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PAI-1 and homocysteine, but not lipoprotein (a) and
thrombophilic polymorphisms, are independently
associated with the occurrence of major adverse
cardiac events after successful coronary stenting
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Objective: To evaluate the role of factor V Leiden, prothrombin G20210A polymorphism, plasminogen
activator inhibitor type 1 (PAI-1) 4G/5G polymorphism, PAI-1, homocysteine, and lipoprotein (a) (Lp(a))
in the occurrence of major adverse cardiac events (MACE) in patients with acute coronary syndromes who
underwent coronary stenting.
Design: 520 patients (375 men and 145 women) with acute coronary syndromes and 520 age and sex
matched controls were enrolled. MACE were recorded for 109 patients. Heterozygosity for factor V
Leiden, prothrombin G20210A polymorphism, and 4G/5G polymorphism did not significantly differ
between patients with and without MACE. A significantly higher percentage of patients with increased
homocysteine (28% v 19%, p , 0.001) and PAI-1 concentrations (25% v 16%, p , 0.001) had MACE
with respect to those who did not. In Kaplan-Meier survival analysis, the overall risk of MACE was
significantly higher among patients with increased PAI-1 (p = 0.006) and homocysteine concentrations
(p = 0.04). Cox regression analysis adjusted for age, sex, traditional cardiovascular risk factors, renal
function, systolic left ventricular function, the number of stenosed vessels, and history of percutaneous
coronary intervention or coronary artery bypass grafting showed that homocysteine (odds ratio 7.5, 95%
confidence interval (CI) 1.1 to 57.7, p , 0.05) and PAI-1 concentrations (odds ratio 5.3, 95% CI 1.2 to
23.8, p , 0.05) within the fifth quintile (with respect to the first) were significant and independent risk
factors for the future occurrence of MACE.
Conclusions: Increased PAI-1 and homocysteine concentrations are independent risk factors for MACE
after successful coronary stenting, whereas Lp(a) and thrombophilic polymorphisms are not predictive.

T
he introduction of intracoronary stents into clinical
practice dramatically changed the strategy of treatment
of coronary artery disease (CAD). In particular, in

patients with acute coronary syndromes (ACS), primary
coronary angioplasty with stent implantation has been
shown to reduce in-hospital mortality.1 2 As regards the
incidence of major adverse cardiac events (MACE)—defined
as death, myocardial infarction (MI), or target lesion
revascularisation—several clinical factors have been docu-
mented to be associated with an adverse outcome after ACS.
In particular, the rapid increase in the number of stent
implantations shows in-stent restenosis to be a new entity
with significant clinical and socioeconomic implications.
Repeated angioplasty is the treatment of choice even if it is
characterised by a 30% rate of MACE at a mean (SD) of 9 (4)
months after the procedure. In 90% of cases, the rate of
MACE is driven by the need for target lesion revascularisa-
tion, particularly as a result of recurrent restenosis.2

Ongoing secondary prevention efforts include the identi-
fication and validation of novel biochemical and genetic
factors that increase the rate of MACE.

Thrombophilic polymorphisms such as prothrombin gene
mutation G20210A and factor V gene mutation G1619A
(factor V Leiden) are established risk factors for venous
thromboembolism,3 but their role in arterial thrombosis4 is
controversial and no data are available on their possible role
in the occurrence of MACE after coronary stenting. Data
obtained on a limited number of patients are available on the

association between plasminogen activator inhibitor type 1
(PAI-1) circulating concentration and MACE after coronary
stenting.5–8 Contrasting data have been obtained on the
association between homocysteine concentration and both
restenosis and mortality9–15 in patients who underwent
coronary revascularisation with stent implantation, whereas
two studies on lipoprotein (a) (Lp(a)) concentration and
coronary stenting provided inconsistent results.16 17

The objective of our study was to thoroughly evaluate the
association between the occurrence of MACE in patients with
ACS who underwent successful percutaneous coronary
intervention (PCI) with stent implantation and the presence
of genetic and metabolic thrombophilic risk factors: factor V
Leiden, prothrombin G20210A and PAI-1 4G/5G polymorph-
isms, and PAI-1, homocysteine, and Lp(a) concentrations.

