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ABSTRACT

Background Factor Xl, a component of the intrin-
sic pathway of coagulation, contributes to the gener-
ation of thrombin, which is involved in both the for-
mation of fibrin and protection against fibrinolysis. A
deficiency of factor Xl is associated with bleeding, but
a role of high factor Xl levels in thrombosis has not
been investigated.

Methods \We determined factor Xl antigen levels in
the patients enrolled in the Leiden Thrombophilia
Study, a large population-based, case-control study
(with a total of 474 patients and 474 controls) de-
signed to estimate the contributions of genetic and
acquired factors to the risk of deep venous thrombo-
sis. Odds ratios were calculated as a measure of rel-
ative risk.

Results The age- and sex-adjusted odds ratio for
deep venous thrombosis in subjects who had factor
Xl levels above the 90th percentile, as compared with
those who had factor Xl levels at or below that value,
was 2.2 (95 percent confidence interval, 1.5 to 3.2).
There was a dose-response relation between the fac-
tor Xl level and the risk of venous thrombosis. Adjust-
ment of the odds ratios for other risk factors such as
oral-contraceptive use, homocysteine, fibrinogen, fac-
tor VI, female sex, and older age did not alter the re-
sult. Also, when we excluded subjects who had known
genetic risk factors for thrombosis (e.g., protein C or
S deficiency, antithrombin deficiency, the factor V Lei-
den mutation, or the prothrombin G20210A mutation),
the odds ratio remained the same, indicating that the
risk of venous thrombosis associated with elevated
levels of factor X! was not the result of one of the
known risk factors for thrombosis.

Conclusions High levels of factor Xl are a risk fac-
tor for deep venous thrombosis, with a doubling of
the risk at levels that are present in 10 percent of the
population. (N Engl J Med 2000;342:696-701.)
©2000, Massachusetts Medical Society

ACTOR XI 1s a component of the intrinsic
pathway of coagulation. It can be activated in
vitro by contact with a thrombogenic surface,
such as glass. Whether surface contact con
tributes to the activation of factor XI in vivo, how-
cver, is uncertain. Factor X1 can also be activated by
thrombin (Fig. 1), both in the presence and in the
absence of negatively charged surfaces.27 Through a
tecdback mechanism, the thrombin level increases,
which 1s necessary for the formation of tibrin and for
protection against fibrinolysis.” Thrombin mediates
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thus latter mechanism by activating thrombin-activat-
able fibrinolysis inhibitor,$? also called procarboxy-
peptidase B! or procarboxypeptidase U.' Once acti-
vated, it inhibits fibrinolysis by removing C-terminal
lysine residues from fibrin, which are essential for the
binding and activation of plasminogen.!?

Factor XI deficiency results in a mild-to-moderate
blceding disorder, especially in tissues with high levels
of local fibrinolytic actvity (such as the urinary tract,
nose, oral cavity, and tonsils).131¢ On the basis of the
in vitro data summarized above, the role of factor XI
in hemostasis can be scen as a combination of a pro-
coagulant action (the formation of fibrin) and an
antifibrinolytic action (the protection of fibrin).! In a
rabbit model, the lysis of clots was enhanced by the
inhibition of factor XI.1%

The role of factor XI in thrombosis 1n humans is
unclear. We evaluated the effect of high levels of factor
XTI on the risk of venous thrombosis as part of the Lei-
den Thrombophilia Study, a large population-based,
case—control study designed to estimate the contri-
butions of genetic and acquired factors to the risk of
venous thrombosis.

