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Elevation of plasma fibrinogen in silent myocardial ischaemia
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High plasma levels of fibrinogen and plasminogen activator inhibitor (PAI-1) are re-
ported to be correlated with coronary heart disease. Therefore the level of fibrinogen
concentration in plasma was examined and verified for the possible correlation with
the previously explored PAI-1 antigen and PAI-1 activity in the pathogenesis of prema-
ture atherosclerosis (Grzywacz et al, 1998, Blood Coagul Fibrinol 9, 245-249). Ex-
amination included only men, aged 33-46 years, who were in a stable condition for at
least six months after the acute event. They were divided into two subgroups: group A
(n = 14) with and group B (n = 15) without ischaemic changes in 24 h Holter electro-
cardiogram. The number of invelved vessels visible on the coronarography picture
was similar in both groups. In the patients of group A the mean level of fibrinogen
(3.92 vs 3.23 g/1, P < 0.05) was higher than in the controls (n = 15). No statistically dif-
ferences were found between group B and control healthy subjects in any of the pa-
rameters measured. There were no correlation between fibrinogen concentration and
PAI-1 antigen and activity levels, which were elevated in both groups of patients ac-
cording to our previous study. Qur results indicate that elevated levels of plasma
fibrinogen and PAI-1 appeared in the group of patients with more severe disease, as
revealed by silent myocardial ischaemia.

The known cardiovascular risk factors, such
as hyperlipidaemia, arterial hypertension, di-
abetes mellitus, obesity and smoking do not
entirely explain the pathogenesis of prema-
ture atherosclerosis. Nearly 50% of patients

suffering from acute myocardial infarction
have no identifiable risk factor [1] and even
patients sharing similar risk profiles experi-
ence varied course of the disease. Recently re-
searches [2] argue for an endothelium damage
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as a trigger for interactions between endothe-
lial cells, smooth muscle cells, platelets,
macrophages and lymphocytes, leading to the
development, growth and remeodelling of
atherosclerotic lesions in the vessel wall. The
disruption of a lipid-rich atherosclerotic
plaque participates in the occurrence of arte-
rial thrombosis. The contribution of thrombo-
sis to myocardial ischaemia may be particu-
larly important in young patients with
non-severe atherosclerotic lesions or even
with a normal coronary picture [3].

Fibrinogen is crucial in determining blood
viscosity and coagulation, and it is also an im-
portant component of atheromatous plaques
[4]. Fibrinogen plays a significant role in two
major steps of thrombus formation, i.e.
platelet aggregation and fibrin formation [5].
Fibrinogen binds to the platelet glycoprotein
ITh/I11a receptor that leads to aggregation of
activated platelets. In fibrin formation,
fibrinogen acts as a substrate for polymeriza-
tion of fibrin monomers. The reduced
fibrinolytic activity may depress the rate of re-
moval of intravascular thrombi. This
hypofibrinolysis may result from either de-
creased production or release of tissue
plasminogen activator or increased inactiva-
tion of this activator by its inhibitor,
plasminogen activator inhibitor-1 (PAI-1).
Previous studies pointed to fibrinogen as an
independent coronary risk factor [6], involved
also in the pathogenesis of cerebral stroke and
peripheral vascular disease. Other studies
have shown association of high plasma PAI-1
level with coronary heart disease [7]. Both
fibrinogen level and PAI-1 activity were re-
ported to correlate with standard risk factors
for coronary heart disease.

The aim of this study was to assess plasma
fibrinogen and verify the possible correlation
with PAI-1 levels in young survivors of myo-
cardial infarction, free of coronary risk fac-
tors but presenting silent ischaemia.

MATERIALS AND METHODS

A total of 29 patients, all male, with a history
of acute myocardial infarction under the age
of 45, and 15 healthy subjects were examined.
As a result of 24 h electrocardiogram Holter
monitoring the study group was divided into
two subgroups: group A (n = 14) with silent
myocardial ischaemia and group B (n = 15)
without silent myocardial ischaemia. The
study was performed for at least 6 months af-
ter the acute myocardial infarction and the pa-
tients were in a stable phase of coronary dis-
ease, All subjects were normotensive, non-dia-
betic, non-current smokers and with a normal
body mass index. We included patients with
serum cholesterol levels below 6.5 mmol/l and
triglyceride levels below 2.3 mmol/l. The char-
acteristics of both patients and controls was
published in detail elsewhere [8].

