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Frequencyy of the TAFI —438 G/A and 
Factorr XII I Val34Leu polymorphisms in 

patientss with objectively proven pulmonary 
embolism m 

Majidaa Zidane, Marieke C.H. de Visser, Marije ten Wolde, Hans L. Vos, 
Wouterr de Monyé, Rogier M. Bertina, and Menno V. Huisman 

Onn behalf of the Antelope study group 

DeepDeep vein thrombosis (DI 'T) and pulmonary embolism (PE) are considered to be two forms of the same disease, 

howeverhowever it is not fully understood why some patients present with PE and others with DVT. The factor XIII 

(FXIII)(FXIII)  and thrombin activatable fibrinolysis inhibitor (TAFI) genes encode for proteins which are involved in 

stabilizingstabilizing the fibrin clot and making it more lysis resistant. Polymorphisms of both genes have been reported to 

bebe protective against DVT Literature on the association with PE is limited and contradictory. We hypothesized 

thatthat the changes in clot characteristics introduced by FXIII A 34Leu and the reduced TAFI concentration associated 

withwith the TAFI -438 A allele may affect clot stability and thereby potentially contribute to whether a patient 

presentspresents with D VT or PE. We determined the frequencies of both polymorphisms in consecutive patients with a 

firstfirst episode of objectively demonstrated PE and in patients in whom the diagnosis PE was refuted. 

TheThe frequency of FXIII A 34Leu Leu in PE patients and non-PE patients was 4% and 9%. [Odds Ratio (OR) 0.5 

(95%(95% CI: 0.1 to to 1.9)]. respectively. For -438 A/A TAFI genotype the frequency was 1% and 8% [OR 0.1 (95% 

CI:CI:  0.1)2 to 1.1) J. respectively. Subanalyses demonstrate that the TAFI -438 A allele may he associated with a 

lowerlower risk ofPE. Risk reduction seems to be most pronounced in young females (age less than 45 years), [OR 0.1 

(95%(95% CI: 0.01 to 0.7)J, and in women using oral contraception [OR 0.1 (95% CI: 0.02 to 0.6)J. 





TAF11 and Factor XIII polymorphisms and risk of pulmonary embolism 

A lthoughh deep vein thrombosis (DVT) and pulmonary embolism (PE) are considered to 

bee two forms of the same disease, it is not fully understood why some patients present 

withh PL and others with DVT. In normal hemostasis, a balance between procoagulant, 

anticoagulantt and fibrinolytic reactions is required to maintain blood fluidity on one hand and to 

preventt excessive blood loss on the other '. This balance can be disrupted by both environmental 

andd genetic factors, by causing improper activation or inactivation of the coagulation system 2. This 

mayy result in the formation and growth of obstructive thrombi which may embolize, clinically 

presentingg as venous thromboembolism (VTE)2, The most common genetic risk factors of VTE are 

thee Factor V Leiden mutation and the prothrombin 20210A variant :"~\ Recently, there have been 

reportss in the literature, which suggest that certain alleles from the factor XIII (FXIII ) and thrombin 

activatablee fibrinolysis inhibitor (TAF I) genes may be associated with DVTSi7. The proteins encoded 

byy these genes are both involved in stabilizing the fibrin clot and in making the clot more lysis 

resistant. . 

FXIIII  is a pro-transglutaminase which is activated by thrombin and catalyzes the formation of 

covalentt fibrin-fibrin and fibrin-a.-antiplasmin bonds, making the thrombus more resistant toward 

shearr forces and fibrinolysis ls. Recent studies have shown that the FXIII A Val34Leu polymorphism, 

whichh results from a G to T transition in exon 2 in the FXIIIA gene, leads to an enhanced susceptibility 

too thrombin cleavage *  J,'"::, resulting in earlier crosslinking of a- and g-chains and the formation of 

aa finer fibrin meshwork {smaller pores and a reduced fiber diameter) ::":-\ Furthermore, Ariëns et al 

demonstratedd that thrombi formed in FXIII A 34 Leu carriers have an increased stiffness and a 

prolongedd clot lysis time : \ 

Several,, but not all. case-control studies have reported lower frequencies of the FXIIIA 34Leu 

allelee in patients with DVT, suggesting that this allele may be protective " i:-!"-:\ Alhenc-Gelas et al. 

performedd a meta-analysis of these studies and reported ORs for VTE of 0.58 (95% confidence 

intervall  (CI) 0.41 to 0.82) for the Leu/Leu genotype and 0.86 (95% CI: 0.74 to 0.99) for the Val/Leu 

genotypee i:, suggesting that each additional Leu-allele provides an extra protection. 

