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ORIGINAL ARTICLE

Action of statins upon thrombogenesis,
fibrinolysis and inflammation in coronary patients

Efthimiadis Ap, Psirropoulos D, Efthimiadis I, Lefkos N

Clinic of Lipid Disturbances, 2" Dept. of Internal Medicine, Medical School of Aristotelian
University of Thessaloniki, Hippokration Hospital, Thessaloniki, Greece.

It has been established that the use of statins and
application of a healthy modified diet and way of life
have a favorable influence upon lipids, fibrinogen,
PAI-1, t-PA, and C-reacting protein (CRP) in
hyperlipidaemic patients with angina manifestations.

We studied 206 hyperlipidaemic patients (phe-
notypes Ila and IIb, according to Fredricson) of both
sexes (M=116, F=90, mean age 51.7+ 6.8 years)
hospitalized in our department with angina mani-
festations. Group A consisted of 65 patients, 44 with
stable angina (M=31, F=13) and 21 with unstable
angina (M=12, F=9), treated with pravastatin 20
mg daily while Group B consisted of 141 patients,
112 with stable angina patients (M=62, F=60) and
29 with unstable angina (M=13, F=16), treated with
fluvastatin 40 mg daily. Patients with conditions af-
fecting the acute inflammatory proteins were ex-
cluded from the study. All patients followed a spe-
cific diet for three months at the same time as
antilipidaemic treatment was administered. At the
end of the three months period, all patients under-
went the same clinical, biochemical and electrocar-
diographic estimation as at baseline.

The concurrent application of our healthy modi-
fied model of diet and living and antilipidaemic drug
treatment for three months resulted to: 1) A statisti-
cally significant reduction of total-ch, triglycerides,
LDL-ch levels and significant elevation of LDL-ch
compared to those at baseline. 2) A reduction of fi-
brinogen levels: 7.9% in the fluvastatin group
(p<0.05) and 4.8% in pravastatin group. 3) A statis-
tically significant reduction of PAI-1 levels and a

It is a well-established fact that hyperlipidaemia
is a major risk factor for coronary arterial disease
(CAD) development. The reduction of blood lipid
levels by antilipidaemic drugs, modification of diet,

statistically significant elevation of t-PA levels com-
pared to those at baseline. 4) A statistically signifi-
cant elevation (p<0.001) of CRP levels at baseline
in patients with unstable angina compared to those
with stable angina and with normal values. 5) A
greater reduction (p<0.05) of CRP levels after three
months’ treatment with pravastatin compared to
those with fluvastatin. 6) A good long-term outcome
for all patients. Thirty-two patients from the group
with unstable angina had a positive for CAD exer-
cise test (Ex) performed one month after discharge
whilst the remaining 8 had an uncertain or negative
Ex. 24 of them underwent coronary angiography with
stenotic lesions < 50% in one or two arteries. Drug
treatment was continued and an appointment after
six months was recommended. 7) A non-statistically
significant elevation within normal levels of SGPT,
SGOT, CpK-MB. The levels of serum glucose and
the other biochemical parameters were not influ-
enced. 8) Gastroenteritis in six patients which was
managed without interruption in the administration
of the antilipidaemic drug.

The combination of a hypolipidaemic diet, regu-
lar exercise, cessation of smoking, loss of body weight
and hydrophilic statins seems to act favorably on
hyperlipidaemic coronary patients improving clini-
cal status and anatomic lesions. This action is
achieved by functionally improving the endothelium,
suppressing the inflammation, reducing the
thrombogenesis, supporting the fibrinolysis and de-
creasing the lipid levels.
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and application of a healthier way of life is associ-
ated with retardation in process of CAD and improve-
ment of its clinical manifestations'=.

