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I. Familia 1 .1\.ggregati on .:!..!!_ Coronary Heart Disease 

1. O~ler, W. Lectures on Angina Pectoris and Allied States. 
D. Appleton and Company, New York. 1897. 

2. Gertler, t1. M., and P. D. White. Coronary Heart Disease in 
Young Adults: a Multidisciplinary Study. Harvard University 
Press, Boston. 1954. 

3. Thomas, C. B., and C. H. Cohen. The familial occurrence of 
hypertension and coronary heart disease, with observations 
concerning obes i ty and diabetes. Ann. Intern. f1ed. 42:90, 1955. 

4. Slack, J., and K. A. Evans. The increased risk-of death from 
ischemic heart disease in first degree relatives of 121 men 
and 96 women with ischemic heart disease. J. Med. Genet. 3:239, 
1966. - - -

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 t he grandfather, father, and son had each died of 
11 heart pain 11 before age 40 ye ars (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 r.1yocardial infarction before age 
60 years, his first-degree rclatives,(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. 

II. Coronary Heart Disease~ E_ t1ultifactorial and HeterogeneoLts_ Disorder 

5. Epstein , F. !1., and L. D. Ostrander, Jr. Detection of individual 
susceptibility toward coronary heart disease. Progr. Cardiovas. 
Dis . 13:324, 1971. 

6. Epste1n, F. H. Epidemiologic aspects of atherosclerosis. 

7. 

n u. 

Atherosclerosis. 14:1,1971. 
Epstein, F. H. Risk Factors in coronary heart disease: En vi ron
mental and hereditary influences . Israel J. r·1ed. Sci. 3:594,1967. 
Kannel, lL [3., \J. P. Castelli, T. Gordon, andP. t1-:-TI'd(arnara. Serum 
cholesterol, lipoproteins, and the risk of coronary heart disease. 
f,nn. Intern. r.ied. 74:1,1971. 
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9. Ostrander, L. D., Jr., 3. J. Neff, W. D. Clock, T. Francis, Jr., 
and F. H. Epstein. Hyperglycemia and hypertri~lyceridemia ar1ong 
persons with coronary heart disease. Ann. Intern. :1ed. G7:3!,., 1%7. 

As a result of many large-scale epidemiological investigations ( ~~9 ) a 
number of genetically-determined and environmentally-influen ced factors 
("risk factors") are now recognized to play an importa11t role in the e tiology 
of coronary heart disease (see Taule 1). Since four of these "risk factors" -
hypercholesterolemia, hypertriglyceridemia, hypertension, and diabetes mellitus -
are importantly influenced by genetic factors, it is likely that much of tm: 
familial aggregation of coronary heart disease is determined by the far11ilial 
occurrence of hyperlipidemia, diabetes mellitus, anJ hypertension. 

I II. Hypertri glyceri demi a ~ ~ Independent Risk Factor for Coronary ileart 
Disease 

10. Albrink, M. J., J . W. Meigs, and E. B. Man. Serum lipids, hyper
tension, and coronary heart disease. Amer. J. ~1ed. 31:4, 1961. 

11. Grown, D. F., S. H. Kinch, and J. T. Doyle. -Serum fY::Iglycerides 
in health and in ischaemic heart disease. l~ew ~· ~· ~1ed. 273 : 
947' 1965. 

12. Havel, R. J., and L. A. Carlson. Serum lipoproteins, cholesterol 
and tri glycerides in coronary heart disease. f•letabo 1 ism. 11 : 
195, 1962. 

13. Carlson, L. A., and L. E. Cottiger. Ischaemic heart disease in 
relation to fasting value of plasma triglycerides and cholesterol. 
Lancet . .:!_:865, 1972 . 

Albrink was the first to emphasize the importance of the plasma triglyceride 
level as a predictor of coronary heart disease (10). Althcuah the level of 
plasma cholesterol has generally been thought to be a more significant risk 
factor than the level of plasma triolyceride, the more recent Sv1edish epiJer.li
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 tv.JO major American epiLlemiological 
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 Disease 

14. Murphy, E. A. Some difficulties in the investigation of aenetic 
factors in coronary artery disease. Can ad. ~1ed. /\ssn. ~· 2.Z_: 1181 , l9G7. 

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 knm·Jledge of basic r.1etabolic 
defects and hence absence of specific genetic markers for i denti fyi ng asymptomatic 
individuals who may carry gene(s) predisposing to coronary disease. 
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15. Slack, J. Risks of ischaemic heart-disease in familial hyper
lipoproteinemic states. Lancet ii: 1380, 1969. 

