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Different Risks of Thrombosis in Four Coagulation Defects Associated
With Inherited Thrombophilia: A Study of 150 Families

By Ida Martinelli, Pier Mannuccio Mannucci, Valerio De Stefano, Emanuela Taioli, Valentina Rossi,
Francesca Crosti, Katia Paciaroni, Giuseppe Leone, and Elena M. Faioni

Deficiency of the naturally occurring anticoagulant proteins,
such as antithrombin, protein C and protein S, and activated
protein C resistance due to the factor V Leiden gene muta-
tion is associated with inherited thrombophilia. So far, no
direct comparison of the thrombotic risk associated with
these genetic defects is available. In this study, we wish to
compare the lifetime probability of developing thrombosis,
the type of thrombotic symptoms, and the role of circumstan-
tial triggering factors in 723 first- and second-degree rela-
tives of 150 index patients with different thrombophilic
defects. We found higher risks for thrombosis for subjects
with antithrombin (risk ratio 8.1, 95% confidence interval
[CI], 3.4 t0 19.6), protein C (7.3, 95% Cl, 2.9 to 18.4) or protein
S deficiency (8.5, 95% Cl, 3.5 t0 20.8), and factor V Leiden (2.2,
95% Cl, 1.1 to 4.7) than for individuals with normal coagula-
tion. The risk of thrombosis for subjects with factor V Leiden
was lower than that for those with all three other coagula-

superficial vein thromboses were excluded and the analysis
was restricted to deep vein thrombosis (0.3, 95% Cl, 0.2 to
0.5). No association between coagulation defects and arte-
rial thrombosis was found. The most frequent venous throm-
botic manifestation was deep vein thrombosis with or
without pulmonary embolism (90% in antithrombin, 88% in
protein C, 100% in protein S deficiency, and 57% in factor V
Leiden), but a relatively mild manifestation such as superfi-
cial vein thrombosis was common in factor V Leiden (43%).
There was a predisposing factor at the time of venous
thromboembolism in approximately 50% of cases for each of
the four defects. In conclusion, factor V Leiden is associated
with a relatively small risk of thrombosis, lower than that for
antithrombin, protein C, or protein S deficiency. In addition,
individuals with factor V Leiden develop less severe throm-
botic manifestations, such as superficial vein thrombosis.
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tion defects (0.3, 95% Cl, 0.1 to 1.6), even when arterial and

NHERITED THROMBOPHILIAis a genetically determined in the study were the presence of an inherited coagulation defect

tendency to venous thromboembolism that develops inpredisposing to thrombosis (antithrombin, protein C, protein S defi-
young patients (less than 45 years old) and tends to be recurrerfiéncy. or factor V Leiden) in at least two family members and the
Among the inherited defects of the hemostatic mechanisms t|,]5f;lvallab|||ty of laboratory results for the diagnosis of the four defects in

cause a thrombophilic state, the most frequent is resistance t%aCh family T”embe“ i
Index patients were asked to bring to the two centers as many as

activated protein G.Cause_d by an_ ArgSOGGIQ mutatlon op possible first- and second-degree relatives. Their personal and family
human factorV(facto_rV Leiden), this abnormality is presentin pistories of thrombosis were collected with a validated structured
up to 40% of the patients who develop venous thromboembogestionnairés1”None of them had any evidence of overt neoplastic or
lism and has a high frequency in the general population ofother systemic diseases. The date of occurrence and the site of any
European ancest?y Defects of the naturally occurring antico- episode of venous or arterial thrombosis, the presence of other factors
agulant proteins antithrombin, protein C, and protein S accounpredisposing to venous thromboembolism in the month preceding the
altogether for 5% to 10% of case8.The risk of thrombosis event(such as surgery, trauma, prolonged immobilization, pregnancy or
induced by each of these coagulation defects has been inveskuerperium, and orql contraceptivg intakg) were collected. A sqrgical
gated by family studiés10 or case-control studiés! that procedure was defined as one in which general anesthesia was

showed an increased thrombotic risk in carriers of the de‘fecperformed; trauma included bone fractures or the application of casts,
compared with noncarriers excluding those of the upper extremity; a period of prolonged immobili-

. - . zation was defined as one in which bed rest was complete for at least 2
So far, only one family study has compared deficiencies of qeis.