METHODS

Patients and Controls

The methods by which blood samples were obtamed and data
were collected have been described elsewhere 1019 We enrolled
consccutive patients under the age of 70 vears who had had a first
eprsode of deep venous thrombosis (objectively confirmed by im
pedance plethvsmography, Doppler ultrasonography, compression
uluasonography, or contrast venographv) between 1988 and 1993
and who were not known to have cancer The patients were se
lected from the files of three anticoagulation climices i the Nether
lands (in Leiden, Amstetdam, and Rotterdam) These clinics mon
wor the anticoagulant treatment of virtually all patients n thice
well-defined regions Each patient was asked to find a neighbor or
friend of the same sex and age (within five years) without deep
venous thrombosis who was willing to participate as a control sub
ject Partners of patients were also asked to volunteer as control
subjects If a patient was unable to find a control subject, the first
person on the list of partmers who was the same age and sex as the
patient was asked to partiupate 1n the studv A total of 225 of the
474 control subjects (47 percent) weie partners of other patients
The study protocol was approved by the Leiden Umversity ethics
commuttee, and all participants gave mformed consent
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Figure 1. Model of Blood Coagulation.

Coagulation is initiated by tissue factor (TF), which binds to factor Vlla. This complex activates factor IX or factor X, which leads to
the activation of thrombin (factor lla) and the formation of fibrin. Tissue-factor-dependent coagulation is rapidly inhibited by tissue-
factor—pathway inhibitor (TFPI). Coagulation is maintained through the activation of factor XI by thrombin. Through the intrinsic
tenase complex (factors IXa and Vllla) and the prothrombinase complex (factors Xa and Va), the additional thrombin required to
down-regulate fibrinolysis is generated by the activation of thrombin-activatable fibrinolysis inhibitor (TAFI). Activated TAFI (TAFla)
down-regulates fibrinolysis by removing C-terminal lysine residues involved in the binding and activation of plasminogen. Although
the contact system is a potent activator of the coagulation system in vitro, it is not a physiologic activator of coagulation. The solid
arrows indicate activation, and the broken arrows inhibition. The solid arrow from factor Xa to TFPI indicates that factor Xa has to
form a complex with TFPI and that this complex then inhibits TF-Vlla. The increasing width of the arrows indicates the cascade

effect. Modified from Bouma et al.!

Laboratory Studies

Blood was collected in tubes containing 0.106 M trisodium cit-
rate. Plasma was prepared by centrifugation at 2000X 4 at room
temperature and was stored at —70°C. Blood samples were ob-
tained from patients at least six months after the thrombotic event
and at least threc months after the discontinuation of treatment
with an oral anticoagulant. Plasma samples were available for 473
of the 474 patients and for all 474 controls.

Factor XI antigen was measured by cnzyme-linked immunosor-
bent assay with a monoclonal antibody (XI-5)2° used for capture
and a rabbit polyclonal antibody?! used for detection. The results
are expressed as a percentage, with 100 percent equivalent to the
factor XI antigen level in pooled plasma samples from 40 healthy
volunteers. Each sample was assayed on a single occasion at two di-
lutions in duplicate. The intraassay and interassay coeflicients of vari-
ation were 4.6 and 7.0 percent 1n 14 and 70 assays, respectively.
All antigen mcasurements were performed during a three-month
period between 1998 and 1999, without knowledge of whether
the sample was from a patient or a control subject. Protein C, pro-
tein S, and antithrombin were also measured, since deficiencies
of these proteins are associated with an increased risk of venous
thrompbosis.16

Statistical Analysis

We performed two sets of analyses: onc to identify the deter-
minants of factor XI levels, and the other to establish the contri-
bution of high plasma factor XI levels to the risk of thrombosis. De-
terminants of factor XI levels were examined in the controls, since
they represented the gencral population. We used a comparison of
means and linear regression, and we report means, medians, and
regression coefficients, with 95 percent confidence intervals for
these coefficients.

