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Introduction

Impaired fibrinolytic endogenous activ-
ity has been associated either with venous
thromboembolism or with the acute throm-
botic complications of atherosclerosis1-3.
Metabolic disorders such as diabetes melli-
tus or dyslipidemias are very important risk
factors for arterial thromboembolic disease
and they have been related to fibrinolytic
disorders4,5. Endothelial dysfunction is con-
sidered the main involved mechanism in
fibrinolytic impairment as suggested by an
increased plasminogen activator inhibitor
(PAI)-1 activity in many conditions6-8.
Among dyslipidemias, hypertriglyceridemia
has been associated with raised PAI-1 levels
and fibrinolytic impairment9-11 whereas a
direct correlation between hypercholes-
terolemia and reduced fibrinolysis has not
been clearly described12,13. In such patients,
the activation of the coagulation cascade
and enhanced platelet-dependent thrombin

generation are the most common fea-
tures12,14-16. A correlation between high-
density lipoprotein (HDL) cholesterol lev-
els and impaired fibrinolysis has been pre-
viously described both in association with
hypertriglyceridemia as well as indepen-
dently of the latter7,17. Procarboxypeptidase
U (ProCPU), also termed thrombin ac-
tivable fibrinolysis inhibitor (TAFI), is a re-
cently described inhibitor of fibrinolysis18.
It is activated by the thrombin/thrombo-
modulin complex representing a strong link
between blood coagulation and fibrinoly-
sis19,20. Moreover, enhanced TAFI activity
has been related to the progression of coro-
nary artery disease21. Another link between
platelets and fibrinolysis is represented by
the latent form of PAI-1 stored in �-gran-
ules. However, the contribution of platelet-
derived PAI-1 to fibrinolytic activity has
not been completely determined in vivo22.
Other components of the fibrinolytic sys-
tem such as factor XIII and urokinase-type
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Background. The relation between fibrinolysis and cardiovascular disease is an open debate. Fibri-
nolysis is related to endothelial function and presents many molecular links with platelet and coagula-
tion activity. Furthermore, reduced fibrinolysis has been reported in several dysmetabolic conditions.

Methods. To detect mechanisms linking dyslipidemias and fibrinolysis we evaluated 75 subjects
(42 males, 33 females, 20 hypercholesterolemic, 20 hypertriglyceridemic or 20 with mixed hyper-
lipoproteinemia, 15 with isolated low HDL-cholesterol). Plasminogen activator inhibitor (PAI)-1, tis-
sue-type plasminogen activator activity and plasmin-antiplasmin complexes (PAP) were determined
at baseline and after the venous occlusion test. We also measured D-dimer, lipid pattern, soluble E-se-
lectin, platelet surface P-selectin, prothrombin fragments 1+2 (F1+2), lipoprotein(a), factor VII, von
Willebrand factor, plasma insulin, fibrinogen, homocysteine, thrombin activable fibrinolysis in-
hibitor (TAFI) activity, thrombomodulin, factor XIII, urokinase-type plasminogen activator.

Results. Hypertriglyceridemic patients were found to have lower PAP and D-dimer and higher
PAI-1 serum levels (baseline and venous occlusion test, p < 0.001 and p < 0.01) compared to hyper-
cholesterolemic and control subjects (p < 0.01, p < 0.001). P-selectin, F1+2 and TAFI were significant-
ly increased only in hypercholesterolemic subjects (p < 0.001) and associated with reduced PAP and
D-dimer, showing a linear relation with LDL-cholesterol levels (p < 0.01, r = -0.62 and p < 0.01, r =
-0.59). PAI-1 activity was not different with respect to controls (baseline p = 0.59, venous occlusion
test p = 0.42). Serum levels of von Willebrand factor were significantly increased in hypertriglyceri-
demic/low HDL subjects compared to hypercholesterolemics (p < 0.01).

