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GENETICS OF HYPERLIPIDEMIA IN CORONARY HEART DISEASE
By Joseph L. Goldstein, M. D.

Familial Aggregation in Coronary Heart Disease
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Osler was the first to emphasize the importance of genetic factors in
the pathogenesis of coronary heart disease. He described several remarkable
family pedigrees in which the grandfather, father, and son had each died of
"heart pain" before age 40 years (Reference 1). As a result of a number of
carefully conducted recent studies on the familial aggregation of coronary
heart disease (2,3,4), it is generally believed that:

1) if an individual has a myocardial infarction before age
60 years, his first-degree relatives,(i.e., parents, siblings,
and children) show a 6 fold increased risk for myocardial
infarction as compared to that of the general population.

2) if an individual has his first myocardial infarction at or
after age 60 years, the risk to his first-degree relatives
is 2 fold over that of the general population.

Coronary lleart Disease as a Multifactorial and Heterogeneous Disorder
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As a result of many large-scale epidemiological investigations (5-9) a
number of genetically-determined and environmentally-influcnced factors
("risk factors") are now recognized to play an important role in the ctiology
of coronary heart disease (see Table 1). Since four of these "risk factors" -
hypercholesterolemia, hypertriglyceridemia, hypertension, and diabctes mellitus -
are importantly influenced by genetic factors, it is likely that much of tne
familial aggregation of coronary heart disease is determined by the familial
occurrence of hyperlipidemia, diabetes mellitus, and hypertension.

IIT. Hypertriglyceridemia as an Independent Risk Factor for Coronary iieart
Disease
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Albrink was the first to emphasize the importance of the plasma triglyceride
level as a predictor of coronary heart disease (10). Althcugh the level of
plasma cholesterol has generally been thought to be a more significant risk
factor than the level of plasma triglyceride, the more recent Swedish epidemi-
ological investigations of Carlson ?13) indicate that the fasting triglyceride
value is a more informative and important risk factor than the cholesterol value.
It is unfortunate to note that neither of the two major American epidemiological
studies on coronary heart disease - i.e., the Tecumseh study and the Framingham
study - obtained fasting blood specimens for measurement of the triglyceride
level.

IV. Genetic Studies of Hyperlipidemia and Coronary Heart Discase
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This article (14) clearly outlines the problems which preclude a precise
genetic analysis of coronary heart disease. These include: 1) delayed and
variable age of onset of the disorder; 2) high frequency of the disorder in the
population; 3) heterogeneity of "risk factors" which predispose to development
of coronary atherosclerosis; and 4) absence of knowledge of basic metabolic
defects and hence absence of specific genetic markers for identifying asymptomatic
individuals who may carry gene(s) predisposing to coronary disease.
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Although a number of recent studies have unequivocally demonstrated a rela-
tionsaip between the familial occurrence of hyperlipidemia and coronary heart
disease (15-21), none of these investigations was carried out on unselected and
consecutively studied patients who are representative of the general population.
Therefore, from these data one cannot determine the true frequency of tie
familial hyperlipidemias in "garden-variety" patients with coronary neart disecasc
nor can one accurately quantitate the magnitude of the contribution of the
genetic forms of hyperlipidemia to the overall pathogencsis of coronary heart

discase.
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The above articles (22-25) contain the data from the Seattle study.
Portions of these data are reproduced in Tables 2-13 and Figures 1-19 of
this protocol.

VI. Diagnostic Approach to the Individual Hyperlipidemic Patient with Ccronary

Heart Diseasec

26.
27.

28.

£9.

30.

31

Gofman, J. W., L. Rubin, J. P. McGinley, and H. B. Jones. llyper-
lipoproteinemia. Amer. J. Med. 17:514, 1954,

Thannhauser, S. J. Lipidoses: Diseases of the Intracellular Lipid
Metabolism, Grune & Stratton, New York. 3rd edition. 1958,

Ahrens, E. H., Jr., J. liirsch, K. Oette, J. W. Farquhar and Y. Stein.
Carbohydrate-induced lipemia. Trans. Assoc. Amer. Physicians. 74:

134,

1967.

