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Interactionn between a genetic 
variantt of the platelet fibrinogen 
receptorr and fibrinogen levels in 
determiningg the risk of 
cardiovascularr events 



Abstract t 
Background Background 
Thee P1A1A2 polymorphism of glycoprotein Ili a (GPIIIa), which affects post-
occupancyy signaling by the platelet fibrinogen receptor Ilbllla, has been 
investigatedd as a potential genetic risk factor for cardiovascular events in 
numerouss studies, without consistent results. We investigated whether the 
effectt of this genetic variant of the platelet fibrinogen receptor on the risk 
off  cardiovascular events is affected by fibrinogen plasma levels. 

Methods Methods 
Thee GPIIIa P1A1A2 polymorphism and fibrinogen levels were determined in 
4555 men with angiographically documented coronary atherosclerosis. 

Results Results 
Neitherr carriership of the rare P1A2 allele, nor fibrinogen plasma levels 
affectedd the time to cardiovascular event, as assessed in a proportional 
hazardss model. However, there was a significant interaction between 
P1A22 carriership and fibrinogen plasma levels (p=0.002). Carriership of 
thee variant P1A2 allele significantly affected event-free survival only in 
individualss within the highest fibrinogen quartile (hazard ratio=2.7, 
95%CI=1.1-7.1,, p=0.03). 

Conclusions Conclusions 
Wee observed a statistically significant interaction between a genetic variant 
off  the platelet fibrinogen receptor and fibrinogen levels in determining 
thee risk of cardiovascular events. This interaction may account for the 
inconsistentt results of genetic association studies investigating this 
genotypee as genetic risk factor in thrombotic cardiovascular events. 



Introduction n 
Glycoproteinn Ili a (GPIIIa) is one of the two protein components of the 
platelett fibrinogen receptor Ilbllla. It contains a Leu33Pro polymorphism 
thatt is better known as P1A1A2, where P1A1 indicates the common 33Leu 
allele,, and P1A2 the rare 33Pro allele. The P1A2 allele has been associated 
withh an enhanced adhesive phenotype in several in vitro and in vivo 
studies.. Recent evidence suggests that the P1A2 allele can induce enhanced 
post-occupancyy signaling through mitogen-activated protein kinase and 
myosinn light chain kinases, which may explain their hyperfunctional 
phenotype.11 Whether or not this genotype-dependent biochemical 
differencee is clinically relevant, is still unresolved. Since Weiss et al. 
proposedd the P1A1A2 polymorphism as a genetic risk factor for myocardial 
infarction,22 an abundance of genetic association studies have attempted to 
replicatee their finding, with inconsistent results.34 This is not uncommon 
inn genetic association studies, and suggests that other factors may interact 
withh the investigated relationship.5 

AA recent report from the Framingham Heart Study described that plasma 
fibrinogenfibrinogen levels may modify the relationship between this genotype 
andd an intermediate phenotype, i.e. platelet aggregation.6 A genotype-
dependentt influence of fibrinogen levels on epinephrine and ADP 
aggregationn thresholds was observed, i.e. higher fibrinogen quartiles were 
associatedd with decrementally lower agonist thresholds, but only in P1A1A1 
homozygotes.. In carriers of the variant P1A2 allele this relationship was 
nott observed. This interaction between the P1A1A2 polymorphism and 
fibrinogenfibrinogen levels may provide an explanation for the inconsistency among 
associationn studies with clinical endpoints. Surprisingly, out of the wide 
rangee of studies associating the risk of atherothrombotic events with this 
geneticc variant of the platelet fibrinogen receptor, only two have provided 
dataa on fibrinogen levels as covariates.78 

Wee hypothesized that the interaction between the P1A1A2 polymorphism 
andd fibrinogen levels that exists for platelet aggregation, also affects the 
riskk of clinical cardiovascular events. We investigated this hypothesis in 
aa group of patients with symptomatic coronary artery disease (CAD) that 
weree included in the REGRESS study.9 

Methods s 
StudyStudy design 
Thee REGRESS study and design have been described previously.9 Briefly, 
REGRESSS is a randomized, placebo-controlled multicenter trial that 
assessedd the effect of two years of treatment with pravastatin 40 mg on 
progressionn and regression of angiographically documented coronary 
atherosclerosiss in 885 male patients with a normal to moderately raised 
serumm cholesterol, i.e. between 4 and 8 mmol/L (155 to 310 mg/dL), and 
triglyceridess <4.0 mmol/L (354 mg/dL) as determined after an overnight 
fast.. Patients were divided into one of three strata according to the type of 
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primaryy management elected at the participating center: percutaneous, 
surgicall  or medical treatment. In each stratum, patients were then 
randomizedd to receive pravastatin 40 mg once daily or matching placebo. 
Patientss and physicians were blinded to the randomization throughout the 
study.. All patients gave informed consent, and the study was approved by 
thee Ethical Review Boards of the participating institutions. 

