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Abstract

Familial hypercholesterolaeinia (FH) is an  inherited disorder caused  by 

mutations in the low-density lipoprotein (LDL) receptor which lead to 

diminished clearance of cholesterol from the circulation and, consequently, to 

markedly elevated LDL-cholesterol (LDL-C) levels. T he resultant 

hypercholesterolaemia predisposes these  patients to severe  premature 

atherosclerosis, particularly coronary artery d isease  (CAD). The concentration 

of LDL-C and lifetime vascular exposure to raised plasm a LDL-C 

concentrations are major determ inants of atherosclerosis, but there remains a  

considerable variability in the extent of atherosclerosis p resen t and in the 

expression of clinical d isease  in th ese  patients. Qualitative differences in LDL 

such a s  LDL particle size and susceptibility to lipid oxidation may play a  role, 

a s  may other biochemical risk factors.

The purpose of this thesis w as to determine whether such qualitative 

differences in LDL are important determ inants of the extent and severity of 

atherosclerosis and to determ ine whether it is mainly the reduction in LDL-C 

that is of benefit, or w hether antioxidant therapy would also be effective in 

preventing progression of atherosclerosis in FH subjects.

FH patients were found to have large, buoyant LDL particles, which are  

less susceptible to lipid oxidation than smaller, denser particles. In the 

ab sen ce  of other cau ses  of insulin resistance, patients with FH have normal 

fasting insulin and triglyceride levels, normal postprandial lipaemia, and do not 

have microalbuminuria. They, thereto*«, usually show  no features of the 

metabolic syndrome despite severe, accelerated atherosclerosis.
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Similarly, the role of lipid oxidation in the pathogenesis of 

atherosclerosis in FH rem ains uncertain. LDL isolated from FH patients is 

more resistant to oxidation, and antioxidant therapy appears to be of little or 

no benefit in preventing progression of atherosclerosis in these  

hypercholesterolaemic subjects. Particularly in severely hyper- 

cholesterolaem ic subjects, more conclusive proof of a  protective effect of 

antioxidants from large prospective studies presently in progress is needed 

before antioxidant therapy can be  advocated for the treatment and prevention 

of atherosclerosis.

In subjects with FH, quantitative rather than qualitative differences in 

LDL are associated with accelerated atherosclerosis. Therapy in FH should 

therefore b e  aimed primarily at reducing LDL-C levels.
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Introduction

Familial hypercholesterolaemia (FH) is an inherited disorder caused  by 

mutations in the iow-density lipoprotein (LDL) receptor which lead to 

diminished clearance of cholesterol from the circulation and, consequently, to 

markedly elevated LDL-cholesterol (LDL-C) levels.1 The resultant 

hypercholesterolaem ia predisposes th ese  patients to severe  premature 

atherosclerosis, particularly coronary artery d isease  (CAD). FH is particularly 

common in the Afrikaner, Jewish and Indian populations of South Africa with 

an  estim ated prevalence of heterozygous FH of greater than 1%.2 Individuals 

with heterozygous FH usually present with CAD in the third to fifth decade 

w hereas those with homozygous FH often die from accelerated 

atherosclerosis before the age of 30 years.1 The concentration of LDL-C and 

lifetime vascular exposure to raised plasm a LDL-C concentrations are major 

determ inants of atherosclerosis, but there remains a considerable variability 

in the extent of atherosclerosis present and in the expression of clinical 

d isease  in these  patients.3 Susceptibility to CAD is partly related to  particular 

types of LDL-receptor gene mutations, receptor negative mutations being 

associated  with more severe expression of CAD com pared to binding- 

defective alleles.4,5 in addition to genetic variability at the LDL-receptor locus, 

the expression of CAD can be influenced by numerous established 

concomitant risk modulators such a s  hypertension, diabetes mellitus and 

cigarette smoking which significantly increase the risk for developing CAD, 

particularly in m ales.6,7 Biochemical risk factors that have been associated 

with both the onset and progression of CAD include elevated levels of 

lipoprotein(a)8, fibrinogen 9, insulin 10and  hom ocysteine11.
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Q ualitative differences in LDL such a s  LDL particle size and 

susceptibility to lipid oxidation may also play a  role. LDL consists of a 

heterogeneous population of particles that differ in their size, density and 

metabolic properties.12 Two major LDL subclass patterns can be identified on 

gradient gel electrophoresis or ultracentrifugation, the small d ense  subclass 

pattern (pattern B) being associated  with an  increased risk of myocardial 

infarction.13 Small d ense  LDL particles a re  considered more atherogenic as  

they are  transported more rapidly into the subendothelial space, bind more 

avidly to proteoglycans and are more susceptible to oxidation.14 A 

predom inance of small dense  LDL is linked to the metabolic syndrome or 

atherogenic lipoprotein phenotype - a  pattern of dyslipidaemia characterised 

by hypertriglyceridaemia, low HDL-C levels, enhanced post prandial lipaemia 

and insulin resistance.15

The purpose of this thesis w as to determ ine whether such qualitative 

differences in LDL are important determ inants of the extent and severity of 

atherosclerosis and to determine w hether it is mainly the reduction in LDL-C 

that is of benefit, or w hether antioxidant therapy would also be effective in 

preventing progression of atherosclerosis in FH subjects.
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Paper 1

The susceptibility of LDL to oxidation can be  studied in vitro by 

incubating LDL with endothelial cells or with redox-active ions. M easurement 

of the susceptibility of LDL to oxidation by copper ions a s  initially described by 

E ste rb au er1 h as  been  widely used a s  a  m easure of its atherogenicity.

This paper describes a  method that utilises a rapid preparation of LDL 

that is quick, simple and com pares favourably with Esterbauer’s method. This 

method w as used for assessing  the susceptibility of LDL to oxidation in 

several of the studies presented in this thesis.

Reference:

1. Esterbauer H, Strieg! G, Puhl H, Rothender M. Continuous monitoring of in vitro oxidation 

of human low density lipoprotein. Free Radio Res Commun 1989;6:67-75.
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Rapid method for measuring copper induced LDL oxidation

A.J. A heiasj . J. R ichardson-1, F.J. R aai.'1

A bstrac t Background. R ecent evidence has shown 
that oxidatively modified LDL (Ox-LDL) is pvo-ather- 
ogenic. Increased susceptibility of LDL to oxidation 
may therefore be an  im portan t determ inant of risk 
fo r atherosclerosis. P resen t methods used for the 
m easurem ent of Ox-LDL are  im practical as routine 
assays.

Method, We describe a modified method that 
utilzes single step vertical u ltracentrifngation and 
continuous m onitoring o f conjugated diene p roduc

tion afte r  copper induced LDL oxidation.
Results. In  a group of healthy subjects (n=15) we 

observed lag times o f 64.5 (±5.9) min an d  the time 
to peak conjugated diene form ation  was 140.5 
(±6.9) m in (values a re  m ean ± s ta n d a rd  e rro r  of the 
mean).

Conclusions. The proposed method is quick (±6 
hours), simple and com pares favourably with previ
ously published data . (E ur J  Lab M ed 1995:1:87- 
89).

Introduction

Increased total p lasm a cholesterol concentration, 
especially the low density lipoprotein (LDL) choles
terol has been shown to be an important cause of 
coronary artery d isease1. Recent evidence has shown 
that oxidatively modified LDL (O.xLDL). which is a 
substrate for the scavenger receptor on m acrophages 
may be  im portant in  the formation of the fatty streak, 
and is pro-atherogenic1-". Increased susceptibility of 
LDL to oxidation has been shown to promote prem a
ture coronary atherosclerosis in individuals'w ith tri
glyceride enriched LD L' and may therefore be  an 
im portant determ inant of risk for atherosclerosis. 
P resent methods used  for the m easurem ent of oxi
dized lipoproteins and  lipids are  either non-specific 
or time consuming (i.e. cannot be com pleted within 
the sam e day) and are unsuitable as routine tests (re
viewed by ChaiR). We describe a  method that utiliz
es a rapid preparation of LDL and quantitates the

J D e p a rtm e n t o f  C h e m ic a l P atholoyy. S ou th  A frican  In s ti tu te  fo r 
M ed ica l R e se a rc h . P a rk to w n
*' D e p artm en t o f  M e d ic in e , fv ils  M ed ica l S choo l. P ark to w n  

C orrespondence to: Dr. A .J . A re iu s . D e p artm en t o f  C h em ica l 
P utholouy. NUTS M e d ic a l S ch o o l. 7  York R oad . P a rk to w n . 219A 
S o u th  A frica

P a p er  received 01 -0 'i-1 9 0 5

susceptibility of LDL tc tidation with results ob
tainable in 5-6 hours. Plasm a LDL is separated by 
single step vertical ultracentrifugation (modification 
of Chung et al.'s method"1) and OxLDL is measured 
by continuous monitoring of conjugated diene pro
duction after copper induced LDL oxidation (modifi
cation of E sterbauers method11). Results are ex
pressed  as "‘lag tim e", w hich can  be  defined as the 
time required to overcome the inherent ability of 
LDL to resist oxidation.

Materials and Methods

H eparinized blood was collected after a  14 hour 
fast and  im mediately centrifuged at 1000 g for 10 
min. The plasm a density  was adjusted to 1.21 g/mL 
by adding 0.37 g desiccated  NaBr to 1.3 mL plasm a 
in a Quick-Seal ultracentrifuge tube (Beckman In
strum ents) and this was carefully overlaid with 3.5 
mL of 0 .15  M NaCl pH  7.4. Vertical ultracentrifuga
tion was carried out a t  65000 rpm in a  Beckman 
L8-70 centrifuge for 45  m inutes at 10 °C using a 
VTi 65 rotor. The ultracentrifuge was set to slow ac
celeration and no b rak e1. The LDL fraction, visible 
as a d istinct band was collected by piercing the side 
of the  tube with a  need le  and gently aspirating the 
band (±0.5 mL). This was desalted on a  Sephadex 
G25M (Pharmacia) colum n (bed volume 9 mL) with
0.01 M PBS pH 7.4 as the eluent.

Eur J  Ul> Mwl. Vol. N.i. 1. 1905 95
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The cholesterol con ten t was assayed with the 
CHOD-PAP method (Boehringer Mannheim) and 
the concentration ad justed  to 8 0  jig/mL with PBS 
(final volume 2 .5 mL). Oxidation was induced by 
the addition of Cu-+ (sulphate) in 0 .15  M NaCl pH 
7 .4 a t a  final concentration  of 10 p.M. Conjugated 
diene production was m easured by monitoring the 
change in  absorbance a t 2 3 4  nm7 from zero to three 
hours a t 15 min in tervals on a Shim adzu UV 120- 
02 with a  LKB 22 0 9  m ultitem p circulator se t to 
25  "C. Protein  was, assayed  by the Lowry method as 
modified by H artree”. T he purity of the LDL frac
tion was assessed  by lipoprotein and protein gel 
electrophoresis using  the Paragon system (Beck
man). P rio r to the la tte r  the LDL fraction was con
cen trated  (5-1 Ox) u s in s  Centriflo cones fAmicon 
CF-25).

L ipid peroxides w ere m easured by the ferrous ox- 
idation-xyienol (FOX) assay'' at various times dur
ing the induced oxidation.

Results

LDL was the only band visible on lipoprotein 
electrophoresis. On protein electrophoresis two 
hands corresponding to album in and apolipopm tein 
B were visible. Gel densitom etry showed that the a l
bum in fraction represented  less than 15%  of the to
tal protein p resent. T h is corresponded to <15 
Hg/mL of album in in our fraction (total protein was 
72.2 ±  6 .2 fis/m L  (mean±SD)). To verify that a lbu
min a t this concentration d id not interfere with our 
assay we added album in (BSA. Sigma) at different 
concentrations (15, 37 .5  and 75 |xg/mL). There was 
no effect on e ither the lag  time or the peak conju
gated d iene production (Figure 1). Due to the con
tam ination of the LDL fraction by album in we opted 
to standardize our assay according to cholesterol 
concentration. Varying the concentration of choles-

o.s

5  0.6

0.4

0.2

120 ISO 180

TIME. (M in u te s )

L Atlcling album in ai niiunU Rilitins ito tilt* sam r
up to 5  tin irs  the oom rm raliim  ptv.-enl in Ih r  U3L 

fnu'tion nut have an  ellVot on tin1 lau time* nr on liie ronjuua- 
li*ii iliYnt* [inxlurlnm.

0.6  • •
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0.2

2 5 0200100 ISO 
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F ig u re  2 .  V arying th e  e h u lw te ro l  ro n v e n lra lio n  li.t*. L D L  v u n m x -  
tra tion ) d iil not aiTect tin* lag  tim e  !>ut th e re  w a s a n  in c re a s e  in  th e  
p ea k  c o n ju g a te d  d ie n e  p ro d u c tio n .

terol (60-100 jig/mL) d id  not appreciably a lte r the 
lag time (Figure 2). and we standardized to 80  
(la taL  because this gives a  maximal absorbance of 
approximately 1.

H igher incubation tem peratures reduced assay 
time (quicker lag times) but decreased  the in tra in - 
fiividuai reproducibility. W hen performed at 25  CC 
we obtained an intraindividual CV of 5.5% .

Conipansons with: a) E sterbauefs original m eth- 
otl" showed a  good correlation (r=0.96: n~6) and . 
b) the FOX method which m easures lip id  hydroper
oxides showed that the peak conjugated d iene pro
duction and lipid peroxide formation were a t sim ilar 
times (Figure 3).

0.4 1

02 4.

150 180

TIME (M m utes)

f iu u re  3 .  C o m p a riso n  n f  a  sp e c im e n  an a ly z e d  b y  th e  p ro p o se d  ra 
p id  m eth o d , th e  FO X  m eth o d  a n d  th e  o rig in a l E s te rb a u e r  m eth o d . 
A unm l v o rre la tio n  w a s o b se rv e d  ic= lU J6: n=(>l in  th e  iag  tim e s  o( 
l:> ie rk iu e r>  a n d  iht* p ro p o se d  m eth o d . T h e  F O X  a s s a y  d o e s  not 
a llow  lo r ro n ltn u o u s  m o n ito rin g . T h e  assa y  w as p erfo rm ed  by s a m 
p lin g  a  sp ev tm en  in  u h ic h  c o p p e r  m ed ia te d  o x id a tio n  w a s in d u c e d  
at 5  tim ed  in te rv a ls . T h e  p e a k  lip id  p e ro x id e  p ro d u c tio n  a n d  p e a k  
m n iu ita te d  d ie n e  p ro d u c tio n  w e re  s im ilar .

%  Eur J L ib  Med. X o l  No. 1. 1 <^3
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EDTA is normally used as the anticoagulant and 
antioxidant. The drawback is that it b inds copper 
and can therefore inhib it oxidation1" and m ust be 
completely removed. We com pared heparin  and 
EDTA specim ens, the LDL fraction obtained from 
EDTA plasm a was dialyzed in 100 volumes of 0.01 
M PBS pH  7.4. Good correlation was obtained for 
lag  times (r=0.98: n=4).

Using our m ethod, the lag tim e in a  group of 
healthy subjects (n=15) was 64.5 (±5.9) m in and 
the time to peak conjugated d iene  formation was 
140.5 (±6.9) min (values are m ean ±  standard  error 
of the mean).

D iscussion

The rapid processing time of our method (i.e. ±2 
hours prior to inducing oxidation) decreases the 
risk  of sam ple auto-oxidation and allows us to use 
heparin  instead  of EDTA as the anticoagulant. The 
sam ple obtained from single spin vertical u ltracen
trifugation is pure except for contam ination by al
bum in. which has been shown to act as an antioxi
dan t" . We have shown that adding album in (75 
|ig/mL) at 5x the levels present in our sam ple does 
not interfere with our assay. Cholesterol concentra
tion was used as a m easure of LDL because of this 
contam ination. W hen different concentrations of 
cholesterol were used we noticed that although the 
lag  time was unchanged the peak conjugated diene 
showed a proportional increase. This may be ex
plained by the hypothesis of E sterbauer and Jur
gens'- copper binds to discrete sites on apo B 
<• ' ih i  forms the centre for repeated radical pro
duction. Therefore the lag time will be dependent 
on the susceptibility of each LDL molecule to oxi
dation and the peak production will depend on the 
total num ber of m olecules. A final copper concen
tration of 10 p.M was chosen because we d id not 
w ant copper availability to be a  lim iting factor. It 
has also been  shown by Kleinveld et al. "  that at low 
copper concentration there is an inverse relation
sh ip  between maximal rate of diene production and 
lag time with the curves p lateauing a t 10 p.mol/L 
Using the LKB M ultitemp circulator we are able to 
m aintain a constant 25 °C irrespective of the room 
tem perature and equipm ent heat.

In conclusion the proposed method using vertical 
ultracentrifugation is quick (±6 hours), sim ple and

lag time results com pare favorably with previously 
published d a ta  (reviewed in 12).
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Paper 2

T he aim of this study w as to determine w hether the susceptibility of 

LDL to in vitro oxidation is increased in FH subjects. Unexpectedly, LDL 

isolated from both hom ozygous and heterozygous FH patients was found to 

be less susceptible to oxidation compared to LDL isolated from 

normocholesterolaemic control subjects. Serum and LDL vitamin E levels 

were also found to be higher in the FH subjects.
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Abstract

There is increasing evidence that oxidative modification o f low density lipoprotein (LDL) plays an im portant role 
in the pathogenesis o f  atherosclerosis. Subjects with familial hypercholesterolaemia (FH) have elevated concentrations 
o f  LDL and develop prem ature atherosclerosis. The aim of the study was to determine whether th>. susceptibility of 
LDL to in vitro oxidation is increased in F H  subjects. LD L was isolated from 15 F H  homozygotes (mean age +  SD, 
19 +  10 years; mean LDL-cholesterol 16.86 ±  3.55 mmol/1), 15 F H  heterozygotes (38 +  13 years; LDL-cholesterol 
5.58 +  1.78 mmol/1) and 15 nonnocholesterolaemic subjects (31 + 8  years; LDL-cholesterol 3.07 ±  0.77 mmol/1). 
Susceptibility o f  LDL to in vitro copper-mediated oxidation was assessed by measuring conjugated diene production 
a t 234 mn, the lag phase being a  measure o f the resistance o f LDL to oxidation. Unexpectedly, the mean duration 
o f  the lag phase was 2.2 fold longer in the FH  homozygotes (123.8 ±  45.0 rain) and 1.75-fold longer in  the FH  
heterozygotes (99.9 +  40.6 min) than in the controls (57.1 +  27.9 min: P < 0.0001). Serum and LDL vitamin E 
levels were higher in the F H  patients, but not when expressed relative to  LDL-cholesterol concentration. There was 
also no correlation between LD L vitamin E concentration and duration o f  the lag phase. LDL bulk rather than  the 
susceptibility o f  LDL to oxidation is probably the more im portant factor for the initiation and progression of 
atherosclerosis in F H  patients.

Keywords: Familial hypercholesterolaemia; Low density lipoprotein; Lipid oxidation: Vitamin E

1. Introduction

There is increasing evidence that oxidative 
modification of low density lipoprotein (LDL)

* Corresponding author. Department o f Medicine. Univer
sity of the Witwatersrand. 7 York Road. Parktown. 2193 
Johannesburg. South Africa. Tel.; (2711) 488 3538; Fax: (2711) 
643 4318.

plays an important role in the pathogenesis of 
atherosclerosis [1,2]. Oxidized LDL is taken up 
more rapidly by scavenger receptors and, unlike 
native LDL, can lead to macrophage cholesterol 
accumulation and foam cell formation. Patients 
with familial hypercholesterolaemia (FH) develop 
premature and often severe atherosclerosis, and in 
these patients the atherosclerotic lesions charac
teristically contain many cholesterol-laden foam

0021-9150/95,'$09.50 © 1995 Elsevier Science Ireland Ltd. All rights reserved 
SSD I 0021-9150(94)05494-4
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cells [3]. The aim of the present study was to 
determine whether LDL isolated from these pa
tients is more susceptible to in vitro oxidation 
than normal LDL.

2. Patients and methods

Patients with homozygous and heterozygous 
FH attending the lipid clinic at the Johannesburg 
Hospital were asked to participate in the study. 
The diagnosis of homozygous FH was based on 
(i) senim total cholesterol levels consistently 
greater than 15 mmol/1; (ii) the appearance of 
xanthomas in the first decade of life; (iii) docu
mentation in both parents of hyperchoiestero- 
laemia or clinical signs indicative of the 
heterozygous state; and (iv) confirmation by DNA 
analysis of FH LDL receptor mutations common 
in South Africa [4], Diagnosis of heterozygous FH 
was based on the the presence of a family history 
of hypercholesterolaemia. clinical signs of FH, 
together with an elevated serum total cholesterol 
level and confirmed by DNA analysis. Healthy 
normolipidaemic subjects with no history of hy
percholesterolaemia or coronary artery disease 
were used as controls. Any subject taking vitamin 
supplements was excluded from the study. To 
avoid the possible effects of diet on the susceptibil
ity of LDL to oxidation, all subjects were advised 
on a standard low cholesterol ( <  200 mg/day), 
low fat ( < 30% of total calories) diet which they 
were asked to adhere to for at least 6 weeks prior 
to sample collection. All recruited subjects gave 
their consent to the study which was approved by 
the University of the Witwatersrand’s committee 
for research on human subjects.

2.1. Preparation and oxidation o f low density 
lipoprotein

Our procedure for isolation of LDL was 
adapted from the method of Chung et al. with 
some modifications [5]. Heparinized blood (10 ml) 
was centrifuged immediately after "ollection at 
1000 x g for 10 min. Plasma (1.3 ml) was added 
to 0.37 g of sodium bromide in a Quickseal 
ultracentrifuge tube (Beckman Instruments). The 
salt was dissolved by gentle mixing, and the solu
tion was then overlaid with 3.5 ml of 0.15 mol/1

NaCl, pH 7.4. The balanced and sealed tubes 
were then vertically ultracentrifuged at 65 000 
rev./miu (370 000 x g) in a VTi 65 rotor using a 
Beckman L8-70 ultracentrifuge for 45 min at 
10°C. The LDL fraction ( +  0.5 ml) was aspirated 
by piercing the side of the tube with a needle. This 
was then desalted by gel filtration on a Sephadex 
G25M column (Pharmacia) using 0.01 mol/1 phos
phate buffered saline (PBS), pH 7.4, as eluent. 
The isolated LDL fraction was free of detectable 
amounts of vitamin C as assessed by high perfor
mance liquid chromatography (HPLC), as well as 
other lipoprotein classes as assessed by agarose 
gel electrophoresis. LDL cholesterol was adjusted 
to a concentration of 80 /tg/ml and then 10 
pmoljl copper sulphate was added as the pro-oxi
dant. The susceptibility of LDL to copper-medi
ated oxidation was assessed by measuring 
conjugated diene formation at 25°C, monitored 
spectrophotometrically at 234 nm according to 
the method of Esterbauer et al. [6], Using this 
method, LDL oxidation can be divided into 3 
phases: a lag phase, a propogation phase and a 
decomposition phase [6], During the lag phase, 
antioxidants are consumed, but no significant oxi
dation of fatty acids occurs. The propogation 
phase occurs once LDL is depleted of its antioxi
dants and fatty acids are rapidly oxidized to form 
conjugated dienes. Levels of :onjugated dienes 
then slowly fall during the decomposition phase. 
The lag phase was defined as the intercept of a 
tangent drawn to the steepest segment of the 
propogation phase to the horizontal axis, and is a 
measure of the resistance of LDL to oxidation. 
All samples were run in duplicate.

2.2. Vitamin E content 
Serum and LDL vitamin E was measured by 

HPLC according to a modification of the method 
described by Lehmann et al. [7]. Briefly, vitamin E 
was extracted from 0.2 ml plasma or LDL with 
0.8 ml of acetone and 1 ml of petroleum ether 
(40-60°C). After removing the organic phase, the 
extraction was repeated twice. The organic phases 
were then pooled and evaporated to dryness un
der nitrogen. The residue was then dissolved in 
0.1 ml ethanol, and 20 p\ was injected onto a 
Ultremex 5 pm  particle C-18 column (150 x 4.6
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mm). Detection was performed using a 464 elec
trochemical detector (Waters). We used toco
pherol acetate as the external standard.

