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Highh plasma levels of coagulation factors 
IXX or XI : risk factors for pulmonary 

embolism? ? 

Marijee ten Wolde, Mariëlle G.J. Duffels, Ivan Bank, Kamran Bakhtiari, Joost 
CM.. Meijers, Barbara A. Hutten, Maria M.W. Koopman, 

Harryy R. Büller 

WeWe investigated whether the novel risk factors for deep venous thrombosis, high levels of coagulation factors 

IXIX or XL also increase the risk of pulmonary embolism. Cases were patients with proven pulmonary embolism, 

whereaswhereas in controls this was ruled out. Factors IX and XI were measured using an activity assay. In 6(1 of the 

3535 ' included patients (17%), pulmonary embolism was present. The mean levels of factor IX in the cases and 

controlscontrols were 156% and 143%. respectively fp-0.004). For factor XI these figures were 112%, and 104%, 

IpIp 0. 026). Multivariate logistic regression analysis showed adjusted odds ratios for factor IX levels above 

158%158% of2.2 (95%, CI: 1.2-4.0/ and for factor XI levels above 114% of 2.8 (95%, CI: 1.6-5.1). When both factor 

IXandXIIXandXI were simultaneously entered in the multivariate analysis, odds ratios of 1.5 (95%, CI: 0. 7-3.0) and 

2.42.4 (95%, CI: 1.2-4.6) were found, respectively. In conclusion, factor XI is a mild risk factor for pulmonary 

embolism.embolism. High factor IX levels are also associated with an increased risk, however this seems to he associated 

withwith the factor XI concentrations. The effect of these riskfactors appears to be similar for pulmonary embolism 

andand deep venous thrombosis. 





Highh IX or XI levels and risk of pulmonary embolism 

I tt has become clear that in addition to deficiencies of anticoagulant proteins, an increased 

tendencyy of venous thrombosis can also be explained by elevated levels of procoagulant factors. 

Forr example, increased levels of factor VI11 result in a 4- to 5-fold increased risk of deep 

venouss thrombosis ' : . whereas levels of factor IX above 129% and XI above 121 %, were shown to 

bee associated with an increased risk of 2.5 : and 2.2 \ respectively. High plasma levels of VII1 also 

predisposee to recurrent deep venous thrombosis as well as pulmonary embolism \ Elevated levels 

off  factor IX and XI have so far only been associated with an increased risk of deep venous thrombosis, 

whilee it never has been shown whether they also increase the risk of pulmonary embolism, the most 

severee manifestation of venous thromboembolism. Despite the fact that deep venous thrombosis 

andd pulmonary embolism both coexist and are now considered to be manifestations of a single 

diseasee entity, it cannot directly be assumed that a thrombophilic factor results in an equal risk of 

deepp venous thrombosis and pulmonary embolism. This is illustrated by the so called factor V 

Leidenn paradox '\ which refers to the observation that the risk of pulmonary embolism is less than 

halff  of the risk of deep venous thrombosis in carriers of the factor V Leiden mutation, suggesting 

thatt this mutation leads to the formation of a more adherent thrombus in the leg veins, with a lower 

potentiall  for embolisation. 

Inn order to investigate whether levels of factors IX and XI are associated with an increased risk of 

pulmonaryy embolism, we compared levels of these coagulation proteins in patients with objectively 

confirmedd pulmonary embolism with levels measured in those in whom the diagnosis was excluded. 

Methods s 
Studyy Population 

Consecutivee in- and outpatients with clinically suspected acute pulmonary embolism were eligible 

forr this analysis. All patients were seen in the scope of a multicenter diagnostic management trial in 

thee period from May 1999 until April 2001. Patients were excluded if they had received anticoagulants 

inn a therapeutic dose for more than 24 hours, had already undergone objective testing for venous 

thromboembolism,, were pregnant, were younger than 18 years of age, had an indication for 

thrombolysis,, or if written informed consent could not be obtained. Furthermore, since some patients 

hadd already received heparin in the past 24 hours, and heparin may interfere with the coagulation 

measurements,, those patients with a prolonged aPTT (i.e. above 38 sec), measured in the sample 

collectedd at study inclusion were excluded from our analysis. The Institutional Review Boards 

approvedd the study protocol. All participants gave informed consent. 