METHODS
Patients investigated
The study population consisted of 530 consecutive adult
patients admitted to the coronary care unit of the University
of Florence with a diagnosis of acute MI or unstable angina.
All patients underwent coronary angiography performed by

Abbreviations: ACS, acute coronary syndromes; CABG, coronary
artery bypass grafting; CAD, coronary artery disease; CI, confidence
interval; ELISA, enzyme linked immunoassay; Lp(a), lipoprotein (a);
MACE, major adverse cardiac events; MI, myocardial infarction; OR,
odds ratio; PAI-1, plasminogen activator inhibitor type 1; PCI,
percutaneous coronary intervention; q1–5, first to fifth quintile
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the Judkins method and PCI with bar metal stent implanta-
tion for de novo stenosis in one or more native coronary
arteries. Ten patients were excluded, as PCI was not
successful (. 30% residual stenosis), so that the final patient
group comprised 520 patients. The diagnosis of unstable
angina at presentation was based on a history of crescendo
angina or angina of new onset (within one month) in the
absence of ECG and cardiac enzyme changes indicative of an
acute MI. Acute MI was diagnosed as an increase in creatine
kinase (or its MB isoenzyme) concentration at least twice the
upper normal limit with at least one of the following: acute
onset of prolonged typical ischaemic chest pain; and ST
segment elevation or depression in two or more leads,
> 0.2 mV in leads V1–V3, or . 0.1 mV in other leads.

The patients were considered to have hypertension if they
had hypertension diagnosed according to the guidelines of
the European Society of Hypertension/European Society of
Cardiology or were taking antihypertensive drugs.18 A positive
family history was defined as the presence of at least one first
degree relative who had developed CAD before the age of 55
years for men and 65 years for women. Dyslipidaemia was
defined according to the third report of the National
Cholesterol Education Program19 and diabetes was defined
in agreement with the American Diabetes Association.20

The control group consisted of 520 volunteers, sex and age
(by 10 years) matched, recruited from the staff of the
University of Florence and Careggi Hospital and from
partners or friends of patients.

A structured questionnaire identified symptom-free con-
trols and excluded patients who were suspected of having
any form of vascular disease.

Informed written consent was obtained from all partici-
pants and the study was approved by the local ethics review
board.

Follow up
Data were obtained by a structured telephone interview and a
clinical evaluation in case of clinical recurrences or new PCI.

The clinical end point was a composite of MACE: cardiac
death (defined as death from MI, pump failure, sudden
cardiac death, or death because of arrhythmias), MI, and
target lesion revascularisation for symptomatic restenosis.
Restenosis was defined as a diameter stenosis > 50% in
patients needing target vessel revascularisation because of
symptoms or signs of ischaemia.

Experimental procedures
Blood samples were collected from the basilic vein at the time
of admission to hospital.

Homocysteine concentration was measured by an immu-
noassay method (fluorescence polarisation immunoassay,
IMX system; Abbott) in plasma samples obtained after
centrifuging blood collected into tubes containing EDTA.
Lp(a) concentration was measured in serum by an enzyme
linked immunoassay (ELISA) method with a commercial kit
(Apo(a) ELISA; Mercodia), which contains monoclonal
antibodies that minimise the possible interference of hetero-
geneity in apolipoprotein(a) isoforms with the results. PAI-1
activity was determined by a chromogenic method
(Spectrolyse Biopool, Umea, Sweden) in plasma obtained
after centrifuging blood collected into tubes containing
sodium citrate. For detection of factor V Leiden, G20210A
polymorphism in the factor II gene, and PAI-1 4G/5G
polymorphism, genomic DNA was extracted from peripheral
blood leucocytes with a MagNA Pure (Roche, Mannheim,
Germany) and QUIAmp Blood Kit (QUIAGEN, Hilden,
Germany), respectively. Factor V Leiden and G20210A
polymorphism in the factor II gene were identified by
the LightCycler Capillaries method (Roche). PAI-1 4G/5G

polymorphism was identified by polymerase chain reaction
amplification and digestion with BslI restriction enzyme.8