2.3. Other measurements
Total cholesterol (total-C) and triglyceride (TO) 

were quantified by enzymatic methods using auto
mated techniques [8]. High density lipoprotein 
cholesterol levels (HDL-C) were determined by 
the phospho-tungstate-magnesium precipitation 
procedure. LDL cholesterol (LDL-C) levels were 
calculated using the Friedewald formula [9]. 
Protein content of LDL was measured by the 
method of Lowry et al. [10].

2.4. Statistics
Comparisons were performed using a one-way 

analysis of variance to test for a significant differ
ence between the three groups. Pairwise compari
sons were then used to determine which groups 
were significantly different from each other. Cor
relation coefficients were determined according to 
Spearmann’s rank correlation method. In all com
parisons, P < 0.05 was considered significant. 
Except where otherwise stated, results are ex
pressed as mean ±  SD.

3. Results

Fifteen patients with homozygous and het
erozygous FH and 15 normolipaemic controls 
participated in the study (Table 1). None of the

homozygous FH patients were receiving lipid-low- 
ering therapy at the time of the study. Eight of the 
15 heterozygous FH patients were on statin ther
apy (simvastatin 20-40 mg/day). As expected, the 
mean serum LDL-C levels were much higher in 
the homozygous and heterozygous FH patients 
than in the controls (16.86 +  3.55 vs. 5.58 ±  
1.78 vs. 3.07 +  0.77 mmol/1, respectively; P < 
0.0001). Before being subjected to in vitro oxida
tion, the isolated LDL was standardised accord
ing to cholesterol concentration to allow for these 
differences. LDL was standardised according to 
lipid rather than protein, as the first step in lipid 
oxidation after consumption of antioxidants 
present in LDL is peroxidation of polyunsatu
rated fatty acids present in the LDL lipids, rather 
than protein [5]. However, standardising accord
ing to protein content rather than lipid content 
did not alter the findings (data not shown).

Unexpectedly, the resistance of LDL to oxida
tion, as measured by the duration of the lag phase 
during copper-mediated oxidation, was greater in 
the patients with homozygous and heterozygous 
FH than in the controls (Fig. 1). The mean dura
tion of the lag phase was 2.2-fold longer in the 
FH homozygotes (123.8 +  45.0 min) and 1.75- 
fold longer in the FH heterozygotes (99.9 +  40.6 
min) than in the controls (57.1 +  27.9 min; P <
0.0001). In the heterozygous FH patients there 
was no difference in lag phase between those 
receiving statin therapy and those on no therapy 
(103 +  45 vs. 96 +  38 min; P = 0.82), despite

Table 1
Characteristics o f the patients with familial hypercholesterolaemia (FH) and the normolipidaemic controls

Controls 
n — 15

FH heterozgotes 
/z =  15

FH homozygotes 
n =  15

Sex (M/F) U /4 4/11 8/7
Age (years) 31 (25-52) 38 (13-53) 19 (4-36)
T-chol (mmol/1) 4.70 (0.94) 7.39 (2.26) 17.79 (3.59)*
TG (mmol/l) 1.02 (0.52) 1.00 (0.74) 0.62 (0.38)
HDL-C (mmol/l) 1.17 (0.34) 1.36 (0.561 0.65 (0.22)**
LDL-C (mmol/l) 3.07 (0.77) 5.58 (1.78) 16.86 (3.55)*

Data are expressed as mean (range) or mean (S.D.).
T-chol. total cholesterol: TG. triglyceride: HDL-C. high density lipoprotein-cholesterol: LDL-C, low density lipoprotein-cholesterol. 

* Significant difference between all three groups: P < 0.0001.
** HDL-C of FH homozygotes significantly less than other two groups: P < 0.001.
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FH homozygotes 

FH hctcrozygores 

Normals

TIME (minutes)

Fig. 1. Mean conjugated diene formation measured as the 
change in absorbance at 234 nm following copper-mediated 
oxidation of LDL in the patients with familial hypercholes- 
terolaemia (FH) and in the normolipidaemic controls. LDL 
(80 fig  cholesterol/ml) was incubated with 10 #M  copper ions 
a t 25°C. Differences in the time course of conjugated diene 
formadon as measured by the duration o f the lag phase 
( ■ — 9  =m ean ±  S.D.) were significant: P < 0.0001.

the difference in LDL-C levels (4.47 ±  0.69 vs. 
6.85 +  1.83 mmol/1, P=  0.008). The three groups 
differed in their age and sex distribution (Table 1). 
However, there was no correlation between lag 
phase and sex or age in any of the groups or in 
the three groups combined.

Serum and LDL vitamin E levels were much 
higher in the homozygous and heterozygous FH 
patients, and there was a good correlation be
tween vitamin E and serum LDL-cholesterol lev
els (Fig. 2). However, these differences were not 
significant when expressed relative to cholesterol 
concentration (Table 2). Ir addition, there was no 
correlation between LDL vitamin E content and 
duration of the lag phase in any of the groups.

4. Discussion

There is increasing evidence that oxidative 
modification of LDL occurs in vivo and increases 
LDL atherogenicity. Enhanced susceptibility of 
LDL to oxidation may therefore predispose to 
atherosclerosis. In fact, some studies have shown

160

|  120 -
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I
I O o

a FH homozygotes 
o FHbcterozygotes 
•  Normals

0 105 15 25 3020

LDL cholesterol (mmol/1)
Fig. 2. Relationship between the serum vitamin E and LDL- 
cholesterol concentration in the patients with familial hyperc- 
holesteroiaemia (FH) and in the normolipaemic controls. 
Vitamin E correlated with LDL cholesterol concentration, r 
-  81; P < 0.0001.

that the susceptibility of LDL to oxidation is 
correlated with the severity of atherosclerosis 
[11,12].

A number of factors can influence susceptibility 
of LDL to oxidation. An early step in LDL 
oxidation is peroxidation of polyunsaturated fatty 
acids. Dietary intake may alter LDL fatty acid 
composition and influence the susceptibility of 
LDL to oxidation. Diets enriched in linoleate 
increase the susceptibility of LDL to oxidation, 
whereas diets enriched in oleate and depleted of 
linoleate reduce susceptibility [13]. All subjects 
were prescribed a standard diet low in saturated 
fat and cholesterol for at least 6 weeks prior to 
sample collection, and a major difference in fatty 
acid intake between the groups is therefore un
likely. A second important determinant of LDL 
susceptibility to oxidation is the content of en
dogenous antioxidants. Under pro-oxidant condi
tions, the antioxidants contained in LDL are first 
destroyed, and only then do the polyunsaturated 
fatty acids in LDL begin to undergo lipid peroxi
dation. Vitamin E is the major lipid-soluble an
tioxidant present within LDL and accounts for 
approximately 80% of the antioxidant capacity of 
LDL [14.15], Several studies have shown that 
enrichment with vitamin E. both in vitro and in 
vivo, significantly reduces LDL susceptibility to 
oxidation [16-18]. Vitamin E is transported 
mainly in LDL cholesterol [19]. The finding of
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Table 2
Vitamin E status o f the patients with familial hypercholesterolaemia (FH) and the nonnolipidaemic controls

Controls FH  heterozygotes FH homozygotes

Seram vitamin E (umol/l) 35.5 (14.8) 54.5 (20.2) 95.7 (26.4)*
LDL vitamin E Otmol/l) 14.1 (5.5) 30.2 (8.S) 85.4 (23.4)*
% Vitamin E bound to LDL 45.6 (12.6) 61.4(11.1) 87.5 (14.2)*
LDL vitamin E per LDL-C (^mol/mmol) 4.94 (1.6) 4.84 (1.5) 5.03 (1.5)

LDL, low density lipoprotein; LDL-C, low density lipoprotein-cholesterol. 
* Significant difference between all three groups, P <  0.0001.

elevated vitamin E levels in our FH patients is 
therefore not unexpected as they have markedly 
elevated LDL levels. There was, however, no 
difference in the amount of vitamin E relative to 
LDL cholesterol between the groups. In addition, 
there was no correlation in any of the groups 
between vitamin E levels and susceptibility of 
LDL to oxidation. Therefore, differences in vita
min E content cannot explain the reduced suscep
tibility of LDL to oxidation in FH in our study.

Other lipid-soluble antioxidants present in LDL 
such as ubiquinol-iO, lycopene and /?-carotene 
were not measured in our study. These antioxi
dants are present in amounts of only l/20th to 
I/300th of that of vitamin E, and thus contribute 
little to the lipoprotein’s total antioxidant capac
ity [14,20], In addition, supplementation with /?- 
carotene has failed to increase the resistance of 
LDL to oxidation [18,21]. Vitamin C appears to 
act indirectly to protect LDL against oxidation by 
preventing the loss of vitamin E and /?-carotene 
[22]. Vitamin C is water soluble and is extracted 
during preparation of the LDL and therefore 
cannot explain the differences in oxidative resis
tance.

In addition to compositional features, particle 
size and density have been shown to influence 
susceptibility of LDL to oxidation. LDL is known 
to include multiple distinct subclasses that differ 
in size, density and chemical composition [23]. 
Recent reports have shown that smaller, more 
dense LDL display enhanced susceptibility to cop
per-induced oxidation when compared to larger, 
more buoyant lipoprotein particles [24,25]. In ad
dition, a p red o m in ance of small, dense LDL par
ticles is associated with an increased risk of 
coronary heart disease [26]. Greater uptake by

macrophages of dense LDL as a result of en
hanced susceptibility to oxidation may explain 
this finding [24]. Subjects with FH have larger, 
more buoyant LDL particles, which are relatively 
cholesterol enriched and protein depleted [27,28]. 
Our findings of a  decreased susceptibility of LDL 
to oxidation in FH are in keeping with these 
observations, and contradict previous reports 
which have demonstrated increased susceptibility 
of LDL to oxidation in hypercholesterolaemic 
subjects [29,30].

The results of this study challenge, but do not 
disprove, the oxidative hypothesis of atherosclero 
sis. Currently, it is thought that LDL particles do 
not undergo any significant degree of oxidation 
within the circulation because of the presence of 
abundant antioxidant defences. However, LDL 
particles are continuously entering and leaving the 
arterial wall; some of these particles become en
trapped in the interstitial matrix, and because of 
prolonged resident time, may be subjected to sus
tained oxidative stress. Thus, although initially 
more resistant, once lipid peroxidation has been 
initiated, a larger, more cholesterol-enriched 
LDL, such as that typically found in patients with 
familial hypercholesterolaemia, may generate 
more total oxidized lipid within the arterial wall 
with pathologic consequences [31]. In fact, oxi
dized LDL has been demonstrated in xanthomata 
from patients with FH [32].

It is now well established that elevated plasma 
concentrations of LDL are associated with accel
erated atherogenesis. In subjects with FH, quanti
tative rather than qualitative differences in LDL 
are therefore probably more important in causing 
accelerated atherosclerosis, LDL bulk rather than 
the susceptibility of LDL to oxidation being the
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more important factor for the initiation and pro
gression of atherosclerosis in these subjects.
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Paper 3

In this study the effect of long-term high dose  vitamin E 

supplem entation on xanthom a regression in subjects with homozygous FH 

w as evaluated. Although vitamin E supplementation increased serum vitamin 

E levels and reduced the susceptibility of LDL to oxidation, vitamin E had no 

dem onstrable effect on xanthom a regression in any of the subjects studied.
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Abstract

There is increasing evidence that oxidative modification of low-density lipoprotein (LDL) plays an important role 
in the pathogenesis of atherosclerosis. Homozygous familial hypercholesterolaemia (HFH) is characterized by prema
ture, severe atherosclerosis. Drugs available at present are ineffective in lowering the markedly elevated LDL levels 
in this condition; antioxidant therapy to protect the LDL against oxidation may be of benefit. Probucol, the only drug 
shown to induce xanthoma regression in HFH, is a potent antioxidant, but it also lowers high-density lipoprotein cho- 
lesteiol (HDL-C) levels, causing some concern. Vitamin E is a naturally occurring antioxidant that does not affect 
HDL-C levels. We have therefore evaluated the effect of long-term high dose vitamin E on xanthoma regression in 
HFH. Ten subjects with HFH, mean age 17 years (range 4-34), received vitamin E (400-1000 mg/dl alpha-tocopherol 
acetate/day) for a period of 23 months (range 12-27). There was a 4.2-fold increase in the mean serum vitamin E level 
(mean (S.D.) 49.7 (19.9) to 177.9 (45.6) fimol/1; P < 0.005), but no change in serum lipid or lipoprotein concentrations. 
Although there was an increase in the in vitro resistance of LDL to oxidation as determined by the duration of the 
lag phase during copper-mediated oxidation (116 (8.34) vs. 141.5(9.23) min;/1 < 0.005) there was no xanthoma regres
sion; in fact they progressed in 4 subjects. Unlike probucol, high dose long-term vitamin E has no demonstrable effect 
on xanthoma regression in HFH.

Key words: Vitamin E; Antioxidant; Lipid peroxidation; Xanthoma; Homozygous fiunilial hypercholesterolaemia
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1. Introduction

It is well established that elevated concentra
tions of low-density lipoprotein (LDL) are associ
ated with the development of atherosclerosis and 
that the cellular uptake of LDL from the plasma 
is mediated mainly by the LDL receptor [1], How-
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ever, subjects with homozygous familial hyper- 
cholesterolaemia (HFH) develop premature and 
severe atherosclerosis despite a lack of LDL recep
tor activity [2). This suggests that arterial uptake 
of LDL giving rise to foam cells is mediated by a 
pathway independent of the LDL receptor. There 
is now increasing evidence that scavenger receptor 
uptake of oxidatively modified LDL plays an im
portant role in the pathogenesis of atherosclerosis 
[3], Oxidized LDL is taken up by macrophages 
three to ten times more rapidly than is native LDL 
and, unlike native LDL, can lead to foam cell for
mation. In addition, oxidized LDL is chemotactic 
for monocytes, induces endothelial cell damage, 
and stimulates cytokine and growth factor release 
from cell: present in the arterial wall [4]. Oxidized 
LDL has bean identified in atherosclerotic lesions, 
and circulating autoantibodies to epitopes of oxi
dized LDL are found in patients with atherosclero
sis [5],

TTie use of antioxidants to inhibit the oxidation 
of LDL may therefore retard or prevent the 
atherogenic process. The only drug shown to in
duce xanthoma regression in HFH is orobucol 
[6,7]. Probucol is a potent antioxidant but, 
because it lowers high-density lipoprotein choles
terol (HDL-C) levels concomitantly, it has been 
regarded with caution by many physicians [SJ. Vi
tamin E is a potent natural antioxidant that does 
not effect HDL-C levels [9]. Therefore, if probucol 
causes xanthoma regression because of its antioxi
dant effect, vitamin E may also be beneficial.

Tn this study we evaluated the effect of long
term high dose vitamin E administration on xan
thoma regression in HFH. In addition we assessed 
whether vitamin E supplementation could 
decrease the susceptibility of LDL to in vitro oxi
dation in this disease.

2, Patients and methods

Patients with HFH attending the Lipid Clinic at 
the Johannesburg Hospital were asked to partici
pate in the study. The diagnosis of HFH was based 
on the presence of (i) serum total cholesterol levels 
consistently greater than 15 mmol/1; (ii) the ap
pearance of xanthomas in the first decade of life;

(iii) documentation in both parents of hyper- 
cholesterolaemia or clinical signs indicative of the 
heterozygous state; and (iv) confirmation by DNA 
analysis of familial hypercholesterolaemia LDL 
receptor mutations common in South Africa. Only 
patients who had not received probucol, or in 
whom probucol therapy had been discontinued for 
at least 6 months, were eligible. No participants 
were taking vitamin supplements when recruited, 
and all were instructed to avoid supplemental 
vitamins.

After detailed explanation, all recruited patients 
gave their written informed consent to the study, 
which was approved by the University of the Wit- 
watersrand’s committee for research on human 
subjects.

Ten patients, 4 males and 6 females, agreed to 
participate in the study (Table 1). Seven patients 
were homozygotes or compound heterozygotes for 
FH Afrikaner-1, -2 or -3. These three founder-type 
mutations together account for more than 80% of 
FH in Afrikaners [10]. Two subjects fulfilled the 
clinical criteria for HFH but were heterozygous 
for the common FH Afrikaner mutations. One 
patient was a homozygote for the FH664 muta
tion. The mean age of the patients was 17 years 
(range 4-34); their body mass index 20.8 kg/m2 
(range 15.5-24.8). Three patients had previously 
undergone coronary artery bypass surgery and 
were taking aspirin. One of them was also receiv- 
"ng atenolol and diltiazem. None of the patients 
were on lipid-lowering medication. Only one of the 
patients smoked cigarettes.

All patients were kept on a standard low- 
cholesterol, low-saturated-fat diet. Their diets 
were not altered during the study, to avoid the 
effect of diet on susceptibility of LDL to lipid oxi
dation. Vitamin E was administered orally as dl- 
alpha-tocopherol acetate provided by Hoffman-La 
Roche. liight of the patients received 1000 mg/day 
and two, aged 4 and 7 years, received 400 and 600 
mg/day, respectively. Patients were seen 3- 
monthly. Fasting lipograms, after a 10 h overnight 
fast, as well as serum vitamin E levels were 
measured at each visit. Compliance with vitamin E 
therapy was assessed by tablet counts and by mea
surement of serum vitamin E levels, the vitamin E
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Table 1
Patient characteristics

Patient
no.

Age
(years)

Sex BMI
(kg/m2)

FH
genotype

Fasting lipogram (onset, nanpl/l) 

Total-C TG LDL-C HDL-C

Other

1 14 F 19.4 FH664 15.12 1.15 13.8 0.81
2 32 F 22.7 Afrik 212 17.65 0.75 16.0 0.94 PCS age 16; CABG age 26
3 14 M 23.5 Afrik 1/2 19.34 0.92 18.3 0.57 CABG age 9
4 14 F 18.8 Afrik 1/1 17.82 1.02 16.5 0.83
5 14 F 23.5 Afrik 1/1 13.57 1.66 12.6 0.24
6 17 M 22.9 Afrik 1/3 15.69 0.87 14.9 0.44
7 34 M 21.6 Afrik 1/1 19.32 5.73 18.0 0.62 CABG age 30
8 18 F 24.8 Afrik 2/2 22.60 0.51 21.5 0.91 PCS age 5
9 7 F 15.6 Afrik 1/7 16.12 1.30 15.0 0.50

10 4 M 15.5 Afrik \n 15.68 1.54 14.5 0.43

Mean (S.D.) 17 (9.1) — 20.8 (3.2) — 17.3 (2.5) 1.15 (0.4) 16.1 (2.5) 0.63 (0.2)
BMI, body mass index; CABG, coronary artery bypass; FH genotype, genotype o f identified familial, hypcrcholoestcrolacmia muta
tions; HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; PCS, portacaval shunt; TG, triglycerides; total-C, total cholesterol.

level of each patient during supplementation being 
determined as the mean of all vitamin E levels 
measured after the start of vitamin E therapy.

The susceptibility ofLDL to oxidative modifica
tion in vitro was assessed at the onset of the study 
and after at least 3 months of vitamin E sup
plementation.

2.1. Preparation and oxidation o f LDL
The procedure for preparation and oxidation of 

LDL was adapted from the method of Esterbauer 
et al. with some modifications [11]. Heparinized 
blood (10 ml) was centrifuged immediately after 
collection at 1000 x g for 10 min. Plasma (1.3 ml) 
was added to 0.37 g of sodium bromide in a 
Quickseal ultracentrifuge tube (Beckman In
struments). The salt was dissolved by gentle mix
ing, and the solution was overiayered with 3.5 ml 
of 0.15 mol/1 NaCl, pH 7.4. The balanced and seal
ed tubes were then vertically ultracentifuged at 
65 000 rev./min (370 000 x g) in a VTi 65 rotor 
using a Beckman L8-70 ultracentrifuge for 45 min 
at 10°C. The LDL fraction (±  0.5 ml) was 
aspirated by piercing the side of the tube with a 
needle. This was then desalted by gel filtration on 
a Sephadex G25 M column (Pharmacia) using 0.01 
mold phosphate buffered saline, pH 7.4, as eluent.

LDL cholesterol was adjusted to a concentration 
of 80 Ttg/ml and then 10 /imol/1 copper sulphate 
was added as the pro-oxidant. The susceptibility of 
LDL to copper sulphate-mediated oxidation was 
assessed by measuring conjugated diene formation 
at 25°C, monitored spectrophotometrically at 234 
run. Each sample was run in duplicate. Using this 
method, LDL oxidation can be divided into three 
phases: a lag phase, a propagation phase and a 
decomposition phase [11]. During the lag phase 
antioxidants are consumed, but no significant oxi
dation of fatty acids occurs. The propagation 
phase occurs once LDL is depleted of its antioxi
dants and fatty acids are rapidly oxidized to form 
conjugated dienes. Levels of conjugated dienes 
then slowly fall during the decomposition phase. 
The lag phase was defined as the intercept of a 
tangent drawn to the steepest segment of the pro
pagation phase to the horizontal axis, and is a 
measure of the resistance of LDL to oxidation.

Lipid peroxides generated during LDL oxida
tion with 10 #tmol/l copper sulphate in phosphate 
buffered saline for 0-4 and 24 h were also 
measured, by means of the FOX assay. Unlike the 
TBARS assay, this method, in which ferrous ions 
are oxidized in the presence of xylenol orange", is 
specific for lipid peroxides [12], Briefly, 0.1 ml ali-
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qouts of LDL were mixed with 0.9 ml FOX 
reagent, incubated for 30 min at room tempera
ture, and then measured spectrophotometrically 
at 560 nm. An extinction coefficient of 
4.52 x 104/M per cm was used to calculate con
centrations of lipid peroxides from the absorbance 
[12].

2.2. Other measurements
Total cholesterol (total-C) and triglyceride (TG) 

were quantified by enzymatic methods using auto
mated techniques [13]. HDL-C was determined by 
the phospho-tungstate-magnesium precipitation 
procedure. LDL cholesterol (LDL-C) levels were 
calculated using the Friedewald formula [14].

Serum vitamin E was measured by high-pressure 
liquid chromatography [15].

2.3. Assessment o f xanthomas
Xanthomas were assessed 6-monthly by 

xeroradiography of the Achilles tendons at the 
level of the tibiocalcaneal joint, and by standar
dized photography of all visible cutaneous 
xanthomas. Coronary angiography was not per
formed on all patients for ethical reasons. Two of 
the patients had, however, undergone coronary 
angiography within 6 months prior to the onset of 
the study, and they underwent repeat angiography 
at the end of the study.

2.4. Statistics
Comparisons were performed using one-way 

analysis of variance for multiple samples or Stu
dent’s Z-test for paired data. The signed rank test 
was used for non-parametric data where appropri
ate. In all comparisons, P < 0.05 was considered 
significant. Except where otherwise stated, results 
are expressed as mean (S.D.) in the text and mean 
(S.E.) in the figures.

3. Results

Patients were followed for a mean of 23 months 
(range 12-27). No adverse clinical or biochemical 
effects of vitamin E therapy occurred during this 
period, confirming the safety of oral vitamin E 
even at high doses [16].

2 0  -i

I  ,8-
Y 'D -c  16-

I U' 
—  1 2 -

1---£
Total-C
LDL-C
TG
HDL-C1

0 3 6 9 12 15 18 21 24 27

Time (months)

Fig. 1. Mean (S.E.) serum lipid and lipoprotein concentrations 
in HFH patients during the study period. No significant 

changes occurred in any variable.