the naturally occurring anticoagulant proteins with respect to - symptomatic patients, ie, those who reported having had thrombosis
the lifelong probability of affected individuals developing inthe past, were asked to bring with them the diagnostic documentation
thrombosis'® but the most common defect, activated protein C
resistance due to factor V Leiden, was not considered. Because
knowledge about any difference in the thrombotic risk might From the Angelo Bianchi Bonomi Hemophilia and Thrombosis
have implications in management strategies, we performed &enter and Epidemiology Unit, IRCCS Maggiore Hospital and Univer-
retrospective cohort family study of 723 affected and unaffectecity of Milan, Milan, Italy; New York University, Environmental
relatives of 150 index patients with inherited deficiency of 'L\J"e_diCi”_? ’\::{e"" Yoj't‘*lN“ and the Department of Hematology, Catholic
antithrombin, protein C, protein S, or with factor V Leiden. =" ersty, Rome, ftay.
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of thrombotic events and a copy of clinical records. The term venous RESULTS

thrompoembollsm was used for d.eep vein thrombosis vyhether or npt Characteristics of index patients.Index patients were 180
complicated by pulmonary embolism; the term deep vein thrombosis

. . ) " unrelated individuals who, after a first thrombotic episode, were
was used for venous thrombotic episodes affecting the extremities, the . . .

o ) . . . . referred consecutively to the Thrombosis Centers and diag-
portal-mesenteric circulation, or the cerebral circulation. The diagnosis

of superficial vein thrombosis was based on the description of typicalnosed ashavinga CoaguIaFlon defect. Th,'rty index patients were
signs and symptoms, and in some cases it was confirmed by Doplole(?xcluded _bgcause no relatlves_, were available for study. Am_ong
ultrasound. Other thrombotic events had to be confirmed by objectivdN€ remaining 150 index patients, venous thromboembolism
methods: venography or compression ultrasonography for deep veilvas the most frequent symptom (77% of cases), followed by
thrombosis; (ventilation)/perfusion lung scan for pulmonary embolism; superficial vein thrombosis (16%), and arterial thrombosis
electrocardiography, abnormal myocardial enzymes, and chest pain fdi7%). Twenty-five patients (17%) had antithrombin deficiency
myocardial infarction; computed tomography or magnetic resonanceg19 type | and 5 type Il, 2 of them with a heparin-binding site
imaging for ischemic strokes. The diagnosis was transient ischemiadefect), 23 (15%) had protein C deficiency (22 type | and 1 type
attacks when focal neurological signs appeared de novo and disat), 15 (10%) had protein S deficiency, and 81 (54%) had factor
peared within 24 hours, whether or not abnormalities in computedy | eiden. Six (4%) had double defects: 2 factor V Leiden and
tomography or magnetic resonance imaging were detected. Fivgntithrombin deficiency (type 1), 2 factor V Leiden and protein
patients Who_r_eported previous episodes Qf deep ve_ln thrombosis qf thg, 1 factor V Leiden and protein C deficiency (type I), and 1
lower gxtremltlgs, but were unable to provide objective documentatloanrotein C (type 1) and protein S deficiency. Six index patients
were included in the study because they had been on antlcoagula\&ith factor V Leiden and 2 with protein C deficiency were
treatment and/or because a Doppler ultrasound performed at the time %omoz otes
our visit showed reflux in the deep veins indicative of a postphlebitic Y9 . . . .
Characteristics of relatives. The entire cohort of first- and

syndrome. . . . .
Laboratory tests. Antithrombin heparin cofactor activity was mea- second-degree relatives of the 150 index patients consisted of

sured by an amidolytic assay (Coamate AT; Chromogenix AR, 1,213 individuals, some dead, some alive at the time of the
Sweden); when antithrombin levels were low, the defect was furtherStudy. From 723 relatives, blood was obtained for coagulation
characterized by measuring antigen levels (immunoelectrophoresidesting, and they represent the actual study group. The average
polyclonal antibody; Stago, Asnieres, France), and functional activity innumber of relatives per family was 8.1 (range, 1 to 12)
the absence of heparin and by performing crossed immunoelectrophoreonsidering the entire cohort and 4.8 (range, 1 to 20) consider-
sis with or without heparid® Protein C activity was assayed in Milanby ing the study group. For 569 of the 723 relatives, medical
a clotting assay (ProClot, Instrumentation Laboratory, Milan, Italy) and histories were obtained directly during a personal interview,
in Rome by an amidolytic assay (Coamatic Protein C; Chromogenix)ysing the same questionnaire administered to the index patients,
after activation with a snake venom. When plasma levels of protein Gyhile for the remaining 154 relatives, it was obtained by
activity were low, antigen levels were also measured by enzyme'"”keqnterviewing the index patients. Laboratory tests became avail-
Immunosorbent assay (ELISA) using polyclonal antibodies (Dako A/S, o6 after the medical history was obtained and the laboratory
Glostrup, Denmark). The diagnosis of protein S deficiency was base%taﬁ was unaware of the clinical data. The response rate of
on finding low plasma levels of free protein S as measured by ELISA,. . . o h lati tatus for 490 of th
after precipitation of the C4b-binding protein-protein S complex with “V"_]g relatives was 72%. T e_coagu ation status (?r .0 ¢
polyethyleneglycol 6000 (3.5% final concentratinpr using an entire cohort of 1,2_13 relatives could not be investigated
because they had died (m 203) or refused to attend the

