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Essen t i a l  f ami l i a l  hype rcho le s t e ro l emia  is charac ter ized  b y  hypercholes -  
te ro lemia ,  xan the l a smas ,  t e n d i n o u s  and  cu t an e ous  x a n t h o m a s  and  ea r ly  
d e v e l o p m e n t  of co rona ry  disease (11, 18, 19). I n  S c a n d i n a v i a  this  s y n d r o m e  
is also cal led Harbitz-Mi~ller's disease. I t  is n o r m a l l y  r ega rded  as be ing  
t ra r . smi t ted  as a s imple  d o m i n a n t  t r a i t  (14, 22). The  he te rozygous  pa t i en t s  
wi l l  develop ischemic hea r t  disease d u r i n g  the i r  for t ies  (males) or d u r i n g  
the i r  fifties (females) (25). The  ra re  homozygous  i nd i v i dua l s  wi l l  develop 
ischemic hea r t  disease a l r eady  before  the  age of 20 (5, 11, 13). Af te r  the  
i n t r o d u c t i o n  of l i popro te in  e lec t rophores is  as a d iagnos t ic  tool, the  disease 
is n o w  n o r m a l l y  cal led t ype - I I  h y p e r b e t a l i p o p r o t e i n e m i a  in  the  classifi- 
ca t ion  of Fredrickson et al. (8). However ,  q u a n t i t a t i v e  assay of s e r u m -  
cholesterol  and  s e r u m - t r i g l y c e r i d e  is suff ic ient  to d iagnose  this  en t i ty .  

As it  is theore t i ca l ly  possible  t ha t  l o w e r i n g  of se rum-cho les te ro l  can 
de lay  the  d e v e l o p m e n t  of a therosc leros is  in  the  co rona ry  ar ter ies ,  we have  
found  it r e l e v a n t  to t race  and  t r ea t  the  disease a l r e a dy  d u r i n g  childhood. 
Hereby ,  it  is our  hope to d e m o n s t r a t e  tha t  the p rophy lac t i c  d i e t a r y  ap-  
proach is easier  to h a n d l e  t h a n  a s econda ry  d i e t a r y  approach af ter  the  
first h e a r t - i n f a r c t  d u r i n g  the  fort ies  or fifties, as it  is w e l l - k n o w n  tha t  it  
is easier  to change  the  diet  ea r ly  in  l ife t h a n  la ter .  

Material and clinical methods 

Patient material 

A total number  of 144 individuals have been examined. They fall into four 
groups: 

1.59 individuals from Pedigree III, VI, IX, XI and XIII  of Kornerup's original 
14 Danish families having essential hypercholesterolemia and xanthomatosis 
(14) (cf. fig. 1, 2, 3, 4, 5 and 6). 

2.40 relatives of seven patients (Pedigree XIV-XXI) who from 1960 to 1970 were 
admitted to one of the medical departments in Copenhagen under  the diag- 
nosis: essential hypercholesterolemia and hear t - infarct  before the age of 45. 
(Essential hypercholesterolemia is here used synonymous with pr imary hyper-  
cholesterolemia as no explanatory factors such as diabetes, liver-, thyroid- 
or renal  disease could be demonstrated. The diagnosis of hear t- infarct  was 
based on enzymatic, cardiographic or autopsy findings.) (Fig. 1, 2, 3, 4 and 5.) 

3.38 relatives of seven patients (Pedigree No. XXIII-XXV) (Fig. 1, 2, 3, 4, 5 and 
6) from 1960 to 1970 were admitted to one of the medical departments in 
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X P  = p a l p e b r a l  x a n t h e l a s m a s  

X = tendinous or cutaneous xanthomas 
(paipebral xanthelasmas excepted) 

C = angina pectoris or sudden death from 
coronary disease 

A = arcus senilis 

I n t e r p r e t a t i o n  o f  L e g e n d s  i n  F i g .  1 t o  6. 
T h e  s y m b o l s  a b o v e  o n  t h e  l e f t - h a n d  s i d e  a r e  u s e d  i n  t h e  p e d i g r e e s .  F i g u r e s  i n  p a r e n t h e s e s  
a b o v e  t h e  s y m b o l  i n d i c a t e  s e r u m - c h o l e s t e r o l  i n  m i l l i g r a m s  p e r  109 m l  i n  1941-43 o r  1954. 
F i g u r e s  w i t h o u t  b r a c k e t s  a b o v e  t h e  s y m b o l  i n d i c a t e  s e r u m - c h o l e s t e r o l  i n  m i l l i g r a m s  p e r  
100 m l  i n  1971. T h e  f i g u r e s  1-16 o f  t h e  l o w e r  r o w  r e f e r  to  c h i l d r e n  w h o  a r e  c o n s i d e r e d  to  

h a v e  f a m i l i a l  h y p e r c h o l c s t e r o l e m i a .  

C o p e n h a g e n  u n d e r  t he  d iagnos i s :  e s sen t i a l  h y p e r c h o l e s t e r o l e m i a  a n d  a n g i n a  
pec to r i s  a n d / o r  h e a r t - i n f a r c t  a f t e r  t h e  age  of 50. (The d iagnos i s  a n g i n a  
Pec tor i s  was  b a s e d  on  s y m p t o m s  p lus  c a r d i o g r a p h i c  changes.)  

T h r e e  ch i l d r en  of one  p a t i e n t  who,  f r o m  1960 to 1970, was  a d m i t t e d  to  one  of 
the  m e d i c a l  d e p a r t m e n t s  in  C o p e n h a g e n  u n d e r  t he  d iagons i s :  e s sen t i a l  f ami l i a l  
h y p e r c h o l e s t e r o l e m i a  a n d  x a n t h o r n a t o s i s  (Ped ig ree  X X I I )  (Fig. 5). 
As m a n y  r e l a t i v e s  of t he  p a t i e n t s  w e r e  t r a c e d  a n d  e x a m i n e d  as poss ible .  Al l  
causes  of d e a t h  w e r e  ver i f i ed  f r o m  h o s p i t a l  r eco rds  or  d e a t h  cer t i f ica tes .  Al l  
t h e  b lood  s a m p l e s  w e r e  t a k e n  a f t e r  13 h o u r s  f a s t i n g  a n d  a n a l y s e d  w i t h i n  fou r  
hours .  
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Fig ,  3. V i d e  F ig .  1. 

