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Lowering Blood Cholesterol 
to Prevent Heart Disease 

• Coronary heart disease is responsible for more 
than 550,000 deaths in the United States each year. It is 
responsible for more deaths than all forms of cancer 
combined. There are more than 5.4 million Americans 
with symptomatic coronary heart disease and a large 
number of others with undiagnosed coronary disease, 
many of them young and highly productive. It has been 
estimated that coronary heart disease costs the United 
States more than $60 billion a year in direct and indirect 
costs. 

Coronary heart disease is caused by atherosclerosis, 
a slowly progressive disease of the large arteries that 
begins early in life but rarely produces symptoms until 
middle age. Often the disease goes undetected until the 
time of the first heart attack, and this first heart attack is 
often fatal. IModern methods of treatment have improved 
greatly the outlook for patients having heart attacks, but 

See also pp 2087, 2091, and 2094. 

major progress in our battle against this number 1 killer 
must rest on finding preventive measures. 

A number of risk factors have been identified as 
strongly associated with coronary heart disease. Ciga
rette smoking, high blood pressure, and high blood 
cholesterol levels are the most clearly established of 
these factors. Risk is greater in men, increases with age, 
and has a strong genetic component. Obesity, diabetes 
mellitus, physical inactivity, and behavior pattern are 
also risk factors. 

A large body of evidence of many kinds links elevated 
blood cholesterol levels to coronary heart disease. 
However, some doubt remains about the strength of the 
evidence for a cause-and-effect relationship. Questions 
remain regarding the exact relationship between blood 
cholesterol and heart attacks and the steps that should 
be taken to diagnose and treat elevated blood cholester
ol levels. 

To resolve some of these questions, the National 
Heart, Lung, and Blood Institute (NHLBI) and the National 
Institutes of Health Office of IMedical Applications of 
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Research convened a Consensus Development Confer-
ence on Lowering Blood Cholesterol to Prevent Heart 

Disease from Dec 10 to 12, 1984. After hearing a series 

of expert presentations and reviewing all of the available 
data, a consensus panel of lipoprotein experts, cardiolo
gists, primary care physicians, epidemiologists, biomedi
cal scientists, biostatisticians, experts in preventive 
medicine, and lay representatives considered the evi
dence and agreed on answers to the following ques
tions: 

1. Is the relationship between blood cholesterol lev
els and coronary heart disease causal? 

2. Will reduction of blood cholesterol levels help 
prevent coronary heart disease? 

3. Under what circumstances and at what level of 
blood cholesterol should dietary or drug treatment be 
started? 

4. Should an attempt be made to reduce the blood 
cholesterol levels of the general population? 

5. What research directions should be pursued 
regarding the relationship between blood cholesterol 
and coronary heart disease? 

Panel's Conclusions 

Elevation of blood cholesterol levels is a major cause 
of coronary artery disease. It has been established 
beyond a reasonable doubt that lowering definitely 
elevated blood cholesterol levels (specifically, blood 
levels of low-density lipoprotein [LDL] cholesterol) will 

reduce the risk of heart attacks caused by coronary 
heart disease. This has been demonstrated most conclu
sively in men with elevated blood cholesterol levels, but 
much evidence justifies the conclusion that similar 
protection will be afforded to women with elevated 
levels. After careful review of genetic, experimental, 
epidemiologic, and clinical trial evidence, we recom
mend treatment of individuals with blood cholesterol 
levels above the 75th percentile (upper 25% of values). 
Furthermore, we are persuaded that the blood cholester
ol levels of most Americans are undesirably high, in large 
part because of our high dietary intake of calories, 
saturated fat, and cholesterol. In countries with diets 
lower in these constituents, blood cholesterol levels are 
lower and coronary heart disease is less common. There 
is no doubt that appropriate changes in our diet will 
reduce blood cholesterol levels. Epidemiologic data 3'"' 
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^gre than a dozen clinical trials allow us to predict with 
reasonable assurance that such a measure will afford 
significant protection against coronary heart disease. 

For these reasons we recommend the following: 
1. Individuals with high-risk blood cholesterol levels 

(values above the 90th percentile) should be treated 
jntensively by dietary means under the guidance of a 
physician, dietitian, or other health professional; if 
fgsponse to diet is inadequate, appropriate drugs should 
ffg added to the treatment regimen. Guidelines for 
children are somewhat different, as discussed below. 

2. Adults with moderate-risk blood cholesterol levels 
(values between the 75th and 90th percentiles) should 
l,e treated intensively by dietary means, especially if 
additional risk factors are present. Only a small propor
tion should require drug treatment. 

3. All Americans (except children younger than 2 
years of age) should be advised to adopt a diet that 
reduces total dietary fat intake from the current level of 
about 40% of total calories to 30% of total calories, 
reduces saturated fat intake to less than 10% of total 
calories, increases polyunsaturated fat intake but to no 
more than 10% of total calories, and reduces daily 
cholesterol intake to 250 to 300 mg or less. 

4. Intake of total calories should be reduced, if 
necessary, to correct obesity and adjusted to maintain 
ideal body weight. A program of regular moderate-level 
exercise will be helpful in this connection. 