16. Fredrickson , D. S. and R. I. LevY":" Familial hyperlipoproteine1-;,ia. 
In The r'1etabolic Basis of Inherited Disease. J. G. Stanbury, J. C. 
Wyngaarden, and D. S. Fredricks on. ~1cGraw-Hill, ~:ew York. 3rd 
edition. 595, 1972. 

17. Slack, J . , and N.C. Nevin. Hereditary aspects of hyperlipidemic 
states. In Treatment of the Hyperlipidemic States. fl. R. Casdorph, 
Editor. Charles C. Thomas, Springfield, Illinois. 121, 1971. 

18. Miettinen, T. A. , I. M. Penttila and E. Lampainen. Familial occurrence 
of mild hyperlipoproteinaemias. Clin. Genetics 3:271, 1972. 

19. Schrott , H. G., J. L. Goldstein, W. R. Hazzard, M. n. ~kGood~·Jin, and 
A. G. Motulsky. Familial hypercholesterolemia in a large kindred: 
Evidence for monogenic mechanism . Ann. Intern . t1ed . 76:711, 1972. 

20. Nevin , rL C., and J. Slack. Hyperl1p1daem1c xanthomatosis. II.l1odt: 
of inheritance in 55 families with essential hyperlipidaemia anJ 
xanthomatosis. J . Med. Gen. 5 :9, 1968. 

21. Patterson, D., and r sracK. - Lipid abnormalities in male and female 
survivors of myocardial infarcti on and their first -degree relatives. 
Lance t i :393, 1972 . 

Although a numbe r of recent studies have unequivocally demonstrated a rela
ti ons ili p bcti·Jeen the familia 1 occurrence of hyper l i pi demi a and coronary heJrt 
disease (15-21) , none of these investigations \vas carried out on unselectec! and 
COi1s ecutive ly studied patients vJho are representative of the general pop ulJtion. 
Therefore, from these data one cannot determine the true frequency of tl1e 
familial hyp12rlip idemias in 11 garden- variety 11 patients with coronary hea r'.: dise.:se: 
nor can one accurately quantitate the magnitude of the contribution of the 
genetic forms of hyperl i pi demi a to the over a 11 pathogencs is of coronary heart 
diseas e . 

V. Tile Seattle Study -!;__ Genetic f,nal ys is of Hyperlipider:1ia .:!!!_Corolla ry r:eart 
Disease 

22. 

23. 

24. 

25. 

Goldstein, J . L., W. R. Hazzard, H. G. Schrott, E. L. [3ierman, and 
A. G. Motulsky. Genetics of hyperlipidemia in coronary heart dis ease. 
Trans. Assoc. J\m. Physicians . 85: In press. 1972. 
Goldste1n, J. L., ~·J. R. Hazzard, li. G. Schrott, E. L. Dierman and 
A. G. 11otulsky. Hyperlipidemia in coronary heart disease. I. Lipid 
levels in 500 survivors of myocardial infurction. ~· Clin. Invest. 
Submitted for publication. 1372. 
Goldstein, J . L., H. G. Schrott, :·J. R. Hazzard, E. L. 8ierman an d 
A. G. Motulsky. Hyperlipidemia in coronary heart disease. II. Genetic 
analysis of lipid levels in 176 families and delineation of a new 
inherited disorder: combined hyperlipidemia. ~· Clin. Invest. 
Submi tted for publica ti on. 1972. 
Hazzard, W. R., J . L. Goldstein, II. G. Schrott, A. G. tiotulsky, and 
E. L. Bierman. Hyperlipidemia in coronary heart disease. III. 
Lipoprotein phenotyping of 156 genetically defined survivors of 
myocardial infarction. J . Clin. Invest. Submitted for publication. 
1972. - --
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The above articles (22 -25) contain the data from the Seattle study . 
Portions of these uata are reprod uced in Table s 2-13 and Figures 1-19 of 
this protocol . 

VI. Diagnos t ic .0.EEroach t o the Individual Hyperlipidemic Patient v; ith S:oronary 
Heart Disease 

26. 

27. 

23. 

29 . 

30. 

31. 