13 healthy boys and 13 healthy girls were studied for serum levels of 
Cholesterol, triglyceride and fl-lipoprotein after 13 hours fasting. 

Chemicals 
Unless stated otherwise, the chemicals used were of the highest obtainable 

PUrity from British Drug Houses, Dorset, England. 

Methods 
Separation and semi-quant i ta t ive  estimation of serum-lipoproteins were made 

by electrophorezing the serum proteins in an 0.5 ~ (w/v) agarose-gel (DIFCO, 
Ltd., Chicago, U.S,A.). The agarose was suspended in 0.05 M Na-barbi ta l  buffer 
(DH 8.6) and slowly heated in a water  bath to 95 ~ The homogenous mixture  was 
cast on a microscope slide (1 • 7 era), 1 ml per slide. In  order to avoid migrat ion 
of the proteins between the agar-gel and the glass surface, the slides were 
coated with aqueous agar prior to application of the electrophoretie gel. This 
~vas done by pouring a 95 ~ warm aqueous agar solution (0.50 g DIFCO special 
rloble agar/100 ml distilled water) on the slides (about 1 ml per slide). After 
drying off the slides at room temperature (22 ~ the slides were coated with a 
thin, firmly attached layer of agar and they were now ready for casting the 
electrophoretic medium (vide supra). The electrophoretic slides were stored at 
~o unti l  used, 
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A systematic study of the optimal conditions for separation of serum proteins 
ir~ the electrophoretic equipment recommended by Wieme (29), which allows 
fast separation below light petrol ether revealed that: 

1. The light petrol ether did not disturb the electrophoretic separation and 
distribution of lipoproteins if the transverse trough (1.5 cm X 1 ram) for the 
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Fig. 6. Vide Fig. I. 

app l i ed  s e r u m  s a m p l e  (20 /~1) w as  sea led  p r i o r  to  e l e c t r o p h o r e s i s  w i t h  a 50 ~ 
w a r m  a g a r - b u f f e r .  

2. T h e  m a x i m a l  s e p a r a t i o n  of a l pha - ,  p r e - ~ -  a n d  ~ - l i p o p r o t e i n  was  o b t a i n e d  bY 
a p p l i c a t i o n  of t he  s a m p l e  1 cm f r o m  t he  ca thod i c  edge,  i.e. 2 m m  f r o m  t h e  
ca thod ic  a g a r  b lock  of W i e m e ' s  a p p a r a t u s  (29). 

3. T h e  e l e c t r o p h o r e s i s  was  m a d e  a t  7.5 vo l t  p e r  cm in  a 1.0 m m  th i ck  a g a r  
layer .  I n  o r d e r  to o b t a i n  a n  i den t i ca l  m i g r a t i o n  r a t e  l a t e r a l  to  t h e  s a m p l e  
t rough ,  2 /~1 of aqueous  b o v i n e  a l b u m i n  ( B e h r i n g w e r k e ,  M a r b u r g ,  W. G e r -  
m a n y )  5 % (w/v) c o n t a i n i n g  1 %  b i l i r u b i n  was  app l i ed  a n d  e l e c t r o p h o r e z e d  
t o g e t h e r  w i t h  the  sample .  H e r eby ,  t he  y e l l o w  a l b u m i n  zone  of t h e  l i p o p r o t e i n  
was  used  as a n  e l e c t r o p h o r e t i c  m a r k e r .  T he  e l e c t r o p h o r e s i s  w a s  c o n t i n u e d  for  
a r o u n d  32 min. ,  u n t i l  t h e  a l b u m i n  zone w a s  2.5 c m  f r o m  t h e  a p p l i c a t i o n  
t rough .  H e r e b y  a c l ea r  s e p a r a t i o n  of t he  l i p o p r o t e i n s  was  ob ta ined .  A f t e r  a n  
e l e c t r o p h o r e t i c  s e p a r a t i o n  fo r  32 ra in .  a t  28 ~ t he  s l ides  w e r e  f ixed  fo r  5 rain.  
in  a m i x t u r e  of 70 vols. e t h a n o l  + 25 vols.  d i s t i l l ed  w a t e r  + 5 vols.  g lac ia l  
ace t ic  acid. H e r e a f t e r ,  t h e  s l ides  w e r e  d r i e d  b e l o w  f i l te r  p a p e r  a t  r o o m  
t e m p e r a t u r e  (22~ T h e  l i p o p r o t e i n s  w e r e  s t a i n e d  in  a so lu t ion  c o n t a i n i n g :  
200 m g  Oil  Red  (or S u d a n  Black)  s u s p e n d e d  in  100 m l  60 % aqueous  e t h a n o l  
h e a t e d  to 900 , cooled to 22 ~ a n d  f i l t e red  p r i o r  to  use.  (The  s t a i n i n g  so lu t ion  
w a s  s t a b l e  for  one  week.)  T he  b a c k g r o u n d  on  t he  s l ides  w a s  f ina l ly  d e s t a i n e d  
(10 rain.) in  50 % aqueous  e thano l .  

T h e  a m o u n t  of s t a i n i n g  m a t e r i a l  b o u n d  to t he  l i p o p r o t e i n  f r a c t i o n s  w a s  
e s t i m a t e d  b y  s c a n n i n g  t h e  e l e c t r o p h o r e t i c  s l ides  in  a V i t a t r o n  s c a n n i n g  
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d i e t  l o w  i n  s a t u r a t e d  f a t ,  e n r i c h e d  w i t h  c o r n  oi l  ( f o r  d e t a l l ,  s ee  t h e  t ex t ) .  
O r d i n a t e :  s e r u m  c h o l e s t e r o l  rag/100 m l  
A b s c i s s a :  t i m e  in  m o n t h  

