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Abstract: The aim of our study was to investigate the effects of atorvastatin
on serum levels of total cholesterol (TC), low-density lipoprotein (LDL), high-density
lipoprotein (HDL), apolipoprotein Al (apoAl), apolipoprotein B (apoB) and lipoprotein
(a) in patients with primary hyperlipidemia and established coronary heart disease.

Material and Methods. A group of 96 patients (pts), of both sexes, aged 34-59,
with primary hyperlipidemia and coronary heart disease were monitored at baseline and
12 times within 12 months by the measurement of total cholesterol (TC), low-density
lipoprotein (LDL) and high-density lipoprotein (HDL). Apolipoprotein Al (apoAl), apoli-
poprotein B (apoB), and lipoprotein (a) were monitored at baseline, after 6 months and
after 12 months of atorvastatin therapy. The analyses were performed in the laboratory
of the Clinical Biochemistry Institute of the Clinical Centre in Skopje. Serum levels of
TC were evaluated using the calorimetric method, LDL was calculated according to
Friedewald’s formula, and HDL was determined with a precipitation test. Serum levels
of apoAl, apoB and lipoprotein (a) were measured by the immunoturbidimetric method.

The therapeutic doses of atorvastatin used were 40 mg.

Liver enzymes, alanine aminotransferase (AST), aspartate aminotransferase
(ALT) and creatine kinase (CPK) level were also monitored in our patients.

Results: According to our results, total cholesterol (TC), low-density lipopro-
tein (LDL) and apolipoprotein B (apoB) levels decreased after treatment by 43.58%, by



138 Jurukovska-Nospal M., Arsova V. ef al.

41.46%, and by 6,8%; high-density lipoprotein (HDL) increased insignificantly by 4%,
apolipoprotein Al (apoAl) and lipoprotein (a) remained unchanged.

Conclusion: The significant reduction of total serum cholesterol, LDL, and
apoprotein B levels achieved represents the good result of the atorvastatin therapy, as
opposed to the effects on HDL values, which showed no significant increase.

Serum apolipoprotein Al levels and serum lipoprotein (a) levels remainned
unchanged at baseline and after 12 months of atorvastatin therapy, and they remained
stable over time. This probably means that atorvastatin has no therapeutic effect on the
two parameters investigated.

Elevation in alanine aminotransferase and aspartate aminotransferase levels
greater than twice the upper limit of normal were seen in only one patient, after 12
months of atorvastatin therapy. Creatine kinase levels remained stable over time.

Key words: dyslipidemia, cardiovascular disease, statins, atorvastatin.

Introduction

Atherosclerotic vascular diseases, which include coronary heart disease
(CHD), stroke and peripheral arterial disease (PAD), are a leading cause of
death in the general population all over the world [1]. As is known, the process
of artherosclerosis represents their underlying etiological factor, which with its
step-like and progressive course is the end result of an existing interreaction
between genetic factors and factors from the surrounding living conditions. This
interreaction, however, includes degenerative, inflammatory and immunological
processes.

According to World Health Organization statistics, more than 16 mil-
lion people die from cardiovascular disease each year, and in 2001 7.2 million
deaths were caused by heart disease. By the year 2020 approximately 25 million
deaths from cardiovascular disease are expected annually worldwide, and
almost half of these deaths (11.1 million) will be from coronary heart disease
[1,2].

Disturbed fat metabolism in affected individuals, either as a primary
abnormality or as secondary to other disorders, expressed by pathological lipid
blood values (dyslipidaemia), is one of the leading risk factors for the occur-
rence of cardiovascular disease. Because of this, extensive research has been
done in order to provide the possibility of the progressive course of arthero-
sclerosis being prevented by early employment of adequate therapeutic mea-
sures in this group of pts. [3].

In epidemiological studies measurements of serum cholesterol have
been routinely used. The relationship between cholesterol levels and the inci-
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dence of coronary heart disease is almost entirely dependent on low-density
lipoprotein (LDL) [4].