Compliance with therapy, as assessed by tablet 
counts and serum vitamin E levels, was well main
tained throughout the study. The mean serum vita
min E level prior to vitamin E supplementation 
was 49.7 (19.9) /zmol/1. This is two to three times 
as high as the mean level found in nor- 
mocholesterolaemic controls in our laboratory 
(unpublished data). On average, there was a 4.2- 
fold increase in the mean serum vitamin E level to
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Fig. 2. Mean (S.E.) conjugated diene formation measured as 
change in absorbance at 234 nm (AX 234 nm) following copper- 
mediated oxidation of LDL in HFH patients before and after 
vitamin E supplementation. Prolongation of the time course of 
conjugated diene formation with vitamin E supplementation 

was significant; P < 0.005.

30



FJ. Raal et a l /Atherosclerosis 107 (1994) 213-219 217

0 1 2 3 4 24
Time (hours)

Fig. 3. Mean (S.E.) lipid peroxide formation in HFH patients 
following copper-mediated oxidation o f LDL before and after 
vitamin E supplementation. Differences were not significant.

177.9 (45.6) /tmol/l with supplementation; P <
0.005. There was no change in mean serum total- 
C, TG, HDL-C or LDL-C concentrations during 
the study (Fig. 1).

The resistance of LDL to oxidation, as 
measyred by the duration of the lag phase during 
copper sulphate-mediated oxidation, increased 
from 116 (8.34) to 141.5 (9.23) min, P < 0.005 
(Fig. 2). Similarly, there was a decrease in the 
amount of lipid peroxides generated during 
copper-mediated oxidation but this was not signi
ficant (Fig. 3).

There was no change in the thickness of Achilles 
tendons as assessed by xeroradiography during the 
study. There was also no evidence of regression of 
cutaneous xanthomata in any of the patients. In 
fact, cutaneous xanthomas progressed in four of 
the ten patients. Repeat coronary angiography in 
the two subjects who had undergone coronary 
angiography prior to the onset of the study show
ed progression of coronary atherosclerosis in both.

4. Discussion

HFH is a rare but serious disorder, most pa
tients dying from coronary artery disease before 
the age of 30 years [2]. It remains a very difficult 
condition to treat. The present treatment of 
choice, namely LDL-apheresis or liver transplan

tation, is unfortunately not readily available at our 
academic complex. As currently available drugs 
are also ineffective in lowering the markedly 
elevated LDL, we lack effective measures for 
reducing the markedly elevated LDL levels in 
these patients. Antioxidant therapy to protect the 
LDL against lipid oxidation may, however, be of 
some benefit.

Vitamin E, the major peroxyl-radicie trapping 
antioxidant present in human blood, is carried 
mainly in LDL. It increases the resistance of LDL 
to oxidation, the LDL being oxidized only once all 
vitamin E is consumed [17]. LDL isolated from 
subjects given vitamin E supplementation shows 
increased resistance to oxidation [18,19]. 
Epidemiological studies have shown an inverse 
correlation between vitamin E consumption and 
risk for coronary artery disease [20,21]. Animal 
studies have also suggested that vitamin E sup
plementation not only can delay progression, but 
may even cause regression of atherosclerosis [22].

In our study, administration of high dose vita
min E over a 2 year period had no demonstrable 
effect on xanthoma regression in HFH. In fact, 
progression of xanthomas occurred in several of 
the patients. Cutaneous and tendon xanthomas in 
familial hypercholesterolaemia contain foam cells 
indistinguishable from those found in 
atherosclerotic lesions in the arterial wall. It is 
therefore likely that vitamin E also failed to cause 
regression of arterial atherosclerosis. This is sup
ported by the demonstration of progression of 
coronary atherosclerosis in the two patients who 
underwent repeat coronary angiography.

LDL resistance to oxidation in vitro increased 
with vitamin E supplementation, but this increase 
was only modest. Vitamin E carried in LDL is 
delivered to cells mainly via the LDL receptor [23]. 
In HFH subjects, who lack LDL receptors, the 
LDL may therefore already be ‘saturated’ with vi
tamin E. This may explain why the plasma levels 
of vitamin E prior to vitamin E supplementation 
were 2-3-fold higher than those found in normal 
subjects.

The results of this study do not disprove the oxi
dative hypothesis of atherosclerosis. Currently, it 
is thought that because of the presence of abun
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dant antioxidant defences, LDL particles do not 
undergo any significant degree of oxidation within 
the circulation. However, LDL particles are con
tinuously entering and leaving the arterial wall; 
some of these particles become entrapped in the in
terstitial matrix, and because of prolonged resident 
time may be subjected to sustained oxidative 
stress. Thus, although initially more resistant, once 
lipid peroxidation has been initiated a larger, more 
cholesterol-enriched LDL, such as that typically 
found in patients with HFH, may generate more 
total oxidized lipid within the arterial wall with 
pathologic consequences [24], Our findings do, 
however, indicate the need for further trials before 
antioxidant therapy can be routinely advocated 
for the therapy of atherosclerosis in general.

We, and others, have shown marked regression 
of cutaneous and tendon xanthomas in subjects 
with HFH treated with probucol [6,7]. This regres
sion is out of proportion to the degree of lowering 
of LDL and is evident within 6—12 months of ther
apy. This would imply that probucol is either a 
more potent antioxidant than vitamin E or that it 
causes xanthoma regression by some other mecha
nism. On a molar basis, probucol, which is 
transported within LDL, has an antioxidant po
tential three to seven times that of vitamin E [8], 
Unlike vitamin E, probucol markedly decreases 
HDL-C and increases the activity of cholesteryl 
ester transfer protein, effects consistent with an 
increase in reverse cholesterol transport [25]. In 
fact, in subjects with HFH, reduction in the size of 
xanthomas correlates best with the reduction in 

•asma HDL-C levels [6]. Probucol also affects the 
macrophage directly and can reduce cell-mediated 
oxidation of LDL [26,27]. Xanthoma regression 
by probucol may well occur by these mechanisms 
rather than by antioxidation.

In summary, our study has shown that a 2 year 
trial of high dose vitamin E therapy in 10 patients 
with HFH produced no effect on xanthoma regres
sion, a modest increase in the resistance of LDL to 
oxidation, and no significant decrease in the 
amount of lipid peroxides generated in vitro. 
Whether administration of mega-doses of the vita
min, or combination with other naturally occuring 
antioxidants (such as fl-carotene and vitamin C),

would be of greater benefit to such patients re
mains to be established.
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Paper 4

In this paper the role of lipid oxidation and antioxidant therapy in FH 

subjects is reviewed. The hypothesis is put forward that qualitative differences 

in LDL, such a s  LDL susceptibility to oxidation, are less important than the 

am ount or quantity of LDL in determining the extent and progression of 

atherosclerosis in these  subjects.
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Review article

Low density lipoproteins and atherosclerosis -  quantity or quality?

F. J. Raal*, A. J. Areiasf, B. I. Joffe*
* Carbohydrate and Lipid Metabolism Research Group, University o f the Witwatersrand, Johannesburg, 
fThe South African Institute for Medical Research, Johannesburg, South Africa

SUMMARY. Oxidative modification of low density lipoprotein (LDL) appears to be important in the pathogenesis of 
atherosclerosis. Inhibiting the oxidation of LDL may retard or prevent the atherogenic process. However, susceptibility 
of LDL to oxidation in vitro and its atherogenicity in vivo may not always correlate. Subjects with familial hypercholester- 
olaemia (FH) develop severe, premature atherosclerosis despite having large, bouyant LDL particles which are less 
susceptible to oxidation. High dose, long-term vitamin E increases the resistance of LDL to oxidation but, unlike 
probucol, has no effect on xanthoma regression in homozygous FH. In FH, the quantity of LDL takes priority and the 
main aim of therapy is reduction of LDL bulk. Individuals with small, dense LDL particles are at increased risk for 
atherosclerosis despite desirable plasma LDL cholesterol levels. Small, dense LDL particles are more susceptible to 
oxidation and in these subjects antioxidant therapy may be of greater benefit. In subjects with atherosclerosis, current 
management should be aimed primarily at reducing the LDL cholesterol level. In the future anti :dant therapy may 
complement our management of hypercholesterolaemia.

sclerotic lesions (endothelial cells, smooth-muscle cells, 
macrophages and lymphocytes) can oxidise LDL but 
the macrophage seems to be the most active. Oxidized 
LDL is taken up by macrophages 3-10 times more 
rapidly than is native LDL and, unlike native LDL, can 
lead to foam cell formation. Once formed, oxidized 
LDL has many other potential atherogenic effects. 
Oxidized LDL increases the adherence and migration 
of monocytes; induces endothelial cell damage; and 
stimulates cytokine and growth factor release from cells 
present in the arterial wall,5 There is also a growing 
body of evidence to show that oxidative modification of 
LDL does indeed occur in vivo. Oxidized LDL has been 
identified in atherosclerotic lesions, and circulating 
autoantibodies to epitopes of oxidized LDL are found 
in patients with atherosclerosis.6 In addition lipid per
oxide concentrations have been found to be higher in 
subjects with atherosclerosis."

If oxidative modification of LDL is important for the 
development of atherosclerosis, then antioxidant therapy 
may retard or prevent the atherogenic process. In exper
imental studies involving hypercholesteroiaemic rabbits 
and primates, dietary supplementation with natural or 
synthetic lipophilic antioxidants can lead to profound
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Low density lipoproteins (LDL) are the major choles
terol-carrying lipoproteins in plasma. It is now well 
established that elevated concentrations of LDL are 
associated with the development of atherosclerosis and 
that the cellular uptake of LDL from the plasma is 
mediated mainly by the LDL receptor.1 However, incu
bation of macrophages in the presence of high concen
trations of native LDL fails to cause accumulation of 
cholesterol ester, and does not result in foam cell forma
tion.2 In addition, subjects with homozygous familial 
hypercholesterolaemia (HFH) develop premature and 
severe atherosclerosis despite a lack of LDL receptor 
activity.3 This suggests that arterial uptake of LDL 
giving rise to foam cells, the hallmark of the atheroscler
otic lesion, is mediated by a pathway independent of 
the LDL receptor. There is now increasing evidence that 
modification of LDL, mainly by peroxidation within the 
intima. allows for uptake of LDL by scavenger receptors 
and plays an important role in the pathogenesis of 
atherosclerosis.3 All four major cell types within athero-
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reductions in the extent of atherosclerosis, independent 
of any effect on plasma lipid levels.8,9 However, the 
potential benefits of antioxidant therapy in humans 
remain uncertain. Several studies have shown that oral A
supplementation with vitamin E or probucol increases B
the resistance of LDL to oxidation.10,11 Epidemiological s
data suggest an inverse correlation between plasma 0
levels of vitamin E or B-carotene and the incidence of ^
coronary heart disease (CAD).12,13 Two large prospec- A
tive studies have recently shown an association between ^
a lower risk of CAD and high intake of vitamin E in q
both men. and women.14,15 However, other studies have e
found no association, or even an increase in the rate of 
death from CAD in the supplemented group.16,17 
Definitive proof that oxidized LDL is causally related 
to atherogenesis and that antioxidant therapy is of 
benefit is therefore still awaited and several studies are 
in progress to confirm or refute the oxidative hypothesis 
of atherosclerosis.

SUSCEPTIBILITY TO OXIDATION

The susceptibility of LDL to lipid peroxidation can be 
studied in vitro by incubating LDL with endothelial cell 
or with redox-active ions. Measurement of susceptibility 
of LDL to oxidation by copper ions has been widely 
used as a measure of its atherogenicity.18 During peroxi
dation double bonds in polyunsaturated fatty acids 
rearrange to form conjugated double bonds; these can 
be detected spectrophotometrically by an increase in 
absorbance at 234 mn. thus providing an effective 
method of continuously monitoring oxidation of LDL 
in vitro. Using this method, LDL oxidation can be 
divided into 3 phases: a lag phase, a propagation phase 
and a decomposition phase. During the lag phase anti
oxidants are consumed, but no significant oxidation of 
fatty acids occurs. The propagation phase occurs once 
LDL is depleted of its antioxidants and fatty acids are 
rapidly oxidized to form conjugated dienes. Levels of 
conjugated dimes then slowly fall during the decompo
sition phase. The lag phase can be defined as the 
intercept of a tangent drawn to the steepest segment of 
the propagation phase to the horizontal axis, and is a 
measure of the resistance of LDL to oxidation (Fig. 1). 
Some studies have shown that the susceptibility of LDL 
to oxidation is correlated with the severity of atheroscler
osis.19,20 However, susceptibility of LDL to oxidation 
and its in vivo atherogenicity may not always correlate 
and extrapolations from results obtained from in vitro 
oxidation alone are likely to be erroneous.

Lag phase

TIME (m iim tes)

Fig. 1—Conjugated diene formation measured 
spectrophotometrically as the change m absorbance a t 234 mn 
following copper-mediated oxidation o f LDL in vitro. The lag phase is 
a  measure of the resistance of LDL !o oxidation.

LDL PEROXIDATION IN FAMILIAL 
HYPERCHOLESTEROLAEMIA

Familial hypercholesterolaemia (FH) is an autosomal 
codominant disorder caused by mutations that interfere 
with the function of the LDL receptor, leading to 
diminished removal of cholesterol from the circulation 
and consequently to greatly elevated LDL levels. 
Patients with FH develop premature and often severe 
atherosclerosis, and in these patients the atherosclerotic 
lesions characteristically contain many cholesterol-laden 
foam cells.3 If lipid oxidation is important in the patho
genesis of atherosclerosis one might expect patients 
with FH to have LDL that is more susceptible to 
peroxidation.

However, we have recently demonstrated that the 
susceptibility of LDL to in vitro oxidation is decreased 
in both homozygous and heterozygous FH subjects.21 
LDL was isolated from 15 FH homozygotes (mean 
[SD], age 19 [10] years: LDL-cholesterol 16.86 
[3.55] mmol/1); 15 FH heterozygotes (age 38 [13] years; 
LDL-cholesterol 5.58 [1.78] mmol/1) and 15 normocho- 
lesterolaemic subjects (age 31 [8] years; LDL-chol' iterol 
3.07 [0.77] mmol/1). The mean duration of the la; phase 
following copper-mediated oxidation of LDL in vitro 
was 2.2-fold longer in the FH homozygotes (123.8 [45.0] 
min) and 1.75-fold longer in the FH heterozygotes (99.9 
[40.6] min) than in the controls (57.1 [27.9] min: 
P <0.0001). Subjects with FH have large buoyant LDL
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panicles, which are relatively cholesterol enriched.22,23 
Several recent reports have shown that smaller, more 
dense LDL display enhanced susceptibility to copper- 
induced oxidation when compared to larger, more buoy
ant lipoprotein particles.24,25 Our findings of a decreased 
susceptibility of LDL to oxidation in FH are in keeping 
with these observations, and contradict previous reports 
which have demonstrated increased susceptibility of 
LDL to oxidation in FH subjects.26,27

We have also evaluated the effect of long-term high 
dose vitarjin E on xanthoma regression in subjects with 
homozygous familial hypercholesterolaemia (HFH).28 
Vitamin E was used in the study as it is the major 
peroxyl-radical trapping antioxidant present in human 
blood and has been shown to increase resistance of 
LDL to oxidation.'9 Ten subjects received vitamin E 
(400-1000 mg dl-alpha-tocopherol acetate/day) for a 
mean period of 23 months (range 12-27). There was a 
4.2-fold increase in the mean serum vitamin E level 
(49.7 [19.9] to 177.9 [45.6] Mmol/1; PcO.OOJ), but no 
change in serum lipid or lipoprotein concentiatuns. 
Although there was an increase in the in vitro resistance 
of LDL to oxidation as determined by the duration of 
the lag phase during copper mediated oxidation, this 
increase was only modest (116 [8.34] vs 141.5 [9.23] 
min; P <  0.005). There was no xanthoma regression; in 
fact xanthoma progressed in 4 subjects. High dose long
term vitamin E therefore had no demonstrable effect on 
xanthoma regression in HFH. Possibly the degree of 
protection afforded by vitamin E was insufficient, and a 
more potent antioxidant is required to protect LDL in 
this condition.

The only drug shown to induce xanthoma regression 
in HFH is probucol. We, and others, have shown 
marked regression of cutaneous and tendon xanthomas 
in subjects with HFH treated with this drug.30,31 This 
regression is out of proportion to the degree of lowering 
of LDL and is evident within 6-12 months of therapy. 
This would imply that probucol is either a more potent 
antioxidant than vitamin E, or that it causes xanthoma 
regression by some other mechanism. On a molar basis, 
probucol. which is transported within LDL. has an 
antioxidant potential 3-7 times that of vitamin E.11 We 
have recently evaluated the effect of vitamin E compared 
to probucol on in vitro LDL oxidation in HFH. LDL 
was isolated from 8 HFH patients pre- and post mega
dose vitamin E supplementation (60001 .g ct-tochoperol 
acetate/day for 6 weeks) and then after probucol 
(1000 mg/day for 6 weeks). Vitamin E caused only a 
modest increase in the resistance of LDL to oxidation, 
whereas probucol was much more effective (unpublished 
data: Fig. 2). However, unlike vitamin E. probucol 
markedly decreases HDL-cholesterol (HDL-C) and
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Fig. 2—Mean conjugated diene formation measured 
spectrophotometrically as the change in absorbance at 234 nm 
following copper-mediated oxidation of LDL isolated from 8 
homozygous familial hypercholesterolaemia patients at baseline, and 
following megadose vitamin E (6000 mg/day for 6 weeks) and 
probucol (1000 mg/day for 6 weeks) therapy. Differences in the time 
course of conjugated diene formation, as measured by the duration of 
the lagphase, were significant; -P<0.001.s-=.=mcan+SD.

increases the activity of cholesteryl ester transfer protein, 
effects consistent with an increase in reverse cholesterol 
transport.32 In fact, in subjects with HFH, reduction in 
the size of xanthomas correlates best with the reduction 
in plasma HDL-C levels.30 Probucol also affects the 
macrophage directly and can reduce cell-mediated oxi
dation of LDL.33 Xanthoma regression by probucol 
may well occur by these mechanisms rather th a n  by 
antioxidation and this requires further study.

The results of these studies in patients with FH 
challenge but do not disprove the oxidative hypothesis 
of atherosclerosis. Although LDL isolated from FH 
subjects is less susceptible to oxidation in vitro, it is not 
necessarily less atherogenic in vivo. Currently, it is 
thought that because of the presence of abundant anti- 
oxidant defences, LDL particles do not undergo any 
significant degre: of oxidation within the circulation.34 
However, LDL particles are continuously entering, and 
leaving the arterial wall; some of these particles become 
entrapped in the interstitial matrix, and because of 
prolonged resident time, may be subjected to sustained 
oxidative stress.35 Thus, although initially more resist
ant. once lipid peroxidation has been initiated, a larger, 
more cholesterol-enrichcd LDL. such as that typically 
found in patients with HFH. may generate more total 
oxidized lipid within the arterial wall with pathogenic 
consequences (Fig. 3). In addition LDL size may be 
important in modifying its metabolism by changing its
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Fig. 3—Lipid oxidation within the arterial wall. Small, dense LDL is more susceptible to oxidation rendering it more atherogenic despite limited 
arterial influx. Familial hypcrcholesteroiaemic (FH ) subjects have larger, more bouyant LDL which is more resistant to oxidatative modification. 
Howevc. because o f greater LDL bulk, the total amount of oxidised LDL generated is greater resulting in foam cell formation.

affinity for the LDL receptor and directing it towards 
scavenger pathways in the arterial wall. Nigon et al have 
described that lighter (d= 1.024-1.029 g/ml) and denser 
(d =  1.035-1.043 g/ml) fractions of LDL have lower 
receptor binding affinities than LDL of intermediate 
density.36 Decreased binding of large LDL has also been 
attributed to steric hindrance produced by the crowding 
of LDL particles on receptor lattices.37

LIPID PEROXIDATION IN SUBJECTS WITH 
ATHEROSCLEROSIS AND DESIRABLE 
CHOLESTEROL LEVELS

It is well known that only a minority of patients with 
coronary artery disease (CAD) have LDL concen
trations above the 95th percentile, and the frequency 
distribution of LDL-cholesterol in patients with CAD 
is not greatly different: from that of the general popu
lation.36 Approximately 50% of primary myocardial 
infarctions occur in subjects with SC <6.5 mmol/L, and 
20% afflict those with desirable levels (<5.2 mmol/L).38

Quantitative differences in LDL may well play a more 
important role in this group of patients. Until recently 
LDL have been considered a single entity. It is now 
known that LDL exists in multiple discrete forms that

can be separated on the basis of particle size and 
buoyant density.39 In most individuals LDL can be 
categorized as either predominantly large and buoyant 
(pattern A) or small and dense (pattern B). Pattern B, 
present in approximately 30% of the population, is 
associated with a more atherogenic type of tipid proffle, 
with increased levels of triglyceride and apoprotein B 
and lower levels of HDL and apoprotein Al despite 
normal or only modem y elevated LDL levels.40 The 
dense LDL phenotype is also associated with the insulin 
resistance syndrome -  a cluster of metabolic disorders 
including glucose intolerance, non-insulin dependent 
diabetes meliitus, hypertension, and abdom inal obesity 
-  which is associated with a high prevelance of coronary 
artery disease.41 Interestingly, in the Kaiser Pennanente 
Women Twins Study there was a graded association 
ber.veen the number of manifestations of the insulin 
resistance syndrome and the prevalence of LDL 
pattern B.42

There is now substantial evidence to show that indi
viduals with small, dense LDL particles are at increased 
risk for coronary artery disease despite having desirable 
plasma LDL levels.43-44 These subjects have a threefold 
increased risk of myocardial infarction independent of 
age. sex or relative weight. In addition, the LDL of young 
male subjects undergoing angiography for coronary
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artery disease and that of post-myocardial infarction 
patients is low in molecular weight and displaced toward 
the denser part of the LDL density range.45-46

The association between dense LDL and atheroscler
osis may be due to the greater susceptibility of dense 
LDL to modifying processes that render it more atherog
enic. A progressive increase in susceptibility to peroxi
dation has been demonstrated with decreasing LDL 
diameter.24,25,47 In addition, small dense LDL particles 
demonstrate reduced affinity for the LDL receptor and 
bind more avidly to proteoglycans and glycosaminogly- 
cans which may result in their being trapped on extra
cellular matrix components in the artery wall where they 
may be vulnerable to oxidative modification.36,49

LDL QUANTITY OR QUALITY: A HYPOTHESIS

These studies suggest that in subjects with established 
atherosclerosis, the more desirable the LDL cholesterol 
level, the more likely one is to find LDL that is more 
susceptible to lipid peroxidation. In subjects with mark
edly elevated LDL levels, such as in FH, susceptibility 
of LDL to oxidation is less important and LDL bulk 
takes priority. In these subjects the main aim of therapy 
remains reduction of LDL quantity.

In subjects with desirable cholesterol levels, qualitative 
rather than quantitative differences in LDL become 
increasingly more important. These subjects are more 
likely to have small dense LDL which is more susceptible 
to oxidation, and in these subjects antioxidant therapy 
may well be of greater benefit. However, the role of 
other biochemical atherogenic factors, such as hyperlipo
protein (a), homocysteinuria and hyperfibrinogenaemia, 
must also be considered.

In subjects with atherosclerosis, current management 
should still be aimed primarily at reducing the 
LDL cholesterol level. As our understanding increases 
we may be able to add selective antioxidant therapy 
that will complement the management of hypercho- 
lesterolaemia.
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This study shows that, in the absence of other cau ses of insulin 

resistance, FH subjects have normal fasting glucose and insulin levels and 

that they are  not insulin resistant. Insulin resistance therefore appears to play 

little role in the pathogenesis of accelerated  atherosclerosis in FH subjects.
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Atherosclerosis seems not to be associated with 
hyperinsulinaemia in patients with familial 
hypercholesterolaemia
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Abstract. Raal FJ. Fanz VR. Pilcher GJ. Joffe BI. 
(Carbohydrate and Lipid Metabolism Research 
Group. Johannesburg. South Afiical. Atherosclerosis 
seems not to be associated with hyperinsulinaemia 
in patients with familial hypercholesterolaemia. J 
Intern Med 1999: 246: 75-80.