Fredrickson, D. W., R. I. Levy, and R. S. Lees. Fat transport in
lipoproteins--an integrated approach to mechanisms and disorders.
. Engl. J. Med. 276:32, 94, 148, 215, 273, 1967.

bBeaumont, J. L., L. A. Carlson, G. R. Cooper, Z. Fejfar, D. S.
Fredrickson, and T. Strasser. Classification of hyperlipidemias
and hyperlipoproteinemias. Bull. World Health Org. 43:891, 1970.
Havel, R. J. Typing of hyperTipoproteinemias. Atherosclerosis

11:3,

Over the
ification of the hyperlipidemias:

1)

w
i

1970.
past 2 decades, several different systems have emerged for class-

Gofman, in 1954, proposed the use of analytical ultracentrifu-
gation of plasma lipoproteins as a method for classification (26).
However, this proved too difficult for routine clinical use and
was quickly abandoned.

Thannhauser, in 1958 and even earlier, classified patients accord-
ing to type of xanthomas (i.e., tendinous, tuberous, or eruptive)
and according to the predominant 1ipid elevation (i.e., hyper-
cholesterolemia or hypertriglyceridemia) (27).

Ahrens, in 1961, added a refinement to the Thannhauser classifica-
tion by subdividing hypertriglyceridemic states into 2 broad
categories - endogenous (or carbohydrate-induced) and exogenous
(or fat-induced) (28).

Fredrickson, in 1967, introduced lipoprotein electrophoresis and
originally recognized 5 types of hyperlipidemia (29). The
Fredrickson method has since been modified by the World Health
Organization (30) and in its present form, 6 types of hyperlipidemia
are recognized - types I, Ila, IIb, III, IV, and V.

With the exception of type I hyperlipidemia which generally reflects
the presence of tne rare autosomal recessive disorder of Tipoprotein
lipase deficiency, none of the other Tlipoprotein types are specific
for a single genetic disorder; conversely, none of the genetic

lipid disorders is specified by a single Tipoprotein type (see

data of Tables 11 and 13 and Fig. 19). Thus, classification by
lipoprotein typing has no valid genetic basis and for this reason

it is probably an unphysiologic clinical approach.
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Havel has suggested that a measurement of the levels of whole
plasma cholesterol and triglyceride in the fasting state provides
the clinician with as much useful information as that obtained
from lipoprotein phenotyping (31).

From the data of the Seattle study (22-25), it would appear that
the most currently rational and physiologic way to classify
patients with hyperlipidemia (until definitive and specific
genetic markers become available) is by analysis of the fasting
levels of whole plasma cholesterol and triglyceride of the
relatives of the given subject. This approach offers the addi-
tional advantage of identifying at an early age young members

of the population who are hyperlipidemic and are therefore at
risk for the development of premature coronary atherosclerosis.
Lipoprotein quantification and phenotyping may be helpful in
rare circumstances, such as diagnosing the occasional patient
witih the type III lipoprotein pattern (found in less than 1%

of the 500 consecutively studied survivors of myocardial infarc-
tion in the Seattle study {251}).



TABLE 1

MULTIFACTORIAL BASIS OF CORONARY HEART DISEASE
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Sex - Male > Female
Hypercholesterolemia
Hypertriglyceridemia
Diabetes Mellitus
Hypertension

Smoking

Obesity

Type A Personality
Physical Inactivity

Blood Group - Type A (Thrombosis only)
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TABLE 2

Unadjusted Plasma Lipid Levels in Controls

Age Range 950 Spouse Controls
(years) No. Cholesterol Triglyceride
(mg /100 ml) (mg/100 ml)
Men Mean * S.D. Mean * S. D,
15 - 19 13 168 + 27 53 + 22
20 - 29 43 192 % 33 76 * 37
30 - 39 62 212 * 34 92 * 56
40 - 49 116 226 % 43 101 = 47
50 - 59 85 239 * 42 109 * 58
60 - 69 51 226 * 39 103 + 58
70 - 79 24 200 * 39 98 * 43
80 -~ 89 6 169 = 21 98 + 19
400
Women
15 - 19 11 183 + 17 71 + 27
20 - 29 47 199 * 36 79 * 40
30 - 39 88 196 * 39 73 *+ 38
40 - 49 168 215 * 42 87 * 46
50 - 59 162 238 + 43 107 * 55
60 - 69 55 250 * 49 98 * 47
70 - 79 19 230 * 32 146 * 78

550
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e iy ),
1 i T ' 1 | T T | || 1 o §
100 200 300 >400 1.5 2.0 25 0 100 200 >300
Adj. Cholesterol (mg/100ml) Adj. log,y Triglyceride (mg/100mi) Adj. Triglyceride (mg/100 mi)