Dataa on the risk associated with the FXIIIA Val34Leu polymorphism in patients with PF are limited 

andd contradictory. Catto et al. reported a similar frequency for the FXIII A Leu/Leu genotype in 

patientss with PL (5.1 %) and in patients with DVT only (5.7%), both lower than the frequency of Leu/ 

Leuu carriers in healthy controls ". However, Fhrenforth et al. found a lower frequency of FXIII A Leu/ 

Leuu genotype in patients with PE (2.4%) than in healthy controls (6.9%) and DVT patients (8.2%)'\ 

TAFII  is a procarboxypeptidase, which is activated by thrombin. It strongly delays fibrinolysis by 

removall  of carboxyterminal lysine residues from partially degraded fibrin. These lysine residues 

normallyy serve as binding sites for components of the fibrinolytic system r . Van Tilburg et al. 
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reportedd that TAFI antigen levels above 122 U/dL are associated with an increased risk of venous 

thrombosiss :s. Recently, Franco et al. demonstrated that TAFI antigen levels are decreased in the 

presencee of the -438 A allele of the TAFI gene M. This has been confirmed by several other groups 
,h-: ,, Therefore, it was not surprising that the -438 G/A and -438 A/A genotypes were reported to 

bee associated with a lower risk of DVT l4. 

Sincee TAFI locally reduces Usability of a thrombus, we hypothesized that low TAFI levels as found 

inn carriers of the -438 A allele might result in a higher lysability of the thrombus, and that this 

increasedd thrombus lysability might influence clot embolization. 

Bothh FXII1 and TAFI are involved in stabilizing the fibrin clot and especially in making the clot 

moree lysis resistant. We hypothesized that a finer fibrin meshwork in the case of FXIII A 34 Leu 

allelee and an increased clot lysability in the presence of the TAFI -438 A allele might influence 

formationn and fate of emboli and thus affect the risk o\' PF. In order to test this hypothesis, we 

determinedd the frequencies of the FXIII A Val34Leu polymorphism and TAFI -438 G/A polymorphism 

inn consecutive patients with a first episode of objectively demonstrated pulmonary embolism and in 

patientss in whom the diagnosis PE was refuted. 

Materia ll  and Methods 
Studyy Population 

Thee design of the '"Antelope" study has been described in detail elsewhere ;|. Briefly, from June 

19977 through March 1998 consecutive in- and outpatients presenting in six Dutch teaching hospitals 

withh clinically suspected pulmonary embolism were eligible. Patients were excluded if they were 

youngerr than 18 years, pregnant, had an indication for immediate thrombolytic therapy, had already 

undergonee objective diagnostic investigations for pulmonary embolism, or in case an inability to 

completee the diagnostic protocol within 48h was expected. In five of the six hospitals, blood samples 

weree obtained for further laboratory testing. Written informed consent was obtained from all 

participants.. The study protocol was approved by the Institutional Review Boards of all hospitals. 

Patientss and Controls 

Fourr hundred and forty-one consecutive patients with clinically suspected PF were included in five 

hospitals.. The diagnostic protocol used in the Antelope study '! could be completed in 371 of these 

4411 patients (84.1%). In 253 of 371 patients a blood sample was available for DNA analysis. 

Thirty-ninee patients with recurrent DVT and/ or PE were excluded. Of the remaining 214 patients 

666 (31%) were considered to have a first episode of PE on the basis of a high probability lung scan. 
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classifiedd according to previously described criteria, ; : ; ' or on the basis of an abnormal angiogram 

inn the case of a non-diagnostic lung scan. In 148 patients (69%), PE was considered absent according 

too a normal lung scan or a normal angiogram. These patients were used as internal control group 

andd will be further denoted as non-PE patients. 

Ass external control group for FXIIIA , controls (n=474) from a population-based case-control study 

(Leidenn Thrombophilia Study, LhTS),4 were used. Briefly, the Leiden Thrombophilia Study included 

4744 patients with a first episode of deep vein thrombosis and 474 healthy controls from the same 

geographicall  area (mean age 45 years (range 15 to 72 years), male /female 202/272). 

Forr TAFI healthy blood donors (n=l 52) (mean age (SD) 46 (12), (range 19-71), male/female ratio 

94/58)) were used as external controls . Both external control groups were from the same geographical 

areaa as the patients. 