Statistical analysis
Data were analysed with SPSS (version 11.5; Chicago,
Illinois, USA) software for Windows. Values are presented
either as mean (SD) or as median (range). The non-
parametric Mann-Whitney test for unpaired data and x2 test
for categorical variables were used for comparisons between
groups. Fasting hyperhomocysteinaemia was defined based
on the 95th centile cut off of the control population (19 mmol/
l for men; 15 mmol/l for women). Increased PAI-1 concentra-
tion was defined based on the 90th centile of the control
population (14.9 IU/mol). An Lp(a) concentration of 300 mg/
l, which is widely accepted as the cut off of increased vascular
risk, was considered to separate normal from pathological
samples. The continuous variables—homocysteine, PAI-1,
and Lp(a)—were divided into quintiles (q1–5) based on the
distribution of these parameters in patients and controls
(homocysteine: q1, ( 9; q2, 9.1–10.2; q3, 10.3–12; q4, 12.1–
15.6; q5, . 15.6 mmol/l; PAI-1: q1, ( 7.2; q2, 7.3–9; q3, 9.1–
13.4; q4, 13.5–20.3; q5, . 20.3 IU/ml; Lp(a): q1, ( 68; q2,
69–109; q3, 110–226; q4, 227–410; q5, . 410 mg/l).

For multivariate analysis, unconditional logistic regression
analyses were used with age (continuous variable), sex,
traditional cardiovascular risk factors (hypertension, smok-
ing habit, diabetes, dyslipidaemia, and family history of
CAD), creatinine concentration, and thrombophilic risk
factors as the independent variables and presence versus
absence of the disease as the dependent variable.

For the analysis of MACE in relation to the time of the
event, Cox regression analysis was used with age (continuous
variable), sex, traditional cardiovascular risk factors (hyper-
tension, smoking habit, diabetes, dyslipidaemia, and family

Table 1 Baseline characteristics of patients and controls

Characteristic Patients (n = 520) Controls (n = 520)

Age (years) 67 (32–95) 67 (32–89)
Men 375 (72.1%) 375 (72.1%)
Smoking habit 279 (53.7%) 117 (22.5%)*
Hypertension 311 (59.8%) 167 (32.1%)*
Diabetes 134 (25.8%) 20 (3.8%)*
Dyslipidaemia 235 (45.2%) 119 (22.8%)*
Family history 177 (34%) 49 (9.4%)*
Creatinine (mmol/l) 84.0 (16.5) 82.2 (17.7)
BMI (kg/m2) 25.8 (2.8) 24.5 (3.1)
History of MI 18 (3.5%) 0
PCI 38 (7.3%) 0
CABG 17 (3.3%) 0

Data are median (range), mean (SD), or number (%).
*p,0.0001.
BMI, body mass index; CABG, coronary artery bypass grafting; MI,
myocardial infarction; PCI, percutaneous coronary intervention.

Table 2 Thrombophilic risk factors

Risk factor
Patients
(n = 520)

Controls
(n = 520)

p
Value

Homocysteine (mmol/l) 12.7 (3–95) 10 (6–24) 0.001
PAI-1 (IU/ml) 16 (1–64) 8 (4–38) 0.001
Lp(a) (mg/l) 170 (1–2141) 135 (7–1390) 0.02
Heterozygosity for factor V
Leiden

20 (3.8%) 20 (3.8%) 0.99

Heterozygosity for factor II
G20210A

21 (4.0%) 19 (3.6%) 0.87

Homozygosity for PAI-1 4G/5G 166 (31.9%) 156 (30%) 0.55

Data are median (range) or number (%).
PAI-1, plasminogen activator inhibitor type 1.
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history of CAD), creatinine concentration, thrombophilic risk
factors, ejection fraction, the number of stenosed coronary
vessels, and history of PCI or coronary artery bypass grafting
(CABG) as the independent variables.

In addition, we analysed the interval from hospital
admission to either the occurrence of MACE (uncensored
observations) or to the telephone interview (censored
observation) to estimate the probability of MACE as a
function of time, according to the method of Kaplan-Meier.
The probability of MACE was compared between groups with
use of the log rank test. All odds ratios (ORs) are given with
their 95% confidence intervals (CIs). All probability values
are two tailed with p , 0.05 considered to be significant.

RESULTS
Table 1 lists the clinical characteristics of patients and
controls. Two hundred and eighty two (54.2%) patients were
admitted to our coronary care unit with a diagnosis of MI and
238 (45.8%) with unstable angina. At coronary angiography,
one vessel disease was present in 364 (70%) patients,
whereas two vessel and multivessel disease was observed in
115 (22.1%) and 41 (7.9%) patients, respectively.