ELISA commercial kit based on a specific monoclonal antibody .
(Asserachrom Free Protein S; Stago). Protein S activity was not! "fombosis Centers (& 287). However, for 411 of them, both

measured, because no currently available functional assay was thouggmographic data (sex and age) and information about the
to have sufficient specificity for protein S. The Arg506GIn mutation in medical history could be obtained from the index patients.
the factor V gene was searched for by specific DNA amplification andAmong dead relatives, 31% died of unknown causes at a mean
digestion, as previously publishé¥. age of 66 years, 45% died of cancer at a mean age of 63 years,
Statistical analysis. The t-test was used to compare mean age and 24% died of cardiovascular accident at a mean age of 53
values. The Cochran-Cox approximation for unequal variances wagears. In the noninvestigated relatives, the prevalence of
used when the variable was not normally distributed. Xhéest was  thrombosis (20%) and sex and age distribution were similar to
used to compare the prevalence of thrombotic manifestations. Thengse of the relatives who could be investigated (16%, see

absolute annual incidence of thrombosis was calculated for reIative%emW)_ For the remaining 79 relatives not investigated, only
with and without a thrombophilic defect by dividing the number of demographic information could be obtained '

relatives with thrombosis by the total number of patient year in each Table 1 shows the main characteristics of the study group

group. The thrombosis-free survival was estimated from birth to the a9, nich did not differ for relatives recruited in Milan or Rome '

of the first thrombotic event by the Kaplan-Meier method curves and the_l_ . . .
he vast majority of relatives had the same defect as the index

different thrombophilic defects were compared by the Wilcoxon test, " "~ f the famil h hev bel 4. Th h
which places more weight on early events, and the log-rank test, Whicfpa‘t":"ﬂt of the family to whom they belonged. There were three

places more weight on later events. Relative risks and 95% confidenclree_lativeS with p_rOIein S deficigncy who had_an index patient
intervals (CI) for the different defects were calculated with the PHREG With factor V Leiden and one with factor V Leiden who had an

procedures of the SAS packafjevhich adjusts for other variables in  index patient with antithrombin deficiency. A total of 327
the model. Variables included in the model were sex and family statusfelatives had no coagulation defects, 396 relatives carried at
which is a code number that identifies all of the family members least one defect. Of these, 85 had antithrombin deficiency (62
belonging to the same family. type | and 23 type Il, 10 of them with heparin-binding site
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Table 1. Characteristics of the Study Group of First- and Second-Degree Relatives Screened for Coagulation Defects

Coagulation Defect

No Antithrombin Protein C Protein S Factor V Double

Total Defect Deficiency Deficiency Deficiency Leiden Defects

Relatives, no. 723 327 (45%) 85 (12%) 64 (9%) 41 (6%) 200 (28%) 6 (1%)
Men/women 332/391 152/175 45/40 35/29 18/23 77/123 5/1

Age (yr), mean * SD 40 = 19 38 =18 40 = 20 40 = 21 44 = 20 42 + 20 45 + 23
Range 1-94 1-90 2-84 1-91 6-79 6-94 6-68

defect), 64 protein C deficiency (62 type | and 2 type Il), 41 protein S—deficient relatives, and 2 normal relatives had acute
protein S deficiency, 200 had factor V Leiden and six hadmyocardial infarction; 1 relative with protein C, 2 with protein
double defects (2 protein C and protein S deficiencies, 2 proteirs deficiency, and 2 normal relatives had stroke; the 5 activated
C and antithrombin deficiencies, 1 factor V Leiden and anti-protein C-resistant relatives with arterial thrombosis had tran-
thrombin deficiency, 1 factor V Leiden and protein C defi- sientischemic attacks.
ciency). Homozygosity for factor V Leiden was detected in 6 of The mean age at the occurrence of arterial thrombosis-(52
200 relatives with this defect. 13 years; range, 23 to 80) was higher than that at the occurrence
Type and age at development of thrombotic evenéstotal of venous thrombosis (36 14 years; range, 10 to 7@ =
of 116 (16%) of the 723 relatives had had at least one.0001). Table 2 also shows that the age at the time of the first
thrombotic episode (35% in antithrombin deficiency, 30% in thrombotic episode did not differ for relatives with and without
protein C, 37% in protein S, 18% in factor V Leiden, 5% in defects, varying from 35 to 40 years. The only exception was
those with no defect, and 33% in those with double defect)represented by the patients with double defects, who were
(Table 2). Table 2 also shows the types of the first thromboticyounger than those with protein C deficiency and normal
event in the relatives with different coagulation defects. Venougelatives P = .04). Of the two symptomatic relatives with
thromboembolism was the most frequent thrombotic manifestacombined defects, one with protein C plus antithrombin defi-
tion. The sites of venous thrombosis were the lower extremitiexiency, had deep vein thrombosis and one with factor V Leiden
in all except 3 cases (1 with antithrombin deficiency had plus protein C deficiency had superficial vein thrombosis.
portal-mesenteric vein thrombosis, 1 with protein S deficiency Information about predisposing factors at the time of the first
had cerebral vein thrombosis, and 1 with factor V Leiden hadepisode of thrombosis were obtained from all of the 97 relatives
upper extremity deep vein thrombosis). Deep vein thrombosisith venous thromboembolism. Thrombosis occurred spontane-
was accompanied by pulmonary embolism in 11% of cases (dusly in 45 (46%), while predisposing factors were present in
with antithrombin, 1 with protein C, 1 with protein S deficiency, 52 (54%) of them. Forty-four of the 88 relatives with a
2 with factor V Leiden, and 1 with no defect). Superficial vein coagulation defect (50%) had thrombosis in the presence of
thrombosis accounted for 10% of the thrombotic episodes impredisposing factors, whose distribution was not different in the
antithrombin deficiency, for 13% in protein C deficiency, and four thrombophilic defects (not shown).
was not seen in protein S deficiency. The prevalence of venous Lifetime risk of thrombosis. Figure 1 shows the probability
thromboembolism in factor V Leiden (57%) was lower than in for the first thrombotic episode in the four groups of relatives