ClinicalClinical outcome measures 
Coronaryy angiograms were analyzed quantitatively by the Cardiovascular 
Measurementt System (CMS, MED1S Medical Imaging Systems, Nuenen, 
thee Netherlands). The quantitative coronary arteriographic procedures 
havee been described in detail previously.9 Primary end points were (a) the 
changee in average minimal obstruction diameter (MOD) per patient and (b) 
thee change in average mean segment diameter (MSD) per patient. Change 
inn MOD mainly reflects focal progression-regression of atherosclerosis, 
andd change in MSD mainly reflects diffuse progression-regression of 
atherosclerosis. . 
Thee following clinical events (according to prespecified criteria) were 
recordedd during the study follow-up period of two years, and identified 
beforee unblinding: myocardial infarction (fatal or nonfatal); coronary 
heartt disease death (other than known fatal myocardial infarction); non-
scheduledd percutaneous or surgical revascularization; stroke and transient 
ischemicc attack, and death (all other causes). 

BiochemicalBiochemical and DNA analyses 
Totall  cholesterol, high-density lipoprotein cholesterol (HDL), and 
triglyceridess were measured on fasting blood samples at the Lipid Reference 
Laboratory,, as published previously.9 Low-density lipoprotein cholesterol 
(LDL)) was calculated according to the Friedewald formula. 
Plasmaa samples for fibrinogen measurement were obtained at baseline 
inn EDTA-coated containers. Samples were available for 477 individuals. 
Fibrinogenn levels were determined using an enzyme immuno-assay that 
usess a monoclonal antibody against the carboxy-terminal end of the 
fibrinogenn Act-chain as the capture antibody (G8), and a monoclonal 
antibodyy against the amino-terminal end of the Aa-chain (Y18) as the 
taggingg antibody.10 

Genomicc DNA was extracted according to a standard protocol. PCR 
amplificationn was performed on 1 \A DNA in 10 \A ReddyMix™ (ABgene, 
Epsom,, UK) according to methods previously described.11 Researchers and 
laboratoryy personnel had no access to identifiable information, and could 
identifyy samples by a number only. 

StatisticalStatistical analysis 
Withinn each of the treatment groups, the assumption of Hardy-Weinberg 
equilibriumm was tested by means of gene counting and chi-square 
analysis.. Individuals were divided into two genetic groups: non-carriers 



Tablee la. Baseline characteristics according to GPIIIa P1A1A2 genotype 

Subjects s 

Age-yr r 

Bodyy mass index - kg/m2 

Systolicc blood pressure - mmHg 

Diastolicc blood pressure - mmHg 

Currentt or former smoker 

Currentt smoker 

Totall cholesterol - mmol/l 

LOLL cholesterol - mmol/l 

HDLL cholesterol - mmol/l 

Triglyceridess - mmol/l 

Historyy of myocardial infarction 

Leftt ventricular ejection fraction - % 

Meann segment diameter - mm 

Minimall obstruction diameter - mm 

Stenosis-% % 

Coronaryy artery disease 

- 11 vessel 

- 22 vessels 

- 33 vessels 

Eventt rate 

PIA1A1 1 

334 334 

555 8 

266 3 

1355 9 

822  10 

294(88) ) 

83(25) ) 

6.11 9 

4.33  0.8 

0.99  0.2 

1.67(1.21-2.27) ) 

158(47) ) 

700 3 

2.88 5 

1.99 5 

355 2 

1488 (44) 

114(34) ) 

711 (21) 

555 (16) 

PIA1A22 + PIA2A2 

1144 + 7 

577 8 

3 3 

7 7 

822 1 

1099 (89) 

36(29) ) 

5.99  0.9 

4.22  0.8 

0.99  0.3 

1.47(1.05-2.09) ) 

58(48) ) 

711 2 

2.99  0.5 

2.00 7 

366 6 

511 (42) 

38(31) ) 

322 (26) 

16(13) ) 

Dataa are presented as mean , median (25th - 75th percentile), or n (%). 
Triglyceridee concentrations had a skewed distribution. Therefore, statistical analyses 
weree based on log-transformed data, but untransformed data are shown in the table. 

