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Editorial
David J. Hearse, BSC, PhD, DSc
Roberto Ferrari, MD, PhD

“There is no human activity, eating, sleeping,
drinking, or sex which some doctor somewhere
won’t discover leads directly to cardiac arrest.”
John Mortimer
British lawyer and writer
The Observer 1978

his issue of Dialogues in Cardiovascular Medicine is devoted to Lifestyle, Diet,
and the Heart, a subject that has received considerable impetus from the World
Health Organization MONItoring trends and determinants in CArdiovascular
diseases (MONICA) project, a 10-year study of trends in disease and risk factors
in 100 000 people in 21 countries. This, the largest ever study of cardiovascular
disease confirmed smoking, high low-density lipoprotein (LDL) cholesterol, high blood
pressure, lack of exercise, and obesity as major risk factors for the heart disease that
kills millions of people annually. More recently, the INTERHEART study of 29 000
people in 52 countries added further support by identifying nine factors that
collectively predict more than 90% of the risk of a heart attack. The factors: smoking,
abnormal blood lipid ratios, high blood pressure, diabetes, obesity, stress, lack of
fruit and vegetables and inadequate daily exercise point again to the importance of
lifestyle as a determinant of cardiovascular disease. Several of these factors have
already received our attention with issues of Dialogues devoted to Atheroma (and
dietary lipid reduction) (1999), Diabetes and the Heart (2000), Sport, Exercise, and the
Heart (2002), and the Metabolic Syndrome (2004). In this issue, we focus further on
lifestyle and cardiovascular disease—the good, the bad, and the ugly. Dr Scott Grundy
from the Center for Human Nutrition in Dallas has contributed enormously to our
understanding of the biology of lipids and their role in the genesis of atherosclerotic
cardiovascular disease. In his Lead Article, Dr Grundy provides compelling arguments
for intensive public health preventative campaigns, hand-in-hand with clinical
treatment, as a means of lowering cardiovascular risk in whole populations through
the promotion of healthy lifestyles. Reflecting the conclusions of the MONICA project,
he focuses on the benefits of smoking cessation, dietary lipid control, blood pressure
lowering, weight reduction, and regular physical activity. He also ventures into the
fascinating areas of herbal supplements and the possible benefits of moderate alcohol
consumption. Dr Grundy's article not only provides a comprehensive manual for ways
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to optimize lifestyle and cardiovascular well-being, but also, in bemoaning the general
neglect of proven lifestyle therapies, it clearly illustrates the vital role that can and
must be played by health care professionals in reducing the epidemic of cardiovascular
disease. Many questions, however, remain, and one of these relates to defining what
is the optimal macronutrient consumption for combating coronary heart disease in
general and the metabolic syndrome in particular. Professor Paul Nestel, a distinguished
expert in nutritional science from the Baker institute in Melbourne, responds to this
question by providing detailed consideration and recommendations relating to:
reducing the intake of refined carbohydrates, emphasizing unsaturated and marine
fatty acids, and the importance of substituting protein in the reduction of total fat.
Next, Dr David Sheps from the University of Florida addresses the long held view that
stress in various forms contributes to coronary disease. Dr Sheps has achieved
international recognition for his pioneering work on psychosocial stress, caused for
example by depression, as a risk factor for post–myocardial infarction mortality. He
reveals how brief or extended events such as earthquakes, terrorist attacks, anger, and
bereavement may contribute significantly to a range of cardiac events, including
ventricular fibrillation. Our readers, reflecting on their own stresses of life caused
perhaps by an overload of patients, a lack of patience, a rejected grant or manuscript
might be forgiven for reaching for a glass or more of wine to sooth their psyche and
raise their spirits. Well, read first the contribution by Dr Michael Criqui from the
University of California, who, when not joining his fellow Californians worrying about
earthquakes, has achieved recognition for his work on alcohol and the heart. While
confirming that a small amount of alcohol may confer cardiovascular help to a small
subset of the population, the dose-response curve is bell-shaped with the third drink
sadly negating the benefit of its predecessors. He argues the risk-to-benefit ratio is
such that alcohol would, without doubt, prevent its licensing by any drug regulatory
authority. This, of course, poses many dilemmas to physicians in their quest to give
appropriate advice to patients.

“There are two reasons for drinking; one is, when you are
thirsty, to cure it: the other, when you are not thirsty,
to prevent it… Prevention is better than cure!”
Thomas Love Peacock
1789-1866
Melincourt Ch 6
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Prevention of atherosclerotic
cardiovascular disease: why are the benefits
of lifestyle therapies neglected?
Scott M. Grundy, MD, PhD
Center for Human Nutrition and Departments of Clinical Nutrition and Internal Medicine
University of Texas Southwestern Medical Center at Dallas - Dallas - Tex - USA

There are two approaches for reducing atherosclerotic
cardiovascular disease (ASCVD): the population approach and the clinical strategy. The population approach attempts to lower risk in the whole population
through promotion of healthy life habits. The clinical
strategy is an extension of the population approach;
it employs the same principles as the public health
approach, but applied to patients at high enough risk
for ASCVD to justify long-term risk reduction through
clinical management. The population approach has
provided consistent messages on cardiovascular risk
reduction for over four decades. They emphasize avoidance or cessation of cigarette smoking, reduction of
intakes of saturated fats and cholesterol, achieving
and maintaining a healthy body weight, regular
physical activity, and regular medical checkups for
ASCVD risk factors. The use of regular medical
checkups is vital for linking the population and clinical approaches. Unfortunately, the current health
care system is lacking in clinical preventive strategies.
However, if the overall strategy for ASCVD risk reduction is to be successful, this component will have to
be strengthened greatly.

hysicians and other health professionals not
only carry out clinical treatment, they are also
vital members of a large public health team.
For persons at low-to-moderate risk, every opportunity should be taken to impart the public health
message on prevention. Health professions should
reach beyond the individual patient to other members
of the family. A physician’s advice is always valued; it
is certainly given more weight with individuals than
mass media campaigns.

P

PRINCIPLES OF
LIFESTYLE THERAPIES
The essential components of lifestyle therapies to reduce risk for atherosclerotic cardiovascular disease
(ASCVD) are the following:
• Smoking cessation
• Dietary change to reduce low-density lipoprotein
(LDL) cholesterol)
– Reduced intakes of saturated fats and cholesterol
– Dietary adjuncts for enhancing LDL lowering (plant
stanols/sterols and increased viscous [soluble] fiber)
SELECTED ABBREVIATIONS AND ACRONYMS
ALA
ASCVD
DASH
DHA
EPA
IFG
IGT
NCEP
RDA
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• Dietary change to lower blood pressure (eg, DASH
diet: Dietary Approaches to Stop Hypertension)
• Weight reduction
• Regular physical activity.

THERAPEUTIC DIET
DESIGNED TO REDUCE
SERUM LDL CHOLESTEROL
An elevation of serum LDL is the primary lipid risk factor.1 An abundance of evidence indicates that a high
LDL level promotes the development of atherosclerosis
at every stage including precipitation of major ASCVD
events. Controlled clinical trials, moreover, have shown
that reduction of LDL levels will substantially reduce
the risk for ASCVD events. For these reasons, there is
now almost universal agreement that strategies designed to lower LDL, or its surrogate LDL cholesterol,
will reduce risk for future ASCVD events in higher risk
persons.1

Smoking avoidance and cessation is the highest priority for lifestyle change. Beyond elimination of tobacco use, the dietary recommendation should reduce
both LDL cholesterol and blood pressure. An increasing number of higher-risk patients present with the
metabolic syndrome, and hence will require greater
emphasis on weight reduction and increased physical
activity. Lifestyle management of risk factors often is
enhanced by referring patients to a qualified dietitian
or exercise therapist. Smoking cessation programs
also can be helpful for smokers.

According to current guidelines, the intensity of LDLlowering therapy should be adjusted to the absolute
risk of the patient. The United States National Cholesterol Education Program (NCEP) has recently extended
this concept and updated its clinical guidelines for
LDL-lowering therapy based on the finding of newer
clinical trials.2 The essential features of this update
are shown in Table I. This table outlines categories of
risk, treatment goals of LDL cholesterol, when to initiate dietary therapy, and when to consider drug therapy. In higher-risk patients, if the goals for LDL cholesterol cannot be achieved by dietary therapy alone
(first-line therapy), it may be necessary to add cholesterol-lowering drugs to the treatment regimen. Indeed,
in most patients at high risk, drug therapy will be required in addition to dietary management. Nonetheless, the benefits of dietary therapy go beyond LDL
lowering; for this reason, they should not be neglected
in patients who require drug treatment to achieve the
LDL goals.

Although there is no universal agreement on the preferred dietary pattern for reducing risk for ASCVD, a
typical macronutrient composition of a therapeutic diet
is as follows1:
• Saturated fat → less than 7% of total calories
• Monounsaturated fat → up to 20% of total calories
• Polyunsaturated fat → up to 10% of total calories
• Total fat → 25% to 35% of total calories
• Carbohydrate → 50% to 60% of total calories
• Protein approximately → 15% of total calories.
In this diet, the fiber content should be 20 to 30 grams
per day. Dietary cholesterol should be less than
200 mg/d. Dietary sodium should not exceed 2.4 g/d
(100 mmol/d). Foods should be chosen that are rich
in calcium and potassium. Alcohol intake should be
limited to no more than 1 oz (30 mL) of ethanol, the
equivalent of two drinks per day, in most men, and no
more than 0.5 oz (30 mL) of ethanol (one drink) per day
in women. Total calories should be limited to amounts
required to maintain desirable body weight (body mass
intake 18-25 kg/m2). The benefits of this “healthy” diet
should be augmented by at least 30 min/d of moderate
intensity physical activity.

Adjustment of macronutrients
for an LDL-lowering diet
The major LDL-raising dietary constituents are saturated fat and cholesterol. Their ability to raise the LDL
cholesterol levels has been shown in many metabolic
studies. Epidemiological studies3 further suggest that
diets high in saturated fats and cholesterol contribute
importantly to high risks of ASCVD in several nations—
particularly in those of northern and western Europe
and in the United States. A reduction in intakes of
saturated fats and cholesterol will reduce the serum
LDL cholesterol levels, and meta-analysis of dietary
trials show that this reduction will reduce risk for major
coronary events.4 The other major nutrients—unsaturated fats, protein, and carbohydrates — do not raise

These recommendations accord with most of those provided by nutritional guidelines. The rationale for the
recommended composition of the therapeutic diet can
be reviewed briefly. First the major components of an
LDL-lowering diet will be discussed. This discussion
will be amplified by suggestions for dietary treatment
of hypertension. Then, other nutrient factors that may
reduce risk for ASCVD will be considered. Finally, a few
comments will be made about strategies to achieve
weight reduction and increased physical activity in the
clinical sphere.
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Risk category

LDL-cholesterol
goal

Initiate therapeutic
lifestyle changes

Consider drug therapy g

High risk a
<100 mg/dL
(optional goal:
<70 mg/dL)

≥100 mg/dL f

≥100 mg/dLh (<100 mg/dL:
consider drug options) h

<130 mg/dLe

≥130 mg/dL f

≥130 mg/dL (100-129 mg/dL:
consider drug options)i

2+risk factors c (10-year risk
for CHD <10%)

<130 mg/dL

≥130 mg/dL

>160 mg/dL

0-1 risk factors d

<160 mg/dL

≥160 mg/dL

≥190 mg/dL (160-189 mg/dL:
LDL-lowering drug optional)

(10-year risk for CHD>20%)b

Moderately high risk
2+risk factorsc (10-year risk
for CHD 10% - 20%)

Moderate risk

a

High risk includes coronary heart disease (history of myocardial infarction, unstable angina, stable angina, coronary artery procedures (angioplasty or
bypass surgery), or evidence of clinically significant myocardial ischemia) clinical manifestations of noncoronary forms of atherosclerotic disease
(peripheral arterial disease, abdominal aortic aneurysm, and carotid artery disease [transient ischemic attacks or stroke of carotid origin or >50%
obstruction of a carotid artery]), diabetes, and 2+ risk factors with 10-year risk for hard coronary heart disease (CHD) >20%.

b

10-year risk for CHD is calculated by Framingham risk scoring.

c

Risk factors include cigarette smoking, hypertension (blood pressure ≥140/90 mm Hg or on antihypertensive medication), low high-density lipoprotein
(HDL) cholesterol (<40 mg/dL), family history of premature CHD (CHD in male first-degree relative <55 years; CHD in female first-degree relative <65
years), and age (men ≥45 years; women ≥55 years)

d

Almost all people with 0-1 risk factor have a 10-year risk <10%, and 10-year risk assessment in people with 0-1 risk factor is thus not necessary.

e

Optional LDL cholesterol goal <100 mg/dL.

f

Any person at high-risk or moderately high risk who has lifestyle-related risk factors (eg, obesity, physical inactivity, elevated triglyceride, low HDL
cholesterol, or metabolic syndrome) is a candidate for therapeutic lifestyle changes to modify these risk factors regardless of LDL cholesterol level.

g

When LDL-lowering drug therapy is employed, it is recommended that intensity of therapy be sufficient to achieve at least a 30% to 40% reduction in
LDL cholesterol levels.

h

If baseline LDL cholesterol is <100 mg/dL, institution of an LDL-lowering drug is optional depending on clinical judgment. If a high-risk person has
high triglycerides or low HDL cholesterol, combining a fibrate or nicotinic acid with an LDL-lowering drug can be considered.

Table I. National Cholesterol Education Program (NCEP) low-density lipoprotein (LDL) cholesterol goals and cutpoints for therapeutic lifestyle changes
and drug therapy in different risk categories, and proposed modifications based on recent clinical trial evidence.

the serum LDL cholesterol. Nevertheless, there are
considerations for each of these other components in
designing a therapeutic diet. These considerations can
be described briefly.

is an interaction between body weight and saturatedfat intake, ie, LDL cholesterol lowering from reducing
saturated fat is enhanced by weight reduction in overweight persons.8

Saturated fatty acids

Not all saturated fatty acids have the same cholesterolraising potential. The dominant cholesterol raising
saturated acid is palmitic acid (C16:0). Another cholesterol raiser is myristic acid (C14:0).9 Shorter-chain saturated acids (C:10 and C:12) also raise the serum LDL
cholesterol, but less so than palmitic and myristic
acids.10,11 In contrast, stearic acid (C18:0) does not increase LDL cholesterol levels12; this is because it is
rapidly converted to oleic acid (C18:1) once it enters
the body.12 In spite of these differences in cholesterolraising properties, the saturated fatty acids are generally considered as a group rather than individually.

Saturated fatty acids are the major macronutrient determinant of LDL cholesterol concentrations.5 Metaanalyses of dietary studies6 indicate that for every 1% increase in calories from saturated fatty acids, the serum
LDL cholesterol rises about 2%. Likewise, a 1% reduction in saturated fatty acids reduces LDL cholesterol
by about 2%. Reducing saturated fatty acids in the diet
is not harmful. Large-scale randomized controlled trials7 have documented safety of reduced intakes of
saturated fatty acids in children, without evidence of
compromised growth or development. In addition, there
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in trans intake could help to lower the average LDL
cholesterol concentration in the population. To achieve
this reduction, attention must be given to their sources.
In the USA diet, for example, most of trans fatty acids
in the diet are derived largely through consumption
of products that contain hydrogenated vegetable oils:
• Margarines
• Shortenings
• Bakery goods using trans -rich shortenings.

From population studies, it has been learned that consumption of high amounts of saturated fatty acids is
associated with increased risk for coronary heart disease (CHD).3 Conversely, lowering serum cholesterol
levels by decreasing intakes of saturated fatty acids in
controlled trials reduces the risk for CHD. Gordon4
found in six robust dietary trials including 6356 persons
that reducing dietary saturated fatty acids lowered
the incidence of CHD by 24%, coronary mortality by
24%, and total mortality by 6%, without an increase in
non-ASCVD mortality.

Dietary cholesterol

In Europe and the United States, the diet contains 11%
to 15% of total calories as saturated fatty acids. These
calories come from:
• High-fat dairy products
– Whole milk
– Cheese
– Butter
– Ice cream
– Cream
• High-fat meats
– Fatty meats such as regular ground beef (hamburger), processed meats (hot dogs, sausage, bacon
– High-fat luncheon meats (bologna, salami,
chopped ham products)
– Skin of poultry
• Tropical oils
– Palm oil
– Coconut oil
– Palm kernel oil
• Baked products and mixed dishes containing dairy
fats, shortening, and tropical oils.

Dietary cholesterol induces severe hypercholesterolemia
in several animal species, including nonhuman primates. This phenomenon is not observed in humans,
however. But contrary to what some people believe,
metabolic studies in humans indicate that high cholesterol intakes can in fact raise LDL cholesterol concentrations.14 Although the human response is variable,
on average, the rise of serum cholesterol to dietary
cholesterol is approximately 10 mg/dL per 100 mg dietary cholesterol per 1000 kcal.14 In the United States
population, dietary cholesterol intakes have declined
progressively. These falls undoubtedly have contributed
to a reduction in average serum cholesterol levels in
the population. There has been a decreased intake of
all the sources listed above. In the USA, the average
daily consumption of cholesterol is 256 mg (331 mg for
men and 213 mg for women). Any further reduction in
serum cholesterol levels by reducing dietary cholesterol will require targeting of the main sources of
cholesterol in the diet:
• Eggs
• Meats
• High-fat dairy products.

In patients who are candidates for clinical LDL-lowering therapy it is feasible to lower intakes of saturated
fatty acids to <7 percent of total energy.

Monounsaturated fatty acids
Monounsaturated fatty acids in the diet consist largely
of oleic acid (a cis fatty acid). In the typical diet, monounsaturated fatty acids come from both animal and
plant oils. The major plant oils that contain monounsaturated fatty acids are:
• Olive oil
• Rapeseed oil
• High-oleic safflower oil
• Peanut oil.

