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In the Uni ted States, a middle-aged male Cau-
casian now has a one in five chance of developing 
clinical coronary heart disease before his 60th birth-
day,1 and a one in three chance of dying dur ing the 
initial coronary attack. This is one of the highest 
incidences in the world. 

Coronary disease may actually begin very early 
in life. Fat ty streaks are commonly found in the 
in t ima of children the world over, even in countries 
with a low incidence of coronary ar tery disease. 
Progression from fat ty streak to fibrous p laque has 
not been convincingly documented , bu t cross-sec-
t ional studies suggest tha t some fat ty streaks do 
progress to fibrous plaques and that these changes 
occur in the same vessels.2 This progression suggests 
tha t atherosclerosis is a pediatr ic problem. 

M a n y environmental as well as genetic factors 
play a role in the development of atherosclerotic 
lesions. Genetic predisposition to coronary heart 
disease, hyperl ipidemia, hypertension, a n d smoking 
are the ma jo r pr imary risk factors. Secondary fac-
tors are sedentary living habits, obesity, psychoso-
cial tension, diabetes mellitus, gout, and long-term 
main tenance hemodialysis for renal failure. Ather-
osclerotic lesions seem to be related to serum cho-
lesterol and dietary fat when compar ing popula-
tions, bu t this association cannot be confirmed on 
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an individual basis.3 Since the extent of 
coronary atherosclerosis varies among 
individuals of similar race, sex, geo-
graphic location, disease, and smoking 
habits, other important factors must be 
involved. 

However, if the occlusive complica-
tions leading to clinical disease can be 
prevented, it seems reasonable to initiate 
programs of prevention as early as the 
first decade. In 1979, we established a 
clinic to evaluate hyperlipidemia in 
children at the Cleveland Clinic Foun-
dation. This report details our initial 
experience with the patients referred to 
the Pediatric Hyperl ipidemia Clinic 
from 1979 to 1981. 

Materials and methods 

From 1979 to 1981, 67 patients were 
referred to the Pediatric Hyperlipid-
emia Clinic ranging in age from 18 
months to 20 years (mean, 11 years). All 
patients had complete histories, physical 
examinations, and laboratory studies to 
rule out secondary causes of hyperlip-
idemia. 

T h e lipid abnormalities seen in the 67 
patients are listed in the Table. Evalua-
tions in 27 of the 67 patients (40%) 
revealed normal lipid levels. Most of 
these patients had been referred from 
an outside physician who had deter-
mined on only one evaluation that the 
cholesterol was slightly high for age; on 
repeated testing in our clinic, however, 
lipid levels were within normal range. 

Thir teen patients (19%) had elevated 
total serum cholesterol, predominant ly 
in the low-density lipoprotein fraction 
(LDL) characterized as a Type II hy-
perlipidemia by the Frederickson clas-
sification.4 

In 12 patients (18%) elevations were 
predominant ly in triglycerides (Type 
IV). In 12 others (18%) only the H D L 
fraction was elevated, with normal L D L 

Table . Cleveland Clinic 
Hyperl ipidemia Clinic, 1979-1981 

N o r m a l * 27 
Increased L D L - C (Type 2) 13 
Increased triglycerides ( T y p e 4) 13 
Increased H D L - C only 12 
M i x e d type _2 

T o t a l pa t i en t s 67 

* N o r m a l = < 2 0 0 m g / d l for cholesterol a n d < 1 5 0 
m g / d l for tr iglycerides. 

and triglyceride levels. Two patients 
(3%) had hyperlipidemia of the mixed 
type. 

All patients underwent at least three 
9- to 14-hour fasting total cholesterol, 
triglyceride, H D L cholesterol, and lipo-
protein electrophoresis evaluations. 
Only after a consistent pat tern was es-
tablished by these three measurements 
were dietary and exercise recommenda-
tions made. 

Dietary instruction 
T h e objective of nutri t ional counsel-

ing was to implement modified fat diets 
for children or adolescents identified as 
having some lipid abnormality. The 
process was threefold: interviewing, 
counseling, and consulting to help par-
ents and children acquire more health-
ful dietary habits. A detailed nutri t ion 
profile and family history were ob-
tained. Patients whose weight was 
greater than 10% above the ideal were 
measured with Lange's skin-fold cali-
pers. Overweight was taken as the dif-
ference between actual and ideal 
weight. Height, sex, and body build 
were also taken into consideration. 