DNAA analysis 

Uponn inclusion, and prior to or w ithin 24 h of the start of heparin therapy, 4.5 ml venous blood was 

drawnn into a vacutainer tube (Becton Dickinson, New Jersey, USA) containing 0.5 ml of 0.105 M 

sodiumm citrate. Genomic DNA was isolated from the blood by standard methods. 

Detectionn of the FXIIIA Val34Leu and TAFI -438 G/A polymorphisms was performed by polymerase 

chainn reaction (PCR) followed by restriction enzyme digestion. 

Forr detection of the FXIII A Val34Leu polymorphism, a 145 bp fragment was amplified with 

mutagenicc primer A (5' CCCACAGTGGAGCTTCAGCGC-3") and primer B <5' -

CCAGTGGAGACAGAGGATGTTTACCT-3*).. The underlined nucleotide in primer A corresponds 

too a mismatch with the gene sequence in order to create a BstV I restriction site (CGCG) in the case 

off  the 34Val (or G) allele. For detection of the TAFI -438 G/A polymorphism, a 489 bp fragment 

wass amplified with primer C (S'-GAACCAGCTTCCATGAAATAGTATTCCTATTGo'Jand primer 

DD (5' -GTCAATCAACTTAGCTTCCATTTCCACTC-3*). 

Thee PCR mixture consisted of 5 pmol of both oligonucleotides, 67 mM Tris (pH 8.8), 6.7 u.M 

EDTA.. 16.7 mM (NH4),S04, 13.4 mM MgCl,, 10 mM 

[3-mercaptoethanol,, 200 mM of each dNTP, 0.5 mg/ml BSA and 0.2 units AinpliTaq polymerase 

(Perkin-Elmer)) in a total volume of 10 ml. The reactions were performed in a T3 Thermocycler 

(Biomctra,, Göttingen, Germany). The PCR conditions for FXIII A Val34Leu were as follows: 4 

minn initial denaturation at 94 "C. followed by 36 cycles of 30 sec at 94'C, 30 sec at 63"C and 30 sec 

att 72'C. A final extension was performed for 4 min at 72"C. The PCR product was digested during 

aa 2h incubation with BstU I (New England Biolabs) at 60"C. The restriction fragments, 125 bp and 
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200 bp for the 34Val allele, and 145 hp for the 34Leu allele were separated on 2% agarose gels and 

visualizedd by ethidiutn bromide staining. 

PCRR conditions IbrtheTAFI -438G/A polymorphism were as follows: 4 min initial denaturation at 

94"C,, followed by 32 cycles of 45 sec at 94"C. 45 sec at 60"C and 1 mm at 72"C. A final extension 

wass performed for 4 min at 72'C. The PCR product was digested by a 2h incubation with HpyCH4 

IVV (New England Biolabs) at 37 C. The restriction fragments. 489 bp for the -438 A allele, and 332 

andd 157 bp for the -438 Ci allele were separated on 1% agarose gels and visualized by ethidium 

bromidee staining. 

Tenn percent of the DNA analyses were repeated to ascertain that no sample mix-ups had occurred. 

Al ll  laboratory analyses were performed blinded to the final diagnosis. 

Statisticall  Analysis 

Analysess were performed using the Statistical Package for Social Science (SPSS 10.0 for Windows). 

Oddd Ratios (ORs) and 95% confidence intervals (95% CI) according to Woo If " were calculated by 

standardd methods. The OR is used as an estimate of the relative risk, an OR of 1 indicates no effect on 

risk,, an OR above I indicates an increase in risk, while an OR less than 1 indicates a decrease in risk. 

Results s 
Thee clinical characteristics of patients and non-PE patients are shown in Table 1. The PE patients 

(n~66)) were on average 8 years older than the non-PE patients (n=148). (55 versus 47 years). A 

positivee lamilv history for VTE (e.g. at least one first degree relative with a history of deep vein 

thrombosiss and/ or PE) was reported in 23% and I 9% of the PE and non-PE patients, respectively. 

Thee frequency of the EXI1IA Leu34Leu genotype was 4% in PE patients and 9% among non-PE 

patients.. Carriers of the Leu/Leu genotype had a lower risk on PE than carriers of the Val/Val 

genotypee (OR 0.5: 95% CI: 0.1 to 1.9) (Table 2). However, carriers of the Val/Leu genotype were as 

frequentt in PE patients as in non-PE patients, indicating that an eventual protective elfect oi'the Leu 

allelee probably is recessiv e. Eor subgroup analysis the Val/Leu and Leu/Leu genotypes were combined. 