Trans fatty acids
Trans fatty acids have double bonds in the trans configuration. When trans fatty acids are exchanged for unsaturated fatty acids, that raises the LDL cholesterol
level similarly to saturated fatty acids.13 There are epidemiological studies suggesting that relatively high intakes of trans fatty acids are associated with increased
risk for CHD; however, no clinical trials have been carried out that show that lowering of trans fatty acids
will reduce risk for CHD. It is important to note that
compared with saturated fat intake, the consumption
of trans fatty acids is relatively low, eg, about 2.6% of
total energy. For this reason, priority in reducing cholesterol-raising fatty acids should be placed on saturated
fatty acids, not trans fatty acids. Still, some reduction

Substitution of dietary oleic acid for saturated fatty
acids results in a fall in LDL cholesterol.15,16 This exchange causes little or no decrease in high-density
lipoprotein (HDL) cholesterol or rise in serum triglyceride. This lack of change in HDL and triglyceride contrasts with the fall in HDL cholesterol and the rise in
triglyceride when carbohydrates are substituted for
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saturated fatty acids. The possibility of increased consumption of monounsaturated acids in the form of
vegetable oil is attractive as one healthy dietary alternative, the so-called Mediterranean diet. For example,
it has been noted that rates of CHD are low in the
Mediterranean basin where large amounts of monounsaturated-rich olive oil are consumed.

abnormalities (to be discussed below) caused by high
carbohydrate diets. For these reasons, further research
will be required to determine what is the desirable ratio of total fat–to–carbohydrate in the diet.17

Carbohydrate
Substitution of carbohydrates causes a reduction of
LDL cholesterol levels comparable to that seen with
monounsaturated fatty acids.16,17 In contrast, however,
substituting carbohydrate for saturated fatty acids often
reduces HDL cholesterol and raises triglyceride. This
effect, moreover, is persistent. Changes in HDL cholesterol and triglyceride may be partially mitigated when
high-carbohydrate diets are enriched with viscous fiber.
Moreover, whole grains, vegetables, and some fruits
contain viscous fiber, which has LDL-lowering properties. Some investigators suggest that different forms
of carbohydrate differ in “glycemic” potential, that is,
by their ability to raise plasma glucose. Still, the concept of “glycemic index” as a way to select specific carbohydrate-containing foods for dietary therapy is not
widely accepted.

Polyunsaturated fatty acids
Polyunsaturated fatty acids in the typical diet consist
mainly of n-6 linoleic acid (C18:2). This fatty acid comes
exclusively from plant products. Examples of plant oils
that are rich in polyunsaturated fatty acids are:
• Corn oil
• Soybean oil
• High-oleic safflower oil.
Like oleic acid, dietary linoleic acid reduces LDL cholesterol when exchanged for saturated fatty acids.6,15 There
has been considerable dispute whether linoleic acid
reduces LDL cholesterol more than oleic acid when substituted for saturated fatty acid. If so, the differences
are small.6,15 One potential reason to favor linoleic
acid over oleic acid in the diet is that meta-analysis of
several controlled trials has shown that substituting
linoleic acid for saturated fatty acids reduces risk for
CHD.4 Such trials have never been carried out with
oleic acid substitution.

Dietary protein
Dietary protein in general does not affect LDL cholesterol levels; an exception may be soy protein which
has small LDL-lowering effect.18 In any case, it is important to chose sources of protein for the diet that do
not carry other factors (eg, saturated fats) that raise
the LDL cholesterol levels. Examples of high protein
sources to use in LDL-lowering dietary therapy are
legumes, dry beans, nuts, grain products and vegetables, fat-free and low-fat dairy products, egg whites,
fish, skinless poultry, and lean meats.

Despite this clinical trial evidence, no large populations have consumed large quantities of polyunsaturated fatty acids for long periods. This contrasts with
the high intakes of oleic acid in the Mediterranean region. For this reason, recommendations for raise intakes of linoleic acid much above current levels of intake have not been forthcoming.

Dietary adjuncts
to an LDL-lowering diet

Total fat
In spite of a widely held view that high intakes of total
fat will raise the LDL cholesterol level, the data restrict
cholesterol-raising fats to saturated and trans fats.17
Thus, other reasons have been suggested for limiting
fat intake to a moderate range. For example, it has been
postulated that high intakes of total fat will promote
weight gain, favor increased intake of saturated fatty
acids, and perhaps predispose to cancer. On the other
hand, there may be a downside to low-fat/high-carbohydrate diets. For example, some investigators believe
that recommendations to reduce fat intake have contributed to overconsumption of carbohydrates; if so,
excess carbohydrate calories could have actually contributed to weight gain observed in recent years in the
United States population. There also may be metabolic

Increasing viscous fiber in the diet. Adding 5 to 10 grams
of viscous fiber to the diet will reduce LDL cholesterol
by approximately 5%.1 Insoluble fiber has no effect on
LDL cholesterol. Good sources of fiber of the viscous
type include:
• Cereal grains (barley, oatmeal, oat bran, seeds)
• Fruit (especially apples, banana, peaches, pears,
plums, prunes)
• Legumes (beans, lentils, peas)
• Vegetables (broccoli, brussels sprouts, carrots).

Plant sterols/stanols
Sterols derived from plants (phytosterols) have been
known to lower serum cholesterol for many years. The
mechanism is through interfering with absorption of
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intestinal cholesterol. In recent years, several advances
have been made in implementation of their use in
LDL-lowering diets. For example, phytosterols can be
esterified to unsaturated fatty acids (creating sterol
esters) to enhance lipid solubility (eg, dissolving them
in margarines). Better LDL lowering is possibly obtained by hydrogenating sterols produces plant stanols;
these in turn can be esterified to produce stanol esters.
At present, there are no definitive data to show a difference in LDL-lowering potential between plant sterols
and plant stanols.19 Recent research shows that administration of 2 g/day of stanols/sterols in ester form
will lower LDL cholesterol on average about 10%, or in
some persons, up to 15%.19 To date, no significant side
effects have been attributed to daily consumption of
stanols/sterols at the 2 g/day level.

ers20 have demonstrated that dietary adjustment can in
fact reduce LDL cholesterol levels in the range of that
produced by moderate doses of statins. An example of
the additive effects of combination of LDL-lowering
approaches is shown by the following estimates:
Dietary change

LDL cholesterol decrease

• Saturated fat (<7% of calories)
• Dietary cholesterol (<200 mg/day)
• Weight loss (10 pounds)
• Viscous fiber (5-10 g/day)
• Plant stanol/sterol esters (2 g/day)
• Total LDL cholesterol decrease

8%-10%
3%-5%
5%-8%
5%-8%
7%-15%
20%-30%

From clinical trial data, it has been shown that for every 1% lowering of LDL cholesterol, the risk for major
CHD events is reduced by 1%.1 Thus, the magnitude of
risk reduction that can be achieved by the above dietary changes is considerable.

LDL lowering
through weight reduction
Weight reduction may or may not reduce LDL cholesterol levels in an individual. There is variable susceptibility in response of LDL cholesterol levels to weight
loss. Nonetheless, when a reduction in intakes of saturated fatty acids is accompanied by weight reduction,
LDL lowering is enhanced.8 It should also be noted
that weight reduction will reduce total serum levels of
apolipoprotein B (apoB). This means that the number
of atherogenic lipoprotein particles is reduced by
weight loss. The benefit from this reduction in fact is
greater than reflected in the lowering of LDL cholesterol. Thus, weight reduction should be an integral part
of a diet designed to lower LDL cholesterol and atherogenic lipoproteins.

DIETARY THERAPY FOR PATIENTS
WITH HYPERTENSION (DASH DIET)
Elevations in blood pressure and serum cholesterol
often go together. Moreover, persons with blood pressures in the range of 120-139/80-89 mm Hg (prehypertension) can reduce their chances of developing frank
hypertension by consuming less salt and by consuming foods relatively high in potassium, calcium, and
magnesium.21 Likewise, daily adherence to such a diet
can significantly reduce blood pressure in hypertensive patients.21 The effectiveness of such a diet has been
shown in the Dietary Approaches to Stop Hypertension
(DASH) trial.22 The major components of the DASH
diet are:
• Reduced sodium intake to 1800 to 2400 mg/day
• Consumption of foods rich in potassium, calcium,
and magnesium
– Fruits and vegetables
– Dairy products low in fat
– Whole grains
– Fish, poultry, and nuts.

Maximal dietary therapy
for LDL lowering
In view of growing evidence of “the lower, the better”
for LDL cholesterol, the potential power of dietary therapy to reduce serum LDL cholesterol levels cannot be
ignored by the physician. Intensive dietary therapy
(maximal dietary therapy) can produce substantial reductions in LDL cholesterol, whether used alone or
in combination with LDL-lowering drugs. In addition,
maximal dietary therapy can reduce risk for ASCVD in
ways other than through LDL lowering. The theoretical
benefit of dietary therapy is revealed by populations
that consume low intakes of saturated fats and cholesterol and who maintain desirable body weight.3 In
these populations, rates of ASCVD are relatively low
compared with those populations that habitually consume LDL-raising diets.4 Recently, Jenkins and cowork-

If these components are increased in the diet, it is
necessary to reduce other caloric sources that are less
healthy, namely, those products listed previously that
are rich in saturated fatty acids and cholesterol.
Many studies have shown that blood pressure can be
significantly reduced through lifestyle changes. The
following includes an approximation of the benefits
in blood pressure lowering that can be achieved by
lifestyle modification21:
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Lifestyle modification

obtained more directly from certain fish or from capsules enriched in these fatty acids. The types of fish
that are enriched in EPA and DHA are:
• High concentrations: herring, sardine, anchovy
• Medium concentrations: salmon
• Lower concentrations: sole, halibut, cod.

Systolic blood pressure
reduction

• Achieve desirable weight

5-20 mm Hg per
10 kg weight loss
• Adopt DASH eating plan
8-14 mm Hg
• Limit dietary sodium (<100 mmol/d) 2-8 mm Hg
• Regular exercise (30 min/d)
4-9 mm Hg
• Limit ethanol consumption
2-4 mm Hg

It has been noted that some fish carry a content of
mercury; thus, consideration must be given to the possibility that any protective effects of fish will be offset
by the dangers of mercury toxicity. To avoid this danger, EPA and DHA can be obtained in capsule form. The
relative amounts and proportions of EPA and DHA
vary in different commercial preparations. At the present time, it is uncertain which preparation is preferable,
and no blanket recommendation can be made.

The benefit in terms of cardiovascular disease of blood
pressure lowering in the ranges shown above can be
considerable. For example, it has been estimated that
achieving a sustained 12 mm Hg reduction in systolic
blood pressure over 10 years will prevent 1 death for
every 11 patients treated.21

Several epidemiological studies suggest an association
between moderate fish consumption and reduced sudden cardiac death or ASCVD death.23 This relationship,
however, has not been observed universally. Postulated
protective mechanisms for n-3 fatty acids are prevention of cardiac arrhythmias, reduced platelet aggregation, favorable inflammatory responses, and reduction
in serum triglyceride levels. Support for the positive
population studies comes from results of four clinical
trials in which n-3 fatty acids were increased. The secondary prevention Diet And Reinfarction Trial (DART)24
advised subjects to regularly consume fatty fish. The
subjects in the fish group showed a 29% reduction in
total mortality after 2 years, compared with a group that
did not have increased fish intake. Second, the Lyon
Heart Trial25 tested a “Mediterranean” diet enriched
with ALA in patients with established CHD. Compared
with the control group, consumption of the Mediterranean diet resulted in fewer coronary events. The authors suggested that the favorable results might be
explained by a higher intake of ALA. Third, Singh et al26
treated patients with acute myocardial infarction with
fish oil capsules (EPA 1.08 g/day) or mustard oil (α-linolenic acid 2.9 g/day) or placebo. Total cardiac events
were significantly less in the groups on fish oil and
mustard seed oil supplements. And fourth, the Italian
Gruppo Italiano per lo Studio della Sopravvivenza
nell'Infarcto miocardico GISSI Prevention trial27 tested
fish oil supplements containing EPA and DHA (1 g/day
fish oil) in 2836 subjects with established CHD; coronary outcomes were compared with those of 2828 control subjects. Fish-oil supplementation resulted in a
14% reduction in total death and a 17% reduction in
cardiovascular death. Follow-up studies of GISSI suggested that most of the benefit was due to early prevention of sudden cardiac death. This finding is consistent

OTHER DIETARY FACTORS THAT
MAY REDUCE RISK FOR ASCVD
There has been a great interest in the possibility that
other dietary factors beyond those already discussed
can reduce baseline risk for ASCVD. The possibility of
influence of other factors is raised by studies on the
dietary patterns in different populations. For instance,
in the Mediterranean region, the diet has been traditionally enriched with fruits and vegetables, whole
grains, ocean fish, and monounsaturated fatty acids;
and where the traditional diet has been consumed, the
risk for ASCVD appears to be lower than predicted by
the major risk factors. Conversely, in Eastern Europe
and Russia, rates of ASCVD are seemingly higher than
would be predicted by risk factors. These findings are
suggestive of the influence of other factors on ASCVD
risk. Some support for this concept comes from studies
of other types: laboratory, human studies, and clinical
trials. The evidence related to specific categories of
nutrients can be examined briefly.

n-3 (omega-3) polyunsaturated fatty acids
Polyunsaturated fatty acids of the n-3 (omega-3) type
consist of α-linolenic acid (18:3) (ALA), eicosapentaenoic acid (EPA) (20:5), and docosahexaenoic acid
(DHA) (22:6). Common sources of ALA are:
• High-source vegetable oils (evening primrose oil
and flax seed oil)
• Moderate-source vegetable oils (soybean and
canola oil).
In the body, some of the ALA is converted into EPA and
DHA. The latter appear to be mainly the biologically
active forms of n-3 fatty acids. EPA and DHA can be
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with the idea that n-3 fatty acids have an antiarrhythmic effect. On the basis of these trials, the American
Heart Association favors use of fish oil supplements
in patients with established CHD. But the strength of
the evidence supporting use of fish oil in secondary
prevention certainly is not as strong as that for standard modalities of treatment such as cholesterol-lowering drugs, antihypertensive agents, and aspirin.

to prevention of ASCVD. But more efficacious antioxidants are needed along with more robust clinical trials to test their efficacy. At present, nonetheless, a
strong recommendation cannot be made for use of antioxidants to reduce risk for ASCVD events in the sort
term. It is clear that currently available antioxidants
do not have the power to reduce ASCVD similarly to
what can be obtained with LDL-lowering drugs, antihypertensive agents, and aspirin. Thus, at most, use of
antioxidants for the purpose of reducing risk for ASCVD
must fall into the category of a therapeutic option, but
is not a strong recommendation.

Folic acid and vitamins B6 and B12
Folic acid and vitamins B 6 and B12 (see reference 1)
could play a protective role through their ability to reduce homocysteine levels. This is because several studies have suggested that high levels of homocysteine
may raise the risk for ASCVD events. At the present
time, however, it has not been determined through controlled clinical trials that supplementation of the diet
with folate, B 6, and B12 reduce risk for ASCVD. It is
interesting to note that the Framingham Heart Study
reports the mandated fortification of cereal grains with
folic acid has reduced both the population mean homocysteine levels and the prevalence of hyperhomocysteinemia. Finally the recommended dietary allowance
(RDA) for folate is 400 micrograms per day. It is advisable to make certain that all persons at risk for ASCVD
are consuming this level of folate daily. On the other
hand, intakes probably should not exceed 1000 micrograms per day to avoid masking vitamin B12 deficiency.

Alcohol
A large body of epidemiological data indicate that moderate alcohol consumption is associated with lower
risk for CHD death.29 The relation of alcohol to total
mortality is J-shaped, suggesting that high intakes are
harmful. In other words, moderate alcohol consumption associates with lower CHD mortality, and higher
consumption with total higher mortality. Seemingly,
the “protective” effect of alcohol is not related to the
type of alcoholic beverages consumed. An important
question is what constitutes a moderate alcohol intake. Current guidelines defines “moderate” as no more
than one drink per day for women and no more than
two drinks per day for men. The mechanisms underlying the putative protective of alcohol are not known,
but several mechanisms have been proposed (eg, increases in HDL cholesterol, improvement in hemostatic factors, reduction in insulin resistance).

Antioxidants
Experimental studies suggest that oxidation of LDL is
an important step in the development and progression
of CHD. Moreover, it appears that oxidation of LDL can
be retarded by use of antioxidants (eg, ascorbic acid
[vitamin C], α-tocopherol [vitamin E], β-carotene,
ubiquinone [coenzyme Q10], bioflavonoids, and selenium). Experiments in laboratory animals find evidence
of protective effects of antioxidants against development of atherosclerosis. Several epidemiological studies add support to this concept. In the past few years,
a series of clinical trials, including one large trial28 have
been carried out to determine whether various antioxidant regimens will prevent ASCVD or other disease
outcomes. To date, the findings are not encouraging.
Although some of the trials gave suggestive evidence of
benefit, most were negative, or in the case of β-carotene,
suggestive of harm. For this reason, enthusiasm for
use of antioxidants in the form of dietary supplements
to prevent ASCVD has been dampened. These trials
however may not be the final word on the issue. Prevention of oxidant stress is still a potential pathway

There are two reasons to mitigate specific recommendations to encourage alcohol intake to reduce risk for
ASCVD: (i) all of the evidence comes from epidemiological evidence, which may be confounded by other
factors; and (ii) the dangers of overconsumption of
alcohol. Among the latter are increases in blood pressure, arrhythmias, myocardial dysfunction, acute pancreatitis, cirrhosis of the liver, and some forms of cancer, not to mention many others.