Gofman, J. W .• l. Rubin, J.P. t·1cGinley, and H. G. Jones. llyper
lipoproteinemia. Amer . J. t1ed. 17:514, 1954. 
Thannhauser, S. J.---cTpidoses: Di seases of the Intracellular LipiJ 
Metabolism. Grune & Stratton, New York . 3rd edition. 1958. 
Ahrens , E. H., Jr. , J . liirsch, K. Oette , J . \~ .Farquhar andY. Stein. 
Carbohydrate -i nduced 1 i pemi a. Trans. Assoc. Amer. Physicians . .zi: 
134' 196 1 . 
Fredrickson, D. W., R. I. Levy, and R. S. Lees . Fat transport in 
lipoprotei ns --an integrated approach to me ch anisms and disorders. 
~· ~· ~· r1ed. 276:32, 94 , 148, 215, 273, 1967. 
Be aumo nt, J. L., L. A. Carlson, G. R. Cooper, Z. Fejfar, D. S. 
Fredrickson, and T. Strasser. Classification of hyperlipidemias 
and hyperlipoprotei nemias. Bull. World Health 2.!:.9_. 43:891, 1970 . 
Havel, R. J. Typing of hypernpop rote1 nem1as . Atherosclerosis 
l_!_:3, 1970. 

Over the 
ification of 

pas t 2 de cades, severa l different sys tems have emerged for class
the hyperli pidemi as: 

1) 

2) 

3) 

4) 

Gofman, in 1954, proposed the use of analytical ultracentrifu
gation of plasma lipoproteins as a method for classification (26). 
However, this proved too di fficu lt for routine clinical use and 
was qui ck ly abandoned. 
Thannhauser, in 1958 and even earlier, classified patients accord
ing to type of xanthomas (i.e., tendinous, tuberous, or er uptive) 
and according to the predominant lipid elevation (i.e., hyper
choles te rolemia or hypert riglyceridemia) (27). 
Ahrens, in 1961, added a refinement to the Thannhauser classifica
tion by s ubdividing hypertriglyceridemic states into 2 broad 
categories - endogenous (or carbohydrate-induced) and exogenous 
(or fat -i nduced) (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 
Organi zation (30) and in its present form, 6 types of hyperlipidcr.lia 
are recogni zed - types I , IIa, lib, III, IV, and V. 

lJitn t he excepti on of type I hyperlipidemia which generally reflects 
the presence of the rare autosomal recessive disorder of lipoprotein 
lipase deficiency, none of the other lipoprotein types are specific 
for a single genetic Jisorder; conversely, none of the genetic 
lipid disorders is specified by a single lipoprotein type (sec 
data of Tables 11 and 13 anJ Fig. 19). Thus, classification by 
lipoprotei n typing has no valid genetic basis and for this reason 
it i s probably an unphysiologic clinical approach. 



5) 

6) 

5 

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 \·Jay 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 mer.1bers 
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 
with the type III lipoprotein pattern (found in less than a 
of the 500 consecutively studied survivors of myocardial infarc
tion in the Seattle study {25}). 
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TABLE 1 

MULTIFACTORIAL GASIS OF CORONARY HEART DISEASE 

1. Sex - Male > Female 

2. Hypercholesterolemia 

3. Hypertriglyceridemia 

4. Diabetes Mellitus 

5. Hypertension 

6. Smoking 

7. Obesity 

8. Type A Personality 

9. Physical Inactivity 

10. Blood Group - Type A (Thrombosis ~) 
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FIGURE l 

Admissions for Myocardial Infarction 
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TABLE 2 

Unadjusted Plasma Lipid Levels in Controls 

Age Range 

(years) No. 

Men 

15 - 19 13 

20 - 29 43 

30 -· 39 62 

40 - 49 116 

50 - 59 85 

60 - 69 51 

70 - 79 24 

80 - 89 6 

400 

Women 

15 - 19 11 

20 - 29 47 

30 39 88 

40 - 49 168 

50 - 59 162 

60 - 69 55 

70 - 79 19 

550 

950 Spouse Controls 

Cholesterol 
(mg/100 ml) 

Mean ± S.D. 

168 ± 27 

192 ± 33 

212 ± 34 

226 ± 43 

239 ± 42 

226 ± 39 

200 ± 39 

169 ± 21 

183 ± 17 

199 ± 36 

196 ± 39 

215 ± 42 

238 ± 43 

250 ± 49 

230 :!: 32 

Triglyceride 
(mg/100 ml) 

Mean :t S. D. 

