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Summary 

A sequence variat ion in the 3'-untranslated region o f the pro thrombic (PT) gene 

(20210 G—*A) was recently claimed to be associated wi th elevated plasma 

pro th rombin levels and an increased risk for venous and arterial thrombosis. We 

examined the prevalence o f the 20210 A allele in the p ro th rombin gene in 400 

healthy controls and in 263 patients with proven premature atherosclerotic disease. 

In add i t ion , we measured prothrombin, pro thrombin fragment 1 + 2, th rombin-

ant i th rombin (TAT) complex and D-dimer levels in plasma f rom carrier and non-

carrier patients. The frequency o f the variant allele was 1% in the control subjects 

and 2.7% in the pat ient group, yielding a relative risk (RR) for the 20210 A allele o f 

2.7 (95% CI 0.8-9.4). Al l heterozygotes in the patient group were found to have had 

a myocardial infarct ion ( M l ) , yielding a RR for Ml o f 4.2 (95% CI 1.2-14.6). Plasma 

pro th rombin levels in carriers (126 ± 10) were higher than in non-carriers (103 ± 1, 

p=0.02). The level o f the TAT complexes (16 ± 9 vs 6 ± 1 ug /m l , p=0.02) as well as 

o f p ro th rombin fragment 1 + 2 (1.5 ± 0.3 vs 1.0 ± 0.1 nmo l / l , p=0.02) were also 

elevated in carriers o f the mutat ion. Our findings suggest that the 20210 G^»A 

muta t ion in the p ro th romb in gene is a genetic risk factor for M l . In add i t ion , our 

data provide evidence for an association o f the mutat ion wi th excessive th rombin 

generation, which may contr ibute to the understanding o f its role in venous and 

arterial disease. 

Introduction 

Atherosclerotic vascular disease is a mult i factorial clinical entity in which genetic 

and acquired risk factors play a ro le 1 2 In addi t ion to well-accepted major risk 

factors such as smok ing , serum cholesterol and hyper tens ion, unknown 

environmental and inherited factors contr ibute to arterial disease.3 

Haemostat ic variables are candidate risk factors for arterial disease. Previous 

studies have shown that elevated plasma f ibr inogen, factor VII and factor VIII and 

PAI-1 levels, for instance, are associated wi th arterial thrombosis.4"6 Moreover, an 

increased predisposit ion for myocardial infarction in young women was linked to 

factor V Leiden, a common genetic abnormal i ty that is also causally related to 

venous thrombosis. -b 

Recent studies have shown a putative association between a nucleotide change in 

the 3'-untranslated region o f the pro thrombin gene (a G to A transi t ion at posit ion 
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20210) and an increase in venous and arterial th rombot ic disease.9"14 This genetic 

var iat ion, located in a potential regulatory site for gene expression 5 was also found 

to be associated wi th elevated plasma pro th rombin levels, but the exact mechanism 

by which the genetic abnormal i ty contr ibutes to hyperprothrombinaemia and how 

it results in venous thrombosis is unclear.9 

In the present study we examined the prevalence o f the recently described 20210 

G—*A mutat ion in the pro thrombin gene in healthy controls and in patients wi th 

premature atherosclerotic disease in order to further delineate the role o f this 

genetic abnormal i ty as a risk factor for arterial vascular disease. Finally, we assessed 

the relationship between the 20210 mutat ion and markers o f thrombin metabol ism 

in an at tempt to better understand the mechanisms by which the abnormal i ty 

confers thrombot ic risk. Our data indicated that the variant pro thrombin increased 

the risk for myocardial infarction and provided evidence for an association o f this 

muta t ion wi th augmented thrombin generation. 