Objective. To study the relationship between hyper- 
insnlinaRmia. inmlin resistance, leptin and athero
sclerosis in subjects with familial 
hypercholesterolaemia (FH).
Design. Case-controi cross-sectional study.
Setting. Lipid clinic. Johannesburg Hospital. South 
Africa.
Subjects and methods. Fasting serum lipid, glucose. 
insnlin and leptin levels were measured in 2 4  
homozygous EH subjects: 2 0  FH heterozygotes 
without coronary artery disease (CAD): 2 2  hetero
zygotes with documented CAD: and 2 0  healthy 
normocholesterolaemic subjects. Insulin resistance 
was calculated using the homeostasis model assess
ment (HOMA) formula.
Results. Mean glucose and insulin levels were 
similar in all 4 groups. There was no significant

difference in calculated insulin resistance between 
any of the groups. There was also no relationship 
between the degree of insulin resistance and. total or 
LDL-cholesterol levels. Using Spearman's correlation 
coefficient (S,) calculated insulin resistance corre
lated with triglyceride (S, = 0.27: P <  0.05) and 
inversely with HDL-cholesterol (R, = -  0.26: 
P <  0.05). Fasting insulin concentrations and 
calculated insnlin resistance were similar in FH 
subjects with overt CAD compared to those without. 
Leptin levels were higher in the FH subjects with, 
CAD. However, these subjects were older, and. had a 
larger body mass index (BMI), and when adjusted for 
age and BMI. only BMI correlated with leptin levels 
(multiple r = 0.65: P <  0.001).
Conclusions. In the absence of other causes of 
insulin resistance. FH subjects have normal lasting 
insnlin levels and, in general, they are not insnlin 
resistant. Insulin resistance appears to play little role 
in the pathogenesis of accelerated atherosclerosis in 
FH.

Keywords: atherosclerosis, familial hypercholester
olaemia. insulin resistance, insulin, leptin.

Introduction
It has been suggested that hyperinsulinaemia and 
in sn lin  resistance may play a pathophysiological 
rote in the atherosclerotic process {1. 21. Epidemio
logical prospective studies have shown a positive 
association between insulin concentrations and the 
prevalence oi coronary artery disease (CAD) (3-51. 
Patients with angiographically documented CAD 
have also been shown to be insulin resistant and 
have lasting hyperinsulinaemia lb-8|. However.

r  1999 Blackwell Science Ltd

insnlin resistance and hyperinsulinaemia often 
coexist with a cluster of metabolic factors including 
hypertension, dyslipidaemia. central obesity and 
impaired fibrinolysis, which are also associated 
with increased risk of atherosclerosis [9]. It remains 
uncertain whether it is the insulin resistance per se 
or whether it is its coexistence with these other 
metabolic abnormalities that promotes 
atherosclerosis.

Leptin. the product of the ob gene, is highly 
correlated with bodv fat mass and has been shown
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to play a significant role in the regulation of body 
weight [10]. Several investigators have demon
strated a positive correlation between insulin and 
leptin levels even alter correction for body fat mass 
[11. 12]. suggesting that insulin may play a role in 
the regulation of leptin production. Insulin has also 
been shown to upregulate leptin mRNA expression 
and chronic hyperinsulinaemia increases leptin 
production in both animals and man [13. 14]. 
Elevated leptin levels would therefore be expected if 
atherosclerosis is a chronic hyperinsnlinaemic state.

Familial hypercholesterolaemia (EH) is an inher
ited disorder caused by mutations in the low-density 
lipoprotein (LDL)-receptor which leads to diminished 
removal of cholesterol from the circulation and. 
consequently, to markedly elevated LDL-cholesterol 
levels [15]. The resultant hypercholesterolaemia 
predisposes these patients to severe premature 
atherosclerosis, particularly CAD. Individuals with 
heterozygous FH usually present with CAD in the 
third to fifth decade whereas those with homozygous 
FH often die from accelerated atherosclerosis before 
the age of 30 years [15]. If atherosclerosis is an 
insulin-resistant state, patients with FH should be 
markedly insulin resistant, have hyperinsulinaemia 
and have elevated leptin levels independent of body 
mass.

In this study we evaluated fasting glucose, insulin, 
and leptin concentrations, as well as insulin 
resistance in patients with homozygous and hetero
zygous FH with and without overt CAD. and 
compared them to a group of healthy normocholes- 
terolaemic subjects with no evidence of cardiovas
cular disease.

Subjects and methods

Subjects

Patients with FH were recruited from the lipid clinic 
at the Johannesburg Hospital. They comprised 24 
homozygous FH patients (12 M. 12 F. mean 
age 2: SD = 24 ± 9 years: mean body mass index 
[BMI] ±  SD = 23.3 + 5.0 kg m~2) of whom 8 had 
CAD. 20 heterozygous patients without documented 
CAD (9 M. 11 F: mean age 39 ± 11 years: mean 
BMI 25.6 ± 3.8 kg m-2). and 22 heterozygotes 
with CAD 113 M. 9 F: mean age 55 ± 12 years: 
mean BMI 26.1 ± 4.5 kg m~2). In addition. 20 
healthy subjects ilOM. IGF: mean age

28 z: 5 years: mean BMI 22.3 ± 2.3 kg m- - l were 
randomly selected from the staff of the University of

1 the Witwatersrand.
i The diagnosis of homozygous FH was based on (i)

serum ratal cholesterol levels consistently 
> 1 5  mmol L-1: (lit the appearance of xanthomas 
in the first decade of life: (iiil documentation in both 
parents of hypercholesterolaemia or clinical signs 
indicative of the heterozygous state: and liv) 
confirmation by DNA analysis of FH LDL-receptor 
mutations common in South Africa [16]. Diagnosis 
of heterozygous FH was based on the presence of a 
family  history of hypercholesterolaemia. clinical 
signs of FH. together with an elevated serum total 
cholesterol level, and confirmation by DNA analysis. 
CAD was considered to br present if the subject had 
suffered a definite myocardiaL infarction, had under
gone coronary artery bypass surgery or coronary 
angioplasty or had angiographic evidence of cor
onary atherosclerosis. All EH patients had been 
advised to adhere to a standard low-cholestfrol. iow- 
saturated-fat diet. The homozygous FH patients and 
heterozygous FH patients without overt CAD were 
not on any lipid-lowering .medication at the . time of 
blood sampling. None of the patients were receiving 
LDL-apheresis. The FH heterozygous patients with 
CAD were ail being treated with HMG-CoA reduc
tase inhibitors istatins! as it was considered un
ethical to stop lipid-lowering medication in this 
group. None of the patients had a history of 
hypertension or diabetes mellitus and none were 
receiving medication such as beta-blockers or 
thiazide diuretics, which are known to aggravate 
insulin resistance. Twenty healthy normocholester- 
olaemic subjects with no history of hypercholester
olaemia or CAD were used as controls. These 
subjects were age-, sex- and weight-matched to the 
FH homozygotes, the group that was expected to 
have the most severe atherosclerosis. All subjects 
gave informed consent to participate in the study 
which was approved by the committee for research 
on human subjects of the University of the 
Witwatersrand.

Methods

Venous blood samples were taken after an overnight 
fast of at least 10 h. The samples were centrifuged 
and the separated serum aliquots were stored at 
-70°C until analysed. Radioimmunoassay kits were

r  1999 Blackwell Science Lid foumal of Internal Medicine 246: 75-SO
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w as com puted  betw een selected variables using  the 
G raphPad Prism TM  program  (G raphPad Software 
Inc.. San Diego, USA). A value of P  <  0 .0 5  was 
considered significant. Results a re  expressed as 
m ean  ±  SD.

Results

M ean age a n d  w eight w ere sim ilar in  th e  FH 
homozygotes and  healthy  subjects. T he  FH hetero
zygotes w ith an d  w ithou t CAD were o lder and  had  a 
larger BMI. Fasting  serum  biochem ical concen tra 
tions of the  4  groups are  show n in  Table 1. As 
expected, m e a n  to ta l cholesterol and  LDL-cholesterol 
concen trations w ere significantly h ig h e r in th e  FH 
homozygotes th a n  in th e  heterozygotes bo th  w ith  
and  w ithou t CAD, w hich  w ere in tu rn  h igher th a n  
the  healthy  subjects (P <  0 .001). T he low er total 
and  LDL-cholesterol concentrations found in the 
heterozygous FH  patients w ith  CAD com pared  w ith 
those w ithou t CAD w ere probably a  re su lt of the 
lipid-lowering therapy  in  this group. HDL-cholester- 
ol value w as significantly lower in th e  FH hom o
zygotes (P <  0 .0 1 ). Triglyceride levels w ere  sim ilar 
in all 4  groups.

Interestingly, there  w as no significant difference 
in  fasting in su lin  concentrations o r calculated 
insulin  resistance betw een any  of the  groups. There 
w as also no  re la tionship  between th e  degree of 
insulin  resistance and  to ta l o r LDL-cholesterol levels. 
Calculated in su lin  resistance d id . how ever, correlate 
w ith  fasting triglyceride (R, =  0 .27; P  <  0 .0 5 ) and

Table I Fasting semm biochemical concentrations in familial hypercholesterolaemic patients with and without 
coronary artery disease, and healthy subjects

Healthy subjects 
(n = 20)

FH homozygotes 
(n =  24; CAD = 8)

FH  heterozygotes 
without CAD (n =  20)

FH heterozygotes 
with CAD (n =  22)

Total cholesterol (mmol L"1) 4.7 ±0.7 16.0 ±3.0** 9.9 ±1.3** 7.0 ±1.6**
HDL-cholesteroi (mmol L"1) 1.4 ±0.4 0.7 ±0.3* 1.2 ±0.3 1.1 ±0.3
LDL-cholesterol (mmol L"1) 2.7 =  0.7 14.5 ±2.9** 8.0 ±1.3** 5.0 ±1.5**
Triglyceride (mmol L"1) 1.2 ±0.6 1.5 ±0.8 1.6 ±0.8 2.0 ±1.0
Glucose (mmol L"1) 4.6 ±  0.7 4.7 ±0.6 4.8 ±v.4 5.1 ±0.6
insulin (mU L"1) 10.5 ±3.5 11.8 ±3.9 10.4 ±4.3 12.0 ±5.6
Leptin (mg L"1) 7.7 ±6.4 11.8 ±14.6 13.3 ±11.4 15.9 ±14.9
Insulin resistance (calculated) 2.1 ±0.8 2.5 ±1.0 2.3 ±1.1 2.7 ± 1.4

Data are Mean ±  SD; FH, Familial Hypercholesterolaemia; CAD, Coronary Artery Disease. 
*P<0.01; **P < 0001  compared fa healthy subjects

( 199V Blackwell Science Ltd la u n ia l  o f  h i t i 'n u tl  M e d tc h w  2 4 6 : 75-811

used to m easu re  leptin (Linco Research, St. Charles, 
USA) and  insulin  (P harm acia  AB. Uppsala, Sweden). 
The m in im al detectable dose of insulin  w as 
3.0 mU L_1 . Glucose w as m easured  by the  glucose 
oxidase m ethod and  enzym atic, colourim etric 
m ethods w ere  used to m easure  total cholesterol, 
h igh-density  lipoprotein (HDL)-cholesterol and  
triglycerides, em ploying a  H itachi au toanalyser 
and  reagen ts  supplied by B oehringer M annheim , 
M annheim . G erm any. In tra-assay  variation  for each  
of these assays w as <  5%. LDL-cholesterol values 
w ere calculated  according to the form ula of 
Friedewald et al. [17]. A lthough the  m ethod of 
choice to estim ate insulin resistance is the 
hyperinsulinacm ic euglycaem ic clam p [18], the 
hom eostasis m odel assessm ent (HOMA) has been 
strongly  correla ted  w ith  independent m easures of 
insulin  resistance using  this m ethod [19]. Therefore, 
the HOMA model w as used to calculate insulin  
resistance in  th e  patients in this study from their 
fasting glucose and  insulin concentrations. In 
nondiabetic subjects, insulin  levels generally reflect 
the  degree of insulin  resistance [20].

Statistical analysis
Com parisons w ere m ade by one-w ay analysis of 
variance followed by  S tudent's  t-test w ith  the 
Bonferroni correction. The K ruskal-W allis one-w ay 
analysis of variance  and  the  W ilcoxon's ran k  sum  
test w ere used for nonparam etric  da ta  w here  
appropriate. S pearm an’s correlation coefficient (R,)
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inversely witli HDL-cholesterol (J?s = -  0.26: 
P  < 0.051. There was also no difference in fasting 
insulin concentrations or insulin resistance in those 
subjects with overt CAD compared to those without.

Based on gender, mean ieptin values were within 
the reference range determined in our laboratory 
(M = 3.1 ±  1.9: F = 10.6 ± 3.8 p.g L '1! for the 
healthy subjects. FH homozygotes and EH hetero
zygotes without CAD. Leptin levels for the FH 
heterozygous with CAD were higher 
(M = 9.1 ±  5.4: F = 25.9 ±  18.9 p-gL-1) but 
these subjects were older and had a larger BMI. 
When simple correlations were performed, leptin 
correlated significantly with BMI (r = 0.59: 
P <  0.01). and calculated insulin resistance 
(r=  0.36: P <  0.01) (Fig. 1). as well as with age 
(r = 0.26: P <  0.02). but not with total cholesterol 
or LDL-cholesterol (r = 0.06: P = 0.61). However, 
using multiple stepwise regression analysis to adjust 
for insulin resistance and age. their significance fell 
away and only BMI remained significantly corre
lated with leptin (multiple r = 0.65: P <  0.001).

Discussion
There, has been much controversy about whether 
hyperinsulinaemia and insnlin resistance are inde
pendent risk factors for atherosclerosis. Earlier 
prospective studies Identified hyperinsulinaemia as 
a risk factor for CAD [3-5]. More recently. Despres 
et aL [21]. in a large prospective study, reported an 
association between insnlin and CAD independent of 
other known cardiovascular risk factors. Fasting 
hyperinsulinaemia and insulin resistance also have 
a positive correlation with atherosclerosis as 
assessed by carotid ultrasonography [22. 23] or 
coronary angiography [6-8]. Not all studies have 
confirmed this association, however, and a recent 
meta-analysis did not support the notion that 
hyperinsulinaemia is a major risk factor for 
atherosclerosis [24].

Insnlin resistance and hyperinsulinaemia often 
coexist with a cluster of metabolic factors referred to 
as the metabolic syndrome or ’syndrome X" [1. 25]. 
Numerous studies have now confirmed the in
creased risk for atherosclerosis in patients with this 
syndrome [26]. However, although subjects with 
insulin resistance and the metabolic syndrome may 
be predisposed to atherosclerosis, the converse is not 
necessarily true.

I °  Normal controls i 
75-1 I n  FH with CAD ' 

IA FH hetero I
gO- ! 0  FH homo

r=0.59 
P = <  0.0001

15-

o-
403515 25 3020

Body m ass index

75-1

r= 0.36 
P= 0.001

„  60-

30-

15-

0-
61 3 4 52

Insulin resistance  tcaJcutated)

Fig. 1 Scatter plots showing the correlations between leptin. body 
mass index and insulin resistance.

Previous studies in subjects with isolated hyperch- 
olesterolaemia have been contradictory. A study by 
Paolisso et al. [27] showed patients with hypercho- 
lesterolaemia to be in sn lin  resistant. Other studies in 
such patients have demonstrated normal resistance 
to in su lin  as measured by the hyperinsulinaemic 
eugiycaemic clamp technique [28-30], However, 
these studies did not include subjects with 
homozygous FH who are known to suffer from the 
most severe, accelerated atherosclerosis [15]. We 
therefore studied subjects with both homozygous 
and heterozygous FH. both with and without CAD. 
who had isolated severe hypercholesterolaemia. Our 
study demonstrates that these subjects have normal 
fasting in su lin  levels and that they are not insulin 
resistant as assessed by the HOMA model, 
supporting the notion that isolated 
hypercholesterolaemia is not an insulin-resistant 
state [31]. It should be noted, however, that the 
HOMA model is limited by the precision of the 
insulin assay, making it difficult to produce precise 
estimates for individual subjects taken from a single 
fasting sample. Therefore. HOMA estimates should

r  1999 Blackwell Science Ltd iounrnl of Internal Medicine 246: 75-80
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be considered as a relative rather than an absolute 
value for insulin resistance.

There was also no relationship between insulin 
resistance and total or LDL-cholesterol levels as 
shown by others [32]. This suggests that in subjects 
with the metabolic syndrome, hyperinsulinaemia 
and insnlin resistance are more of a marker for a 
cluster of metabolic abnormalities including hyper
tension. hyper-trigiyceridaemia. low HDL-cholester- 
ol levels, enhanced postprandial lipaemia. a 
preponderance of small, dense LDL particles, as well 
as impaired fibrinolysis associated with increased 
risk for atherosclerosis and CAD. rather than being a 
marker of aiisrosclerosis per se [33]. FH subjects, on 
the other hand, have normal or only mildly elevated 
triglyceride levels, normal postprandial lipaemia
[34] and large, rather than small. LDL particles
[35]. and thus have few. if any. features'of the 
metabolic syndrome. This is also supported by the 
finrlings in a previous study in which we found no 
association between microalbuminuria, another 
proposed marker of the metabolic syndrome which 
is also considered to be a predictor of cardiovascular 
disease, and atherosclerosis in subjects with homo
zygous FH [36]. Our study also shows that leptin 
levels are not influenced by the degree of hyperlipi- 
daemia. and that BMI is also the major determinant 
of leptin levels in FH patients.

In conclusion, in the absence of other causes of 
in sn lin  resistance, patients with FH have normal 
fasting insnlin levels and. in generaL they are not 
insulin resistant. Insulin resistance appears to play 
little role in the pathogenesis of accelerated athero
sclerosis in FH. Reduction of LDL-cholesterol levels, 
on the other hand, has been shown to induce 
regression of coronary atherosclerosis in patients 
with heterozygous FH [37]. Recent studies have also 
demonstrated a reduction in coronary events and 
improved survival with lipid-lowering therapy in 
subjects with hypercholesteroiaemia [38. 39]. The 
most important therapy for FH patients is therefore 
reduction of LDL-cholesterol levels.
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Paper 6

This study looked at the association between microalbuminuria, 

another proposed com ponent of the metabolic syndrome, and atherosclerosis 

in subjects with homozygous FH. The homozygous FH subjects studied did 

not have microalbuminuria and no association was found between 

microalbuminuria and overt CAD in these subjects.
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Microalbuminuria is not associated with cardiovascular disease 
in patients with homozygous familial hypercholesterolaemia
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Abstract

Microalbuminuria is thought to be a predictor of cardiovascular disease (CVD). A high prevalence of micro- 
albuminuria might therefore be expected in patients with homozygous familial hypercholesterolaemia (HFH), as they 
develop severe premature atherosclerosis. We tested for this in 15 HFH patients (M = 9, F = 6; mean age 19.3 years). 
In addition, there was no difference in the mean urinary albumin excretion rate (UAER) between those with 
documented CVD (n = 8; UAER = 5.17 /ig/min) and those without (n — 7; UAER = 3,60 ng/min). There is therefore 
no association between microalbuminuria and CVD in HFH.

Keywords: Microalbuminuria; Fauiilial hypercholesterolaemia; Coronary artery disease

1. Introduction

Microalbuminuria, defined as urinary albumin 
excretion rate (UAER) of 20-200 /xg/min, is a 
strong predictor of cardiovascular morbL,ty and 
mortality in both type I and type II diabetics [1,2]. 
Microalbuminuria has also been positively linked 
to cardiovascular disease (CVD) in hypertensives 
as well as in nonnotensive elderly subjects [3,4]. 
Thus microalbuminuria could reflect the presence 
of atherosclerotic vascular disease in general [5],

« Corresponding author. Department of Medicine, Univer
sity of the Witwatersrand. 7 York Rd„ Parktown, 2193 Johan
nesburg, South Africa. Tel.: +27 11 4883653: Fax: +27 11 
6434316.

Patients with homozygous familial hyperchol
esterolaemia (HFH) develop severe, premature 
atherosclerosis, the majority dying from coronary 
artery disease before the age of 30 years [6], If 
microalbuminuria is a marker of CVD, one would 
expect a high prevalence of microalbuminuria in 
these patients.

2. Patients and methods

Patients with HFH attending the Lipid Clinic at 
the Johannesburg Hospital were asked to partici
pate in the study. No age restriction was applied, 
as these patients often develop atherosclerosis very 
early in life [6]. The diagnosis of HFH was based

0021-9150/9.VSG9.50 ©  1955 Elsevier Science Ireland Ltd. All rights reserved 
SSD I 002f-9150(94)05443-M

49



Ta
bl

e 
I

Cl
in

ic
al

 a
nd

 
bi

oc
he

m
ic

al
 c

ha
ra

ct
er

is
tic

s

290 M. Zouvanis et al. /Atherosclerosis 113 (1995) 289-292

< 5

I

o o n m o v o o  — o^rnmooooo^co rn'Tr~«--rnf*^lc o

0 0  0 0  0  — 0

o o o o o o o —

i~.rNr»tNpnoao\coP~V3mO( NV3V^>0
o o  — — — o o ' o

r«»oor«-r»p~r-tnxo

o o o o o o o o  t o— 'Ooor~oocom 
pn ro — o  (N co rr — 
CNCNt NfNt N — fNtN

S S S 5 S S S S

S 3

c: =•

ri d  (N <N <N

O  x r  vo  —  <N —  rN m  Cnm  — to  — m  m  m  r~ i t/5
d  — -  d  d  d  d  B  Z

o o o o o o o

T f O O O O O O  rN Cn
•tr ro so O V 03 Cx Os xo
tzi d  «o oi d  V d

o  eo rM ep so o  co — so
'T  —  C O O t C N O O O s  OS so
d  d  r» rn to W

i v  oo to fs

l l l l l x l<  <  <  <  <  t t  <

g S S S S u . u . u . 5 O U . t t . S S u . S S

0» — rNro'Vto sor^oo Z 52. pNpn'3‘ tosor»

50

CV
D

, 
ca

rd
io

va
sc

ul
ar

 
di

se
as

e;
 

BM
I, 

bo
dy

 
m

as
s 

in
de

x;
 T

C,
 

to
ta

l 
ch

ol
es

te
ro

l; 
TO

, 
tri

gl
yc

er
id

es
; 

L
d

£-
C,

 
low

 
de

ns
ity

 
lip

op
ro

te
in

-c
ho

lc
st

er
ol

; 
H

D
L-

C
, 

hig
h 

de
ns

ity
1m

n
n

rn
lp

in
.n

li
n

li
»t

-l
i»

m
l»

 
C 

f> 
e»

nn
<4

>i
t-

#4
 

rim
 

 
* 

IL 
/ 

 
 

 
_

tl
 

 
 

 
ii

*i
r>

n 
.

.
.

 
O 

J



M. Zomanis el ai, /Atherosclerosis 113 (1995) 289-292 291

on the presence of serum total cholesterol levels 
consistently greater than 12 mmoM, the ap
pearance of xanthomas in the first decade of life 
and the documentation in both parents of hyper- 
cholesterolaemia or clinical signs indicative of the 
heterozygous state. The diagnosis was confirmed 
by DNA analysis of familial hypercholesterol- 
aemia LDL receptor mutations common in South 
Africa.

The patients were asked to provide 24 h urine 
collections, which were screened for infection and 
proteinuria with commercial strips (Combur 9, 
Boehringer Mannheim) and subsequently stored at 
-70°C until assayed. All patients were advised to 
avoid strenuous exercise 24 h prior to and during 
collection of the urine. None of the patients had 
evidence of cardiac failure, hypertension, diabetes, 
renal or liver disease, and none were on lipid low
ering medication at the time of the study.

