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Fibrinogenn plasma levels, the factor 
XII II  Val34Leu variant and the risk of 
futuree coronary artery disease; the 
EPIC-Norfolkk prospective population 
study y 



Introduction n 
Thee most common cause of acute coronary syndromes is atherosclerotic 
plaquee erosion or rupture with superimposed thrombosis resulting in 
occlusionn of an epicardial coronary artery.12 In recent years, numerous 
associationn studies have assessed the role of genetic variants of haemostatic 
proteinss as potential risk factors for acute coronary syndromes,34 but 
consistentt relationships have not been established. Poor reproducibility 
iss often experienced in the field of genetic association studies, and may 
bee caused by differences in patient and control definition, population 
heterogeneity,, and limited statistical power.5 An additional drawback of 
geneticc association studies is the fact that they typically assess only one 
geneticc variant in one of the proteins involved in pathophysiological 
processes.. Genegene and gene-environment interactions are not taken into 
account,, usually because they are poorly understood. Better understanding 
off  the genetic and environmental context in which a genetic variant may 
havee an effect, is therefore warranted. 
Thee final phase of the coagulation cascade is the conversion of fibrinogen 
too fibrin, and its subsequent cross-linking by factor XIII. 6 Elevated 
fibrinogenfibrinogen levels are an established predictor cardiovascular events 
independentt of traditional risk factors.78 Factor XIII contains a common 
codingg variant which predicts a valine to leucine substitution at codon 34. 
Thee rare 34Leu allele has been associated with a reduced risk of myocardial 
infarctionn and stroke,941 but this observation was not confirmed in other 
studies.12133 Lim et al. have recently described gene-environment interaction 
ass a potential explanation for these inconsistencies.14 They observed that 
aa protective effect of the 34Leu allele is present in individuals with high 
fibrinogenfibrinogen plasma levels, but not in those with low fibrinogen levels. The in 
vitroo outcome used in this study was thrombus structure and permeability, 
whichh may be clinically relevant because denser thrombus structures has 
beenn observed in patients with premature coronary artery disease and 
myocardiall  infarction,1516 and in their relatives.17 

Wee hypothesized that the interaction between the factor XIII Val34Leu 
variantt and fibrinogen plasma levels which affects thrombus structure, also 
affectss the risk of clinicall  cardiovascular events. We tested this hypothesis 
inn a prospective case-control study, nested in the EPIC-Norfolk cohort study. 

Methods s 
Wee performed a nested case-control study among participants of the EPIC-
Norfolkk (European Prospective Investigation into Cancer and Nutrition) 
study,, a prospective population study of 25,663 men and women aged 
betweenn 45 and 79 years, resident in Norfolk, UK, who completed a baseline 
questionnairee survey and attended a clinic visit.18 Participants were 
recruitedd from age-sex registers of general practices in Norfolk as part of 
thee ten-country collaborative EPIC study designed to investigate dietary 
andd other determinants of cancer. Additional data were obtained in EPIC-



Norfolkk to enable the assessment of determinants of other diseases. 
Thee design and methods of the study have been described in detail.18 In 
short,, eligible participants were recruited by mail. At the baseline survey 
betweenn 1993 and 1997, participants completed a detailed health and 
lifestylee questionnaire. Blood was taken by venepuncture into plain and 
citratee bottles. Blood samples were processed for assay at the Department 
off  Clinical Biochemistry, University of Cambridge, or stored at -80 °C. All 
individualss have been flagged for death certification at the UK Office of 
Nationall  Statistics, with vital status ascertained for the entire cohort. In 
addition,, participants admitted to hospital were identified using their 
uniquee National Health Service number by data linkage with ENCORE (East 
Norfolkk Health Authority database), which identifies all hospital contacts 
throughoutt England and Wales for Norfolk residents. Participants were 
identifiedd as having coronary artery disease (CAD) during follow-up if they 
hadd a hospital admission and/or died with CAD as underlying cause. CAD 
wass defined as codes 410-414 according to the International Classification of 
Diseasess 9th revision. We report results with follow-up up to January 2003, 
ann average of about 6 years. The study was approved by the Norwich District 
Healthh Authority Ethics Committee. All participants gave signed informed 
consent. . 

Participants Participants 
Wee have previously described a similarly designed nested case-control 
study.19"211 Since that study, an extended follow-up has resulted in the 
identificationn of more CAD cases allowing the present study to be 
considerablyy larger. We excluded all individuals who reported a history of 
heartt attack or stroke at the baseline clinic visit. Cases were individuals 
whoo developed a fatal or non-fatal CAD during follow-up until November 
2003.. Controls were study participants who remained free of any 
cardiovascularr disease during follow-up. We matched two controls to each 
casee by sex, age (within 5 years), and time of enrolment (within 3 months). 