antithrombin (90%P = .007), protein C (88%P = .05) or
protein S deficiency (1009, = .008), while that of superficial
vein thrombosis was higher (43% compared with 16%; .03;
13%,P = .05 and 0%P = .02). Arterial thrombosis accounted

with coagulation defects and in normal relatives (relatives with
double defects are not shown). A minority of relatives devel-
oped thrombosis during childhood, whereas the risk increased
after the age of 20 years. Both Wilcoxon and log-rank tests

for 3% to 7% of thrombotic episodes in factor V Leiden, protein show a significant difference in the thrombosis-free survival for
C or protein S deficiency did not occur in antithrombin all relatives P = .001), even when subdivided into meR €
deficiency and was present in 2% of relatives with no defects008) and womenR = .004). The relative risk of thrombosis for
(P =.9, .8, and .8, respectively). Two protein C—deficient and 1relatives with factor V Leiden compared with that for relatives

Table 2. Type of the First Thrombotic Event and Age at the Time of Development for the 116 Symptomatic Relatives

Coagulation Defect

No Antithrombin
Total Defect Deficiency

Protein C
Deficiency

Double
Defects

Protein S Factor V
Deficiency Leiden

Symptomatic relatives/total relatives (%) 116/723 (16%) 15/327 (5%) 30/85 (35%) 19/64 (30%) 15/41 (37%) 35/200 (18%) 2/6 (33%)

Symptomatic men/women 45/71 5/10 16/14 5/14 10/5 7/28 2/0

Relatives with venous thrombosis/total relatives (%) 99/723 (14%) 9/327 (3%) 30/85 (35%) 16/64 (25%) 12/41 (29%) 30/200 (15%) 2/6 (33%)
Venous thromboembolism 74/99 (75%)  3/9 (33%) 27/30 (90%) 14/16 (88%) 12/12 (100%) 17/30 (57%) 1/2 (50%)
Superficial vein thrombosis 25/99 (25%) 6/9 (67%)  3/30 (10%) 2/16 (13%) 0/12 13/30 (43%) 1/2 (50%)

Relatives with arterial thrombosis/total relatives (%) 17/723 (2%)  6/327 (2%) 0/85 3/64 (5%)  3/41 (7%) 5/200 (3%) 0/6

Age at thrombosis (yr), mean = SD 34+ 14 40 * 14* 35=*15 40 = 9* 40 = 15 37+ 15 17 £ 2

Range 10-80 21-62 10-77 20-58 20-67 15-80 15-19

*P = .04 compared with double defects.
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Fig 1. Survival was measured from birth up to each age. The
probabilities of relatives with normal laboratory tests or with anti-
thrombin, protein C, protein S deficiencies, or factor V Leiden were
calculated by Kaplan-Meier analysis. The total number of events/
number of subjects at risk was 14 of 258 for relatives without defect,
29 of 85 for antithrombin, 18 of 64 for protein C, 15 of 40 for protein S
deficiency, and 35 of 197 for factor V Leiden.

carrying all three other coagulation defects was 0.3 (95% CI

0.1to 1.6), and compared with that for normal relatives was 2.2

(95% CI, 1.1 to 4.7). The risk ratio in comparison to normal
relatives was 8.1 (95% ClI, 3.4 to 19.6) for antithrombin, 7.3
(95% ClI, 2.9 to 18.4) for protein C, and 8.5 (95% ClI, 3.5 to
20.8) for protein S deficiency. Because the thrombophilic
defects evaluated in this study are established risk factors for
venous thromboembolism, but are less well-established for
arterial thrombosis and superficial vein thrombosis, the analysis