5. In individuals with elevated blood cholesterol lev
els, special attention should be given to the management 
of other risk factors (hypertension, cigarette smoking, 
diabetes, and physical inactivity). 

These dietary recommendations are similar to those 
of the American Heart Association and the Inter-Society 
Commissioni for Iteart Disease Resources. 

We further recommend the following: 
6. New and expanded programs should be planned 

and initiated soon to educate physicians, other health 
professionals, and the public to the significance of 
elevated blood cholesterol levels and the Importance of 
treating them. We recommend that the NHLBI provide 
the focus for development of plans for a National 
Cliolesterol Education Program that would enlist partici
pation by and contributions from all interested organiza
tions at national, state, and local levels. 

7. The food industry should be encouraged to contin
ue and intensify efforts to develop and market foods that 
will make it easier for individuals to adhere to the 
recommended diets, and school food services and 
restaurants should serve meals consistent with these 
dietary recommendations. 

8. Food labeling should include the specific source or 
Sources of fat, total fat, saturated and polyunsaturated 
'at, and cholesterol content as well as other nutritional 
'nformation. The public should be educated on how to 
Use this information to achieve dietary aims. 

9- All physicians should be encouraged to include, 
V'henever possible, a blood cholesterol measurement on 
every adult patient when that patient is first seen; to 
ensure reliability of data, we recommend steps to 
improve and standardize methods for cholesterol mea
surement In clinical laboratories. 
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10. Further research should be encouraged to com
pare the effectiveness and safety of currently recom
mended diets with those of alternative diets; to study 
human behavior as it relates to food choices and 
adherence to diets; to develop more effective, better-
tolerated, safer, and more economical drugs for lowering 
blood cholesterol levels; to assess the effectiveness of 
medical and surgical treatment of high blood cholesterol 
levels in patients with established clinical coronary 
artery disease; to develop more precise and sensitive 
noninvasive artery imaging methods; and to apply basic 
cell and molecular biology to increase our understanding 
of lipoprotein metabolism (particularly the role of high-
density lipoprotein [HDL] as a protective factor) and 
artery wall metabolism as they relate to coronary heart 
disease. 

11. Plans should be developed that will permit 
assessment of the impact of the changes recommended 
herein as implementation proceeds and provide the 
basis for changes when and where appropriate. 

1. Is the Relationship Between Blood Cholesterol Levels and 
Coronary Heart Disease Causal?—The evidence supporting 
a causal relationship between blood cholesterol levels and 
coronary heart disease comes from a wealth of congruent 
results of genetic, experimental pathologic, epidemiologic, 
and intervention studies. These data establish beyond any 
reasonable doubt the close relationship between elevated 
blood cholesterol levels (as measured in serum or plasma) 
and coronary heart disease. At the same time, it is equally 
clear that an elevated blood cholesterol level is not the 
only cause of coronary heart disease. Hypertension, 
cigarette smoking, diabetes mellitus, obesity, and physical 
inactivity, along with a number of other risk factors such 
as age, sex, and family history, are important contributing 
causes. There probably are other undiscovered contribut
ing causes. However, we shall confine ourselves here 
primarily to a discussion of elevated blood cholesterol 
levels. 

It is now firmly established that all cholesterol is 
carried in the bloodstream in several protein-lipid combi
nations known as lipoproteins and that most of the blood 
cholesterol in humans is carried by specific LDLs. Some is 
also present in HDLs and in very low-density lipoproteins. 
The LDL particles, when present in excess in the blood, 
are deposited in the tissues and form a major part of a 
buildup in the artery wall to form atherosclerotic plaque. 
Atherosclerosis narrows the channels of the coronary 
arteries, the vessels that furnish the major blood supply to 
the heart muscle. 

Genetic Evidence 

Severe coronary heart disease can result from high 
blood cholesterol levels in the absence of any other 
contributing risk factors. This is clearly demonstrated by 
the accelerated and clinically catastrophic coronary heart 
disease in children with inherited hypercholesterolemia in 
its most severe form. These children lack the specific 
receptor that normally removes LDL from the blood, and, 
as a result, they have very high LDL cholesterol levels 
from birth. They frequently suffer severe coronary heart 
disease, and death may occur even in childhood. Careful 
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study of these diseased arteries reveal large quantities of 
cholesterol in the plaques. 

The LDL receptor normally plays a critical role in 
regulating blood cholesterol levels in all mammals, includ
ing humans. It has been purified and fully characterized. 

Studies suggest that a number of cases of clinically 
important coronary heart disease with less severe eleva
tions of blood cholesterol levels may be explained by 
partial deficiencies oi functioning HDL receptors, deficien
cies induced by dietary and life-style factors. Thus, the 
basis of high blood cholesterol level in these patients is 
similar to that in patients with inherited hypercholester
olemia, and, while these levels are less severe, they 
probably have the same implications. 

