dripping,
suet, lard, palm
oil, coconut oil.

Margarines/table
spreads not
labelled poly- or
monounsaturated.

Cooking or
vegetable oils of
unknown origin.

Hydrogenated 
fats and oils 
and partially
hydrogenated 
fats and oils.

Visible fat on
meat (including
crackling), belly
pork, streaky
bacon, salami,
pate, scotch eggs,
duck, goose, pork
pies, poultry skin.
Sausages and
luncheon meat,
fried meats, rolled
roasts, pressed
meats.

Table 20.8 Guidelines for a lipid-lowering diet

Food Advisable Daily/weekly May be eaten in Should be avoided 
amounts, serving moderation or eaten rarely
size, comments

Fats, and 
oils

Meat—
red meat 
and poultry
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Low-fat (less than
1% fat) milk,
skimmed milk.

Low-fat yoghurt,
soya yoghurts, Greek
yoghurt 3–4% fat.
Virtually fat-free
fromage frais.

Low-fat cheeses, 
i.e. cottage cheese,
low-fat quark, curd
cheese.

Hard and semi- 
soft cheese can 
be included up 
to 3 times weekly in
very small amounts.

Egg whites free.
Eggs—up to 3 egg
yolks per week
including those in
cooking and baking.

All white fish, e.g.
cod, sole, ling,
plaice.
Mussels, oyster,
scallops, clams.
Cooked by low fat
cooking methods.

Oily fish, e.g. herring,
mackerel, salmon,
sardines, kipper.

Dairy 2–3 
servings daily

1 glass = 200 ml

50 ml

1 serving = 1
individual container;
size range 100–
200 g/serving

1/3 cup cottage cheese
1/2 cup low-fat
cottage cheese
1/3 cup quark or
ricotto
2 tbsp Parmesan or
3 tbsp grated
Cheddar cheese 
2 cm cube Cheddar
cheese 
3 cm cube standard
Brie, Edam,
Camembert, Fetta
Mozzarella

1–2 servings weekly

120–200 g (cooked) 

High risk
When possible 
eat 200–400 g 
fish twice/week 
(1–2 servings 
as oily fish 
50–100 g/serving.)

Semi-skimmed 1.5% and
2% fat milk.

Low-fat whipped topping.

Half-fat yoghurt, whole
milk yoghurt.
Half-fat, half-cream, crème
frâiche.
Light sourcream 3% fat 
or less.

Medium-fat cheeses,
i.e. those with 24% total fat
(45% fat content in dry
matter) or less, e.g. standard
Brie, Camembert, Edam,
Mozarella, Parmesan,
special processed and blue
(12–13% fat) cheeses.

Hard and semi-soft cheese
can be included up to 4
times weekly in small
amounts.

3–6 egg yolks per week
including those in cooking
and baking.

Fish fried in suitable 
oil (oil should not be 
heated to smoke point 
or re-used) once per
fortnight; avoid using fat 
in cooking if on a weight-
reducing diet.

Average serving of shrimp
or squid no more than once
a fortnight.

Full-cream milk,
evaporated or 
condensed milk,
double cream,
whipping cream,
imitation cream,
reduced cream.

Greek yoghurt,
thick and creamy
yoghurt, crème
frâiche 40% fat,
sourcream 20% fat.
Full-fat yoghurt.

Full-fat cheeses,
e.g. Stilton,
Cheddar,
Cheshire, full- 
fat blue cheeses,
cream cheeses. 
High-fat soft
cheeses, e.g. Bries
Camembert,
Mascarpone.

Fried eggs, eggs
cooked in cream.

Fish roe.
Fried especially
deep-fried fish 
and seafood

Table 20.8 (Cont’d )

Food Advisable Daily/weekly May be eaten in Should be avoided 
amounts, serving moderation or eaten rarely
size, comments

Dairy 
products

Cheese

Eggs

Fish
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Coloured 
vegetables
and salad

Legumes 
(rinse if 
using beans 
canned in 
salt/sugar)

Starchy 
vegetables

Fruit

All fresh and plain
frozen vegetables.
Salad vegetables.

High risk: Aim 
for total coloured
vegetable intake of
400 g or more/day: 
raw or plainly
cooked.