Urinary albumin concentration was measured 
by means of an immunoturbidimetric method 
(Boehringer Mannheim, sensitivity 3-400 mg/1), 
using a BM-Hitachi analyser. Urine creatinine was 
measured by the Jaffe method. Results in those 
with prow,a CVD were compared to those with 
no, or unknown CVD status using the students t- 
test for normally distributed data or the Wilcoxon 
test for non-parametric data.

3. Results

Fifteen patients, 9 males and 6 females, agreed 
to participate in the study (see Table 1). Twelve 
patients were homozygous or compound heterozy- 
pnus for FH Afrikaner-1, -2, or -3. These three 
founder-type mutations together account, for more 
than 80% of FH in Afrikaners [7]. Two subjects 
fulfilled the clinical criteria for HFH but were 
heterozygous for the common FH Afrikaner muta
tions. One patient was homozygous for the FH 664 
mutation. The mean age of the patients was 19.3 
years (range 3-35); and their body mass index 20.7 
kg/m2 (range 13.2-28.0). Eight of the patients had 
definite coronary artery disease demonstrated on 
coronary angiography, or had undergone previous 
coronary artery bypass surgery.

Microalbuminuria, defined as UAER of greater 
than 20 pg/min or an albumin creatinine ratio of

3 mg/mmol, was absent in all subjects (see TnNe 
1). There was also no difference in UAER in th se 
patients with CVD compared to those with un
proven CVD. The only significant difference was 
the older age of the former (24.0 years vs. 13.6 
years, P < 0.05).

4. Discussion

The results of this Study show that there is no 
association between microalbuminuria and CVD 
in HFH. However, several investigators have 
reported a definite association between micro
albuminuria and cardiovascular risk, both in 
diabetic and in non-diabetic subjects [1-5]. The 
reason why microalbuminuria predicts cardiovas
cular disease in these patients remains unclear. 
However, if one examines the conditions in which 
microalbuminuria and CVD coexist, it is apparent 
that the majority of them are insulin resistant 
states [8]. Familial hypercholesterolaemia, on the 
other hand, is associated with normal insulin sensi
tivity [9,10]. It therefore appears that the so called 
‘metabolic syndrome’ characterised by the cluster 
of insulin resistance, central obesity, elevation of 
the serum triglycerides, decreased HDL choles
terol, and hypertension occurring in both diabetic 
and non-diabetic subjects can affect both the 
glomerulus and the vasculature leading to CVD 
and microalbuminuria. However, other causes of 
CVD, including HFH, in which insulin resistance 
does not occur, affect only the vasculature leaving 
the glomerulus intact. Therefore cardiovascular 
disease is not associated with microalbuminuria in 
hypercholesterolaemic insulin sensitive states.
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Corrigendum

Corrigendum to “Microalbuminuria is not associated with 
cardiovascular disease in patients with homozygous familial 

hypercholesterolaemia: Short communication” 
[Atherosclerosis 113 (1995) 289]*

Michael Zouvanis, -Frederick J. Raal, Barry I. Joffe, Harry C. Seftel
Carbohydrate and Lipid Metabolism Research Group. University o f  the Witwatersrand. Johannesburg, South Africa
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Unfortunately the sentence “Urinary albumin excretion rates (UAER) were normal in all patients.” was 
omitted from the abstract. The abstract should read:

Abstract

M icroalbum inuria  is th o u g h t to  be a  p red ic to r o f  card iovascu lar disease (CVD). A  high prevalence o f  m icro
a lbum inuria  m ight therefore be expected in pa tien ts  with hom ozygous fam ilial hypercholesterolaem ia (H F H ), as they 
develop severe p rem atu re  atherosclerosis. W e tested fo r th is  in 15 H F H  patients (M  =  9. F  =  6; m ean age 19.3 years). 
U rinary  a lbum in excretion ra tes  (U A E R ) were norm al in  all patien ts. In  add ition , there was no  difference in the m ean 
U A E R  between those w ith docum ented  CV D  (n =  8: U A E R  =  5.17 /ig/m in) and  those w ithou t (n =  7; U A E R  =  
3.60 fig /m m ). T here  is therefore  no association between m ic roa lbum inuria  and  CV D  in  H F H .

Keywords: M icroalbum inuria: Fam ilia l hypercholesterolaem ia: C o ro n ary  a rte ry  disease

SSDI of original article: 0021-9150(94)05443-M.

0021-9150/95/509.50 © 1995 Elsevier Science Ireland Ltd. All rights reserved 
SSD I 0021 -9150(95)05629-8
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Paper 7

The aim of this study w as to determine whether biochemical risk 

factors such a s  lipoprotein(a), fibrinogen, homocysteine and insulin a s  well as  

LDL particle size w ere predictive of carotid artery intima-media thickness, an 

early marker of atherosclerosis, in FH subjects. The LDL-C level and duration 

of exposure to elevated LDL-C levels were found to be  pivotal determinants of 

atherosclerosis and w ere the strongest predictors of carotid intima-media 

thickness in FH. O ther biochemical risk factors m easured, including LDL 

particle size, were of little added predictive value.
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Bylk Is She Pivotal Betergmmanl of 

Afheroseleg'osis lia Familial 
Hypersholesterolem ie

Frederick J. Raal, m r c p , Gillian J. Pilcher, MSc(Med), Rita Waisberg, MSc, 

E. Phiiani Buthelezi, BSc, Martin G. Veller, FCS(SA|, and Barry I. Joffe, d s c

this study's aim was to determine whether biochemical 
risk factors such as lipoprotein(a), fibrinogen, homocys
teine, and insulin, as well as low-density lipoprotein 
(LDL) particle size, were predictive of carotid intima- 
media thickness (IMT), an early marker of atherosclero
sis, in subjects vrith familial hypercholesterolemia (FH). 
We also determined whether plasma 8-isoprostane, as 
a marker of in vivo lipid oxidation, correlated with 
carotid IMT. Twenty-two homozygous and 20 heterozy
gous subjects with FH were compared with 20 normo- 
cholesterolemic controls. On univariate analysis, plasma 
total and LDL cholesterol, the chofcsterol-years score 
(CYSj, lipcprotein(a), and fibrinogen, but not homocys-

f he purpose of this study was to determine whether 
biochemical risk factors that have been associated 

with coronary artery disease, namely, Upoprotein(a), 
fibrinogen, homocysteine, and insulin, as well as low 
density lipoprotein (LDL) particle size, are predictive 
of atherosclerosis in subjects with familial hypercho
lesterolemia (FH). Furthermore, we aimed to deter
mine whether 8-isoprostane levels, as a measure of in 
vivo lipid oxidation, are increased in patients with FH. 
We evaluated carotid intima-media complex thickness 
(IMT) as a marker of atherosclerosis because thicken
ing of the carotid IMT has been shown to be an early 
step in the atherosclerotic process.1-2

METHODS
Study subjects: Twenty-two homozygous and 20 

heterozygous patients with FH were recruited from the 
Lipid Clinic at the Johannesburg Hospital. Twenty 
healthy normocholesterolemic subjects with no family 
history of hypercholesterolemia or coronary artery 
disease served as controls. The diagnosis of homozy
gous FH was based on the presence of (1) serum LDL 
cholesterol consistently >12 mmol/L; (2) the appear
ance of xanthomas in the first decade of life; and (3)

From the C arb o h y d rate  a n d  Lipid M etabolism  Research G ro u p , D e
partm ent af M ed ic ine ; the South M ic a n  Institute for M ed ica l Research, 
a n d  the Vascular Unit, Deoartm ent o f Surgery, University o f the  W it- 
w atersrand . Johannesburg , South Africa. This study w a s  supported  by 
the South African M ed ica l Research Council a n d  a  W itw atersrand  
University Research C om m ittee grant, Johannesburg , South Africa. 
M anuscript received  O c to b e r  9 .  1 9 9 8 ;  revised m anuscript received  
a n d  a c c e p te d  January A, 19 9 9 .

A ddress for reprints: Frederick J. Raal. MRCP. D epartm ent of 
M edicine.U niversity of the W ilw atersrana. 7  York R oad, Parktown, 
2 1 9 3  Johannesburg, South Africa. E-mail: O I4fred@ chiron.w its,ac.za.

1330 © 1999  by Exccrpta Medico, Inc.
All rights reserved.

teine or insulin, were positively related, and high-den- 
sHy lipoprotein (HDL) cholesterol was negatively related 
to carotid IMT. However, on multivariate analysis, only 
LDL cholesterol and the CYS predicted carotid IMT (mul
tiple r = 0.82; r2 = 0.68; p <0.0001). The subjects with 
FH had large rolher than small dense LDL particles, and 
plasma 8-isoprostane levels were not increased. LDL 
cholesterol and the CYS, or "cholesterol bulk” are the 
pivotal determinants of atherosclerosis and are the 
strongest predictors of carotid IMT in FH. ©1999 by 
Excerpta Medico, Inc.

(Am J Cardiol 1999;83:1330-1333)

documentation in both parents of hypercholesterol
emia or clinical features of the heterozygous state. 
Eighteen of the 22 homozygote patients were con
firmed to have mutations in both alleles of the LDL- 
receptor gene on DNA analysis. The remaining 4 
subjects fulfilled all the clinical criteria for the diagnosis 
of homozygous FH. Heterozygous FH was diagnosed 
in the presence of primary hypercholesterolemia (total 
cholesterol >7.5 mmol/L) with an autosomal domi
nant pattern of inheritance, and with tendon xantho
mata or premature coronary artery disease in the pa
tients or their first-degree relatives. Fourteen of the 20 
heterozygote patients had proven LDL-receptor gene 
mutations.

To avoid confounding effects of other established 
coronary artery disease risk factors, subjects were 
excluded from the study if they smoked cigarettes, had 
hypertension or diabetes mellitus. Height and body 
weight were recorded to calculate the body mass in
dex. Coronary artery disease was diagnosed on the 
results of coronary angiography; history of a myocar- 
diul infarction, coronary angioplasty or coronary ar
tery bypass grafting; or on the basis of a positive stress 
electrocardiogram.

To avoid the possible effects of long-standing lip
id-lowering therapy on the measured parameters, the 
heterozygote patients with FH recmited for the study 
had been recently diagnosed, or had been on lipid- 
lowering therapy for a short period of time (mean 2 
years: range 0 to 6). The homozygote FH patients had 
previously been treated with antioxidant therapy (vi
tamin E or probucol) and more recently with high- 
dose statin therapy (simvastatin or atorvastatin 80 to 
160 mg/day for a mean of 1 year; range 0 to 2). No

00 0 2 -9 1 4 9 /9 9 /$ - iM  front matter 
Pit 50002-9149199)00095-8
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patient with FH was receiving LDL-apheresis at the 
time of the study, because this therapy was not avail
able at our institution.

Lipid-iowering medication was discontinued for a 
4-week-period before blood sampling to avoid the 
possible effects of lipid-lowering therapy on the mea
sured biochemical parameters, to addition, to account 
for the variable period of time the patients were on 
treatment directed at lowering their cholesterol le/el, a 
cholesterol-years score (CYS) was calculated using 
the formulas of Hoeg et a].3 The CYS is an estimation 
of the lifetime vascular exposure to hypercholesterol
emia and has been correlated with carotid IMT in 
subjects with FH.4 The total cholesterol concentration 
(mmol/L) of each subject at the time of diagnosis was 
multiplied by the age of the patient at diagnosis. The 
average cholesterol concentration present after the in
troduction of lipid-lowering drug therapy was then 
multiplied by the number of years of treatment. The 
pre- and post-treatment cholesterol years (mmol/L X 
years) were then added together for the total CYS.

All subjects gave informed consent to participate in 
the study, which was approved by the University of 
Lhe Witwatersrand’s Committee for Research on Hu
man Subjects.

Measurement of carotid iniima-media thickness: The 
IMT thickness of the common carotid artery was 
recorded using a high resolution 5-MHz linear array 
transducer (Advanced Technologies Laboratory Ultra
mark 9, Bothei, Washington) using a previous vali
dated technique.5 Coefficient of variation of interob
server variation was 9.8% (95% confidence interval 
[Cl] ± 0.17 mm; r = 0.79) of observed thickness. 
Coefficient of variation of intraobserver variation was 
6.7% (±0.08 mm; r = 0.84) of observed thickness. 
Maximum theoretical resolution of 5-MHz wave
length in tissue is 0.15 mm. All ultrasonographic 
assessments were performed on the same machine by 
2 trained technicians.

The distance between the echo arising from the 
lumen-intima interface and the media-adventitia inter
face was taken as the measurement of the IMT com
plex.6 The same observer (IJ.V.) measured carotid 
IMT thickness in all subjects. He was blinded to their 
clinical history, risk factor profile, or previous carotid 
ultrasound findings.

Laboratory procedures: Blood samples for analysis 
were drawn in the morning after an overnight fast of 
>10 hours. Samples were immediately centrifuged 
and the separated serum aliquots were either analyzed 
immediately or frozen at —70°C until analyzed. Total 
cholesterol, high-density lipoprotein (HDL) choles
terol. and triglycerides were analyzed by enzymatic 
methods using automated techniques. The LDL cho
lesterol was calculated using the Friedewald formula.7 
Lipoprotein(a) was quantitated using the Tinaquant 
method (Boehringer Mannheim. Germany). LDL par
ticle diameters were determined for whole plasma by 
electrophoresis on nondenaturing 2% to 16% poly
acrylamide gradient gels according to the procedure 
described by Krauss and Burke.8 An LDL peak parti
cle diameter of <25.5 nm was used to define small

TABLE I C lin ica l C h ara c te r is tic s  a n d  Lipoprotein 
C oncen tra tio n s  o f P atien ts W ith  Fam ilial 
H ypercho leste ro lem ia  (FH) a n d  H e alth y  C ontro ls

Characteristic
Controls H eterozygous Hom ozygous
(n =  20) FH (n =  20 ) FH |n =  22)

A ge (yrs) 31 = 4 . 2 3 2  ±  1 2 .4 2 4  ±  10 . V
M en/w om en 1 2 /8 9 /1 1 1 1 /1 1
Body m ass index 2 2 .5  z  1 .9 2 4 .6  ±  4 .4 2 3 .2  ±  4 .9

(kg/m 2)
CYS (mmol/L X yrs) 1 5 3  ± 3 3 3 1 6 ± 1 5 4 3 9 2  *  1 8 4 '
Total cholesterol 4 .9 8  ±  0 .9 7 .9 8  ±  1.8 15 .0  ± 4 .4 *

(193 e  33) (3 0 9  ±  68) (581 ±  169)
IDL cholesterol 3 .2 0  =  0 .8 6 .2 9  ±  1.7* 1 3 .6  ± 4 . 4 '

(1 2 4  ±  2 9 / (2 4 3  ±  67} (5 2 6  ±  167}
Triglycerides 1 .2 4  ± 0 . 6 1.31 ± 0 . 6 1 .2 7  ± 0 . 6

(1 1 0  ± 5 6 ) 1 1 6 * 5 7 ) (112 ±  49)
HDL cholesterol 1.21 ± 0 . 5 1 . 0 9 * 0 . 3 0 .7 6  *  0 . 2 '

| 4 7 ±  18) ( 4 2 *  13) (30  ±  8)
Lipcprotein(a) 3 0 * 2 1 3 8  ± 3 0 8 5  ± 7 1 '

(mg/dl)

Lipid and  lipoprotein values a re  expressed a s  mmol/L, wilh m g /d lln  paren-

Values ore m ean ~  5D.
*p < 0 .0 5 ; Tp  < 0 .0 1  com pared  with controls.

dense LDL (pattern B). Plasma levels .of free 8-iso- 
prostane were measured by enzyme immunoassay 
(Cayman Chemical Company, Ann Arbor, Michigan). 
Plasma samples were purified by solid-phase extrac
tion before ans /sis and all samples were run in du
plicate. This method has been validated by compari
son with gas chromatography/mass spectrometry.9 
The intra- and interassay variation of this method was 
<10%. Citrated plasma was used to measure fibrino
gen according to the thrombin time method described 
by Clauss.10 Plasma total homocysteine was measured 
by high performance liquid chromatography using a 
previously described method.11 Glucose was mea
sured by the glucose oxidase method and insulin by 
means of an immunoenzymetric assay (Biosource, 
Europe S.A., Fleurus, Belgium).

Statistical analysis: Comparisons were performed 
using 1-way analysis of variance followed by Stu
dent’s r tests with the Bonferroni correction. The 
Kruskal-Wallis 1-way analysis of variance and the 
Mann-Whimey U test were used for nonparametric 
data where appropriate. Fisher’s exact test was used 
for the categorical variables of gender and coronary 
artery disease. Simple (Pearson’s) correlation coeffi
cients between carotid IMT and selected variables 
were calculated, and a stepwise multiple regression 
analysis was then used to evaluate the independent 
association of these variables with carotid IMT. Anal
yses were performed using GB-STAT software (Dynam
ic Microsystems. Inc.. Silver Spring, Maryland). In all 
comparisons, p <0.05 was considered significant.

RESULTS
General characteristics and plasma lipoprotein con

centrations of the 3 study groups are shown in Table I. 
The mean age of the FH homozygotes was less than 
that of the neterozygotes and control subjects: how
ever, despite this. 8 of the homozygotes (36%) had

PREVENTIVE CARDIOLOGY/IDL CHOLESTEROL IS PIVOTAL IN  FH 1 3 3 1
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TABLE II B iochem ical P a ra m e te rs  o f P atien ts W ith  Fam ilial 
H yp erch o leste ro lem ia  (FH) a n d  H ealthy  C ontro ls

Biochemical P aram eter
Controls 
(n =  20)

H eterozygous 
FH (n =  20)

Homozygous 
FH (n =  22)

Fibrinogen (g/L) 
Homocysteine 

(jim ol/l)
Insulin (mU/L) 
Glucose (mmol/L)
LDL particle size  (nm) 
8-isoprostane (pg/m l)

2 .9  ±  0 .7  
9 .3  ±  3 .3

3 .4  ±  0 .5  
8 .7  ±  4 .4

3 .8  ±  0 .9 *  
7 .3  ± 2 .1

9 .7  £  8 .5  
4 .9  ±  0 .5  

2 5 .7  ±  0 .4  
7 5  =  2 2

9 .5  ±  5 .3  
5 .0  ±  0 .5  

2 6 .0  ±  0 .4  
6 7  ±  3 0

7 .4  ±  5 .0  
4 .8  ±  0 .5  

2 6 .5  ±  0 .4 *  
7 2  r 2 9

Values a re  m ean =  SO.
*p <0.01 compaied with controls.

FIGURE 1 . S c a tte r  g ra p h  sh o w in g  in d iv id u a l a n d  m e a n  ca ro tid  
IMT in p a tie n ts  w ith  FH w ith  (+CAD) a n d  w ith o u t (—CAD} c o ro 
n a r y  a r te ry  d is e a s e  a n d  in h e a lth y  con tro ls .

established coronary artery disease compared with 
only 3 of the heterozygotes (15%).

Mean carotid IMT was markedly increased in the 
FH homozygotes (1.45 ± 0.4 mm) compared with the 
FH heterozygotes (0.76 ±0.1 mm; p <0.0001), which 
in turn was increased compared with the control sub
jects (0.65 ± 0.7; p <0.001) (Figure 1). Carotid IMT 
was greater in the subjects with FH with coronary 
artery disease (1.43 ± 0.5 mm) compared with those 
without (1.01 ± 0.4 mm), but the subjects with cor
onary artery disease were significantly older (34 ± 9 
vs 26 ± 12 years; p = 0.02). As expected, mean 
fasting plasma total and LDL cholesterol concentra
tions were higher in the FH homozygotes than in the 
heterozygotes, which in turn were higher thiin the 
controls. The mean CYS was also higher in the pa
tients with FH. HDL cholesterol levels were lower in 
the FH homozygotes but triglyceride levels were sim
ilar in all 3 groups. Lipoprotein(a) levels were higher 
in the FH homozygous subjects.

Biochemical parameters of the 3 groups are shown 
in Table II. Fibrinogen levels were higher in the ho
mozygote FH patients. Fibrinogen levels, however, 
were similar in the 11 patients with FH with coronary 
artery disease (3.7 ± 0.6 g/L) compared with those 
without (3.5 ± 0.8 g/L: p = 0.57). Surprisingly, 
homocysteine levels were lower, rather than higher, in 
the subjects with FH but not significantly so. There 
were no differences between the groups in fasting 
insulin or glucose levels. Insulin levels were also 
similar in the subjects with FH subjects coronary 
artery disease (9.5 ± 6 mU/L) compared with those

TABLE 111 Partial C o rre la tio n s  o f  C lin ica l a n d  B iochem ical 
P a ram eters  W ith  C a ro tid  In tim a-m edia Thickness in Both the 
Patients W ith  Fam ilial H y p e rch o leste ro lem ia  (FH) a n d  
Control S ub jects

Variable

Partial
Regression
Coefficient /V alue p  Value

A ge 0 .0 0 5 0 .9 1 0 .3 7
Body m ass index - 0 . 0 0 6 - 0 . 4 3 0 .6 7
CYS 0 .0 0 2 4 .8 0 < 0 .0 0 0 1
LDL cholesterol 0 .0 5 7 5 .4 8 < 0 .0 0 0 1
Triglycerides - 0 .0 3 1 - 0 .4 1 0 .6 8
HDL cholesterol - 0 . 1 3 2 - 1 . 1 4 0 .2 6
Upoprotein(a) - 0 . 0 6 3 - 0 . 5 8 0 .5 6
Fibrinogen 0 .0 1 5 0 .2 6 0 .8 0
Homocysteine 0 .0 0 2 0 .1 3 0 .9 0
Insulin 0 .0 0 7 1 .0 4 0.31
Glucose - 0 .0 2 1 - 0 . 2 6 0 .8 0
ID l particle size 0 .1 7 0 1.83 0 .0 7
8-isoprostane - 0 . 0 0 2 - 1 . 1 2 0 .2 7

Multiple r  =  0 .8 2 ; r 2  =  0 .6 8 .

without (8.0 ± 5 mU/L; p = 0.49). Interestingly, the 
patients with FH had a greater LDL peak particle 
diameter than the control subjects. None of the FH 
homozygote subjects and only 2 of the 20 FH het
erozygotes (10%) had small, dense LDL particles 
compared with 20% of the controls. Plasma 8-isopros- 
tane levels were not elevated in the subjects with FH. 
Isoprostane levels were also not increased in the sub
jects with FH with coronary artery disease (65 ± 32 
pg/ml vs 71 ±28  pg/ml; p ~  0.62).

When simple correlations were performed, csrotid 
IMT was positively related to total cholesterol (r = 
0.78; p <0.0001), LDL cholesterol (r = 0.79; n 
<0.0001), CYS (r = 0.57; p <0.0001), lipoprotein(a) 
(r = 0.36,' n = 0.004), fibrinogen (r = 0.38; p =
0.003), and LDL peak particle size (r = 0.52; p 
<0.0001). and negatively to HDL cholesterol (r -- 
-0.43; p  -- 0.0004). However, on stepwise multiple 
regression analysis, only LDL cholesterol and CYS 
remained significantly correlated with carotid IMT 
(Table III). The plasma level of LDL cholesterol and 
CYS were the strongest predictors of carotid IMT and 
explained 68% of the variation in carotid IMT.

DISCUSSION
Like others, we fou^d high lipoprotein(a) levels in 

our patients with FH.12 Lipoprotein(a) appears to be
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an independent risk factor for atherosclerosis13 and 
has been positively associated with carotid IMT.14 We 
found a correlation between lipoprotein(a) levels and 
carotid IMT on univariate but not on multivariate 
analysis, suggesting that lipoprotein(a) is associated 
with atherosclerosis only in the presence of elevated 
LDL cholesterol levels, as has been described by 
others.13 Levels of homocysteine were not elevated in 
our subjects with FH despite marked thickening of the 
carotid V IT. Therefore, although hyperhomocysteine- 
mia is associated with increased carotid IMT,15 the 
converse in not necessarily true.