Patientss were considered to be a case if pulmonary embolism had been confirmed by a high-probability 

ventilation-perfusionn scintigram, a non-high probability scintigram with abnormal ultrasonography 
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off  the legs or the presence of pulmonary embolism on spiral CT. Controls were individuals with 

eitherr normal perfusion scintigraphy, normal spiral CT, non-high ventilation-perfusion scintigraphy 

withh normal serial ultrasonography or a low clinical probability estimate with a normal D-dimer. In 

addition,, the clinical follow-up over a 3-month period needed to be uneventful. 

Laboratoryy studies 

Att the moment of study enrollment, venous blood was drawn and collected in tubes anticoagulated 

withh 0.105 mol/1 trisodium citrate; 9 volumes blood on 1 volume citrate. After centrifugation at 

15000 g, the plasma was divided into aliquots and frozen at -80°C. At the end of the study factor IX 

andd XI measurements were done within a 3-week period, using an activity assay with deficient 

plasmaa and pathromtin SL (Behring Coagulation System, Dade Behring, Paris, France). Results 

weree expressed as percentage of the concentration in pooled normal plasma (pool of plasmas of 150 

healthyy volunteers). For factor IX. the pooled normal plasma was calibrated to the 3rd International 

Standardd (NIBSC 99/826). For factor XI, no international standard is available, and the pooled 

normall  plasma was set at 100%. The laboratory technicians were unaware of the clinical status of 

thee patients, i.e. the presence or absence of pulmonary embolism. 

Statisticall  Analysis 

Differencess in mean values of both factors IX and XI between cases and controls were compared 

usingg the independent student t-test. The relationship between levels of factors IX and XI and the 

riskk for pulmonary embolism was investigated by calculating odds ratios (OR) and their 95% 

confidencee intervals (95% CI). For this purpose, the percentiles of the distribution among control 

patientss were used to determine cut off levels. We first performed an analysis by quartiles: each 

second,, third and fourth quartile was compared w ith the low est quartile. To investigate the influence 

off  possible confounders, established risk factors for pulmonary embolism were univariatelv explored 

usingg logistic regression analysis. Using multivariate hierarchical regression analysis, adjusted odds 

ratioss - corrected for clinical and statistically significant confounding variables - were calculated 

forr factors IX and XI (both dichotomized at the 75lh percentile). Correlation between IX and XI was 

evaluatedd using the Pearson statistic: for the relationship between C-reactive protein (CRP) and 

factorr IX or XI. the Spearman's rank correlation was used. All statistical analyses were done in 

SPSSS for Windows (release 10.0.7, Chicago; Illinois). 
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Results s 
AA total of 357 consecutive patients w ith clinically suspected pulmonary embolism were included in 

ourr analysis. Of these patients, 60 had confirmed pulmonary embol ism, whereas in 297 patients the 

diagnosiss was excluded and the 3 months follow-up was uneventful (prevalence of pulmonary 

embolismm 17%). In Table 1 the baseline characteristics of all study patients are represented. The 

meann factor IX level in the patients with pulmonary embolism was 1 56%, whereas this was 143% 

inn those w ithout pulmonary embolism (p=0.004). For factor XI these figures were 112% and 1 04%, 

Tablee 1. Baselint characteristics of patients with and without pulmonary embolism 

Characteristic c Patientss with PE 

(N=60) ) 

Patientss without PE 

(N=297) ) 

Age,, mean (range) 57(31-82) 

Sex,, male 27 (45%) 

Meann le\ el factor IX (+/- SI)) 1 56% (+/- 30%) 

Meann level factor XI (+/- SI)) 112% (+/- 23%) 

Outpatientss 44(73%) 

Malignancyy 12(20%) 

Previouss V IE 10(17%) 

Surgeryy in past 3 months 10(17%)* 

Orall  contraceptive use 8/32*  (25%) 