53 ± 22 

76 ± 37 

92 ± 56 

101 :t 47 

109 :t 58 

103 ± 58 

98 ± 43 

98 ± 19 

71 ± 27 

79 ± 40 

73 ± 38 

87 ± 46 

107 ± 55 

98 ± 47 

146 ± 78 
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TABLE 3 

Estimated Upper Percentile Values for Sex and Age

Adjusted Plasma Lipids in Controls 

~Adjustment to Age 45 Years) 

Plasma Lipid 

. Cholesterol 

Triglyceride 

90th 

270 

147 

Upper Percentiles 

95th 

mg/100 ml 

285 

165 

99th 

314 

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 

Age Range. 
500 Survivors 

(years) 
Men 

(no.) 
Women 
(no.) 

30 - 39* 23 2 

40 - 49* 88 19 

50 - 59* 199 35 

60 - 69t 57 18 

70 - 79t 24 19 

80 - 89t 10 6 

401 99 

: 
* Represen~s virtually complete ascertainment of three-

month survivors of myocardial infarction. 

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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l evels in survivors of myo cardial infar~_tion an d control s . 



TA
BL

E 
5 

C
om

pa
ri

so
n 

o
f 

H
y

p
er

li
p

id
em

ia
 i

n
 5

00
 

S
u

rv
iv

o
rs

 
an

d 
95

0 
C

o
n

tr
o

ls
 

P
e
rc

e
n

ti
le

 
A
d
j
u
s
t
e
~
 C

h
o

le
st

er
o

l*
 

A
d

ju
st

ed
 T

ri
g

ly
c
e
ri

d
e
 .. 

o
f 

O
bs

er
ve

d 
O

b
se

rv
ed

 
E

x
p

ec
te

d
t 

O
bs

er
ve

d§
 

E
x

p
ec

te
d

 
E

x
p

ec
te

d
t 

O
bs

er
ve

d§
 

E
x

p
ec

te
d

 

C
o

n
tr

o
ls

 

%
 

%
 

%
 

%
 

8
0

th
 

20
 

3
3

.8
 

1
.7

 
20

 
4

2
.2

 
2

.1
 

9
0

th
 

10
 

2
2

.2
 

2
.2

 
10

 
3

2
.2

 
3

.2
 

_
. 

-+=
> 

9
5

th
 

5 
1

5
.4

 
3

.1
 

5 
2

3
.5

 
4

.7
 

9
9

th
 

1 
6

.8
 

6
.8

 
1 

1
4

.3
 

1
4

.3
 

9
9

.9
th

rr
 

0
.1

 
3

.8
 

3
8

.0
 

0
.1

 
8

.0
 

8
0

.0
 

* 
In

d
ep

en
d

en
t 

o
f 

le
v

e
l 

o
f 

o
th

e
r 

p
la

sm
a 

li
p

id
. 

t 
E

x
p

ec
te

d
 =

 %
 c

o
n

tr
o

ls
 w

it
h

 p
la

sm
a 

li
p

id
 
le

v
e
l 

eq
u

al
 

to
 

o
r 

ex
ce

ed
in

g
 i

n
d

ic
a
te

d
 p

e
rc

e
n

ti
le

. 

§ 
O

bs
er

ve
d 

=
 %

 s
u

rv
iv

o
rs

 w
it

h
 p

la
sm

a 
li

p
id

 l
e
v

e
l 

eq
u

al
 

to
 o

r 
ex

ce
ed

in
g

 
in

d
ic

a
te

d
 p

e
rc

e
n

ti
le

. 

IT 
9

9
.9

th
 p

e
rc

e
n

ti
le

 
fo

r 
a
d

ju
st

e
d

 
c
h

o
le

st
e
ro

l 
=

 3
42

 
m

g/
10

0 
m

l 
an

d 
fo

r 
a
d

ju
st

e
d

 
tr

ig
ly

c
e
ri

d
e
 •

 

24
5 

m
g/

10
0 

m
l.