MARTINELLI ET AL

obtained were similar to those obtained for the whole series
(data not shown). To assess the role of familial transmission of
factors predisposing to thrombosis, we calculated the relative
risk of thrombosis for relatives according to their belonging to a
thrombophilic family. The risks of thrombosis was essentially
the same for individuals belonging to an antithrombin-deficient
family (risk ratio 1.2, 95% CI, 0.8 to 1.7), a protein C—deficient
family (0.9, 95% CI, 0.6 to 1.5), or a protein S—deficient family
(1.2, 95% CI, 0.7 to 1.9) as for those belonging to a factor V
Leiden family. Table 3 also shows the absolute annual incidence
of thrombosis in relatives with and without thrombophilic
defects. The highest incidence was observed in the group with
antithrombin deficiency (1.0%/yr) and the lowest incidence in
the group of normal relatives (0.2%/yr).

DISCUSSION

This study compared the risk for thrombosis of individuals
with inherited thrombophilia due to factor V Leiden or to
antithrombin, protein C, or protein S deficiency. We found that
factor V Leiden is associated with a lower risk of thrombosis
and with less severe thrombotic manifestations. The probability
of developing thrombosis during the lifetime was 8.1 times
higher for carriers of antithrombin deficiency, 7.3 for protein C
deficiency, and 8.5 for protein S deficiency, in agreement with
previous datd® The thrombotic risk was also greater for factor
V Leiden, the most frequent thrombophilic defect, but its
magnitude was only 2.2 times higher than that for noncarriers.
This lower thrombotic tendency in carriers of factor V Leiden
than in individuals with deficiencies of the naturally occurring
anticoagulant proteins is compatible with the biochemical
mechanism of this thrombophilic defect (activated factor V is

Table 3. Relative Risk and Annual Incidence for all Thromboses
(venous and arterial), Venous Thrombosis (deep and superficial
veins), and Venous Thromboembolism Only (deep vein
thrombosis with or without pulmonary embolism) for Each
Thrombophilic Defect

was also done after excluding these thrombotic manifestations Venous thrombosis

The corresponding conditional risks are summarized in Table 3.
The results obtained after the exclusion of arterial thromboses
did not change appreciably. When superficial vein thromboses
were also excluded from the analysis, the risk of venous

thromboembolism for factor V Leiden was 10.1 (95% CI 2.3 t0 venous thromboembolism

43.7) compared with normal relatives and 0.3 (95% CI 0.2 to
0.5) compared with relatives with all three other coagulation
defects. Because the probability to develop thrombosis is higher
in homozygous individuals than in heterozyg®tfand is lower
for heparin-binding defects of antithromisifithe analysis was

, Incidence of
Conditional Thrombosis
Risk Ratio (per 100
Yes No (95% Cl) patient-yr)
All thromboses

No defect 15 312 1 (Ref) 0.15
Antithrombin deficiency 30 55 8.1(3.4-19.6) 1.0

Protein C deficiency 19 45 7.3(2.9-18.4) 0.85
Protein S deficiency 15 26 8.5(3.5-20.8) 1.0

Factor V Leiden 35 165 2.2(1.1-4.7) 0.29
No defect 9 312 1 (Ref) 0.09
Antithrombin deficiency 30 55 8.1 (3.4-19.6) 1.0

Protein C deficiency 16 45 7.4(2.7-20.5) 0.72
Protein S deficiency 12 26 10.4(3.8-28.7) 0.78
Factor V Leiden 30 165 4.6(1.5-13.7) 0.25
No defect 3 312 1 (Ref) 0.03
Antithrombin deficiency 27 55 42.8(10.2-180.3) 0.93
Protein C deficiency 14 45 31.3(7.0-138.8) 0.63
Protein S deficiency 12 26 35.7(7.9-160.1) 0.78
Factor V Leiden 17 165 10.1(2.3-43.7) 0.14