Statins can induce relatively large reductions in plasma cholesterol
levels and are established drugs for the treatment of hypercholesterolaemia and
combined hyperlipidaemia. Clinical trials have demonstrated that they can
induce regression of vascular atherosclerosis as well as reduction of cardio-
vascular-related morbidity and mortality in patients with and without coronary
heart disease.

Statins are highly effective in lowering LDL and have an excellent
tolerability profile. Backed by clear evidence of a reduction in morbidity and
mortality, statins are the drugs of first choice for treatment [4].

The aim of our study was to investigate the effects of atorvastatin on
serum levels of total cholesterol (TC), low-density lipoprotein (LDL), high-den-
sity lipoprotein (HDL), apolipoprotein Al (apoAl), apolipoprotein B (apoB),
and lipoprotein (a) in our patients with primary hyperlipidaemia and established
coronary heart disease.

Material and Methods

A group of 96 patients (pts), of both sexes, aged 3459, with primary
hyperlipidaemia and coronary heart disease were monitored at baseline and 12
times within 12 months by measurements of total cholesterol (TC), low-density
lipoprotein (LDL) and high-density lipoprotein (HDL). Apolipoprotein Al
(apoAl), apolipoprotein B (apoB), and lipoprotein (a) were monitored at ba-
seline, after 6 months and after 12 months of atorvastatin therapy. The analyses
were performed in the laboratory of the Clinical Biochemistry Institute of the
Clinical Centre in Skopje. Serum levels of TC were evaluated using the calo-
rimetric method, LDL was calculated according to Friedewald’s formula, and
HDL was determined with a precipitation test. Serum levels of apoAl, serum
levels of apoAl, apoB and lipoprotein (a) were measured by the immunotur-
bidimetric method. The therapeuthic doses of atorvastatin used were 40mg.
Liver enzymes, alanine aminotransferase (AST), aspartate aminotransferase
(ALT) and creatine kinase (CPK) levels were also monitored in our patients,
with the purpose of determining the use of statins in and the manifestation of
unwanted side-effects by their use.

Statistical analysis

The results achieved from the diagnostic procedures used were entered in a
data-base file by using the Microsoft Excel program and a separate note for each
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study case, with multiple variables, was defined in it. Data collected in this way
were elaborated by using the Excel Statistics and Statgraf programmers package.

Statistical evaluation was carried out by calculation of means, student ¢-fest
and z-test as well as linear regression for evaluation of dependency of variables.

Results

After a 12-month treatment phase with atorvastatin, the study group
with primary hyperlipidaemia and coronary heart disease showed the most
significant therapeutic effect on the level on the total cholesterol (TC) and
lowdensity lipoprotein (LDL) with a significant reduction of 43.6% (p < 0.001).
Before initiation of treatment cholesterol levels were 7.48 + 2.62 mmlo/L
and after the 12-month treatment phase cholesterol levels were 4.22 + 1.12
mmol/L.

A significant effect was observed with levels of low-density lipoprotein,
with concentration dropping from 4.92 + 1.35 mmol/L before initiation to 2.88
+ 0.87 mmol/L after treatment. This was also a significant reduction of 41.16%
(p <0.001).

The levels of the “protective or good” cholesterol increased from 0.96 +
0.22 mmol/L to 1.00 = 0.35 mmol/L from before to after treatment, respec-
tively. This rise of 4% was statistically insignificant (p > 0.05) (Diagram 1).
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Diagram 1 — Presentation of levels of TC, LDL, and HDL,
within 12 months of atorvastatin therapy

I'paghuron 1 — [lpuxas Ha epeonociuuitie na TC, LDL u HDL,
80 itiekoill Ha 12-meceuHailia itiepaiiuja co aiiopsaciuaiium
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Laboratory evaluation of apolipoproteins Al, apolipoproteins B, and
Lp(a) may help the diagnosis of dyslipidaemia. By correction of blood values of
these components it is possible to slow down the existing process of athero-
sclerosis and prevent some of its consequences [5].