 



15 

TABLE 6 

Overall Frequency of Hyperlipidemia in 500 Survivors 

Frequency 
Lipid Elevation 

Number Percentage 

H~Eercholesterolemia alone 

Adjusted Cholesterol ~ 285 mg/100 ml 38 7.6 
Adjusted Triglyceride < 165 mg/100 

H~Eertrigl~ceridemia alone 

Adjusted Cholesterol < 285 mg/100 ml 78 15.6 
Adjusted Triglyceride ~ 165 rng/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 (32%) if 5 norrnolipidemic survivors 

who were taking clofibrate for' previously diagnosed hyperlipidemia 

had been included. 
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FIGURE 5 

Hyperlipidemia 1n Survivors at Different Ages 
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sex of survivors . The number of survivors in eacil age anJ :.. ex 
cat(;gory 1s 1nc.icated in Table 4. 
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TABLE 7 

Frequency of Risk Factors 

In Normolipidemic and Hyperlipidemic Survivorst 

Frequency (7.) 

Risk Factor All Survivors Normolipidemic Hypercholes- Hypertri-
Survivors terolemic glyceridemic 

(n•500) (n•343) Survivors§ Survivors§ 
(n•78) (n .. ll8) 

Diabetes Mellitus rr 12.6 11.1 11.5 18.6* 

Hypertension 
1T 15.4 13.4 16.6 21.2* 

. II 
Obesity 17.2 14.0 25.5* 24.5** 

Hyperuricemia 
§§ 

13.8 13.1 14.1 19.5 

Excessive smoking X 39.5 38 . 5 44.0 40.8 

* Denotes statis t ical 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. 

t 95th percentile values used to define hyperlipidemia. 

§ Independent of level of other plasma liquid. 

IT 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. 

1T Considered present if past history of specific treatment with anti

hypertensive drug therapy. Frequency of hypertension by same criterion 

in controls was 6.2% . 

# Weight in excess of 125% of ideal body weight by criteria of Metro-

politan Life Insurance Company tables. 

same criteria in controls was 16.87.. 

Frequency of obesity by 

§§ Plasma uric acid~ 7.0 mg/100 ml in women and~ 8.0 mg/100 ml in men. 

x More than 20 cigarettes per day. Frequency of excessive smoking by same 

criterion in controls was 10.0%. 
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FIGURE 6 

GENETIC ANALYSIS OF HYPERLIPIDEMIA 
IN 164 M. I. SURVIVORS 
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Summary of genetic analysis i11 1G4 hy....e_e:_r_1JJ2idemic survivors 
of myocar·dial infarction. The unclassified category r;,;prcsu.ts t:1o::; e: 
dJIJl!l'l i pi dc:r:li c survivors in \'Jhcr.1 far,,i ly study \IuS not po3s i b 1 e l:,ecaus.:: 
of l2d of availa~ility of at least tt ·: rc e; r e latives . TytJe III ;lH't: l" ·
lipiC:cmia (not included ilere) \Jas i..: cn tified in four, or 2.4~~. of t i1csc 
164 hyperl i pi dei.ii c survivors. 
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FIGURE 7 

FAMILIAL 
HYPERCHOLESTROLEMIA 
M. I. STUDY Family #299 

Age 

Cholesterol 
Triglyceride 

00 Normal 

248 ~ 461 
99 !68 

® iillJ t Chol.(type lla) 

240 
88 

275 267 
1!2 46 

320 230 
73 90 

365 372 
63 92 
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FIGURE 3 

Fami 1 i a 1 llypercho 1estero lern i a 

14 ·- A - B 

12-

101 \ 

-

::: :L H controls 

- 0 relatives 

:;:: 

8- ::" -

F 
6- :: r -

: 

4- -

2- -

A lr 0 
. ,_.,:ff: 

I 

: n 
.n :::[:;';, . m :t ::r :: 

T I I 

100 200 300 >400 0 100 200 >300 
Adj . Cholesterol ( mg/ 100 ml) Adj . Triglyceride ( mg/100ml) 

Frequency distributio_n_~_ of adjusted lipid levels in 132 neJr 
and distant relativesof -~~~_rvi_y_C?_r2__yy_ij.b__ familial ~ercholestcrolem iil. 
Included in this analysis were 68 first-degree, 44 seco11d-degree, 18 tilirc:
degree, JiH.l 2 fourth-degree relatives. Forty-nine of t ;1~ 132 relatives 
~·Jere bet\Jeen tile ages of 6 and 20. The distribution is diviJed into 
increments of 10 mg/100 ml. The smoot:1 stippled curve represents a ~ -,en
parametric density estir:1atc of the control distribution. 
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FIGURE 9 