repeated after exclusion of these relatives, and the results Conditional risk ratios are adjusted by sex and family status.
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only partially resistant to inactivation by activated protein The small rate of nonobjectively confirmed thrombotic events
C).2425 (five) and our decision to consider thrombosis as certain only
In theory, a milder thrombophilic defect should be character-when anticoagulant treatment had been given or signs of the
ized by the onset of thrombosis at an older age and by mildepostphlebitic syndrome were objectively detected should have
clinical manifestations. The mean age at the occurrence of theninimized this bias. Furthermore, it is unlikely that there were
first thrombotic episode was similar for all of the patients with differences in reporting the events for the four thrombophilic
single defects, ranging from 35 to 40 years, and was also similagonditions. In addition to having excluded index patients from
for men and women, and for heterozygotes and homozygotethe analysis, overestimation of the risk was also minimized by
with factor V Leiden. This is in agreement with a recent the second inclusion criterion, ie, each relative had to be tested
observation that in heterozygous relatives with factor V Leidenfor all four coagulation defects, because the risk for thrombosis
or protein C deficienc§f differences in age at development of is higher in carriers of double defeé&32Because the cosegre-
symptoms mainly depend on the way the patients are selectegiation of factor V Leiden with the other inherited defects is
and not on the type of defect. Even so, the type of thrombotigelatively rare in Italy?® the relatives with double defects were
manifestation was different for factor V Leiden, with the too few to be included in the statistical analysis. One limitation
frequency of severe manifestations, such as deep vein thromb@f the study may be the relatively young age of relatives, which
sis and pulmonary embolism, being lower and that of amay have led to underestimation of their lifetime risk of
relatively mild manifestation, such as superficial vein thrombo-thrombosis.
sis higher than for antithrombin, protein C, or protein S Thereis at present no published randomized study and hence
deficiency. Our observations contrast with those reported byo established guideline on primary prophylaxis for asymptom-
other investigatord’ who have found similar clinical manifesta- atic individuals with factor V Leiden exposed to predisposing
tions in factor V Leiden and in protein C or protein S deficiency, factors for thrombosi$?® We found that the lifetime risk of
despite later occurrence of the first thrombotic event in factor Vthrombosis for this defect is lower than that for the other three
Leiden. The larger number of patients tested in our study andhrombophilic defects (relative ratio 0.3) and thrombotic symp-
the exclusion of index patients from the analysis probablytoms are less severe. However, antithrombotic prophylaxis with
explain the discrepancy in results. unfractionated heparin or low molecular weight heparin at
This study included not only individuals who had venous Standard dosages should be implemented at the time of expo-
thrombosis, but also those who had arterial thrombosis, becausa!re of these individuals to predisposing factors for thrombosis.
they are often referred to our centers for thrombophilia screenThese views are supported by our observation that there were
ing, despite the fact that the association between coagulatioRoncurrent predisposing factors in about half of the patients
defects and arterial thrombosis is still deba&dhe small  With factor V Leiden who developed venous thromboembolism.
proportion of index patients who had arterial thrombosis (7%)©n the other hand, lifelong anticoagulant therapy of asymptom-
might have led to an underestimation of the risk of thrombosisatic individuals with inherited thrombophilia is not justified in
in their relatives. However, this is unlikely because the rate ofthe absence of prospective trials demonstrating its efficacy. This
venous thrombotic events among these relatives was veryi€W iS supported by the risk of hemorrhage, which is higher
similar to that among relatives whose proband had venoudhan the annual incidence of thrombodispy the cost of
thrombosis. The prevalence of arterial thrombosis was low and@Poratory monitoring of anticoagulant therapy, and by the
was similar in the four groups (3% to 7%). The mean age at thé)bgervatlon that mortgllty is nqt increased in |nd|\{|dual§ with
time of the first occurrence of arterial thrombosis in the relatives2tithrombir¥® or protein C deficiencyf or factor V Leided” in
was higher (52 years) than that in relatives with venousCOmparison to the general population. _
episodes, indicating that carriers of thrombophilic defects are !N conclusion, this family study gives the first direct answer
exposed to a lower risk of developing arterial thrombosis tharf® the question of the varying thrombotic risks of congenital
venous thrombosis at a young age. coagulatlon_defects assc_)mated with thrombophilia. Factor V
The risk of thrombosis was evaluated only for relatives of the -€iden carries a lower risk than antithrombin, protein C, or
index patients to avoid a selection bias that would have led tdProtein S deficiency, but the risk is three times that for the
overestimating the risk. Complete data about both coagulatiofgontrol group of individuals with normal coagulation. Although
tests and clinical history were available for 723 relatives. the age at the first thrombosis is similar for all four inherited
Although for 21% of them the clinical history was obtained by thr.ombophilic Qefects, less severe symptoms such as superficial
interviewing the index patients, we are confident to haveVein thror_nl_)03|s are more frgquent for fa_cto_r V Leiden than for
correctly evaluated the rate of occurrence of thrombosis, as wé® remaining defects. Obviously, our findings apply only to
have previously reported a nearly 100% agreement between trfamilies in which the hereditability of the coagulation defect has
information obtained from the probands and that obtained?®en demonstrated and not to unselected individuals.
directly from relatives? The demographic characteristics of the
490 relatives with incomplete data (only clinical or demo- REFERENCES
_graph.ic information) were Sir_n”ar to those for personally 1. De Stefano V, Finazzi G, Mannucci PM: Inherited thrombophilia:
'r_]terVIeWEd and.sc_reened relatives. The prevalence of thromb%athogenesis, clinical syndromes, and management. Blood 87:3531,
sis was also similar for the two groups (20% and 16%), 1996
suggesting that a selection bias due to lack of participation in 2. syensson PJ, DalillaB: Resistance to activated protein C as a
the laboratory screening is unlikely. One possible limitation of basis for venous thrombosis. N Engl J Med 330:517, 1994
this study may be a recall bias, as the design was retrospective. 3. Koster T, Rosendaal FR, de Ronde H, BEeVandenbroucke JP,