Frequency distributions of adjusted cholesterol (A), 10919
triglyceride (u), and triglyceride (C) Tevels in 95C controls.
The smootn curve represents a nonparametric density estimate of
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TABLE 3

Estimated Upper Percentile Values for Sex and Age-
Adjusted Plasma Lipids in Controls

(Ndjustment to Age 45 Years)

, Upper Percentiles
Plasma Lipid

90th 95th 99th
mg/100 ml
. Cholesterol 270 285 314
Triglyceride 147 165 200

Percentile values were computed from the mean and standard
deviation estimates of the respective normal distributions of

adjusted cholesterol and adjusted log10 triglyceride,
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TABLE 4

Age and Sex Composition of 500 Survivors of

Myocardial Infarction

500 Survivors

Age Range,
(years) : Men Women
(no.) (no.)
30 - 39*% 23 2
40 - 49% 88 19
50 - 59% 199 35
60 - 69t 57 18
70 - 79% 24 . 19
80 - 89t 10 6
401 99

* Represents virtdally complete ascertainment of three-
month survivors of myocardial infarctionm.

t* Represents a randomly chosen group of three-month
survivors of myocardial infarction (1 out of 4

‘'selected) .
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FIGURE 4

PLASMA LIPIDS IN 500 SURVIVORS OF MYOCARDIAL INFARCTION
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Coniparisoii_of frequency distributions of adjusted plasma Tijie
levels in survivors of myocardial infarction and controls.
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TABLE 6

Overall Frequency of Hyperlipidemia in 500 Survivors

Frequency
Lipid Elevation
Number Percentage

Hypercholesterolemia alone

Adjusted Cholesterol > 285 mg/100 ml 38 7.6

Adjusted Triglyceride <165 mg/100
Hypertriglyceridemia alone

Adjusted Cholesterol < 285 mg/100 ml 78 15.6

Adjusted Triglyceride > 165 mg/100 ml
Both

Adjusted Cholesterol > 285 mg/100 ml 41 7.8

Adjusted Triglyceride > 165 mg/100 ml

Total 157%* 31.0

* This total become 162 (327%) if 5 normolipidemic survivors
who were taking clofibrate for previously diagnosed hyperlipidemia

had been included.
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FIGUPE 5

Hyperlipidemia in Survivors at Different Ages
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TABLE 7

Frequency of Risk Factors

In Normolipidemic and Hyperlipidemic Survivorst

Frequency (%)

Risk Factor All Survivors Normolipidemic Hypercholes- Hypertri-
Survivors terolemic glyceridemic
{n=500) (n=343) Survivors§ Survivors§
(n=78) (n=118)
Diabetes Mellitusn 12.6 11.1 11.5 18.6%
Hypertension“ 15.4 13.4 16.6 21.2%
'Obesity# 17.2 14.0 25.5% 24 ,5%%
Hyperuricemia§§ 13.8 13.1 14.1 19.5
Excessive smokingx 39.5 38.5 44.0 40.8

#

Denotes statistical level of significance at 0.05 (** denotes 0.01)
using Chi-square test to compare proportion with risk factor in hyper-
lipidemic to that in normolipidemic group.

95th percentile values used to define hyperlipidemia.

Independent of level of other plasma liquid.

Diagnosed if 1 of 2 criteria fulfilled: 1) survivor taking either
insulin or an oral antihyperglycemic medication; or 2) fasting plasma
glucose > 120 mg/100 ml.

Considered present if past history of specific treatment with anti-
hypertensive drug theiapy. Frequency of hypertension by same criterion
in controls was 6.2%.

Weight in excess of 1257 of ideal body weight by criteria of Metro-
politan Life Insurance Company tables. Frequency of obesity by
same criteria in controls was 16.8%.

Plasma uric acid > 7.0 mg/100 ml in women and > 8.0 mg/100 ml in men.
More than 20 cigarettes per day. Frequency of excessive smoking by same

criterion in contreols was 10.0%.
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FIGURE 6

GENETIC ANALYSIS OF HYPERLIPIDEMIA
IN 164 M.I. SURVIVORS

U“CLASSIF/ED/

Summary of genetic analysis in 164 nhyperlipidemic survivors
of myocardial infarction. The unclassified category rcpresents these
dyperlipidenic survivors in whem fanily study was not possible becausc
of lack of availability of at least three relatives. Type III ayper-
lipidemia (not included here) was identified in four, or 2.4%, of thesc
164 hyperlipideiiic survivors.
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FIGURE 7
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Pedigree of a typical family witn familial hypercholestercleniia.
The 1ipid Tevels shown represented unadjusted (1.e., actual) values.
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FIGURE &