Material and Methods 

Subjects 

263 unrelated individuals (218 men aged 24-50 years, mean 40 years; 45 women, 

aged 21-50 years, mean 40 years) referred to the Academic Medical Centre in 

Amsterdam for investigation o f symptomat ic coronary and / or peripheral arterial 

disease and wi th angiographically-proven atherosclerotic disease made up de 

pat ient group. 213 patients suffered f rom coronary disease, 38 f rom peripheral 

disease and 12 f rom a combinat ion o f peripheral and coronary disease. The 

diagnosis o f atherosclerosis was based on angiography that showed significant 

arterial stenosis (> 50% o f obstruct ion o f a major artery). In the coronary subgroup 

163/213 patients and in the combined subgroup 10/12 patients had experienced 

an acute myocardial infarct ion, diagnosed on the basis o f cl inical, enzymatic and 

electrocardiographic criteria. 

Controls were healthy volunteers (n=400) w i thou t a history o f cardiovascular 

disease, mostly recruited among the employees o f the Academic Medical Centre in 

Amsterdam, and for whom informat ion regarding presence o f risk factors for 

atherosclerosis was not available. Al though unmatched for sex and age, patient and 

controls had the same ethnic background, i.e. Caucasians f rom the Netherlands. All 

individuals gave their informed consent to part icipate in the study, which had been 

approved by the local Ethics Commit tee. 
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Methods 

DNA analysis was performed by PCR ampl i f icat ion o f genomic DNA extracted f rom 

peripheral leucocytes using standard methods, fol lowed by digestion wi th the 

restr ict ion enzyme Hind III to identify the variant allele at posit ion 20210 o f the 

p ro th romb in gene. The primers and PCR condi t ions used were previously 

described.9-16 

Markers o f p ro th romb in metabolism were assessed only in patients' samples. Blood 

was drawn from the antecubital vein and collected in tubes containing buffered 

ci trate. Venepuncture for patients wi th myocardial infarction was carried out at 

least 3 months after the acute event. Plasma prothrombin antigen levels were 

determined by an ELISA method (Dako, Glostrop, Denmark). Activat ion o f 

coagulat ion was assessed by measurement o f markers for thrombin generation, 

p ro th romb in fragment 1 + 2 (F1 + 2) and th rombin-ant i th rombin (TAT) complexes, 

w i th respective ELISAs (Behringwerke AG, Marburg , Germany). Activation o f 

f ibrinolysis was measured with a sensitive assay for D-dimer (Behringwerke AG, 

Marburg , Germany). Plasma measurements were performed only for subjects not 

tak ing any medicat ion at the time o f b lood col lect ion. 

Statistics 

Differences in p ro th romb in TAT, F1 + 2, and D-dimer levels between pro th rombin 

genotype groups were analysed by the Mann-Whitney U test using the SPSS for 

W indows statistical package; p< 0.05 was considered statistically significant. Odds 

ratios (OR), as a measure for relative risk were calculated in the standard 

unmatched fashion. A 95% confidence interval was calculated according to 

standard techniques. To calculate overall OR, the Mantel-Haenzel method was 

used on the raw figures, by entering each study as a separate st ratum. 

Table 1. Risk for 

Genotype 

GG 

GA 

myocardial infarction 

Patients with Ml 

166(96) 

7(4) 

(Ml) and 20210 G/A prothrombin genotype 

Controls 

396(99) 

4 ( 1 ) 

Values refer to number of patients; percentages in parentheses 
GA= heterozygosity for the prothrombin mutation. 

Odds ratio 

1.0 

4.2 

95% CI 

1.2-14.5 

GG= wild-type genotype. 
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Results 

Heterozygosity for the 20210 G^*A mutat ion in the 3'- untranslated region o f the 

prothrombin gene was found in 7/263 (2.7%) patients, and in 4 /400 healthy controls 

(1%). No homozygotes for the mutat ion were detected. These data yielded an odds 

ratio for arterial disease related to the 20210 A allele o f 2.7 (95% CI 0.8-9.4). 

In 173/263 patients arterial disease had resulted in acute myocardial infarct ion. 

Interestingly, all mutat ion carriers fell w i th in this group. Separate analysis o f the risk 

for Ml associated w i th the pro thrombin d imorphism gave an odds ratio o f 4.2 (95% 

CI 1.2 -14 .6 ) , which was statistically significant (Table 1). 