Underr these conditions age and sex did not materially alter the risk estimate. When we contrasted 

thee PE cases with the 474 LETS controls the OR of PE in Leu/Leu carriers was 0.8 (95% CI: 0.2 to 

2.9)) (Table 4). This OR is not different from the OR using the non-PE patients. 

Thee TAFI -438A/A genotype was detected in 1% of the PE! patients and in 8% of the non-PE 

patientss (OR= 0.1 (95% CI: 0.02 to 1.1)). (Table 2). In heterozygous carriers of the -438A allele the 

ORR of PE was 0.6 (95% CI 0.3-1.1). suggesting a codominant effect of the A allele. Eor subgroup 
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analysess TAFI -438 GA and A A genotypes were combined (see Table 3). We found that the combined 

genotypee has a protective effect in women (OR Ü.4; 95% CI: 0.2 to 0.9). and in patients younger 

thann 45 years (OR 0.2: 95% CI: 0.1 to 0.8). The lowest ORs were observed in women younger than 

Tablee 1 Clinical characteristics of patients with PE and non-PE patients (n=214) 

Characteristics s 

Sex x 

Agee (years) 

Durationn of symptom 

Concurrentt DVT 

(days) ) 

Positi\cc family history Y I P 

Malignancy y 

Infection n 

Recentt operation 

Recentt trauma 

Orall contraception 

Male e 

female e 

Meann (sd) 

Median n 

Median n 

Range e 

PK<n=66) ) 

29 9 

"̂ 7 7 

54.9(19) ) 

57 7 

.1 1 

0-137 7 

13 3 

15 5 

8 8 

8 8 

12 2 

6 6 

14 4 

(%> > 

(43.9) ) 

(56.1) ) 

(19.7) ) 

(22.7) ) 

(12.1) ) 

(12.1) ) 

(18.2) ) 

(( 9.1) 

(37.8) ) 

Nonn PL ( n - 1 4 8 ) 

60 0 

88 8 

47.44 ( I X ) 

46 6 

-> > 

0-33 11 

4 4 

28 8 

I I I 

30 0 

16 6 

6 6 

33 3 

(%) ) 

(40.5) ) 

(59.5) ) 

( 2 . 7 ) ) 

(18.9) ) 

(( 7.4) 

(20.3) ) 

(10.8) ) 

( 4 . 1 ) ) 

(37.5) ) 

n ( %% ) 

3 6 ( 5 5 ) ) 

2 7 ( 4 1 ) ) 

3 ( 4 ) ) 

3 0 ( 4 5 ) ) 

n ( % ) ) 

8 0 ( 5 4 ) ) 

555 (37 

1 3 ( 9 ) ) 

6 8 ( 4 6 ) ) 

Tablee 2 Genotype and allele frequencies of'  FX1II  A Val34Leu and TAFI  -438G/A polymorphisms in patients with 

PEE versus non-PE patients (n=214) 

Pf (n -66 )) Non-PL (n=l48) OR (95%CL) 

FXIMAVaD-lLe u u 

Val'Val l 

Vall  Leu 27 (41) 55 (37) 1.1 (0.6 -2.0) 

Leuu Leu 3 ( 4) 13 ( 9) 0.5 (0.1 -1.9) 

Vafl.euu and Leu/Leu 30(45) 68(46) 1.0 (0.6-1.8) 

frequencyy feu allele 

TAFII  -438G/A 

(K i i 

AA A 

(iAA and AA 

frequencyy A allele 19% 30% 

**  Reference catetzorv 

4 2 ( 6 4 ) ) 

233 (35) 

11 ( 1) 

2 4 ( 3 6 ) ) 

7 2 ( 4 9 ) ) 

6 4 ( 4 3 ) ) 

12(( 8) 

7 6 ( 5 1 ) ) 

1* * 

0.6 6 

0.1 1 

0.5 5 

(0.33 -1.1) 

(0.02-1.1) ) 

(0.33 -1.0) 
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Tablee 3 TAFI  -438 G/A polymorphism in subgroups of gender, age and use of oral contraceptives in PE 
patientss versus non-PE patients 

Subgroup(n) ) 

Malee (11=89) 

femalee (11= 125) 

Agee <45 (n= 95) 

Agee >45 (n= 119) 

NoOC'' (n=78) 

( )C ' (n=47) ) 

Male,, age <45 (n~3 

Male,, age  45 (n 5 

Female,, age <45 (IV 

Female,, age >45 (n 

TAF I -438 ( i /A A 

6) ) 