Positivee family history (first degree relatives with VTE) 11(19%)t 

511 (20-91) 

129(43%) ) 

143%(+/-31%) ) 

104%(+/-25%) ) 

218(73%) ) 

39(13%) ) 

277 (9%)* 

52(18%)* * 

36/168(21%) ) 

33(12%)J J 

PEE = pulmonary embolism; VTE = venous thromboembolism . * I missing value. + For I patient it was 

unknownn whether first degree relatives had VTE. J For 20 patients it was unknown w hether first degree relatives 

hadd VTE 
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Figuree I. Distribution of factor IX and XI in patients with and without pulmonary embolism 
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respectivelyy (p=0.026). As shown in Figure 1, patients w ith pulmonary embolism appear to have a 

distributionn curve shitted to the right resulting in higher values of both factor IX and XI as compared 

too patients without pulmonary embolism. 

Thee analysis for different quart i les shows that the higher the lev els of factor IX and XI, the relatively 

higherr the number of patients with pulmonary embolism (Table 2). Accordingly, odds ratios increase 

withh higher levels of factor IX and XI. When the number of patients with IX and XI levels above the 

75thh percentile were compared with all patients below the 75th percentile, a crude odds ratio of 2.8 

(95%% CI 1.6-5.0) was found for factor IX and a crude odds ratio of 3.5 (95% CI 2.0-6.1) for factor 

XI.. The effect of established risk factors on the odds ratios of factor IX and XI and the results of the 

multivariatee analysis are given in Table 3. Age above 55 and CRP levels above 5 are significantly 

associatedd in the univariate analysis. Malignancy, prev ious venous thromboembolism and a positive 

familyy history were weakly associated with an increased risk of pulmonary embolism and when 

theyy were entered in the mulitv ariate analysis no clear effect on the outcomes of IX and XI were 

observed.. After adjustment for age. high CRP and prev ious VTE. odds ratios for factor IX and XI of 

2.22 {95% CI: 1.2 - 4.0) and 2.8 (95% CI: 1.6-2.5) were found, respectively. When both factors IX 

andd XI were simultaneously entered in the multivariate analysis, odds ratios of 1.5 (95% CI:: 0.7-

.3.0)) and 2.4 (95% CI:: 1.2-4.6) were observed, respectively. A correlation was present between 

factorr IX and XI lev els (r =0.67, p<0.001). Also, a correlation was present between CRP values and 

factorr IX levels (r=0.37. p<0.001). No clear correlation was observed between factor XI 

concentrationss and CRP values (r =0.10, p=0.055). 

Tablee 2. Crude odds ratio for pulmonary embolism according to factor IX and XI levels 

factorr IX (%) Patients \\ith PI: Patients without PI' Odds Ratio (9>"(> ('I) 

<< 128 

]2SS -< 140 8 76 1.0(0.4-2.8) 

] 40 -<1588 15 71 2.0(0.8-5.0) 

>I588 29 74 3.7(1.6-8. 

11 actor XI ("o) 

<<-)()<<-)() 7 79 ] 

90 -<10 ll 8 "4 1.2 (0.4-?.5) 

1011 -<114 14 74 2.1 (0.8-5.61 

>> 114 31 70 5.0 (2.1-12.0) 

Patientss with PI: 

(NN - 6 0 ) 

8 8 

8 8 

15 5 

29 9 

Pati i entss without PI 

(N N -297) ) 

76 6 

76 6 

71 1 

74 4 

PI.. = pulmonarv embolism 
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Tablee 3. Results of the univariate and multivariate analysis 

Univariate e Multivariate e 

Variable e 

Agee >55 

Sex x 

Malignance e 

Previouss VTF 

Surger\ \ 

Positivee Family ! listory 

Orall  Contraceptive 

CRP>5 5 

Factorr IX > 158% 

Factorr X! > 114% 

Oddss Ratio (95% CI) 

2.3(1.3-4,0) ) 

11 1 '0 6-! 9) 

1.7(0.8-3.4) ) 