Prevalence of thrombophilic risk factors
No significant differences between patients and controls were
documented either in the prevalence of heterozygosity for
factor V Leiden or prothrombin polymorphism or in the
prevalence of homozygosity for PAI-1 4G/5G polymorphism
(table 2).

Homocysteine, Lp(a), and PAI-1 plasma concentrations
were significantly higher in patients than in controls (table 2).
Hyperhomocysteinaemia was diagnosed in 115 of 520
patients (22.1%) and in 26 of 520 controls (5%). Lp(a)
concentrations above 300 mg/l were found in 185 of 520
patients (35.6%) and in 108 of 520 (20.8%) controls. PAI-1

concentration was increased in 292 of 520 (56.2%) patients
and in 52 of 520 (10%) controls. No significant difference was
observed in the circulating PAI-1 concentrations according to
PAI-1 4G/5G genotype either in patients or in controls
(table 3).

At multivariate regression analysis adjusted for age, sex,
creatinine concentration, and the traditional cardiovascular
risk factors—homocysteine, PAI-1, and Lp(a) within the fifth
quintile with respect to the first—were significant and
independent risk factors for ACS (PAI-1: OR 24.2, 95% CI
11.1 to 32.5.0, p , 0.0001; homocysteine: OR 12.1, 95% CI
5.3 to 19.2, p , 0.0001; Lp(a): OR 3.5, 95% CI 1.7 to 5.6,
p , 0.005).

No significant differences in the prevalence of thrombo-
philic risk factors were documented between patients with
unstable angina and those with MI (data not shown).

Follow up
All patients were followed up for a mean (SD) duration of
22.2 (3.9) months (median 24, range 12–26 months). At the
end of follow up, MACE were recorded in 109 patients. Fifty
four (10.4%) patients died. Fifty two of 54 deaths were
classified as due to cardiovascular causes: 21 acute MI, 10
sudden deaths, 10 congestive heart failure, 10 cerebrovas-
cular events, and one ruptured abdominal aneurysm. Two
non-cardiovascular deaths were due to cancer. Of 52 patients
who died of cardiovascular causes, 47 had a diagnosis at
admission of MI and five had unstable angina.

Table 4 shows clinical characteristics of patients with and
without MACE. The prevalence of MI among patients with
MACE was significantly higher than the prevalence of
unstable angina. On the other hand, systolic left ventricular
function measured before discharge from hospital and

Table 3 PAI-1 activity (IU/ml) according to PAI-4G/5G
genotype

5G/5G 4G/5G 4G/4G p Value

Patients
(n = 520)

15.2 (1–64) 16.0 (1–58) 17.3 (1–64) 0.33

Controls
(n = 520)

7.9 (4–35) 8.0 (4–38) 8.3 (4–36) 0.39

Data are median (range).

Table 4 Clinical characteristics of patients according to
the occurrence of major adverse cardiac events (MACE)

MACE
(n = 109)

No MACE
(n = 411) p Value

Age (years) 70 (32–95) 67 (35–95) 0.2
Men 86 (71%) 289 (70.3%) 0.2
Smoking habit 64 (58.7%) 215 (52.3%) 0.7
Hypertension 67 (61.5%) 244 (59.4%) 0.7
Diabetes 31 (28.4%) 103 (25%) 0.4
Dyslipidaemia 52 (47.7%) 183 (44.5%) 0.5
BMI .25 kg/m2 50 (45.8%) 188 (45.7%) 0.4
Ejection fraction (%) 45 (12.6) 50 (12.8) 0.007
Diagnosis at admission

Unstable angina 41 (37.6%) 197 (47.9%) 0.05
MI 68 (62.4%) 214 (52.1%) 0.05
History of MI 18 (16.5) 0 NA
PCI 31 (28.4%) 7 (1.7%) 0.001
CABG 12 (11%) 5 (1.2%) 0.001

Data are median (range), mean (SD), or number (%).
NA, not applicable.