Conclusions. Impaired fibrinolysis in subjects with hypertriglyceridemia/low HDL-cholesterol is
associated with increased serum levels of PAI-1 whereas enhanced thrombin generation and TAFI hy-
peractivity are the main findings in hypercholesterolemia. Such data may suggest the opportunity of
evaluating several fibrinolytic factors when studied as prognostic factors in diverse dyslipidemias.
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plasminogen activator (u-PA) could play an important
role in thrombosis but further data are required to es-
tablish a direct link with the progression of cardiovas-
cular disease23. The aim of our study was to determine
the degree of fibrinolytic, platelet and coagulation ac-
tivity (thrombin generation) in patients with various
dyslipidemias in order to detect a possible relation be-
tween the metabolic and coagulation-fibrinolytic func-
tional pattern. In particular, we evaluated the correlation
with the endothelial marker soluble E-selectin and with
the von Willebrand factor24-28, with P-selectin as an in-
dicator of platelet activation25,26, with prothrombin frag-
ments 1 and 2 (F1+2) as markers of thrombin genera-
tion27 and with TAFI as a possible molecular link be-
tween coagulation and fibrinolysis20.

Methods

Patients. Seventy-five dyslipidemic subjects were en-
rolled in the study after they had all given their written
informed consent; 20 hypercholesterolemic (12 males,
8 females, mean age 46.9 ± 7.8 years, body mass index
24.1 ± 0.6 kg/m2), 20 hypertriglyceridemic (11 males, 9
females, mean age 46.1 ± 6.2 years, body mass index
25.1 ± 0.5 kg/m2), 20 mixed hyperlipoproteinemic sub-
jects (10 males, 10 females, mean age 48.9 ± 6.2 years,
body mass index 24.2 ± 0.5 kg/m2) and 15 patients with
isolated low HDL-cholesterol (9 males, 6 females,
mean age 49.6 ± 6.4 years, body mass index 24.8 ± 0.4
kg/m2) were selected among those referred to our lipid
clinic. In no case did the patient’s history include previ-
ous vascular symptoms, a personal or family history of
deep vein thrombosis, pulmonary embolism or a ten-
dency to bleed or previous or current therapy with an-
tiplatelet, anticoagulant or hypolipidemic drugs. None
suffered from diabetes mellitus, renal, liver, infectious,
thyroid or malignant disease. Women were of repro-
ductive age and were not on oral contraceptives. Twelve
subjects (8 males, 4 females) were smokers (< 5 ciga-
rettes/die) and were equally distributed within groups.
Twenty healthy subjects matched for sex and age were
evaluated as controls. Other inclusion criteria were nor-
mal values of fibrinogen, homocysteine and lipopro-
tein(a) [Lp(a)] that are all independently related to en-
hanced coagulation or decreased fibrinolysis and
thrombosis28-30.

Blood was drawn using a 19G needle between 8.00
and 9.00 a.m. in resting and fasting conditions without
stasis. The sample was immediately stored in a serum
vacutainer for lipid profiling including apolipoproteins
A1 and B (Apo-A1, Apo-B), in a 1:9 citrate blood va-
cutainer for the determination of the serum levels of
fibrinogen, factor VIIc, F1+2, plasmin-antiplasmin
complexes (PAP), D-dimer, plasminogen, �2-antiplas-
min, TAFI, factor XIII, u-PA, P-selectin, Lp(a), in a
lithium heparin vacutainer for soluble E-selectin and in
a Biopool Stabylite vacutainer (Biopool, Umea, Swe-