Experimental Pathology (Animal Model) Evidence 

With improved use of the many existing animal models, 
a number of very important relationships between blood 
cholesterol, atherosclerosis, and coronary heart disease 
have been demonstrated: 
• Many species (including several nonhuman primates) 

develop atherosclerosis when fed diets that raise their 
blood cholesterol levels. 
• Studies over time demonstrate that hypercholester-

olemic monkeys (and other species) develop intimal 
lesions that progress from fatty streaks to typical raised 
plaques to complicated ulcerated plaques resembling those 
seen in humans suffering from coronary heart disease. 
• Hypercholesterolemia augments experimental ather

osclerosis when arterial "injury" is present. 
• Severe atherosclerosis in rhesus monkeys, usually a 

progressive process, regresses when the blood cholesterol 
level is lowered substantially for an extended period by 
diet or by drugs. 

Animal studies thus offer strong and persuasive evi
dence supporting the causal relationship between blood 
cholesterol and atherosclerosis. 

Epidemiologic Evidence 

A large body of epidemiologic evidence supports the 
direct relationship between blood cholesterol levels and 
coronary heart disease: 
• Comparisons among various populations throughout 

the world reveal a direct correlation between blood 
cholesterol levels and the occurrence of coronary heart 
disease; no population has been reported to have a high 
rate of coronary heart disease and low blood cholesterol 
levels. 
• People who have migrated to another country with a 

higher average blood cholesterol level gradually acquire 
the dietary habits, blood cholesterol concentrations, and 
coronary heart disease rates of their new country of 
residence. 
• Severity and frequency of raised plaques in the aorta 

and coronary arteries are strongly correlated with blood 
cholesterol levels. 
• Populations experiencing severe dietary (especially 

fat) limitations and weight loss have been shown to have 
less atherosclerosis and coronary heart disease and fewer 
heart attacks. 
• Prospective studies such as the Framingham study 

have shown that elevated blood cholesterol levels in 
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healthy people predict the future occurrence of coronary [ iggue of effects on overall mortality. However, the com-
heart disease. ' evidence, which includes information derived from heart disease. 
• Evidence emerging from multiple clinical trials 

reviewed in the next section, clearly indicates that lower! 
ing blood cholesterol levels in patients with hypercholes. 
terolemia decreases the likelihood of fatal and nonfatal 
coronary heart disease. 

Thus, the evidence obtained from genetic, experimental 
epidemiologic, and clinical intervention investigation^ 

jiiimal, pathophysiological, metabolic, and epidemiologic 
gtudies, makes it reasonable to presume that the reduction 
jp coronary heart disease incidence will be accompanied 
[,y a reduction in overall mortality. 

The magnitude of the reduction in coronary heart 
jjgease risk can be estimated from these clinical trials; 
jj,ey indicate that each 1% reduction in blood cholesterol 

overwhelmingly supports a causal relationship between f level yields approximately a 2% reduction in coronary 
b l o o d  c h o l e s t e r o l  l e v e l s  a n d  c o r o n a r y  h e a r t  d i s e a s e .  '  m i -  •  

2. Will Reduction of Cholesterol Levels Help Prevent Coro. 
nary Heart Disease?—Our conclusion that reduction of 
blood cholesterol levels wiU reduce the rate of coronary 
heart disease is based partly on the evidence for cause-
and-effect presented above and partly on the direct 
evidence from clinical trials noted below. 

First, metabolic ward studies establish beyond reason
able doubt three dietary maneuvers that lower blood 
cholesterol levels; reducing the saturated fat content 
increasing the polyunsaturated fat content, and reducing 

heart disease rates. This is remarkably similar to the 
magnitude of the beneficial outcome predicted from 
observational epidemiologic studies. Thus, for example, a 
5% reduction in blood cholesterol level resulting from the 
diets recommended below should reduce coronary heart 
disease rates by 10%. The absolute magnitude of this 
benefit should be greater in patients at high risk because 
of existing coronary heart disease or the presence of other 
risk factors such as cigarette smoking and hypertension. 
Reductions in disease rates of as much as 50% may be 
achievable in patients in the high-risk-cholesterol catego-

the cholesterol content. Second, a number of drugs have j ry who adhere well to ,a combination of effective drug 
been developed that lower blood cholesterol levels. The f treatment and a fat-controlled diet. 
issue of whether these interventions also influence coro
nary heart disease events has been more challenging. 

In previous years, more than a dozen randomized trials 
of the effects of fat-controlled diets or drugs have been 
reported. Most showed some decrease in coronary heart 
disease event rates in the treated group, and the dietary 
trials carried out by Dayton et al and by Leren et al were 
particularly suggestive, producing 23% and 35% reduc
tions in the incidence of coronary heart disease. However, 
no study considered individually could be regarded as 
conclusive: the sample sizes were too small, and there 

3. Under What Circumstances and at What Level of Blood 
Cholesterol Should Dietary or Drug Treatment Be Started? 

What Is Hypercholesterolemia? 