Our patients with FH had large buoyant LDL parti
cles as has been previously reported.15-17 Patients with 
FH also have normal or only mildly elevated triglyceride 
levels, normal postprandial lipemia,18 and have no other 
features of the metabolic syndrome despite accelerated 
atherosclerosis. Measurement of LDL particle size in 
patients with FH therefore appears to be of little added 
benefit in predicting risk for atherosclerosis.

The role of measuring LDL susceptibility to oxi
dation ex vivo, although reported to be increased in 
some studies of patients with coronary artery disease, 
has also been questioned.19 We have previously 
shown that LDL isolated from FH patients is more 
resistant to oxidation.20 This is in keeping with the 
larger LDL particle size found in FH patients.16-17 
However, although initially more resistant, once lipid 
peroxidation has been initiated, these larger, more 
cholesterol-enriched LDL particles may generate 
more total oxidized lipid within the arterial wall re
sulting in plaque formation. However, there was no 
difference in the plasmu levels of S-isoprostane in the 
patients with FH compared with normal controls. In 
addition, no correlation was found between the plasma 
levels of 8-isoprostane and carotid IMT. Therefore, at 
least in subjects with FH, one cannot use susceptibility 
to oxidation or presently available plasma oxidation 
assays to assess the extent, or severity, of athacosclerosis.

In subjects with FH, the LDL cholesterol level and 
duration of exposure to the elevated LDL cholesterol 
levels, that is, the LDL “bulk,” appears to be the most 
important determinant of atherosclerosis. Traditional 
risk factors such as hypertension, smoking, and dia
betes mellitus increase the risk for developing coro
nary artery disease, particularly in men,21 but the other 
biochemical risk factors measured appear to be of 
little added predictive value. Sim ilarly, the role of 
lipid oxidation in the pathogenesis of atherosclerosis 
remains uncertain. Therapy should therefore be aimed 
primarily at reducing LDL cholesterol levels. Reduc
tion of LDL cholesterol has been shown to induce 
regression of coronary atherosclerosis in patients with 
heterozygous FH.22 In addition, recent prospective 
primary and secondary prevention studies have dem
onstrated a marked reduction in coronary events as 
well as reduced mortality with reduction in LDL cho
lesterol levels.23-24 In these studies LDL cholesterol 
was reduced by 25% to 35% and clinical benefit was 
independent of the baseline LDL cholesterol level. 
The most important therapy for patients with FH is

therefore reduction of LDL cholesterol even if LDL 
cholesterol goals are not achieved.
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Papers 8 and 9

Previously it w as thought that subjects with homozygous FH responded 

poorly, if a t all, to lipid-lowering drug therapy, in the following two studies the 

efficacy and safety of high dose statin therapy w as evaluated in patients with 

homozygous FH. High dose statin therapy w as found to be at least partially 

effective in reducing LDL-C levels in these  subjects.
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Abstract

Patients with homozygous familial hypercholesterolaemia (HFH) have abnormalities in both low-density lipoprotein (LDL) 
receptor alleles, resulting in severe hypercholesterolaemia and premature coronary heart disease. Limited treatment options are 
available and the response to drug therapy has been poor, in the present paper, we have evaluated the efficacy and safety of 
simvastatin at doses beyond the current maximal dose of 40 mg/day in patients with HFH. After a  4 week placebo diet run-in 
period. 12 patients with well-characterized H FH  were randomized to simvastatin 80 mg,-day administered in three divided doses 
(/i =  8; group 1) or 40 mg once daily In =  4: group After 9 weeks, the dose in group I was increased to 160 mg/day while the 
dose in group 2 was kept at 40 mg/day. but with the drug given in three divided doses and treatment continued for an additional 
9 weeks. All 12 patients completed the study and there were no serious o r unexpected adverse effects. LDL-cholesterol 
concentrations fell by 14% at the 40 mg. day dose, but were reduced further a t the higher doses (25% at the 80 mg/day and by 
31% at the 160 mg, day dosage. P c  0.0001). Excretion of urinary mevalonic acid, as an index o f in vivo cholesterol biosynthesis, 
was reduced but did not correlate with reduction in LDL-cholesterol in the individual patients. The magnitude of response to 
therapy was not predicted by the LDL-receptor gene defect as patients with the same LDL-receptor mutations responded 
differently to the same dose of simvastatin therapy. The ability of expanded doses of simvastatin (80 or 160 mg/day) to reduce 
LDL-cholesterol levels in patients with HFH. even if receptor negative, suggests that a t these doses, the drug reduces LDL 
production. Simvastatin therapy, at doses o f 80 or 160 mg/day. should therefo-e be considered in all patients with HFH. either 
as an adjunct to apheresis. or as monotherapy for those patients who do not nave access to apheresis or other such treatment 
modalities. C 1997 Elsevier Science Ireland Ltd.

Keywords: HMG CoA reductase inhibitors: Simvastatin: Low density lipoprotein-cholesterol: Homozygous familial hypercholes
terolaemia

1. Introduction

The low-density lipoprotein receptor (LDLR) is re
sponsible for the cellular binding and subsequent

’ Corresponding author. Tel.: -r27 1 i 4$S353S: fax: -  27 11 
6438777: e-mail: OUl'rcdfachiron.wits.ae.za

vptake and degradation of low-density lipoprotein 
{LDL) and remnant lipoproteins from the blood and 
plays a key role in regulating the plasma concentrations 
m! LDL [1]. Familial hypercholesterolaemia (FH) is an 
inherited disorder caused by mutations in the LDLR 
gene which results in either the failure to synthesize 
receptors from the mutant gene or in the production of

0021-915(1 97 517.00 v 1997 Elsevier Science Ireland Lid. All rights reserved. 
P / /S 0 0 2  I -9 1 5 0 1 9 7 )0 0 1 6 8 -8

60



250 F.J. Raat et al. /  Atherosclerosis 135 (1997) 249-256

receptors which fail to bind or internalize LDL nor
mally [2], The LDL receptor deficiency results in an 
impaired clearance of LDL from plasma and the resul
tant hypercholesterolaemia predisposes these patients, if 
untreated, to premature atherosclerosis, particularly 
coronary artery disease. The HMG CoA reductase 
inhibitors, or statins, act primarily in the liver to inhibit 
the rate limiting enzyme in cholesterol synthesis, which 
in turn leads to a decrease in the intracellular pool of 
cholesterol and results in an increased expression of 
LDL receptors and a concurrent increase in the 
catabolism of LDL and other apolipoprotein-B con
taining lipoproteins [3], Patients with heterozygous FH 
respond remarkably well to statin therapy due to their 
ability to upregulate the remaining normal LDLR allele 
and thus, the number of functional LDL receptors. In 
contrast, patients with homozysmus FH (HFH), in 
whom both LDLR alleles • abnormal, respond 
poorly, if at all. to conventional doses of statin therapy, 
because they produce only a small quantity of func
tional receptors (receptor defective) or no receptors at 
all (receptor negative) [2], HFH remains a very difficult 
condition to treat and the majority of patients with this 
disorder die from accelerated atherosclerosis before 30 
years of age. Recent advances in therapy have, how
ever. improved the prognosis for patients with HFH. 
Regular plasma exchange or LDL-apheresis has been 
shown to reduce the integrated mean LDL-cholesterol 
levels by 40-50% and can delay the progression of 
coronary artery disease and improve survival [4], 
Apheresis is expensive, concentrated in a few highly 
specialized centres and requires 4-5 h every week or 2 
weeks to be effective. Liver transplantation is the most 
definitive treatment currently available for HFH but 
carries a significant risk of morbidity and mortality, 
including that associated with the long term use of 
immunosuppressants [5]. More recently, gene therapy 
has been attempted, with little success, to restore func
tion of the defective LDLR gene [6], In view of the lack 
of convenient and safe treatment modalities to lower 
LDL-cholesterol in patients with HFH. we have evalu
ated the LDL-cholesterol lowering efficacy and short 
term safety of expanded doses of simvastatin (80 and 
160 mg/day) which are beyond the current recom
mended dosage range in patients with HFH. The ratio
nale for the study was that higher doses of simvastatin 
would result in more profound inhibition of cholesterol 
synthesis leading to decreased hepatic production of 
apo-B containing lipoproteins.

2. Patients and methods

2.1. Patients

Patients with HFH attending the Lipid Clinic at the

Johannesburg Hospital were asked to participate in the 
study. The diagnosis of HFH was based on the pres
ence of (i) serum LDL-cholesterol levels consistently 
greater than 12 mmol/1; (T) the appearance of xan
thomas in the first decade of life: (iii) documentation in 
both parents of hypercholesterolaemia or clinical signs 
indicative of the heterozygous state; and (iv) confirma
tion by DNA analysis of the LDL receptor gene. 
Familial defective apo-B 100 due to a glutamine to 
arginine substitution at codon 3500 of apo B was 
excluded by DNA analysis in all subjects. Participants 
had to be at least 13 years of age and weigh more than 
40 kg. Patients were excluded from the study if they 
had previously undergone portacaval shunting or ileal 
bypass surgery, had hepatic or renal dysfunction, or 
had known hypersensitivity to HMG CoA reductase 
inhibitors. None of the patients were receiving LDL- 
apheresis as this therapy is currently not available at 
our institution. In all patients, secondary causes of 
hypercholesterolaemia such as hypothyroidism, dia
betes mellitus and nephrosis were excluded. All lipid 
lowering therapy, other than probucol was stopped at 
least 2 weeks prior to the onset of the diet run-in 
period. Patients on stable doses of probucol for at least 
3 months were included as the dr tg has minimal effect 
on LDL-cholesterol levels and no known interactions 
with simvastatin [7]. Furthermore, being highly fat sol
uble. an adequate washout period of 1 year or more 
would have been necessary.

After detailed explanation, all recruited patients gave 
their written informed consent to the study, which was 
approved by the University of the Witwatersrand’s 
Committee for Research on Human Subjects.

2.2. Trial design

The study was a single-centre, randomized, double
blind. parallel dose escalation study. After a 4 week 
placebo diet run-in period, patients were randomized to 
simvastatin 80 mg/day administered in three divided 
doses (group 1), or to simvastatin 40 mg once daily, 
given in the evening (group 2). After 9 weeks, the dose 
in group 1 was increased to 160 mg/day administered in 
three divided doses and treatment was continued for an 
additional 9 weeks. Multiple daily dosing of expanded 
dose simvastatin was selected in an attempt to obtain 
continuous inhibition of cholesterol synthesis in the 
liver. To determine whether this hypothesis was valid, 
group 2 continued on a dose of 40 mg simvastatin/day 
but with the drug administered in three divided doses 
for the additional 9 week period.

All patients were counselled to follow the American 
Heart Association Step 1 diet. Dietary compliance was 
assessed at regular intervals and the diet was reinforced
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at each visit to avoid the confounding effect of diet on 
lipid levels during the study. Patients were seen at 3 
weekly intervals and blood was drawn for biochemical 
and haematological safety tests. Venous blood samples 
for lipid and lipoprotein analyses were drawn in the 
morning after an overnight fast of at least 12 h and 
were obtained at randoi "zation and at the end of each 
9 week treatment periou. Urine specimens (24-h) were 
collected at the same time for measurement of urinary 
mevalonic acid (MVA) and urinary free cortisol levels. 
Serum gonadotropin and steroid hormone levels were 
also measured.

2.3. Analytical methods

Samples for lipid and apolipoprotein measurements 
were collected in EDTA (1 mg/ml), the plasma sepa
rated within 2 h and transported at 4°C via overnight 
courier to a central laboratory (Clinical Research. Brus
sels. Belgium). Total-cholesterol. HDL-cholesterol and 
triglycerides were analyzed by enzymatic methods on a 
Hitachi 747 (Boehringer Mannheim Diagnostics. Ger
many), as previously described [8], The laboratory 
(LSP-148TNT-320) was certified and maintained Cen
tre for Disease Control—National Heart. Lung and 
Blood Institute (CDC-NHLBI) Part III standardization 
for all lipid parameters [9]. HDL was isolated using 
heparin-2 molar manganese chloride [10]. The LDL- 
cholesterol was calculated using the Friedewald formula
[11], At the onset of the study and following each dose 
escalation period (weeks 9 and 18). ultracentrifugation 
was carried out at density (</) 1.006 kg/1 to isolate 
VLDL (d< 1.006) and LDL plus HDL (d~> 1.006) [12]. 
Apolipoprotein B was measured by immunonephelome- 
try (BNA-100. Behring Diagnostics. Marburg, Ger
many) using WHO traceable standards [13]. 
Apolipoprotein E was measured by ELISA using a 
monoclonal antibody which bound to all three isoforms 
[14]. Lipoprotein(a) (Lp(a)) was quantitated by compet
itive ELISA [15]. Urinary MVA levels were measured 
by radioenzymatic methods as previously described 
[16]. To allow for potentially incomplete 24-h urinary 
collections, urine creatinine levels were also measured 
and urinary MVA was expiessed per gram of crea
tinine. Biochemical and haematological safety tests 
were also performed at the central laboratory using 
standard methods. The laboratory maintained full ac
creditation by the College of American Pathologists 
(CAP #  55146-01). Plasma drug levels were obtained 
by analyzing hydroxymethyiglutaryl coenzyme A reduc
tase inhibitor activity, expressed as equivalents of the 
hydroxyacid form of simvastatin (ng eq.ml). at the 
Department of Drug Metabolism. Merck. West Point, 
Pennsylvania [17].

2.4. Data analysis

The parameters of interest were total cuole-terol, 
triglycerides. HDL-cholesterol, LDL-choif -rol, 
VLDL-cholesterol. apolipoprotein B, apolipoprotein E 
and Lp(a). Baseline was defined as the pre-dose mea
surement of each parameter observed at randomization. 
Percent change from baseline in each parameter was 
calculated at weeks 9 and IS for each group. The 
sequence and time effect in the study was assumed to be 
negligible in the analysis. The t-test was the test statis
tic. Data are presented as mean + S.E. A P value of 
< 0.05 was considered to be statistically significant.

3. Results

A total of 12 patients, seven males and five females, 
were recruited for the study. Nine patients were ho
mozygotes or compound heterozygotes for FPI 
Afrikaner-1. -2 or -3. These three founder-type LDLR 
mutations together account for more than 80% of FH 
in Afrikaners [18]. The FH Afrikaner-1 and -3 muta
tions are functional class 2B mutations which have 
10-20% of residual LDLR activity (receptor defective) 
[19,20], The FH Afrikaner-2 mutation is a functional 
class two and five mutation with <2% of LDLR 
activity (receptor negative) [21]. One subject was het
erozygous for the Afrikaner-1 mutation, but in addition 
had an exon nine mutation (Asp407Lys). The remain
ing two subjects were true homozygotes for an exon 16 
mutation (Ser765Cys) and a promoter mutation (P- 
174), respectively. These mutations are newly described 
and have not yet been characterized at a functional 
level. Promoter mutations are, however, null mutations 
as no LDLR mRNA or LDLR protein is produced 
[22].

All 12 subjects completed the study (Table 1). The 
mean age of the patients was 26 years (range 15-39) 
and their body mass index 23.1 kg/m- (range 17.2- 
30.7). The mean LDL-cholesterol level was 14.3 (1.0) 
mmol/1. Five patients had previously undergone coro
nary artery bypass surgery. One patient had undergone 
aortic valve replacement for supravalvular aortic steno
sis. Only one of the patients smoked cigarettes. Four 
patients were on probucol and remained on their estab
lished dose of this drug for the duration of the study. 
Two subjects were on //-blockers and one subject was 
on captopril. amiodarone and furosemide. The majority 
of subjects were taking aspirin which they continued to 
take for the duration of the study.

Compliance with simvastatin therapy, as assessed by 
tablet counts was > 90% in all but one subject. Overall 
compliance during the first and second 9 week periods 
was 94 and 96%. respectively.
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Table 1
Patient charachterislics

Patient number Age (years) Sex BMI (kg/nr) FH genotype Baseline lipid levels /mmoj/l)

Total-C TG LDL-C HDL-C

Other

1* 22 M 27.0 Afrik 1.3 15.4 0.89 14.3 0.67
2 16 M 17.2 Exon 16/16 12.6 0.60 11.5 0.88
3 20 F 21.4 Afrik l.'l 13.8 0.82 12.6 0.88
4U 19 M 2L9 Afrik I '2 12.5 0.75 11.7 0.47 CABG age 18
5 26 F 21.8 Afrik 1/2 21.6 1.62 19.8 1.14 CABG age 9 and 17
6 38 F 30.7 Afrik 1/Exon 9 11.1 1.50 9.4 1.04 Coronary angioplasty age 

21. CABG age 24
7 15 M 18.6 Afrik 1 1 IS.5 1.61 17.2 0.62 CABG age 35
8 39 M 21.3 Afrik VI 20.7 2.00 19.1 0.67 CABG age 30. coronary 

angioiplasty age 33
9 27 F 23.5 Afrik 1.1 12.1 0.82 11.2 0.57 Removal intracranial xan

thomas age 16. 22 and 27
ItP 29 M 21.7 Promoter mu

tation
15.6 1.36 14.1 0.83

IP 26 F 26.8 Afrik 1/2 19.8 0.92 18.3 1.01
12 33 M 25.0 Afrik 1/3 14.5 1.70 12.8 0.85 AVR age 30

AVR. aortic valve replacement: CABG, coronary arteiy bypass graft. 
J On probucol.

In group 1. LDL-cholesterol levels were reduced from 
14.8 (1.3) mmol/1 by 25% to 10.9 (1) mmol/l at the 80 
mg/day dose and by 31% to 10.1 (1) mmol'} at the 160 
mg/day dose of simvastatin. P <  0.0001 (Table 2). De
spite this good overall response to high dose simvastatin 
therapy, the range of individual responses varied widely 
from an 8% increase to a 58% reduction in LDL-choles
terol levels at the 160 mg/day dosage (Fig. 1). Interest- 
inglv, the receptor negative patient, homozygous for a 
promoter mutation, responded remarkably well to high 
dose simvastatin therapy with a 46% reduction in LDL- 
cholesterol at the 160 mg/day dosage.

In group 2. treated with 40 mg simvastatin/day. there 
was only a modest reduction in LDL-cholesterol. Intei- 
estingly, there was no difference in LDL-cholesterol 
reduction when simvastatin was given as a single daily 
dose (13.8%) or given in three divided doses (13.2%). 
Mean baseline and on treatment plasma lipid, lipo
protein and apolipoprotein concentrations in the two 
groups are shown in Table 2. Reductions in total-choles- 
terol and apo-B paralleled those in LDL-cholesterol in 
both groups. Triglyceride levels decreased by 18% at the 
80 me/day and by 24% at the 160 mg.day dose of 
simvastatin (P < 0.01). There was a similar reduction in 
VLDL-cholesterol at the higher doses of simvastatin. 
Baseline apolipoprotein E levels werc elevated in our 
HFH patients as reported by others [23]. There was a 
marked 50% reduction in sipolipoprotein E levels at 
both the 80 and 160 mg/day dose of simvastatin. P < 
0.0001. HDL-cliolesterol levels increased modestly in 
both groups. Lp(a) levels jlso increased slightly in both 
groups on simvastatin therapy.

In group 1, 24-h urinary MVA levels decreased by 
47% from 6.24 (1.3) to 2.78 (0.5) /tmol/g creatinine at 
the 80 mg/day dose and by 39% to 3.32 (0.9) fimoi/g 
creatinine at the 160 mg/day dose. In group 2, urinary 
MVA levels decreased modestly from 6.55 (1) to 5.39 
(0.8) /zmol/g creatinine with 40 mg simvastatin admin
istered once daily and to 3.75 (0.5) /imol/g creatinine 
when simvastatin was given in three divided doses. 
There was, however, no correlation between reduction 
in LDL-cholesterol and urinary MVA levels in any of 
the groups (Fig. 2). No serious adverse clinical or 
biochemical effects occurred during the study. In par
ticular. no patient developed myositis or hepatitis and 
none had clinically significant elevations in transami
nases or creatine kinase levels (Table 3). Minor gas
trointestinal disturbance occurred in two subjects but 
was short-lived and did not necessitate discontinuation 
of therapy. One subject complained of headache on 
the 40 me/day dose of simvastatin. No subjects com
plained of headache on the 80 or 160 mg/day dose. 
No subject had sleep disturbance. There were no 
changes in adrenocortical or sex-hormone concentra
tions during the study. A single untimed, trough 
plasma HMG CoA reductase inhibitor level was ob
tained in each patient after 9 weeks of treatment with 
each dose. Mean plasma trough levels were 4.05. 3.35. 
10 and 14.9 ng eq/ml at the 40 h. 40 tid, 80 tid and 
160 mg tid doses of simvastatin, respectively. These 
levels are comparable to the active inhibitor levels 
obtained 10 h after a single evening dose of simvas
tatin 40. 80 and 160 mg/day [24].
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Table 2
Plasma lipid, lipoprotein and apolipoprotein concentrations at baseline and during treatment with 40. SO and 160 mg/day simvastatin 
(mean ±S.E.)

Total-C
(mmolfl)

TG (mmol/1) HDL-C
(mmol/1)

LDL-C
(mmoVl)

VLDL-C
(mmol/1)

Apo-B
(mg/dl)

Lp(a) (mg/dl) Apo-E
(mg/dl)

Group 1 (n=8)
Baseline 16.2 (1.3) 1.41 (0.16) 0.84 (0.06) 14.8 (1.3) 0.64 (0.07) 415 (32) 91 (23) 15.3 (1.1)
80 mg/day: 12.3 (1.0)** 

tid dosing
1.11 (0.15) 0.89 (0.07) 10.9 (1.0)*** 0.51 (0.06) 340 (26) 101 (24) 5.9 (1.0)"*

160 mg/day: 11.4(1.0)’* 
tid dosing

1.03 (0.10)** 0.86 (0.06) 10.1 (1.0)*** 0.47 (0.04)** 323 (27)* 111 (27) 7.5 (0.3)***

Group 2 (n = 4)
Baseline 14.5(1.8) 0.83 (0.03) 0.73 (0.13) 13.4 (1.7) 0.38(0.02) 406 (62) 44 (22) 13.1 (1.0)
40 mg/day 12.8 (1.8)* 0.81 (0.13) 0.80 (0.14) 11.7 (1.7)- 0.36 (0.04) 347 (43)* 53 (28) 6.0 (0.6)**
40 mg/day: 12.7 (1.2) 

tid dosing
0.78 (0.10) 0.85 (0.10) 11.5(1.1) 0.35 (0.04) 359 (28) 49 (25) 7.6 (0.3)**

* ?<0.05: **/><0.01: " " f  <0.0001.

4. Discussion

This study shows that doses of simvastatin beyond 
the recommended maximum dose of 40 me/day are 
effective in lowering LDL-cholesterol in subjects with 
HFH. At a dose of 160 mg/day there was a 31% 
decrease in LDL-cholesterol. The LDL-cholesterol low
ering effect appears to be dose dependent and is not 
determined by the frequency of administration of sim
vastatin. Reduction of LDL-cholesterol can induce re
gression of coronary atherosclerosis in patients with 
familial hypercholesterolaemia [25]. In addition, recent 
primary and secondary prevention studies have demon
strated a marked reduction in cardiovascular events as 
well as reduced mortality with reduction of LDL- 
cholesterol levels [26.27], Clinical benefit was indepen-
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dent of the baseline cholesterol level. Therefore, 
although LDL-cholesterol levels were not reduced to 
therapeutic targets [28.29], the reduction in LDL- 
cholesterol achieved in our HFH patients should, if 
maintained for a sustained period of time, reduce their 
risk for atherosclerosis.