Familial llypercholesterolemia
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Frequency distributions of adjusted 1ipid levels in 132 near
and distant relatives of 16 survivors with familial hypercholesterolenia.
Included in this analysis were 60 first-degree, 44 seconc-degree, 18 tiaird-
degrec, and 2 fourth-degree relatives. Forty-nine of the 132 relatives
were between the ages of G and 20. Thne distribution is divided into
incremeits of 10 mg/100 ml. The smooth stippled curve represents a acn-
parametric density estimate of the control distribution.
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Pedigree of a typical family with familial hypertriglyceridenia.
The Tipid Tlevels shown represent unadjusted (i.e., actual) valucs.
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FIGURE 11

Familial Hypertriglyceridemia
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Frequency distributions of adjusted lipid levels in 132 adult
(> 20 years of age) relatives of 23 survivors with familial hyper-
triglyceridemia. IncTuded in this analysis were 90 first-degree
relatives, 30 second-degree relatives, and 12 third-degree relatives.
The distribution is divided into increments of 10 mg/100 m1. The

smooth stippled curve represents a non-parametric density estimate
of the control distribution.
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FIGURE 13

COMBINED
HYPERLIPIDEMIA
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Pedigree of a typical family with familial combined hyperlipidenia.
The 1ipid Tevels shown represent unadjusted (i.e., actual) valucs.
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FIGURE 14

Familial Combined Hyperlipidemia
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Frequency distributions of adjusted lipid levels in 234 first-
degree adult (> 20 years of age) relatives of 47 survivors with
familial combined hyperlipidemia. 1The distribution is divided into
increments of 10 mg/100 ml. The smooth stippled curve represents
a non-parametric density estimate of the control distribution.
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FIGURE 15

Familial Combined Hyperlipidemnia
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Relation between the level of cholesterol and triglyceride i
234 first-degree adult (> 20 years of age) relatives of 47 survivors
with familial combined nyperlipidemia. Tie 234 relatives were divided
into two groups depending on whether tineir triglycerice level fell above
(n = 48) or below (n = 136) the 90th perceniile of controls. The mean
value for adjusted cholesterol levels in controls (218 mg/100 ml) is
indicated by tne arrow at the top of the figure.
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TABLE 9

Analysis of 22 Informative Matings from 20 Families

with Familial Combined Hyperlipidemia*

Mating Type Distribution of Phenotypes in Offspring (no.)

(no.) Normal 4Cholesterol +Triglyceride 4Both
#Cholesterol x Normal (6) 4 1 3 2
#Triglyceride x Normal (9) 10 1 6 5
*Both x Normal (7) 10 0 8 3

*# Parents and offspringAwere considered affected if the indicated
1lipid level equaled or exceeded the 95th percentile of controls.
This analysis includes all matings from families with combined hyper-
lipidemia which met both of these criteria: 1) the parental mating type

was affected x normal and 2) at least one offspring was affected.
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Frequency distributions of unadjusted lipid levels in near and distant
relatives, age 6-20, of 6 prowands with familial nypercnolesterolemia (A,
Z3 probands witn familial nypertriglyceridemia (L), and 47 probands wiui
Tami al comoined hyperTipicemia (C). Tho number of relatives tTestec for
€acn uisorder is indicated in tiie appropriate panel. o age and sex-adjusi-
ments were applied to these data since no significant correlation witi age
was observed in values from 110 controls, ages 6-20. The arvitrary desigic-
tion of normal and elevated was made from a consideration of the lipid levels
in the 110 controls, ages 6-20, wiose values were collected as part of thc
family studies of the 27 normolipidemic survivors. Since tie dighesi uii-
adjusted cholesterol and triglyceride values obscrved in tiese controls were
250 ana 115 wmg/190 1, respectively, these values were arvitrarily considered
as maximum upper limits of normal for the age range.
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FIGURE 18

Polygenic Hypercholestcerolemia

149 A 1B K
12 - -
# controls
] O relatives
10 &
8+ i
6 i
4- |
2_ —
O I.... -I"‘ T //L[ % 2% | Shg | /l/ll
100 200 300 >400 O 100 200 >300
Adj. Cholesterol (mg/100ml) Adj. Triglyceride (mg/100 ml)