Herbal or botanical dietary supplements
In Western society, and likely in other societies, use
of dietary supplements abounds. It is widely believed
that these supplements promote health and reduce
the risk of disease, including ASCVD. Commonly used
herbal or botanical dietary supplements are cranberry,
Echinacea, evening primrose, garlic, ginkgo, ginseng,
goldenseal, grape seed extract, St John’s wort, and saw
palmetto. In spite of widespread use, there is little sci-
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entific evidence of either efficacy or safety. Even the
quality (purity) of many of products sold in health food
stores, pharmacies, and many supermarkets is open to
question. There have been a few attempts to test their
efficacy for affecting various biomarkers, such as serum
cholesterol, but the findings of these studies is far from
convincing.

can develop the metabolic syndrome with only mild
obesity. Details of the pathogenesis of the metabolic
syndrome are not fully worked out. However, it is quite
clear that weight reduction will mitigate the metabolic
risk factors in most patients. Other factors— lack of
exercise, aging, and hormonal imbalance appear to contribute to the development of the metabolic syndrome.
Further, in persons who have genetic abnormalities
affecting individual risk factors, the severity of the risk
factor can be enhanced by the presence of obesity/insulin resistance.

MANAGEMENT OF THE
METABOLIC SYNDROME
THROUGH LIFESTYLE THERAPIES

The distribution of body fat is somehow related to the
metabolic syndrome. For example, most people with
the metabolic syndrome exhibit abdominal obesity.
Investigators differ as to whether intraperitoneal (visceral) obesity or abdominal subcutaneous obesity is
the most important. It is likely that excess fat in both
adipose tissue beds of the abdomen contributes to
the syndrome.

The NCEP identified the metabolic syndrome as a
risk-factor partner of elevated LDL cholesterol.1 The
metabolic syndrome is a constellation of risk factors
for ASCVD occurring in one person. There are five
metabolic risk factors that constitute this syndrome:
• Atherogenic dyslipidemia
• Elevated blood pressure
• Elevated plasma glucose
• Prothrombotic state
• Proinflammatory state.

The NCEP1 proposed to identify patients with the
metabolic syndrome clinically by the presence of several simple clinical measures. Thus, a patient is said to
have the metabolic syndrome if he/she has any three
of the following five characteristics:
• Abdominal obesity (waist circumference ≥102 cm
in men; ≥88 cm in women)
• Elevated triglyceride (≥150 mg/dL)
• Reduced HDL-C (<40 mg/dL in men; <50 mg/dL
in women)
• Elevated blood pressure (≥130 mm Hg systolic
or ≥85 mm Hg diastolic)
• Elevated fasting plasma glucose (≥100 mg/dL).

Atherogenic dyslipidemia is composed of four lipoprotein abnormalities: (i) elevated triglyceride; (ii) elevated
apolipoprotein B (apoB); (iii) elevated small LDL particles; and (iv) reduced HDL. Patients with the metabolic syndrome often have only moderate elevations of
blood pressure. The plasma glucose can be only moderately elevated in the fasting state (impaired fasting
glucose [IFG]) or in the post–glucose challenge (impaired glucose tolerance [IGT]) or markedly elevated
(type 2 diabetes). A prothrombotic state represents
elevations of several factors affecting coagulation—
plasminogen activator inhibitor–1 (PAI-1), fibrinogen,
factor VII, and others. A proinflammatory state is secondary to increased tissue and circulating cytokines.
This state is typically recognized by the presence of
elevations of C-reactive protein (CRP).30 The presence
of these metabolic abnormalities confers increased
risk for ASCVD; they also are associated with increased
risk for type 2 diabetes. The elevation of plasma glucose of type 2 diabetes is in addition a risk factor for
ASCVD. Patients with the metabolic syndrome often
have a fatty liver as well.

Any person who has the metabolic syndrome by these
characteristics can be considered to be at high lifetime
risk for both ASCVD and type 2 diabetes. For this reason, such a person should be entered into clinical management of underlying risk factors on a long-term basis. This includes both managed weight reduction and
increased physical activity. This section will address
the lifestyle approach to treatment of the metabolic
syndrome. Some patients with the metabolic syndrome
will be at high enough risk to initiate drug therapy to
control risk factors. For example, most persons with categorical hypertension (blood pressure ≥140/90 mm Hg)
will require antihypertensive drugs if their blood pressure cannot be reduced below these cutpoints by
lifestyle change.21 For elevated LDL cholesterol, the
guidelines outlined in Table I should be followed.1,2
LDL-lowering drugs usually will be required for patients
at high risk, ie, those with ASCVD and diabetes. For

The metabolic syndrome has a multifactorial etiology,
of which obesity is a major factor. Most persons with
the metabolic syndrome have two underlying causes:
obesity (especially abdominal obesity) and insulin resistance.31 Obesity itself can cause insulin resistance,
but people who have an inherent insulin resistance
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subjects below the high-risk category, risk assessment
by Framingham risk scoring or comparable algorithms
should be determined to define absolute risk. Then
lipid-lowering drug therapy should be employed according to the guidelines suggested in Table I. Finally, for
individuals who have a 10-year risk for CHD ≥10%, institution of aspirin therapy is a therapeutic option.32

extreme diets should be avoided. In addition, several
other concerns can be raised about their use for weight
reduction. For example, high intakes of saturated fats
in some high-fat weight loss diets can raise LDL cholesterol. And low intakes of fruits, vegetables, and grains
can deprive one of healthful nutrients.
These so-called low-carbohydrate, high-fat, high-protein
regimens for rapid weight loss must be distinguished
from the recommendation to employ a fat intake of
about 35% of total calories. Importantly saturated fatty acids should be kept low (<7% of total energy) and
most of the fat should be unsaturated. This level of fat
intake will prevent the effects of a high-carbohydrate
diet to raise triglycerides and reduce HDL cholesterol
levels. Beyond fat content the diet should be reduced
in simple sugars and enriched in fruits, vegetables, and
whole grains.

WEIGHT CONTROL IN PERSONS
WITH THE METABOLIC SYNDROME
Current recommendations 33 for treatment of obesity
emphasize three modalities:
• Reduced caloric intake
• Increased physical activity
• Behavioral modification.
In cases of severe obesity, weight-reduction drugs and
bariatric surgery— may be necessary.

Increased physical activity
Weight-loss diets
Without a regimen of regular exercise, long-term weight
loss is difficult to maintain. Besides promoting and
maintaining weight loss, regular physical activity will
help to reduce the risk factors of the metabolic syndrome. More detail on how to carry out increased physical activity will be given in the section to follow.

Several key points can be made about weight-reduction diets1,33 for patients with the metabolic syndrome:
• The primary goal
– Achieve approximately 7% to 10% reduction in
body weight in first year of treatment
– Thereafter, continue slow weight loss to attain
a body mass index (BMI) of <25 kg/m2
• Reduce current caloric intake by 500 to 1000 calories
per day
– Avoid extremes of caloric restriction (eg, “crash
diets,” “very-low-calorie diets)
• Consume a diet with balanced macronutrients
– Consider employing a fat intake of about 35% of
calories
– Keep saturated fatty acids low; use mainly unsaturated fatty acids as fat source
– Avoid extremes of diet composition
• Initiate long-term follow-up and monitoring.

Behavioral modification
To achieve long-term weight loss, a person’s behavior
must be modified.33 The concept that weight can be
lost rapidly and the lower body weight will be maintained automatically has been shown many times to
be fallacious. Dietitians seem to be the type of health
professional most likely to achieve behavior modification. However, more attention needs to be given to this
problem in research, and new approaches need to be
developed. A few general techniques, nonetheless,
have been identified and can be employed at present:
• Setting realistic goals for change
• Systematic planning of meals
• Careful reading of food labels
• Eating at regular times
• Reducing portion sizes
• Self-monitoring of eating patterns
• Learning to avoid eating binges.

Periodically, weight-loss diets high in protein and fat
and low in carbohydrate surge are commercially promoted. These diets often required extremes of caloric
restriction. They can achieve considerable weight loss
during the first few weeks or months. In spite of this
early “success,” they have not been shown to yield longterm weight loss. If these “diets” are employed for relatively short periods, they likely will not produce lasting side effects. On the other hand, they may lead to
repeated efforts at rapid weight loss (yo-yo dieting), or
they may engender a sense of failure after initial euphoria. Therefore, regardless of diet composition, more

Guidelines for weight reduction with valuable information have been developed by government panels and
other organizations. This information can be downloaded from several websites including www.nhlbi.nih.gov
and www.americanheart.org.
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physician should consider when discussing lifestyle
change with patients:
• Attention should be given to controlling ALL risk
factors
• In primary prevention, dietary therapy should be tried
for about 4 months before starting on drug treatment
– If drugs are used, the need for dietary therapy is
not diminished
– Dietary therapy can enhance the effects of drugs
• Consideration should be given to referring the patient to a dietitian or other health professional
trained in lifestyle change
• A multifactorial approach to lifestyle change (antiatherogenic diet, weight reduction, increased physical activity) must be emphasized
• An understanding of the causes of poor response to
lifestyle change is needed. Common causes include
– Poor adherence to the therapy
– Abrupt change often fails; gradual change is more
effective
– Some persons are inherently unresponsive to lifestyle change
– Time for adjustment to dietary therapy is too
short— and should be extended.

INCREASED REGULAR
PHYSICAL ACTIVITY
Physical inactivity is a major underlying risk factor for
ASCVD.34 The benefits of increasing physical activity
on ASCVD risk are likely mediated through several factors—both cardiovascular and metabolic. Physical inactivity certainly impairs cardiovascular fitness, and it
may adversely affect coronary blood flow. In patients
with the metabolic syndrome, increased physical activity will reduce the severity of all of the ASCVD risk
factors. For this reason, in patients who are identified
as having the metabolic syndrome, physicians should
take advantage of benefits of physical activity in treatment. For example, a physician can refer the patient
to an exercise specialist for prescription and guidance
in exercise training. Some of the advice to give to patients with the metabolic syndrome is to encourage
them to add various forms of physical activity to their
daily lives. Examples of types of exercise that should
be beneficial are:
• Brisk walking (3–4 mph) for 30 to 40 minutes
• Swimming: laps for 20 minutes
• Bicycling for pleasure or transportation, 5 miles
in 30 minutes
• Volleyball (noncompetitive) for 45 minutes
• Raking leaves for 30 minutes
• Moderate lawn mowing (push a powered mower)
for 30 minutes
• Home care: heavy cleaning
• Basketball for 15 to 20 minutes
• Golf: pulling a cart or carrying clubs
• Social dancing for 30 minutes.

Nurses, physician assistants,
and pharmacists
A physician's reach can be extended by involvement of
other health professionals— nurses, physician assistants, nurse clinicians, pharmacists, and others. These
individuals can provide education and monitoring to
patients. They can be available to assist patients in
ways not possible by physicians. For this reason, it will
be necessary to provide education to these professionals so that they will be able to function effectively in
working with patients.

PRACTICAL APPROACHES
TO LIFESTYLE THERAPIES AND THE
ROLE OF HEALTH PROFESSIONALS

Qualified nutrition professionals
(dietitians)

Physicians
Lifestyle therapies cannot be successful without a
commitment of the physician. Although the physician
often will not have the time to counsel patients on the
details of lifestyle change, he/she must set the process
into motion. A positive attitude is essential to convince the patient that lifestyle changes are a necessary
part of any preventive regimen. The many benefits of
lifestyle modification must be stressed. But starting the
process is not enough. Long-term follow-up and monitoring of the patient’s life habit changes are necessary.
This effort will require some time on the part of the
physician, who should be willing to take on this added
responsibility. The following is a list of topics that the

In this review, qualified nutrition professionals will be
called dietitians. The role of the dietitian is to carry
out a comprehensive assessment of a patient’s nutritional history and status and to prescribe a personalized course of treatment.
Nutritional assessment must take into account dietary
history, cultural influences, current eating habits, weight
history, and current weight.1 Among questions to be
asked in nutritional assessment are: (i) What times of
the day does the patient usually eat? (ii) Are some
meals routinely skipped? (iii) At what time does the
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patient eat his/her largest meal? (iv) Where are meals
typically prepared and eaten (eg, in a restaurant, work
cafeteria, fast-food restaurant, deli, at home, or in the
homes of others)? (v) Are there occasions when stress
increases food consumption? (vi) Are meals eaten at
home purchased out and brought in, prepared from
processed prepackaged foods, or prepared fresh from
the market? (vii) Which are favorite foods and what
foods are disliked? (viii) Who is responsible for food
shopping and preparation? (ix) What foods will be most
difficult to increase or decrease? and (x) How well does
the patient recognize serving sizes? Answers to these
questions are needed to prepare the dietitian for working with the patient in lifestyle modification.

• Developing a supportive social system (eg, parents,
spouse, children)
• Attention to cultural differences and adjustment of
therapeutic diet accordingly
• Education in food preparation techniques
• Necessity of gradual change.

ATTENTION TO ADHERENCE
All of the health professions involved in ASCVD prevention must give greater attention to the problem of adherence. There are many barriers to adherence in our
society. Examples are eating away from home, obtaining
foods prepared outside the home, lack of professional
belief in effectiveness of lifestyle therapy, inadequate
nutritional education on the part of both patients and
professionals, unavailable referral resources, lack of reimbursement for lifestyle therapies, pressures to resort
on drugs, inadequate time for professional follow-up.
Studies have been carried out on strategies to improve
adherence. Some of the findings of these studies should
be taken into consideration. For example, strategies
that have multiple components are more effective than
those with a single approach. Increasing professional
contact with patients improves adherence. Moreover,
the more intense the intervention, the more effective it
will be. Goal setting is an important component of a
successful strategy. Self-monitoring efforts appear to
improve adherence. These are just some of the ways to
improve long-term outcome of lifestyle therapies. But
most importantly, both the medical profession and the
community at large must recognize that a major social
commitment to improving health is need, followed by
actions to acquire the resources needed to improve
cardiovascular health. Without a society commitment,
it will be difficult for physicians and other health professionals to be fully effective in preventive strategies.

Following nutritional assessment, several issues must
be discussed with the patient to initiate dietary therapy:
• Identification of foods in the diet that raise LDL
cholesterol levels
– Identification of “hidden fats” in the diet that raise
cholesterol levels
• Discussion of alternatives for these foods
– Fruits, vegetables, low-fat protein sources, unsaturated fats
• Definitions and significance of various food groups
– Breads, cereals, pasta, whole grains, potatoes,
rice, dry peas, beans
– Fruits and vegetables
– Low-fat dairy products
– Lean meats and high-protein meat substitutes
– Fats, oils, and nuts
• Monitoring and tracking of dietary change
• Approaches to weight reduction
• Education on measurements of portion sizes and
reading of labels
• Discussion of problems associated with “eating out”
of the home
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What is the optimal macronutrient consumption
for cardiovascular disease prevention?
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Dietary advice for preventing coronary heart disease (CHD) and
type 2 diabetes has fluctuated considerably. Inability to substantiate
evidence derived through epidemiology, use of surrogate biomarkers,
and metabolic studies through randomized controlled trials is a major
hindrance. Surveys of large populations have established eating patterns relating to the fewest and
greatest rates of developing CHD.
Clinical outcomes from consuming
whole-grain cereals, cereal fiber,
vegetables, fruits, fish, and unsaturated fats were in marked contrast
to those of processed meats, high-fat
dairy products, refined carbohydrates, fried foods, and sweets. This
defined quantitative and qualitative
criteria for macronutrients to combat
CHD. Newer concepts of glycemic
load and the increasing prevalence
of the metabolic syndrome have led
to reducing refined carbohydrates,
emphasizing unsaturated and marine fatty acids, and substituting
more protein to replace total fat.
Keywords: macronutrient; fat; carbohydrate;
protein; fiber; coronary heart disease; glycemic
load; obesity; metabolic syndrome
Address for correspondence:
Dr Paul Nestel, Baker Heart Research Institute,
PO Box 6492 St Kilda Rd Central, Melbourne
8008, Australia (e-mail: paul.nestel@baker.edu.au)
Dialogues Cardiovasc Med. 2005;10:89-95

he epidemic of coronary heart
disease (CHD) that has been
for decades the major cause
of morbidity and mortality
among the affluent populations of
the world might well have been
avoided had appropriate dietary and
other lifestyle behavior been understood and implemented. The rapid
and extensive spread of CHD, initially in “Western” countries during
the 1960s, then through postwar
eastern Europe, and more recently
among Asians, testifies to the maladaptation of most populations to
excess energy intake, especially from
fat, together with smoking and lack
of adequate energy expenditure.
Equally impressive has been the
decline in CHD incidence and mortality achieved through public health
measures and medical management.

T

This review will evaluate the mix of
macronutrients (fats, carbohydrates
and protein) that might provide patterns of eating that have been associated in prospective and cross-sectional population studies with the
least and the greatest rates of prevalence of CHD in Western populations. Whereas favorable and unfavorable patterns of consumption of
foods have been shown with sufficient consistency to underpin valid
public health messages, the amounts
and types of required macronutrients remain in a perpetual state of
flux. Since randomized controlled
dietary intervention trials of the required scale are not feasible, the ev-
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idence will not reach the consensus
that is possible with trials of drugs.
Nutritional science is therefore confounded by apparent changes in
evidence so that the link between
saturated fat consumption and CHD
is being challenged, carbohydrates
have shifted from being the foundation of an optimal diet to possibly
contributing to disease, and higher
consumption of protein is being
strongly promoted.
Unlike essential micronutrients for
which adequate intakes can be derived, thus quantifying their nutritional requirements, recommended
macronutrient intakes are described
as ranges. The AMDR (acceptable
macronutrient distribution ranges)
have been recently recommended
by the Institute of Medicine (IOM)
in the USA.1 These are partly based
on amounts considered optimal for
SELECTED ABBREVIATIONS
AND ACRONYMS
AMDR

acceptable macronutrient distribution
ranges

BMI

body mass index

DHA

docosahexaenoic acid

EPI

eicosapentaenoic acid

GI

glycemic index

IOM

Institute of Medicine

NHANES III Third National and
Nutrition Examination Survey
NHS

Nurses’ Health Study
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preventing chronic diseases while
ensuring adequate intakes of essential nutrients (Table I). However, acceptance has not been unanimous,
and of possibly greater importance
are the qualitative differences within
each major class of macronutrients.
Finally, recommendations about the
optimal mix or percentage contributions of the macronutrients must
take into account the translation
into attractive and nutritious foods.
Much of nutritional science including the determination of AMDRs is
focused on the effects on cardiovascular risk factors of individual nutrients and of nonnutrients widely
distributed in the food supply. The
evidence derives mainly from surrogates or biomarkers for the probability of future clinical CHD. While
having differing degrees of robustness, biomarkers represent a logical
and feasible advance in our understanding of the role of foods, nutrients, and supplements in diminishing the risk of CHD. Whereas AMDRs
represent a basis for public health
advice advances in the understanding of genetic factors and the interactions between nutrients and foods
on the one hand, the increasing
range of single nucleotide polymorphisms of regulating genes has
raised prospects for “personalized
or individualized health.”