den) for PAI-1 and tissue-type plasminogen activator
(t-PA) activity. A venous occlusion test was also per-
formed by applying an arm cuff on to the upper arm and
inflating it until the mean of the systolic and diastolic
pressures was reached. The arm cuff was then left in-
flated for 10 min and blood drawn as described above.
Platelets were obtained as follows: trisodium citrated
blood was centrifuged at 100 rpm for 20 min at 18°C to
obtain platelet-rich plasma. This was separated from
the top two-thirds of the supernatant to avoid contami-
nation by other cells. The remaining blood was cen-
trifuged at 1500 rpm for 10 min to obtain platelet-poor
plasma. Other samples were immediately centrifuged
at 2200 rpm for 20 min at room temperature and then
stored at -70°C. Total cholesterol, triglycerides and
HDL-cholesterol were determined by conventional en-
zymatic methods (Boehringer-Mannheim, Mannheim,
Germany). All subjects had triglyceride serum levels
< 400 mg/dl and low-density lipoprotein (LDL) choles-
terol was calculated using the method proposed by
Friedewald et al.31; Apo-A1 and Apo-B were measured
by radial immunodiffusion (Bouty, Milan, Italy).
Serum levels of plasminogen and �2-antiplasmin were
assessed by chromogenic assay (Berichrom, Dade-
Behring, Marburg, Germany). Fibrinogen was evaluat-
ed using the method proposed by Clauss32 (Multifibren,
Dade-Behring) and factor VIIc by the coagulation
method (Dade-Behring). F1+2 (Enzygnost F1+2,
Dade-Behring), PAP (Enzygnost PAP, Dade-Behring),
D-dimer (Asserachrom, Stago, Marseille, France), sol-
uble E-selectin (ReD system, Minneapolis, MN, USA),
Lp(a) (American Diagnostica, Greenwich, CT, USA),
thrombomodulin (American Diagnostica), factor XIIIa
(America Diagnostica), u-PA (American Diagnostica)
and von Willebrand factor (American Diagnostica)
were determined by ELISA on a BioRad model 550
microplate analyzer (Bio-Rad, Hercules, CA, USA).
The platelet expression of P-selectin was determined as
previously described33. Briefly, the cytofluorimetric de-
tection of the surface P-selectin (CD62p) expression
was evaluated using CD62p labeled with phycoerythrin
(Becton-Dickinson, Franklin Lakes, NJ, USA) and
FITC-labeled anti-CD61-monoclonal antibody (MAb)
(Becton-Dickinson) as positive control. Aliquots of
platelet-rich plasma (200 �l) were further centrifuged
at 800 rpm for 5 min and after plasma discharging, flu-
orescent MAbs (20 �l) were added directly to platelet
pellets and incubated for 30 min at room temperature in
the dark. The unbound MAb was removed by addition
of Tyrode’s buffer (137 mM NaCl, 2.8 mM KCl, 1 mM
MgCl2, 12 mM NaHCO3 0.4 mM Na2HPO4, 0.35%
serum albumin, 10 mM HEPES, 5.5 mM dextrose pH
7.4) and centrifuged at 1500 rpm for 5 min (twice). The
sample’s fluorescence intensity was analyzed on
FACS-SCAN Cytometer at 488 nm (Becton-Dickin-
son). Vital platelets were gated on the basis of the for-
ward angle and 90° light scatter parameters. The per-
cent of purity was detected using the anti-CD61-MAb.
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For every histogram 50 000 platelets were counted to
evaluate the percentage of CD62P positive cells. Plas-
ma insulin was analyzed using a radioimmunoassay
method (Phasadeph Insulin RIA 100, Pharmacia Diag-
nostica, Uppsala, Sweden); PAI-1 and t-PA activity
were assessed using the chromogenic method (Spec-
trolyse/Fibrin, Biopool) on a Beckman DU-7 spec-
trophotometer (Beckman, Fullerton, CA, USA). Ho-
mocysteine was measured by high-performance liquid
chromatography (HPLC) as described by Araki and
Sako34. The ProCPU (TAFI) activity was assessed as
described by Schatteman et al.35. Briefly, 20 �l of plas-
ma were activated with 20 �l of a thrombin-thrombo-
modulin complex mixture at room temperature for 10
min (final concentration during activation: thrombin 4
nM, thrombomodulin 16 nM). The plasma was diluted
20-fold in 20 mM HEPES (N-2-hydroxyethylpiper-
azine-N’-etanesulphonic acid), pH 7.4, and the throm-
bin-thrombomodulin complex was prepared by adding
1 part of 16 nM thrombin, 64 nM thrombomodulin, 20
mM HEPES, 5 mM CaCl2, 0.01% Tween 80, pH 7.4 to
1 part of 80 mM CaCl2 in 20 mM HEPES, pH 7.4. The
activation of ProCPU to active carboxypeptidase was
stopped by addition of 10 �l of 20 �M H-D-pheny-
lalanyl-L-prolyl-L-arginine chloromethyl ketone (PPACK,
Alexis Biochemicals, Laufelfingen, Switzerland). The
carboxypeptidase activity was then measured by means
of HPLC using the substrates hippuryl-L-arginine and
hippuric acid as a standard35. O-methylhippuric acid
was used as internal standard and 10 �l of distilled wa-
ter added to 40 �l of substrate was the blank. One unit
of enzyme activity was defined as the amount required
to hydrolyze 1 �mol of substrate per minute at 37°C.
The carboxypeptidase activity was calculated as the
mean ratio of the peak heights of hippuric acid and the
peak heights of the internal standard of the sample,
blank and calibrator (U/l). The HPLC equipment con-
sisted of a BioRad model 1306 pump and ultraviolet
analyzer. Human thrombin was obtained from Sigma
(St. Louis, MO, USA), rabbit lung thrombomodulin
from American Diagnostica, HEPES from Calbiochem