The contribution of an elevated factor XI level to the risk of

venous thrombosis was analyzed by calculating odds ratios as esti-
mates of the relative risk. Since curoff points for factor XI plasma
values are essentially arbitrary, we used percentiles of the distribu-
tion among controls as cutoff points. We used the 90th and 95th
percentiles and also performed an analysis by quartiles. In all these
analyses, the group with the lowest factor XI levels (i.c., those at
the 90th percentile or below, the 95th percentile or below, and
the 25th percentile or below, respectively) served as the reference
category for odds ratios. Ninety-five percent confidence intcrvals
were calculated according to the method of Woolf22 or were de-
rived from the logistic model. We used multivariate modeling by
unconditional logistic regression to adjust for sex and age and oth-
er putative confounding variables. Age was analyzed as a contin-
uous variable and as a dichotomous variable (<30 years, 30 to 50
years, or >50 years). Other variables included in the multivariate
model were oral contraceptives (no use or use just before the
thrombotic episode), factor V Leiden (noncarrier or carricr [AA
and AG]J),% the prothrombin G20210A mutation (noncarrier or
carricr),?* C-reactive protein (continuous variable), homocysteine
(>18.5 pumol per liter or <18.5 wumol per liter), factor VIIL:C
(>150 IU per deciliter or =150 TU per deciliter), and fibrinogen
(>4 g per liter [11.8 umol per liter] or =4 g per liter). Adjust-
ment for thrombophilic abnormalities was performed in a separatc
analysis. We determined whether the odds ratio increased linearly
with increasing levels of factor XI by comparing two logistic mod-
cls: one that assumed a linear trend and one that did not (the
dummy-variable model). The two models were compared with the
likelihood-ratio test, which has a chi-square distribution.

To assess the effect on public health of a high factor XI level as
a risk factor for venous thrombosis, we calculated the population
attributable risk. This risk indicates the proportion of all events
attributable to the risk factor under study, on the basis of certain
assumptions, including the assumption that the association is caus-
al. One can also view the population attributable risk as the num-
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ber of events that will be prevented 1f the sk factor 15 removed.
It 1s defined as the difference between the overall incidence of the
cvent and the madence m persons who do not have the risk fac-
tor and 1s expressed as a proportion of the overall incidence The
population attributable risk 15 derned from the rehnve sk and
the prevalence of the risk fictor 2

RESULTS

The mean age of the patients and controls was 45
vears, and the ratio of the males to females was ap-
proximately 3:4 (Table 1). The mean (£8D) factor
XI level in the control subjects was 97.0219.5 per-
cent, as compared with 104.2222.6 percent in the
patients (P<<0.001), and was slightly higher in fe-
male controls than in male controls (Table 2). Figure
2 shows the distribution of factor XI levels in pa-
tients and controls. The levels were normally distrib-
uted and increased with age; there was a 0.19 per-
cent increase (95 percent confidence interval, 0.07
to 0.30 percent) with cach additional year of age. As
Table 2 shows, mean factor XI lcvels in the control
subjects were 7 percent lower in those under 30 vears
of age than in those over 50 vears.

The 90th percentile of the factor XI levels in the
control group woas 120.8 percent. Of the 473 patients,
92 (19 percent) had values that exceeded this cutoft
point, as compared with 47 of the 474 subjects in
the control group (10 percent, by definition). The
unadjusted odds ratio for deep venous thrombosis in
patients with a factor XI level above the 90th per-
centile (Table 3), as compared with those who had
a lower value, was 2.2 (95 percent confidence inter-
val, 1.5 to 3.2). The sex- and age-adjusted odds ratio
was also 2.2 (95 percent confidence interval, 1.5 to
3.2). When the cutoff point was sct at the 95th per-
centife (130.2 percent), the odds ratio was 2.3 (95
percent confidence interval, 1.4 to 3.9).

The relative risk of venous thrombosis associated
with a factor XI level above the 90th percentile was
slightly higher in men (odds ratio, 3.2; 95 percent
confidence interval, 1.7 to 6.3) than in women (odds
ratio, 1.8; 95 percent confidence interval, 1.1 to 2.8);
the difference was not statistically significant (P=
0.15). The relative risk was similar in different age
groups: 2.5 (95 percent confidence interval, 0.8 to 7.4)
for patients vounger than 30 vears of age, 2.0 (95
percent confidence intervaly 1.1 to 3.4) for those be-
tween 30 and 50 vears, and 2.4 (95 pereent confidence
interval, 1.3 to 4.4) for those older than 50 vears.