Table 2 indicates the general characteristics and cardiovascular risk factors for the 

two pro thrombin genotypes among patients. The data show that , as expected, 

Table 2. General characteristics of the patients according to genotype 

Prothrombin genotype 

G/G(n=256) A/G (n=7) 

Male 

Female 

Age ( years) 

Acute myocardial infarction 

Cholesterol (mmol/ l) 

>6.5 

LDL (mmol/ l) 

>4.5 

HDL (mmol/ l) 

<0.9 

Triglycerides (mmol/ l) 

>2.3 

Body mass index (mean 

>30 

Diabetes mellitus 

Smokers 

Hypertension 

Values represent actual 
G/G= wild-type genotyp 

±SE) 

213(83.2) 5(71.4) 

43(16.8) 2(28.6) 

40 + 1 41 ± 2 

166(64.8) 7(100) 

6.1 ± 0.1 5.7 ± 0.4 

85(33.2) 2(28.6) 

4.1 ±0.1 3.7 ±0.3 

86(33.2) 1 (14.3) 

1.05 ±0.02 1.09 ±0.12 

71 (27.7) 2(28.6) 

2.11 1 0.09 2.14 ±0.70 

71 (27.7) 1 (14.3) 

26.9 ± 0.3 29.3 ± 2.8 

49(19.1) 3(42.8) 

16(6.2) 2(28.6) 

201(78.5) 4(57.1) 

55(21.4) 1(14.3) 

numbers of patients or means +SE. Percentage are given in parentheses, 
e; G/A indicates heterozygous state for the prothrombin mutation. 
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major risk factors play an important role in the two groups. Most carriers o f the 

20210 A allele have at least one addit ional cardiovascular risk factor such as 

smoking, obesity, diabetes, hypertension, or an abnormal l ipid profi le. 

Poort et a l . 9 dealt w i th a risk factor analysis in venous thrombosis. Therefore we 

searched the patients files for venous thrombot ic events associated wi th the 20210 

muta t ion . Two o f the seven (28.6%) carriers o f the mutat ion reported a family 

history o f venous thrombosis in first-degree relatives (data not shown). Only seven 

o f the 256 (2.7%) non-carrier patients had such a positive family history (p < 0.02). 

Table 3 shows that heterozygosity fo r the 2021 0 polymorphism was associated wi th 

elevated plasma p ro th romb in levels. The mean levels in 7 carriers o f the rare allele 

were about 25% higher than in 256 homozygotes for the common allele (p= 0.02). 

Next we establ ished whether the p ro th romb in mu ta t i on was associated 

wi th increased t h romb in generation. As can be seen in Table 3, this does appear 

to be the case. In heterozygous carriers, mean TAT levels were 2-3- fo ld 

increased compared to the levels in non-carriers o f the muta t ion . The increase in F1 

+ 2 levels was more moderate bu t also significant (p= 0.02). D-dimer levels, as 

indicators o f f ibr in degradation, showed a similar trend wi th higher, albeit not 

significantly different (p= 0.39), values in mutat ion carriers as compared to non-

carriers. 

Table 3. Prothrombin, TAT, 

20210 G->A mutation 

F1+2 and D-dimer levels (±SE) in carriers and non-carriers of the 

Prothrombin G20210A genotype 

Marker 

Prothrombin antigen (%) 

TAT(ug/ l) 

F1+2(nmol/ l) 

D-dimer (ug/l) 

TAT= thrombin-antitrombin 

C/G (n=256) G/A(n=7) 

103+1 126±10 

6+1 16±9 

1±0.1 1+0.1 

253±14 253±14 

complex ; F1 +2= prothrombin fragment 
genotype; G/A= heterozygosity for the prothrombin mutation. 

1+2 

p-value 

0.02 

0.02 

0.02 

0.39 

G/G= wild type 
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Discussion 

We have investigated the pro thrombin 20210 G ^ A mutat ion as a risk factor for 

arterial thrombosis in a populat ion comprised o f relatively young patients suffering 

f rom atherosclerotic disease, in whom the influence o f genetic risk factors 

cont r ibut ing to arterial disease is supposed to be most evident when compared to 

older individuals, for whom age-related risk factors contr ibute more important ly . 