LEGEND 

OMole 

QFemole 

03 sibs 

0oeceosed 

Not 
tes ted 

rr=iJ Myocardial 
1.b:!J Infarction 

83 Atromid therapy 

90-94 th 
~Cholesterol} 

percentile liiil Triglyceride 

~95 th. 
~Chole s te rol 

percentile 
~ TriQiyceride 

r-1 Cholesterol} < 90th 
D Triglyceride percentile 

FAMILY 51 
I 

n 

m 

Ill' 

FAMILY 292 FAMILY 108 

n 

n 

m 

n 

m 

n 

m 

n 

m 

I'll 

n 

FAMILY 299 

n 

m 

Compos i t8 s:101·Ji 119 the __ _flcdi grces of 1 G fami 1 i e:s i·:i t:1 far.1il i a 1 :1yper
c:1olcsterolenic.. Tile symbol 411 intiicates that ti1e fc;.mily t:Jer:1l:Jcr \'las taking 
clofii.Jro.te (/\tromid) and \·Jas normolipide r.1 ic vJllc:n testeli . The proi.Jand for 
each family is in<.licated ".Jy/f. Spouses belonging to matings for \~ : ·1ic;1 
tllerc ·.~ e re no data available for the offspring have !Jc:en omitted ·fron; the 
pcdigre ~s. 



Age 

FAMILIAL 

HYPERTRIGLYCERIDEMIA 

M.l. STUDY Family #199 

Cholesterol 
Triglyceride ?? 

194 222 180 
/40 ?6 68 
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FIGURE:: 10 

@~ tTG. (type Til) 

00 Normal 

122 241 144 152 191 178 163 245 
62 8/ 50 //8 ?0 !56 40 56 

Pedigree of a typi ca 1 family 1·1ith familia 1 hypertri 1, ceri de1ni a . 
The lipid levels shown repres ent unadjusted (i.e., actual values. 
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FIGURE ll 

Familial H~pertriglyceridemia 

.-14 A - B 

,_ 12 -
r!:·::jm! H controls 

D relatives 
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100 200 300 >400 0 100 200 >300 
Adj . Cholesterol (mg /100 ml) Adj. Triglyceride ( mg/100ml) 
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FIGURE 13 

II COMBINED 
HYPERLIPIDEMIA 
M.I. STUDY Family "'41 

0Normol 

0Deceosed 

!8] ·f'LDL-Chol. (type Ilo) 

~ tVLDL- TG. (type Nl 

• tChol. + HG. (type II b) 

Pedigree of a typical family V/iti1 falililial com[jined h 
The lipid levels shmm represent unadjuste:d 1.e., actual 
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FIGURE 14 

Familia 1 Combined Hyperl i pi demi a 

14 A .- - 8 

2- -
JI H controls 

0 relatives o- .:f''' 
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s- t 
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:::> 
J1 m "n :!>>I<: : = 

] 1:::: 
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I I " I 

100 200 300 >400 0 100 200 >300 
Adj . Choles terol (mg/ 100 ml) Ad j. Trig lyceride (mg/100 ml) 

Freduenct distributions of adjusted 1i id levels in 234 first
degree a ult ~ 20 years o age re at1ves of 7 surv1vors w1th 
familial cor.1bi ned hyperlipidemia. The distributi on is div ided into 
increments of 10 mg / 100 m1. The srnooti1 stippled curve represents 
a non-parametric density estimate of the contro l di stribution. 
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FIGURE 15 

Familial Combi ned HyperlipiJemia 

con trol 
mean 
j-

= 
=~ -r-

I I I I 

TG in Adult Relatives 

c::J < 90th percentile 

> 90th percentile 

,-
200 250 300 350 

" I 
>400 

Adj. Chol. (mg/100ml) 

Relation between tile level of cholesterol anc! trinl ceriJe 11. 
234 flrst-de ree adult > 20 ears of a e re 1 ati ves of 47 survivors 
>·lith familial combined hyperlipidemia. Tr1e 234 relatives were Jivide c.i 
1 nto t 110 oroups c!ependi ng on l··thetheJ~ their tri g·lyceri ae 1 eve 1 f e 11 above 
(n = ::;8 ) or belm'J (n = 136) the 90th percentil e of controls. T:1e me an 
value for adjusted cholesterol levels in controls (218 n~/100 ml) is 
i nui cateJ by the arrm•t at t i le top of the figure. 
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TABLE 9 

Analysis of 22 Informative Matings fram 20 Families 

with Familial Combined Hyperlipidemia* 

Mating Type Distribution of Phenotypes in Offspring (no.) 