OPTIMAL PATTERNS
OF EATING FOR
DIMINISHING CHD RISK
The consistency of findings in major prospective population studies
defines a pattern of eating characterized by higher consumption of
whole grains, fish, legumes, vegetables and fruit, low-fat dairy products,
nuts, and unsaturated fats, which associates with least risk of CHD.2 By
contrast, in the same populations,
consumption of red and processed
meats, fats rich in either saturated

Fats

20%-35%

Carbohydrates

45%-65%

Protein

10%-35%

Table I. Acceptable macronutrient distribution
range.1

fat or trans fatty acids, fried foods,
refined grains, and desserts and
sweets was linked to the highest
CHD risk (Table II). Hu et al3 have
provided semiquantitative data on
the likely reduction in CHD risk with
various substitutions of dietary fats
as well as of carbohydrate (Table III).
The benefits of the prudent diet
were independent of other lifestyle
measures, although clearly augmented in the absence of smoking
and increased physical activity. In
the Nurses’ Health Study (NHS), the
combination of a prudent diet, nonsmoking, and regular exercise resulted in an 83% lesser risk of CHD
compared with women in whom the
corresponding risk factors were present.2 In the same cohort of women,
in whom there was a 31% decline
in CHD incidence during 14 years
of observation, improved pattern
of eating contributed substantially.
Among the macronutrients that
showed significant change over this
period, trans fat declined, while the
consumption of cereal fiber, and
marine n-3 fatty acids increased, as
did the ratio of polyunsaturated to

saturated fat.4 In the United States
Health Professionals’ Study of 44 875
men, followed for 8 years, a prudent
pattern of eating comprising higher
intakes of vegetables, fruit, whole
grains, legumes, fish, and poultry
was associated with substantially
lower risk of future CHD compared
with men eating the Western type
American diet of French fries, highfat dairy products, red and processed meats, refined grains, and
sweets and desserts.2
Apart from these long-term prospective studies, analysis of the dietary
patterns among 13 130 healthy
adults in the Third National Health
and Nutrition Examination Survey
(NHANES III) showed that the Western pattern characterized by high
intakes of red and processed meats,
eggs and high-fat dairy products
was associated with biomarkers of
increased CHD risk.5 These included
surrogate markers of insulin resistance (C-peptide, serum insulin, and
glycated hemoglobin) that identify
subjects with the metabolic syndrome. This survey also appears to
have identified high carbohydrate
consumption as a risk factor for
the metabolic syndrome, at least
in men. A higher risk of developing
type 2 diabetes has also been attributed to the Western diet of red
and processed meats, high-fat dairy
products, French fries, and refined

Reduced risk

Increased risk

• Whole-grain cereals
• Poultry
• Low-fat dairy products
• Fish
• Unsaturated fats
• Vegetables and fruits
• Legumes
• Nuts
• Cereal fiber

• Refined carbohydrate
• Red and processed meats
• Full-cream dairy products
• Fried foods & French fries
• Trans and saturated fats
• Sweets
• Desserts

Table II. Eating patterns that influenced CHD risk in prospective cohort studies.2-4
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carbohydrates and sweets.6 Diabetes is of course a major risk factor
for CHD.

MACRONUTRIENT
CONSUMPTION AND
CHD RISK
The healthy pattern of eating is a
simple public health message. However, nutritionists and health authorities have focused on recommending diets on the basis of proportions

but not total fat, were components
of the high-risk diet in the large
prospective studies. A Cochrane report that systematically examined
high-level evidence-based publications concluded cautiously that dietary saturated fat did raise the risk
of CHD.7 By contrast, the progression of atherosclerosis measured by
quantitative coronary angiography
in a large group of postmenopausal
women was recently reported to be
less in those who ate relatively less

Changed risk

Carbohydrates for saturated fat (5% energy)

→ → → →

Carbohydrates for polyunsaturated fat (5% energy)

→

Substitution
Polyunsaturated for saturated fat (5% energy)

40%

Mononunsaturated for saturated fat (5% energy)

40%

Unsaturated for trans fats (2% energy)

50%

15%
60%

Table III. Calculated approximate effect on CHD risk of substituting fats and carbohydrate (based
on reference 3).

of the major macronutrients (fat, carbohydrate, and protein) expressed
as percentages of total energy intake. Individual fatty acids and fiber
can also be regarded as falling into
the definition of AMDRs.

Dietary fat
The amounts and types of fats that
constitute the least risk for CHD
have been the foundation of recommended diets. The initial evidence
came from comparisons of populations with very different patterns of
fat consumption and from the large
changes in dietary fat among migrating populations. In both circumstances, strong associations between
fat consumption and CHD prevalence have been documented.2 However, it has been more difficult to
demonstrate such a linkage within
Western populations in whom fat is
a major component of the diet. Nevertheless, trans and saturated fats,

saturated fat and more carbohydrate,
a finding that might be explained
by an adverse response to dietary
carbohydrate in subjects with the
metabolic syndrome.8 However, the
carbohydrate was mostly refined
and there was no evidence that progression was related to total fat consumption. A conclusion might be
that reducing fat should not be replaced with refined carbohydrate in
the common disorder of the metabolic syndrome. The nutritional issues and the dietary management
of the metabolic syndrome have
been reviewed recently.9
The strongest evidence derives from
the effects of fat and specific fatty
acids on the major surrogate of future CHD, serum cholesterol, or lowdensity lipoprotein (LDL) cholesterol. However, changes in one
macronutrient influence the proportions of the other macronutrients,
and recent concern about the key

91

advice to reduce total fat consumption has been related to the potential disadvantages of increasing carbohydrate intake. The suggested
IOM range of 20% to 35% energy
from fat is linked to 45% to 65% energy from carbohydrate. Diets deriving <20% energy from fat and >65%
from carbohydrate are likely to reduce the LDL cholesterol concentration, but raise plasma triglyceride
and lower high-density lipoprotein
(HDL) cholesterol.10 The latter combination of high triglyceride and
low HDL cholesterol is the phenotype commonly occurring in the
metabolic syndrome and insulin resistance that raises CHD risk. It is,
however, also seen in populations
eating little fat and much carbohydrate, as in Asian countries, where
this lipoprotein phenotype does not
appear to cause risk. However, provided the fat is predominantly monounsaturated and polyunsaturated and the carbohydrate unrefined,
diets that are within the above
ranges are unlikely to distort significantly the HDL cholesterol and
triglyceride levels nor increase the
risk of obesity and diabetes. The
relationship of total fat consumption to developing obesity remains
controversial, but given its energy
value and metabolic propensity for
storage, the suggested ceiling for
fat intake of 35% seems reasonable.
The effects of individual fatty acids
have been extensively researched,
so that several meta-analyses have
been reported with general consistency.11 Equations have been computed for the estimation of the LDL
cholesterol raising or lowering effects of individual fatty acids. In a
meta-analysis of 60 controlled trials
that examined the effects of individual fats and fatty acids on lipoprotein lipids, the total cholesterol-HDL
cholesterol ratio as an index of risk
was found to have changed little
when carbohydrates replaced satu-
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rated fat, whereas substitution with
cis -unsaturated fatty acids lowered
the ratio significantly.10 Trans fats
resulted in the highest ratio. Of individual saturated fatty acids, the
increase in HDL cholesterol together with LDL cholesterol led to an
actual decrease in the total cholesterol-HDL cholesterol ratio with
lauric acid, no change with myristic
and palmitic acids, and a slight decrease with stearic acid. Replacing
fats with carbohydrate raised plasma
triglyceride and led to the highest
totalcholesterol-HDL cholesterol
ratio because of the reduction in
HDL cholesterol despite a smaller
reduction in LDL cholesterol. Replacing carbohydrate with polyunsaturated oils resulted in the lowest
lipoprotein risk profile, resembling
the marked difference in CHD risk
in population studies (Table III).
Two comments are needed. First, the
question of which lipoprotein phenotype influences CHD risk more:
LDL cholesterol, which is generally
lower when dietary fats are reduced,
or HDL cholesterol, which is also reduced when carbohydrate replaces
fat substantially. Both phenotypes
are associated with increased CHD
risk, although, given the large influence of genetic factors that determine individuals’ responses to dietary change,12 it is not certain,
in the absence of randomized controlled intervention trials, that small
changes in lipoprotein phenotypes
increase risk. The second point is
that high-fat diets have other deleterious effects on cardiovascular
risk.11 Thrombogenicity and endothelial dysfunction worsen after a
high-fat meal, and insulin sensitivity probably deteriorates.
Although the reduction in LDL cholesterol is modest when monounsaturates, generally from olive oil,
have been substituted for saturates,
adverse metabolic changes such as

may occur with carbohydrates are
avoided. Some Mediterranean populations consume up to 40% energy
from fat mainly as olive oil and such
diets have been reported to be associated with a lower prevalence of
CHD.13
The suggested adequate intake for
linoleic acid (18:2, n-6) is 5% to
10% energy, although considerably
less is required for its essential fatty acid requirement. Dietary linoleic acid is part of the prudent, lowCHD risk pattern of eating that in
prospective studies has diminished
the incidence of CHD events; it is
also the most potent LDL cholesterol–lowering fatty acid. Several
controlled dietary intervention trials with large amounts of linoleic
acid reduced the incidence of CHD
events.2,14 Concerns about undesirable effects at 10% energy appear
unfounded. At such an intake,
there is little in vivo evidence for
increased oxidant burden or significant in vivo interference with the
conversion of α-linolenic acid (18:3,
n-3) to eicosapentaenoic acid (EPA;
20:5, n-3).
The benefits of EPA and of DHA (docosahexaenoic acid [20:6, n-3]) on
cardiovascular risk, predominantly
on the prevention of sudden cardiac
death, appear highly consistent.15
Initial evidence arose from fish-eating populations, although not all
studies have confirmed the reduction in CHD risk among fish eaters.
A meta-analysis has usefully demonstrated that eating more fish benefits people who had eaten little fish,
but not habitual consumers of fish.16
In one of the few randomized clinical trials with a nutrient in which
patients with CHD were given moderate amounts of EPA and DHA,17
sudden cardiac deaths were significantly lowered. The biological plausibility is strong: EPA and DHA
reduce myocardial arrhythmogenic-
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ity, correct endothelial dysfunction
and arterial stiffness, improve the
lipoprotein profile, and inhibit several key atherogenic processes.15
The major plant n-3 fatty acid,
α-linolenic acid, may also reduce
CHD risk independently of other fatty acids.2 The suggested adequate
intake for α-linolenic acid is between
1.1 and 1.6 g/d remembering that it
is probably also an essential fatty
acid, but the recommendation that
EPA and DHA should comprise only
10% of total n-3 fatty acids is an
underestimate for CHD prevention.
Intakes of the marine n-3 fatty acids
(EPA plus DHA) should be nearer
400 mg daily for healthy individuals,
and on the basis of the secondary
prevention trial, 1 g daily for patients
with clinical CHD.17

Dietary carbohydrates
This macronutrient is undergoing a
major revision in terms of the balance between its favorable and unfavorable effects on cardiovascular
risk. Since dietary fat was regarded
as the major contributor to CHD
risk, less attention was paid to the
amount and type of carbohydrate
that might replace fat, and, as shown
in Table III, substituting carbohydrate for saturated fat appears less
effective than unsaturated fat substitutions. The concept of unrefined
being preferable to refined carbohydrate, partly because of its greater
fiber content, was considered adequate for public health advice.
Indeed, starch-rich foods such as
whole-grain cereal, vegetables,
legumes, and fruits were prominent
within the low-CHD–risk group of
foods.2-4 Consumption of wholegrain cereals and of cereal fiber18
has been confirmed in numerous
population studies to independently predict reduced CHD risk. By contrast, the increased consumption of
refined carbohydrates in the United
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States during the 20th century is
positively correlated with the
prevalence of type 2 diabetes.19
Metabolic explanations for the beneficial effects of eating whole-grain
cereals include improved insulin
sensitivity, especially in overweight
subjects, diminished prevalence of
overweight itself, and the rich micronutrient content of the bran that
includes antioxidants and folate.
It is critical to public health policy
to recognize that these key observations have not been negated by
the controversy over carbohydrates.
What has changed is the recognition that, as in the case of fats, carbohydrates need to be redefined in
qualitative terms. The concept of
rapidly and slowly digestible and
absorbable carbohydrates is not
new, and the term resistant starch
has been applied to the latter form
of starch reflecting structure and
chemical composition, such as
higher amylose content, which contributes to slower digestion. Slowly
digestible starch results in diminished rate of glycemia, requiring
a smaller insulin response. In an
environment of obesity and the
metabolic syndrome characterized
by insulin resistance, carbohydrates
that elicit lower insulin secretion
are likely to preserve pancreatic islet
cell function and delay conversion
to diabetes.
That concept has led to classification of carbohydrates, comprising
both starch and simple sugars as
having a high or low glycemic index
(GI) based on the rise of blood glucose following a meal.20 The index
alone does not take into account the
amount of high GI foods that may
confer increased risk for CHD and
type 2 diabetes. That has led to the
term of glycemic load, which is the
product of the GI times the amount
of carbohydrate load, and has been

shown to be predictive for future
diabetes,20 although possibly only in
people with a family history of diabetes or low-energy expenditure.21
In the Framingham Offspring Study
the prevalence of the metabolic
syndrome was greater in those eating high GI foods even after accounting for body mass index (BMI).22 In
this context, the GI concept is useful. However, other studies have
not confirmed the link between GI
or glycemic load and future diabetes
or CHD, and this area remains controversial.
Unease about the GI concept includes concern that some foods that
contain sugar and fats have a relatively low GI value, yet might seem
intuitively undesirable. Furthermore,
not all nutritionists are convinced
that potatoes, rice, and white bread
should be avoided by people at risk
for insulin resistance because of
their relatively high GI. That they
should contribute less to the total
glycemic load than lower GI foods
such as whole-grain cereals, fibrous
vegetables, and legumes in diets
for insulin-resistant subjects differs
little from past advice. For subjects
with the metabolic syndrome, an
overall reduction in carbohydrate
intake and substitution with higher
protein foods and monounsaturated fats seems appropriate.
The obsession with unusual weightloss diets has added to the unfortunate concept of “bad carbohydrates”
and recommendations for substantial reduction in the AMDR for carbohydrates that currently stands at
45% to 65 % energy.1 The marked
reduction in carbohydrates has led
to proportionately more protein and
fat, up to 40% as protein. These diets undoubtedly result in short-term
weight loss that exceeds conventional balanced overall reduction in
energy.23 However, studies over 1
year cannot distinguish between the
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eventual weight loss from most energy reduced diets. A major public
health concern about the very-lowcarbohydrate diets is less about
safety (which is marginal) than that
the hard facts about the protective
benefits of whole-grain and other
slowly digestible carbohydrates will
be lost.
Dietary fiber or nonstarch polysaccharide also clearly reduces CHD
risk, especially as part of a prudent
diet as discussed above, and has
been documented in a recent metaanalysis.24 Both “insoluble” fiber
such as that in cereals and “soluble” fiber (beta-glucans, psyllium,
pectin, etc) reduce risk factors such
as postprandial glycemia and LDL
cholesterol. The Food and Drug Administration (FDA) has given qualified support for the inclusion of
soluble nonstarch polysaccharides
within diets that may reduce the
risk of CHD.

Dietary protein
It is self-evident that the AMDR for
protein will depend on the proportions of energy allocated to fat and
carbohydrate. A range of 10% to
25% appears rational, although there
has been a trend to higher values.
In severely energy-reduced weightloss diets, the protein content may
reach 40%, reflecting limitations in
carbohydrates and fat. Modeling of
such diets suggests that 40% may
be required for adequate micronutrients such as iron and zinc. During
weight loss, lean body mass, bone
mineralization, and insulin sensitivity are better maintained when protein intake is high.23 The success of
such diets may reflect the satiating
effects of protein.
Earlier concerns that high protein
intake may lead to bone demineralization and even to renal impairment have not been confirmed.
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Qualitative differences in protein
reflecting amino acid content are
well known. Recent interest in soy
protein as potentially superior to
animal protein within diets to reduce the risk of CHD has recently
received FDA support. The claim is
based on the perceived effect of soy
protein on LDL cholesterol. However, several editorials have expressed
uncertainty about the importance
of the minor reductions in LDL
cholesterol, which have not been
consistently observed.25
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The popular belief that stress causes
coronary events is now supported by
many studies that have carefully
excluded self-reporting bias, whether
by monitoring post-bereavement
mortality rates, increased episodes
of ventricular tachycardia in patients with implantable cardioverterdefibrillators in response to natural
disaster, or more recently, the reversible perfusion defects measured
by single photon emission computed
tomography (SPECT) in response
to mental stressor administration
in the laboratory. Indeed, mental
stress ischemia may better predict
ischemia during Holter monitoring
than ischemia during exercise; it is
also associated with a 3-fold relative increase in mortality rate. On
that basis, mental stress testing
could be effective in selecting at-risk
patients for appropriate intervention.
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N

ontraditional risk factors
for coronary artery disease
have been under study for
a number of years. Recently, psychosocial factors influencing
heart disease have been recognized
as important in the prevention, development, and treatment of coronary artery disease (CAD).1 The INTERHEART study recently reported
that 28.8% of acute myocardial infarctions are attributed to psychosocial factors (Figure 1).2 Because
psychosocial stress may be a modifiable risk factor, it is important to
understand its pathological effect
on the cardiovascular system. In this
paper, we will review the pathophysiology, epidemiology, and clinical
importance of acute and chronic
stress on the development of cardiovascular disease.