(Dormstadt, Germany), hippuryl-L-arginine, hippuric
acid and O-methylhippuric acid from Sigma-Aldrich
(St. Louis, MO, USA).

Statistical analysis. All values are expressed as mean
± SD; comparisons between groups were performed us-
ing the ANOVA and the Bonferroni-Dann tests. The
Spearman’s correlation coefficient was calculated in
order to evaluate the relationship between variables. A
p value of < 0.05 was accepted as statistically signifi-
cant. All calculations were performed using SPSS li-
brary (SPSS Inc., Chicago, IL, USA).

Results

The basic metabolic parameters of patients and con-
trols are shown in table I. We observed a significantly
reduced fibrinolytic activity in hypertriglyceridemic
subjects with respect to controls and hypercholes-
terolemic patients (all PAP p < 0.001, all D-dimer p
< 0.01) (Table II) both at baseline as well as after venous
occlusion test. This was related to a significant increase
in PAI-1 activity, soluble E-selectin, von Willebrand
factor and a reduced t-PA activity in hypertriglyceri-
demic subjects with respect to controls and hypercho-
lesterolemics (all p < 0.001) (Table II). Serum levels of
the TAFI were not significantly different from controls
and did not correlate with triglyceridemia (p = 0.316, r
= 0.08). Data from hypercholesterolemic subjects
showed a near-significant reduction in the serum levels
of D-dimer in comparison with controls (p = 0.052)
whereas PAP and PAI-1 were not significantly changed
(p = 0.079 and 0.099 respectively) neither at baseline
nor after venous occlusion test (Table II) (Figs. 1 and
2). However, D-dimer levels were related to signifi-
cantly higher P-selectin expression, F1+2 and TAFI ac-
tivity with respect to controls and hypertriglyceridemic
subjects at baseline (r = -0.71, -0.68, -0.73, -0.68, p
< 0.001) whereas no significant change was detected
for PAI-1 and t-PA (p = 0.59 and 0.46 respectively)
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Table I. Lipid pattern, fasting insulin and homocysteine levels in dyslipidemic patients and controls.

Hyper TG Hyper TC Hyper TG Low HDL- Controls
(n = 20 (n = 20 and hyper TC cholesterol (n = 20)

(n = 20) (n = 15)