Therapy with atorvastatin showed a marked, but still insignificant,
effect on the values of atherogenic apolipoprotein B (apoB), whose values were
reduced by 6.8%, from the initial value of 1.63 £ 0.59 to 1.52 + 0.46, after
showing an insignificant effect on the “protective” apolipoprotein Al (apoAl)
and highly atherogenic lipoprotein (a), whose values remained unchanged.

Results from evaluated parameters are shown in Table 1
Table 1 — TaGena 1

Mean values of TC, LDL and HDL and apoB, at baseline and after 12 months
of atorvastatin therapy
Cpeonuitie speonociuu Ha TC, LDL, HDL u apoB iipe0 3ailouHysarbe
co iepaiiujaita u iio 12-meceunaitia itiepaiiuja co aiiop8acitiaitiur

Before After p
TC (mmol/1) 7.48 +£2.62 422 +1.12 <0.001
LDL (mmol/1) 4.92 +£1.35 2.88 +£0.87 <0.001
HDL (mmol/1) 0.96 £ 0.22 1.00 +£0.35 n.s.
apoB (g/) 1.63 +0.59 1.52+0.46 <0.01
apoAl (g/l) 1.1 +021 1.2+0.18 n.s.
Lp(a) 74 + 0.46 73.5+0.35 n.s.

Some studies indicate that apoprotein B is a better marker for CAD than
LDL. The importance of apoB as a marker for proving a coronary is variable
and exclusively dependent on the presence and form and the size of LDL
particles [7].

More than 90% of the apoB within the plasma of normolipidemic
individuals is contained in the LDL fraction, hence there is little difference
between the levels of total plasma apoB and the levels of apoB in LDL.

In our patient study group we performed an analysis of linear depen-
dence between values of apolipoprotein B and LDL and the findings achieved
showed that a certain, but not strong, linear dependence exists between them (R
=.57394365 and R*=.32941131) (Diagram 2).

Prilozi, Odd. biol. med. nauki, XXVIII/2(2007), 1374147



142 Jurukovska-Nospal M., Arsova V. et al.
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Diagram 2 — Graphical presentation of linear dependence between values
of apolipoprotein B and LDL
I'pagpuron 2 — I'papuuru tipuxas Ha Gipasaitia Ha pezpecuja HA UCHUTHLY8AHATUA
AUHEapHa 3a8UCHOCITL loMe?y 8peOHOociliuilie Ha ailoauilotiipoitieuroiti b u LDL
xoaecuiepoaoiu

Discussion and Conclusion

Disturbed fat metabolism in affected individuals, expressed by patho-
logical lipid blood values (dyslipidaemia), represents one of the leading risk
factors for the occurrence of cardiovascular disease, and that is why the prog-
ressive course of artherosclerosis might be prevented by therapeutic correction
of existing high blood values [3].

Dyslipidaemia may be secondary to other disorders or a primary abnor-
mality. Common causes of secondary dyslipidaemia include: diabetes mellitus,
nephrotic syndrome, chronic renal failure and hypothyroidism. Of the primary
causes of dyslipidaemia, the most severe forms are caused by genetic disorders
of lipoprotein metabolism [4].

Laboratory tests for the diagnosis of dyslipidaemia are most frequently
made by means of laboratory investigations of the total cholesterol, triglyce-
rides, low-density lipoprotein (LDL), and high-density lipoprotein (HDL) va-
lues. Laboratory evaluation of apolipoproteins A1, apolipoproteins B and Lp(a)
may help diagnosis. By correction of the blood values of these components it is
possible to slow down the existing process of atherosclerosis and prevent some
of its consequences [5].
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In epidemiological studies measurements of serum cholesterol have
been routinely used. The relationship between cholesterol levels and the inci-
dence of CHD is almost entirely dependent on low-density lipoprotein (LDL),
though oxidised LDL is the most atherogenic form of LDL [6].

So low-density lipoprotein (LDL) has been recognised as a prime target
for lipid intervention to prevent CHD.

HDL is the smallest, but most abundant, of the lipoproteins. It returns about
20-30% of cholesterol in the blood to the liver from peripheral tissue for excretion.
It does not cause atherosclerosis, but actually protects against its development. As is
known, apolipoproteins are the protein constituents of lipoproteins.