BiochemicalBiochemical analyses 
Serumm levels of total cholesterol, HDL cholesterol, and triglycerides 
weree measured on fresh samples with the RA1000 (Bayer Diagnostics, 
Basingstoke,, UK), and LDL cholesterol levels were calculated with the 
Friedewaldd formula.22 C-reactive protein levels were measured with a 
sandwich-typee ELISA in which polyclonal rabbit anti-C-reactive protein 
antibodiess were used as catching antibodies and biotinylated monoclonal 
antibodiess (CLB anti-CRP-2) as the detecting antibody, as previously 
described.233 Results were related to a standard consisting of commercially 
availablee C-reactive protein (Behringwerke AG, Marburg, Germany). 
Fibrinogenn in plasma was measured with a polymerization method as 
originallyy described by Clauss.24 Genotyping of the factor XIII Val34Leu 
variantt was determined by Taqman ABI high-throughput genotyping 
technologyy at Strangeways Research Laboratories, Cambridge, UK. DNA 
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wass stored in 36 matrix 96-well plates, with each plate containing two 
duplicatess and two negative controls. Samples were analyzed in random 
orderr to avoid systemic bias. Researchers and laboratory personnel had no 
accesss to identifiable information, and could identify samples by number 
only. . 

StatisticalStatistical analysis 
Baselinee characteristics were calculated for cases and matched controls. 
Becausee triglycerides, fibrinogen levels and CRP levels had a skewed 
distribution,, values were log-transformed before being used as continuous 
variabless in statistical analyses but in the tables we show untransformed 
medianss and corresponding interquartile ranges (IQR). People were divided 
accordingg to tertiles of fibrinogen concentration based on the distribution 
amongg controls. Mean risk factor levels by fibrinogen tertile and factor 
XII II  genotype were calculated in order to determine relationships between 
thesee factors and traditional cardiovascular risk factors. Odds ratios (OR) 
andd corresponding 95% confidence intervals (95%CI) as an estimate of the 
relativee risk of incident CAD were calculated using conditional logistic 
regressionn analysis taking into account matching for sex, age, and time 
off  enrolment. Odds ratios were adjusted for the following cardiovascular 
riskk factors: smoking (yes vs no), body mass index, diabetes, systolic blood 
pressure,, LDL-c, and HDL-c. The interaction term between fibrinogen tertiles 
andd the factor XIII genotype (ValVal versus Leu carriers) was calculated 
byy conditional logistic regression, taking into account the matching for 

Tablee 1. Baseline characteristics for cases and controls 

Subjects s 

Malee sex 

Age,, years 

Bodyy mass index, kg/m2 

Smoking g 

-- Never 

-- Previous 

-- Current 

Diabetes s 

Systolicc bloodpressure, mmHg 

Diastolicc bloodpressure, mmHg 

LDLL cholesterol, mmol/l 

HDLL cholesterol, mmol/l 

Triglycerides,, mmol/l 

Fibrinogen,, mmol/l 

Controls s 

386 6 

76.99 (297) 

7 7 

26.44  3.4 

41.3(158) ) 

50.11 (192) 

8.66 (33) 

1.0(4) ) 

1399 7 

1 1 

4.11 0 

1.33 3 

1.7(1.2-2.3) ) 

3.00 (2.5-3.4) 

Cases s 

189 9 

79.4(150) ) 

7 7 

27.00  3.0 

25.44 (47) 

60.0(111) ) 

14.66 (27) 

4.88 (9) 

1433 0 

3 3 

4.33 0 

1.22 3 

1.8(1.4-2.7) ) 

3.11 (2.5-3.7) 

Dataa are reported as percentages (n), means  SD, or median (interquartile range). 



sex,, age and enrolment time, and adjusting for smoking {yes vs no), body 
masss index, diabetes, systolic blood pressure, LDL-c, and HDL-c. Statistical 
analysess were performed using SPSS software (version 12.0.1, Chicago, 
Illinois).. A p-value < 0.05 was considered to indicate statistical significance. 