Total cholesterol (mg/dl) 180.2 ± 13.3 254.7 ± 21.6§ 239.8 ± 20.4** 169.4 ± 8.7 174.6 ± 14.1
LDL-cholesterol (mg/dl) 84.1 ± 9.9 181.1 ± 12.7§ 133.1 ± 9.5* 112.3 ± 7.5 104.5 ± 8.4
HDL-cholesterol (mg/dl) 36.3 ± 4.8** 45.7 ± 5.3 43.1 ± 5.5 32.5 ± 4.6§ 49.7 ± 5.2
Triglycerides (mg/dl) 318.9 ± 31.6§ 102.7 ± 11.6 304.6 ± 28.5§ 103.9 ± 11.2 90.1 ± 11.4
Apolipoprotein-A1 (mg/dl) 102.6 ± 10.9** 131.3 ± 10.5 109.3 ± 11.1** 108.4 ± 10.8** 135.7 ± 11.8
Apolipoprotein-B (mg/dl) 138.8 ± 12.7 219.8 ± 13.5§ 194.7 ± 12.6** 137.5 ± 12.2 136.9 ± 13.1
Lipoprotein(a) (mg/dl) 15.7 ± 4.4 16.6 ± 4.2 17.6 ± 5.2 17.4 ± 4.8 14.8 ± 4.3
Fasting plasma insulin (mU/ml) 11.3 ± 1.5 9.7 ± 1.2 10.9 ± 1.4 10.1 ± 1.3 8.9 ± 1.1
Homocysteine (mmol/l) 12.5 ± 2.2 11.6 ± 2.9 11.4 ± 3.1 11.6 ± 2.5 10.8 ± 2.3

Values are expressed as mean ± SD. Hyper TC = hypercholesterolemics; Hyper TG = hypertriglyceridemics. One-way ANOVA and
Bonferroni-Dann test: * = p < 0.05, ** = p < 0.01, § = p < 0.001 vs controls.



(Fig. 3). Soluble E-selectin and von Willebrand factor
were also not significantly increased in comparison
with controls (p = 0.23 and p = 0.096). Subjects with
mixed hyperlipidemia showed a significantly reduced
PAP, D-dimer and enhanced PAI-1 with respect to con-

trols and hypercholesterolemic subjects (p < 0.01 and p
< 0.001 for both groups) (Table II) both at baseline as
well as after venous occlusion test. The TAFI was re-
lated to the serum levels of LDL-cholesterol (r = 0.73)
but was not significantly increased with respect to con-
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Table II. Hemostatic and fibrinolytic patterns in dyslipidemic patients and controls.

Hyper TG Hyper TC Hyper TG Low HDL- Controls
(n = 20) (n = 20) and hyper TC cholesterol (n = 20)

(n = 20) (n = 15)

PAP (�g/l)
Pre-VO 87.6 ± 16.3* 249.2 ± 39.8§ 96.3 ± 23.2* 100.9 ± 16.4* 274.3 ± 43.2
Post-VO 92.3 ± 18.4* 328.4 ± 36.5§ 105.2 ± 24.4* 115.1 ± 23.7* 461.5 ± 49.7

t-PA activity (IU/l)
Pre-VO 0.46 ± 0.23* 0.85 ± 0.21§ 0.49 ± 0.25* 0.52 ± 0.22* 0.89 ± 0.20
Post-VO 0.92 ± 0.31* 3.44 ± 0.86§ 0.98 ± 0.30* 1.02 ± 0.35* 3.79 ± 0.93

PAI-1 activity (U/l)
Pre-VO 19.9 ± 3.8* 10.1 ± 2.2§ 17.6 ± 3.5* 16.7 ± 2.7* 9.4 ± 2.5
Post-VO 28.3 ± 4.6* 11.1 ± 2.3§ 24.3 ± 4.2* 21.8 ± 3.4* 9.9 ± 2.7