Dietary history was evaluated for en-
ergy and nutrient adequacy. T h e pa-
tient and parents were given detailed 
dietary instruction materials with sam-
ple menus. T h e diet provided adequate 
protein and calories for optimal growth 
and development yet limited cholesterol 
and saturated fats to 300 mg, decreased 
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sugar from 18% to 10% and salt from 10 
to 5 g /day , and increased fruits, vege-
tables, total fiber, and polyunsaturates 
to 20% of total calories. Diet records 
were evaluated every two weeks to assess 
compliance. T h e patients were given 
positive reinforcement via telephone or 
written communication. 

In patients with Type II hyperlipid-
emia, foods rich in saturated fats such 
as meat , milk, and but ter were re-
stricted. Beef, pork, and lamb were lim-
ited to 3 oz three times a week, milk fat 
was decreased to 10%) or less depending 
on the age of the patient, and soft mar-
garines with vegetable oils and high cho-
lesterol foods such as egg yolks, liver, 
brain, and kidneys were forbidden. 

Patients with hypertriglyceridemia 
were given a low-sugar diet, and advised 
to reduce to their ideal body weight. 

None of the patients was initially given 
medication 

In patients with Type IV hyperlipid-
emia, the instructions included sucrose 
(simple sugars) restriction, weight re-
duction, and an increase in physical 
exercise. In all of the children with hy-
perlipidemia, special emphasis was 
placed on eating fish, poultry, veal, and 
lean meats. 

Exercise recommendations 

All patients were initially given a reg-
ular daily exercise program. This in-
cluded j u m p i n g rope for 10 minutes 
each day, increasing by 10- to 15-minute 
increments over a two- to three-week 
period. Other patients were instructed 
to run or swim for the same amount of 
time, and to increase their exercise time 

TOTAL CHOLESTEROL (mg/IOOml) 
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Fig. 1. T o t a l cholesterol levels m e a s u r e d in 6 pa t i en t s wi th T y p e II hypercho les te ro lemia fol lowed for a 
m e a n t i m e of one year. No te t ha t s e rum cholesterol levels were e leva ted in all pa t i en t s a b o v e the 95 th 
percent i le . N o r m a l ranges are listed in t h e h a t c h e d boxes taken f r o m d a t a f rom the Roches te r , M i n n e s o t a 
s tudy. 2 0 
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by 10-minute increments at intervals of 
two to three weeks. 

Results 

Six patients with hypercholesterol-
emia with elevations of LDL were fol-
lowed from two months to two years, 
with a mean follow-up of one year. Fig-
ure I lists the initial total cholesterol and 
subsequent determinations following di-
etary and exercise intervention. All pa-
tients initially had elevated total serum 
cholesterol concentrations above the 
95th percentile for age, and in general, 
there was a t rend to a lowering of cho-
lesterol with dietary and exercise inter-
vention. In most cases, however, the to-
tal serum cholesterol remained elevated 

as did the LDL cholesterol. Only two 
patients whose cholesterol levels were 
mildly elevated had the normal range 
for age at follow-up. 

Figure 2 shows the results of dietary 
and exercise intervention in 7 patients 
with hypertriglyceridemia followed four 
months to two years, with a mean fol-
low-up of one year. Triglyceride levels 
returned to normal ranges in all but 2 
of these patients, even in those with 
triglyceride levels above 500. For ex-
ample, one patient 's triglyceride level 
fell from approximately 580 to 190 m g / 
dl. Another 's triglycerides (the most el-
evated in our group) fell from more than 
2000 m g / d l to below 500 mg/d l with 
diet and exercise. However, the patient 

TOTAL TRIGLYCERIDES (mg/IOOml) 

Fig. 2. T o t a l t r iglyceride levels m e a s u r e d in pa t i en t s fol lowed for a mean t i m e of one year. Levels r e tu rned 
to n o r m a l in a lmost all pa t i en t s despi te m a r k e d l y e levated tr iglyceride levels before the rapy . 
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later ignored the dietary and exercise 
instructions and the triglycerides re-
turned to a markedly elevated state. 

T h e H D L cholesterol levels in pa-
tients with hypertriglyceridemia are 
shown in Figure 3. Note that the H D L 
levels are in the low normal range. Con-
versely, in patients with elevated H D L 
levels, the triglycerides fall in the low or 
low normal range (Fig. 4). 

