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The evidence from epidemiology, controlled trials, clini- 
cal findings in genetic hyperlipidaemias, animal studies 
and cell biology is consistent in indicating that hypercho- 
lesterolaemia is causally related to coronary heart disease 

(CHD) [1,2]. Hence, treatment of elevated cholesterol 
levels is indicated to reduce the risk of de novo develop- 
ment of CHD [3], Such treatment, for example by 
nicotinic acid, also decreases the incidence of myocardial 
infarction in patients who already have overt CHD [4], 
albeit to only a modest extent, appears to retard progres- 
sion of peripheral [5] and coronary atherosclerosis [6] and 
leads to regression of atherosclerotic lesions in laboratory 
animals [7, 8]. 

Despite earlier controversy, recent analyses have re- 

established that hypertriglyceridaemia is a risk factor for 
CHD in persons with low levels of high density-lipopro- 
tein (HDL) cholesterol [9]. Since supportive evidence 
from other sources is lacking, there is a less rigorous case 
for treatment of elevated triglyceride levels. However, 
there is reason to believe that the smaller triglyceride- 
bearing lipoprotein particles of plasma (eg intermediate 

density lipoprotein (IDL)) are, like the cholesterol-rich 

low density lipoprotein (LDL) atherogenic in man and in 
animals [10]. A further clear indication for the treatment 
of marked hypertriglyceridaemia is the risk of acute 

pancreatitis when levels exceed about 10 mmol/1 [11]. 
Hypertriglyceridaemia commonly results from under- 

lying causes that require correction in their own right, 
notably obesity, over-indulgence in alcohol and diabetes 
mellitus. 

Approach to the hyperlipidaemic patient 

Four aspects of the clinical examination may be referred 

to. The frequency and age of presentation of CHD in first 

degree relatives should be noted, as clues to the presence 
of a major genetic hyperlipidaemia. Tendon and cu- 

taneous xanthomas should be sought as part of routine 
examination. The presence of further CHD risk factors 

should be noted, particularly cigarette use, hypertension, 
diabetes mellitus and use of oral contraceptive drugs. 
Other common causes of secondary hyperlipidaemia are 

hypothyroidism, diuretic drugs, retinoids and renal and 

hepatic disease. Their presence offers a therapeutic op- 
portunity. 
Two baseline cholesterol and triglyceride measure- 

ments, in the fasted state, are required, and HDL 

cholesterol should be measured at least once. HDL 

cholesterol measurement helps to refine the assessment of 
CHD risk; and it is necessary to recognise mild hypercho- 
lesterolaemia due to markedly elevated HDL levels (>2 
mmol/1), a condition not requiring therapy. 

Lipid levels requiring therapy 

The bases for defining desirable levels of plasma lipids 
have recently been revised [1,12,13], In a study of 

361,000 men [14], CHD incidence was least in those with 
cholesterol levels below 5 mmol/1; it increased moderately 
steeply and linearly with levels in the range 5-6.5 mmol/1, 
then rose much more steeply with levels exceeding 6.5 

mmol/1. The majority of patients with major genetic 
lipoprotein disorders conferring a very high risk of CHD 
have levels exceeding 8 mmol/1 [11]. 

Since the cholesterol-CHD relationship is continuous 

and graded, the intensity of lipid-lowering therapy should 

similarly be graded. The most vigorous therapy is appro- 
priate for those with the highest levels (>6.5 mmol/1) 
while more limited dietary counselling is suitable for the 

larger number of patients found to have mild hypercho- 
lesterolaemia (5-6.5 mmol/1). 

These cut-off points are not absolute; other factors also 
modulate the choice of therapy. More vigorous treatment 
is justified by high overall risk of CHD (taking into 

account family history and additional risk factors), by 
younger age, by early-onset CHD and, in patients who 
have undergone coronary artery bypass grafting 
(CABG), by the need to preserve graft patency. Hence, it 
is the patient who is treated, and not the laboratory 
report. Table 1 illustrates this graded approach to therapy 
modified from the recent report by the European Athero- 
sclerosis Society [13]. 

There is general agreement that the goal of therapy 
should be to attain plasma cholesterol levels as close to 5 

mmol/1 as possible [12,13], corresponding to LDL choles- 
terol levels of <3-3.5 mmol/1. 