Relatively new independent CAD risk factors



HIPPOKRATIA 2002, 6, 4 187

with prognostic significance such as cells (macroph-
ages, platelets, T-lemphocytes, smooth muscle cells),
coagulation-fibrinolysis factors (tissue plasminogen
activator, plasminogen activator inhibitor-1), dys-
function of the endothelium, elevated levels of fi-
brinogen, and inflammation have been added to
hyperlipidaemia, arterial hypertension, smoking,
and diabetes mellitus**2.

Fibrinogen is a dissolvable glucoprotein with high
molecular weight (MW), produced in the liver with
a half living time of 86-100 hours and an acceptable
mean serum level of less than 300 mg/dl. Its levels
are influenced as much by genetic and hereditary
factors as by acquired ones. High fibrinogen levels
are considered to be very sensitive prognostic indexes
for unstable forms of CAD (unstable angina, acute
infarction)*’.

Tissue plasminogen activator (t-PA) and plasmi-
nogen activator inhibitor (PAI-1) contribute through
plasmine to lysis or stabilization of haemorrhagic
thrombus. Their values vary widely in venous throm-
boses, ischaemic heart disease, diabetes mellitus and
obesity. The acceptable normal values for PAI-1 are
between 4-43 ng/ml and for t-PA 1-12 ng/m]*6813-14,

The presence of inflammation at the site of the
atherosclerotic lesion plays an important role in the
natural history of the endothelial injury. The partici-
pation of the macrophages and their excreted sub-
stances in the inflammatory process contributes to
the rupture of unstable atheromatic plaques that are
responsible for the development of acute ischaemic
episodes. The activation of coagulation factors, as a
result of rupture, and its combination with platelets
and fibrinogen lead to thrombus formation and to
total or subtotal arterial occlusion'®".

There is growing evidence of the independent
prognostic importance of the elevated serum levels
of C-reactive protein (CRP) in acute ischaemic epi-
sodes (normal values 0.05-0.25 mg/dl). High levels
of CRP in apparently healthy people without or with
atypical coronary symptoms may indicate an under-
lying endothelial inflammation accompanied by an
accumulation of inflammatory cells (macrophages,
smooth muscle cells, T-lemphocytes) in an unstable,
relatively small, atheromatic coronary plaque which
leads to its progressive activation and finally to rup-
ture!%12,

There is also strong evidence that hypolipidaemic
drugs such as statins, in addition to their main action
of reducing lipid levels, have a favorable influence
upon clinical CAD manifestations, not only revers-
ing the long term atherosclerotic process (2-2.5
years) but also directly improving the endothelial

function, resulting in plaque stabilization and a re-
duction in the incidence of acute ischaemic epi-
sodes!®?,

The aim of the study was to test the hypothesis
that statins and healthy modified models of diet and
way of living have a favorable influence upon the
prognostic values of t-PA, PAI-1, fibrinogen, and CRP
in hyperlipidaemic patients with angina.

Methods

We studied 206 hyperlipidaemic patients (phe-
notypes Ila and IIb, according to Fredricson) of both
sexes (M=116, F=90, mean age 51.7+ 6.8 years)
hospitalized in our department with angina mani-
festations. One hundred and fifty six patients (M =96,
F=060) suffered from stable angina while the remain-
ing 40 (M=20, F=20) suffered from unstable an-
gina.

The above patients were divided into two groups.
Group A consisted of 65 patients, 44 with stable an-
gina (M=31, F=13) and 21 with unstable angina
(M=12,F=9 0, treated with pravastatin 20 mg daily
while Group B consisted of 141 patients, 112 with
stable angina (M=62, F=60) and 29 with unstable
angina (M=13, F=16), treated with fluvastatin 40
mg daily.