To determine whether there was a dose—response
relation between the factor X1 level and the risk of
thrombosis, we stratificd the subjects according to the
factor XI level, and odds ratios were calculited for
venous thrombosis in the patients at the higher levels
as compared with those at the lowest level. As shown
in Figure 3, the relative risk of thrombosis increased
with the factor XI level, indicating a continuous dose—
response relation. Indeed, a linear model described the
relative risk associated with increasing levels of factor
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TABLE 1. CHARAC 1FRISIICS O PagieNTs
WITH VINOUS THROMBOSTS
AND CONTROI SUBJEC 1S

Pamients  CONTROLS

CHARACTERISTIC (N=473) (N=474)
Age (vt)

Mecan 450 147

Median 153 453

Range 14-69 14-72
Sex (M/F) 2027270 202,272
Protem C, <0 67 U/ml (no)* 15 +
Protein S, <0 67 U/m!i {(no))* 5 6
Anuthrombin, <0 80 U/ml (no )* 3 1
Factor V Leden (no)t 92 14
Prothrombin G20210A (no )t 29 11

*Data are for abnormal tesults of tests with two separate
samples from cach patient

thight patients were homosygous carners, and all the cai-
tiers amonyg;, the controls ware heterossgous

FAIl cartiers were heterozyvgous

TARLE 2. Fac1OR XI Livirs IN CONIROL
SUBIFCIS ACCORDING 10 Sty AND AGE

No oF
VARIABLE SUBJECTS Factor XI
%

Onerall 471 97 0x19 5
Sen

Male 202 952219 4

TFemale 272 98 3+195
Age

<30 sr 7 91 8+189

30-50 1 224 97 3%£19 1

>50 w1 173 99 0200

XI as well as a less stringent model with dummy var-
iables (P>0.5).

We performed scparate analyses adjusted for each
of several purative confounding variables. The odds
ratio associated with a factor XI level thar exceeded the
90th percentile was 2.2 (95 percent confidence inter-
val, 1.5 to 3.3) when adjusted tor oral contraceptive
use, 2.3 (95 percent confidence interval, 1.5 to 3.3)
when adjusted for a homocysteine level higher than
18.5 pumol per liter, 2.1 (95 percent confidence inter-
val, 1.4 to 3.1) when adjusted for a fibrinogen level
higher than 4 g per liter, 1.9 (95 percent confidence
interval, 1.3 to 2.8) when adjusted for a factor VIII
level higher than 150 IU per deatliter, 2.1 (95 per-
cent confidence interval, 1.4 to 3.1) when adjusted
for the C-reactive protein level, 2.2 (95 percent con-
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Figure 2. Factor X! Levels in Patients and Control Subjects

In each box plot, the lower and upper bars represent the 10th
and 90th percentiles, respectively; the lower and upper ends of
the box represent the 25th and 75th percentiles, respectively, and
the line inside the box represents the median factor Xi level.

TABLE 3. RISK OF THROMBOSIS ACC ORDING
TO FACIOR XI Livel

PaTENTS ConTROLS Obbs RATIO

Factor XI* {N=473) (N=474) (95% CI)t
=<90th Percentile 381 427 10

>90th Percentile 92 47 22(15-32)
=95th Percentile 423 451 10

>95th Percenule 50 23 23(14-39)

*The 90th and 95th percenules of factor XI levels
m control subjects were 120 8 and 130 2 percent, re
spectively, with 100 percent equinalent to the factor
XI antigen Jeved m pooled plasma samples from 40
healthv volunteers

TThe odds rano 1s for the tughor percennic as com
pared with the lower pacennle CT denotes confi
dence interval

fidence interval, 1.5 to 3.2) when adjusted for factor V
Leiden, and 2.3 (95 percent confidence mterval, 1.6 to
3.3) when adjusted for prothrombin G20210A. All
these odds ratios were also adjusted for age and sex.