(P1A1A1)) and carriers of the variant allele (P1A1A2 + P1A2A2). These genetic 
groupss were compared with respect to relevant baseline characteristics, 
concentrationss of lipids and lipoproteins, in-trial changes of lipid 
andd lipoprotein concentrations, and in-trial changes of angiographic 
parameters.. Differences in baseline parameters were analyzed with 
thee independent samples t- test or the Pearson's chi-square test where 
appropriate.. Changes in lipid concentrations, lipoprotein concentrations, 
andd in-trial angiographic changes were compared by one-way analysis 
off  covariance, with baseline values as covariates. Since triglyceride and 
fibrinogenn concentrations had a skewed distribution, the statistical 
analysess were based on log-transformed data. However, the concentrations 
inn the tables are gives as untransformed medians (25th - 75th percentile). A 
Coxx proportional hazards model was used to analyze event-free survival, 
usingg genotype, fibrinogen plasma levels and the interaction between 
thesee two as independent variables. A Cox proportional hazards model 
assumess that the hazard associated with a risk factor is proportional 
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overr the course of time, and over the range of covanate values. 
Transformationn of the covariate values, for instance logarithmically, 
mayy affect this proportionality. In order to determine the functional 
formm of the covariate fibrinogen to be included in the model, martingale 
residuess were calculated and plotted against fibrinogen. A nonparametric 
regressionn line was fitted on the data. Linearity indicates that the log (risk) 
increasess linearly with the chosen functional form of the covariate (and 
thee interaction). Second, in order to assess the general fit  of the model, 
Cox-Snelll  residuals were calculated and plotted against the estimated 
cumulativee hazard of the residuals. Closeness of the estimates to the 45° 
linee suggests a good fit of the model. 

Results s 
Off  the 885 patients enrolled in REGRESS, fibrinogen concentrations 
weree available for 477 individuals. From these, 455 could be genotyped 
forr the GPIIIa P1A1A2 polymorphism. These 455 individuals did not 
differr significantly from the original 885 patients for any of the baseline 
characteristics,, treatment variables, or risk of cardiovascular events, 
exceptt for a higher percentage of excluded patients being in the stratum 
thatt was initially treated surgically. In the entire cohort, 114 (25.1%) were 
heterozygouss and 7 (1.5%) were homozygous for the variant allele. The 
raree P1A2 allele was found at a frequency of 0.14 (95%CI 0.11-0.17). These 
frequenciess did not differ significantly between the two treatment groups. 
Forr the placebo group, the pravastatin group, and the total cohort, the 
observedd allele frequencies were in Hardy-Weinberg equilibrium. 

BaselineBaseline characteristics 
Patientss were classified according to carriership of the P1A2 allele and 
accordingg to fibrinogen quartile. There were no statistically significant 
differencess between the groups at baseline with respect to CAD risk factors, 
severityy of coronary atherosclerosis, treatment, or risk of cardiovascular 
events,, except for a slightly lower triglyceride concentration among P1A2 
carrierss (table la and lb). 

In-trialIn-trial changes of lipids and angiographic parameters 
Thee GPIIIa polymorphism did not affect in-trial changes of total cholesterol, 
LDLL cholesterol, triglycerides, or HDL cholesterol (data not shown). 
Pravastatinn reduced total cholesterol, LDL, and triglycerides, and increased 
HDLL to a similar extent in both genetic subgroups. Changes in angiographic 
measurementss were also not affected by the GPIIIa polymorphism, with 
similarr effects of pravastatin treatment in both genetic subgroups. 

FibrinogenFibrinogen concentrations 
Amongg patients who did not have an event during follow-up, fibrinogen 
concentrationss did not differ according to P1A2 genotype (table 2). 
Fibrinogenn concentrations were also comparable between non-carriers 



Tablee lb. Baseline characteristics according to fibrinogen quartile 
Fibrinogenn quartiles 

Age e 

Bodyy mass index 

Systolicc blood pressure 

Diastolicc blood pressure 

Currentt or former smoker 

Currentt smoker 

Totall cholesterol 

LDLL cholesterol 

HDLL cholesterol 

Triglycerides s 

Historyy of myocardial infarction 

Leftt ventricular ejection fraction 

Meann segment diameter 

Minimall obstruction diameter 

Stenosis s 

Coronaryy artery disease 

- 11 vessel 

-- 2 vessels 

-- 3 vessels 

Eventt rate 

1 1 

113 3 

555 8 

266 3 

8 8 

811 0 

99(88) ) 