Results s 
Dataa were available for 189 cases and 386 matched controls. Due to 
matching,, age and sex were comparable between cases and controls. 
Ass expected, cases were more likely than controls to be smokers and 
havee diabetes, and had higher systolic and diastolic blood pressure, LDL 
cholesterol,, triglycerides and fibrinogen levels (table 1). Cases had lower 
HDLL cholesterol levels than controls. Risk factor levels were not importantly 
associatedd with the factor XIII Val34Leu genotype (table 2). However, risk 
factorss were associated with fibrinogen levels. Elevated fibrinogen levels 
weree associated with female sex, smoking, higher age, higher systolic and 
diastolicc blood pressure, higher LDL cholesterol, and lower HDL cholesterol. 
Withh increasing tertiles of fibrinogen, the risk of future coronary artery 
diseasee increased but this did not reach statistical significance (table 3). 
Overr all, people in the highest fibrinogen tertile had an odds ratio of 1.56 
(95%CII  = 0.99-2.46, p for linearity = 0.06), compared to people in the lowest 
tertile.. Interestingly, the point estimate for people in the top tertile was 
higherr when only ValVal homozygotes were considered (OR = 2.01, 95%CI 
== 0.83-4.88), but due to the reduced number of observations the statistical 
significancee was attenuated (p for linearity= 0.2). Among 34Leu carriers, 
thee risk for people in the top fibrinogen tertile was substantially lower 
(ORR = 1.26, 95%CI = 0.46-3.48, p for linearity = 0.6). The statistical term for 
interactionn between fibrinogen tertiles and factor XIII genotype (ValVal 
versuss Leu carriers) did not reach statistical significance (p = 0.15) 

Discussion n 
Inn this prospective nested case-control study, we observed that fibrinogen 
plasmaa levels were associated with an increased risk of coronary artery 
diseasee among apparently healthy men and women, an observation that 
iss consistent with several other studies. A recent study that assessed 
thrombuss structure as outcome, suggested that this association was subject 
too complex genotype-environment interaction, such that it was strong 
amongg people homozygous for the factor XIII 34Val allele, but attenuated 
inn the presence of factor XIII 34Leu alleles. Our data suggest that such an 
interactionn may indeed exist. However, due to the limited statistical power 
off  our study we were not able to provide supporting evidence for such a 
claim. . 
Thee formation of intracoronary thrombus is a pivotal process in the 
majorityy of coronary events. The structure of such thrombus exhibits 
substantiall  inter-individual variability. Fibrinogen plays an important 
rolee in thrombus formation by acting as a ligand for platelet glycoprotein 
Ilb/III aa receptors, and high fibrinogen concentrations are associated with 



Tablee 2. Baseline characteristics by genotype and by fibrinogen tertile. 
Genotypee Fibrinogen tertUes 

ValVall ValLeu LeuLeu 1 2 3 

Subjectss 309 230 36 188 180 207 

Malee sex 76.7(237) 78.7(181) 80.6(29) 84.5(159) 78.9(142) 70.5(146) 

Agee 7 7 8 62 7 7 65 6 

Bodyy mass index 26.5 1 26.7 4 27.0 1 26.4 2 26.5 1 26.9 5 

Smoking g 

-Neverr 34.9(109) 39.5(90) 25(9) 37.4(70) 31.1(55) 39.2(80) 

-Previouss 52.0(158) 52.6(121) 69.4(25) 53.5(100) 61.1(108) 46.6(95) 

-Currentt 13.2(42) 7.9(19) 5.6(2) 9.1(17) 7.9(14) 14.2(29) 

Diabetess 2.3(7) 2.2(5) 2.8(1) 1.1(2) 4.4(8) 1.4(3) 

Systolicc bloodpressure 140 8 141  18 142 1 137 7 143 8 142 9 

Diastolicc bloodpressure 84 2 84 1 86 3 82 0 85 2 85 2 

LDLL cholesterol 4.1 0 4.2 0 5.2 2 3.9 9 4.2 0 4.3 0 

HDLL cholesterol 1.3 4 1.3 3 1.2 3 1.3 3 1.3 4 1.2 4 

Triglyceridess 1.8(1.3-2.5) 1.6(1.1-2.4) 2.0(1.7-3.1)1.7(1.1-2.4)1.8(1.4-2.5)1.7(1.2-2.5) 

Fibrinogenn 3.1(2.6-3.6) 2.9(2.4-3.3) 3.1(2.5-3.5)2.3(2.1-2.5 3.0(2.8-3.1)3.7(3.5-4.1) 

Dataa are reported as percentages (n), means  SD, or median (interquartile range). 