ACUTE STRESS
For many years there has been anecdotal evidence that stressful
events precipitate coronary events.
That extreme anger or excitement
leads to heart attacks has become
a part of common belief. In recent
years, evidence-based research has
begun to support these beliefs. A
case-crossover analysis of anger as
a trigger of myocardial infarction
(MI) was reported by Möller et al in
1999.3 They found that up to an
hour after an episode of anger, the
relative risk of MI was 9.0 (95% CI,
4.4-18.2). The Multicenter Investiga-
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tion of the Limitations of Infarct
Size (MILIS) study found that emotional upset was the most often reported trigger of an acute MI.4 Other
studies point to anger as a trigger
of myocardial infarction5 or to arrhythmias in patients with implantable cardioverter defibrillators.6
These studies may be identifying
lifestyle factors that contribute to
the overall risk of acute MI.
Some researchers have criticized
these studies stating that the results are subject to biased recall.
They feel that subjects who experience an MI are more likely to report an inciting emotion or event.
However, other studies of an epidemiological nature support these
conclusions. Three studies have
evaluated the effects of naturally
occurring environmental stressors
such as war or documented natural
disasters. After the 1994 Northridge
earthquake, the number of episodes
of ventricular tachycardia or fibrillation increased among patients
with implantable cardioverter-defibrillators.7
Personal tragedy has also been associated with increased mortality
due to ischemic heart disease. A
study conducted by Kaprio and colleagues found that the relative mortality risk after the death of a loved
one was highest among those with
preexisting ischemic heart disease.
This increased relative risk returned
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PAR of acute myocardial infarction associated with
risk factors in the general population

Risk factors

Diabetes
Hypertension
Psychosocial
Abdominal obesity

job strain, and social support are
not associated with a higher prevalence of MI, but that low job control
is associated with increased risk of
cardiac events.14 Currently, it is unknown whether the risk of cardiovascular disease increases sharply
after some threshold of stress intensity and duration or if the relationship is graded.12

Smoking
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Figure 1. Comparison of psychosocial risk to other major risk factors for acute myocardial infarction. PAR, population attributable risk.
Modified from reference 2: Yusuf S, Hawken S, Ounpuu S, et al; INTERHEART Study Investigators. Effect of potentially modifiable risk factors associated with myocardial infarction in 52 countries (the INTERHEART study): case-control study. Lancet. 2004;364:937-52 (Table 3). Copyright
© 2004, Elsevier Ltd.

to normal population levels 1 month
following bereavement.8 Other studies examine man-made rather than
natural events. A recent study investigated the health-related effects
of the 9/11 terrorist attacks in places
distant from New York City. Shedd
et al reported that 132 patients in a
Florida hospital had a 2.8% increase
in the frequency of ventricular arrhythmias requiring implantable cardioverter-defibrillator treatment in
the 30-day period after the attacks
compared with the 30 days before
the attacks.9 These results are similar to the ones reported in a New
York study in 2004.10 These studies
support the belief that psychological stress may be an inciting factor
in the onset of cardiac events.

CHRONIC STRESS
Death and illness occurring after
coronary events is associated with
traditional risk factors as well as low
socioeconomic status (SES), poor
nutrition, and poor mental and physical health.11 Chronic stress may
be a common factor linking socioeconomic and mental health status
to coronary artery disease.

Socioeconomic factors

Gender
While lack of autonomy on the job
has been associated with increased
cardiac risk in men, this association is not as strong in women. The
Stockholm Female Coronary Risk
Study found that occupational status rather than job control is a
stronger predictor of cardiac risk in
women.15 However, more studies
in women need to be conducted.

Although poor nutrition, access to
medical care, and exercise habits
have long been thought of as the
way low SES affects health,11 researchers are now finding that these
traditional risk factors do not tell
the whole story. A person’s occupation, wealth, social power, and education combine to make up a
persons socioeconomic status. Together, these are major predictors
of cardiovascular health.12

Other studies have examined the
impact of occupation and marital
stress on the development of depression in women with CAD. Two such
studies found that risk of developing depression increased incrementally with marital stress, but not with
work-related stress. They also found
that women with CAD were twice
as likely to develop depression as
those who were healthy.16,17

Occupational factors

Physical health

Over the past 20 years, researchers
have discovered a connection between occupational factors such as
job satisfaction and autonomy to
the risk of developing coronary disease. A study by Karasek et al in
1988 found that men who worked
in psychologically demanding jobs
with little decision-making authority
experienced more myocardial infarctions even when controlling for
age, race, education, systolic blood
pressure, serum cholesterol, and
physical exertion.13 In contrast,
some studies find that job demands,

Obesity has been associated with
hypertension,18,19 insulin resistance,20 and dyslipidemia.19 Together
these are referred to as “the metabolic syndrome.”21 A model proposed
by Vitaliano et al22 proposes that
possessing few personal resources
and high personal vulnerabilities
in combination with chronic stress
leads to distress. This state of distress encourages poor health habits
that may lead to the metabolic syndrome.22 This syndrome has proven
to be a predictor for the development of cardiovascular disease.20
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The relationship between major depression and cardiovascular disease
Depressive symptoms

→→ → → → →
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Figure 2. Hypothetical schema of pathophysiological alterations associated with depression that likely contribute to increased vulnerability
to cardiovascular disease (CVD). Autonomic nervous system innervation of the heart via parasympathetic vagus (X) and sympathetic (postganglionic efferents from cervical and upper-thoracic paravertebral ganglia) nerves is shown.
Abbreviations: ACTH, corticotropin; CRF indicates corticotropin-releasing factor; HPA, hypothalamic-pituitary-adrenocortical axis;
HRV, heart rate variability; IL-1, interleukin 1; IL-6, interleukin 6; TNF, tumor necrosis factor.
Modified from reference 23: Musselman DL, Evans DL, Nemeroff CB. The relationship of depression to cardiovascular disease: epidemiology, biology, and treatment. Arch Gen Psychiatry. 1998;55:580-592. Copyright © 1998, JAMA & Archives.

Depression

Hostility

Numerous studies have reported an
association between CAD and depression (Figure 2).23 Clinical depression includes symptoms such as
anhedonia, fatigue, and depressed
mood as well as eating and sleeping
disturbances. The prevalence of major depression in patients with a
past history of MI is reported to be
as high as 23%.24 One study found
that patients with cardiovascular disease who met the criteria for major
depression were 2.5 times more likely to develop a serious cardiac complication over the next 12 months
than nondepressed patients.25

Hostile individuals have a higher
risk of developing coronary heart
disease and premature death than
less hostile individuals.26,27 Several
mechanisms have been suggested,
including exaggerated sympathetic
nervous system response to stress,
low social support, smoking, and
obesity.28-30 Some research points
to a role for β-adrenergic receptor
function in the relationship between
hostility and CAD. The increased
chronic stress levels experienced
by hostile individuals may lead
to an eventual downregulation of
norepinephrine receptors. Reduced
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cardiac β-adrenergic receptor responsiveness has been associated
with hypertension, ischemic heart
disease, and congestive heart
failure.31-35

LABORATORY-INDUCED
MENTAL STRESS
ISCHEMIA
People experience emotional stress
on a daily basis in response to interpersonal conflict and internal
perception of events. Several methods have been developed to recreate stressful events in a controlled
laboratory setting. Methods such
as the Stroop color word task and
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mental arithmetic create stress by
making the patient attempt to keep
up with an increasingly difficult
mental task. Anger recall and public speaking require the patient to
remember or imagine a situation of
conflict and confrontation with a
difficult person or situation. In the
laboratory setting, 40% to 70% of patients with coronary artery disease
experience ischemia in response
to mental stressors.36
Just as there are various methods
of inducing mental stress there are
many ways of detecting the resultant
ischemia. Over the years imaging
tools such as radionuclide ventriculography (RVG) for ejection fraction,
positron emission tomography
(PET), echocardiography for wall motion, and single photon emission
computed tomography (SPECT)
imaging for reversible perfusion defects have been used. Earlier studies
made use of RVG and PET, but due
to high cost and low availability
newer methods are now employed.
SPECT has been used in recent years
to detect perfusion changes induced
by mental stress with high sensitivity, specificity, and reproducibility.36
While mental stress studies are not
yet clinically utilized, the use of
these tools has helped to build evidence that the heart's reaction to
laboratory mental stress has serious
prognostic consequences in patients
with and without preexisting cardiovascular disease. Sheps et al reported in 2002 that patients who develop cardiac ischemia in response to
mental stress have a 3-fold relative
increase in mortality rate compared
with those who do not develop mental stress ischemia.37

PATHOPHYSIOLOGY
The physiologic response to mental
stress includes changes in heart rate,
blood pressure, and peripheral re-

sistance. A recent study by Strike et
al38 found that in comparison with
healthy controls, patients with CAD
have a greater increase in systolic
blood pressure and heart rate during mental stress. They also found
that the increases in heart rate corresponded with higher subjective
stress and depression scores.
Certain hemodynamic changes imply that the physiology of mental
stress–induced ischemia is different
from that of exercise-induced ischemia. Because of the lower heart
rate that is present during mental
stress testing compared with exercise stress testing, some researchers
believe that episodes of mental
stress ischemia display a different
balance between cardiac supply
and demand than that induced by
exercise.39 Some studies reveal that
although the cardiac demand may
be lower, the cardiac supply may
be decreased due to coronary constriction or dysfunction of the myocardial microcirculation.40,41
Recent studies report that the presence of mental stress ischemia is a
better predictor of having ischemia
during Holter monitoring than during exercise. Because most ambulatory ischemic events occur at relatively low heart rates and during
rest or light physical activities,39 it
better simulates the silent ischemia
brought on by daily stress. The clinical implication is that mental stress
testing may be an effective tool in
identifying those patients who experience mental stress ischemia
during their daily lives.
In contrast to the gradual increase
in intensity seen with physical exercise, mental stress is introduced
suddenly. In fact, the maximal hemodynamic changes in mental stress
testing are observed close to the
onset of the stressor.42 The endothelial vessel wall experiences an in-
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crease in shear stress with sudden
increases in heart rate and blood
pressure. These hemodynamic forces
stimulate endothelial nitric oxide
and prostaglandin I2 release. In arteries affected by cardiovascular disease nitric oxide and prostaglandin
release is decreased. This increases
susceptibility to platelet adhesion
and aggregation.43 Therefore, hemodynamic and thrombogenic responses to mental stress may increase
the likelihood of cardiac events in
patients with CAD.
Autonomic control of the heart rate,
measured as heart rate variability,
supplies information about the relative balance of sympathetic and
parasympathetic tone. Some studies suggest that depressed patients
exhibit parasympathetic withdrawal,
which manifests as decreased heart
rate variability.44 Because depressed
patients tend to have low heart rate
variability,44 they are more susceptible to malignant cardiac arrhythmias and sudden death.45
Atherosclerosis is central to the
development of acute MI. Any process that accelerates plaque or
thrombus formation is an important
risk factor for acute coronary syndrome. The normal cardiovascular
system has safeguards in place to
prevent excessive thrombus formation.46 However, certain nontraditional risk factors may moderate intrinsic antithrombotic activity. For
example, one study reports a lower
platelet-aggregating time and higher levels of platelet factor 4 and
β-thromboglobulin in angina patients than in healthy controls subject to mental stress.47

TREATMENT OPTIONS
A variety of intervention trials have
attempted to find a relationship
between participation in a stressreducing intervention and incidence
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of adverse clinical events. Past intervention methods have included
cognitive therapy, support groups,
and meditation. The Enhancing Recovery in Coronary Heart Disease
Trial48 examined whether treating
depression and low social support
early after an acute MI would reduce
death and recurrent nonfatal infarctions. They reported that post-MI
patients receiving cognitive-behavioral treatment did not have lower
survival rates at 6 months than postMI patients who did not receive
therapy. Because there are so few
studies examining the effects of psychological treatment on cardiovascular disease, more work needs to
be done in this area before any conclusions can be drawn.
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Extensive research suggests that
moderate alcohol consumption lowers the risk of atherosclerotic cardiovascular disease (CVD) by 20%.
However, this benefit requires serious qualification: it does not cover
nonatherosclerotic CVD; it applies
to no more than two drinks daily in
men and one in women; it is confined to those aged 60 and over
with, or at increased risk of, atherosclerotic CVD; and even in this category, it is not so clear-cut as to
warrant recommending therapeutic
use of alcohol in abstainers. Elsewhere, in the population at large,
the benefit-risk ratio even in strictly
medical terms is resoundingly negative, notably in women, due to
greater bioavailability and the doseresponse association with breast
cancer, and in younger adults in
whom any level of alcohol consumption may increase coronary
calcification.
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T

he title of this paper poses
three separate questions: recommendations to the individual patient, recommendations to the general public, and the
risk-benefit ratio. Answering these
questions first requires a focused
view of the research in this area. We
will review observational studies,
experimental studies, and address
the implications for the individual
patient and the general public separately.

OBSERVATIONAL
STUDIES
The large body of research on the
relation of alcohol consumption to
cardiovascular disease (CVD) has
produced reasonably consistent results. First, moderate consumption
of alcohol, defined as 1 to 2 drinks
per day, is associated with a reduced
risk of CVD from atherosclerotic
causes, in particular coronary heart
disease, stroke, and peripheral arterial disease.1-3 Although individual studies show considerable variation, this risk reduction averages
around 20%. Despite widespread
opinion to the contrary, studies within defined populations show that
the effect size does not differ for red
wine, white wine, beer, or spirits.4
However, the apparently greater
benefit for wine in ecologic studies
across populations5 suggests that
the differential manner in which
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wine is consumed compared with
other alcoholic beverages (sipped,
with meals) may be a healthier way
to consume alcohol.6 It is important
to note that consumption of alcohol
is not protective for nonatherosclerotic cardiovascular diseases, such
as arrhythmias, cardiomyopathy, and
hemorrhagic stroke. In fact, alcohol,
especially at higher doses, but even
in moderate doses, may lead to or
exacerbate the latter conditions.7
Second, alcohol consumption at
levels beyond 2 drinks per day does
not produce additional benefit. In
fact, consumption at higher levels in
several studies is typically associated with increased cardiovascular
risk and virtually always associated
with increased risk of several nonCVD end points, including liver disease, cancer, accidents, and violence.8 In addition, total mortality
begins to increase sharply at more
than 2 drinks per day. Thus, there
is a U-shaped relationship between
alcohol consumption and both total
cardiovascular and noncardiovascular outcomes. This is illustrated by
Figure 1, from a prospective study of
276 802 men followed for 12 years.8
Although there is some benefit for
coronary mortality even at higher
levels of drinking, it is clear that the
full benefit is achieved at a single
drink per day. Above two drinks per
day, mortality from other causes,
including cerebrovascular disease,
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between alcohol consumption and
total mortality in 14 cohort studies.14
Note again that a benefit for total
mortality is limited to 2 drinks or less
per day in men, but that in women
the benefit is limited to 1 drink per
day or less. This reflects on average
greater bioavailability in women for
the same dose of ethanol,15 as well
as the known dose-response association between alcohol and breast
cancer in women.16

All causes
Coronary heart disease
Cerebrovascular disease
Cancer
Accidents and violence

1.8
1.6

RR

1.4
1.2
1
0.8
0.6
0

0.5

1

2

3

4

5

EXPERIMENTAL
STUDIES

6

Drinks/day
Figure 1. Alcohol drinks per day and relative risks (RR) of all-cause and cause-specific mortality
over 12 years in American Cancer Society prospective study of 276 802 men aged 40 to 59 years.
RRs adjusted for age and smoking habits.
Modified from reference 8: Boffetta P, Garfinkel L. Alcohol drinking and mortality among men
enrolled in an American Cancer Society prospective study. Epidemiology. 1990;1:342-348. Copyright © 1990, Lippincott Williams & Wilkins.

cancer, and accidents and violence,
steadily increases, leading to an increase in total mortality, which is
after all the bottom line. The large
number of subjects and extended
length of follow-up make these data
particularly useful. Similar findings
are found in cross-cultural ecologic
studies, where the "French paradox" for wine consumption holds for
coronary mortality, but not for total
mortality.5

terol.13 While men and women at
low risk of atherosclerotic CVD cannot benefit from alcohol consumption, they are nonetheless subject to
harm from it. The difference in outcomes between men and women is
particularly noteworthy. Figure 2
shows the results of a pooled analysis of the sex-specific association

1.6

Men
Women

1.5
1.4
1.3

RR

Third, the benefit is limited to individuals at increased risk of atherosclerotic cardiovascular disease. By
definition, a cardioprotective factor
cannot produce a significant benefit
unless there is a significant underlying risk. Thus, we would expect
little benefit in younger and lowerrisk individuals, and in fact the data
support no benefit in anyone below
the age of 60.9,10 In addition, in
some studies, benefit is limited to,
or particularly noticeable in, subjects with known high baseline risk
such as more than one CVD risk factor,10 diabetes,11 the metabolic syndrome,12 or elevated LDL choles-

In observational studies, alcohol
consumption is associated with
mostly favorable differences in CVD
risk factors.17 Clinical trials looking
at the short-term changes with alcohol on these potential mediators
of the alcohol effect by and large
confirm these associations to be
causal.18 While most of these
changes are favorable (eg, increased
high-density lipoprotein [HDL]
cholesterol, decreased thrombotic
factors), some reverse with alcohol
withdrawal,19 and blood pressure
is in fact increased by alcohol consumption.20