25(22) ) 

6.00  0.9 

4.33 9 

0.99 2 

2 2 

116 6 

8 8 

266 3 

1377 9 

0 0 

104(90) ) 

322 (28) 

6.11  0.9 

4.44  0.8 

1.00 2 

"" 3 

112 2 

8 8 

266 2 

1344 6 

811 0 

96(88) ) 

25(22) ) 

5.99  0.8 

4.33  0.7 

0.99  0.2 

1.68(1.20-2.14)) 1.51(1.14-2.12) 1.77(1.16-2.36) 

533 (47) 

711 2 

2.99 5 

1.99 6 

377 5 

50(44) ) 

322 (28) 

311 (27) 

13(12) ) 

55(47) ) 

700 3 

2.77  0.5 

1.88 5 

355 5 

48(41) ) 

411 (35) 

277 (23) 

20(17) ) 

49(44) ) 

722 1 

2.88  0.4 

2.00  0.4 

311 8 

55(49) ) 

366 (32) 

20(18) ) 

211 (19) 

4 4 

114 4 

9 9 

266 3 

1355 9 

811 1 

104(91) ) 

33(29) ) 

5.99  0.8 

4.22  0.2 

0.99  0.2 

1.58(1.16-2. . 

599 (52) 

700 3 

2.99  0.5 

1.99 6 

366 4 

46(40) ) 

433 (38) 

255 (22) 

17(15) ) 

Dataa are presented as mean , median (25th - 75th percentile), or n (%). 
Triglyceridee concentrations had a skewed distribution. Statistical analyses were 
basedd on log-transformed data, but untransformed data are shown in the table. Fbg 
indicatess fibrinogen 

whoo did, and those whoo did not have an event. However, P1A2 carriers who 
developedd a cardiovascular event had a significantly higher fibrinogen 
concentrationn (median=4.64) compared to P1A2 carriers who did not have 
ann event (median=3.03, p=0.03), and compared to non-carriers who did 
havee an event (median=3.06, p=0.02). No plasma samples were available 
too determine fibrinogen concentrations during follow-up, so the effect of 
pravastatinn treatment on fibrinogen levels could not be determined. 

RiskRisk of cardiovascular events 
Neitherr carriership of the P1A2 allele, nor fibrinogen plasma levels affected 
thee time to cardiovascular event, as assessed by a Cox proportional hazards 
model.. However, there was a significant interaction between GPIIIa 
genotypee and fibrinogen plasma levels (p=0.002). These results did not 
changee substantially after adjustment for all other significant baseline 
characteristicss (multi-vessel disease, randomized treatment allocation 
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(pravastatinn or placebo), BMI, age, and percentage stenosis), nor after 
adjustmentt for aspirin use. The statistical significance differed slightly 
dependingg on the transformation of fibrinogen values. Martingale residuals 
weree associated linearly with untransformed fibrinogen values (and 
interaction),, justifying the use of untransformed values (data not shown). 
Cox-Snelll  residuals were calculated and plotted against the estimated 
cumulativee hazard of the residuals (figure 1). The plot follows the 45° 
linee except in the tail where the variability of the cumulative hazard rate 
iss large. This suggests a good fit of the model, and substantiates that the 
interactionn found between fibrinogen plasma levels and GPIIIa genotype is 
trulyy present in our data. Carriership of the rare P1A2 allele significantly 
affectedd event-free survival only in individuals within the highest 
fibrinogenfibrinogen quartile (hazard ratio=2.7, 95%CI=1.1-7.1, p=0.03). Conversely, the 
fibrinogenfibrinogen concentration was a significant predictor of event-free survival 
onlyy in carriers of the P1A2 allele (p=0.003). 

Discussion n 
Inn a cohort of men with symptomatic coronary artery disease, we observed 
ann interaction between a genetic variant of the platelet fibrinogen 
receptorr and plasma fibrinogen levels in determining the risk and time to 
cardiovascularr event during follow-up. The variant P1A2 allele was a risk 
factorr for developing cardiovascular events only among those within the 
highestt fibrinogen quartile, suggesting that both may be required to cause 
ann important risk increase. 
Severall  mechanistic studies have provided in vitro data on the functional 
propertiess of the P1A1A2 polymorphism. Many studies have assessed its 
effectt on platelet aggregation, which has been shown to be an important 
predictorr of the risk of cardiovascular events and mortality.12 However, the 
resultss of these studies have not yielded consistent results. Compared to 
P1A1A11 platelets, the threshold for P1A2 platelet activation was found to 
bee lower,1314 higher,1516 and unaltered.17 Similarly, binding of exogenous 
fibrinogenfibrinogen was increased1318 and unaltered.17 An important drawback of 
aggregationn studies is the large heterogeneity of variables that may affect 
platelett aggregation, such as the agonists used, the concentrations used, 
etc.199 A large substudy from the Framingham Heart Study demonstrated 
thatt P1A1A2 genotype was associated with platelet aggregation as well.14 