D-dimer (�g/l) 58.7 ± 6.5* 78.3 ± 7.4§** 60.6 ± 6.3* 61.8 ± 6.8* 93.8 ± 7.9
Plasminogen (%) 122.7 ± 17.6 100.1 ± 11.4 120.6 ± 13.5 114.6 ± 10.8 102.7 ± 12.1
�2-antiplasmin (%) 112.7 ± 9.2 95.3 ± 9.1 110.6 ± 8.8 103.2 ± 8.6 94.7 ± 8.4
Factor XIIIa (U/l) 94.6 ± 15.8 118.7 ± 17.8 108.3 ± 15.1 93.1 ± 14.7 88.4 ± 12.7
u-PA (U/l) 62.7 ± 10.4 64.4 ± 11.6 63.1 ± 10.5 60.2 ± 10.3 69.8 ± 11.3
TAFI (U/l) 960.6 ± 99.7 1141.6 ± 99.8*§ 994.9 ± 99.6 957.4 ± 98.4 952.6 ± 94.2
Thrombomodulin (ng/ml) 4.83 ± 0.98 5.52 ± 0.95 4.97 ± 0.98 4.96 ± 0.93 4.37 ± 0.92
F1+2 (nmol/l) 1.0 ± 0.2 2.2 ± 0.4*§ 1.5 ± 0.2 0.9 ± 0.3 0.8 ± 0.2
Factor VII (%) 111.6 ± 8.7* 96.4 ± 9.6 108.8 ± 8.3 93.3 ± 6.8 90.8 ± 10.6
P-selectin (% positive cells) 7.4 ± 1.7 22.3 ± 3.4*§ 9.4 ± 1.9 8.3 ± 1.5 6.2 ± 1.1
von Willebrand factor (IU/l) 116.8 ± 16.6* 73.1 ± 10.8§ 113.6 ± 17.5* 111.3 ± 14.8* 68.2 ± 6.3
sE-selectin (ng/ml) 77.4 ± 8.2* 49.6 ± 7.8§ 68.3 ± 9.5* 66.1 ± 8.1* 45.1 ± 6.9
Fibrinogen (mg/dl) 285.4 ± 26.6 290.3 ± 19.3 294.2 ± 20.8 284.3 ± 19.7 276.6 ± 28.8

Values are expressed as mean ± SD. F1+2 = prothrombin fragments 1+2; PAI = plasminogen activator inhibitor; PAP = plasmin-an-
tiplasmin complexes; sE-selectin = soluble E-selectin; TAFI = thrombin activable fibrinolysis factor; t-PA = tissue-type plasminogen ac-
tivator; u-PA = urokinase-type plasminogen activator; VO = venous occlusion test. Other abbreviations as in table I. One-way ANOVA
and Bonferroni-Dann test: * = p < 0.01 vs controls; § = p < 0.01 vs patients with hypertriglyceridemia; ** = D-dimer, patients with hy-
percholesterolemia vs controls (p = 0.052).

Figure 1. Plasmin-antiplasmin complexes (PAP) and plasminogen activator inhibitor (PAI)-1 at baseline and after venous occlusion test (VO), in con-
trols (n = 20) and in hypercholesterolemic (Hyper TC) (n = 20) and hypertriglyceridemic (Hyper TG) (n = 20) subjects. All data are expressed as mean
± SD. One-way ANOVA and Bonferroni-Dann test: * = p < 0.01.



trols (p = 0.123). Factor VIIc levels were significantly
enhanced in hypertriglyceridemic subjects in compari-
son with controls and hypercholesterolemic patients (p
< 0.001 and p < 0.01) showing a direct correlation with
the serum levels of triglycerides (r = 0.70) (Table II).
Subjects with isolated low HDL-cholesterol showed a
fibrinolytic pattern similar to that of hypertriglyceri-
demic patients at baseline and after venous occlusion
test. PAP and D-dimer were significantly reduced (both
p < 0.05 at baseline, PAP p < 0.001 after venous occlu-
sion test) and PAI-1, soluble E-selectin and von Wille-
brand factor enhanced with respect to controls and hy-
percholesterolemic patients (p < 0.01) (Table II).
Serum levels of the TAFI, F1+2, P-selectin and factor

VIIc did not significantly differ from those of controls
(p = 0.119, p = 0.107, p = 0.208, and p = 0.134 respec-
tively) (Table II). Apo-A1 were significantly lower in
hypetriglyceridemic/low HDL-cholesterol subjects (p
< 0.01) than in controls and hypercholesterolemic sub-
jects while Apo-B were significantly higher in the hy-
percholesterolemic group (p < 0.01) (Table I). Fasting
insulin levels were slightly higher in the hypertriglyc-
eridemic group than in controls or hypercholes-
terolemic subjects. However, the difference was not sta-
tistically significant (p = 0.101, p = 0.123) (Table I).
Thrombomodulin showed no significant difference be-
tween controls and hypertriglyceridemic or low HDL-
cholesterol subjects (p = 0.126 and p = 0.099). More-
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Figure 2. D-dimer (DD) and plasminogen activator inhibitor (PAI)-1 in controls (n = 20) and in hypercholesterolemic (Hyper TC) (n = 20) and hyper-
triglyceridemic (Hyper TG) (n = 20) subjects. All data are expressed as mean ± SD. One-way ANOVA and Bonferroni-Dann test: * = p < 0.01.