A detailed history and an ECG were obtained at
baseline from all patients in order to clarify the clini-
cal status of angina manifestations, stable or un-
stable. The criteria for definition of unstable angina
were: a) prolonged retrosternal pain of greater than
30 min duration that appeared with minimal exer-
cise and/or in rest without responding to sublingual
nitrates; b) electrocardiographic changes (ST de-
pression and/or T inversion); c¢) absence of patho-
logical alterations in CpK-MB, SGOT, SGPT, LDH
blood levels. All patients were estimated for fasting
(12 hours of fasting), total cholesterol (total-ch),
LDL-ch, HDL-ch, triglycerides, t-PA, PAI-1, fibrino-
gen, CRP blood glucose, CpK-MB, SGPT, SGOT,
and LDH. Patients with acute myocardial infarction
(AMI), arterial hypertension, diabetes mellitus, or
who were taking drugs such as b-blockers, antico-
agulation, non-steroids and had conditions affecting
the acute inflammatory proteins were excluded from
the study.

After the recruitment, the administration of any
antilipidaemic drug was interrupted for two weeks
and all patients followed the specific model of diet
(hypolipidaemic diet, exercise, cessation of smok-
ing, reduction in body weight) for the next three
months together with the newly added antilipidaemic
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therapy (pravastatin or fluvastatin) at the end of the
first two weeks.

All patients with unstable angina at the end of
the first month of follow-up underwent an exercise
test (Ex).

At the end of the three-month period, all patients
underwent the same clinical, biochemical and elec-
trocardiographic estimations as at baseline.

Mild smokers (< 10 cigarettes daily) and obese
patients were present in both groups in the same pro-
portions.

The quantitative estimation of all parameters was
carried out in our laboratory. The biochemical pa-
rameters were estimated using the chromatometric
method and reagents provided by Randox, U.K. The
fibrinogen serum levels were estimated using
microlatex particle-mediated immunoassay (clotting
method) and reagents provided by Diagnostica Stago,
France. The CRP serum levels were estimated using
the nephelometric method and reagents provided by
Biosystems, Spain. PAI-1 and t-PA serum levels were
estimated by an immunoassay method (Elisa) using
reagents provided by Diagnostica Stago, France.

Statistical analysis was performed using the t-Stu-
dents test with the biostatistical program Primer for
Windows.

Results

The concurrent application of our healthy modi-
fied model of diet and living and antilipidaemic

Table 1. Alterations in lipid levels

drug treatment for three months resulted in:

1) A statistically significant reduction of total-ch, trig-
lycerides, LDL-ch levels and a significant eleva-
tion of LDL-ch (Table 1) compared to those at
baseline.

2) A reduction of fibrinogen levels: 7.9% in flu-
vastatin group (p<0.05) and 4.8% in pravastatin
group (Table 2).

3) Astatistically significant reduction of PAI-1 levels
and a statistically significant elevation of t-PA lev-
els compared to those at baseline (Table 2).

4) A statistically significant elevation (p<0.001) of
CRP levels at baseline in patients with unstable
angina compared to those with stable angina and
with normal values (Table 3).

5) A greater reduction (p<0.05) of CRP levels after
three months’ treatment with pravastatin com-
pared to those with fluvastatin (Table 3).

6) A good long-term outcome for all patients. Thirty-
two patients from the group with unstable angina
had a positive for CAD exercise test (Ex) per-
formed one month after discharge whilst the re-
maining 8 had an uncertain or negative Ex.
Twenty four of them underwent coronary angiog-
raphy with stenotic lesions < 50% in one or two
arteries. Drug treatment was continued and an
appointment after six months was recommended.

7) A non-statistically significant elevation within
normal levels of SGPT, SGOT, CpK-MB. The
levels of serum glucose and the other biochemi-
cal parameters were not influenced.