When patients with known genetic risk factors for
thrombosis (i.e., protein C deficiency, protein S defi-
ciency, antithrombin deficiency, the factor V Leiden
mutation, or the prothrombin G20210A mutation)
were excluded from the analysis, the odds ratio for
venous thrombosis 1 patients with factor XI levels
exceeding the 90th percentile remained 2.2 (95 per-
cent confidence interval, 1.5 to 3.3).
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Figure 3. Odds Ratio for Thrombosis According to the Factor Xi
Level.

The patients and control subjects were stratified in quartites ac-
cording to the factor Xl level (first quartile, <83.3 percent, sec-
ond quartile, <94.8 percent; third quartile, <110 0 percent; and
fourth quartile, >110.0 percent), with 100 percent equivalent to
the factor Xl antigen level in pooled plasma samples from 40
healthy volunteers. Odds ratios for thrombosis were calculated
in the patients in the second, third, and fourth quartiles, as com
pared with those in the first quartile. The 95 percent confidence
intervals were 0.8 to 1.8 for the second quartile, 1.0 to 2 2 for
the third, and 1.7 to 3.3 for the fourth.

In the most fully adjusted model (adjusted for age,
sex, a high level of factor VIII, a high fibrinogen lev-
¢l, hyperhomocysteinemia, use of oral contraceptives,
factor V Leiden, the prothrombin 20210A allele, and
the C-reactive protein level), the odds ratio associated
with a factor XI level that exceeded 120.8 percent
(90th percentile) was 1.9 (95 percent confidence in-
terval, 1.3 to 2.9). Thus result indicated that the risk
of thrombosis associated with a high level of factor XI
was not the result of one of these underlying abnor-
malitics.

DISCUSSION

We found that a high level of factor XI (defined as
a value above the 90th percentile of the distribution
of values in control subjects) was a risk factor for
venous thrombosis, with a relative risk of 2.2 (95 per-
cent confidence interval, 1.5 to 3.2} as compared with
lower levels. Our findings were not duc to the cffects
of oral-contraccptive use, sex, or age. Also, known ge-
netic risk factors, such as protein C deficiency, pro-
tein S deficiency, antithrombin deficiency, the factor
V Leiden mutation, or the prothrombin G20210A

Volume 342 Number 10 699




mutation, did not explain the increased risk of throm-
bosis associated with a high tevel of factor XI. High
factor XI levels were associated with a slightly higher
relative risk of thrombosis for men than for women.
Since there is no obvious biologic mechanism for such
a sex-specific difference in the effect of factor XI on
the risk of thrombosis, we think this finding may well
have been duc to chance.

The relative risk associated with a high factor XI lev-
cl did not vary according to age. Venous thrombosis
is strongly associated with age, with annual incidence
rates increasing from less than 1 case per 10,000
young adults to ncarly 1 per 100 elderly persons.2¢
When a similar relative risk is applied to these inci-
dence rates, the result, in absolute terms, is a larger ef-
fect of a high level of factor XI in the elderly. This
effect is compounded by the increase in factor X1 lev-
cls with increasing age.

The relative risk of 2.2 associated with a factor XI
level present in 10 percent of the population leads to
the conclusion that a high factor XI leve] is an impor-
tant contributor to the overall burden of venous
thrombosis. On the basis of these data, the popula-
tion attributable risk of thrombosis is 11 percent
(i.e., 11 percent of all cases of thrombosis in the gen-
eral population may be attributable to high factor XI
levels).2s

Our understanding of the role of factor XI in he-
mostasis has changed considerably over the past 20
years. Initially, factor XI was thought to be involved
in the initiation of coagulation, as a component of
the contact svstem. The contact system consists of fac-
tor X1, factor XII, prekallikrein, and high-molecular-
weight kininogen, and the system is activated in vi-
tro when these proteins are exposed to a negatively
charged surface such as glass. However, the role of
the contact system in coagulation in vivo is doubtful,
because of the absence of bleeding complications in
patients with deficiencies of contact factors other than
factor XI and the abscence of a physiologic activating
surface.