Ann additional reason for the large inconsistency may derive from the 
factt that aggregation tests assess the combined effects of two separate 
processes,, namely (I) platelet activation with subsequent expression of 
GPIIblllaa receptors, and (II) GPIIbllla-dependent thrombus formation 
byy platelet - fibrinogen binding. The first process is likely to depend on 
thromboxanee A2 production by cyclo-oxygenase but the exact mechanism 
remainss unclear. Aspirin affects this mechanism, and this may underlie the 
genotype-dependentt differential anti-thrombotic effect of aspirin observed 
inn several studies. The second process may depend on (I) the number of 
GPIIblllaa receptors expressed per platelet, (II) the GPIIbllla-fibrinogen 



Table2.. Fibrinogen concentrations according to P1A1A2 genotype and event 
status s 

Noo event 

Event t 

P* * 

PIA1A1 1 

3.077 (2.3^4.04) 
n=279 9 

3.066 (2.45-3.49) 
n=55 5 
NS S 

PIA1A22 + PIA2A2 

3.033 (2.4-M.02) 
n=105 5 

4.64(2.89-6.31) ) 
n=16 6 
0.02 2 

Pt t 

NS S 

0.03 3 

** P-value for the comparison event versus no event, t P-value for the comparison 
A1A11 versus A2. 

dissociationn constant, and (III) the plasma fibrinogen concentration. After 
ADPP stimulation, surface expression of GPIIbllla is significantly higher in 
PlA2-positivee platelets than in P1A1A1 platelets.13 The dissociation constant 
hass been shown to be unaffected by the GPIIIa polymorphism.17 A role for 
thee plasma fibrinogen concentration in in vitro platelet aggregation has 
beenn suggested,6 but a role in in vivo platelet aggregation has not been 
studiedd thus far. Most of these variables are usually not taken into account 
whenn performing platelet aggregation studies, and may have differed 
substantiallyy between the studies mentioned. 
Inn addition to platelet aggregation, other platelet characteristics have been 
investigatedd as well as potential mediators for the suggested increased 
adhesivee phenotype of the P1A2 allele. Receptor-ligand interaction was 
shownn to be unaffected,20 but PlA2-positive platelets did display lower 
thresholdss for GPIIbllla activation and a-granule release.13 In addition, P1A2-
positivee platelets showed greater a-granule release and greater adhesion to 
fibrinogenn under shear stress.1 These observations may be caused by the fact 
thatt the P1A2 allele can induce enhanced post-occupancy signalling 
throughh mitogen-activated protein kinase and myosin light chain kinases.1 

Thesee in vitro studies provide supportive evidence for an enhanced 
adhesivee phenotype of the P1A2 allele. Two study groups have used bleeding 
timee wounds to assess the coagulation process in vivo. In a study performed 
amongg Caucasians, bleeding times were shorter in P1A2 carriers than in 
non-carriers.21222 In blood derived from these bleeding time wounds, several 
markerss of thrombin generation and fibrinogen consumption were 
consistentlyy higher in PlA2-positive subjects.21 "However, in a study that 
measuredd bleeding times in Greenland Inuit, a population with a low 
incidencee of ischemic heart disease, such a relationship between bleeding 
timee and the GPIIIa genotype was not observed.24 