The main mechanism of action of the statins appears 
to be inhibition of cellular cholesterol biosynthesis lead
ing to enhanced receptor mediated clearance of LDL 
[3]. Upregulation of hepatic LDL receptors also causes 
increased removal of LDL precursors, namely VLDL 
and remnants, from the circulation, thereby reducing 
the pools of these lipoproteins available for conversion 
to LDL. The marked reduction in apolipoprotein E. 
one of the major protein constituents of remnant parti
cles. achieved with simvastatin in our HFH patients 
supports this view. The majority of our HFH subjects 
were receptor defective rather than receptor negative 
and thus may have been able to upregulate their LDL
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Fig. 2. Correlation between percent chance in LDL-cholesterol and 
percent chance in 24-h urinary MVA levels in both groups of HFH 
patients following simvastatin therapy.
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receptors on the higher dose of simvastatin. If this is 
the only mechanism of action of the statins, receptor 
negative homozygotes should be completely refractory 
to this therapy. However, simvastatin reduced serum 
cholesterol by 30% in a HFH individual with no func
tional receptors [30]. In addition, one of our subjects, 
who was homozygous for a promoter mutation, also 
responded remarkably well to simvastatin therapy. An 
effect of the drug, other than the stimulation of LDL 
receptors, has to be invoked to explain this finding. In 
both heterozygous and homozygous FH patients, apo- 
B production is increased [31,32]. Intrahepatic choles
terol availability appears to be a key regulator of 
hepatic apo-B secretion [33]. Statins, by inhibiting hep
atic cholesterol synthesis, may limit cholesterol 
availability for apo-B lipoprotein formation, thereby 
decreasing the rate of entry of apo-B lipoproteins into 
the serum. Reduction in apo-B synthesis by statin 
therapy has been demonstrated in patients with both 
heterozygous familial hypercholesterolaemia and com
bined hyperlipidaemia [34,35], The marked inhibition of 
cholesterol synthesis accompanied by •>. greater reduc
tion in apo-B secretion could also explain the triglyce
ride lowering effect of high dose simvastatin shown in 
our study. This has also been demonstrated with the 
new HMG CoA reductase inhibitor atorvastatin [36]. 
However, if this was the main mechanism of action of 
statin therapy there should have been a good correla
tion between reduction in urinary MVA levels, as an 
index of in vivo cholesterol biosynthesis and reduction 
in apo-B lipoprotein. Although there was a reduction in 
urinary MVA, the reduction did not correlate with 
reduction in LDL-cholesterol in the individual patients. 
There is a wide coefficient of variation for the measure
ment of urinary MVA in individual patients and our 
findings are limited by the relatively small number of 
patients. However, these findings are in agreement with 
previous studies of patients with heterozygous FH 
treated with simvastatin at doses of 20. 40 and 80 
mg/day [37].

Both mechanisms may therefore play a role, the 
relative importance of each depending on the nature of 
the LDL receptor defect. In HFH subjects who totally 
lack LDL receptors decreased apo-B lipoprotein pro
duction is the most likely mechanism. In receptor defec
tive HFH subjects who are able to produce some 
functional receptors, both decreased hepatic apo-B 
lipoprotein production and enhanced LDL receptor 
clearance could be involved. Of interest is that patients 
in our study with the same LDLR mutations had 
different baseline LDL-cholesterol levels and responded 
differently to the same do?, of simvastatin therapy. 
This implies that serum cholesterol levels and response 
to therapy is not only determined by the LDLR gene 
defect, but that other mechanisms must be involved. 
Inherited differences in sterol-mediated regulation of

HMG CoA reductase activity [38] or variability in the 
efficiency of either drug absorption or hepatic 
metabolism are potential factors which warrant further 
study.

Although there was a marked reduction in LDL- 
cholesterol levels on expanded dose simvastatin ther
apy, Lp(a) levels were not reduced and in fact, 
increased modestly. This is in keeping with previous 
studies which have shown no change or an increase in 
Lp(a) levels with statin therapy [39,40], Therefore, the 
LDL receptor probably plays little role in mediating 
Lp(a) catabolism in humans [4l],

Our observation that even HFH subjects who are 
receptor negative may respond to expanded doses of 
simvastatin has important therapeutic implications for 
the treatment of these patients. Expanded dose simvas
tatin therapy should therefore be considered in all 
patients with HFH, either as an adjunct to apheresis, or 
as monotherapy for those patients who do not have 
access to apheresis or other such treatment modalities. 
Long term follow-up studies are however necessary in 
order to determine the safety of expanded doses and 
whether the LDL-cholesterol reduction achieved in the 
present short term study will be maintained during 
extended treatment.
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Abstract

Patients with homozygous familial hypercholesterolaemia (HoFH) have 

markedly elevated low density lipoprotein (LDL) cholesterol levels that are 

refractory to standard doses of lipid lowering drug therapy. In the present study 

we evaluated the effect of atorvastatin on steady state concentrations of plasma 

lipids and mevalonic acid (MW), as well as  on 24-hour urinary excretion of MVA 

in patients with well characterized HoFH. Thirty five HoFH patients (18 males; 17 

females) received 40mg and then 80mg atorvastatin/day. The dose of 

atorvastatin was increased further to 120mg/day in 20 subjects and to 

160mg/day in 13 subjects who had not achieved LDL cholesterol goal, or in 

whom the dose of atorvastatin had not exceeded 2.5 mg/kg body weight/day.

LDL cholesterol levels were reduced by 17% at the 40mg/day and by 28% at the 

8Qmg/day dosage (p< 0.01). Reduction in LDL cholesterol in the 5 receptor 

negative patients was similar to that achieved in the 30 patients with residual 

LDL receptor activity. Plasma MVA and 24-hour urinary excretion of MVA, as 

markers of in vivo cholesterol synthesis, were elevated at baseline and 

decreased markedly with treatment. Urinary MVA excretion decreased by 57% at 

the 40mg/day dose and by 63% at the 80mg/day dosage (p<0.01). There was a 

correlation between reduction in LDL cholesterol and reduction in urinary MVA 

excretion: those patients with the highest basal levels of MVA excretion and thus 

the highest rates of cholesterol synthesis having the greatest reduction in LDL 

cholesterol (r=0.38; p=0.02). increasing the dose of atorvastatin to 120 and

69



3

160mg/day did not result in any further reduction in LDL cholesterol or urinary 

MVA excretion suggesting a plateau effect with no further inhibition of 

cholesterol synthesis at doses of atorvastatin greater than SOmg/day.

Key w ords: atorvastatin; cholesterol synthesis; mevalonic acid; homozygous 

familial hypercholesterolaemia
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Homozygous familial hypercholesterolaemia (HoFH) is an autosomal dominantly 

inherited disorder characterized by markedly elevated levels of plasma low 

density lipoprotein (LDL) cholesterol, tendon xanthomas, and severe premature 

coronary artery disease.1 If untreated, the majority of patients with this disorder 

die from accelerated atherosclerosis before the age of 30 years.2 HoFH has 

hitherto been regarded as refractory to lipid-lowering drugs necessitating the use 

of radical forms of therapy such a s  apheresis, portacaval shunting and liver 

transplantation. High dose HMG CoA reductase inhibitor or statin therapy has 

recently been shown to be partially effective in lowering LDL cholesterol levels in 

this patient group.3,4 However, the mechanism(s) by which high dose statins 

reduce LDL cholesterol levels in HoFH requires further elucidation.

Mevalonic acid (MVA), an intermediate in cholesterol synthesis and the 

immediate product of HMG CoA reductase is present in plasma and urine.5 

Previous studies have shown that the concentrations of mevalonate in plasma 

and urine parallel the rates of hepatic and whole body cholesterol synthesis in 

both animals and man.6,7 There is also a very good correlation between plasma 

MVA and the rate of incorporation of deuterium into plasma free cholesterol in 

humans.8 Plasma MVA concentrations exhibit diurnal variations, whereas the 

24-hour urinary MVA excretion reflects the integrated plasma concentrations and 

thus provides a more practical way of measuring the influence of dietary or 

pharmaceutical manipulations on cholesterol synthesis than conventional sterol 

balance techniques.9
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In the present study we evaluated the effects of high doses of atorvastatih (40- 

160mg/day) on steady state concentrations of plasma lipids and lipoproteins, 

plasma MVA and the 24-hour urinary excretion of MVA in patients with well 

characterized HoFH.

Methods

Patients

Patients with HoFH attending the lipid clinics at the University of the 

Witwatersrand and University of Cape Town participated in the study. The 

diagnosis of HoFH 'was based on the presence of an untreated serum LDL 

cholesterol consistently greater than 12 mmol/l; the appearance of xanthomas in 

the first decade of life; documentation in both parents of hypercholesterolaemia 

or clinical features of heterozygous FH; and confirmation by DNA analysis for 

LDL receptor gene mutations. Familial defective apo-B10Q due to a  glutamine to 

arginine substitution at codon 3500 of the apo-B gene was excluded by DNA 

analysis in all subjects. Patients were excluded from the study if they had 

hepatic or renal dysfunction, or had known hypersensitivity to HMG CoA 

reductase inhibitors. No patient was receiving LDL-apheresis at the time of the 

study. All recruited patients gave their written informed consent to the study 

which was approved by the Research Ethics Committees of both Universities.

Trial design
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The study was a double-centre, dose escalation study. After an untreated 

baseline fasting lipid profile, patients received atorvastatin at doses of 40, 80,

120 and 160mg/day with a  minimum period of 4 weeks of therapy between 

dosage escalation. Initially, all patients received 40 and then 80mg 

atorvastatin/day. In patients who did not achieve an LDL cholesterol goal of <3 

mmol/L the dose of atorvastatin was increased further to 120mg and 

subsequently to 160mg/day with the limitation that in all patients the maximum 

atorvastatin dose did not exceed 2.5mg/kg body weight/day. Ali patients were 

counselled on a standard iow-choiesterof, low-saturated fat diet and the diet was 

reinforced at each visit to avoid the confounding effect of diet on lipid levels 

during the study. Venous blood samples for lipoprotein analysis were drawn in 

the morning after an overnight fast of at least 10 hours. Samples were obtained 

at baseline and then at the time of each dose escalation. Interim biochemical 

safety tests were also regularly performed.

DNA analysis

DNA screening for three locally prevalent founder-related Afrikaner LDL 

receptor (LDLR) mutations, D206E (Afrik-1), V408M (Afrik-2) and D154N (Afrik- 

3), was performed in a single reaction by a multiplex amplification refractory 

mutation system - polymerase chain reaction.10 The DNA samples were also 

screened for mutation P664L (FH-Gujerat) previously identified in South African 

Indians.11 After screening for familial defective apolipoprotein B100, subjects
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negative for these mutations underwent a more extensive search by 

heteroduplex and/or single-strand conformational polymorphism analysis.10,12

Measurement of mevalonic acid

Venous biood samples as well as  24 hour urine specimens were collected 

for measurement of the plasma and urine concentrations of MVA. Three 

separate 24-hour urine samples were collected before the initiation of 

atorvastatin therapy and then one after at least 4 weeks on each dose of 

atorvastatin. Urine and plasma samples were stored at -70°C and, after thawing, 

were analyzed by radioenzymatic methods as previously de .cribed.13

Other measurements

Total cholesterol, HDL cholesterol and triglycerides were analyzed by 

enzymatic methods using automated techniques. The LDL cholesterol was 

calculated using the Friedewald formula.14 Biochemical safety tests (alanine 

transaminase, aspartate transaminase and creatine kinase) were also performed 

at regular intervals throughout the study. Trough (predose) plasma atorvastatin 

concentrations were measured by high-performance liquid chromatography 

tandem mass spectrometry immediately prior to eac', atorvastatin dose 

escalation.15 The effect of increasing atorvastatin dosage on plasma atorvastatin 

concentrations was expressed a s  the % change in concentration calculated as 

follows:

74



8

% change = [(trough concentration after dose increase - trough concentration 

before dose increase)/ trough concentration before dose increase] x 100.

Statistical Analysis

Jom parisons were performed using one-way analysis of variance 

(ANOVA) for repeated measures followed by student Newman-Keuls method for 

post hoc comparisons using Sigmastat Statistical Software for Windows (Jandel 

Corp., CA). The relationship between the changes in MVA and LDL cholesterol 

was explored by univariate regression analysis using JMP Statistical Software 

Package Version 3.1 (SAS Institute Inc.). In all comparisons, p< 0.05 was 

considered significant. Results are expressed as mean ± standard error o ' le 

mean (SEM).

R esults

A total of 35 HoFH patients, 18 males and 17 females, participated in the 

study (Table 1). Twenty seven subjects were confirmed to have LDLR mutations 

in both LDL alleles. The majority were genetically compound heterozygotes, 

having inherited two different LDLR mutations rather than true homozygotes. 

Twenty three of these patients were homozygote or compound heterozygote for 

the FH Afrik-1, -2 or -3 mutations. These three founder LDLR mutations together 

account for more than 80% of FH in Afrikaners.16 The FH Afrik-1 and -3 

mutations are functional class 2B mutations which have 10-20% of residual 

LDLR activity (receptor defective).17,18 The FH Afrik-2 mutation has <2% of LDLR
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activity (receptor negative).19 LDLR mutations in the remaining 8 subjects have 

not been fully characterized, but these patients fulfilled all the clinical criteria for 

HoFH. The mean age of the patients was 22 years (range 2-39) and their body 

mass index was 22.6 kg/m2 (range 13.9-35.1). The mean LDL cholesterol was 

15.0±0.6 mmol/L. Thirteen patients had previously undergone coronary 

angioplasty, aortic root surgery or coronary artery bypass grafting. None of the 

patients smoked cigarettes.

In the 35 patients, LDL cholesterol levels were reduced by 17% (from 15.0±0.6 

to 12.4+0.6 mmol/L) on the 40mg/day dose of atorvastatin and by 28% (to 

10.9+0.5 mmol/L) on the 80mg/day dose (p< 0.01; Table 2). Interestingly, the 5 

subjects who were considered receptor negative had a  14% and 28% reduction 

in their LDL cholesterol levels which was similar to the 18% and 27% achieved 

in the 30 receptor defective subjects on the 40mg/day and 80mg/day dosage of 

atorvastatin. Triglyceride levels decreased by 9% on the 40mg/day dose and by 

18% on the 80mg/day dose (p<0.01). There was no significant change in HDL 

cholesterol levels.

Plasma MVA levels were elevated at baseline and decreased by 56% and 63% 

on the 40mg/day and 80mg/day dosage of atorvastatin age (p<0.01). Reduction 

in the 24-hour urinary excretion of MVA was similar with a 57% and 63% 

reduction (p<0.01; Table 2). There was a strong correlation between the 

baseline 24-hour urinary excretion of MVA and the reduction in urinary MVA 

excretion in response to treatment with atorvastatin (r=0.92; p< 0.01; Figure 1). 

There was also a significant correlation between the magnitude of reduction in
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LDL cholesterol and the reduction in urinary MVA excretion (r=0.38; p=0.02; 

Figure 2), There was no correlation between baseline LDL cholesterol levels 

and baseline urinary excretion of MVA however.

The dose of atorvastatin was increased to 120mg/day in 20 of the 35 patients 

but this increase in dose did not yield any further reduction in LDL cholesterol 

despite a  107% increase in plasma atorvastatin concentration, A further increase 

in dose to 160mg of atorvastatin/day was made in 13 of the patients but this also 

did not result in any further reduction in LDL cholesterol levels despite a further 

84% increase in plasma atorvastatin concentration (Table 3). In addition, there 

was no further reduction in plasma MVA or urinary excretion of MVA on these 

higher doses of atorvastatin (Figure 3). Transaminase and creatine kinase 

levels increased modestly on the higher doses of atorvastatin but the medication 

was extremely well tolerated with no adverse clinical or biochemical effects 

occurring during the study.

D iscussion

This study shows that atorvastatin is effective in lowering LDL cholesterol 

in HoFH. At a dose of 80mg/day there was a 28% reduction in LDL cholesterol. 

There was however no further reduction in LDL cholesterol at higher doses of 

atorvastatin, suggesting a “plateau1' effect.

The main mechanism of action of statins is inhibition of cellular cholesterol 

biosynthesis leading to a reduction in VLDL synthesis and upregulation of LDL 

receptors thus increasing the rate of removal of both LDL and LDL precursors
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from the blood.20 The majority of our HoFH patients were receptor defective 

rather than receptor negative and thus may have been able to increase LDLR 

activity in response to treatment with atorvastatin. However, atorvastatin also 

reduced LDL cholesterol similarly in the 5 homozygotes with no functional LDL 

receptors; these results are consistent with an inhibition of VLDL (and LDL) 

synthesis.

The mean basal rate of urinary MVA excretion was significantly increased in our 

HoFH patients and was about twice that of normocholesterolemic controls.21 This 

is in keeping with sterol balance techniques which have found a twofold increase 

in whole body cholesterol synthesis in HoFH.22,23

Cholesterol appears to play a key role in regulating apo-B lipoprotein secretion 

by the liver24 and a strong correlation between the rate of cholesterol synthesis 

and apo-B lipoprotein production has been demonstrated in normal subjects.25 

HoFH subjects who have increased cholesterol biosynthesis also have 

increased apo-B lipoprotein production26 Atorvastatin, by markedly inhibiting 

cellular cholesterol synthesis may limit cholesterol availability for apo-B 

lipoprotein formation thus decreasing the rate of production of LDL.4 

Our results demonstrate a positive correlation between the reduction in LDL 

cholesterol and urinary excretion of MVA implying that the reduction in 

cholesterol synthesis by atorvastatin also leads to an accompanying reduction in 

the production of LDL and its precursors. Interestingly, those HoFH subjects with 

the highest basal levels of MVA (and thus the highest rate of cholesterol 

synthesis) showed the greatest reduction in LDL cholesterol in response to
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treatment with atorvastatin. This implies that the greater the inhibition of HMG 

CoA reductase the greater the effect on apo-B lipoprotein secretion.

We observed a  statistically significant correlation between the decrease in LDL 

cholesterol and the reduction in urinary MVA in HoFH; this is contrary to 

previous studies in heterozygous FH subjects27,28 and a small number of HoFH 

patients3 in which no correlation was found. We interpret this to indicate that the 

mechanisms by which statins lower LDL cholesterol in FH patients depends on 

the nature and severity of the LDL receptor defect. The major mechanism in 

heterozygous FH subjects and in homozygotes with residual LDL activity is 

probably upregulation of LDL receptors with increased clearance of LDL. In FH 

homozygotes with severely dysfunctional or absent LDL receptors, inhibition of 

cholesterol synthesis and apo-B lipoprotein production is the predominant 

mechanism of action and in this case a correlation between inhibition of 

cholesterol synthesis and LDL cholesterol reduction would be expected to be 

seen.

Another important finding in this study was the plateau effect in response to 

increasing doses of atorvastatin. Although well tolerated, there was no further 

reduction in LDL cholesterol, plasma MVA or urinary MVA excretion above a 

dose of 80mg atorvastatin/day suggesting maximum suppression of cholesterol 

synthesis at this dose. A similar threshold effect has been demonstrated with 

simvastatin in subjects with heterozygous FH.29 There is therefore probably a 

limit to the LDL cholesterol lowering capacity of statins. Further reduction of LDL 

cholesterol would therefore require addition of a drug with a different mechanism
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of action such as a microsomal transfer protein (MTP) inhibitor30 or ACAT 

inhibitor31, or the concomitant use of an alternative form of therapy such as LDL 

apheresis.

Recent prospective primary and secondary prevention studies have 

demonstrated a marked reduction in coronary events as well as reduced 

mortality in hypercholesterolemia subjects with reduction in LDL cholesterol 

levels of 25 to 35%.32,33 Clinical benefit in these studies was independent of 

baseline LDL cholesterol level. Therefore, although LDL cholesterol was not 

reduced to within acceptable limits, the reduction of 28% in LDL cholesterol by 

atorvastatin should be of benefit to HoFH subjects and, if maintained in the long

term, may improve their survival. Therapy with potent statins such as 

atorvastatin, should therefore be considered in all HoFH subjects, either a s  an 

adjunct to apheresis, or as  an alternative for those subjects who do not have 

access to apheresis.
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Figure 1

Correlation between baseline 24-hour urinary excretion of mevalonic acid 

(MVA) and reduction in urinary MVA excretion with atorvastatin 40mg/day (®) 

and SOmg/day (o) in patients with homozygous familial hypercholesterolaemia.
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Figure 2

Correlation between changes in LDL cholesterol and 24-hour urinary 

excretion of mevalonic acid (MVA) with atorvastatin 40mg/day (®) and 80mg/day 

(O) in patients with homozygous familial hypeV ‘"lolesterolaemia.
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Figure 3

The effect of atorvastatin on (a) LDL cholesterol levels and (b) 24-hour 

urinary excretion of mevalonic acid (MVA) in patients with homozygous familial 

hypercholesteroiaemia (n=9).

(a)

o
E

2
3co

o_c
u

Q

>»
CO

o
E

§

£■
CO

20 

16 - 

1 2 -  

8 -  

4 -  

0
Baseline 40 80 120

Atorvastatin (mg/day) 

(b)

160

Baseline 40 80 120

Atorvastatin (mg/day)

160

89



Table 1

PATIENT CHARACTERISTICS

Patient
number

Sex
(M/F)

Age BMI 
(years) (kg/m2)

FH
G enotype

B aseline lipid leve ls (mmol/L)
Total Triglyceride LDL 

cholesterol cholesterol
HDL

cholesterol

1 F 12 21.1 A fr ik l/? 14.8 1.6 13.4 0.6
2 M 15 15.0 FH 664/ FH 664 16.6 1.8 15.0 0.8
3 M 6 13.9 Afrik 2/2 26.5 1.2 25.4 0.5
4 F 21 20.4 FH664/ FH664 18.9 1.0 17.3 1.1
5 M 29 21.8 ? 19.4 2.8 17.3 0.7
6 M 26 23.5 Afrik 1/1 11.7 2.3 9.7 1.0
7 F 20 35.1 Afrik 1/1 15.6 1.4 14.6 0.3
8 F 27 26.6 Afrik1/2 20.6 1.3 19.1 0.8
9* M 34 25.7 Afrik 1/3 14.3 1.8 12.8 0.6
10* M 33 28.1 Afrik 1/2 13.2 4.1 10.7 0.6
11* M 20 22.9 Afrik 1/2 14.1 0.9 13.1 0.5
12* M 39 22.6 Afrik 1/1 18.5 2.9 16.5 0.6
13* F 39 30.4 Afrik1 /? 12.2 1.6 10.2 1.2
14 M 10 16.6 Afrik 1/ ? 15.5 1.5 14.4 0.4
15 F 11 19.8 Afrik 1/1 18.1 2.3 16.5 0.5
16 M 27 26.7 Afrik 3/3 10.9 0.3 9.7 1.1
17* F 23 26.6 Afrik 2/2 21.9 0.6 20.6 0.9
18 M 15 19.5 Afrik 1/1 15.8 0.9 14.8 0.5
19* F 37 25.8 Afrik 2/2 21.3 1.4 19.8 0.8
20* F 20 21.5 Afrik 1/1 14.8 1.1 13.6 0.7
21 F 2 16.9 Afrik 1/2 16.9 2.9 15.2 0.4
22* F 27 20.8 Afrik 1/2 20.7 1.7 18.9 0.9
23 F 35 27.9 Afrik 1/2 17.8 1.1 15.9 1.4
24 M 23 26.0 Afrik 1/3 15.8 1.7 14.3 0.5
25 M 11 17.3 ? 11.5 1.3 9.95 0.9
26 M 17 17.7 ? 12.6 1.2 11.4 0.6
27 M 10 14.8 Afrik 1/1 19.1 1.3 17.4 1.1
28 M 24 27.8 Afrik 1/1 15.8 1.1 14.8 0.5
29* F 25 26.0 Afrik 1/1 11.6 0.7 10.0 1.3
30 M 24 19.8 Afrik 1/ ? 18.8 1.7 17.1 0.9
31 F 25 31.2 Afrik 3/3 15.6 0.6 14.6 0.7
32 F 25 21.2 CT2/CT2 16.3 0.7 15.1 0.9
33* F 13 16.5 CT2/CT2 21.0 1.1 19.7 0.8
34* M 27 25.6 Afrik 1 /? 15.2 4.3 12.6 0.6
35* F 13 18.6 Afrik 1/1 15.8 0.6 14.5 1.0

FH = familial hypercholesterolaemia
* = established coronary artery disease
? = LDL receptor gene mutation yet to be fully characterized
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Table 2