3) ) 

=59) ) 

== 66) 

CX'i i 

GAA A A 

(Xi i 

GA'AA A 

CKi i 

GA/AA A 

GG G 

GA/AA A 

CKI I 

( iA /AA A 

(iG G 

GA/AA A 

GG G 

( iA /AA A 

(iG G 

( iA /AA A 

CKi i 

( i A A A A 

( i d d 

( i A A A A 

PFF (%) 

17(59) ) 

12(41) ) 

25(68) ) 

12(32) ) 

15(75) ) 

5(25) ) 

27(59) ) 

19(41) ) 

13(57) ) 

10(43) ) 

12(86) ) 

2(14) ) 

5(56) ) 

4(44) ) 

12(60) ) 

8(40) ) 

10(91) ) 

11 (9) 

15(58) ) 

111 (42) 

Non-PLL ('Vol 

33(55) ) 

27(45) ) 

39(44) ) 

49(56) ) 

32(43) ) 

43(57) ) 

40(55) ) 

333 (45) 

25(45) ) 

30(55) ) 

14(42) ) 

19(58) ) 

11(41) ) 

16(59) ) 

22(67) ) 

111 (33) 

211 (44) 

27(56) ) 

18(45) ) 

22(55) ) 

OR R 

1* * 

0.9 9 

1* * 

0.4 4 

1* * 

0.2 2 

1* * 

0.9 9 

1* * 

0.6 6 

1* * 

0.1 1 

1* * 

0.6 6 

1* * 

1.3 3 

1* * 

0.1 1 

1* * 

0.6 6 

(95%% CI) 

(0.44 -2.1) 

(0.22 -0.9) 

(0.11 -0.8) 

(0.44 -1.8) 

(0.22 -1.7) 

(0.02-0.6) ) 

(0.11 -2.5) 

(0.44 -4.2) 

(0.01-0.7) ) 

(0.22 -1.6) 

'Referencee category. 1) ()C denotes oral contraceptives 

455 years (OR 0.1; 95% CI: 0.01 to 0.7) and in women using oral contracepties (OR 0.1; 95% CI: 

0.022 to 0.6) (Table 3). Risk estimates were not altered importantly when the subgroups were compared 

withh the total control group of non-PE patients (n=l48). 
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Whenn we contrasted the PE patients with the healthy blood donors, the OR of PE was 0.1 (95% CI: 

0.022 to 1.0) for carriers of the TAFI -438 AA genotype "'". Again, this is not different from the OR 

obtainedd by contrasting the PE patients with the non-PE patients. 

Genotypee and allele frequencies of FXIII A Val34Leu and TAFI -438G/A polymorphisms in patients 

withh PE and healthy controls are shown in Table 4. 

Tablee 4 Genotype and allele frequencies of FXII I  A Val34Leu and TAFI  -438G/A polymorphisms in 
patientss with PE and healthy non-PE patients 

PFF (%) Controls""  (%> ORR (95% CI) 

FXIIII  A Val341.eu 

Vall  'Val 

Val/I.. cu 

Leaa I .eu 

Val/I.euandd Feu/Feu 

Total l 

366 (55) 

277 (41) 

33 (4) 

300 (45) 

666 474 

LETSS controls 

2733 (58) 

1744 (37) 

277 (5) 

2011 (42) 

1* * 

1.2 2 

0.8 8 

1.1 1 

(0.77 -2.0) 

(0.22 -2.9) 

(0.77 -1.9) 

Frequencyy I.eu allele '5% % 25% % 

TAFII  -438G/A Bloodd donors 

GG G 

CÏA A 

AA A 

GAA and AA 

Total l 

422 (64) 

233 (35) 

11 (1) 

244 (36) 

666 152 

677 (44) 

722 (47) 

133 (9) 

855 (56) 

1* * 

0.5 5 

0.1 1 

0.5 5 

(0.33 -0.9) 

(0.02-1.0) ) 

(0.22 -0.8) 

Frequencyy A allele 19°/c c 

**  Reference category 

aa denotes geographically comparable healthy controls, from the LETS study u for FXII I A Val34Leu and blood 

donorss " for TAFI -438 G A polymorphism. 
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Discussion n 
Thee proteins encoded by the FXIII A and TAFI genes each are involved in stabilizing the fibrin clot 

andd especially in making the clot or embolus more lysis resistant. Recent reports have suggested 

thatt the FXI1I A 34 Leu allele and TAFI -438A allele might protect against DVTN '" . Information on 

ann association of these polymorphisms with PF is either contradictory or missing 1U-V;\ We 

hypothesizedd that both polymorphisms might influence the formation and fate of emboli and 

accordinglyy the risk of PF. 