Discussion 

O u r 1979 lipids surveillance in young 
people was based on the following prem-
ises: 

1. Elevated serum cholesterol increases the 
risk of premature coronary disease. T h e In-
ternational Atherosclerosis Project 
(IAP), an extensive study of the geo-
graphic pathology of atherosclerosis,5 

correlated the relationships of various 
risk factors for coronary artery disease 

with the atherosclerotic lesions them-
selves. T h e rank correlation of lesions 
with serum cholesterol is 0.75, which is 
significantly greater than 0 (p > .001). 
No one has conclusively shown that el-
evated serum triglycerides pose an in-
creased risk factor for early athero-
sclerotic disease. 

2. If the atherosclerotic process is identified 
early, and preventive measures, particularly 
diet, exercise, and medication are begun im-
mediately, they can effectively implement pri-
mary prevention. T h e Helsinki Medical 
Hospital Study in adults demonstrated 
a 50% reduction in deaths from coro-
nary artery disease over a two- to six-
year period and a 12%-18% decrease in 
cholesterol in hospitals serving foods 
high in polyunsaturated fat.6 In a more 
recent study7 of 1232 men, a subgroup 
was instructed to lower their blood lipids 
by a change of diet and to stop smoking. 

TRIGLYCERIDE LEVELS IN PATIENTS 
WITH INCREASED HDL-CHOLESTEROL 

Fig. 3. Tr ig lyce r ide levels in pa t i en t s w i th e leva ted H D L cholesterol d e m o n s t r a t i n g n o r m a l to low n o r m a l , 
or a b n o r m a l l y low tr iglyceride levels. 
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HDL CHOLESTEROL LEVELS IN 
PATIENTS WITH HYPERTRIGLYCERIDEMIA 

1 0 -

AGE (yrs.) 
Fig. 4. H D L cholesterol levels in pa t i en t s w i t h hyper t r ig lyce r idemia re la ted to age. T h e cross-hatched a reas 
represent t he n o r m a l r a n g e establ ished in t h e Roches te r , M i n n e s o t a s tudy. 2 0 H D L cholesterols t end to be 
in t h e low n o r m a l range . 

Mean serum cholesterol concentrations 
were approximately 13% lower in the 
intervention group than in the control 
group, mean fasting serum triglycerides 
fell by 20%, and the mean tobacco con-
sumption per m a n decreased by more 
than 45%. Diagnosis of cardiovascular 
disease during the study was made 
blindly. At the end of the observation 
period, the incidence of myocardial in-
farction (fatal and nonfatal) and sudden 
death was 47% lower in the intervention 
group than in controls. 

In 10% to 20% of children heterozy-
gous for familial hyperlipidemia (ages 
7-21), outpat ient diet alone may reduce 
total and L D L cholesterols to normal. 
In our study and in that of Glueck et 
al,8' 9 however, intensive diet and exer-
cise lowered the total serum cholesterol 
level, bu t it rarely returned to normal 
range for age. In addition, the routine 

use of resin therapy, such as cholestyra-
mine (Questran) a n d cholestipol (Cho-
lestid), has resulted in further reductions 
of cholesterol of only 20%-30%.10 How-
ever, combining cholestyramine or cho-
lestipol with clofibrate (Atromid-S) not 
only reduces cholesterol 20%-30%, but 
may also change its composition. In 
combining the two therapies, clofibrate 
may effect an increase in H D L choles-
terol levels and a decrease in L D L 
levels. 

In another combined drug study, 
K a n e et al12 used colestipol combined 
with niacin and achieved a total serum 
cholesterol decrease of 45%. T h e LDL 
levels decreased 55%, whereas H D L 
levels increased. Side effects were infre-
quent al though nicotinic acid has been 
shown to cause gastric irritation, pru-
ritis, flushing, and skin changes in chil-
dren. In our patients with hypercholes-

require permission.
 on May 27, 2025. For personal use only. All other useswww.ccjm.orgDownloaded from 

http://www.ccjm.org/


Fall 1982 

terolemia, there was a definite trend 
toward a reduction of cholesterol with 
diet and exercise, but most of them 
should begin additional drug therapy to 
see if these cholesterol levels can be re-
duced to the normal range. 