Figure 3. Plasmin-antiplasmin complexes (PAP), prothrombin fragments 1+2 (F1+2), thrombin activable fibrinolysis inhibitor (TAFI), platelet P-se-
lectin (P-sel), soluble E-selectin (sE-sel) in controls (n = 20) and in hypercholesterolemic (Hyper TC) (n = 20) and hypetriglyceridemic (Hyper TG)
(n = 20) subjects. All data are expressed as mean ± SD. One-way ANOVA and Bonferroni-Dann test: * = p < 0.01.



impairment in a multifactorial system comprising
thrombomodulin and factor XIIIa20,41,42. Such data
could indicate a minor role for platelet-derived PAI-1 in
a globally hypofibrinolytic state despite the previously
described contribution to a local reduction in fibrinoly-
sis43. Furthermore, the close relation observed among
platelet activity, thrombin generation and high LDL
suggests the possibility of a more significant impair-
ment of fibrinolysis in patients with higher LDL levels
with respect to our population. Patients with mixed
dyslipidemia show a similar pattern to that of hyper-
triglyceridemic subjects with a significant PAI-1-relat-
ed hypofibrinolysis (r = -0.75, p < 0.01). In our sub-
jects, isolated low HDL-cholesterol induces a signifi-
cant reduction in the fibrinolysis related to endothelial
dysfunction as shown by the correlation between PAP
and PAI-1 activity especially after venous occlusion
test (r = -0.73, p < 0.001). Such data could indicate that
low HDL-cholesterol is the main determinant of re-
duced fibrinolysis even in hypertriglyceridemic sub-
jects with low HDL-cholesterol, independently of hy-
pertriglyceridemia. However, in our population HDL-
cholesterol is significantly higher (p < 0.05) in patients
with mixed dyslipidemia compared to those with hy-
pertriglyceridemia and it is associated with endotheli-
um-related hypofibrinolysis suggesting a direct role of
hypertriglyceridemia in such a condition. The relation
between isolated low HDL and PAI-1-related hypofib-
rinolysis strengthen the role of HDL in the maintenance
of protective antiatherothrombotic mechanisms. In-
deed, a large body of evidence shows that HDL is in-
volved in the regulation of proatherogenic and pro-
thrombotic mechanisms related to endothelial dysfunc-
tion especially by counteracting the adverse effects of a
relevant atherothrombotic factor such as oxidized
LDL44. Data about the relation between gemfibrozil
treatment, the improvement in fibrinolyis and the pro-
gression of coronary artery disease as determined on
the basis of angiographic findings are conflicting45,46.
These studies respectively included patients with com-
bined hyperlipoproteinemia and high levels of total
cholesterol45 and patients with low HDL-cholesterol
and moderate hypertriglyceridemia46. According to our
data, hypercholesterolemia could be a confounding de-
terminant of fibrinolytic activity that could not be mod-
ulated by the action of gemfibrozil. Moreover, Lp(a)
and homocysteine play a role in blood coagulation and
fibrinolysis29,30 but only in the paper by Bröijersen et
al.45 were the levels of Lp(a) reported while those of ho-
mocysteine were not determined neither in this study
nor in that by Hamsten et al.46. With regard to these ob-
servations, the relatively small number of patients in-
cluded in our study is due to the exclusion of some
metabolic conditions related to hypertrigliceridemia
and/or hypofibrinolysis such as obesity, insulin resis-
tance47, hyperhomocysteinemia29 and high Lp(a)30 lev-
els. With regard to u-PA, our data were not suggestive
of any significant differences and relations in all