Dietary treatment of hyperlipidaemia 

Diet is the mainstay of treatment for all primary hyperli- 
pidaemias, although drug therapy is additionally neces- 

sary in a minority of patients. 
Weight control in the overweight patient is the simplest 

and one of the most effective measures for reducing 
elevated triglyceride and cholesterol levels, the improve- 
ment persisting after weight reduction is completed. The 
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high risk of CHD in obesity is mediated in part by its 

association with hyperlipidaemia and low levels of HDL 
cholesterol, with hypertension and with glucose intoler- 

ance, all of which are ameliorated by weight reduction. 

Obesity, particularly of truncal distribution, is also a risk 
factor independent of these associations. 
Even moderate weight reduction is followed in most 

patients by lowered blood lipid levels; but where attain- 
able the goal is to achieve a weight-for-height in the 

middle of the desirable range, ie corresponding to body 
mass index 22-23 [15]. Reduction of obesity also im- 

proves responsiveness to lipid-lowering drugs. 
A target weight should be agreed with the patient, who 

should understand that a loss of 0.5-1 kg per week is the 
desirable rate. The duration of hypocaloric dieting can be 
approximately estimated. Daily exercise appropriate to 
the patient's age, cardiorespiratory status and fitness is of 
value. The patient should be seen as frequently as 

possible to enhance motivation. 
The lipid-lowering diet is prescribed for indefinite use; 

it may be isocaloric, or may initially be combined with a 

reducing regime during a period of weight loss, if re- 

quired. The several individual changes of nutrient intake 
have additive effects on plasma lipid levels [16]. They 
comprise: 

1. An increased consumption of foods providing complex 
carbohydrate and soluble forms of fibre; these include 

cereal products (bread, oats-based breakfast cereals), root 

vegetables, legumes and leafy vegetables, rice and fruit. A 
three-fold increase in soluble fibre intake is desirable. 

2. Reduction in the use of foods with high saturated fat 
content. Such foods are often, but not always, of animal 

origin. Their major fatty acids are palmitic acid, which is 
saturated, and oleic acid, which is mono-unsaturated. 
The intake of saturated fatty acids is reduced to about half 
of that in a typical British diet, ie to less than 10 per cent 
of food energy. Decreased use of such foods brings the 
total fat intake from 40 to less than 30 per cent of energy 
in the diet as initially prescribed; but poor response may 
be overcome in some patients by a further reduction of 

total fat to 20-25 per cent of energy and of saturated fatty 
acids to 5-7 per cent of energy. Further reduction is 

unacceptable to many patients. Important sources of 

saturated fatty acids include butter, hard margarine, 
cream, whole milk, full fat cheeses, red meats except for 
the very lean cuts now becoming available, baked goods, 
many convenience foods and shortening. 

3. Reduction in dietary cholesterol to 200 mg/day (and 
for hyporesponders, subsequently to 100 mg/day) since 
intake of cholesterol is a significant determinant of IDL 
cholesterol levels. The provisions under paragraph (2) 
lessen cholesterol intake; other cholesterol-containing 
foods that need to be restricted are egg yolk, liver and 
other offal and crustacean shellfish; by removing poultry 
and fish skin the content of cholesterol in these foods is 

decreased. Molluscs (mussels, oysters) contain little or no 
cholesterol. 

4. Increased use of fish, turkey, chicken, veal and game, 
all high-protein foods that are low in saturated fatty acids. 

Table 1. The graded management of hyperlipidaemia 

Lipid levels (mmol/1) 

Cholesterol 5-6.5 

Cholesterol 6.5-7.8 

Cholesterol >7.8 

Triglyceride 2.3-5.6 

Triglyceride> 5.6 

Combined hyperlipidaemia 
(cholesterol>6.5 and 
triglyceride > 2.3) 

Take overall risk, cardiovascular 
status into account. 

Emphasise need for dietary 
changes as recommended to 
whole population, and for 

weight control and avoidance of 

smoking; exceptionally, more 
stringent diet and/or medication 
indicated. 

Take age, overall risk, 
cardiovascular status into 
account. 

Prescribe formal lipid-lowering 
diet, with energy restriction if 

overweight; monitor response 
and re-emphasise diet as 

necessary. 
Consider adding drug therapy if 
response persistently inadequate, 
particularly in young patients at 
high CHD risk 

Full investigation is required, 
for underlying causes and for 
characterising the lipoprotein 
disorder. 