A precise definition of hypercholesterolemia (an abnor
mally high blood cholesterol level) is difficult to establish. 
Often, an abnormally high level of a biologic substance is 
considered to be that level above which is found the upper 
5% of the population (the 95th percentile). However, the 
use of this criterion in defining "normal" values for blood 

: cholesterol levels in the United States is unreasonable; 
is our major cause were in some cases unanticipated increases in noncardio- I coronary heart disease is our major cause of death 

vascular deaths, although these were not statistically } because, in part at least, a large fraction of our population 
significant. An aggregate analysis of all unifactor blood J[ probably has too high a blood cholesterol level. A review 
cholesterol-lowering trials, while not revealing an effect 
on total mortality, does indicate that coronary heart 
disease rates can be reduced by reduction of blood 
cholesterol levels. 

These findings have been extended by two recently 
reported randomized and blinded clinical trials of the 
efficacy of the cholesterol-lowering drug cholestyramine 
resin. One of these studies, the Lipid Research Clinics 
Coronary Primary Prevention Trial, showed a statistically 
significant 19% reduction in the combined rate of fatal 
and nonfatal coronary heart disease in association with a 
9% decrease in blood cholesterol level. The other study, 
the NHLBI Type II Coronary Intervention Study, showed 
a reduction in the angiographic progression of coronary 
artery disease. In addition, a third trial (the Coronary 
Drug Project) has recently presented information extend
ing the earlier published finding that the use of nicotinic 
acid lowers the rate of recurrent coronary heart disease by 
demonstrating in long-term follow-up a decrease in over
all mortality. 

These findings, taken in conjunction with the results of 
the earlier studies, permit the conclusion that reduction of 
blood cholesterol levels in people with relatively high ^ 
initial levels will reduce the rate of coronary heart Rbulation for guidelines). It includes large numbers of 
disease. The clinical trials are too limited to settle the People whose elevated blood cholesterol levels are due, in 

of available data suggests that levels above 200 to 230 
mg/dL are associated with an increased risk of developing 
premature coronary heart disease. It is staggering to 
realize that this represents about 50% of the adult 
population of the United States. The consensus panel has 
chosen to define two levels of hypercholesterolemia, both 
of which are associated with an increased coronary heart 
disease risk, and both of which should be treated. 

High-Risk Blood Cholesterol Levels 
(Severe Hypercholesterolemia) 

This category is defined as values at approximately the 
percentile or above as determined by the Lipid 

Research Clinics Prevalence Study (see the tabulation 
Jelow for guidelines). It will include individuals with 
''Weditary forms of high blood cholesterol levels, who will 
'equire the most aggressive treatment. Withholding treat
ment subjects these individuals to unnecessary risk. 

Moderate-Risk Blood Cholesterol Levels 
(Moderate Hypercholesterolemia) 

This - category is defined as values approximately 
Ween the 75th to 90th percentiles (see the following 
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part, to their diet. The intensity of treatment is guided by 
the clinical and family history and the presence of other 
risk factors predisposing to coronary heart disease. 

Values for Selecting Adults at Moderate and High Risk 
Requiring Treatment* 

Age, yr 
20-29 
30-39 
>40 
*See 

below. 

Moderate Risk, 
mg/dL (mM) 
>200 (5.17) 
<220 (5.69) 
>240 (6.21) 

High Risk, 
mg/dL (mM) 
>220 (5.69) 
>240 (6.21) 
>260 (6.72) 

special guidelines for management of children 
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How Should Adults With Hypercholesterolemia 
Be Treated 

The presence of high-risk and moderate-risk blood 
cholesterol values should be confirmed by a repeated 
analysis. Although the initial sample may be obtained 
without the subject's fasting, the repeated analysis should 
be obtained after an overnight fast so that a valid 
triglyceride level also can be determined. 

After the secondary causes for hypercholesterolemia 
(eg, hypothyroidism, nephrotic syndrome, dysproteinem-
ias, diabetes mellitus, and obstructive liver disease) have 
been excluded, the primary cause should be evaluated. 
This includes family screening to detect the hereditary 
forms of elevated blood cholesterol levels and to identify 
other family members needing treatment. Measurement 
of HDL cholesterol is often helpful to determine if the 
elevated blood cholesterol level is due to high levels of 
HDL (which is associated with a lower risk of coronary 
heart disease). In addition, a low HDL cholesterol level 
(an independent risk factor) might guide a physician to be 
more aggressive in treatment of individuals with high or 
moderately high blood cholesterol levels. 

Diet Therapy 

The first step in the treatment of persons with high-risk 
and moderate-risk blood cholesterol levels is diet therapy 
and caloric restriction for weight normalization in the 
overweight. Weight loss may reduce blood cholesterol 
levels, and a moderate level of physical exercise may be 
helpful in this regard. The dietary approach should be to 
lower total fat, saturated fat, and cholesterol consump
tion. The following guidelines are generally consistent 
with those of the American Heart Association and the 
Atherosclerosis Study Group of the Inter-Society Com
mission for Heart Disease Resources. We recommend a 
diet composed of approximately 30% of the caloric intake 
from fats and no more than 250 to 300 mg of cholesterol 
per day. An essential consideration is a reduction of the 
total saturated fat intake to 10% or less of total calories. 
It is recommended that polyunsaturated fat intake be 
increased but to no more than 10% of total calories. These 
changes can be readily made while intake of protein, 
vitamins, and minerals is maintained to satisfy the 
Recommended Dietary Allowances of the Food and Nutri
tion Board of the National Research Council. 