Procedures. Fibrinogen concentration was
measured by the biuret method [9]. Briefly,
the fibrinogen was separated from other
plasma proteins by clotting the diluted citrat-
ed plasma with 5% (0.45 mol/1) calcium chlo-
ride. The clot was harvested, washed with nor-
mal saline and dissolved with 3% (0.75 mol/1)
sodium hydroxide. Subsequently, 20% (0.8
mol/l) cuprum sulphate was added and the
absorbance at 530 nm of the supernatant was
measured.

PAI-1 activity and antigen were measured in
citrated plasma. Blood collection and prepara-
tion of platelet-poor plasma for PAI-1 assays
were described previously [8].

Statistical analysis. Because of the varia-
tion from the Gausian curve, data were ex-
pressed as geometrical means and standard
deviations (8.D.). Differences between pa-
tients and controls, or between subgroups of
patients, were evaluated by analysis of vari-
ance by the unpaired Kruskal Wallis test. Cor-
relation analysis of PAI-1 and fibrinogen as
well as PAI-1 and lipids was achieved by calcu-
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lating the Spearman correlation coefficient.
All analyses were performed using the Win-
dows computer program, Statistica ™.,

RESULTS AND DISCUSSION

In the patients with silent myocardial
ischaemia (group A) we found a higher mean
plasma level of fibrinogen as compared to
healthy controls (Table 1). The results were
compared with those of PAI-1 antigen and ac-

PRIME study [11]. These factors may have in-
fluence on the incidence of coronary artery
disease. Higher fibrinogen levels at 5 months
after the acute coronary event are also predic-
tive of a worse later outcome [12].

The differences in fibrinogen and PAI-1
found in our study could be caused by differ-
ent reasons. Both fibrinogen and PAI-1 are
acute phase reactants. In the course of acute
myocardial infarction there is only a transient
increase in these two proteins. The present
study was performed at least six months after

Table 1. Fibrinogen and PAIL-1 in patients and controls.

Means +8.D, are given.

Patients Controls
Pararnéter group A group B
with silent ischaemia without silent ischaemia (n=15)
(n=14) (n = 15)
Fibrinogen (g/1) 3.92 £ 0.88% 3.55 + 0.63 3.23 £ 0.60
PAI -1 activity® (U/ml) 4.90 + 1.87* 4.42 + 2.26 3.40 + 0.97
PAL1 antigen® (ng/ml) 58.1 + 17.5°*" 41.6+ 126 34.8 + 125

**P< 0.01,*P< 0.05 compared to controls; #P<0.05 compared to group B; !t.ha results already published [8]

tivity described in detail for the same group of
patients [8]. Moreover, patients in group A
exhibited higher PAI-1 antigen levels than
those in group B and there were no differ-
ences between patients without silent ischa-
emia and the controls. Fibrinogen level and
both PAI-1 antigen and activity were not cor-
related.

The elevation of plasma fibrinogen and
PAI-1 was found in young survivors of myo-
cardial infarction but only in the group of pa-
tients with silent ischaemia. Increased levels
of these two proteins were reported in coro-
nary artery disease [6, 7] but the population
studied here was free of coronary risk factors.
Many variables such as age, body mass index,
smoking, serum insulin level influence
fibrinogen and PAI-1 levels [10]. PAI-1 is af-
fected even more strongly than fibrinogen by
metabolic variables as illustrated in the

the acute cardiac event and with the patients
in the stable phase of the disease. Fibrinogen
may be elevated in apparently healthy sub-
jects who are at risk of developing coronary
heart disease. The risk is especially high when
high plasma fibrinogen concentration is ac-
companied by a high cholesterol level [13].
The genetic control mediated by environ-
mental factors is the main determinant of
plasma protein levels. Recent studies consider
several fibrinogen and PAI-1 gene polymor-
phisms as associated with the development or
progression of coronary heart disease. One of
the best documented is the G/A sequence vari-
ation at position -455 in the promoter region
of the § chain fibrinogen gene. Carriers of the
A allele, representing approximately 20% of
the population, have 7-10% higher fibrinogen
levels than those with the genotype GG. The
fibrinogen A-allele raising effect was greater
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in patients with ischaemic heart disease as
compared to healthy subjects [14]. The level of
PAI-1 is mainly determined by the 4G/56G
polymorphism in the promoter region of
PAI-1 gene. Individuals homozygous for the
4G allele, especially myocardial infarction pa-
tients, were observed to have increased PAI-1
levels. A higher frequency of the 4G/4G geno-
type has been reported in young survivors of
myocardial infarction compared with age
matched healthy subjects [15]. Seventy per-
cent of our patients had a positive family his-
tory of coronary heart disease. This may sug-
gest the influence of genetic factors. In other
studies the elevated fibrinogen level was ob-
served in the offsprings of fathers who died at
young age of myocardial infarction, pointing
to this protein as being a transmissible
haemostatic risk factor for coronary heart dis-
ease [16].