U p p e r  p a r t :  
- - Q _  _ @ . .  p a t i e n t  K. D. no. 270356 ~ _  

d i e t  f r o m  25th J a n u a r y  
- - A - -  - - A - -  -- p a t i e n t  K .  A.  no .  140465 _ _ .  _ _ ~  _ _ . ~  

d i e t  f r o m  5 th  J a n u a r y  
p a t i e n t  C. T. no .  071061 

" ~  [ ]  d i e t  f r o m  25th J a n u a r y  
�9 ~ .  _ ~  . . . .  p a t i e n t  J .  F .  n o  100226 

diet f r o m  20th January -- -/~-- --/~-- - 
~ . . . .  p a t i e n t  L.  G. no .  070252 

d i e t  f r o m  15th D e c e m b e r  

equipment  consisting of photometer (UFD 100, Vitatron Ltd., Dieren, Hol- 
land), a scanning uni t  equipped with photomultipler  No. 200/21 and slit with 
0.25 mm and finally, recorder UR 100, equipped with an integrat ion unit. The 
scanning was performed at 604 nm. By application of increasing dilutions of 
serum in 0.9 % (w/v) NaCl and of increasing dilutions of purified ~-]ipoprotein 
(vide infra), it was possible to demonstrate a l inear  relationship between 
peak-area and the reciprocal value of the dilution. However, this l inear  
relationship showed a different slope for the different l ipoprotein fractions (9). 

L o w e r  p a r t :  
p a t i e n t  IV[. O. no .  070~51 
d i e t  f r o m  8th  J a n u a r y  
p a t i e n t  B.  O. no .  220654 
d i e t  f r o m  8th  J a n u a r y  
p a t i e n t  T.  F.  no .  100757 
d i e t  f r o m  22nd  J a n u a r y  
p a t i e n t  G.  F .  no .  04C361 
d i e t  f r o m  ~ n d  J a n u a r y  
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The  p e r c e n t a g e  d i s t r i b u t i o n  of t he  l i p o p r o t e i n  p a t t e r n s  v i sua l i zed  below,  
t h e r e f o r e  gives  on ly  a p p r o x i m a t e  r e l a t i v e  p e r c e n t a g e s .  

Quantitative immuno-chemical estimation of ~-lipoprotein 

Was p e r f o r m e d  by m e a n s  of t he  q u a n t i t a t i v e  r a d i a l  i m m u n o - d i f f u s i o n  (4} 
u n d e r  t he  e x p e r i m e n t a l  cond i t i ons  d e s c r i b e d  b y  Clausen (4). A s t a n d a r d  so lu t ion  
of i m m u n o - c h e m i c a l l y  p u r e  /%l ipopro te in  w a s  p r e p a r e d  f r o m  100 m l  pooled  
n o r m a l  h u m a n  s e r u m  by  p r e c i p i t a t i o n  w i t h  d e x t r a n  s u l p h a t e  in  t h e  p r e s e n c e  of 
CaC12 (3). T h e  p r ec ip i t a t i on ,  m a i n l y  c o n s i s t i n g  of /? - l ipoprote in ,  w a s  d i s so lved  in 
3.02 % (w/v) N a - c i t r a t e  a n d  f ina l ly  d i a lyzed  a g a i n s t  0.15 M N a - p h o s p h a t e  bu f f e r  
(pH 6.5). T h e  l i p o p r o t e i n  w a s  r e - p r e c i p i t a t e d ,  d i a lyzed  once  m o r e  a n d  f ina l ly  
pur i f i ed  b y  f i l t r a t i o n  on  S e p h a d e x  G-200. 10 m l  d ia lyzed  f r a c t i o n  ( abou t  0.5 g 
p ro te in /100  ml)  was  app l i ed  on  a S e p h a d e x  G-200 c o l u m n  (40 X 2 cm). T h e  c o l u m n  
was  m a d e  b y  h e a t i n g  the  S e p h a d e x  G-200 p o w d e r  for  2 rain.,  to 90 ~ in  0.15 M 
N a - p h o s p h a t e  bu f f e r  (pH 6.5) a n d  t h e n  cooled  to r o o m  t e m p e r a t u r e  ( room t e m -  
p e r a t u r e ,  22~ D u r i n g  t h e  e lu t ion  p r o c e d u r e  t h e  b u f f e r  r e m a i n e d  10 cm a b o v e  t he  
S e p h a d e x  layer .  W i t h  t h e  L K B  f r a c t i o n  co l lec tor  (LKB Ltd.,  S tockho lm,  Sweden )  
t ype  7000 U l t r o  Rac,  e q u i p p e d  w i t h  a 10 m l  S i p h o n  s t and ,  t h e  f l - l i pop ro t e in  was  
co l lec ted  in  t he  f i rs t  40 ml.  T he  to ta l  p r o t e i n  c o n t e n t  on  e v e r y  s t ep  of t he  
i so la t ion  p r o c e d u r e  w a s  e s t i m a t e d  b y  m e a n s  of t h e  Lowry m e t h o d  (15). 

T h e  p u r i t y  of t h e  / ? - l ipopro te in  w as  co l l ec ted  b y  m i c r o - , i m m u n o - e l e c t r o p h o -  
res ts  of 1.5 ~1 5 % (w/v) l i p r o p r o t e i n  so lu t ion  u s i n g  e i t h e r  100 ~1 p o l y v a l e n t  ho r se  
a n t i s e r u m  a g a i n s t  n o r m a l  h u m a n  s e r u m  or  100 F1 mono- spec i f i c  a n t i - ~ - l i p o -  
p r o t e i n  f r o m  rabb i t s .  T he  e x p e r i m e n t a l  cond i t i ons  u sed  w e r e  t hose  g i v e n  bY 
Clausen (4). T h e  f i r s t  m e n t i o n e d  a n t i s e r u m  w a s  o b t a i n e d  f r o m  the  c e n t r a l  
l a b o r a t o r y  of t h e  Du tch  R ed  Cross,  A m s t e r d a m  (batch  No. P H O  13 P 10). The  l a s t  
m e n t i o n e d  a n t i - s e r u m  w as  m a d e  in t h e  l a b o r a t o r y  b y  p r o t r a c t e d  i m m u n i z a t i o n  
of r a b b i t s  w i t h  250 #1 5 % (w/v) l i p o p r o t e i n  so lu t ion  (4). T h e  a n t i - s e r u m  o b t a i n e d  
b y  i m m u n i z a t i o n  for  t h r e e  m o n t h s  w as  mono- spec i f i c  a g a i n s t  ~ - l i p o p r o t e i n  
w h e n  t e s t e d  a g a i n s t  n o r m a l  h u m a n  s e r u m  in  m i c r o - i m m u n o - e l e c t r o p h o r e s i s  (4). 