Table 5 Thrombophilic risk factors according to the
occurrence of MACE

MACE
(n = 109)

No MACE
(n = 411) p Value

Homocysteine (mmol/l) 16 (3–95) 12.3 (3.3–90.7) 0.001
PAI-1 (IU/ml) 19 (2–48) 16 (1–64) 0.001
Lp(a) (mg/l) 191.5 (1–1962) 168 (2–2141) 0.8
Heterozygosity for factor V
Leiden

4 (3.7%) 16 (3.9%) 0.8

Heterozygosity for factor II
G20210A

4 (3.7%) 17 (4.1%) 0.8

Homozygosity for
PAI-14G/5G

37 (33.9%) 129 (31.4%) 0.5

Data are median (range) or number (%).
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Figure 1 Kaplan-Meier event-free rates according to plasminogen
activator inhibitor type 1 (PAI-1) concentrations.
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estimated by the ejection fraction was significantly different
between the two groups. Concerning previous revascularisa-
tion procedures, a higher percentage of patients in the MACE
group had a previous PCI or CABG (table 4). A similar
percentage of patients with and without traditional cardio-
vascular risk factors had MACE (MACE in smoking versus no
smoking: 21.5% v 25.5%; in hypertension versus no hyperten-
sion: 21.5% v 20%; in dyslipidaemia versus no dyslipidaemia:
22.1% v 22.2%; in diabetes versus no diabetes: 23.1% v 20%;
and in overweight versus no overweight: 19% v 22%). A
significantly higher percentage of patients with ejection
fraction ( 40% than with ejection fraction . 40% had
MACE (25.4% v 19.8%, p , 0.01).

Thrombophilic risk factors and MACE
Heterozygosity for factor V Leiden and prothrombin poly-
morphism and homozygosity for PAI-1 4G/5G polymorphism
did not differ significantly between patients with and
without MACE (table 5).

Homocysteine and PAI-1 plasma concentrations, measured
at hospital admission, were significantly higher in patients
with MACE (table 5). A significantly higher percentage of
patients with increased homocysteine (28% v 19%,
p , 0.001) and PAI-1 concentrations (25% v 15.7%,
p , 0.001) had MACE.

Lp(a) plasma concentrations were not significantly differ-
ent between patients with and without MACE (table 5). A
similar percentage of patients with and without increased
Lp(a) concentrations had MACE (22.7% v 20%).

Kaplan-Meier survival curves showed that the overall risk
of MACE was significantly higher among patients with
increased PAI-1 (p = 0.006) (fig 1) or homocysteine
concentration (p = 0.04) (fig 2), whereas no significant
differences were found for Lp(a) concentration or for the
presence of the investigated polymorphisms.

Cox regression analysis adjusted for age, sex, traditional
cardiovascular risk factors, creatinine concentration, systolic
left ventricular function, number of coronary stenosed
vessels, and history of PCI or CABG showed that homo-
cysteine and PAI-1 within the fifth quintile with respect to
the first were significant and independent risk factors for the
occurrence of MACE (homocysteine: q1, reference group; q2,
OR 3.5, 95% CI 0.3 to 41, not significant; q3, OR 3.4, 95% CI
0.3 to 38.2, not significant; q4, OR 3.8, 95% CI 0.5 to 45, not
significant; q5, OR 7.5, 95% CI 1.1 to 57.7, p , 0.05; PAI-1:
q1, reference group; q2, OR 1.7, 95% CI 0.2 to 13.1, not
significant; q3, OR 2.8, 95% CI 0.5 to 14.1, not significant; q4,
OR 4.4, 95% CI 1.0 to 19.1, not significant; q5, OR 5.3, 95% CI
1.2 to 23.8, p , 0.05).

DISCUSSION
We have thoroughly investigated, for the first time, the
possible role of some genetic and metabolic thrombophilic
risk factors in the occurrence of MACE after successful
coronary stenting. The main finding of our study is that
increased PAI-1 and homocysteine concentrations at hospital
admission are independent risk factors for the occurrence of
MACE in patients with ACS who undergo PCI with stent
implantation. Furthermore, we failed to find any significant
role of the thrombophilic polymorphisms investigated (factor
V Leiden, prothrombin polymorphism, and PAI 4G/5G) and
of increased Lp(a) concentration as prognostic risk factors for
MACE. In addition, PAI-1 4G/5G polymorphism did not
significantly affect PAI-1 concentration measured at the time
of the acute event, suggesting that the influence of the
inflammatory state on PAI-1 concentration is scarcely
genetically modulated.