(no.) Normal tCholesterol tTriglyceride 

tCholesterol x Normal (6) 4 1 3 

tTriglyceride x Normal (9) 10 1 6 

tBoth x Normal (7) 10 0 8 

* Parents and offspring were considered affected if the indicated 

lipid level equaled or exceeded the 95th percentile of controls. 

tBoth 

2 

5 

3 

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 affecte<;L· 
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FIGURE 17 

--.. 20 A. n=49 
~ 
'-- D normal 

!::! elevated 

5 

30 

B. n=99 
25 

~20 
'--

5 

30 

C. n= 204 
25 

10 

5 

100 200 300 400 0 50 100 150 200 250 
Cholesterol (mg/100ml) Triglyceride (mg/100ml) 

Frequency distributions of unadjusted lipid levels in near and distJ.nt 
relat1ves, age 6-20, of 16 pro5ands w1th tam1 l1al hypercnolesterolem1a (A), 
23 prouanas w1 tn tam1 11 a I hypeYfrTgTycen dem1a1'b},'"" and 47 proban~·n t:t 
fannl1al combn1ed nyperllpHlenna (C). ·~numDer---or-relatlves teste<.. for 
eaCil u1 sorder 1 s 1 nm catea 1 n the uppropri ate pane 1. i;o age anJ sex- atlju ::; ~
ments lvere applieu to these data since no significant correlation vtitiJ ag;;; 
vJas observed in values from 110 controls, ages 6-20. The aroitrary J..::sigii t: 
tion of normal and elevated vtas made from a consiC:eration of the lipici lev!..!lS 
in the 110 controls, ages 6-20, vJhose values iJere collecL:: J as part cf t :-,e: 
family studi es of the 27 normolipidemic survivors. Sinct: Lie :1ighc;s~ Uil ·

adjusted chol esterol and triglyceride values observed in ti1ese controls v;ere 
250 ana 115 rng/1 00 1.:1 , respccti vc ly, t:1ese val Jes \Jere ~~r :..d truri l; C G1 i ~ i ~ o;; r...;~ 
as :~•axh;ur;; upper l i n;its of norma 1 for the age range. 



32 

FIGURE 18 

~-14 A - B 

2- -
H controls 

0 relatives o- - f.'. 

8- -
,:: 

6- -

} 

4- -

j 2-

.; t 
0 

.. ·:-::: :':]: 

I I 'I 

-

s;:rnrlJm n .: 
I I ''l 

100 200 300 >400 0 100 200 >300 
Adj . Cholesterol (mg I 100ml) Adj . Trig I yceride ( mg I 100 ml) 

Fre uenc distributions of 1~5 near and J istant adult (? 20 y~ars 
of age re atives o 23 survivors _:.~itn polygenic iiypc rcnolestc role:r::i u.. 
IncludeJ in this analysis WE-:re 119 first-degree, 20 second-de gree, and 
6 third-degree relatives. The Jistrii:Jution is divided into increr:1en ~s 
of 10 mg/100 ml. The smooth stippl ed curve represents a non-parar.ret ri c 
derlsity estimate of the control distril.Jutioil. 
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FIGURE 19 

Sporadic Hypertriglyceridemia 

4- A - B 

2- -
l': H controls 

0 relatives o- -

8- ::::: 
I 

-

::: 

6- -
:::. 

4- -

::: 2- - :: 

< 
. ::::: E Hd:::: . 0 I I I 

lLJ 
tl T.r:: :~ 

::r :: :;:;:;.;., ... 

T T I 

100 200 300 >400 0 100 200 >300 
Adj. Cholesterol (mg/100ml) Adj. Triglyceride (mg/100 ml) 

Frequency distribut1on of 158 near and distant adult (> 20 yeJrs 
of age) relatives of 31 survivors vliti1 ~_poradic~ertriglyccridemia. 
Included in this analysis v1ere 105 first-degree, 44 sccorH.i-dearce, and 
9 third-degree relatives. The distribution is divic..ied into increr.1cnts 
of 10 mg/100 rnl. The smooth stippled curve represents a non-parametric 
density estimate of tile control distribution. 
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TABLE 10 

Criteria For Lipoprotein Phenotyping 

Plasma Lipid Level Presence of 
Lipoprotein 
Phenotype 

Hhole Plasma 
Triglyceride 
> 95th • 

LDL-cholesterol 
> upper limit 
of normal 

Fasting ~-migrating 

Chylomicrons § VLDL II 

II a 

lib 

111
11 

IV 

v 

- * percentile 

+ 

+ + 

+or- + or -

+ 

+ 

* . 