I n i t i a l  s tud ies  r e v e a l e d  a l i n e a r  r e l a t i o n s h i p  b e t w e e n  the  a m o u n t  of /~=lipo- 
p r o t e i n  app l i ed  (1.5 /~1 so lu t ion)  in  t h e  r a d i a l  i m m u n o - d i f f u s i o n  p l a t e  a n d  ti~e 
d i a m e t e r  of t h e  c i r c u l a r  d i f fus ion  area .  T h e  r e c o v e r y  was  e s t i m a t e d  to 95 ~ 
w h e n  pur i f i ed  ~ - l i p o p r o t e i n  w as  a d d e d  to n o r m a l  h u m a n  se rum.  T h e  s t a n d a r d  
d e v i a t i o n  (SD) was  f o u n d  to  b e  5 %.  

Due  to the  c o m m o n  s u b u n i t s  (8) b e t w e e n  pro-/?-  a n d  f l - l ipopro te in ,  the  
i m m u n o l o g i c a l  a s say  d e t e r m i n e s  t h e  to ta l  c o n t e n t  of b o t h  l i p o p r o t e i n  f r ac t ions ,  
h e r e a f t e r  d e s i g n a t e d  " /~- l ipoprote in" .  

Assay o~ serum-cholesterol 

W a s  m a d e  b y  the  m e t h o d  of AbelI et  al. (1) u s i n g  S i g m a  cho les te ro l  s t a n d a r d  
(Ch-S),  s t a n d a r d  for  c h r o m a t o g r a p h y  (99.0~ pure) ,  lo t  No. 400-7260). I n i t i a l  
s tud ies  r e v e a l e d  a r e c o v e r y  of cho les te ro l  f r o m  h u m a n  s e r u m  of 9 8 %  a n d  
SD is 2 ~ 

Assay o] glycerides in serum was  m a d e  b y  t he  enzymic  m e t h o d  of Eggstein 
(7). Th i s  m e t h o d  is b a s e d  u p o n  e s t i m a t i o n  of g lycero l  a f t e r  a l k a l i n e  h y d r o l y s i s  of 
t h e  s e r u m  glycer ides .  T he  r e c o v e r y  of t r i g l y c e r i d e s  f r o m  h u m a n  s e r u m  was  
a s sayed  to be  96 ~ a n d  SD to 5 % . 

Statistical evaluation of d a t a  of d e t e r m i n a t i o n  of t h e  s t a n d a r d  d e v i a t i o n  (SD). 
Also,  t he  n o r m a l  d i s t r i b u t i o n  of the  n o r m a l  d a t a  w a s  c o n t r o l l e d  b y  e s t i m a t i o n  of 
t he  d e g r e e  of " S k e w n e s s "  (~). T h e  s t a t i s t i c a l  e v a l u a t i o n  w a s  m a d e  on  Ol ive t t i ' s  
c o m p u t e r :  P r o g r a m m a  No. 101, u s i n g  t h e  p r o g r a m s  Nos. 1.50 a n d  1.52 as  m a d e  b y  
Williams (30). 
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Resu l t s  

A to t a l  n u m b e r  of 16 r e l a t i v e s  u n d e r  t he  age  of 20 w e r e  f o u n d  (9 b e -  
tween  5-10 yea r s ,  2 b e t w e e n  10-15 y e a r s  a n d  5 b e t w e e n  15-20 years) ,  a l l  
.having the  b i o c h e m i c a l  f e a t u r e s  t y p i c a l  of f a m i l i a l  h y p e r c h o l e s t e r o l e m i a ,  
1.e. i n c r e a s e d  f l - l i pop ro t e in  c o n c e n t r a t i o n s  w i t h  i n c r e a s e d  s e r u m - c h o l e s t e r o l  
and n o r m a l  s e r u m - t r i g l y c e r i d e  leve ls ,  and  these  a b n o r m a l i t i e s  w e r e  also 
d e m o n s t r a t e d  in  a t  l eas t  one of t he  p a r e n t s .  A l l  c h i l d r e n  w e r e  h e t e r o z y g o u s .  

The  g r e a t  d i f f i cu l ty  in j u d g i n g  the  b i o c h e m i c a l  d a t a  o b t a i n e d  is the  
lack of n o r m a l  v a l u e s  of choles te ro l ,  f l - l i p o p r o t e i n  and  t r i g l y c e r i d e s  in  
children.  F o r  S c a n d i n a v i a n  c h i l d r e n  n o r m a l  v a l u e s  of cho les te ro l  h a v e  
ea r l i e r  been  r e p o r t e d  b y  Kornerup  (14), Rafs tedt  (23), Wamberg  (27) and  
Sterky  et  aI. (26). As  9 of t he  16 c h i l d r e n  w e r e  b e t w e e n  5-10 yea r s ,  13 
h e a l t h y  boys  a n d  13 h e a l t h y  g i r l s  b e t w e e n  5-10 y e a r s  old  w e r e  a s s a y e d  
for s e r u m - c h o l e s t e r o l ,  - t r i g l y c e r i d e  a n d - f l - l i p o p r o t e i n  (cf. t a b l e  1). Of t he  
s ix teen  c h i l d r e n  w i t h  f a m i l i a l  h y p e r c h o l e s t e r o l e m i a ,  n ine  w e r e  s e l ec t ed  
for d i e t a r y  s tud ies ,  t h e i r  p a r e n t s  b e i n g  c o o p e r a t i v e  a n d  i n t e r e s t e d  in  t r y -  
ing a t r e a t m e n t .  In  g r o u p  3 no c h i l d r e n  w e r e  f o u n d  to h a v e  f a m i l i a l  h y p e r -  
cho les te ro lemia .  I t  is poss ib le ,  t h a t  t h e i r  p a r e n t s  w i t h  e s sen t i a l  h y p e r -  
cho le s t e ro l emia  a r e  a m i n u s  v a r i a n t  in  a n o r m a l  d i s t r i b u t i o n .  I n  a l l  cases  
m e n t i o n e d  be low,  t he  a g a r o s e - e l e c t r o p h o r e s i s  r e v e a l e d  a p r e d o m i n a n t  
f l - l ipopro te in  f r a c t i o n  a n d  no d i s t i n c t  p r e - f l - l i p o p r o t e i n  f r ac t ion .  The  n ine  
i n d i v i d u a l s  of g r o u p  2 a r e  c h a r a c t e r i z e d  b y  the  f o l l o w i n g  c l in ica l  and  
l a b o r a t o r y  d a t a  (cf. fig. 1, 2, 3, 4, 5, 6). 