thee development of clots with a tighter network of thin fibrin fibres and 
smalll  pore size.14"16 25 These thrombus characteristics predispose to low 
clott permeability, which is associated with an elevated risk of coronary 
events.1516266 The rationale behind these findings is that dense thrombi 
builtt from thin tightly packed fibrin fibres have a slower fibrinolysis rate 
becausee fibrinolytic proteins can penetrate the thrombus only to a limited 
extent.. Such tight clots may therefore be more resistant to fibrinolysis 
andd therefore more strongly associated with occlusive thrombosis of 
coronaryy arteries. However, Lim et al. showed that at high plasma levels 
off  fibrinogen, samples homozygous for the factor XIII 34Leu allele form 
looserr clots with thicker fibrin fibres than do clots formed from samples 
homozygouss for the 34Val allele.14 Because looser thrombus structure 
hass been associated with a relative increase in clot lysis,26,27 this in 
vitroo observation suggests that the factor XIII 34Leu allele may have a 
protectivee effect against the development of atherothrombotic disease, 
butt only in the presence of high fibrinogen levels. This observation may 
explainn the apparently paradoxical finding that at low normal fibrinogen 
concentrations,, the protective 34Leu variant was found to increase fibrin 
cross-linkingg activity and to produce fibrin clots that are less susceptible to 
fibrinolysisfibrinolysis than with the 34Val variants.28 

Thus,, in vitro data suggest that the factor XIII 34Leu allele may be 
associatedd with a relative protection against the development of 
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atherothromboticc disease among people with elevated fibrinogen levels. 
Thee role of circulating fibrinogen concentrations in vascular disease, and 
thee effects of fibrinogen on fibrin structure and function are important 
inn the understanding of disease mechanisms. In clinical studies, there 
havee been many reports of associations between raised fibrinogen 
concentrationss and risk of atherothrombotic disorders.729-30 The general 
relationshipp between the factor XIII Val34Leu variant and the risk of 
atherothromboticc disease has been studied extensively as well, but with 
inconsistentt results.9"13 These studies did not usually take fibrinogen levels 
intoo account, but most of them did report the prevalence of smoking which 
iss known to raise fibrinogen levels.3133 In a study investigating the risk of 
ischemicc stroke, the risk increased with the number of pack-years among 
34Vall  homozygotes, but not significantly among 34Leu carriers. Also, the 
relationshipp between smoking and the risk of myocardial infarction was 
attenuatedd by the 34Leu allele.34 However, it remains unclear whether these 
observationss were caused by a true protective effect of the 34Leu allele on 
diseasee risk, or merely by the limited statistical power among the small 
groupp of carriers of the less common 34Leu allele. 

Limitations Limitations 
Theree are several potential limitations to the present study. First, recent 
historyy has seen numerous genetic association studies with inconsistent 
results.. Part of these inconsistencies may be explained by differences in 
patientt and control definition, population heterogeneity, and importantly, 
limitedd statistical power. The size of the current study was substantial 
comparedd to other studies in this field. However, because we studied 
ann interaction between factor XIII genotype and fibrinogen levels, the 
statisticall  power was limited. We cannot exclude the possibility that the 
absencee of an interaction as reported in this study, was caused by limited 
statisticall  power. Therefore, this hypothesis needs to be tested in even larger 
prospectivee studies that have data available on both factor XIII genotype 
andd fibrinogen levels. Second, no plasma samples were available to 
determinee fibrinogen concentrations during follow-up. Evidence exists that 
fibrinogenfibrinogen levels may fluctuate over time, so evidence on self correlation 
wouldd enhance the accuracy of the reported observation. 

Conclusion Conclusion 
Wee conclude that in this prospective study of apparently healthy men and 
women,, no evidence exists to support an interaction between fibrinogen 
levelss and the factor XIII Val34Leu variant in determining the risk of 
coronaryy artery disease. This lack of evidence may have been caused by 
thee fact that this study had limited statistical power to detect such an 
interaction. . 



Tablee 3. Odds ratio for future coronary artery disease by fibrinogen tertile. 

Alll genotypes 

VaiVal l 

ValLeuu + LeuLeu 

1 1 

1.00 0 

1.00 0 

1.00 0 

Fibrinogenn tertites 

2 2 

0.93 3 

(0.58-1.50) ) 

0.97 7 

(0.44-2.14) ) 

1.00 0 

(0.40-2.52) ) 

3 3 

1.56 6 

(0.99-2.46) ) 

2.01 1 

(0.83-4.88) ) 

1.26 6 

(0.46-3.48) ) 

PP for linearity 

0.06 6 

0.2 2 

0.6 6 

Dataa are odds ratios for future coronary artery disease, corresponding 95% 
confidencee intervals and p-valuesfor linearity. Odds ratios were calculated by 
conditionall logistic regression taking into account the matching for age, sex, and 
enrolmentt time. Data are presented for all factor XIII Val34Leu genotypes combined, 
andd for VaiVal homozygotes and Leu carriers separately. 
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