Prescribe formal lipid lowering 
diet with energy restriction if 

overweight; monitor response. 
Provide appropriate drug 
therapy for those with 
inadequate diet response; 
continue to monitor response. 

Identify and deal with 
underlying causes. 
Energy restriction if overweight. 
Lipid-lowering diet. 
Exceptionally, triglyceride- 
lowering drug therapy for non- 
responders at very high risk. 

As above, but drug therapy 
more commonly required 
especially if pancreatitis has 
occurred. 

Consider possible diagnosis of 
remnant hyperlipoproteinaemia 
or familial combined 

hyperlipidaemia. 
Dietary management. 
Drug management for poor 
responders. 

These, together with legumes such as beans and lentils, 
and low-fat milk products, become the major protein 
sources. Fatty fish are allowable as well as white fish, 
since they provide a class of polyunsaturated fatty acids 
that is especially effective in reducing serum triglyceride 
levels. 

5. Increased use of skimmed and/or low-fat milk and its 

products. 
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6. Use of soft margarines based on polyunsaturated seed 
oils (corn, sunflower) as spreads, and of such oils and 

olive oil for cooking purposes. There is insufficient data to 

permit dogmatic recommendations on the optimal intake 
of polyunsaturated fatty acids (particularly linoleic acid) 
derived from seed oils, still less on that of fish oils or of oils 

providing mono-unsaturated fatty acids such as olive oil. 
The conventional view, that intake of seed oils should 

allow the intake of polyunsaturated fatty acids to equal 
but not exceed intake of saturated fatty acids, has much to 
commend it; a few comments on this aspect of the diet are 

apposite: 
(a) uptake of linoleic acid-rich oils has increased several 

fold in the USA in the past 30 years, and is the main 

nutritional reason for the fall in average serum cholesterol 

levels in recent decades [17]. This secular reduction is 

associated with and may well have contributed to the 

declining mortality from and incidence of CHD in the 
USA [18]; non-cardiovascular diseases such as common 
cancers have shown no increase during this period. 

(b) Dietary CHD prevention trials showing a reduction 
in CHD morbidity have all employed an increased 

polyunsaturated fat intake in partial substitution for 

saturated fats. 

(c) Retrospective and prospective studies of adipose 
tissue and plasma fatty acid patterns (which reflect diet- 
ary intake) have shown an inverse relation between CHD 
and the percentage of dietary linoleic acid; no statistically 
significant relation has emerged between CHD and other 

fatty acids such as oleic acid or eicosapentanoic acid 

within populations. 

With close compliance, marked reduction in serum 

cholesterol and triglyceride can be attained by such a diet 

[16] especially when a desirable body weight is already 
present or can be attained. However, there is a wide 

individual variation in response (possibly on a genetic 
basis); also patients with familial hypercholesterolaemia 
are relatively diet-resistant. Compliance is also variable. 
Reductions of cholesterol of 15-25 per cent, and of 

triglyceride by 20-40 per cent can usually be obtained 

[16]. Thus, dietary treatment should suffice in the great 
majority of patients with cholesterol levels up to 7-7.5 

mmol/1 and/or with triglyceride not exceeding 5-6 mmol/1. 
Compliance is best achieved by the combined efforts of 
doctor and dietitian. Dietary change is a gradual process; 
some authorities advise the introduction of only a propor- 
tion of the whole dietary 'package' at each session. 

Certainly several months should be allowed for achieving 
maximum dietary response. 
The rare hypertriglyceridaemic disorder, the chylomi- 

cronaemia syndrome, is managed by a diet that differs 
from the above. Strict reduction in all natural fats, to 10- 
25 per cent dietary energy, is necessary to reduce the 

gross hypertriglyceridaemia sufficiently to avert pancrea- 
titis. Moderate use of medium-chain triglyceride is ad- 

vantageous. 

Drug treatment of hyperlipidaemia 
The indications for drug therapy of hyperlipidaemia are 
listed in Table 2. The great majority of patients with 

Table 2. Indications for drug therapy of primary 
hyperlipidaemia. 