Table 1. Serum lipid values of  26 normal children (age 5 to 10 years) 

serum-cholesterol 
mg/100 ml 

serum-~-lipoprotein*) 
mg/lO0 ml 

Normal boys 174.75= 42.0 405.55= 64.8 
r :  116 --  262 r :  315 --  525 

Normal girls 182.7=[= 40.1 472.1 :{: 117.4 
r :  134 --  252 r : 3 1 5 -  655 

serum-lipoprotein serum-triglyceride 
dis tr ibut ion in ~ mg/100 ml 

~- prc-~- ~- 
l ipoprotein l ipoprotein* *) l ipoprotein 
(2 fractions) 

Normal boys 20.2 =t= 7.0 29.7 • 9.4 50.1 & 8.7 108.8 • 28.2 
r :  66 --  160 

Norn~al girls 17.5 q- 4.1 24.5 ~= 8.8 58.1 -4- 11.2 112.0 5= 28.0 
r :  77 -- 159 

r : range of values 
*) immlmo-chemieally determined therefore including the pre-~-lipoprotein. 

**) Total  s tain in area between ~- and ~-Uroprotein fractions. 
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Serum-cholesterol: 
Serum-triglyceride: 
Serum-fl-lipoprotein: 
Serum-lipoprotein distribution: 

Pedigree III no. 1. C. T. (No. 071 061), 9 years, weight 33.5 kg. 
Physical examination: normal. No arcus, xanthelasmas nor 

xanthomas. 
375 mg/100 ml 
127 mg/100 ml 
905 rag/100 ml 
a-lipoprotein: 5.8 % 
pre-fl-lipoprotein: 13.2 ~ 
fl-lipoprotein: 81.0 % 

Serum-GPT: 10 U/1 (normal 5-25 U/I), serum-LDH: 291 U/1 (normal 104- 
370 U/l) serum-alkaline-phosphatase: 111 U/1 (normal ~ 100 U/l), serum- 
thymol: 1 MacLagan-units, plasma-fibrinogen: 0.25 g/100 ml (normal 0.20 to 
0.40 g/100 ml), serum-creatinin: 0.8 rag/100 ml, urine-microscopy: normal, 
serum-PBJ: 6.5 ~g/100 ml, serum-Ts-test: normal, serum-calcium: 9.8 rag/ 
100 ml (normal 9.1-10.7 mg/100 ml), serum-phosphorous (inorganic): 4.0 rag/ 
100 ml (normal: 2.5-4.6 mg/100 ml). 
Fasting serum-glucose level: 102 mg/100 ml (method: Hexokinase). 
Peroral glucose-load: 33.5 g of glucose anhydr. Increase to 

maximum 260 mg/100 ml, decrease pro- 
longed and not below starting value. 
Abnormal glucose-load. 

Pedigree IX no. 6. K. D. (No. 270 366), 5 years, weight 19.0 kg. 
Physical examination: normal: No arcus, xanthelasmas nor 

xanthomas. 
Serum-cholesteroh 359 mg/100 ml 
Serum-triglyceride: 123 mg/100 ml 
Serum-fl-lipoprotein: 850 mg/100 ml 
Serum-lipoprotein distribution: a-lipoprotein: 14.8% 

pre-fl-lipoprotein: 21.1 ~ 
fl-lipoprotein: 64.0O/o 

Serum-GPT: 11 U/I, serum-LDH: 360 U/I, serum-alkaline-phosphatase: 82 
U/I, serum-thymol: 0 MacLagan-units, plasma-fibrinogen: 0.25 g/100 ml, 
serum-creatinin: 0.8 mg/100 ml, urine-microscopy: normal, serum-PBJ: 
6.3 ~g/100 ml, serum-Ts-test: normal, serum-calcium: 10.1 mg/100 ml, 
serum-phosphorous (inorganic): 4.1 rag/100 ml. 
Fasting serum-glucose level: 91 mg/100 ml 
Peroral glucose load: (19.0 g of glucose anhydr.) Normal. 

Pedigree XI no. 7. K. A. (No. 140 465), 6 years, weight 19.5 kg. 
Physical examination: normal. No arcus, xanthelasmas nor 

xanthomas. 
Serum-cholesterol: 449 mg/100 ml 
Serum-triglyceride: 87 mg/100 ml 
Serum-fl-lipoprotein: 900 rag/100 ml 
Serum-lipoprotein distribution: ~-lipoprotein: 15.2 % 

pre-fl-lipoprotein: 3.8 ~ 
fl-lipoprotein: 81.0~ 
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Serum-GPT: 10 U/I, serum-LDH: 290 U/I, serum-alkaline-phosphatase: 96 
U/l, serum-thymol: 0 MacLagan-units, plasma-fibrinogen: 0.53 g/100 ml, 
serum-creatinin: 0.8 rag/100 ml, urine-microscopy: normal, serum-PBJ: 
9.5 #g/100 ml, serum-Ts-test: normal, serum-calcium: 9.8 mg/100 ml, serum- 
Phosphorous (inorganic): 4.6 mg/100 ml. 

Fasting serum glucose level: 73 mg/100 ml 

Peroral glucose load: (After 19.5 g of glucose anhydr.) Normal. 

Pedigree XIV no. 8. L. G. (No. 070252), 19 years. Weight: 67.5 kg. 