over, it was related to thrombin generation and TAFI
activity in hypercholesterolemic subjects (r = 0.57 and
0.61, p < 0.01 and < 0.001) (Table II). No significant
difference in the serum levels of u-PA was detected in
patients with respect to controls (p = 0.101) and among
dyslipidemic subjects (IIa vs IIb, p = 0.139, IIa vs low
HDL-cholesterol, p = 0.106, IIb vs low HDL-choles-
terol, p = 0.102) (Table II). Serum levels of factor XIII
did not significantly differ between controls and pa-
tients (p = 0.154) and among dyslipidemic subjects al-
though higher levels were detected in hypercholes-
terolemics (IIa vs IIb, p = 0.061, IIa vs low HDL-cho-
lesterol, p = 0.083, IIb vs low HDL-cholesterol, p =
0.223) (Table II).

Discussion

A strong link between impaired fibrinolysis and
thrombosis has been described both in association with
dysmetabolic conditions as well as independently of
the latter36. Lowering tryglicerides and enhancing
HDL-cholesterol by gemfibrozil treatment have been
independently associated with an improved fibrinolytic
activity37 and with a reduction in the risk of major car-
diovascular events in patients with coronary heart dis-
ease38. A hypofibrinolyitic state has not been clearly re-
lated to hypercholesterolemia and it is suggested that
platelet activation and enhanced thrombin generation
are the most important mechanisms involved in the de-
velopment of thrombosis which could be modulated by
treatment with statins39,40. Moreover, the influence of
thrombin generation on fibrinolysis via activation of
the TAFI and of factor XIII is well-known20,41. Our da-
ta confirm the fibrinolytic impairment in patients with
hypertriglyceridemia showing a direct correlation be-
tween PAI-1 activity and serum levels of triglycerides
(r = 0.73) in basal conditions. As stated previously, the
post-venous occlusion test raised PAI-1 activity con-
firms the possible endothelium-dependent mechanism
of impaired fibrinolysis12. Furthermore, the significant
correlation of fibrinolytic activity with the serum levels
of soluble E-selectin (PAP r = -0.73, p < 0.01) and of
von Willebrand factor (PAP r = -0.68, p < 0.01) sup-
ports such a hypothesis. In our population, isolated hy-
percholesterolemia was associated with a lesser de-
crease in fibrinolytic activity with respect to other
forms of dyslipidemia (p < 0.01). In such patients the
fibrinolytic impairment is not related to the PAI-1 ac-
tivity neither at baseline (r = 0.06, p = 0.59) nor after
venous occlusion test (r = 0.09, p = 0.42) suggesting a
minor role for endothelial dysfunction in impaired fib-
rinolysis. Moreover, serum levels of soluble E-selectin
and of von Willebrand factor were not significantly dif-
ferent from those of normal subjects (p = 0.37 and p =
0.21) whereas a significant correlation has been found
with P-selectin (r = -0.69), F1+2 (r = -0.71) and TAFI
(r = -0.70) suggesting a thrombin-mediated fibrinolytic
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groups; however, a study involving the evaluation of its
receptor uPAR could provide more information about
its involvement in the fibrinolytic status of dyslipidem-
ic subjects.

In conclusion, our data confirm an endothelial-re-
lated hypofibrinolysis in patients with hypertriglycer-
idemia/low HDL-cholesterol. A similar pattern is found
in mixed hyperlipidemia with mild hypercholes-
terolemia and in subjects with isolated low HDL-cho-
lesterol. Compared to controls, patients with type IIa
hyperlipoproteinemia show a significant decrease in
fibrinolysis related to the higher levels of LDL-choles-
terol without showing relevant alterations in endothe-
lial dysfunction. Enhanced platelet activity and throm-
bin generation are the main findings in such popula-
tions and the increased TAFI activity related to throm-
bin generation may be considered one of the main de-
terminants of the fibrinolytic activity in a complex sys-
tem including thrombomodulin and factor XIII. Fur-
thermore, such findings may indicate the opportunity
of evaluating the different fibrinolytic components as
possible prognostic factors in several dyslipidemic con-
ditions.
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