Disorder Purpose of drug therapy 

Major genetic hyperlipidaemias 
Familial 

hypercholesterolemia 

Remnant ('Type III') 
hyperlipoproteinaemia 

Familial endogenous 
hypertriglyceridaemia 

Milder hyperlipidaemic states 

Reduction of CHD risk or 

progression 

Reduction of CHD risk and 

peripheral vascular disease 
risk or progression 

Prevention of relapsing 
pancreatitis 

Reduction of CHD risk or 

progression in patients 
judged to be at high risk of 
CHD, when assiduous 

attempts at dietary treatment 
have failed to achieve 

acceptable lipid levels. 

heterozygous familial hypercholesterolaemia, remnant 

hyperlipoproteinaemia and familial hypertriglyceridae- 
mia achieve acceptable control only when treated by diet 

together with medication. The use of drug treatment for 
'common' ('polygenic') hypercholesterolaemia is less 

often indicated. In patients in whom the maximum effect 
of diet leaves serum cholesterol levels substantially higher 
than 5 mmol/1, and/or LDL cholesterol levels substantial- 

ly above 3.5 mmol/1, and whose overall risk of CHD is 

judged to remain high, drug treatment may be appropri- 
ate. Additional factors favouring drug therapy are 

younger age and revascularisation procedures (CABG, 
angioplasty or peripheral vascular surgery). 

Lipid-lowering drugs fall into two broad categories. 

Group I drugs. Group I includes bile acid sequestrants 

(colestipol and cholestyramine), probucol and the new 

(not yet licensed) inhibitors of cholesterol synthesis, sym- 
vastatin and SQ31000; the major effect of these drugs is 
reduction of elevated serum cholesterol due to raised 

levels of LDL. Symvastatin also reduces triglyceride 
levels, which are increased by sequestrant drugs that are 
the present treatment of choice in familial hypercholester- 
olaemia. Of currently available drugs, the bile acid 

sequestrants are the most effective single treatment for 
marked hypercholesterolaemia, and there is good evi- 

dence of their safety. The usual dosage is 2-3 sachets 

twice daily with meals. Unfortunately, they are not easy 
to use, having gastrointestinal side effects. With experi- 
ence, reasonable compliance can be achieved in most 

patients. These drugs are also remarkably expensive. 
Absorption of other drugs may be impeded. 
Many patients with familial hypercholesterolaemia do 

not respond adequately to diet and the maximum toler- 
ated dose of a sequestrant drug. The most effective 

available drug for combination therapy is gemfibrozil, 
and good results have been obtained with nicotinic acid, 
bezafibrate and probucol. 

Probucol is more readily accepted by patients. It is less 
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effective than sequestrants, with which it shares gastroin- 
testinal side effects; it is also far less expensive. Its 

cholesterol-lowering effect results from a decrease in 

levels of both LDL and HDL; since the former is the 

desired effect it is essential to monitor levels of LDL 

cholesterol during therapy. 
The cholesterol synthesis inhibitors promise a dramatic 

improvement in our ability to manage hypercholestero- 
laemia, though fuller long-term studies must become 

available before their use is justified. 

Group II drugs. Group II hypolipidaemic drugs have more 
general effects on the lipoprotein system. They produce 
greater reduction in triglyceride than cholesterol, reduc- 
ing very-low density lipoprotein and IDL and increasing 
HDL. In hypertriglyceridaemic states they tend to in- 

crease LDL levels (which are often initially low). In pure 
hypercholesterolaemia they have a moderate LDL-lower- 

ing effect when used alone, but this is additive with the 
effect of Group I drugs; the differing modes of action 
often result in very effective two-drug treatment. 

Group II drugs are used as monotherapy in remnant 

('Type III') hyperlipoproteinaemia, in which they are 

highly effective, and in familial endogenous hypertrigly- 
ceridaemia when triglyceride levels persist above 5 mmol/1, 
despite dietary treatment and attention to underlying 
causes. 

Group II comprises clofibrate and the related drugs 
gemfibrozil and bezafibrate, and nicotinic acid used in 
pharmacological dosage (3-6 g/day); the fish oil prep- 
aration Maxepa may be included in this group since its 

use in high dosage (15-30 g/day) is particularly effective 
in familial hypertriglyceridaemia. 
Though nicotinic acid has been shown to reduce CHD 

recurrences, it is a difficult drug to use; it is largely 
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