Insufficient response to this diet may necessitate fur
ther restrictions of total fat to 20% to 25% of calories, 
with saturated fat making up 6% to 8% of the calories. 
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The dietary cholesterol intake should be lowered to 150 to 
200 mg/day (equivalent to the American Heart Associa
tion Phase II and II diets). 

The use of diet as a primary mode of therapy requires a 
major effort on the part of physicians, nutritionists, 
dietitians, and other health professionals. Life-style 
changes are difficult to make without adequate 
instruction, motivation, and encouragement. Education of 
physicians, as well as the general public, as to the value of 
reductions in dietary saturated fat and cholesterol will 
assist not only in treatment of patients with high- or 
moderate-risk blood cholesterol levels but also in achiev
ing the goal of reducing the blood cholesterol levels of our 
entire adult population to less than 200 mg/dL (<180 
mg/dL in those younger than 30 years). 

Drug Therapy 

Drug therapy should be used only after a careful trial of 
diet modification using the most rigorous diet appropriate 
for the particular individual. Even when use of drugs 
seems appropriate, it is important to stress that maximal 
diet therapy should be continued. Several drugs, used 
singly or in combination, are now available. These include 
the bile-acid sequestrants (cholestyramine and colestipol), 
nicotinic acid, probucol, and the fibric acids (clofibrate 
and gemfibrozil). Of these, bile-acid sequestrants and 
nicotinic acid have been shown to reduce the incidence of 
coronary heart disease. Clofibrate, while effective in 
treating one rare familial form of lipid abnormality (type 
III hyperlipoproteinemia), is not recommended because it 
is not effective in most individuals with a high blood 
cholesterol level but normal triglyceride level. Moreover, 
an excess overall mortality was reported in the World 
Health Organization trial of this drug. We still do not 
have direct evidence for the safety of any cholesterol-
lowering drugs when given over decades; therefore, drug 
treatment should be undertaken cautiously and its desira
bility should be periodically reevaluated, particularly in 
children. 

Individuals with high-risk blood cholesterol levels (se
vere hypercholesterolemia), especially those with the 
hereditary form, may well require drug therapy in 
addition to dietary modification. Combined drug treat
ment (eg, bile-acid sequestrant plus nicotinic acid) may be 
particularly effective. Several combined treatment regi
mens are under study. Individuals with moderate-risk 
blood cholesterol levels will usually respond adequately to 
diet alone. Judgment on the decision to use drugs in such 
patients must be made on a case-by-case basis, taking into 
account family history of coronary heart disease, existing 
coronary disease in the individual, coexistence of other 
risk factors, and age of the individual. 

Who Should Be Treated? 

As described above, individuals with high- and moder
ate-risk blood cholesterol levels (>75th percentile) should 
be treated with diet or diet and drugs. Furthermore, it is 
clearly recognized that it is a goal to encourage reduction 
of the blood cholesterol level to approximately 180 mg/dL 
for adults younger than 30 years and to approximately 200 
mg/dL for individuals aged 30 years or older. This is 
recognized as a realistic "target" level that should be 
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possible to achieve and that would be predicted to havej jhou'd be counseled regarding diet and other cardiovascu 
rionorl/*lol t\n /»rki*/\nQi»TT . . '-I, .^^11 3 _j . • » ^ beneficial effect on coronary heart disease risk. As will tj 
discussed in the following section, it is recommended thj' 
all individuals in the population consume a diet compos^j 
of approximately 30% of the calories as fat (siQ^ 
saturated fat) and 250 to 300 mg of cholesterol a day in 
attempt to shift the blood cholesterol levels in o^f 
population toward the lower levels observed in popuij 

lar risk factors and then followed up at one-year intervals. 
Those with levels above the 90th percentile (>185 mg/dL) 
require special dietary instruction and close supervision 
#ith evaluation of other risk factors. A child with a blood 
cholesterol level above the 95th percentile (>200 mg/dL) 
^,two occasions is in a special category and may have one 

bthe hereditary hypercholesterolemias. Strict dietary 
tions having much lower rates of coronary heart disease ^orvention is indicated and will be sufficient for many 

Both men and women at high risk, as defined above ||ildren. Nonresponders should be considered for treat-
should be treated similarly, even though premenopaugjj ^ent with a lipid-lowering agent, eg, a bile-acid seques-
women have an apparent protection and the onset of the trant (such as cholestyramine). All family members 
disease occurs later than in men. However, as in men, the should be screened. 
leading cause of death in women is coronary heart disease Dietary management of children with elevated blood 
and blood cholesterol is a risk factor. Despite the fact that 
direct intervention studies have not been conducted ii, 
women, there is no reason to propose a separate treatment 
schedule for women. 

Studies are available that indicate a beneficial effect of 
treating high cholesterol levels in individuals with preex- i 
isting clinical disease (secondary intervention) as well as \ 
in individuals without preexisting clinical disease (pri-/ 

fltolesterol levels should be part of total management that 
includes regular exercise programs, maintenance of ideal 
weight, avoidance of excess salt, and avoidance of ciga
rette smoking. 