Effect o f  atorvastatin on  lipids, enzym es and m evalonic acid (MVA) leve ls  
in 35  patients with hom ozygou s familial flypercholesterolaem ia  
(meansSEM)

Parameter Atorvastatin d o se  (mg/day)
0 40 80

Total cholesterol (mmol/L) 16.5±0.6 13.8±0.6* 12.310.6"#
Triglyceride (mmol/L) 1.6±0.2 1.3±0.1 1.2±0.1*
HDL cholesterol (mmol/L) 0.8±0.1 0.8±0.0 0.9±0.1
LDL cholesterol (mmol/L) 15.0±0.6 12.4±0.6* 10.9±0.5«#

Alanine transaminase (IU/L) 18.4±1.5 25.8±2,7A 27.7±2.5*
Aspartate transaminase (IU/L) 20.7±1.1 27.1±2.SA 26.21-1.7A
Creatine kinase (IU/L) 92.7±11.1 118.4±15.2 100.1110.4

Plasma MVA (pmol/mL) 55.0±7.1 21.8±2.4* 16.112.8*
Urine MVA (nmol/day) 2.3±0.3 0.8±0.1* 0 .610.1*

* significantly different from baseline p< 0.01 
A significantly different from baseline p<0.05
#  significantly different from Atorvastatin 40mg/day p< 0.01

For MVA measurements n=25
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Table 3

Effect o f  atorvastatin on  lip ids, enzym es and m evalonic acid (MVA) leve ls in the 
FH hom ozygotes in whom  the d o se  w as increased to  160mg atorvastatin/day (n=13) 
(tnean±SEM)

Parameter Atorvastatin d o se  (mg/day)
0 40 80 120 160

Total cholesterol (mmolVL) 
Triglyceride (mmol/L)
HDL cholesterol (mmol/L) 
LDL cholesterol (mmol/L)

15.6±0.7
1.7±0.4
0.7±0.1
14.1±0.7

13.7±0.5*
1.3±0.3
0.8±0.1
12.3±0.6‘

12.4±0.5*#
I.3±0.2  
0.7±0.1
II.O ti.e*#

12.8±0.7*
1.0±0.2
0.8±0.1
11.5±0.7*

12.6±0.6*
0.9±0.2A
0.8±0.1
11.4±0.7*

Alanine transaminase (IU/L) 
Aspartate transaminase (IU/L) 
Creatine kinase (IU/L)

21.5±2.6 
18.7±1.4 
81.4±9.6

24.9±3.0 
22.1 ±2.2 
116.8±23.1

25.8±3.4 
21.9±2.3 
88.7±13.0

31.3±4.4 
25.4±2.6 
116.6±22.4

33.3±5.8 
27.7±2.9  
147.1 ±41.8

Plasma MVA (pmol/mL) 
Urinary MVA (umoi/day)

45.3±5.5
2.3±0.4

19.1±3.4A
0.6±0.2A

13.1±3.8A
0.5±0.1A

12.9±1.8A
0.5±0.1A

18.1±3.5A
0.5±0.1A

* significantly different from baseline p< 0.01 
A significantly different from baseline p<0.05
#  significantly different from Atorvastatin 40mg/day p< 0.01

For MVA measurements n=9
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Paper 10

In this final paper the efficacy of antioxidant com pared to lipid-lowering 

therapy on delaying progression of atherosclerosis w as evaluated. Over a  4- 

year period, fifteen patients with homozygous familial hypercholesterolaemia 

received vitamin E (1000 mg dl-alpha-tocopherol acetate daily) for 24 months 

and then high-dose statin therapy for a  further 26 months (initially simvastatin 

80-160 mg daily for 8 months and then atorvastatin 80 mg daily for 18 

months). Plasm a lipid levels did not change with vitamin E therapy and the 

rate of progression of carotid intima-media thickness, used a s  an in vivo 

assessm en t of atherosclerosis, was rapid (0.19 mm/year; range 0.02-0.39; 

p < 0.0001). High-dose statin therapy reduced low density lipoprotein 

cholesterol levels by 28% (range -12 to -51) and caused regression in carotid 

intima-media thickness in all but one subject (-0.19 mm/year; range +0.03 to - 

0.80; p = 0.0004). Therapy in subjects with severe hypercholesterolaemia 

should therefore be primarily aimed at reducing low density lipoprotein 

cholesterol levels.
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The oxidative modification of low density lipoprotein (LDL) is thought to play a 

pivotal role in the pathogenesis of atherosclerosis and antioxidant therapy has 

been advocated for the treatment and prevention of atherosclerosis.1,2 Over a 4- 

year period we compared the efficacy of antioxidant (vitamin E) to lipid-lowering 

(statin) therapy in patients with homozygous familial hypercholesterolemia (HFH) 

as these patents are known to suffer from severe, accelerated atherosclerosis.3 

We evaluated carotid intima-media complex thickness (l-MT) as a  marker of 

atherosclerosis as thickening of the carotid intima-media has been shown to be 

an early step in the atherosclerotic process.4,5

•  •  •

Patients with HFH attending the Lipid Clinic at the Johannesburg Hospital 

participated in the study. The diagnosis of HFH was based on the presence of a) 

an untreated serum LDL cholesterol consistently >10.3 mmol/L (400 mg/dl); b) 

the appearance of xanthomas in the first decade of life; c) documentation in both 

parents of hypercholesterolemia or clinical features of the heterozygous state; 

and d) confirmation by DNA analysis for LDL receptor gene mutations. No 

patient was receiving LDL-apheresis because this therapy was not available at 

our institution. All recruited patients gave their written informed consent to the 

study, which was approved by the University of the Witwatersrand's committee 

for research on human subjects.

We treated the HFH patients initially with high dose vitamin E (1000mg dl~ 

alpha-tocopherol acetate) daily. Over a 2-year period we observed no benefit 

from vitamin E on xanthoma regression and, in fact, showed progression of
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coronary atherosclerosis in 2 subjects who underwent repeat coronary 

angiography.7 Vitamin E therapy was therefore discontinued and replaced with 

high-dose statin therapy which had been shown to be partly effective in reducing 

LDL cholesterol in these patients.8 Initially, patients received simvastatin 80 - 

160mg/day and subsequently atorvastatin 80mg/day. All patients were Kept on a 

standard low-choiesterol, low-saturated fat diet for the duration of the study.

The carotid arteries were evaluated with high-resolution B-mode 

ultrasonography using a previously validated technique.9 All subjects were 

examined in the supine position. Both comrm n carotid arteries were scanned 

longitudinally to visualize the intima-media complex of the far wall of the artery. 

The distance between the echo arising from the lumen-intima interface and the 

media-adventitia interface was taken as a measure of the intima-media 

complex.10 The carotid l-MT was defined as the average of five measurements 

randomly selected between 10 and 30mm proximal to the carotid bifurcation. 

Using this technique, coefficient of variation of interobserver variation was 8.3% 

([95% confidence interval +0.13mm]," r=0.84) of observed thickness. Coefficient 

of variation of intraobserver variation was 5.7% ([±0.08mm]; r=0.87) of observed 

thickness. Carotid l-MT was recorded in all patients at baseline and then 

following vitamin E and statin therapy. The same observer (M.V.) measured 

carotid l-MT thickness in all patients. He was blinded as to the clinical history, 

risk factor profile, drug therapy or previous carotid ultrasound findings.

DNA screening for three founder-related Afrikaner mutations, D20SE 

(Afrik 1), V408M (Afrik 2) and D154N (Afrik 3), was performed in a single
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reaction by a multiplex amplification refractory mutation system - polymerase 

chain reaction, as previously described.11 The DNA samples were also screened 

for mutation P664L (FH-Gujerat) previously identified in South African Indians.12 

After screening for familial defective apolipoprotein B100, subjects negative for 

these mutations underwent a more extensive search by heteroduplex and/or 

single-strand conformational polymorphism analysis.11,13

Total cholesterol, high-density lipoprotein (HDL) cholesterol and 

triglycerides were analyzed by enzymatic methods using automated techniques. 

The LDL cholesterol was calculated using the Friedewald formula.14 

Lipoprotein(a) was quantitated using the Tinaquant method (Boehringer 

Mannheim). Biochemical (alanine transaminase, aspartate transaminase and 

creatine kinase) and haematoiogical safety tests were also performed at regular 

intervals throughout the study.

Statistical comparisons were performed using one-way analysis of 

variance for repeated measures followed by Student's t tests with the Bonferroni 

correction where appropriate. Simple (Pearson's) correlation coefficients 

between carotid l-MT and selected variables were calculated, and a stepwise 

multiple regression analysis was then used to evaluate the independent 

association of these variables with carotid l-MT. In all comparisons, p< 0.05 was 

considered significant.

•  •  e

A total of 15 HFH patients, 9 males and 6 females, participated in the 

study (Table I). Ten patients were homozygote or compound heterozygote for
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FH Afrik 1, 2 or 3. These 3 founder mutations together account for more than 

80% of FH in Afrikaners and have been confirmed to cause defective LDL- 

receptor function at the cellular level.15 Two subjects were homozygous for the 

FH-Gujerat mutation.12 LDL-receptor mutations in the remaining 3 subjects are 

yet to be fully characterized, but these 3 patients fulfilled all the clinical criteria 

for HFH. The mean age of the patients was 17 years (range 5-36) and their body 

mass index was 22.1 kg/m2 (range 13.9-35.1). The mean LDL cholesterol was 

16.3 ± 2.4 mmol/L (631 ± 94 mg/dl). Three patients had previously undergone 

coronary artery bypass surgery. None of the patients were hypertensive and only 

-•'ne patient smoked cigarettes. All of the patients were taking aspirin which they 

continued to take for the duration of the study.

At the start of the study the mean carotid l-MT was 1.28 mm ([1.04-1.52]; 

range 0.57-2.05) compared to 0.49 mm ([0.41-0.57]; range 0.37-0.68) in a group 

of 40 age matched controls with no evidence of vascular disease; p<0.01,9 

Baseline carotid l-MT correlated with age (r=0.61; p<0.02), but • >.ot with body 

mass index, total, LDL or HDL cholesterol, triglyceride, or lipoprotein(a) levels.

Patients were treated with vitamin E alone for a mean of 24 months 

(range 7-41). There was no significant change in total, HDL or LDL cholesterol 

during this period, although triglyceride levels increased modestly. The rate of 

progression of carotid l-MT during vitamin E therapy was 0.19 mm/year ([0.13-

0.24]; range 0.02-0.39). This was substantially faster than the rate of 

progression observed in a group of 140 normal controls (0.005 mm/year;

p<0.01).9
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After withdrawal of vitamin E therapy, patients were treated on high dose 

simvastatin or atorvastatin for a period of 26 months (range 18-35). During this 

period there was a significant reduction in total cholesterol (-26%; range -10 to 

-42) and LDL cholesterol (-28%; range -12 to -51) levels, but no change in HDL 

cholesterol or triglyceride levels (Table II). There was no further progression in 

carotid l-MT during this period. In fact there was regression in carotid l-MT in all 

but one subject (-0.19 mm/year; [-0.08 to -0.30]; range +0.03 to -0.80) (Figure I).

*  *  *

Our study demonstrates that HFH patients have markedly increased 

carotid l-MT despite the absence of other established coronary artery disease 

risk factors such as systemic hypertension and smoking. This confirms the 

dominant effect that hypercholesterolemia has in determining carotid l-MT. 

During the period of vitamin E therapy there was no significant change in LDL 

cholesterol levels and the rate of progression of carotid l-MT was rapid. In 

contrast, during therapy with high-dose statin therapy, which resulted in a mean 

reduction of 28% in LDL cholesterol, no further progression occurred and there 

was regression in nearly all patients.

In conclusion, reduction in LDL cholesterol by h igh-dose sim vastatin 

or atorvastatin  is m ore effective than  vitamin E in delaying progression of 

a therosclerosis in HFH patients with severe hypercholesterolem ia.
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Figure I

Progression of Carotid l-MT in Homozygous F a m ilia l 

Hypercholesterolemia (HFH)

Carotid i-MT in the 15 individual HFH patients a t the onset of the 

study and following vitamin E therapy for 24 months (range 7-41) and then high- 

dose simvastatin or atorvastatin for a  further 26 months (range 18-35).

q J  ,— —------------ — -------- ;;— ----------------------- ------

Vitamin E therapy Statin therapy
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Table 2

F asting lipid profiles in 15 patients with hom ozygous familial 
hypercholesterolem ia at baseline and on antioxidant or statin therapy

Baseline Antioxidant
therapy

Statin
therapy

Total cholesterol (mmol/i) 17.4 (2.5) 16.9 (3.4) 12.4 (2.3)"
Triglyceride (mmol/l) 0.9 (0.5) 1.5 (0.7)* 1.2 (0.4)
HDL cholesterol (mmol/l) 0.6 (0.2) 0.7 (0.3) 0.7 (0.4)
LDL cholesterol (mmol/l) 16.3 (2.4) 15.5 (3.4) 11.1 (2.4)"

* p < 0.05 compared to baseline and statin therapy 
”  p < 0.01 compared to baseline and antioxidant therapy

105



W illiam  C. Roberts, M .D .

Editor in Chief
July 5,1999

Frederick J. Raal, M.D.
Departmment o f  Medicine 
Univers: /  o f  the Witwatersrand 

'7 York Road, Parktown 
Johannesburg 2193 
South Africa

MS# 90400
Title: Efficacy o f  Vitamin E Compared to Either Simvastatin or Atorvastatin in 
Preventing the Progresion o f  Atherosclerosis in Homozygous Familial 
Hypercholesterolemia

Dear Dr. Raal:

Your manuscript is accepted and scheduled for publication in December 1999. 
Thanks for the changes.

Bayior University 
Medical Center

Wadley Tower No. 457

3600 Gascon Avenue

Dallas, TX 75246

Phone: 2I4-826-S252

Fax: 214-826-2855

Vx

106



Conclusion

This series of studies in FH subjects show that LDL-C level and 

duration of exposure to the elevated LDL-C levels, that is the LDL quantity or 

'LDL bulk', are important determ inants of the extent and severity of 

atherosclerosis. Qualitative differences in LDL such a s  LDL particle size and 

susceptibility of LDL to oxidation appear to be of less importance.

FH patients have large, buoyant LDL particles, which are less 

susceptible to lipid oxidation than sm aller denser LDL particles. In the 

ab sen ce  of other cau ses of insulin resistance, patients with FH have norms." 

fasting insulin and triglyceride levels, normal postprandial lipaemia,1 and do 

not have microalbuminuria. They therefore usually show no features of the 

metabolic syndrome despite severe, accelerated atherosclerosis. However 

com ponents of the metabolic syndrome such as central obesity may add to 

the atherogenic potential of hypercholesterolaemia due to raised LDL-C 

concentrations. In this regard, abdominal obesity and hyperinsulinaemia have 

been  shown to act synergistically to increase the risk for CAD am ong males 

with FH, a s  they are potentially exposed over time to both the quantitative 

atherogenicity and qualitative alterations of apo-B containing lipoproteins.2

Similarly, the role of lipid oxidation in the pathogenesis of 

atherosclerosis in FH remains uncertain. LDL isolated from FH patients is 

more resistant to oxidation and antioxidant therapy appears to be of little or no 

benefit in preventing progression of atherosclerosis in these 

hypercholesterolaemia subjects. T hese findings challenge, but do not 

disprove, the oxidative hypothesis of atherosclerosis.3 LDL particles do not

107



undergo a  significant degree of oxidation within the circulation because of the 

presence of abundant antioxidant defences.4 However, LDL particles are 

continuously entering and leaving the arterial wall; som e of th ese  particles 

becoming trapped in the interstitial matrix, and because  of prolonged resident 

time, may be subjected to sustained oxidative stress. Thus, although initially 

more resistant, once lipid peroxidation has been  initiated, a  larger, more- 

cholesterol-enriched LDL, such a s  that typically found in FH patients, may 

generate more total oxidised lipid within the arterial wall with pathologic 

consequences.

Lack of effect of vitamin E on the progression of atherosclerosis in FH 

subjects also  suggests a  ‘threshold’ LDL-C level a t which currently available 

antioxidants a re  unable to protect LDL sufficiently against oxidation. Support 

for this hypothesis can be found in animal studies.5,6,7 Oc; g conditions of 

marked hypercholesterolaemia neither probucol nor vitamin E w ere effective 

in preventing the progression of atherosclerosis in hyperlipidaemic animals 

w hereas with mild degrees of hypercholesterolaemia both w ere effective D. 

Hypercholesterolaemia may therefore outweigh the  therapeutic effectiveness 

of antioxidants.6 This does not exclude the possibility that antioxidant therapy 

might be additive to, or possibly even synergistic with, treatm ent with 

cholesterol-lowering agents.8 However, particularly in severely 

hypercholesterolaemic subjects, more conclusive proof of a  protective effect 

of antioxidants from large prospective studies presently in progress 9 is 

needed before antioxidant therapy can be advocated for the treatm ent and 

prevention of atherosclerosis.
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In subjects with FH, quantitative rather than qualitative differences in 

LDL are associated with accelerated atherosclerosis. Therapy in FH should 

therefore be  aimed primarily at reducing LDL-C levels. Reduction of LDL-C 

h as  been shown to induce regression of coronary atherosclerosis in patients 

with heterozygous FH.10 In addition, recent prospective primary and 

secondary prevention studies in hypercholesterolaemic subjects have 

dem onstrated a marked reduction in coronary events a s  well a s  reduced 

mortality with reducthn in LDL-C levels.11,12 In th ese  studies LDL-C was 

reduced by 25-35% and clinical benefit was independent of baseline LDL-C 

level. A recent analysis of mortality trends over time suggests  that the 

prognosis of FH patients is improving now that more effective treatm ent is 

available to lower LDL-C levels.13 The most important therapy for patients with 

FH is therefore reduction of LDL-C even if conventional therapeutic goals are 

not achieved.
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DECLARATION OF INVESTIGATOR(S)

To- be completed in duplicate and ONE COPY returned to the
Secretary at Roca 10001, 10th Floor, Senate House, University.

I/we fully understand the conditions under which I am/we arc 
authorized to carry out the abovementioned research and 1/wc 
guarantee to ensure compliance with these conditions. Should an:
departure to be contemplated from the research procedure a:
approved I/we undertake to resubait the protocolyt,o the Committee.

DATE ........ SIGNATURE

PLZASZ QUOTE 1 ^ 7  PROTOCOL HUMBER IH ALL 2N8U1EIES



V D epartm ent o f  M edicine
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4 March, 1997.

Mrs. Pam  Kissane
Secretary: Committee for R esearch on Human Subjects (Medical) 
Division of Deputy Registrar R esearch 
10th Floor, Room 10004 
S enate  House

FURTHER AMENDMENT TO CRHS PROTOCOL NO: M950821 
‘Open-label treatm ent protocol for the  u se  of atorvastatin (CI-981) in the 
treatm ent of patients with severe hypercholesterolaem ia (Protocol 981-80)'

D ear Mrs. Kissane,

In November 1 9 9 6 1 asked  for approval of an  am endm ent to  Human Ethics 
protocol M950821 which would allow for more patients to b e  eligible for 
atorvastatin (CI-981). This am endm ent w as acceptable to th e  Chairman of the 
CRHS.

I am  now asking for approval of a  further am endm ent - ADDENDUM A . This 
am endm ent will allow i s  to increase the dose  of atorvastatin to a  maximum d o se  
of 16Qmg/day (not to exceed  2.5  mg/kg body weight).
Although m ost of our patients with familial hypercholesterolaem ia have 
responded remarkably well to  atorvastatin adm inistered a t BOmg/day with no 
adverse effects, many of our patients have not yet achieved satisfactory plasm a 
cholesterol levels. The Pharm aceutical company, Parke-Davis, h as  therefore 
kindly ag reed  to allow us to increase the dose  of medication in th ese  patients. 
T he increased d o se  of atorvastatin should lower the  p lasm a cholesterol levels 
of our patients even  further. The patients will be  carefully monitored for any 
adverse effects of the higher dose of medication and the  medication will be 
immediately stopped if any adverse effects a re  noted. All patients will also  be 
asked  to sign another consent form a s  the previous consen t form indicated a 
maximum dose of 80mg atorvastatin/day.

rax  Mo. (O il)  645-8777
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A copy of the amendment is attached - Addendum A. i trust that this 
amendment meets with the approval of the Committee.

Yours sincerely,

DR. FJ.RAAL
FCP(SA), MRCP(UK), FRCPC 
Consultant Physician
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UNIVERSITY OF THE WITWATER5RAND, JOHANNESBURG
Division 

of Deputy Registrar (Research)

M E M O R A N D U M

TO: Dr F J Raai
Department of Medicine 
Medical School

FROM: Mrs Pam Kissane
Secretary: Committee for Research on Human Subjects 
(Medical)
Tel: 716-3556 Fax: 339-5708 

DATE: 7 April 1997

REF: R14/49

Amendment to Protocol M950821: Open-label treatment protocol 
for the use of atorvastatin (CI-981) in the treatment of 
patients with severe hypercholesterolaemia (Protocol 981-80)

Addendum A of the above protocol dated 25 February 1997, has 
been approved by the Chairman of the Committee for Research on 
Human Subjects (Medical).

Thank you for keeping us informed.

/  p.k

120



Letters of confirmation from co-authors to include articles as part of this 

thesis submission to the University of the Witwatersrand.

121



w

Department of Chemical Pathology

UNIVERSITY OF THE WITWATERSRAMD, JOHANNESBURG

Medical School, 7 York Road 
Farktown, Johannesburg

E3 7 York Road, Farktown
2195, SOUTH AFRICA

25 ( Cl )  647-2521 or 647-2021
(Oil) 647-2123 Student Enquries 

Fax (Oil) 647-2521 or 489-8554

26 July 1999

To Whom it May Concern:

I, Antonio Jo se  Areias, ID number 631112503306, do hereby confirm that Dr. 
Frederick J. Raal m ade a  substantial contribution to the  article entitled:

Areias AJ, Richardson J and Raal FJ. “Rapid method for 
measuring copper induced LDL oxidation" 
published in Bur J Lab Med 1995, 1:87-89.

And ag ree  that he include this article a s  part of Ph.D. subm ission to the 
University of the Witwatersrand.

Should you require any information p lease contact me.

Thank You

AJ Areias
MSc (Med)
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Polyclinic

Lito
Pa r a lim n i

Dr Michael Zouvanis
Med(Ger) FCP (SA) M Med (Wits) 
Specialist in Internal Medicine 
Specialist Endocrinologist

29 July 1999

I, Dr Michael Zouvanis. confirm Ilia! Di' Frederick ,1 Raal made 8 
substantial contribution to the article entitled:

Zouvanis M, Raal FJ, Joffe B i and Seltel HC.
‘Mcroalbuminuria is not associated with cardiovascular disease in 
patients with homozygous familial heperctiolesteroiaeraia’ published in 
Atherosclerosis 1995; 113:289-292, and agree that hs can include the 
article as part of his PhD submission to the University o f the 
Witwatersrand.

Yours sir

Dr Michael Zouvanis

8 SOTIRAS AVE, P 0  Box 2 5 1 .5 3 1 2  PARALIMNI, CYPRUS, TEL 03  8250 5 0  (6 LINES), FAX 03 825060

123



Author  Raal F J 

Name of thesis The Atherogenic Lipoprotein Subfraction Studies In Patients With Familial Hypercholestolaemia Raal F J 

1999 
 
 

PUBLISHER: 
University of the Witwatersrand, Johannesburg 

©2013 
 

LEGAL NOTICES: 
 

Copyright Notice: All materials on the Un i ve r s i t y  o f  the  Wi twa te r s rand ,  Johannesbu rg  L ib ra ry  website 
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise 
published in any format, without the prior written permission of the copyright owner. 

 

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you 
may download material (one machine readable copy and one print copy per page) for your personal and/or 
educational non-commercial use only. 

 

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any 
and all liability for any errors in or omissions from the information on the Library website.  

 