Another possible reason for the elevation of
these two proteins is a chronic inflammatory
process within the artery. There is much evi-
dence about the link between atherosclerosis
and inflammation [2]. Several cytokines, in-
cluding interleukin-1 (IL-1), IL-6, tumor necro-
sis factor alpha and growth factors released
during the compensatory response to endo-
thelial injury may stimulate the hepatic syn-
thesis of fibrinogen and PAI-1 [17]. The ele-
vated levels of fibrinogen and PAI-1 still pres-
ent in our patients 6 months after the acute
cardiac event may reflect an ongoing
low-grade inflammatory process.

The high fibrinogen level along with high
PAI-1 level may represent a thrombotic risk.
However we did not find any statistical corre-
lation between those parameters in our pa-
tients. It may suggest that altered haemo-
stasis may accelerate the atherosclerosis by
different mechanisms. An important finding
of our study is the difference in PAI-1 antigen
concentration between patients with and
without silent myocardial ischaemia despite
similar coronarography pictures or metabolic
and lifestyle factors. This might point to PAI-1

antigen as a predictor of ischaemic events. Si-
lent myocardial ischaemia present in
post-infarction patients was reported to be
connected with a worse prognosis [18]. Fur-
ther investigation is needed to explain
whether those patients would benefit from im-
provement of plasma fibrinolysis. It is also im-
portant to focus on patients with high baseline
fibrinogen level because pharmacological low-
ering of plasma fibrinogen may result in a de-
crease in the occurence of cardiovascular
events [19].

REFERENCES

1. Braunwald, E. (1997) N. Engl J. Med. 337,
1360-1369.

2. Epstein, F.H. (1999) N. Engl. J. Med. 340,
115-126.

3. Zimmerman, F.H., Cameron, A., Fisher, L.D.
& Ng, G. (1995) J. Am. Coll. Cardiol. 26,
654 -656.

4. Bini, A. & Kudryk, B.J. (1995) Ann. N.Y. Acad.
Sci. 748, 461-473.

5. Dang, C.V., Bell, W.R. & Shuman, M. (1989)
Am. J. Med. 87, 567-576.

6. Danesh, J., Collins, R., Appleby, P. & Peto, R.
(1998) JAMA 279, 1477-1482.

7. Aznar, J. & Estelles, A. (1994) Haemostasis
24, 243-251.

8. Grzywacsz, A., Elikowski, W., Psuja, P., Zozu-
liriska, M. & Zawilska, K. (1998) Blood Coagul.
Fibrinol. 9, 245-249.

9. Swain, W. (1967) Clin. Chem. 13, 1026-1028.

10. Folsom, A.R. (1999) Blood Coagul. Fibrinol. 10
(Suppl. 1), S13-816.

11. Scarabin, P.Y., Aillaud, M.F., Amouyel, P., Ev-
ans, A., Luc, G., Ferrires, J., Arveiler, D. &
Juhan-Vague, J. (1998) Thromb. Haemost. 80,
749-756.



Vol. 46

Fibrinogen in silent myocardial ischaemia 989

12.Toss, H., Lindhal, B., Sieghbahn, A. & Wal
lentin, L. (1997) Circulation 96, 4204-4207.

13. Thompson, S.G., Kienast, J., Pyke, S.D.M.,
Haverkate, F. & van de Loo, J.C.W, (1995) N.
Engl. J. Med. 332, 635-641.

14. Humphries, 8.E., Henry, J.A. & Montgomery,
H.E. (1999) Blood Coagul. Fibrinol. 10 (Suppl.
1), 817-821.

16.Ye, S., Green, F.R., Scarabin, P.Y., Nicaud, V.,
Bara, L., Dawson, 8.L., Humphries, 5.E., Ev-
ans, A, Luc, G. & Cambon, J.P. (1995)
Thromb. Haemost. 74, 837-841.

16.Bara, L., Nicaud, V., Tiret, L., Cambien, F. &
Samama, M.M., on behalf of the EARS group.
(1994) Thromb. Haemost. 71, 434-440,

17. Le, J. & Vileek, J. (1989) Lab. Invest. 61,
588-602.

18, Deedwania, P.C. & Carbajal, E.V. (1991) Arch.
Intern. Med. 151, 2373-2382.

19.Behar, S. for the BIP Study Group (1999)
Blood Coagul. Fibrinol. 10 (Suppl. 1),
841-543.