Apolipoprotein Al represents the dominant protein in HDL structure
and constitutes approximately 65% of serum values of apoAl in HDL. Apo-
lipoprotein Al, like HDL, does not cause atherosclerosis, but actually protects
against its development.

Apolipoprotein B is the apolipoprotein involved in chylomicron, VLDL
and LDL metabolism. The serum concentration of apoB reflects the number of
particles of VLDL and LDL in the circulation.

Some studies indicate that apoprotein B is a better marker for CAD than
LDL. The importance of apoB as a marker for proving a coronary is variable
and exclusively dependent on the presence, form and size of LDL particles [7].

More than 90% of apoB within plasma of normolipidaemic individuals
is contained in the LDL fraction, hence there is little difference between the
levels of total plasma apoB and the levels of apoB in LDL. Sniderman et al.
have shown that among premature CAD patients with normal LDL levels, the
percentage of apoB within LDL is often extremely elevated [8].

Several retrospective studies have shown a strong independent corre-
lation between LP(a) and atherosclerotic heart disease, especially at an early
age, and its values over 0.30 g/l are associated with a doubly increased coronary
risk, and consequently the occurrence of cardiac arrest at an early age.

Lipoprotein (a) is considered a genetic variant of LDL cholesterol, which
has similar but not identical physical and chemical, imunological and specific
functional characteristics. In the last few years many new studies published have
been devoted to the role of Lp(a) in the process of thrombogenesis [9-11].

The National Cholesterol Education Programme Adult Treatment Panel

[T (NCEP ATPIII) has made recommendations for the treatment of hyperchole-
sterolaemia.

The NCEP ATP III guidelines continue to identify LDL as the primary
target for CHD prevention and defines the optimal LDL level as < 2.6 mmol/l or
lower, compared with < 3.4 mol/l in the ATP II guidelines. The recommended
LDL level has been lowered because the risk of developing CHD appears to be
less when the LDL is maintained at a level of < 2.6 mmol/l. Also, an LDL goal
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of < 2.6 mmol/l is now the target goal for patients with both CHD and CHD-
risk equivalents, such as diabetes, carotid or peripheral vascular disease.

Low HDL is a strong independent predictor of CHD, and is defined in
NCEP ATP III as < 1 mol/l. In previous guidelines the level was < 0.9 mol/l. By
raising the HDL cutting point to < 1 mol/l, more patients with an increased risk
of developing CHD are identified [12].

Statins can induce relatively large reductions in plasma cholesterol
levels and are established drugs for the treatment of hypercholesterolaemia and
combined hyperlipidaemia. Clinical trials have demonstrated that they can
induce regression of vascular atherosclerosis as well as reduction of cardio-
vascular-related morbidity and mortality in patients with and without coronary
heart disease [13-16].

They are used for correction of total cholesterol and the atherogenic
LDL, but in patients with reduced values of protective HDL as well.

But there is no further information about the effects of the recently-
introduced statins on Apolipoprotein Al, B and lipoprotein (a).

The Scandinavian Simvastatin Survival Study (4S)1 was the first study
to demonstrate a benefit from statins in patients with CHD. These patients had
angina pectoris or previous MI, and raised cholesterol levels of 5.5-8.0 mmol/L
(mean LDL-C 4.87 mmol/L,). Thus, statin treatment has been shown to provide
morbidity and mortality benefits in a wide range of patients. These benefits have
been seen even in patients at low risk and with average baseline cholesterol levels,
supporting the use of aggressive cholesterol-lowering with statins [18]. The Heart
Protection Study (HPS) found a benefit in treating subjects at high risk of coronary
events with 40mg. simvastatin daily, regardless of baseline LDL levels. The study
found no negative effects with 40mg. simvastatin daily [13].