Even though the prevalence o f the pro thrombin G ^ A mutat ion was found to be 

2.7-fold higher among patients wi th atherosclerotic disease than in healthy 

controls, this difference did not reach statistical significance (95% CI 0.8-9.4). 

However, when data f rom patients in which arterial disease had resulted in acute 

myocardial infarct ion, i.e. thrombus format ion in a coronary artery, were analysed 

separately, the risk conferred by the mutat ion was significantly higher (odds rat io 

4.2; 95% CI 1.2-14.6). This is an indicat ion that the mutat ion is linked to an 

increased thrombot ic tendency. This interpretat ion was strengthened by the 

biochemical observations presented in this study. Firstly, we conf irmed that 

heterozygosity for the 20210 A allele was associated wi th a 25% increase in 

c i rcu lat ing p ro th romb in levels. Secondly, we showed that these elevated 

p r o t h r o m b i n levels were associated w i th increased t h romb in f o rma t i on 

as evidenced by elevated levels o f TAT complexes and pro thrombin F1 + 2. 

Therefore our data provided evidence for an association o f the 20210 G—>A 

mutat ion in the pro thrombin gene wi th excessive th rombin generation and 

activation o f the coagulat ion. A "p ro th rombo t i c " interpretat ion is also in keeping 

wi th the fact that the 20210 mutat ion was originally described as a risk factor for 

venous thrombosis, an observation that has been conf irmed in other recent 

studies.10 '11 '13 

It must be emphasized that our study and previous studies were based on small 

numbers o f mutat ion carriers in patients and controls. Therefore the confidence 

intervals for the calculated odds ratios are wide. However, the number o f carriers in 

the controls agreed well wi th recent data in a cohor t o f 467 Dutch control 

individuals where a 0.9% prevalence was f ound 1 7 , and wi th a recent study in 5527 

healthy individuals in which the prevalence o f the mutant pro thrombin appeared to 

be lower in Northern Europe (1.7%, 95% CI 1.3 -2.2%) than in Southern Europe 

(3.0%, 95% CI 2.3-3.7%).18 

At present there are nine published studies on the prevalence o f the 20210 variant 

in diseases other than venous thrombosis.1 2"1 4 '1 7 , 1 8 '2 0"2 4 The results in most studies 

lacked statistical power as a result o f the rarity o f the A allele. 
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Table 4 lists these studies and puts our data into perspective. The top half o f the 

table summarizes the crude odds ratio for patients who suffered f rom M l . Each o f 

the five studies, and also the aggregated data, support the theory that the 20210 A 

variant is a moderate risk factor for M l . The overall odds ratio for myocardial 

infarct ion derived f rom 1115 patients and 1888 controls, including those from the 

present study, was 2.5 (95% CI 1.5-4.3). In the lower hal f o f the table the data f rom 

studies on mixed populat ions o f patients and on patients wi th cerebrovascular 

disease are listed. The overall odds ratio for these studies was 1.3 (95% CI 0.8 - 2.6, 

not signif icant). It should be noted that the odds ratios for cerebrovascular disease 

were particularly low in the studies that specifically examined this issue. This f inding 

stresses the necessity o f careful selection o f patients for the evaluation o f the risk o f 

the 20210 A allele. 

The available results in patients with arterial disease should initiate further research 

on the importance o f genetic variations in c lot t ing factor genes in arterial 

thrombosis. Al though the relative risk o f the prothrombin 20210 A allele in these 

patients as a group is relatively modest, the net risk may become substantial in M l , 

part icular ly when it is associated wi th other risk factors. Therefore the 

characterization o f this and other genetic abnormalit ies may become an important 

means o f predicting individual risk profiles for cardiovascular disease. Finally, the 

demonstrat ion that the mutant prothrombin was found to be associated wi th 

hyperprothrombinaemia and increased th rombin generation contributes to the 

understanding o f the role o f this genetic variation in venous and arterial thrombosis. 
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