Initial values | p’ Pravastatin p” Fluvastatin p
Total-ch (mg/dl) 311.0%=35.0 0.001 228.4+28.1 NS 222.7+31.0 0.001 *
Triglycerides (mg/dl) | 210.0=24.0 0.001 155.6%23.5 NS 147.6+21.9 0.001 *
HDL-ch (mg/ml) 36.8+12.7 0.001 39.4+10.1 NS 40.0x11.1 0.001 *
LDL-ch (mg/dl) 232.0+16.8 0.001 157.9+18.2 NS 156.7x19.0 0.001 *
p* = compared to initial values, p = between two groups (pravastatin and fluvastatin).
Table 2. Alterations in fibrinogen, PAI-1 and t-PA levels
Initial values p Pravastatin p” Fluvastatin P
Fibrinogen (mg/dl) 406.0+44.0 0.05 398.0+47.0 0.05 373.9+37.8 0.001
PAI-1 (ng/dl) 39.4+11.2 0.001 34.8+9.2 NS 33.4+9.8 0.001
t-PA (ng/dl) 8.1+2.9 0.001 10.2+2.4 NS 10.7+2.8 0.001

p* = compared to initial values, p** = between the two groups (fluvastatin and pravastatin).
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Table 3. Alterations in CRP (mg/dl) values

Angina Initial values | p” Pravastatin p Fluvastatin p”
Stable 0.10=0.002 * NS 0.095+0.002| NS 0.098+0.002 | 0.05
Unstable 0.30+0004 * 0.001 0.19+0.001 0.05| 0.24%=0.001 0.05

p* < 0.001 between the groups with stable and unstable angina at baseline,

p~ = compared to initial values,

p~ = between the two groups (fluvastatin and pravastatin).

8) Gastroenteritis in six patients which was managed
without interrupting administration of the
antilipidaemic drug.

Discussion

Hyperlipidaemia has been documented by nu-
merous well organized clinical and epidemiologi-
cal studies (4S%, WOS?*, CARE ¥, FLINT #, LCAS
¥ FLARE ¥, LIPID*) as the major CAD risk fac-
tor. The hypothesis that the reversion of atheromatic
lesions is possible when long-term (2-2.5 years)
hypolipidaemic drug treatment results in a reduc-
tion of total and LDL serum cholesterol, has also
been supported by these studies™=.

The appearance of a thrombus superimposed on
the erosion or fissure of an atherosclerotic plaque is
the mechanism involved in the sudden development
of acute ischaemic episodes. According to a newly
developed concept, the levels of lipids, fibrinogen,
PAI-1, t-PA and the presence of inflammation and
endothelial dysfunction at the site of the lesion (mac-
rophages, smooth muscle cells, T-lemphocytes,
cytokines, interleukines etc.) gradually activate the
unstable, relatively small, atheromatic coronary
plaques resulting in their rupture and activation of
thrombogenic factors that finally lead to formation
of athrombus responsible for total or subtotal occlu-
sion of the artery involved®*,

Statins are a relatively new, effective type of
antilipidaemic drug with well studied action mecha-
nisms and few reversible side effects. Pravastatin is
a natural first generation hydrophilic statin while
fluvastatin is the first synthetic hydrophilic statin'>%.

The ability of hydrophilic statins to delay or to
reverse the atheromatic process and the underlying
mechanisms (fibrinogen t-PA, PAI-1, macrophages,
pre-inflammatory cytokines) has been the subject of
extensive research!®?. The multiple capabilities of
statins seem to improve the overall endothelial func-
tion resulting, in a long-term reduction of acute
ischaemic episodes!®-2* 323,

Analyzing our findings, the administration of

pravastatin (20 mg/daily) and fluvastatin (40 mg/
daily) in conduction with a healthy modified model
of diet and exercise for a period of three months has
resulted in to:

1. A statistically significant improvement in lipid
levels in both groups of patients (pravastatin or
fluvastatin) compared to those at baseline; no sig-
nificant differences were observed between the abili-
ties of the two drugs to reduce the lipid levels (Table
1). These results are close to other reports and un-
derline the equally effective antilipidaemic action
of pravastatin and fluvastatin on lipidaemic profile12-
19, 25-31.