1.2
1.1
1
0.9
0.8
None

0-0.9

1.0-1.9 2.0-2.9 3.0-3.9 4.0-4.9 5.0-5.9

6.0+

Drinks/day
Figure 2. Relationship of usual alcohol intake to all-cause mortality, derived from a pooled analysis
of 14 cohort studies. RR, relative risk.
Modified from reference 14: Holman CD, English DR, Milne E, Winter MG. Meta-analysis of
alcohol and all-cause mortality: a validation of NHMRC recommendations. Med J Aust. 1996;164:
141-145. Copyright © 1996, The Medical Journal of Australia.
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Although observational data on CVD
events and clinical trial data on alcohol's effect on CVD risk factors are
informative, particularly when carefully analyzed, we should rely to the
extent possible on data from randomized controlled trials on CVD
events in making policy recommendations for preventive or therapeutic
strategies. In the area of alcohol,
this presents a conundrum. There
are no randomized trials of alcohol
consumption with an end point of
CVD events, nor are there likely to
be any. Such trials would be difficult to conduct, and of limited value
when completed. A true placebo
control is not possible, and maintenance of consumption in the experimental (say 2 drinks per day) and
in the control (abstinence) groups
would be difficult in a randomized
study over even a short follow-up,
let alone a long one as required in
CVD event trials. Thus, in terms of
data on CVD events we are limited
to inferences from observational
data in formulating recommendations. Multivariate analyses of observational data evaluating potential
biologic pathways have shown that
a beneficial effect of alcohol on CVD
events is likely mediated at least in
part by increased HDL cholesterol,1
and a hazardous effect of higher
levels of alcohol is mediated by increased blood pressure.21 Such observations strengthen the likelihood,
but do not guarantee, that alcohol
in light-to-moderate amounts is
causally protective for atherosclerotic CVD.
However, we should remain cautious since we lack truly definitive
evidence. The lesson of hormone replacement therapy in women comes
to mind. Just a few short years ago
there was general consensus that
restoring estrogen in women after
the menopause reduced CVD risk,
and there was evidence this effect
was mediated by the known causal

effect of estrogen in raising HDL
cholesterol and lowering low-density lipoprotein (LDL) cholesterol.22,23
Despite sophisticated statistical
control for potential confounding
variables in observational studies,
recent clinical trials have proved the
consensus was wrong. Not only is
there no protection, but estrogen
therapy actually increases the risk
of atherosclerotic CVD, including
coronary disease and ischemic
stroke.24,25 In addition, recent evidence in younger adults indicates
that any level of alcohol consumption is associated with an increase
in coronary calcification,26 a potent
risk factor for CVD events. The observational findings for light-to-moderate alcohol use seem less likely to
be spurious than those for estrogen
replacement, primarily because favorable changes in risk factors, such
as inflammatory factors, are present more often with light-to-moderate alcohol consumption than with
estrogen therapy,27,28 although again
the beneficial associations for alcohol are limited to light-to-moderate consumption.27 Nonetheless,
any recommendations about alcohol
consumption should consider the
(unlikely) possibility that the observational associations are artifactual.

WHAT IS THE BEST
METRIC FOR THE
RISK-BENEFIT RATIO?
All of the above studies of CVD
events base their conclusions on
morbidity and mortality rates in
populations. In order to have adequate power, studies typically have
an older minimum age requirement.
Thus, study participation is predicated on survival to the minimum
age for inclusion. CVD events occur
disproportionately in older (and
higher-risk) adults, and the observed
benefit from moderate alcohol consumption is largely at older ages.
Let us consider a different metric,
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and focus instead on the age range
from birth up to the average life
expectancy, 75 years. Rather than
simply mortality rates, let us use a
measure that takes into account
the potential years of life lost (PYLL)
from a given fatal disease event. In
PYLL analyses, a death at age 40
results in 35 PYLL, while a death at
age 70 only results in 5 PYLL. Thus,
an earlier demise is weighted more
heavily than a later one.

Figure 3 shows the data for men for
PYLL in 1990 in Canada, and Figure 4 shows similar data for women.29 Note that in men, while coronary disease is the leading cause
of PYLL, motor vehicle crashes and
suicide are close behind. Both of
the latter outcomes are positively
linked to alcohol consumption, and
together are associated with about
50% more PYLL than coronary disease. Other alcohol-linked outcomes
also make significant contributions
to PYLL in men, including HIV infection, stroke, cancer of the large
intestine, cirrhosis, and homicide.
In women, both breast cancer and
motor vehicle crashes contribute
more PYLL than coronary disease.
Suicide, stroke, cancer of the large
intestine, homicide, and cirrhosis
also contribute substantially to PYLL
in women. Using the PYLL metric
as opposed to event rates gives us
a better understanding of the overall contribution of alcohol to unfavorable outcomes in populations.

WHAT DO WE
RECOMMEND TO
INDIVIDUAL PATIENTS?
We can see from the above review
that whether the benefits outweigh
the risks depends on the patient.
Whether the practitioner is a cardiologist, other specialist, or generalist, there is only one group of patients that could potentially benefit
from light-to-moderate alcohol con-
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Figure 3. Rates of potential years of life lost (PYLL) before age 75, by cause of death, males,
Canada, 1990.
Modified from reference 29: Wilkins K, Mark E. Potential years of life lost, Canada 1990. Chron Dis
Can. 1992;13:111-115. Copyright © 1992, Minister of Public Works and Government Services Canada.
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fold, and primarily genetic, since
concordance in monozygotic twins
is twice that of dizygotic); experience
with alcohol abuse in relatives or
friends; a medical contraindication;
a religious, ethical, or moral objection; and dislike of the taste of alcohol or the feeling of intoxication. In
which of these abstainer groups
would you feel comfortable recommending beginning to drink? Abstaining patients with a history of
abuse have been documented to
use such a recommendation as an
excuse to return to drinking and
then alcoholism. Thus, in the clinical
setting, the practitioner is ethically
essentially limited to discussions
encouraging alcohol consumption
with nondrinking patients or patients considering quitting drinking
who are at high risk of atherosclerotic CVD and known to have neither
a personal nor family history of
abuse. This is a small target group
indeed.

WHAT DO WE
RECOMMEND TO THE
GENERAL PUBLIC?
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Figure 4. Rates of potential years of life lost (PYLL) before age 75, by cause of death, females,
Canada, 1990.
Modified from reference 29: See Figure 3 caption.

sumption, ie, patients at high risk
of, or with known, atherosclerotic
CVD. But even in this group, recommendations need to be carefully
considered. If the patient already
consumes alcohol, there is rarely an
occasion to suggest increased consumption, since the maximum ben-

efit is obtained at a single drink
per day. Should a nondrinker in this
high-risk group ever be told to start
drinking? Consider the reasons why
patients are nondrinkers. Reasons
include a personal history of alcoholism; a family history of alcoholism (the risk of alcoholism is four-
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In theory, the question here is not
really so different from that for the
individual patient, ie, there may be
benefit for persons at high risk of
atherosclerotic CVD and low risk of
abuse. However, such messages
translate poorly at the population
level. The heaviest drinking is done
by younger persons,30 who may be
susceptible to the suggestion that
alcohol is "good for your heart." The
alcohol industry advertises extensively in the media, and the ads typically feature young persons partying. The young have nothing to gain
and everything to lose by beginning
or increasing drinking. Although the
alcohol industry has strongly supported “responsible drinking,” they
also know that since about 8% of
the United States adult population
are alcoholics, it is mathematically
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inevitable that about half the alcohol production is consumed by
alcoholics.31 They thus have an
economic conflict of interest.
Thus, the most appropriate recommendation to the general public is
rather simple—alcohol is a dangerous drug. If this conclusion seems
oversimplified, consider what the
situation would be if alcohol were
a newly discovered pharmacologic
agent showing favorable effects on
HDL cholesterol and selected other
CVD risk factors, and clinical trials
were conducted with the aim of a
new drug indication for cardioprotection. Clinical trials would report
favorable effects on risk factors, but
in addition a uniform dose-dependent suppression of coordination
and cognitive function, with severe
psychosocial dysfunction in some
subjects. Given availability, about
8% of subjects in these trials would
develop profound addiction with
devastating consequences for themselves, their families, and occasionally innocent strangers. Despite the
fact that most subjects in these trials would have no problems and
would probably receive some cardioprotection, there is no chance a
regulatory body such as the United
States Food and Drug Administration (FDA) would ever grant approval
to a drug with this profile. The riskbenefit ratio would surely disqualify it for licensure. This simple fact
should be kept in mind when making any recommendations concerning alcohol consumption.
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Plants and the Heart
Coca, barley, and the giant reed:
the discovery of local anesthetics and their use in cardiology
Arthur Hollman, MD, FRCP, FLS
Department of Cardiology - Conquest Hospital - Hastings - East Sussex - TN37 7RD – UK

bout 30 important
of Gottingen in 1860. It was then
modern medicines,
used as a mild stimulant, rather
completely assessed
like caffeine, and a report that
by proper clinical trials,
it had helped Bavarian soldiers
owe their origin in one way or
to counter fatigue led Sigmund
another to plants. Sometimes,
Freud to investigate its properties.
as with quinidine, the drug is acDuring one of his experiments,
tually contained within the plant,
a subject tasted the compound
and on other occasions, as with
and found that cocaine numbed
amiodarone, it was investigation
his tongue, and he mentioned
of a plant compound that led to
this to one of Freud’s assistants,
the synthesis of a related, but betKarl Koller, an ophthalmologist.
ter drug. So we may ask ourselves
Koller had been searching for a
the question “How were the plants
topical anesthetic for eye surgery,
that yield good medicines disand in 1884 he reported the great
covered in the first place?” Quite
value of using cocaine for eye
often the answer is in folk medioperations. The search then began
cine, long continued trial and
for a cocaine analog that would
error in the community having
be a safe nonirritant injectable
identified a plant such as the
local anesthetic, and after many
opium poppy as having useful
attempts by himself and others,
healing properties. But folk mediAlbert Einhorn of Munich procine is not the only source. Valuduced procaine in 1910. Howevable discoveries have been made
er, procaine was rapidly metabofrom veterinary medicine, from
lized and, finally, in the 1950s,
large-scale screening programs
this problem was solved by the
Figure 1. Botanical illustration of the coca plant, Erythroxylon
of plant extracts, from observaintroduction of procainamide.1
coca L. Source not identified. All rights reserved.
tions by patients themselves,
The coca plant is a member of the
from physicians, and from research
(lignocaine) was found from a chemismall tropical family Erythoxylaceae,
in organic chemistry. It is these last
cal investigation of chlorophyll-defecwhich has no other species with medavenues of discovery that concern us
tive mutants of barley.
ical uses. Coca leaves dried and powhere, because the local anesthetic
dered and mixed with lime are used
action of cocaine was found during a
COCAINE
orally by people in South America to
psychiatric study, while lidocaine
The coca plant, Erythroxolon coca L,
combat fatigue, and allegedly the leaf
was sacred to the Incas of Peru, and
helps to maintain a good level of
Address for correspondence:
an account of its properties was pubblood glucose in spite of a poor diet.
Dr Arthur Hollman,
lished in Seville by Nicholas Mondares
Coca-Cola®, introduced in 1886, con“Sea Bank” Chick Hill Pett, East Sussex,
TN35 4EQ, UK
tained cocaine in the form of coca leaf
in 1565 (Figure 1). Pure cocaine was
isolated much later by Albert Niemann until 1902. Nowadays cocaine has led
Dialogues Cardiovasc Med. 2005;10:109-112
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to a pernicious form of drug addiction with 13 million addicts
consuming over 800 metric tons
per annum worldwide.

compounds only by the addition
of an extra methyl group in the
6 position of the benzene ring
(Figure 3). This was Xylocaine,
and clinical trials in Stockholm
at the Karolinska Sjukhuset led
LIDOCAINE
to it being available in 1948 for
It is probably safe to say that withgeneral use and marketed by
out the purely academic research
Astra. It was entered under that
of a chemist, lidocaine would
name in the British Pharmacopeia
never have been discovered, esin 1955, but its generic names
pecially since it has nothing to do
became lignocaine in the UK and
with the development of cocaine
lidocaine in the USA. Gramine
analogs. The story starts in 1933
had been isolated by Russian
when Professor Hans von Euler of
chemists in 1935, and called by
the University of Organic Chemthem donaxine, from the giant or
istry in Stockholm (Nobel prize
Asiatic reed Arundo donax L,
which they investigated because
1929) pioneered a new concept
it had been noted that grazing
when he sought to identify chemcamels refused to eat it! (Figical differences between genetiure 4) This plant is the “reed” of
cally different types of plant. For
the Bible and it is used to make
his first study, he chose four
clarinet and organ reeds. The
chlorophyll-deficient mutants of
plant family Gramineae is now
barley, Hordeum vulgare L, which
he obtained from the famous
called Poaceae (all family names
for plants now have to end in
Swedish plant geneticist H.
aceae ). It is a huge family with
Nilsson-Ehle (Figure 2). Extracts
Figure 2. Botanical illustration of barley, Hordeum vulgare L.
of two of them showed UV ab9000 species and of great imporThis is not the chlorophyll-deficient mutant.
sorption bands typical for indole
tance to man, containing rice,
Reproduced from: Prof Dr Otto Wilhelm Thomé. Flora von
derivatives, and he isolated the
maize, wheat, barley, oats, and
Deutschland, Österreich und der Schweiz. 1885, Gera, Germany.
compound responsible for these With kind permission from Kurt Stüber, Max-Planck Institut für
sugar cane, among others, but
bands, which he called “gramine” Züchtungsforschung. © 1999.
none contain therapeutic comafter the name of the plant family
pounds—indeed, as we have
Gramineae. On elemental analysis it
noted, the actual barley compound
Löfgren, prepared a number of analogs,
was C11 H14 N2 with a spectrum simgramine is inactive medically. Plants
which were tested by Ulf von Euler
ilar to that of 2-methylindole.2 His asin the family range from humble lawn
(Nobel prize 1970) with the support of
sistant Holger Erdtman was given the
grasses to giant bamboos.
the Astra company.3 But the compounds were too irritant to use as a
task of synthesizing the compound
local anesthetic and it was not until
and having done so he was disappointEARLY USE OF PROCAINE
some years later that Löfgren took up
ed that his compound, 2-dimethylIN CARDIOLOGY
the work again. This time, in 1943, he
aminoethylindole, was not gramine.
While everyone knows about lidocaine
succeeded in producing an excellent
It was in fact an isomer of gramine
in arrhythmias, it is not well known
compound that differed from one
and was named isogramine. Chemists
that the use of local anesthetic agents
of the original Erdtman and Löfgren
would often taste a new compound
in cardiology goes back
and when he did so
a long way. In the early
Erdtman found that isoCH3
1930s, Dr Claude S. Beck
gramine numbed his
CH3
CH3
N
CH3
O
CH3
was undertaking piotongue, which gramine
N
N
CH3
N
N
N
CH3
neer cardiac surgery at
did not. Using the startH
H
H
CH3
the Lakeside Hospital
ing material of his isoGramine
Isogramine
Lidocaine
in Cleveland, Ohio. He
gramine synthesis,
was doing pericardial
Erdtman and a young
Figure 3. Chemical formulae of gramine, isogramine, and lidocaine (lignocaine,
resection for constricchemistry student, Nils xylocaine).
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tive pericarditis, an operation first
performed in 1913 by Ferdinand
Sauerbruch and reintroduced in 1928,
and also attempting to revascularize
the heart by suturing a pedicle graft
of pectoralis muscle onto the left ventricle. However, arrhythmias during and
after surgery, including ventricular
fibrillation, presented an important
problem, which was investigated experimentally by Dr Frederick R.
Mautz. He chose drugs in the cocaine group because they were
readily absorbed from mucous
membranes and were already
known to have some effect on the
myocardium. Mautz showed that
cocaine produced a monophasic
action current in the epicardial
electrogram and that it prevented
extrasystoles when the heart was
stimulated electrically. Beck put
procaine hydrochloride into the
pericardial sac, with some benefit.4

intracardiac lidocaine enabled a seventh shock to restore sinus rhythm.5
Lidocaine was soon found to be very
When Xylocaine, as it was then known,
effective for ventricular, but not for
came onto the market in 1948, its
atrial arrhythmias. The development
main use was as a very effective local
of coronary care units (CCUs) from
anesthetic, especially for dental sur1962 onwards gave a great impetus to
gery, but it was not long before its value the study and management of arrhythin cardiology was appreciated with a
mias with acute myocardial infarction
paper in 1950 by J. L. Southworth et al.
(MI), and it was shown by D. G. Julian
et al in 1964 that ventricular ectopic beats, especially if they
were of the R on T variety often
presaged the onset of VF, but
that in some cases, especially if
the VF developed early, there was
no warning.6 From an analysis of
600 patients, D. M. Lawrie et al
showed that although the risk of
VF was greatest in the first few
hours after the start of symptoms,
when VF developed early in the
course of infarction it was seldom
preceded by warning arrhythmias.7 In 1967, B. Lown et al pubHowever, the short life of intralished a very influential paper
venous procaine due to metabolbased on 130 patients in a CCU,
ism by esterase enzymes in the
of whom 78% had ventricular arblood, plus a high incidence of
rhythmias. If they were of a cercentral side effects, made it a
tain type, lidocaine was given to
nonstarter for the treatment of
suppress them, and no patient
arrhythmias. Fortunately, the fordeveloped primary VF. There was
mulation and introduction in
no statement as to how soon
1951 of procainamide, which was
after the onset of symptoms the
enzyme-resistant and active by
treatment was given, nor about
mouth, overcame these probthe number of patients treated.
lems, and the drug became wideLown wrote, “For the first time, it
ly used both acutely and chronihas become materially possible
cally for atrial and ventricular arto reduce death resulting from
rhythmias. Nevertheless, after it
arrhythmias in hospitalized pawas found that about 80% of
tients with acute myocardial inFigure 4. Botanical illustration of the giant, or Asiatic, reed,
patients developed antinuclear
farction.” 8 This practice was enArundo donax L.
thusiastically adopted in many
factor (ANF) antibodies and 30%
Reproduced from: Prof Dr Otto Wilhelm Thomé. Flora von
hospitals, overlooking the fact
got the systemic lupus erytheDeutschland, Österreich und der Schweiz. 1885, Gera, Germany.
that most of the deaths from
matosus (SLE) syndrome, proWith kind permission from Kurt Stüber, Max-Planck Institut für
primary VF occur early without
cainamide had to be withdrawn Züchtungsforschung. © 1999.
warning arrhythmias. It was true
for the long-term prevention of
They reported an adult with congenithat lidocaine would abolish about
arrhythmias. Currently, it is hardly
tal heart disease in whom ventricular
90% of frequent ventricular extrasysused, though it does have one interfibrillation (VF) developed during
toles with acute MI,9 and an overview
esting application in that it can unin 1988 from 14 randomized trials
right heart catheterization. Although
mask the typical electrocardiogram of
showed that prophylactic lidocaine
six electrical countershocks over a pethe Brugada syndrome when this is
reduced the odds of VF by about one
riod of 40 minutes proved ineffective,
initially absent.
THE RISE AND FALL
OF LIDOCAINE
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third.10 However, it was also the case
that this treatment increased the odds
of early death by one third: patients
given lidocaine were dying from asystole.10 Carruth and Silverman questioned the use of prophylactic lidocaine. They analyzed 2200 admissions
to their CCU (1200 were later documented as having acute MI) and if
lidocaine had been given routinely to
all, irrespective of arrhythmias, it would
have been of no use in the 97% who
did not develop VF.11

4. Beck CS, Mautz FR.

The control of the heart beat by the surgeon.
Ann Surg. 1937;106:525-537.
5. Southworth JL, McKusick VA,
Pierce BC, Rawson FL.