An interesting finding was that 18% 
of our patients with elevated total serum 
cholesterol had elevations only in H D L 
cholesterol. This compares to the 16% 
elevation of H D L cholesterol noted in 
previously reported hypercholestero-
lemic patients.13 Recent population 
studies13 ,14 have demonstrated that 
H D L cholesterol is powerfully and in-
versely related to risk of coronary heart 
disease. Moreover, studies of kindred 
and familial elevations of H D L choles-
terol have documented reduced coro-
nary artery morbidity and mortality 
and prolonged life spans.15 ,16 No broad 
epidemiologic studies of familial aggre-
gation and H D L cholesterol have yet 
been reported. Females tend to have 
higher H D L levels than males, and 
blacks have higher levels than whites. 
Obesity has an inverse relationship with 
H D L cholesterol, and patients who are 
chronic cigarette smokers have lower 
H D L levels. Secondary elevations of 
H D L concentration have been docu-
mented with estrogenic preparat ions 
and low but regular alcohol consump-
tion. In addition, middle-aged men tak-
ing regular exercise had higher H D L 
cholesterol levels than a sedentary con-
trol group.1 

In the familial lipoproteinemias, there 
appears to be an inverse relationship 
between V L D L and H D L cholesterol 
such that increases in V L D L are asso-
ciated with reduced H D L concentra-
tions. No study has demonstrated a def-
inite link between elevated V L D L lipo-
proteins (hypertriglyceridemia) and fur-
ther progression of atherosclerosis. Per-
haps triglyceride levels themselves are 
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not inherently atherogenic but may be 
related inversely to H D L cholesterol. 
We found serum triglyceride levels in 
patients with elevated H D L cholesterol 
predominantly in the low normal range 
(Fig. 3). Our hypertriglyceridemia pa-
tients on the other hand had low normal 
or abnormally low H D L levels. Perhaps 
H D L cholesterol interacts with triglyc-
erides such that when V L D L levels are 
elevated, the H D L cannot hydrolyze the 
increased V L D L triglyceride and con-
sequently the levels are relatively low.1 

Naito et al demonstrated a small but 
statistically significant inverse relation-
ship between H D L phospholipid and 
triglyceride in the development of cor-
onary disease and suggested that a low 
H D L phospholipid-triglyceride ratio 
may be considered a risk factor. These 
da ta add strength to the argument that 
it is the interaction between H D L cho-
lesterol and triglycerides that may be 
important in the development of future 
atherosclerotic disease. T h e general 
trend in our patients with elevated tri-
glyceride levels was low normal or low 
H D L cholesterol. If there is an associa-
tion between hypertriglyceridemia and 
atherosclerosis it may be because the 
H D L cholesterol level in these patients 
is low and not because the triglycerides 
are high. 

In all of our patients with hyper-
triglyceridemia except one, the serum 
triglyceride levels returned to normal 
with just dietary intervention, weight 
reduction, and a regular exercise pro-
gram (Fig. I). This is in accord with 
previous reports.1 

3. Families at high risk for hypercholester-
olemia and early coronary disease can be iden-
tified without screening the general population 
and surveillance of these families is justified. 
Studies of families reveal a greater fre-
quency of hypercholesterolemia among 
first degree relatives of heart attack vie-
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tims under age 60.19 Indeed, 16%-21% 
of the progeny of myocardial infarction 
patients under age 50 have elevated cho-
lesterol levels. We do not recommend 
routine screening of serum cholesterol 
and triglycerides in all children, but 
only in those with a family history of 
hyperlipidemia or cerebral or coronary 
artery disease in relatives under 50. 

Atherosclerosis and coronary heart 
disease are major health problems in the 
Uni ted States and other industrialized 
nations. Although clinical manifesta-
tions usually become apparent in the 
fifth to sixth decades of life, the athero-
sclerotic process begins in childhood and 
probably has its roots in infancy. There-
fore, the ability to prevent or delay the 
complications of atherosclerosis resides 
in the ability to alter environmental and 
genetic factors early in life. Key facets 
of this program are: 

1. Instruction on rational intake of 
calories beginning in infancy and child-
hood, since long-term caloric imbalance 
with resultant obesity increases trends 
toward hypertension, hyperlipidemia, 
and hyperglycemia. 

2. Instruction in proper nutrit ion, 
and avoidance of foods high in choles-
terol and saturated fats. 

3. Encouragement of high-energy 
physical activity in childhood to estab-
lish lifelong patterns of regular exercise. 

4. Discouragement of smoking by ab-
stention and cautioning children on its 
long-term effects. 

T h e dual role of the clinician is to 
identify the children at highest risk, and 
to educate them regarding cardiovas-
cular health. Most children with hyper-
triglyceridemia can at tain normal tri-
glyceride levels with proper diet, weight 
reduction, and exercise. In children with 
hypercholesterolemia, cholesterol levels 
can be reduced with diet and exercise, 
but some form of medical therapy will 

be necessary, especially in the homozy-
gote hypercholesterolemic child who 
will probably need combination ther-
apy. Children with elevated H D L cho-
lesterol should be followed for years and 
the relationship between H D L choles-
terol and triglyceride monitored care-
fully. 
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