The Myocardial Ischaemia Reduction with Aggressive Cholesterol
Lowering (MIRACL) study (with 80mg. atorvastatin daily in pts. with acute
coronary syndromes), showed that at the end of the study (after 16 weeks) LDL
had decreased by an adjusted mean of 40%. Changes in HDL cholesterol during
the study were minor.

In this trial, early treatment with atorvastatin reduced recurrent ischae-
mic events.

No serious adverse event occurred in a frequency of more than 1% of pts.
[14].

The basic mechanism of action of the statins is inhibition of the
HMGoA reductase, the essential enyzme in a synthesis of the endogenic chole-
sterol, but the statins also have effects on body functions different from those
associated with the above-mentioned ones. These are called nonlipid or pleo-
tropic effects. They influence a wide range of systems, and include vasodilative
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effects through the increase of NO production, antithrombotic, antioxidant,
antiproliferative, antiinflamatory and plaque stabilizing effects [17].

However, the clinical studies performed so far show that aggressive
therapeutic decrease of LDL with statins results in lowering morbidity and
mortality rates associated with atherosclerotic vascular diseases in humans.

In our study, the significant reduction of total serum cholesterol, LDL, and
apoprotein B levels achieved represents the good results of atorvastatin therapy, as
opposed to the effects on HDL values, which showed no significant increase.

Serum apolipoprotein Al levels and serum lipoprotein (a) levels rema-
inned unchanged at baseline and after 12 months of atorvastatin therapy, and
they remained stable over time. This probably means that atorvastatin has no
therapeutic effect on these two investigated parameters.

In spite of this, irrespective of the fact that statins do not act directly on
Lp(a) values, because of their proven therapeutic effect on LDL values, aggres-
sive treatment with this agent, especially in patients with increased values of
both Lp(a) and LDL, could achieve a significant decrease of morbidity and
mortality from atheroslerosis and vascular diseases.

As to patients with either proven CAD or increased risk of developing
such a disease, treatment with statins is recomended not only in pts. with
pathological blood values of lipoproteins but also in those with normal values.
In our opinion, it could be concluded that statins are agents which contribute
greatly to the control and progress (development) of atheroslerosis, with all the
consequences this has in humans.
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Peszume

E®EKTOT HA CTATUHUTE (ATOPBACTATHUHOT)
HA CEPYMCKUTE JUIIOINIPOTENHCKHA BPETHOCTHU
KAJITAIIMEHTUTE CO IPUMAPHA XUITEPJIMIIMAEMMNIA
N KOPOHAPHA APTEPUCKA BOJIECT

Jypykoscka-Homman M.,' Apcosa B.,” Jlepaancka J.,”
Cunnoscka-UBanoscka B.!

"Uncitiuinyin 3a cpuyesu 3a6oaysarba, Kaunuuku yenitiap, Croiije, Meouyuncku
¢axryaineit, Yuusepsuitieiti ,, Ce. Kupua u Meitioouj , Cxoiije, P. MakeOooHuja
Unciuinyiu 3a 6uoxemuja, Croiije, Meouyurcxku garyaitieit,
Yuusepauiteiti ,, Ce. Kupuna u Meitioouj*, Cxoiije, P. Maxeoonuja

Llenra Ha HamaTa cryamja 6erie ga ce uCnuTa e(puKacHOCTa Ha aTopBac-
TaTUHOT, HA CEPYMCKUTE BPEJHOCTY Ha TOTAIHUOT xojecrepoi, LDL, HDL, amo-
JIMIONIPOTEUHOT A, aloJIUINONPOTENHOT b 1 JUMONPOTENHOT a. Kaj NalMEeHTH CO
MpUMapHa XANEPINNUIeMHja U JoKaxkaHa KOPOHAapHa apTepucKa 0oJecT.