20z aunr g0 uo 3sanb Aq Jpd €G€z/€088Y Y L/ESET/L/Z6/PA-Bl0IE/POO|qABU SUOHEDIIgNdYSE//:dY WOl papeojumog



2358 MARTINELLI ET AL

Bertina RM: Venous thrombosis due to poor anticoagulant response to 20. Bertina RM, Koeleman RPC, Koster T, Rosendaal FR, Dirven
activated protein C: Leiden thrombophilia study. Lancet 342:1503,RJ, de Ronde H, van der Velden PA, Reitsma PH: Mutation in blood
1993 coagulation factor V associated with resistance to activated protein C.
4. Ridker PM, Hennekens CH, Lindpaintner K, Stampfer MJ, Nature 369:64, 1994
Eisenberg PR, Miletich JP: Mutation in the gene coding for coagulation 21. SAS Software. Cary, NC, SAS Institute, Inc, 1990
factor V and the risk of myocardial infarction, stroke, and venous 22. Rosendaal FR, Koster T, Vandenbroucke JP, Reitsma PH: High
thromboembolism in apparently healthy men. N Engl J Med 332:912,risk of thrombosis in patients homozygous for factor V Leiden
1995 (activated protein C resistance). Blood 85:1504, 1995
5. Allaart CF, Brig E: Familial venous thrombophilia, in Bloom AL, 23. Finazzi G, Caccia R, Barbui T: Different prevalence of thrombo-

Forbes CD, Thomas DP, Tuddenham EGD (eds): Haemostasis angmbolism in the subtypes of congenital antithrombin 1l deficiency:
Thrombosis (ed 3, vol 2). New York, NY, Churchill Livingstone, 1994, Review of 404 cases. Thromb Haemost 58:1094, 1987

p 1349 24. Kalafatis M, Bertina RM, Rand MD, Mann KG: Characterization

6. Lane DA, Mannucci PM, Bauer KA, Bertina RM, Bochkov NP, of the molecular defect in factor®#°6Q J Biol Chem 270:4053, 1995
Boulyjenkov V, Chandy M, Dahltzk B, Ginter EK, Miletich JP, 25. Heeb MJ, Kojima Y, Greengard JS, Griffin JH: Activated protein
Rosendaal FR, Seligsohn U: Inherited thrombophilia: part 1. Thrombg yegjstance: Molecular mechanisms based on studies using purified
Haemost 76:651, 1996 _ _ GIns%-factor V. Blood 85:3405, 1995

7. Engesser L, Broekmans A, Bri&, Brommer E, Bertina RM: 26. Lensen RPM, Rosendaal FR, Koster T, Allaart CF, de Ronde H,

Hereditary protein S deficiency: Clinical manifestation. Ann Intern Med \/3nqenbroucke JP. Reitsma PH. Bertina RM: Apparent different
106:677, _1987 . ] thrombotic tendency in patients with factor V Leiden and protein C
8. Bovill EG, Bauer KA, Dickermann JD, Callas P, West B: The deficiency due to selection of patients. Blood 88:4205, 1996

clinical spectrum of heterozygous protein C deficiency in a large New 27. Leroy-Matheron C, Levent M, Pignon JM, Mendonca C, Gouault-
England kindred. Blood 73:712, 1989 ’ . ' ' '

9. Demers C, Ginsberg JF, Hirsh J, Henderson P, Blajchman MA:
Thrombosis in atithrombin Ill deficient persons. Report of a large
kindred and literature review. Ann Intern Med 116:754, 1992

10. Allaart CF, Poort SR, Rosendaal FR, Reitsma PH, Bertina RM,
Briét E: Increased risk of venous thrombosis in carriers of protein C
deficiency defect. Lancet 341:134, 1993

11. Koster T, Rosendaal FR, Bri€, van der Meer J, Colly LP, . .
Trienekens PH, Poort SR, Reitsma PH, Vandenbroucke JP: Protein C _29' Koelema_n_ BPC,_Reltsma PH, Allaart C.F’ _Bertlna_RM: Fa(_:t_orV
deficiency in a controlled series of unselected outpatients: An infrequen#’e'den: An additional risk factor for thrombosis in protein C deficient

but clear risk factor for venous thrombosis (Leiden thrombophilia amilies:.BIood 84:1031, 1994 . .
study). Blood 85:2756, 1995 30. Zdler B, Bernstdotter A, Garcia de Frutos P, DaldkaB:

12. Heijboer H, Brandjes DP, Buller HR, Sturk A, ten Cate JW: Resistange .to activa.ted prot_ei_nCas an adgitional genetic risk factor for
Deficiencies of coagulation-inhibiting and fibrinolytic proteins in thrombosis in hereditary deficiency of protein S. Blood 85:3518, 1995
outpatients with deep-vein thrombosis. N Engl J Med 323:1512, 1990 _ 31. Koeleman BPC, van Rumpt D, Hamulyak K, Reitsma PH,

13. Tait RC, Walker ID, Perry DJ, Carrell RW, Islam SIA, McCall F, Bertina RM: Factor V Leiden: An additional risk factor for thrombosis
Mitchell R, Davidson JF: Prevalence of antithrombin Ill deficiency N Protein S deficient families? Thromb Haemost 74:580, 1995
subtypes in 4000 healthy blood donors. Thromb Haemost 65:839, 1991 32. van Boven HH, Reitsma PH, Rosendaal FR, Bayston TA,

14. Koster T, Rosendaal FR, de Ronde H; BEigvandenbroucke JP,  Chowdhury V, Bauer KA, Scharrer |, Conard J, Lane DA: Factor V
Bertina RM: Venous thrombosis due to poor anticoagulant response t&eiden (FV R506Q) in families with inherited antithrombin deficiency.
activated protein C: Leiden Thrombophilia Study. Lancet 342:1503, Thromb Haemost 75:417, 1996
1993 33. Martinelli I, Magatelli R, Cattaneo M, Mannucci PM: Prevalence

15. Pabinger I, Schneider B, for the GTH Study Group on Natural 0f mutant factor V in Italian patients with hereditary deficiencies of
Inhibitors: Thrombotic risk in hereditary antithrombin 11, protein C, or antithrombin, protein C or protein S. Thromb Haemost 75:694, 1996
protein S deficiency. A cooperative retrospective study. Arterioscler(letter)

Thromb Vasc Biol 16:742, 1996 34. Palareti G, Leali N, Coccheri S, Poggi M, Manotti C, D’Angelo
16. Frezzato M, Tosetto A, Rodeghiero F: Validated questionnaireA, Pengo V, Erba N, Moia M, Ciavarella N, Devoto G, Berrettini M,
for the identification of previous personal or familial venous thrombo- Musolesi S, on behalf of the ISCOAT Study Group: Bleeding complica-
embolism. Am J Epidemiol 143:1257, 1996 tions of oral anticoagulant treatment: An inception-cohort, prospective,

17. Taioli E, Martinelli I, Rossi V, Crosti F, Mannucci PM: Re: collaborative study (ISCOAT). Lancet 348:423, 1996
Validated questionnaire for the identification of previous personal or 35. Rosendaal FR, Heijboer H, Brig, Bliler HR, Brandjes DPM,
familial venous thromboembolism. Am J Epidemiol 147:605, 1998 De Bruin K, Hommes DW, Vandenbroucke JP: Mortality in inherited
(letter) antithrombin I11 deficiency — 1830 to 1989. Lancet 337:260, 1991

18. Sas G, Pepper DS, Cash JD: Plasma and serum antithrombin Ill: 36. Allart CF, Rosendaal FR, Noteboom WMP, Briie No excess
Differentiation by crossed immunoelectrophoresis. Thromb Res 6:87mortality in heterozygotes for hereditary protein C deficiency type | —
1975 1820 to 1993. Thromb Haemost 73:1252, 1995

19. Comp PC, Doray D, Patton D, Esmon CT: An abnormal plasma 37. Hille ETM, Westerndorp RGJ, Vandenbroucke JP, Rosendaal
distribution of protein S occurs in functional protein S deficiency. Blood FR: Mortality and causes of death in families with the factor V Leiden
67:504, 1986 mutation (resistance to activated protein C). Blood 89:1963, 1997

Heilmann M: The 1691 G»A mutation in the factor V gene: Relation-
ship to activated protein C (APC) resistance and thrombosis in 65
patients. Thromb Haemost 75:4, 1996

28. Lane DA, Mannucci PM, Bauer KA, Bertina RM, Bochkov NP,
Boulyjenkov V, Chandy M, Dahlizk B, Ginter EK, Miletich JP,
Rosendaal FR, Seligsohn U: Inherited thrombophilia: Part 2. Thromb
Haemost 76:824, 1996

20z aunr g0 uo 3sanb Aq Jpd €G€z/€088Y Y L/ESET/L/Z6/PA-Bl0IE/POO|qABU SUOHEDIIgNdYSE//:dY WOl papeojumog