Factor XI deficiency results in a wide range of bleed-
ing manifestations, {from asvmptomatic bleeding to
injury-related bleeding that requires multiple trans-
fusions.2728 Unlike hemophilia A or B, factor XI de-
ficiency is rarely manifested as spontancous bleeding;
the associated bleeding usually occurs after trauma,
surgery, or other challenges to hemostasis.?” This find-
ing indicates that factor XI is activated during coag-
ulation by one or more enzymes other than factor
XIla. The finding that thrombin can activate factor
X123 has led to a revised model of coagulation’3 in
which factor XI contributes to the sccondary gener-
ation of thrombin (in contrast to the primary genera-
tion of thrombin that is due to the extrinsic pathway
of coagulation). This revised model explains the par-
ticularly severe bleeding complications in patients with
a deficiency of factor VIII or IX, because these fac-
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tors are involved i both primary and sccondary
thrombin generation. However, this model does not
explain the predominance of bleeding in tissues with
high levels of local fibrinolvtic activity (the urinary
tract, nose, oral cavity, and tonsils) in patients with
tactor XI deficiency.!3 14 The location of the bleeding
may be explained, however, by the role of secondary
thrombin gencration in the regulation of fibrinoly-
sis? through the activation of thrombin-activatable fi-
brinolysis inhibitor.$

The role of factor XI in coagulation is twofold: by
generating thrombin, it both contributes to the for-
mation of fibrin and helps protect fibrin from rapid
protcolysis.! It was therefore our hvpothesis that with
high levels of factor X1, the secondary generation of
thrombin would be enhanced or sustained, leading to
a prolonged down-regulation of fibrinolysis and there-
tore a risk of thrombosis. The risk of thrombosis asso-
clated with high levels of factor XI may be explained
by the role of factor XI in the down-regulation of fi-
brinolysis. The K| for the activation of factor XI by
thrombin is 50 nM? which is within the range of the
plasma level of factor XI (30 to 60 nM).? This suggests
that, at least kinetically, an increase in the factor XI
level should lead to an increased rate of activation.

The first abnormalities in the clotting system that
were found to be associated with an increased risk of
venous thrombosis were deficiencies of antithrombin,
protcin C, and protein S. These deficiencics are gen-
erally the result of major genetic disruptions that lead
to loss of the protein’s natural anticoagulant activity.
Prothrombotic abnormalities that are the result of
more subtle genetic alterations and a gain of function
include factor V Leiden (a mutated factor V, which
is less sensitive to inactivation)?! and increased levels
of three clotting factors (factor VIII,'® prothrombin,*
and fibrinogen?®?). Until now, the prothrombotic cf-
fects of elevated levels of these coagulation proteins
were thought to be due to prolonged formation of fi-
brin as a result of excessive generation of thrombin.
At least in the case of factor VIII and prothrombin,
however, an alternative explanation may be that the
sustained generation of thrombin results in prolonged
down-regulation of fibrinolysis through the activa-
tion of thrombin-activatable fibrinolysis inhibitor.

In the case of prothrombin, the risk of thrombosis
is associated with a mutation in the genc (G20210A)
that may act through clevated levels.2* We are cur-
rently investigating whether elevated levels of factor X1
may also be genetically determined.

In conclusion, an elevated factor X1 level is a risk
factor for venous thrombosis. We postulate that a high
level of factor XI causes thrombosis through sus-
tained generation of thrombin, which leads to the
protection of fibrin from protecolysis.

Supported 1 part by grants from the Netherlands Heart Foundation
(89 063 and D96 021)
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