2. A reduction of fibrinogen levels (7.9%) by
fluvastatin with statistical significance compared to
those at baseline (p<0.001) while pravastatin re-
sulted in a smaller reduction (4.8%) compared to
initial values (p<0.05) (Table 2). In addition, the
administration of both statins seems to have an equal
effect in improving with statistical significance
(p<0.001) the fibrinolytic mechanism (PAI-1 reduc-
tion and t-PA elevation) compared to initial values
(Table 2). These findings support other studies that
indicate the favorable action of hydrophilic statins
on thrombogenic factors10-19, 32-36 and the fibrin-
olytic system15-21, 32-33.

3. A statistically significant reduction of CRP lev-
els (patients with unstable angina) by pravastatin
(p<0.001) compared to those at baseline, while
fluvastatin resulted in a less significant reduction
(p<0.05) (Table 3). The CRP levels were at baseline
significantly elevated (p<0.001) in the patients with
unstable angina compared to normal values and to
those of patients with stable angina (Table 3). These
findings support other reports that indicate the fa-
vorable influence of both statins on the inflamma-
tory process!?-14 344,

The good long-term outcome of these patients
and the low incidence of side effects in combination
with the favorable action on the inflammatory pro-
cess and thrombogenic and fibrinolytic mechanisms
underline the efficiency of these hydrophilic statins
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and improve the prognostic evaluation of hyperli-
pidaemic coronary patients*#1321:28.29,

The combination of a hypolipidaemic diet, regu-
lar exercise, cessation of smoking, loss of body weight
and hydrophilic statins seems to act favorably in
hyperlipidaemic coronary patients, improving clini-
cal status and anatomic lesions. This action is
achieved by functionally improving the endothelium,
suppressing the inflammation, reducing the thrombo-
genesis, supporting the fibrinolysis and decreasing
the lipid levels.

Our conclusions indicate the need for more ex-
tensive and longer lasting studies that may provide
definitive proof of the action of statins on the under-
lying mechanisms responsible for the atherosclerotic
process.

Iegiinyn

EvOvudons Ax, Pveeomovios A, EvBvuidong I,
Aevxos N. Eridgaon tov otativév ota Mntidie, oto
LVOOOYGVO %OL OTLS TUQUUETQOVS PAEYIOVIS ATO-
ROV ne GVENUEVO %ivouvo otegoviaiag véoov. -
morpdreto 2002, 6: 4: 186-192

Znomog TS €QYQOlOS €lvaL O EAEYYOS TWV
UETOLOLDV TV MITLOIWV, TV TOQAYOVIWY THENS-
waddhvong (vmdoysvouv, PAI-1, t-PA) nowtwv ma-
papéromv @ieypwovig (CRP), pe v egpaouoyn
€OV VYLEVOSLOLTNTIZOU TQOYQAUUATOS %L TN
oUyY00VN XOQHYNON OTATIVNG, OF VITEQMITLOCLULKA
dtopo pe otnOayym.

MeheniOnrov ovvolxd 206 aobeveis ot Twv
dvo pirov (A=116,'=90, uéong nlxiog 51,7+6,8
€t). Tnv oudda A amotéhecav 65 aobeveic, 44 ne
otafeon omBayyn (A=31,I'=13) nou 21 pe aotadn
omBayyn (A=12, I'=9) mov €maipovav oymyy ue
moapaotativy 20 mg/Mmu. eved Ty oudda B amotéhe-
oav 141 aoBeveig, 112 pe otaBeor] omBayyn (A=62,
I'=60) o 21 pe aotady omBdayyn (A=13, I'=16)
OV €TOUQVOY oYYy ue provpaotativny 40 mgmu.
‘Ohot Enaoyov and mowtomadr| vreomdaLuio
(pawvotumol o wow 1B natd Fredricson. Avdho-
YOg aBUOS otV RO 0TS dU0 OUAdES ftay E-
ToloL %amvIoTeS (<10 Tovydoa mu.) ®ow vépPagot,
eEVA ®avEva 0ev aVEQPEQE LOTOQLRG OQTNOLOXNG
VEQTAONG 1 ooy oeddn drafritn. ‘Ol Tt drouo
TEOMUOV o€ ednr] vytewvodouTnTny aywyn, 6wg
vroMmdauxy dlowta, dloxomy Tov ROTVIoROTog
oL EQOQUOYN EWOMOU TEOYQAUUOTOS OLOROEMV,
UE OUYYQOVY] VITOMIILOOLUAY] (POQUOLEVTIXNY] Oy M-
Y1, YLOL XQOVIXO LAOTHUO TARAROAOUONONS TOLDV
UNVaV, oote €ywve VEOS PLoynuirds meoodlopL-