Maitepujan u meitioou: bea ucnenenn BKymHo 96 mammeHTH, off ob6ata
nmoJta, Ha Bo3pact of] 34—59 roguHu, Co MpUMapHa XUTIePIHIUIEMAja 1 KOPOHApHA
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apTepucka 0oJecT U Kaj UcTuTe Oea aHAIU3UpPaHU BPEJHOCTUTE HAa TOTATHUOT
xonecrepon, LDL u HDL, npep 3anoyHyBame co TepanujaTa, a notoa 12 natu Bo
TEeKOT Ha 12 Mecenu. ANONMUIONPOTENHOT A, anoJunonporenHor b u nunonpo-
TEMHOT a., 0ea MEpEeHN Mpejl 3all0YHYBalke CO Tepanujara, o HIecT Meceny H 110
12 mecenu Tepanuja. AHanusute Oea u3BplIeHU Bo MHcTUTyTOT 3a KnmHmuka
6uoxemuja, Knuanuku nenrap, Ckomje.

BpepgHocTTe Ha TOTANHHMOT XOJecTeposl Oea MOOMEHH CO EH3MMCKa
KamopuMeTpucka metopna, LDL Gemre gobuen no Friedwaldova ¢opmyma, a HDL
CO MpEUUNUTAIMOHEH TeCT. BpelHOCTHTE HAa aloJUMONPOTEUHOT A, aNOJIHUIO-
MPOTENHOT b M AUNONpOTEenHOT a, 6ea MEpPEHN CO UMYHOTYPOUUMETPHUCKA Me-
toaa. Tepanuckara no3a Ha aTopBacTaTHHOT Oetie 40 Mr Ha fieH.

Co e ga ce onieHu 6e36egHOCTa Ha ynoTpebaTa Ha CTATUHM Kaj MalyeH-
THUTE, UCTO TaKa 0ea MEepeHH XelaTallHUTe €H3UMH, CEPYMCKHUTE TpaHCaMUHAa3H
(AST u ALT), Kako 7 BpeTHOCTHTE Ha KpeaTnHUH KnHa3aTa (CPK).

Pezyaiuaitiu: bea noObueHu clieqHUTE Pe3yaTaTU: BPEHOCTUTE Ha TOTAJI-
HHUOT XoJiecTepos Oea HamaseHu 3a 43,58 % mno 12-meceynaTa Tepamnuja co aTop-
BacTaTuH, BpefHocTuTe Ha LDL Gea Hamanenu 3a 41,46 %, Ha anoNUNONPOTEUHOT
b 3a 6,8%. Bpemgnocture Ha mporektuBHMOT HDL Gea Haromemenm 3a 4%,
fofieKa BPEHOCTUTE Ha amoJUINONPOTEMHOTA M JUMNONPOTEMHOT a. OCTaHaa
HEMPOMEHETH Mo 12-MecedHa Tepanuja co aTOpBaCTaATHH.

3akayuox: MoxeMe Jla 3akilyuuMe fieka 1o 12-mecedHara Tepamnuja co
aTopBacTaTHH BO fio3a off 40 Mr Ha fieH Oellle IOCTUTHATA 3HayajHa pefyKlyja Ha
TOTATHUOT XosecTepoda u LDL xosecteposnoT, e(peKTOT Ha aTOpPBACTaTHHOT Ha
anomnonpoTenHoT b m nmporektuBHHOT HDL € moman BO OgHOC HAa TOTAJIHUOT
xonectepona u LDL. Bo ogHOC Ha BpeJHOCTUTE HA allOJIMIIONPOTENHOT A U JUIO-
IIPOTEUHOT a., He Oellle peruCTpUpaH TEPANUCKU €(PEKT Ha aTOPBACTaTUHOT.

EneBanuja Ha cepyMcKuTe aMHHOTpaHc(epasy, HOBeKe Off [Ba MaTH Of
HOpMaJIHaTa BPEHOCT, Oellle perncTpupana camo Kaj efieH manueHT, mo 12-mece-
yHa Tepanuja, BpegHocTuTe Ha KpeaTuHNH (PochOKMHA3ZATA OCTaHAA CTAOWUITHU
BO TEKOT Ha [EJMOT MEepHOJ] Ha CTaTHHCKATa Teparnuja.

Knyunn 300poBm: nucnunupeMuja, KapauoBacKylapHa OOJecT, CTaTHHM, aTop-
BaCTaTHH.
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