What Screening Strategy Should Be Adopted for 
Finding Subjects With High Blood Cholesterol Levels? 

According to data from the National Center for Health 
mary intervention). Because of their vulnerability, t Statistics, a high percentage of the American population 
patients with established disease, including particularly 
patients with coronary bypass grafts, should be intensive
ly treated. It is encouraging that the progression of 
established lesions may be retarded by appropriate die
tary and drug therapy. The same may apply to the elderly 
patient. While there is no direct evidence on the benefit to 
be expected in the elderly, and while blood cholesterol 

sees a physician at least once every year. If a cholesterol 
level were determined in adults at these visits, many of 
the individuals with cholesterol levels above the 75th 
percentile would be identified in a relatively short time 
and should be evaluated and treated as described above. 
Ihis physician- and clinic-oriented method for screening 
•ould be cost-effective. Obviously, some patients may not 

becomes less important as a risk factor in old age, dietary a physician for several years, and it would be advisable 
treatment (with due attention to ensure nutritional 
adequacy) may still be helpful. 

weducate the public to the importance of knowing one's 
cholesterol level. In children, only a "family history 

^ screening" is recommended, that is, cholesterol levels 

1 should be obtained in those at higher risk because of a 
strong family history, as discussed above. Educational 

. programs developed by voluntary and public health orga-

Special Guidelines for Management of Children 

IS desirable to begin prevention in childhood because 
patterns of life-style are developed in childhood. The 
moderate-fat and moderate-cholesterol diets recom
mended for the population at large in this report should b« 
suitable for all family members, including healthy chil-. 

nizations in conjunction with the National Cholesterol 
Education Program of the NHLBI, as recommended by 
tJus consensus panel, should alert all adults to the 
l^isability of learning their cholesterol level. 

While we are not at this time recommending mass 
dren older than 2 years. For children, the diets should | screening, a feasibility study of various screening methods 
provide all nutrients in quantities adequate to ensurtj in adults should be considered. Screening necessitates the 
growth and development and meet energy requirements, | availability of laboratories capable of determining pre 

«sely and accurately the blood cholesterol and HDL 
cholesterol levels and of physicians willing and able to 
Manage large numbers of new patients. Thus, preliminary 
steps are needed before mass screening can be consid
ered. 

4. Should an Attempt Be Made to Reduce the Blood 

Excessive gain in weight should be avoided. The diet may 
be inappropriate in children or in the elderly if they are 
malnourished or have special nutritional requirements-
For others, the diet plan is safe and nutritionally 
adequate. 

Children at "high risk" should be identified primarily 
by carefully obtained family histories rather than routine |Cliolesterol Levels of the General Population? 
screening. The history should include parents, grandpar- If 
ents, and all first-degree relatives. A family history M Rationale for Recommendations 
hypercholesterolemia or premature coronary heart dis- S to the General Population 
ease should alert the physician to obtain at least two bloodj# Many compelling lines of evidence link blood cholesterol 
cholesterol determinations. If the blood cholesterol leve'^ coronary heart disease. There is also strong evidence 
in such "high-risk" children is above the 75th percentile |from epidemiologic studies that the relationship between 
(approximately 170 mg/dL for children aged 2 to 19 years). |evel of cholesterol and level of risk for coronary heart 
total and HDL cholesterol measurements should ^ 
obtained. Those children with blood cholesterol le*®'® 
between the 75th and 90th percentile (170 to 185 mg/^H 

Wsease covers virtually the entire cholesterol distribution 
P'" the US population. In fact, recent epidemiologic 
''idies suggest that the relationship holds even at the 
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lower end of the spectrum of cholesterol levels found in 
our population. 

The Japanese population, in comparison with the US 
population, is characterized by a much lower average 
cholesterol level and a much lower frequency of coronary 
heart disease. The Finnish, on the other hand, have a 
much higher average cholesterol level and a much greater 
risk of coronary heart disease than do US citizens. 
Furthermore, Japanese who have migrated to Hawaii and 
to San Francisco have higher cholesterol levels and a 
higher risk of coronary heart disease than nonmigrants. 
Compilation of all the available data suggests that it will 
be beneficial to lower the blood cholesterol of the average 
American. 

In recent years, Americans have been changing their 
habitual diet in the direction we recommend, that is, by 
reducing their intake of total fat, saturated fat, and 
cholesterol and by increasing intake of polyunsaturated 
fat. This has been accompanied by a substantial reduction 
in the average blood cholesterol level of the population. In 
addition, all-cause mortality, cardiovascular mortality, 
and coronary heart disease mortality have also decreased, 
but it is difficult to determine with certainty how much, if 
any, of this decrease is due to changes in diet, blood 
pressure, and cigarette usage or improved medical care. It 
is hoped that improved surveillance systems will clarify 
these issues. 

Recommendations 

In the general population, the basic intervention should 
be based on diet rather than drugs. We recommend a shift 
from the current typical American diet to one that is 
lower in total fat, saturated fat, and cholesterol. Diets 
with these characteristics are the usual diets consumed in 
a number of other countries, eg, Japan and Greece. Life 
expectancy in these two countries is, at virtually every 
age, greater than that in the United States. This applies 
also to the life expectancy in middle age, when mortality 
from coronary heart disease begins to rise sharply. 