ouog (odaxyao, yornotepivn, toryhureotdia, HDL-
y LDL-y , toavoauwvdoes, ivmdoyovo, PAI-1, t-PA
nat CRP) »now xhvinty wow HKI/xij emavextiunon.

H egaouoyr] vyletvodiowmtinic orymynis ue
o0y 0N TRO0H®N TOV dEAOTROY POEUAXOV (TTQOL-
Baotativng 1 provPaotativig) yia Teels wijves: 1.
uelmwoe OTOTLOTIRA.  ONUOVTLXA, O OYEON WUE TG
0OYHES, YWEIS ONUOVTIRES OLOPOQES UETOED TV
U0 QOQUARMYV, TIG TWESTNG OMKNG XOMOTEQOANG,
v ToryAureodimv xow g LDL-y eved avEnoe v
) g HDL-x. 2. Ov tuég wov wmdoyovov
ueldnrav ratd 7,9% pe ™ @lovfaotativy rou
4,8% pe v meopaotativn, Ve ueLwinxay otoTt-
otund onuavtird ov Tuég tov PAI-1 »ow avEnon-
nav ot tuég tou t-PA, ywoic 1 dwopopd peto&o
TOV QoQUAX®WV vo. elvar onpovtk. 3. OLTég g
CRP Poétnrav onpovind ovEnuéveg otoug aobe-
velg ue aotab, oe oxéon pe v ouddo ue otabe-
Y] omBdyyn ®oL TS QUOLOAOYWHES TWMES NG
uefodov. 4. H yoonynon g mooapoototivyg moo-
ndleoe peyovtepn pelwon tov tuwv CRP, ov-
yroutxd ue ) plovpootativ). 5. Ou ToQeVEQYELES
oo TN MY TOV QOOUARMYV, RAVIRES ROL PBLoymuL-
%€ 0ev MTov 0ELOAMOYES, IXOVES VO XOTOLOTOOUV
ooalTnT) T OO TOVG.

O ovvAUOOUOS VYLEWVOSLOULTTLROU TTOOYQAULLCL-
TOg pe M OUyxeovn xoynom meafoaotativis 1
PAOVBOOTOTIVIG YLOL TOELS UWHVES, POEBMRE OTL Pel-
TLOVEL ONUOVTIRG TLS TWWES TV Amdimv, aoxel
EVEQYETINY ETIOQOION OTIS TLUES TOU LVMAOYSVOU,
OV odyovtes TENS-LVwdSAvoNg ®au QAeyuo-
viig (CRP) atéumv pe mpwtomadn virephmdonpio
O OTEPOVLOLIL VOOO, CUUPAMOVTOS OTNY ROAITEQN
AertoveywoTTo Tov evdodniiov, ue ouvvemelo, AOym
™G avaoTaATivNg aBngoyevetirig xour Booufoye-
veTnig ddons, Uelwon TV CUVETELDV TS 0.BnEO-
oxMomTrig €EeQyaoiog %ol Tov ®vdUivou oE€og
oTeEPOVLOLIOV £meL00diov ot ™) OMEN TS abnew-
notrNg  TAAXOG.
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