Frequency distributions of 145 near and distant acult (2 20 ycars
of age) relatives of 28 survivors with polygenic liypercholescerclconia.
Included in this analysis were 119 first-degree, 20 second-degree, and
6 third-degree relatives. The distribution is divided into increments
of 10 mg/100 ml. The smooth stippled curve represents a non-pararetric
density estimate of the control distribution.
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FIGURE 19

Sporadic iHypertriglyceridenia
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Frequency distribution of 158 near and distant adult (> 20 years
of age) relatives of 31 survivors witih sporadic hypertriglyceridemia.
Tncluded in this analysis were 105 first-degree, 44 second-degree, and
9 third-degree relatives. The distribution is divided into increments
of 10 mg/100 m1. The smooth stippled curve represents a non-parametric
density estimate of the control distribution.
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TABLE 10

Criteria For Lipoprotein Phenotyping

Plasma Lipid Level Presence of
Lipoprotein Whole Plasma LDL-cholesterol Fasting B-migrating
Phenotype Triglyceride > upper 1imit Chylomicrons § VLDL Il
. 2 95th . . of normal ;
percentile
Ila ' - + ; - -
1Ib + + - -
III‘ + oy ~ + or - + or - +
v + - - -
\' + - , + -
* .
Based on age and sex-adjusted data from 950 control subjects.
= Based on age-related 95th percentile values estimated by Fredrickson,
5 By PVP flocculation and agarose gel electrophoresis.
I By agarose gel electrophoresis (see footnote 2).
1

Lipid composition of isolated VLDL (and of fasting chylomicrons, when present)
and electrophoretic mobility of lipoproteins in whole plasma were used as
confirmatory diagnostic criteria for the type III pattern but by themselves

were not considered sufficient for its assignment.
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FIGURE 20
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Relation between total plasma cholesterol and low-density
lipoprotein (LLL)-cholestercl Tlevels in 75 survivors with monogenic
1ipid disorders and in 54 survivors with polyagenic hypercholeslerolenia

(n = 25) and sporadic hypertriglyceridemia (n = 29).
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FIGURE 21
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Comparison of Tow-density lipoprotein (LolL)-chclesterol levels in

survivors of myocardial infarction grouped according to their genetic

diagnosis.
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TABLE 11

Relationship Between Genetic Classification and Lipoprotein Phenotyping in

Hyperlipidemic Survivors of Myocardial Infarction

No. Lipoprotein Phenotype

Genetic of Normal 1la IIb IV \Y
Disorder Subjects

<

Monogenic
Familial

hyperchol- | . *
esterolemia 14 1 7 4 2 0

Familial
hypertri- §
glyceridemia 22 8

Familial
combined g *%
hyperlipidemia 41 7 13 10 10 1

Polygenic
Hyperchol-

esterolemia 25 9 9 2 5 0

Sporadic
Hypertri-

glyceridemia 31 10 4

Taking clofibrate at the time of the repeat sample.

% 1 of these subjects was under treatment for acute hyperthyroidism with
1311 and prednisone at the time of the repeat sample.

- 4 were taking clofibrate.

" 1 was taking clofibrate.

i 2 were taking clofibrate.

o 4 were taking clofibrate.

" :

1 was taking clofibrate.
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TABLE 12

Frequency of Hyperlipidemia

Survivors of Myocardial Infarction

ibezdcy < Age 60 > Age 60 Ratio General
(a) (b) a/b Population*
% % %

A, Monogenic Hyperlipidemia

Familial

Hypercholesterolemia 4,1 0.7 39 ~v 0.1 - 0.2

Familial !

Hypertriglyceridemia 5.2 2.7 1.9 ~v 0.2 - 0.3

Combined

Hyperlipidemia 11.3 4,1 2.8 ~v 0,3 - 0.5

Total 20.6 7.5 V0.6 -1.0

B. Polygenic _

Hypercholesterolemia 5.5 5.5 1.0 ————
C. Sporadic :

Hypertriglyceridemia 5.8 6.9 0.8 e

- * These estimates of heterozygote frequency in the general population
are minimal since they were made under the folldﬁing assumptions:
1) that the prevalence rate of coronary heart disease in adults,
age 30-59, is 3%; + 2) that the frequency of these disorders

as observed among unselected three-month survivors of myocardial
infarction would be the same among individuals with other manifes-
tations of coronary disease, such as angina pectoris, sudden death,
and fatal myocardial infarction; and 3) that all heterozygotes for
one of these monogenic lipid disorders manifest clinical evidence

of coronary disease before age 60 years.
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