Thee concept of an interaction between GPIIIa genotype and an 
environmentall  factor is supported by a number of recent studies. A 
substudyy from the Framingham Heart Study found a genotype-dependent 
influencee of fibrinogen on epinephrine and ADP thresholds for platelet 
aggregation,, i.e. higher fibrinogen quartiles were associated with 
incrementallyy lower agonist thresholds, but only in non-carriers. Among 
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P1A22 earners, such a relationship was not observed. In the highest 
fibrinogenfibrinogen quartile, the agonist thresholds did not differ between carriers 
andd non-carriers. However, these results are hard to compare with our in 
vivoo observations. For instance, the trigger for in vivo platelet aggregation 
consistss of several agonists combined, compared to one in in vitro 
experiments.. The concentration of these agonists may be of a completely 
differentt order of magnitude, than the ones used in vitro. In addition, the 
Framinghamm substudy did not include patients on aspirin. In our study 
overr 50% used aspirin, which has been reported to have a genotype-
dependentt antithrombotic effect although no consensus exists on this. 
Inn addition, two recent clinical studies have also suggested that an 
interactionn may exist between this polymorphism and an environmental 
factor,, i.e. smoking. Compared to non-smoking non-carriers, carriers of the 
variantt P1A2 allele who smoked had a 13-fold increased risk of myocardial 
infarction,, while non-smoking carriers were not at increased risk.25 We did 
nott observe such an interaction in our cohort. Second, Barakat et al. 
suggestedd that an interaction exists between this polymorphism and 
smokingg in determining the severity of acute coronary syndromes (ACS). 
Theyy hypothesized that smoking P1A2 carriers are more prone to make 
strongerr thrombi, and thus are more likely to develop ST-elevation ACS 
thann non-ST-elevation ACS. Consequently, among smokers suffering a non-
ST-elevationn ACS the P1A2 allele frequency should be substantially reduced, 
whichh is what they observed.26 

Fibrinogenn levels, which were not determined in these studies, maybe the 
pathophysiologicall  explanation for this observed interaction since smoking 
iss known to affect fibrinogen levels. In our study, there was a trend towards 
higherr fibrinogen plasma levels in smokers, compared to non-smokers (3.31 
++ 1.37 g/L vs 3.57 + 1.61 g/L, p=0.084). In the current study, we did not 
observee a significant interaction between genotype and smoking. This may 
havee been caused by the fact that using smoking as a dichotomous risk 
factorr instead of fibrinogen as continuous risk factor, reduced the statistical 
powerr to detect such an interaction. 
Thee relationship between this genetic variant of the platelet fibrinogen 
receptorr and cardiovascular events has been assessed in numerous genetic 
associationn studies but only two have reported data on fibrinogen levels as 
covariates.. Only Senti et al. observed and discussed a relationship between 
thesee two variables in their study of patients with a first myocardial 
infarction.. Fibrinogen levels were significantly higher among P1A1A1 
individualss than among P1A2 carriers, suggesting that the latter require 
lesss high fibrinogen levels to develop a myocardial infarction. Our 
observationn of a fibrinogen level-dependent risk increase of cardiovascular 
eventss only among P1A2 carriers is not consistent with this finding. 
However,, our study investigates the risk of cardiovascular events in patients 
withh established coronary artery disease, which involves not necessarily the 
samee pathophysiological pathway as that in patients with first MI. 



Limitations Limitations 
Theree are several potential limitations to the present study. The events 
definedd in REGRESS include a number of different clinical entities, i.e. non-
scheduledd percutaneous or surgical revascularization, non-fatal myocardial 
infarction,, and fatal myocardial infarction.9 Part of these events may have 
beenn caused by restenosis. Nevertheless, the large majority were events in 
whichh atherosclerotic plaque rupture and subsequent thrombotic 
occlusionn are the underlying pathophysiological processes. The fact that 
thesee plaque rupture-related events led to a range of clinical outcomes may 
havee depended on numerous other factors, and does not negate our 
findings.. Second, the current analysis was a non-predefined subanalysis of 
thee REGRESS cohort, and the number of events observed during the two-
yearr follow-up period was relatively low. Therefore, we cannot exclude the 
possibilityy that our observation was a chance finding. Our observation may 
providee an explanation for the inconsistency among association studies on 
GPIIIaa genotype and cardiovascular endpoints, but, being an association 
studyy itself, our observation requires confirmation in larger cohorts. Third, 
noo plasma samples were available to determine fibrinogen concentrations 
duringg follow-up. Evidence exists that statin treatment may increase 
fibrinogenfibrinogen levels by approximately 3%.27 However, adjustment for 
pravastatinn treatment did not change the strength of the observed 
interaction. . 

Conclusion Conclusion 
Wee conclude that in this cohort of men with symptomatic coronary artery 
disease,, carriership of the GPIIIa variant P1A2 allele significantly affected 
thee risk of developing a cardiovascular event during follow-up, but only in 
individualss within the highest fibrinogen quartile. This interaction with 
fibrinogenfibrinogen plasma levels may provide a plausible explanation for the 
inconsistencyy among case-control studies investigating the role of this 
GPIIIaa polymorphism as a risk factor for atherothrombotic events. 
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