Physical examination: normal. No arcus, xanthelasmas nor 

Serum-cholesterol: 
Serum-triglyceride: 
~erum-fl-lipoprotein: 
Serum-lipoprotein distribution: 

xanthomas. 
612 rag/100 ml 
152 rag/100 ml 
905 rag/100 ml 
~-lipoprotein: 8.4% 
pre-fl-lipoprotein: 15.8~ 
fl-lipoprotein: 75.8 ~ 

Serum-GPT: 10 U/l, serum-LDH: 160 U/I, serum-alkaline-phosphatase: 31 
U/I, serum-thymoh 2 MacLagan-units, plasma-fibrinogen: 0.34 g/100 ml, 
serum-creatinin: 1.0 mg/100 ml, urine-microscopy: normal, serum-calcium: 
9.2 rag/100 ml, serum-phosphorous (inorganic): 3.9 mg/100 ml. 

Fasting serum-glucose level: 80 rag/100 ml 
Peroral glucose load: (After 67.5 g and glucose anhydr.): 

normal. 

Pedigree XV no. 9. M. O. (No. 070951), 19 years. Father had xanthomas 
and died suddenly 34 years old of heart-infarct. His mother had xanthomas 
and died suddenly 50 years old of heart-infarct. Her father had xanthomas 
and died suddenly 51 years old of 
Weight: 53.0 kg. 

Physical examination: 

Serum-cholesterol: 
~erum-triglyceride: 
Serum-fl-lipoprotein: 
Serum-lipoprotein distribution: 

heart-infarct. 

normal. No arcus, xanthelasmas nor 
xanthomas. 
405 mg/100 ml 
215 mg/100 ml 
714 mg/100 ml 
r 2.9% 
pre-fl-lipoprotein: 9.6 ~ 
fl-lipoprotein: 87.5~ 

Serum-GPT: 10 U/l, serum-LDH: 219 U/l, serum-alkaline-phosphatase: 21 
U/l, serum-thymoh 0 MacLagan-units, plasma-fibrinogen: 0.35 g/100 ml, 
Serum-creatinin: 1.0 mg/100 ml, urine-microscopy: normal, serum-PBJ: 
9.4 #g/100 ml, serum-thyroxine: 98.0 _+ 3.5 nmol/1 (slightly increased), 
Serum-calcium: 9.1 mg/100 ml, serum-phosphorous (inorganic): 3.4 mg/ 
100 ml. 

Pasting serum-glucose level: 99 mg/100 ml 
Peroral glucose load: (After 53.0 g of glucose anhydr.): normal. 
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Pedigree  XV no. 10. B. O. (No. 220 654), 16 years.  Weight: 54.0 kg. 

Physical  examinat ion:  normal.  No arcus, xan the lasmas  nor 
xanthomas.  

Serum-cholesterol :  373 mg/100 ml 
Serum-t r ig lycer ide :  136 mg/100 ml 
Serum-fl- l ipoprotein:  651 mg/100 ml  
Serum-l ipoprote in  distr ibution: a- l ipoprotein:  6.9 % 

pre-fi- l ipoprotein:  5.7 ~ 
fl-lipoprotein: 87.4 ~ 

Serum-GPT:  7 U/l, se rum-LDH:  196 U/l, se rum-alka l ine-phosphatase :  19 
U/l, s e rum- thymol :  1 MacLagan-uni ts ,  plasma-f ibr inogen:  0.28 g/100 ml, 
serum-creat in in :  1.0 rag/100 ml, ur ine-microscopy:  normal ,  s e rum- thy rox-  
ine: 168 _+ 3.5 nmol/1 (slightly increased), serum-calc ium:  9.9 mg/100 ml, 
se rum-phosphorous  (inorganic): 3.6 mg/100 ml. 

Fast ing serum-glucose  level: 77 mg/100 ml: 
Perora l  glucose load: (After 54 g of glucose anhydr.):  normal.  

Pedigree  XVI no. 12. J .F .  (No. 160 226), 9 years.  Fa ther  38 years  old, no 
arcus, xan the lasmas  nor  xanthomas ,  no hear t  symptoms,  normal  ECG. 
Fa ther ' s  data:  

Serum-cholesterol :  340 rag/100 ml  
Serum-t r ig lycer ide :  126 mg/100 ml  

One bro ther  who had xan thomas  died suddenly 39 years  old of hear t - in-  
farct.  
Weight: 27.2 kg. 

Physical  examinat ion:  

Serum-cholesterol :  
Serum-t r ig lycer ide :  
Serum-fl- l ipoprotein:  
Serum-l ipoprote in  distribution: 

normal.  No arcus, xan the lasmas  nor 
xanthomas .  
362 mg/100 ml  
126 mg/100 ml  
860 mg/100 ml  
a- l ipoprotein:  15.5 ~ 
pre-fl- l ipoprotein:  9.5 ~ 
fl-lipoprotein: 75.0o/o 

Se rum-GPT:  10 U/l, se rum-LDH:  286 U/l, se rum-a lka l ine-phosphatase :  108 
U/l, se rum- thymol :  2 MacLagan-uni ts ,  plasma-fibr inogen:  0.28 g/100 ml, 
serum-creat in in:  0.7 mg/100 ml, ur ine-microscopy:  normal ,  se rum-PBJ :  
7.2 #g/100 ml, serum-T3-test:  normal ,  serum-calc ium:  9.8 mg/100 ml, se rum-  
phosphorous (inorganic): 4.5 mg/100 ml. 

Fast ing serum-glucose level: 89 mg/100 ml 
Perora l  glucose load: (After 27.2 g of glucose anhydr.):  normal .  

Pedigree  XVII  no. 13. T. F. (No. 100757), 13 years  old. Fa ther  died sud- 
denly 34 years  old of hear t - infarc t .  No xanthe lasmas  nor  xan thomas  were  
described, no serum-cholesterol  was taken. His sister has had two hear t -  
infarcts  39 and 40 years  old. No arcus, xan the lasmas  nor  xanthomas.  Her  
serum-cholesterol:  520 mg/100 ml, serum-tr ig lycer ide:  1.93 ram/1. Her  
mothe r  is 70 years  old, never  cardiac symptoms,  no arcus, xan the lasmas  
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nor xanthomas. Serum-cholesterol: 409 mg/100 ml, serum-triglyceride: 286 
rag/100 ml. 
Weight: 40.0 kg. 