Ventricular fibrillation precipitated by cardiac
catheterization.
JAMA. 1950;143:717-720.
6. Julian DG, Valentine PA, Miller GG.

Disturbance of rate, rhythm and conduction
in acute myocardial infarction.
Am J Med. 1964;37:915-927.

Prophylactic lidocaine is now no longer
used for the prophylaxis of VF in acute
MI and the main indication for lidocaine is for its very effective termination of episodes of ventricular tachycardia. It is not recommended for
out-of-hospital prophylaxis of ventricular arrhythmias in suspected acute MI.
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Ventricular fibrillation complicating acute
myocardial infarction.
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The influence of dietary fats on serum lipid levels in man
E. H. Ahrens, J. Hirsch, W. Insull, T. T. Tsaltas, R. Bloomstrand, M. L. Peterson
Lancet. 1957;1:943-953

O

ne of the most striking aspects of this seminal paper is the quality of the research presented, and the profound questions that are
raised about the fundamental influence of
the quantity and quality of dietary fats upon
the serum lipid profile. Therefore, this work provided the
cornerstone for many of the investigations, which will be
described later. A second remarkable feature is the fact that
experiments were performed with human as opposed to
animal subjects, and their rigorous basic design is replicated in much of the later work in this field.

the lipid levels would show a good correlation, such that
higher iodine values corresponded with lower cholesterol
levels. However, what was less clear was whether the lipidlowering effect was due to unsaturated fats in general or
to a specific variety of unsaturated fat, because the study
oils used were so heterogeneous, and pure fatty acid synthesis was prohibitively expensive. Pursuing a similar line
of enquiry, however, using partially hydrogenated corn oil
to produce a greater proportion of saturated fat, did not
lead to firm conclusions in the 3 patients that were studied, although there was a tendency for the saturated fat
diet to lead to higher serum cholesterol.

The authors summarize a number of different studies to
clarify the influences of dietary fat. Fundamental to all is
the principle of each study subject consuming a liquid diet
with varying proportions of protein (15%), fat (40%), and
carbohydrate (45%), while maintaining a constant calorific
intake and body weight throughout the study period, which
varied from 4 to 6 months. By feeding the subjects on corn
oil in the first part of their dietary regimen, a steady state
of serum cholesterol level was achieved for any given individual, and was therefore used as a baseline for comparison.

The next stage of investigation was based on the finding
that the higher cholesterol levels were observed in the
saturated fat-fed groups, but these fats also happened to
have short to intermediate carbon chain lengths. Therefore,
2 subjects were fed butter and cocoa butter, containing
short- and intermediate-length chains, respectively, but
each having near-identical iodine values. The results suggested that the shorter carbon length properties of the
butter diet led to higher serum cholesterol.

The first of theses studies describes an investigation into
why a diet of corn oil might be responsible for the observed
reduction in total serum cholesterol. The first question
asked is whether the fall is due to the absence of elevating
factors or to the presence of lowering factors, but previous
work by their group had established that the addition of
extra-dietary cholesterol would not lead to a rise in serum
cholesterol. Therefore, the next issue was to determine
which constituent of the corn oil was the cholesterol-lowering factor. Studies manipulating the proportion of the
nonsaponifiable, ie, nonglyceride fraction of corn oil without significant changes in the cholesterol-lowering effect
led to the suggestion that the glycerides themselves were
the cholesterol-lowering factors.

The authors concluded after these fascinating experiments
that modification of food habits, even for those most at
threat from atherosclerosis, was not recommended until a
more complete understanding of dietary fat and serum
cholesterol was obtained, as many aspects remained unexplained. However, the contribution of this study to focusing the direction of future investigations is unmistakable.

1957
The Pulitzer biography prize is awarded to
John F. Kennedy for his book “Profiles in Courage”;
Great Britain performs atmospheric
nuclear tests at Christmas Island; and
Joseph R. McCarthy, the driving force behind the
anticommunist crusade in the US, dies

The next part of the investigation therefore focused on the
components of the fatty acid fraction. The authors found
that by varying the proportion of fats with a higher iodine
value, ie, those with more double bonds (unsaturated fats),
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Prediction of serum cholesterol responses of man to changes
in fats in the diet
A. Keys, J. T. Anderson, F. Grande
Lancet. 1957;2:959-966

T

his paper is remarkable for several reasons.
Firstly, it sets out to achieve what at first sight
appears to be a near-impossible task, that is,
to demonstrate a method for predicting serum
cholesterol changes from the dietary source.
Secondly, where previous and subsequent studies had
sought to compare formula (usually liquid) diets with each
other, this study attempts to measure the effects of test
fatty acids within so-called “ordinary” diets. Astonishingly,
the test subjects include exclusively schizophrenic patients in the American arm of the study (whose consent to
participate was obtained from their “nearest relative”), as
well as coalminers of Japanese nationality in the second
arm, bearing in mind that the Second World War had finished a little over 10 years previously. Finally, having expended considerable time and resources in the execution
of the study, much of the discussion centers upon reasons
why the “predictive” model serves very limited use outside
the strict experimental parameters! The authors argue
that lowering any type of fat ingested, whether animal or
vegetable, may have significance.

may alter serum cholesterol, than they are in providing the
means to construct equations that describe the relative
influences of saturated, monoethenoid and polyethenoid
fats upon serum cholesterol. Consequently, there is relatively little emphasis on the finding that saturated fatty
acids (S) with carbon chains longer than 10 have nearly
twice as much potential to raise serum cholesterol as the
cholesterol-lowering effect of an equal mass of polyethenoid
fats (P), and monoethenoids (M) are deemed to exert an
almost neutral effect. Instead, there is a complicated, and
occasionally baffling analytical process that results in a
series of regression equations that describe a surprisingly
linear relationship between the fatty acid variables mentioned expressed as calorific values and changes in serum
cholesterol:
∆Cholesterol = 2.76∆S + 0.05∆M –1.35∆P –1.68.

However, with the intention of simplifying further the analysis of any particular diet to determine its effect upon serum
cholesterol, a mathematical relationship is constructed
using the total iodine value as a measure of the average
saturated fat content of a diet, although the predictive
value of the resulting regression equation is less than that
achieved with the previous model when any individual
participant’s data is subjected to the equations; rather, these
equations are better at predicting values for a group than
an individual.

Groups of between 12 and 27 men were given caloriebalanced diets, which were controlled so that each was
maintained for 4 weeks on “normal” diets (composition
not specified). They were subsequently fed for between 2
to 9 weeks on each of 2 to 6 diets that differed in their fat
content (between 9% and 44% of total calorie value of the
diet), with the experimental fats comprising approximately
75% of the total fat content. The study fats included butterfat, hydrogenated coconut oil, olive oil, cottonseed oil,
corn oil, sunflower seed oil, safflower oil, sardine oil, and
the mixed food fats of an “ordinary” American diet.

Although ultimately flawed, this study provided a benchmark for future attempts to create a regression model for
predicting changes in serum cholesterol.

1957

The authors are careful to indicate that an analytical method
of predicting the cholesterol response will depend crucially
upon the reliability of the assay used to measure cholesterol, and they provide a measure of the error by repeating the assay on duplicate samples for each blood test.

The USSR launches Sputnik 2,
containing Laika, the dog;
the remains of Captain Bligh’s ship
“The Bounty” are found off Pitcairn Island; and
Diego Rivera, the Mexican mural painter, dies

The results that follow are portrayed in a way that is less
focused upon identifying components of a fat diet that
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Quantitative effects of dietary fat on serum cholesterol in man
D. M. Hegsted, R. B. McGandy, M. L. Myers, E. J. Stare
Am J Clin Nutr. 1965;17:281-295

B

oth similarities and striking differences are to be
found between this paper and previous studies
seeking to discover a mathematical prediction
of the effect of dietary lipids upon serum cholesterol. It is remarkable considering the nature of
the patient cohort and the duration of the study. The participants consisted of 2 groups of 10 mostly schizophrenic
men all selected from a psychiatric institution, who were
furnished with experimental diets over a period of 2 years.
They were fed a relatively low-fat diet (after a control period of 4 weeks eating a “usual” American diet) to which a
wide variety of test fats of equal calorific value were added
so that total dietary fat was 22% or 38% to 40% of total
calorie intake, each test period lasting 4 weeks, and alternated with control diets of varying intervals. Dietary cholesterol was also varied by the addition of egg yolk. Despite
the relatively small numbers, by using the same individuals throughout the study period, the authors infer that the
conclusions drawn should be “strong.”

A multiple regression equation was obtained which was
adequate to explain 91% of total cholesterol changes, but
using only the variables of myristic acid (14 carbon atoms,
no double bonds, ie, a saturated fat; [14:0]), palmitic acid
(16:0), polyunsaturated fats and dietary cholesterol; inclusion of other variables did not significantly alter the correlation. The most important of the fatty acid components
affecting serum cholesterol was the saturated fat myristic
acid, whereas palmitic (16:0) and stearic acids (18:0) did not
exert a significant effect. Dietary cholesterol unsurprisingly
showed a linear relationship with serum cholesterol, in
line with most of the current studies, although this finding
was at odds with one previous work. As previously shown,
increasing the polyunsaturated portion lowered serum
cholesterol. Interestingly, the amount of fat consumed,
whether 22% or 40% of total intake, had no influence on
serum cholesterol, but a more accurate prediction could be
made from considering the proportions of different dietary
fatty acids. The authors summarize by suggesting that practical means of lowering cholesterol by diet is to include fats
with a relatively small proportion of myristic and palmitic
acids and cholesterol, and a high proportion of polyunsaturated acids.

They begin by describing the key findings of work published
to date, including the correlation between the degree of
saturation (iodine number) of a fat and serum cholesterol,
the multiple regression equation of Keys linking serum
cholesterol changes with calorific values of mainly saturated and polyunsaturated fats, the conflicting evidence for
polyunsaturated fats and dietary cholesterol, and the relative lack of data for dietary phytosterols, carbohydrates,
and proteins.

The authors conclude with a honest appraisal of the limitations of multiple regression equations, namely, that they
are simply descriptions of the results obtained, and that
the dietary oils act as though their specific fatty acids have
the influence upon serum cholesterol proportional to their
coefficient. However, they do not prove per se that the fatty
acids have these effects.

By collating the data and submitting them to an IBM
machine (presumably the grandfather of modern computers), the investigators obtained 256 equations that represented, with varying degrees of accuracy, a model for
predicting serum total cholesterol using each of 8 dietary
variables (5 different saturated fatty acids, monounsaturated, polyunsaturated fatty acids, and dietary cholesterol.) As in previous studies, changes in the β-lipoprotein fraction paralleled changes in total cholesterol,
although in contrast to earlier studies, the pretest cholesterol levels of individuals did not influence their response
to the test diets.

1965
Folk rock is born when Bob Dylan is booed off
stage at the Newport Folk Festival for using
electric instruments; France’s president De Gaulle
and the Italian president Saragat officially
open the Mount Blanc tunnel; and
death of Japanese writer Junichiro Tanizaki
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Serum cholesterol response to changes in the diet.
IV. Particular saturated fatty acids in the diet
A. Keys, J. T. Anderson, F. Grande
Metabolism. 1965;14:776-787

A

midst the abundance of regression analyses
and equation-solving that characterizes both
this paper and the previous one from this
group that is discussed in these summaries,
there does appear to be at least one clear
conclusion: dietary stearic acid does not have a serum
cholesterol–raising effect. This conclusion is reached, however, not from a specific investigation into the effects of
dietary stearic acid per se, but by an attempt to understand
why the chosen formula relating serum cholesterol changes
to dietary intake of fatty acids does not appear to provide
a reliable estimate in many instances. This formula is:

“S” value prior to calculation; (ii) stearic acid actually has
a cholesterol-lowering effect; and (iii) stearic acid interferes with the cholesterol level–modifying properties of
other fats. The authors then proceed to reanalyze 46 different lines of evidence from several different studies in order
to explore these concepts further.
The remainder of the paper appears to be an exercise in
justifying the validity of the original regression equation,
albeit with sufficient modification to take into account the
various stearic acid diets analyzed. The equations that lead
to the most accurate prediction of serum cholesterol levels
are those that exclude stearic acid from the calculation.

∆ Cholesterol= 1.35 (2∆ S– ∆P) + 1.5∆Z,

where S and P are the percentage of total calories provided
by saturated and polyunsaturated fats, respectively, and
Z 2 = mg of dietary cholesterol per 1000 calories.

The authors conclude that stearic acid is not cholesterolelevating and that, therefore, the other constituents of
saturated fat, chiefly lauric, palmitic, and myristic acids,
have the greatest influence upon raising cholesterol levels.

Previous work by this group led to a derivation of this formula from a rather specific patient population with specific test diets, as described above. The implication of the
formula is that all saturated fats exert an equal effect upon
dietary cholesterol, whereas the coefficient value of S was
derived from mixtures of saturated fats, with possible different dietary effects. Even by exclusion of small carbon
chain length fatty acids, which the authors argue have different physical properties and therefore different metabolic
fates compared with their longer–chain length counterparts,
the effect upon the discrepancies noted by using the formula to estimate serum cholesterol changes is negligible,
presumably because such small-length chains do not occur
in any normal diet.

This paper once again demonstrates the shortfalls in ascribing too great an importance to regression analyses;
each equation is ultimately a description of observed data,
but if the data itself are limited, or if assumptions are made
about the constituent parts of the data that cannot be
validated reliably, then the predictions will be inaccurate.

1965

Attention is then turned to experiments with cocoa butter,
where the largest differences are seen between observed
and expected results using the formula for any particular
diet. The authors indicate that one distinguishing characteristic of this food is its high stearic acid content. Based
on this observation, they suggest that there may be three
explanations why stearic acid analysis leads to higher than
expected errors, which are: (i) stearic acid has a neutral
effect upon cholesterol and should be subtracted from the

Rhodesian Prime Minister Ian D. Smith
unilaterally proclaims independence from Britain;
Ferdinand Marcos claims victory in the Philippines
presidential election; and Joseph Mobutu
deposes Congo President Joseph Kasavubu
and installs himself as the head of state
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The Seven Countries Study: 2289 deaths in 15 years
A. Keys, A. Menotti, C. Aravanis, H. Blackburn, B. S. Djordjevic, R. Buzina, A. S. Dontas,
F. Fidanza, M. J. Karvonen, N. Kimura, et al
Prev Med. 1984;13:141-154

E

pidemiological studies such as this rely on a long
duration of follow-up (in this case 15 years) to
obtain significant results, a period made all the
more poignant in this case by the fact that two
of the authors died before it reached publication.
The primary goal was to investigate the causes of death in
men apparently free of cardiovascular disease from the initiation of the study, and potentially use the data to predict
and prevent deaths across various different populations.

free from cardiovascular disease, 2289 died in 15 years,
618 of coronary disease. Systolic blood pressure appeared
to be the only factor on entry to the study that explained
differences in all-cause mortality, although the values of
blood pressure are not specified. For variances among
regions in coronary death, serum cholesterol and blood
pressure had the most influence. As might be expected,
the coronary mortality risk for individuals was significantly
affected by age, serum cholesterol, blood pressure, and
smoking (number per day unspecified), although somewhat
surprisingly, BMI did not affect risk. Japan was the exception, where too few individuals died of coronary disease
to make an evaluation. Physical activity only had an influence in Southern Europe. Similarly, for all-cause death,
age, blood pressure, and smoking were significant, except
in Japan, and BMI was now a negative risk factor, that is,
the probability of death from all causes decreased with
increasing BMI.

There were 15 cohorts from 7 countries, grouped further
into 4 regions (USA, Northern Europe, Southern Europe,
and Japan). Several risk factors were examined to assess
their contribution for both coronary and all-cause mortality;
these were age at entry, serum cholesterol, systolic blood
pressure, smoking, body mass index (BMI, termed “relative body weight”), and physical activity.
Several problems become immediately apparent with the
study methods and design. Firstly, despite a study population of just over 11500, no women were included. Secondly, the range of ages investigated is relatively narrow
(40 to 59 years). Thirdly, information about arguably the
most important data, the cause of death, was obtained
variously from death certificates, insurance companies, and
from friends and relatives of the deceased. The authors
themselves point out the limitations of such methods, particularly in areas such as rural Japan where coronary artery
disease–related death was a relatively new diagnosis, and
could potentially be missed. Despite stipulating the intention to document causes of premature death, no mention is made of how this might be defined. Crucially, information is lacking about the method of describing how an
individual was deemed to be free of cardiovascular disease
before allowing entry into the study. Finally, the statistical
method used to calculate the probability of death for the
various risk factors was a multiple logistic model derived
by an iterative method described nearly 20 years earlier,
without any apparent validation.