Peas, beans of all
kinds, e.g. haricot,
red kidney, butter
beans, lentils, chick
peas are particularly
high in ‘soluble fibre’
and should be eaten
regularly.

Jacket or boiled
potatoes, eat skins
wherever possible.
Corn, parsnip, yams,
sweet potato.

Fresh fruit, dried
fruit, unsweetened
tinned fruit.

At least 3–4 servings
daily.

1 serving = 1/2 cup
cooked vegetables
1 cup raw green
vegetables or salad
1 tomato or carrot

At least 3–5 servings
weekly.
1 cup cooked dried
beans, chickpeas,
lentils, dahl
1/2 cup tempeh or tofu
1 glass fortified soy
milk (250 ml)

1 serving or less daily
to replace bread or
grain products.
1 small potato
1/2 kumara
1/2 cup corn
1/3 cup yams
1/2 parsnip

1 medium apple,
pear, orange,
nectarine small
banana, kiwi fruit
1/2 cup stewed frozen
or canned
2–3 small apricots 
or plums
10–15 grapes,
cherries, strawberries
1 cup other berries
3 prunes, dates, figs,
1 tbsp raisins,
sultanas
6–8 halves of dried
apricots
180 ml 100% fruit
juice

Try and have coloured
vegetables with 2 meals
each day.

Aim to have half of the
dinner plate taken up with
plainly cooked or raw
coloured vegetables 
or salad.

Falafel—baked or cooked
in a very little suitable oil
Baked samosa.

Reduced-fat (< 5%), oven-
baked chips, roast potatoes
cooked in a little suitable oil.

Once a fortnight or less,
roast coloured vegetables
cooked in a little suitable oil.

Fruit in light juice or
natural juice, fruit in light
syrup or heavy syrup,
crystallized fruit. Restrict
the latter two items if
triglycerides raised and
avoid if following a 
weight-reducing diet.

Restrict fruit juice to
1 glass/day.

Vegetables roasted
or fried in fat, or
cooked in cream.

Salads with
standard 
salad cream,
mayonnaise,
cream or cream
cheese dressings.

Deep fried falafel,
samosa.
Vegetarian dishes
in cream sauce.

Chips or roast
potatoes cooked
in unsuitable fat
or oil. Deep-fried
chips and other
fried vegetables,
potato crisps.

Table 20.8 (Cont’d )

Food Advisable Daily/weekly May be eaten in Should be avoided 
amounts, serving moderation or eaten rarely
size, comments
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Cereal 
foods
(choose 
breads and 
cereals with 
450 mg/
100 g 
sodium 
or less)

Nuts and
seeds

Made-up 
dishes/ 
deserts

Drinks

Wholemeal flour,
wholemeal,
especially
wholegrain bread,
wholegrain cereals,
oatmeal, cornmeal,
porridge oats, sweet
corn, basmati rice,
par-boiled rice,
wholegrain rice,
pasta and wholemeal
pasta, crisp breads,
oatcakes. Low-fat
crackers.

If not overweight or
if overweight but
able to substitute
nuts for other fats, a
regular intake can be
beneficial. Use plain
unsalted nuts, not
roasted in other fats.

Low-fat puddings,
e.g. jelly, sorbet,
skimmed-milk
puddings, low-fat
yoghurt, low-fat
sauces, low-fat
frozen yoghurt.

Tea, coffee, mineral
water, slim-line or
sugar-free soft
drinks, unsweetened
fruit juice. Clear
soup, homemade
vegetable soup.

Serving size: –
1 slice bread, 30 g
other breads or 1/2

bread roll
1/2 cup pasta,
1/3 cup rice,
1/2 cup cooked
porridge
2/3 cup wheat cereal,
cooked
1/3 cup muesli or 
3 crisp bread

Aim for 
6–8 servings/day 
(3 servings
wholegrain)

High risk;
recommendation-
30 g/day 5–7 times/
week.

All others at least 3
times/week if at all
possible.

1 small tub reduced-
fat ice cream or
frozen yoghurt

Limit sweet soft
drinks to 1 glass/day
or less.