Serum-cholesterol: 
Serum-triglyceride: 
Serura-fl-lipoprotein: 
Serum-lipoprotein distribution: 

312 rag/100 ml 
92 mg/100 ml 

835 rag/100 ml 
~-lipoprotein: 23.3 ~ 
pre-fl-lipoprotein: 0.0 ~ 
fl-lipoprotein: 76.7 ~ 

Serum-GPT: 7 U/I, serum-LDH: 290 U/l, serum-alkaline-phosphatase: 100 
U/l, serum-thymol: 1 MacLagan-unit, plasma-fibrinogen: 0.29 g/100 ml, 
serum-creatinin: 0.8 mg/100 ml, urine-microscopy: normal, serum-PBJ: 
6.6/~g/100 ml, serum-T~-test: normal, serum-calcium: 9.6 mg/100 ml, serum- 
Phosphorous (inorganic): 4.8 mg/100 ml. 

Fasting serum-glucose level: 97 mg/100 ml 
Peroral glucose load: (After 40.0 g of glucose anhydr.): normal. 

Pedigree XVII no. 14. G. F. (No. 040 361), 10 years old. Weight: 26.0 kg. 

Physical examination: normal. No arcus, xanthelasmas nor 
xanthomas. 

Serum-cholesterol: 317 rag/100 ml 
Serum-triglyceride: 72 mg/100 ml 
Serum-fl-lipoprotein: 835 mg/100 ml 
Serum-lipoprotein distribution: a-lipoprotein: 26.4% 

pre-fl-lipoprotein: 0.0 ~ 
fl-lipoprotein: 73.6 ~ 

Serum-GPT: 13 U/I, serum-LDH: 330 U/l, serum-alkaline-phosphatase: 64 
U/I, serum-thymol: 1 MacLagan-units, plasma-fibrinogen: 0.26 g/100 ml, 
serum-creatinin: 0.8 mg/100 ml, urine-microscopy: normal, serum-PBJ: 
7.7/~g/100 ml, serum-Ts-test: normal, serum-calcium: 9.9 mg/100 ml, serum- 
Phosphorous (inorganic): 4.4 mg/100 ml. 

Fasting serum-glucose level: 79 mg/ml 
Peroral glucose load: (After 26.0 g of glucose anhydr.): normal. 

T r e a t m e n t  

Little has been published about treatment of familial hypercho]esterol- 
eraia in children. Following the principles of Segal l  et al. (24) the above- 
raentioned 9 patients were put on a diet containing less than 15 g of 
saturated fat daily. In order to avoid the necessity of adding too much 
Carbohydrate and in order to maintain an adequate caloric intake, also 
to improve the palatability of an otherwise low fat diet, a free amount 
(on an average 20-30 g per day) of corn-oil (63 ~ linoleic acid) and dietary 
Vegetable-oil margarine (45~ linoleic acid) were given (on an average 
16 g linoleic acid per day). 

The calories were supplied as 65% carbohydrate, 25% protein, 4~ 
saturated fat and 6% polyunsaturated fat. The diet was introduced at 
home, as the parents of these 9 selected cases were keenly interested in 
5 Z ~ 2  
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the project.  I t  was only difficult to keep this diet, low in sa tu ra ted  fat, 
during the first week. At the end of the second week,  most  of the problems 
Were forgotten.  

A mean  reduct ion in serum-cholesterol  of 139 mg/100 ml  has been 
achieved so fa r  (table 2). The fast ing t r ig lycer ide  changes are also given 
in table 2. The changes in cholesterol are shown in fig. 7. No constant  
change occurred in serum-t r ig lycer ides  but  the serum-cholesterol  values  
continue, in all cases, to decline for more  than  three  months  (maximal ly  
54 % in three  months,  case no. 070 252). This change in serum-cholesterol  
was not associated wi th  corresponding changes in serum-fl- l ipoprotein.  
Minor in te rmi t ten t  rises in the serum-cholesterol  values were  found, ex-  
Plainable as deduced f rom in te r roga t ive  informat ion  given by  the patients,  
that  they did not s t r ict ly follow the diet advised in these periods, bu t  
SUpplemented it wi th  sweet  things such as chocolate. Body-weigh t  has 
remained constant  wi th in  1 kg under  the t rea tment .  

Discuss ion 

The need to p reven t  cardio-vascular  diseases is increasing in indus-  
trialised countries. Also pediatr icians should take  pa r t  in this prevent ion,  
being the first to e l iminate  a therogenet ic  factors.  Severa l  repor ts  have  
COmpared serum-cholesterol  and atherosclerosis  and re la ted atherosclerosis  
to d ie tary  factors, such as high caloric intake,  high consumption of sa tu-  
rated fat  and subopt imal  in take  of essential  f a t ty  acids (2, 12, 13, 16, 20, 28). 
Thus, on the basis of these data, d ie tary  exper iments  designed to p reven t  
coronary thrombosis  have  been successfully carr ied out in adults. However ,  
since a theromas  m a y  be formed pr ior  to b i r th  and in childhood (17), d ie ta ry  
exper iments  should be b rought  fo rward  for  groups of children wi th  high 
risks of coronary  thrombosis.  

We have  chosen a disease, known for m a n y  years  to have  a high ra te  
of ear ly  hear t - infarc t ,  where  it is possible to make  the diagnosis in child- 
hood. The present  s tudy revealed  16 children with  biochemical  abnormal i -  
ties, having  hypercholes terolemia  and increased fl-lipoprotein, in families 
of which one paren t  had developed ischemic hear t  disease before  the age 
of 45. There  was no case of pronounced secondary  hyper t r ig lyce r idemia  
in these families. 

In another  group of families wi th  the same biochemical l ip id-pat terns  
and ischemic hear t  disease developed clinically a f te r  the age of 50, no 
children were  found having  abnormal  lipids. 

These data  suppor t  the idea, that  all children of paren ts  with ischemic 
heart  disease before  the age of 45 should have  their  serum-l ipids  deter -  
mined and in the case of essential  hypercholesterolemia,  be  put  on a diet 
low in sa tura ted  fat, lowering their  serum-cholesterol .  