Some studies have suggested, in addition to the traditional
risk factors, the existence of metabolic, haemostatic, and
genetic risk markers for CAD. Relations have been found
between increased baseline concentrations of Lp(a), homo-
cysteine, and PAI-1 and the risk of CAD.21–23 Other studies
have associated baseline PAI-1 concentration with subse-
quent cardiac events in patients with angina, MI, or
angiographic CAD.5–8 However, increased PAI-1 concentration
was shown to predict new acute coronary events, including
death and restenosis after coronary stenting, in only two
studies of a very low number of patients.7 8

Contrasting data are available on the association between
homocysteine concentration and MACE after coronary
stenting,9–15 whereas only two studies—with contrasting
results—have investigated the role of Lp(a) after stent
implantation.16 17 Lastly, no data are available on the
prevalence of thrombophilic polymorphisms—factor V
Leiden and prothrombin polymorphism—in patients with
MACE after coronary stenting.

Data from the literature have documented that PAI-1,
homocysteine, and Lp(a) act as acute phase reactants.24–28

Therefore, baseline concentrations measured at hospital
admission have been influenced, at least in part, by the
acute coronary event. Furthermore, our result could have
varied if we had assayed concentrations at different days
after admission. Nevertheless, these concentrations seem to
predict the future occurrence of MACE, suggesting that a
more pronounced increase during the acute phase identifies a
subgroup of patients at higher risk for new events.
Determining the thrombophilic risk profile, and in particular
PAI-1 and homocysteine concentrations of patients with ACS
at the time of the acute event, makes possible the selection of
patients who will need more intensive follow up after
hospital discharge. In addition, these markers may be new
potential pharmacological targets. Previous interventional
trials with angiotensin converting enzyme inhibitors and
statins have suggested that this class of drugs benefits the
fibrinolytic system.29 30 Furthermore, it has recently been
reported that thiazolidinediones, the new class of insulin
sensitising drugs, can reduce PAI-1 protein expression in
human pre-adipocytes under basal conditions and after
stimulation of the cells with transforming growth factor b.31

Accordingly, patients with insulin resistance may benefit
from this class of drugs, even in terms of reduction of PAI-1
concentrations.

We and others have previously shown that homocysteine is
an independent risk factor for restenosis after PCI with and
without stenting, although other authors did not confirm
these data.9–14 In the present study, we found a significant
association between hyperhomocysteinaemia and MACE.
Increased homocysteine concentrations may be easily
reduced by vitamin supplementation with folic acid, vitamin
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Figure 2 Kaplan-Meier event-free rates according to homocysteine
concentrations.
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B6, and vitamin B12.32 However, contrasting data are
available on the possible clinical benefits resulting from the
pharmacological correction of homocysteine. Indeed, some
authors reported a positive effect in terms of reduced
restenosis rate, reduced progression of carotid intima–media
thickness, or reduced number of positive ergometric tests.33–35

On the other hand, other authors recently reported a negative
effect of vitamin supplementation on the occurrence of
restenosis.10 Contradictory data may be attributed to the
different doses of vitamins used in the studies, to the
different homocysteine concentrations in the patients
enrolled, or to the possibility that homocysteine is only a
marker of a metabolic derangement in which the leading
actor is methionine instead of homocysteine.36 Interventional
randomised trials designed to test the effect of homocysteine
lowering treatment on multiple clinical end points are
ongoing.

An original finding of our study is the lack of a role of
thrombophilic polymorphisms in the occurrence of MACE
after ACS. No association was reported between factor V
Leiden and restenosis after PCI (with a follow up of six
months) without stent implantation. No data at all are
available on the prevalence of prothrombin polymorphism
and MACE after PCI with or without stenting. As regards
MACE, factor V Leiden and prothrombin polymorphism were
shown not to be associated with increased susceptibility to
sudden cardiac death among apparently healthy adults.37 Our
present study did not find independent and consistent
associations between the investigated genes and the risk of
MACE after PCI with stent implantation, but the number of
MACE is probably not enough to obtain a definitive result,
given the prevalences of genes investigated in the general
population.

In conclusion, our study showed that increased PAI-1 and
homocysteine concentrations, but not Lp(a) and thrombo-
philic polymorphisms, are independent risk factors for MACE
after successful coronary stenting. Determining the concen-
trations of PAI-1 and homocysteine at the time of the acute
event may allow selection of patients at higher risk for future
new events.
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