Avoid high-calorie
drinks between
meals.

White flour, white bread,
sugary breakfast cereals,
commercial muesli, white
rice and pasta, plain semi-
sweet biscuits, higher-fat
crackers.

Naan bread without added
butter or oil.

Almonds, brazil nuts
(3–5/day only), pine nuts,
cashews, hazelnuts,
macadamias, pistachios
peanuts, pecans, walnuts.

Sunflower seeds, pumpkin
seeds, linseed/flax seed (Up
to 12% flaxseed can safely
be used as an ingredient in
food), sesame seeds, Tahini.

Cakes, pastry, puddings,
biscuits and sauces made
with suitable margarine or
oil.
Low-fat or soy-based frozen
desserts (‘ice cream’).
If following a weight-
reducing diet, choose foods
mainly from the ‘Advisable’
column.

Sweet soft drinks, low-fat
malted drinks or low-fat
drinking chocolate and
fortified chocolate drinks
occasionally. Meat soups,
packet soups (avoid if on
low-salt diet).

Fancy breads,
croissants,
brioches, savoury
cheese biscuits,
bought pastry.
Egg noodles, pasta
made with eggs.

Coconut
Salted nuts, nuts
cooked in other
fats or oils.

Cakes and pastry,
and biscuits made
with saturated fats.
All puddings,
made with butter,
or cream, cream
sauces.
Deep-fried snacks,
dairy ice cream.

Coffee or hot
chocolate made
with cream, 
full-fat malted
milk drinks,
drinking
chocolate.

Table 20.8 (Cont’d )

Food Advisable Daily/weekly May be eaten in Should be avoided 
amounts, serving moderation or eaten rarely
size, comments
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‘Cream’ soups made
with skimmed milk.
Milky coffee and
low-fat chocolate
made with skimmed
milk.

If on a weight-
reduction diet, 
use sugar-free
sweeteners

Avoid high-salt
foods and snacks

Herbs, spices,
mustard, pepper,
vinegar, low-fat
dressings, e.g. lemon
or low-fat yoghurt.
Low-fat vegetable-
based sauces.

Limit to 1–3
servings/day or less.
1 tbsp jam, syrup,
honey, marmalade,
sugar

2 fruit slice biscuits
1 sweet

If using added salt,
use iodized salt

Alcohol (no more than 
1–2 drinks for women, 
2–3 drinks for men).
Avoid alcohol and sugary
drinks if triglycerides raised
or if following a weight-
reducing diet.

Sweet pickles and chutney,
jam, honey, marmalade,
syrup, marzipan, lemon
curd (made without eggs
and butter), boiled sweets,
pastilles, sugar,
peppermints, wine gums.

If triglycerides are raised or
if following a weight-
reducing diet, choose foods
mainly from the ‘Advisable’
column.

Limit high-salt foods
to one serving/week.
30 g serving lean ham,
pastrami
20–30 g cheese (limit under
dairy foods)
50 g canned or smoked
salmon or tuna
30 g other smoked 
fish/sardines
1 tbsp meat and fish pastes
1 tsp paté

Low-calorie salad dressing
or low-calorie mayonnaise,
bottled sauces, French
dressing.

If on a weight-reducing
diet, choose foods mainly
from the ‘Advisable’
column.

Cream soups
made with full-fat
milk and cream.

Chocolate spreads,
Christmas
mincemeat
containing suet.
Toffees, fudge,
butterscotch,
chocolate,
coconut bars.

Salt-coated
snacks, highly
salted.
Savoury snacks or
potato crisps.
Stock cubes, stock
powder, gravy
mix, yeast spreads,
soy sauce,
Worcester sauce.

Standard salad
cream,
mayonnaise,
cream or cream
cheese dressings.

Table 20.8 (Cont’d )

Food Advisable Daily/weekly May be eaten in Should be avoided 
amounts, serving moderation or eaten rarely
size, comments

Sweets, 
sauces and
spreads

Snacks/
salty foods

Spreads/
dressings/
sauces/ 
spices

Tables prepared by Dr Alexandra Chisholm, Research Dietitian, Department of Human Nutrition, University of Otago, Dunedin,
New Zealand
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