Thee present study performed in consecutive patients with a first episode of objectively proven PF. 

demonstratedd that the frequency of the TAFI -438 A allele in PE patients and non-PE patients was 1 % 

andd 8%, respectively. The -438 A-allele has been associated with decreased TAFI antigen lev els l4Jh-:", 

Decreasedd TAFI antigen levels correlate with increased lysability of fibrin clots and have been 

associatedd with a lower risk of DVT 4 . This protective effect was present most clearly in young 

patients.. In the current study, subanalyses demonstrate that the -438 A-allele might be associated 

withh a reduced risk of PE. Risk reduction seems to be most pronounced in young females (age less 

thann 45 years) and in women using oral contraception. 

Itt has been demonstrated that a large number of patients with proven proximal DVT have emboli on 

theirr perfusion lungscan, while most of them do not have any clinical symptoms of pulmonary 

embolismm '". In the presence of the TAFI -438 A allele there might be a tendency of the clot to fall 

apartt into smaller fragments, also emboli might be better lysable. Both conditions might cause 

asymptomaticc rather than symptomatic PF. which could explain the lower frequency of the -438 A 

allelee in the symptomatic PE population. 

Althoughh the protectiv e effect of the TAFI -438A allele is most evident in young females, the same 

trendd can be observed in young males. Since each additional A allele has an additive effect on the 

decreasee in the plasma TAFI level, -438 AA carriers are expected to be more protected than the 

combinedd group of-438 (ÏA and AA carriers l4:". 

Thee TAFI -438A polymorphism has been shown to be in strong linkage disequilibrium with several 

otherr polymorphisms l4"'- !" jn the promoter region as well as in the coding and 3' untranslated 

regionn (3' UTR) l4",-; 4<l. Whether the protective effect is actually caused by the TAFI -438 A allele 

orr is merely associated with it, cannot be concluded on the basis of our results. This wil l require 

functionall  studies of all the individual polymorphisms in the risk haplotype. The strong linkage 

disequilibriumm between dilTerent polymorphisms in the TAFI gene, which have an effect on TAFI 

levelss on one hand 4" and on its antifibrinolytic activity on the other hand '". make it difficult to 

speculatee on the cause of the marked difierences in PE risk in different subgroups (Table 3). 

Thee frequency of the FXIII A 34Leu'Leu genotype in our PE patients and non-PE patients was 4% 
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andd 9%, respectively, (OR 0.5 (95% CI: 0.1 to 1.9)). These results are very similar to those obtained 

inn a recent meta-analysis in which the FXIIIA 34 Leu/Leu genotype was predominantly determined 

inn patients with DVT ':. In agreement with Catto et al. there seems to be no significant difference in 

thee frequency of the FXIIIA 34Leu/Leu genotype between patients with DVT and patients with PE. 

Thesee observations might suggest that the combination of the formation of a finer fibrin network 2 : :' 

andd a decreased tibrin lysability in patients with the FXIIIA 34Leu genotypex | , 0 , ;: 2" do not affect the 

clinicall  presentation of a patient but are primarily of influence on clot formation processes per se. 

Inn this study we have used the Antelope non-PE patients as reference group to calculate the OR. 

Thiss non-PE group consisted of patients with clinically suspected PE in whom a final diagnosis of 

PEE was refuted. A study design like this is susceptible for referral bias, which is also suggested bv 

thee clinical characteristics of the patients (Table 1). In particular the high frequency of a positive 

familyy history (19%) indicates that these non-PE patients do not represent the general population, 

inn which case it might be that allele frequencies differ from those in the general population. To be 

certainn that our calculated ORs are based on correct population frequencies of the TAFI -438 AA 

andd FXIII A 34 Leu/Leu genotypes external control groups from the same geographic area were 

typedd for these polymorphisms in the TAFI and FXIII A gene. These were healthy blood donors ," 

forr TAFI -438G/A genotype (n=153) and healthy population controls (n=474) of the Leiden 

Thrombophiliaa Study i5-u for FXIII A 34Val/Leu genotype. The calculated ORs did not differ from 

thee OR estimated based on the non-PE patients. This implicates that in the general population a 

similarr association between these polymorphisms with the occurrence of PE can be expected as 

observedd in the present study. 
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