+or-

+ 

Based on age and sex-adjusted data from 950 control subjects. 

+ Based on age-related 95th percentile values estimated by Fredrickson. 

§ By ·pvp flocculation and agarose gel electrophoresis. 

H By agarose gel electrophoresis (see footnote 2). 

+ 

11 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 Ill pattern but by themselves 

were not considered sufficient for its assignment. 
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FIGURE 20 

400 A MONOGENIC DISORDERS 
---., -.... 
E: 'Hypercholesterolemia 
~ 300 • Hypertriglyceridemia 
'ti, o Combined Hyperlipidemia 0 

~ 
-.... 
~ 

200 ~ 
"' ~ 
c::. 
\:5 0 

cs 100 n=75 
-...J • r =+0.918 

0 

400 B. POLYGENIC and SPORADIC DISORDERS 

---., 
l Polygenic Hypercholesterolemia -.... 

~ 
• Sporadic Hypertriglyceridemia C) 

C) 300 
~ 
~ 
~ -.... 
~ 200 ~ 
"' ~ 
c::. 

\:5 
' -...J 100 

~ ' -...J n=55 

• r =+0.769 

• 
0 

0 100 200 300 400 500 

Total plasma cholesterol (mg / 100ml) 

Relation betv1een total plasma cholesterol and low-density 
lipoprotein (LDL)-cholesterol levels in 75 survivors with monoge::nic 
lipid aisorders and in 54 survivors with polygenic hypercholesterolemia 
(n = 25) and sporadic hypertriglyceridemia (n = 29). 
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FIGURE 21 

MONOGENIC 

Hyper-
lcnc>leslerc>lemia 

Combined 

• • 

Hyperlipidemia 

POLYGENIC SPORADIC 

Hyper- Hyper- Hyper-

lriglyceridemia cholesterolemia triglyceridemia 

•• p<.005 p<.005 

• • • • • 
• • • 

Comparison of low-density lJ..Q_o_Q__rotein (LJL)-cilolesterol levels in 
survivors of myocardia 1 i nfarctior~ groupe_d according to their genetic 
ell agnos is. 
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TABLE 11 

Relationship Between Genetic Classification and Lipoprotein l'henotyping in 

Hyperlipidemic Survivors of Myocardial Infarction 

Genetic 
Disorder 

Monogenic 
Familial 
hyperchol
esterolemia 

Familial 
hypertri
glyceridemia 

Familial 
combined 
hyperlipidemia 

Polygenic 
Hyperchol
esterolemia 

Sporadic 
Hypertri
glyce ridemi a 

*· 

No. 
of 

Subjects 

14 

22 

41 

25 

31 

Normal 

* 1 

9 

10 

Lipoprotein Phenotype 
lla lib IV 

7 

0 

** 13 

9 

4 

11 

10 10 

2 5 

2 14 

Taking clofibra~e at the time of the repeat sample. 

v 

0 

1 

1 

0 

1 

+ 1 of these subjects was under treatment for acute hyperthyroidism with 

131r and prednisone at the time of the repeat sample. 

§ 
4 were taking clofibrate. 

n 1 was taking clofibrate. 

' 2 were taking clofibrate. 

** 4 were taking clofibrate. 

-++· 1 was taking clofibrate. 
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TABLE 12 

Frequency of Hyperlipidemia 

Survivors of Myocardial Infarction 

Disorder < Age 60 ~Age 60 Ratio General 
(a) (b) a7b Population* 

% % % 

A. Monogenic Hyperlipidemia 

Familial 
Hypercholesterolemia 4.1 0.7 5.9 "' 0.1 - 0.2 

Familial 
Hypertriglyceridemia 5.2 2.7 1.9 "' 0.2 - 0.3 

Combined 
Hyperlipidemia 11.3 4.1 2.8 "' 0.3 - 0.5 

Total 20.6 7.5 "'0.6 - 1.0 

B. Polygenic 
Hypercholesterolemia 5.5 5.5 1.0 

c. Sporadic 
Hypertriglyceridemia 5.8 6.9 0.8 

* These estimates of heterozygote frequency in the general population 

are minimal since they were made under the following 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; an·d 3) that all heterozygote& for 

one of these monogenic lipid disorders manifest clinical evidence 

of coronary disease before age 60 years. 
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