2.0(0.9-4.4) ) 

1.0(0.5-2.0) ) 

1.7(0.8-3.6) ) 

1.2(0.5-3.0) ) 

2.8(1.2-6.5) ) 

2.8(1.6-5.0) ) 

3.5(2.0-6.1) ) 

Oddss ratio (95% CI) 

1.9(1.0-3.4) ) 1.9(1.0-5.9) ) .8(1.0-3.2) ) 

2.1(0.9-5.0)) 2.5(1.0-5.8) 2.2(0.9-5.2) 

2.4(1.0-5.8)) 2.5(1.0-5.9) 2.3(1.0-5.6) 

2.2**  (1.2-4.0) 1.5+ (0.7-3.0) 

2.8**  (1.6-5.1) 2.4+(1.2-4.6) 

VTE== venous thromboembolism, CRP=C-reactive protein, * Odds ratio adjusted for age, previous VTF and 

CRP,, + Odds ratio adjusted for age, previous VTF. CRP and factor XI or IX 

Discussion n 
Thiss study reveals that, as tor deep venous thrombosis, an increased plasma concentration of 

coagulationn factor XI is a mild risk factor for pulmonary embolism. Levels of factor XI above the 

75thh percentile (i.e. 114%; as defined by the control group) are independently associated with a 2.4-

foldd increased risk of pulmonary embolism. Half of the patients with pulmonary embolism had 

levelss above this value. Factor IX levels above the 75th percentile (i.e. 158%) result in a 2.2-fold 

increasedd risk, however this is apparently associated with the XI concentration. The relationship 

betweenn high lev els of both factor IX and XI is supported by the observed dosis-respons effect. 

Ourr study findings are in accordance with the odds ratio for factor XI observed in patients with deep 

venouss thrombosis (2.2 for levels above 121%)4. However, our study indicates that the role of 

factorr IX as an independent risk factor for venous thromboembolic disease is less clear. The only 

previouss study which has investigated the risk of high levels of factor IX found an odds ratio of 2.5 

(95%% confidence interval 1.6-3.9) for deep venous thrombosis \ It may be argued that the lower 

oddss ratio we observed may be related to the fact that factor IX is an acute phase protein. We 

considerr this effect unlikely since after adjustment for high CRP values, the odds ratio remained 

materiallyy the same and statistically significant (Table 3); the odds ratio only lowered when factor 

XII  was included in the multivariate assessment. The latter phenomenon might be related to the 

presencee of the high correlation between factors IX and XI. 
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Somee aspects of our study merit comment. For our control group we selected - instead of healthy 

\olunteerss - patients referred with possible venous thromboembolism in whom the diagnosis was 

objectivelyy excluded. Selecting this control group, we were able to assess the attributable risk 

associatedd with the studied abnormalities in the population of interest. There are at least two 

differencess between such a control group and healthy volunteers. Firstly, our control group may 

includee undetected venous thromboembolism. We believe this is very unlikely since we used well 

establishedd diagnostic methods as well as an uneventful 3-month follow-up period. Secondly, our 

controll  group comprises patients in whom pulmonary embolism was excluded but another disease 

couldd be present. Since factor IX is an acute phase protein, values in our control group could have 

beenn higher then in healthy volunteers. However, despite this possible effect we were able to detect 

increasedd odds ratios for factor IX. Moreover, we controlled for elevated CRP levels. Another 

aspectt is that we excluded patients already receiv ing heparin. This may have introduced a selection 

bias,, if more severe patients with high IX or XI levels were among these patients, thereby 

underestimatingg the odds ratios. Although this is a possibility, we excluded a comparable proportion 

fromm both the patient and the control group and therefore it is unlikely that this may have a major 

influencee on the observed odds ratios. 

Inn conclusion, the results of the present investigation indicate that factor XI is a significant, prevalent, 

independentt and dose-dependent risk factor for developing pulmonary embolism. High factor IX 

levv els also significantly increase the risk of pulmonary embolism, however this appears to be 

associatedd with the factor XI concentration. This latter remains to be elucidated. 
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