I t  was not difficult to make  the children accept the diet, and it was 
Part icular ly easy the younger  the children were.  In  pedigree XV no. 9 the 
serum-cholesterol  has risen in spite of a str ict  diet. We plan  to put  her  on 
diet plus Cholestyramine.  Dur ing  the d ie ta ry  t rea tment ,  serum-cholesterol  
decreased (maximal ly  54%) for more  than  three  months.  This decline 
Was not associated wi th  a corresponding decline in serum-fl- l ipoprotein 
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(assayed t o g e t h e r  w i t h  the  pre- f l - I ipopro te in) .  These  f indings  m a y  ind ica te  
t ha t  t he  basic a b n o r m a l i t y  in Fredrickson T y p e - I I  h y p e r c h o l e s t e r o l e m i a  is 
no t  in the  cho l e s t e ro l -me tabo l i sm ,  bu t  l i nked  to the  t u r n - o v e r  of the  apo-  
p r o t e i n  of the  l ipopro te in .  Th is  seems  to be s u p p o r t e d  by  the  da ta  of 
G r u n d y  et  al. (10) s h o w i n g  h y p e r c h o l e s t e r o l e m i a  to be  assoc ia ted  wi th  
changes  in pool  size of cholesterol .  
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Summary  

144 individuals wi th  personal or familial  occurrence of coronary hear t  disease 
were  studied in order to trace Fredrickson's type- I I  hyper-~- l ipoproteinemia 
(familial hypercholesterolemia, Harbitz-Mi2ller's disease). 

18 families with familial  hypercholesterolemia were  traced among 99 individ- 
uals. These families belonged to patients having coronary attacks before the age 
of 45. 30 relatives of seven patients admit ted to medical  t rea tment  of coronarY 
heart  disease after  the age of 50 did not reveal  occurrence of familial  hyper-  
cholesterolemia. 

Among the first group of families 16 children were  found with hyperchol- 
esterolemia (9 aged 5-10 years, 2 aged 10-15 years and 5 aged 15-20 years) nine 
of these whose parents were cooperative concerning dietary t rea tment  were  
selected for a detailed study of the disease (assay of serum-cholesterol,  - t r i -  
glyceride, -/~-lipoprotein and - l ipoprotein distribution) and hereaf ter  t reated for 
more than three months with a diet low in saturated fat. During this period the 
serum-cholesterol was nearly normalized in all patients (a mean decline in serum 
cholesterol of 139 mg/100 ml serum was estimated). No child did not respond 
on the treatment.  This argues in favour  of a tracing and t rea tment  of this disease 
entity as soon as possible after birth in order to avoid vascular deposition of 
cholesterol. No change in total serum-/?-lipoprotein was induced by the diet. This 
finding argues in favour  of the disease being caused by a decrease in degradation 
of the apo-/?-lipoprotein ra ther  than by an abnormali ty of the cholesterol metab-  
olism. 

Zusammentassung 

144 Personen mit  famili~rem Vorkommen koronarer  Herzattacken wurden 
untersucht, um Fredricksons Typ-II-Hyper- tg-Lipoprotein~mie (famili~re Hyper-  
cholesterin~imie, Harbitz-Mfellers Krankheitsbild) zu ~iberprfifen. Unter  18 Fa-  
milien mit  heredit~rer  Hypercholesterin~mie wurden 99 Personen beobachtet. 
Diese Famil ien gehSrten zu Patienten, die vor  dem 45. J a h r  eine Koronarat tacke 
gehabt hatten. 

30 Angeh6rige yon 7 Pat ienten wurden zur medizinischen Behandlung der 
koronaren Herzattacken angenommen. Nach dem 50. J ah r  wiesen sie keine 
Vorkommen yon famili~rer Hypercholesterin~mie auf. 

In der ersten Gruppe der Famil ien wurden 16 Kinder  mit  Hypercholesterin- 
~mie gefunden (9 im Alter  von 5-10 Jahren,  2 im Al ter  yon 10-15 Jahren  und 
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5 im A l t e r  v o n  15-20 J a h r e n ) .  N e u n  d e r s e l b e n ,  d e r e n  E l t e r n  a n  d e r  d i~ t e t i s chen  
B e h a n d l u n g  t e i l g e n o m m e n  h a t t e n ,  w u r d e n  ffir e ine  d e t a i l l i e r t e  U n t e r s u c h u n g  des  
K r a n k h e i t s b i l d e s  (Versuche  des  S e r u m - C h o l e s t e r i n s ,  d e r  T r ig lyze r ide ,  d e r  ~ -  
L i p o p r o t e i n e  u n d  d e r  V e r t e i l u n g  y o n  L i p o p r o t e i n e n )  ausgewt ih l t .  Sie  w u r d e n  
danach,  m e h r  als  3 M o n a t e  lang,  m i t  e i n e r  Di~t  m i t  g e r i n g e m  G e h a l t  a n  ge -  
s f i t t ig tem F e t t  b e h a n d e l t .  D u r c h  diese  P e r i o d e  h i n d u r c h  w u r d e  das  S e r u m -  
Cho le s t e r in  f a s t  n o r m a I  be i  a l l e n  P a t i e n t e n  ( M i t t e l w e r t  yore  S e r u m - C h o l e s t e r i n  
Yon 139 mg/100 mI  Se r um ) .  Al l e  K i n d e r  w i e s e n  d ieses  R e s u l t a t  auf .  Dieses  
l~esul ta t  sp r i ch t  s t a r k  daf t i r ,  d ie  d e r  K r a n k h e i t  a u s g e s e t z t e n  P e r s o n e n  so schne l l  
~vie m6gl i ch  n a c h  d e r  G e b u r t  d i e s e r  B e h a n d l u n g  zu  u n t e r z i e h e n ,  u rn  d ie  
Vaskul~re  A n h ~ u f u n g  y o n  C h o l e s t e r i n  zu  v e r m e i d e n .  Be i  d i e se r  Di~t  w u r d e  k e i n e  
~ n d e r u n g  i m  T o t a l - S e r u m - • - L i p o p r o t e i n g e h a l t  b e w i r k t .  

Die B e f u n d e  s p r e c h e n  daf t i r ,  daI~ die  K r a n k h e i t  i h r e  U r s a c h e  in  e i n e m  h e r -  
a b g e s e t z t e n  A b b a u  des  A p o - L i p o p r o t e i n s  ha t .  
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