The evidence justifies for men, women, and children 
aged 2 years and older the reduction of calories from fat 
from the present average level of 40% to 30%, calories 
from saturated fat to 10% or less, and dietary cholesterol 
to no more than 250 to 300 mg daily. We recommend that 
calories from polyunsaturated fat be increased but not 
exceed 10% of total calories. This diet is generally 
consistent with the most recent recommendations of the 
American Heart Association and the Atherosclerosis 
Study Group of the Inter-Society Commission on Heart 
Disease Resources. Equally important, individuals, health 
professionals, and health agencies must recognize the 
need to control obesity both to aid in controlling blood 
cholesterol levels and to reduce the other health risks of 
obesity. Other elements important in the prevention of 
cardiovascular disease, including avoidance of cigarettes, 
control of high blood pressure, and maintenance of 
reasonable levels of physical activity, are recommended. 

Means of Implementing Dietary Recommendations 
in the General Population 

• If dietary intervention in the general population is to 
be effective, the eating habits of the entire family must be 
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changed. Thus, the recommended diet should be available 
to all family members except those younger than 2 years. 
• Educational services that enable adults and children 

to make informed choices concerning their eating habits 
should be readily available, including ready availability of 
data on composition of natural and processed foods. 
• Professional educational programs for physicians, 

dietitians, and other health professionals should be 
expanded to include adequate material on diet and heart 
disease. 
• Specific food items consistent with the recommended 

diet should be available, accessible, and affordable. 
• The food industry should accelerate its current 

efforts to develop, produce, and market leaner meats and 
other foods, including dairy products, with reduced total 
fat, saturated fat, and cholesterol content. 
• Restaurants, including fast-food outlets, should make 

foods satisfying these diet recommendations available to 
their customers. 
• Government and school food programs should serve 

meals consistent with these recommendations. 
• Food labeling should include total calories, fat source 

and total fat, saturated fat, polyunsaturated fat, and 
cholesterol content as well as other essential nutritional 
information. If necessary, appropriate statutory or other 
changes to require such labeling should be seriously 
considered. 
• A national cholesterol education program should be 

implemented for physicians, other health professionals 
(including those in training), and the public; its effective
ness should be periodically evaluated. 

5. What Research Directions Should Be Pursued on the 
Relationship Between Cholesterol and Heart Disease?—We 
know that blood cholesterol is causally related to coronary 
heart disease and that the atherosclerotic process can be 
influenced by intervention. However, much about lipid 
metabolism and about the mechanisms of the atheroscle
rotic process remains unknown. 
• Cellular and Molecular Biology.—A better under

standing of lipoprotein production and removal, lipopro
tein receptors, and apolipoproteins is needed. More infor
mation is needed with regard to factors controlling the 
level of HDL and its role in preventing coronary heart 
disease. To learn whether diets very high in polyunsatu
rated fatty acids have any adverse effects, more informa
tion is needed regarding their biochemical and biologic 
effects, including those of the highly unsaturated fatty 
acids found in fish oils. Research is also needed on the 
biology of vessel wall injury, on the cells that participate 
in atherosclerosis, and on the events that trigger thrombo
sis in atherosclerotic vessels. 
• Clinical Investigation.—Precisely defined diets and 

pharmacologic interventions to reduce blood cholesterol 
and other lipids must be studied in individuals under 
carefully controlled conditions. Research on the effective
ness of regimens to lower blood cholesterol levels and to 
influence atherosclerosis, including surgical intervention^ 
should also be conducted. Evaluation of these may involve 
atherosclerotic plaque measurement using safe, precise 
imaging techniques such as ultrasound, regional radio-
scintigraphy, magnetic resonance, and/or computer-
enhanced radiography. 
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• Pharmacologic Research.—New compounds that ar^ 
more effective, economical, and safe for the reduction of 
blood cholesterol levels are needed. Development QJ ! 
improved, more palatable, and less expensive bile-acid 
sequestrants also is needed. Similarly, a search 
pharmacologic agents that would favorably influence 
other elements of the atherosclerotic process is hielii, 
desirable. ^ 

• Food Product Research.—The interface of humaj) 
nutrition and human disease requires collaborative effortj 
within the agricultural, industrial, and health research 
communities. More food products that are high in nutri-
tional quality and taste yet low in fat and cholesterol need 
to be developed. 
• Research in Human Behavior.—^i\xAy of how people 

choose their diets and how food habits can be improved 
are necessary. Studies designed to measure and enhance 
adherence to new nutritional behaviors and treatment 
programs are needed. 
• Epidemiologic Investigation.—The search for addi

tional factors that initiate or affect the atherosclerotic 
process must be continued along with further studies of 
risk factors in major population subgroups, including 
blacks. As nutritional practices of the population change 
and as health professionals improve management of 
elevated blood cholesterol levels, ongoing monitoring of 
nutritional patterns, blood cholesterol levels, and disease 
and death outcomes is essential. An important corollary 
will be monitoring to assess disease incidence, prevalence, 
and case fatality rates. Research to assess the effects of 
blood cholesterol reduction on cardiovascular and all-
cause mortality is needed. Overall safety of long-term 
intervention with diet and drugs should be investigated. 
• Secondary Prevention.—The effectiveness of lower

ing blood cholesterol levels by medical or surgical inter
vention to retard or reverse atherosclerotic lesions in 
arteries or bypass grafts of patients with established 
coronary heart disease requires further investigation. 
• Community Applications.—Community demonstra

tion research to test the effectiveness of nutrition-
educational programs that influence food choices and 
other risk-factor behaviors of the healthy free-living 
population is needed. 