The investigators then used their findings to compare risk
factors for coronary death among regions, and found that
trends in mortality for the USA and northern Europe were
closely correlated, but could be used to predict trends in
Southern Europe, and vice versa. This final point, that different populations may have an intrinsic difference in their
response to coronary risk factors, is perhaps the most important conclusion, but due to the various critical flaws of
study design and methodology it is not clear if this, and
other conclusions, are valid.

1984
Ingmar Bergman’s classic film “Fanny and
Alexander” wins the best foreign film award
at the Oscars; British ice dancing team,
Torvill and Dean, become the first skaters to
receive 9 perfect 6.0s in world championships;
and South-Africa and Mozambique sign a pact
banning support for each other’s internal foes

So despite these limitations, several conclusions were
drawn from the results. Of the 11 579 men deemed to be
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Comparison of effects of dietary saturated, monounsaturated,
and polyunsaturated fatty acids on plasma lipids
and lipoproteins in man
F. H. Mattson, S. M. Grundy
J Lipid Res. 1985;26:194-202

T

his study was published at a time when questions were being raised about the long-term
safety of polyunsaturated fats, and as a result
carbohydrates were being recommended as a
replacement for saturated fatty acids in the diet.
There were, however, even fewer data about monounsaturated fats, whose effect upon plasma lipids was thought
to be neutral. This paper aimed to compare the effects of
saturated, monounsaturated, and polyunsaturated fats
upon the serum lipid profile, represented by palm oil, high
oleic safflower oil, and high linoleic safflower oil, respectively. A small number of individuals (n=20) were given a
rather daunting liquid diet of which 40% total calorific value
was given by these fats, which represented the only fats in
the diet. The relative proportions of carbohydrate and protein were 44% and 16%, respectively. Each diet was consumed for 4 weeks before switching to the next diet, and
the order of the diets was randomized. All but two had
elevated plasma total cholesterol at the beginning of the
study, defined as greater than 200 mg/dL. Twelve had normal triglyceride levels, while the remaining 8 had elevated
levels. These two groups were analyzed separately because
of a presumed disturbance of lipid metabolism in hypertriglyceridemic individuals.

these results were in conflict from the earlier studies by
Keys, who had produced a model for predicting the change
in total cholesterol for a given increase in saturated fats
(an increase in total cholesterol), as well as for a given increase in polyunsaturated fats (leading to a decrease in
total cholesterol). These results, therefore, suggested that
the earlier models were incomplete, and also that a nonlinear response in serum lipids to changes in dietary fats
might exist.
When the 8 patients with hypertriglyceridemia were considered, a significant reduction in total cholesterol was
observed in the polyunsaturate group, but not in the monounsaturate group. By contrast, the monunsaturate
group, but not the polyunsaturate group, produced a fall
in LDL cholesterol. None of the three fat varieties changed
the level of HDL cholesterol in the hypertriglyceridemic
group, although levels of HDL cholesterol were generally
lower.
Therefore, the general conclusion from the paper was that
monunsaturated fats have at least as important a role as
polyunsaturated fats in reducing LDL cholesterol levels
and total cholesterol, whereas a reduction in HDL cholesterol was seen in normotriglyceridemic patients taking
polyunsaturates.

In the group as a whole, both monounsaturates and polyunsaturates produced almost identical reductions in lowdensity lipoprotein (LDL) cholesterol levels (17%) compared
with saturates, but no changes in high-density lipoprotein
(HDL) levels were observed. Similar reductions in total
cholesterol were also observed in these groups compared
with saturates, which was different from previous studies
that had demonstrated a more marked reduction with polyunsaturates compared with monounsaturates. When normotriglyceridemic patients were considered separately, a
significant reduction in HDL cholesterol was seen in the
polyunsaturated group. Within the groups, however, there
was marked variability in HDL cholesterol response, and
the authors emphasize that the small patient numbers
prevent firm conclusions from being drawn. Additionally,
there was no significant reduction in total cholesterol level
with polyunsaturates and monounsaturates. Once again,

1985
Madonna's “Like a Virgin” album reaches number
one in the USA and music charts worldwide;
Desmond Tutu is enthroned as the first black
Anglican Archbishop of Johannesburg; and
Isobel Peron resigns as the head of the
Peronist party in Argentina
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Comparison of monounsaturated fatty acids and carbohydrates
for lowering plasma cholesterol
S. M. Grundy
N Engl J Med. 1986;214:745-748

U

nlike previous studies focusing upon the
comparison between polyunsaturated and
saturated fats, this is one of the first studies
to compare the impact upon plasma lipids
of diets rich in carbohydrate (consequently
low in fat) with those rich in monounsaturated fats. This
study investigated the relative influences of carbohydrates
and monounsaturated fats upon the plasma lipid profile,
in the context of the relatively low rates of atherosclerotic
disease observed in epidemiological studies of Mediterranean diets, despite their relatively high intake of fats in
the form of monounsaturated olive oil. Additionally, the
study also provides a means of considering the established
benefits of a low-fat diet (low rates of coronary heart disease, holding body weight down), against its potential
disadvantages.

fat group had a significantly lower level of total cholesterol
compared with the LDL group. Unsurprisingly, the plasma
triglycerides were raised with the low-fat, carbohydrate-rich
diet, as had been demonstrated by earlier groups, although
the authors argue that the observed fall in triglyceride
levels seen in individuals who have a prolonged carbohydrate-rich exposure from previous studies was not seen
possibly because the 4-week test diet period was too short.
However, the low-fat diet also reduced the level of highdensity lipoprotein (HDL) cholesterol compared with the
other two diets, which had very little effect upon this factor.
As a consequence, the LDL/HDL ratio was significantly
higher in the low-fat group compared with the monounsaturated fat group.
The authors conclude that a high monounsaturated fat diet
can lower the LDL and total cholesterol, together with a
neutral effect on HDL. At the same time, however, this diet
would have similar or more positive effects upon the plasma lipid profile as a high carbohydrate diet, as long as body
weight does not change.

Remarkably small numbers of trial participants were involved (n=11), and with a ratio of 10 men to 1 woman, this
study is thrown into stark relief by modern trials in which
patient numbers run into several thousands with equal sex
distribution before they are taken seriously. These brave
individuals were selected to take part in the trial, which involved consumption of three different liquid diets of equal
energy content, each over 4 weeks, selected in a random
order for each individual. In two of the diets, 40% of the
total energy came from fats and 43% from carbohydrate,
and in the third diet just 20% was from fat, but 63% from
carbohydrate (the so-called low-fat diet.) In the two fatrich diets, the principal fat components differed between
saturated and monounsaturated fats, respectively. The
study was subdivided further into two further categories
based upon whether the saturated fatty acids were composed of short chains (mainly coconut oils), or long chains
(palmitic acid), but as there were no obvious differences
in response compared with the monounsaturated group
and the carbohydrate group, the saturated fats were considered as a whole for data comparison.

1986
Richard Manuel, rock vocalist and pianist
with the “Band,” commits suicide at the age
of 40 years; Jacques Chirac becomes
Prime Minister of the French government;
and “Out of Africa” wins best film
at the 58th Academy Awards

Interestingly, the monounsaturated diet and low-fat diets
both lowered total cholesterol and low-density lipoprotein
(LDL) significantly. In addition, the high monounsaturated
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Effect of dietary stearic acid on plasma cholesterol
and lipoprotein levels
A. Bonamone, S. M. Grundy
N Engl J Med. 1988;318:1244-1248

A

n important question regarding the relative
effects of different saturated fats upon the
serum lipid profile is addressed in this study:
do all saturated fats have a deleterious influence? Two important reasons why this
question needs to be asked at all is that saturated fats are
present in many animal fats, present in most Western diets,
and, secondly, they provide texture in many foods. This
experiment could only have been performed without prohibitive costs in a more modern era where relatively inexpensive synthesis of specific fatty acids was made possible,
which may explain why this issue was not conclusively
dealt with before.

more effective, although this latter finding was not statistically significant. Triglycerides and HDL levels were unchanged with the oleic acid–rich diet when compared with
the other two diets. As expected, the palmitic acid–rich
diet led to higher total and LDL cholesterol compared
with the other two groups.
The investigators also measured the fatty acid composition
of plasma triglycerides and cholesterol esters, and discovered that both the oleic acid–rich and the stearic acid–rich
diet intriguingly led to a rise in oleic acid in plasma compared with the palmitic acid–rich diet, and yet the stearic
acid level in plasma remained unchanged. Some suggestions are made as to why cholesterol is not elevated in
the stearic acid–rich diets. One is that this fatty acid may
be less well absorbed, but this is unlikely as the subjects
did not lose weight while on this diet, and animal studies
have suggested otherwise. Secondly, they hypothesize that
stearic acid is rapidly converted into oleic acid.

The key piece of evidence suggesting a nonelevating effect
of stearic acid (18 carbon atoms, no double bonds [18:0]),
found in a high proportion in fats, such as beef, upon
cholesterol came from Ahrens in 1957, who observed this
phenomenon in the naturally occurring stearic acid–rich
cocoa butter. As other evidence has suggested a cholesterol-elevating effect of palmitic acid (16:0), and a lowering
effect of oleic acid (18:1), these two fats were used as a
comparison with stearic acid in 11 male inpatients of a
metabolic ward. Each subject was given three different diets, respectively containing the three different oils, with
the order of the diets randomized. Each test diet period
lasted for 3 weeks, with a washout period between diets.
As in previous studies, the relative proportions of calorific
value were fixed among diets, such that 40% came from fats,
40% from carbohydrates, and 20% from milk protein, with
a small, fixed cholesterol content of less than 100 mg. The
authors are clear in pointing out that the study fats in each
diet were not the only fats present, such that the stearic
acid–rich diet also contained small amounts of palmitic acid,
and the oleic and palmitic acid–rich diets each contained
a small portion of stearic acid.

The investigators conclude by pointing out the major flaws
in this study, principally that men, but not women, were
enrolled, and, secondly, that the effects observed in artificially created dietary fats should not be extrapolated to
include naturally occurring foods. Thus, the investigation
provides a useful insight both into underlying metabolic
fates of certain fats, and also into potential methods of
modifying manufactured foods to lessen the impact upon
serum lipids.

1988
Chet Baker, the jazz trumpeter,
falls to his death from a hotel window, aged 59;
the Edgar Degas statue “Danseresje van Veertien”
sells for $10 120 000 at auction; and
Soviets begin their phased withdrawal
from Afghanistan

The results showed that the stearic acid diet not only significantly lowered plasma cholesterol, low-density lipoprotein (LDL), and the LDL/HDL (high-density lipoprotein)
ratio, but also produced this effect with as much potency
as the oleic acid–rich diet, with a tendency for being even
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Effects of dietary trans fatty acids in high-density and low-density
lipoprotein cholesterol levels in healthy subjects
R. P. Mensik, M. B. Katan
N Engl J Med. 1990;323:439-445

P

rior to the publication of this paper, there were
reports that drew conflicting conclusions about
the influences of dietary fatty acids upon serum
lipids. This study was designed to investigate
the influence of different varieties of fatty acid
components of a diet. Particular attention is given to the
distinction between cis and trans isomers of oleic acid.
Both contain one double bond, and are by definition monounsaturated, but because the cis isomer has carbon
chains that are oriented in the same direction around the
double bond, crystallization of the molecules is less likely
than with the trans isomer whose chains are pointing in
opposite directions. The differences between the isomers
extend beyond mere molecular geometry, however. Most
naturally occurring fats and oils contain cis isomers, with
the exception being milk fats, which are predominantly
trans isomers. Synthetic oils, by contrast, which are produced by hydrogenation of unsaturated compounds such
as margarines, adopt a trans configuration. Particular interest is drawn to the distinction between isomers because
the investigators quote an average daily trans fatty acid
intake as being 6% to 8% of total fat intake in the US diet.
They argue that the pressure to decrease the intake of saturated fat in the diet based on previous studies leads to
a greater consumption of trans fatty acids, as they are the
most suitable alternative for the food industry for producing semisolid and solid fats.

bers in each category. Then each group followed the three
diets in different orders, working on the investigators’ assumption that serum lipoprotein levels stabilize within
2 weeks after a dietary change.
The results would lead to a striking conclusion—that all
classes of fatty acids that are substituted for carbohydrates
in the diet do not necessarily increase high-density lipoprotein (HDL) cholesterol levels. Indeed, trans isomers in
this study actually produced a reduction in HDL cholesterol levels to a degree greater than carbohydrates alone
would have produced. Additionally, due to an increase
in low-density lipoprotein (LDL) cholesterol levels with
trans isomers (an effect also seen with the saturated fats
diet, but to a greater degree), the LDL/HDL ratio increase
was more pronounced in the trans isomer group compared
with the saturated fats group. Both the trans fatty acid
and saturated fat diets led to an increase in serum triglyceride levels.
What was not clear, however, was whether the relationship
between intake of trans fatty acids and serum lipid levels
was linear. Additionally, the authors were keen to emphasize that the results should not be extrapolated to fatty
acids containing a higher number of carbon atoms than
oleic acid, or even to trans fatty acids of any variety other
than oleic acid. However, given the emerging evidence, they
recommended that patients with atherosclerosis should
reduce their intake of trans fatty acids.

The study investigators recruited 59 students who were
willing to enter a trial in which they would follow three diets
for 3 weeks each, with no washout period between diets.
One diet was high in oleic acid (a monounsaturated acid
with the cis configuration), the second one high in trans
isomers of oleic acid, and the third high in saturated fats.
Interestingly, the experimental design allowed just 10% of
the overall energy intake of the diets to be controlled in
terms of the fat composition. The remainder of the energy
intake was similar across diets for total calorific value, as
well as proportions of carbohydrate, protein, fiber, alcohol, and cholesterol. The participants were categorized in
6 groups according to sex, and use of oral contraceptives
(for women), so that each group had near-identical num-

1990
Blues guitarist Stevie Ray Vaughan dies
in a helicopter crash aged 35;
Iraqi forces invade Kuwait ; and
Benazir Bhutto is fired as prime minister of
Pakistan and her government dissolved
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Effects of a dietary portfolio of cholesterol-lowering foods vs
lovastatin on serum lipids and C-reactive protein
D. J. Jenkins, C. W. Kendall, A. Marchie, D. A. Faulkner, J. M. Wong, R. de Souza, A. Eman,
T. L. Parker, E. Vigden, K. G. Lapsley, et al
JAMA. 2003;290:502-510

J

enkins et al investigate the intriguing hypothesis
that dietary modification may have comparable
benefits to a first generation statin (lovastatin)
in altering low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol,
and C-reactive protein (CRP) levels. The study is framed
in the context of the Adult Treatment Panel III (ATP III) of
the National Cholesterol Education Program (NCEP), recommending diets low in saturated fats and high in plant
sterols and viscous fibers, and the American Heart Association (AHA) drawing attention to potential benefits of
soy proteins and nuts. The authors indicate that previous
studies examining the reduction in cholesterol by dietary
manipulation had resulted in a relatively small reduction
in cholesterol compared with statin use. However, there
were no studies to date examining the impact of a more
robust attack upon dietary fat intake incorporating the
food items mentioned above.

though one must bear in mind that the participants were
potentially more motivated to comply than a randomly
selected group. The results indicated that although the
control group managed a small, but significant, reduction
in LDL cholesterol compared with baseline (2.1%, P =0.002),
there was no difference in the LDL/HDL ratio, or in CRP
levels. However, in both the statin and dietary portfolio
group, there was a greater reduction in LDL cholesterol
levels (3.6% and 3.2%, respectively), LDL/HDL ratio (4.2%
and 3.2%), and in CRP levels (8.3% and 10.8%). Moreover,
there was no significant difference in the level of improvement between the statin-treated and dietary portfolio–treated groups.
The authors suggest that there is an additive effect of the
components of the dietary portfolio because of their different modes of action resulting in marked benefits vs the
control group. Bile acid excretion is promoted by viscous
fibers, cholesterol absorption is reduced by plant sterols,
soy proteins reduce hepatic synthesis of cholesterol and
increase LDL receptor levels, and almonds contain plant
sterols and monounsaturated fatty acids that reduce LDL
cholesterol levels. This was also the first study to demonstrate a reduction in CRP levels by dietary modification.

Forty-six hyperlipidemic individuals with a mean body mass
index (BMI) of 27.6 (range 20.5 to 30.5) were recruited and
randomized to one of three vegetarian diets: a control group
with a low–saturated fat and high-fiber content including
skimmed milk, fat-free cheese; another group with the same
low–saturated fat content, but with the addition of lovastatin 20 mg; and a third group taking the so-called combination dietary portfolio, incorporating viscous fibers, soy
protein, plant sterols, and almonds. The nonlovastatin
groups were given placebo controls. Prior to starting on
this diet, there was a 4 week “run-in” period in which each
participant followed their own low-fat diet, and any that
were taking statins prior to the study diet were asked to stop
at least 2 weeks beforehand. The study participants then
started on their diets with a 7-day rotating menu plan, while
their compliance was monitored using weekly checklists
and return of uneaten foods. The use of the statin was double blinded, although the diet regimen was not blinded to
the dieticians who were responsible for the patient diets
and checking dietary records.

This study offers an alternative lipid-lowering technique to
individuals intolerant of statins, or those who are reluctant
to take them, although strong motivation and a penchant
for nuts and soy beans is recommended!

2003
A fireworks factory in China explodes,
killing 29 people; “Kuno the Killer,” a giant 5-ft,
77-lb catfish that terrorized bathers at a German
lake after swallowing a dachshund puppy whole,
washes up dead; and after 20 days with no new case
of SARS in Taiwan, the WHO declares
the outbreak to be contained

Compliance was surprisingly good in all 3 groups (93% for
control, 95% for statin, and 94% for dietary portfolio), al-
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