gpecial Communication 

An Educational View of a National Initiative 
to Lower Plasma Lipid Levels 

William R. Harlan, MD, Jeoffrey K. Stress, MD 

• Two intervention trials have found significant reduction in coronary 
lieart disease mortality and morbidity following reduction of plasma choles
terol levels by diet or drugs. The implications of these studies have been 
broadened to support a national effort directed to plasma lipid reduction. 
The evidence suggests that both a public health and medical approach can 
be effective and that each would be complementary in a national initiative. 
An important and critical dimension would be education, both of the public 
and of health professionals. The pertinent educational issues are identified in 
the categories of knowledge, attitudes, and skills. Economic considerations 
are an important factor in implementing a national initiative and require 

T attention in development of a program, 
f {JAMA 1985;253:2087-2090) 
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RECENT reports of the effectiveness 
of lipid lowering in the primary pre
vention of coronary artery mortality 
have heightened interest in a major 
national effort to decrease plasma 
cholesterol levels.'-^ The cholestyra
mine drug trial (Lipid Research Clin-

^ ics Coronary Primary Prevention 
Trial, or LRC-CPPT) has been widely 
cited as providing critical evidence 
that proves the lipid hypothesis by 
demonstrating that decreases in plas
ma lipid levels lead to decreases in 
cardiovascular events. Although the 
LRC-CPPT was limited to men aged 
35 to 59 years, the positive reduction 
in cardiovascular mortality has been 
cited as an imperative to initiate lipid-
lowering therapy in adult men and 
women of all ages and at levels below 

^those used for trial recruitment (265 
/dL, the 95th percentile for this 

'e group). The earlier Oslo Study 
roup trial, which achieved a mortal-

% reduction through dietary inter
vention and smoking cessation, is 
Jited as being concordant with the 
''RC-CPPT and providing evidence 
that hygienic measures can be as 

(effective as drugs.^ Buttressed with 
Rflese positive results from interven-

trials and acknowledging the 
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overwhelming biologic and epidemio
logic associations between serum cho
lesterol and coronary heart disease, it 
seems rational, if not imperative, to 
mount a major educational effort to 
lower plasma cholesterol levels. Pri
mary prevention is most appropriate 
from the health perspective and, 
intuitively, should be the most cost-
effective approach. 

This sequence of logic is formidable 
and leaves unresolved only the imple
mentation strategy and the degree of 
diligence that should be applied. 
However, this suggests that we 
understand and can orchestrate the 
social and medical changes necessary 

See also pp 2080, 2091, 
and 2094. 

to achieve a national goal of lower 
plasma lipid levels. The proponents of 
a lipid reduction campaign point to 
the success of the national effort to 
identify and treat hypertensive 
Americans following the reports of 
the Veterans Administration Collabo
rative Trial and the Hypertension 
Detection and Follow-up Program.'" 
Remarkable increases have occurred 
in personal awareness of high blood 
pressure and in initiation and persist
ence of treatment. The lowering of 
blood pressure in all segments of the 
US population are well documented in 
national surveys from 1960 through 

1980.' The National High Blood Pres
sure Education Program and the 
American Heart Association can 
share considerable credit for this 
remarkable change. Their strategy 
was primarily educational and di
rected simultaneously to the public 
and to medical providers. By logical 
extension, an analogous educational 
effort directed toward plasma lipid 
reduction should be similarly effec
tive, if the same factors operate. 
However, our thesis is that the educa
tional and medical approaches to lipid 
reduction differ considerably from 
those related to blood pressure reduc
tion. This discussion examines this 
premise from an educational perspec
tive and identifies differences that 
necessitate different educational and 
practice strategies. These differences 
encompass the traditional educa
tional components (knowledge, skills, 
and attitudes) and extend to the com
plementary intervention strategies of 
public health and of medical care. 

Public Education, Societal Change, 
and the Public Health Approach 

The educational program for high 
blood pressure was addressed initially 
and primarily to the public, rather 
than health professionals. The strate
gy was to focus public attention on 
blood pressure as a personal health 
problem that requires attention by 
medical providers. Physicians were 
encouraged to take a more active role 
in detection and treatment, but con
siderable impetus for change came 
from an aware and concerned public. 
Implementing a strategy of public 
education required straightforward 
educational messages that directed 
simple behaviors: Have your blood 
pressure checked yearly; if it is ele
vated, seek treatment; if it is treated, 
maintain treatment conscientiously. 
The response was striking and rapid. 
Blood pressure screening increased 
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