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When counseling first-degree relatives of patients with venous thromboembolism (VTE),
it is important to know whether factors other than thrombophilia influence their risk for

¢ Unprovoked venous thrombosis. We assessed the risk for VTE in 915 first-degree relatives of patients with
thromboembolism (VTE) and provoked VTE, compared this with the risk in 1752 first-degree relatives of patients with
VTE at young age are unprovoked VTE, and then combined data from the 2 groups of relatives to identify
independent predictors of predictors of thrombosis. There had been 123 VTEs in 2617 first-degree relatives (0.12 per
VTE in patient relatives. 100 person-years). The risk for VTE in first-degree r(elatives wasohigher if the index cases

. had an unprovoked compared with a provoked VTE (odds ratio [OR], 2.38; 95% confidence

o [FeiiEn v L.elden ol i interval [Cl], 1.43-3.85), if the index case was younger (OR, 0.97 per year older; 95% Cl,
prothrombin 20210A gene 0.96-0.99), and if an additional family member had VTE (OR, 2.71; 95% Cl, 2.22-3.31).
variant in pa.ltlents with VTE Among first-degree relatives of an index case with factor V Leiden or the prothrombin
was not an independent 20210A gene variant, the presence of these abnormalities also predicted thrombosis (OR,
predictor of VTE in patient 4.42; 95% Cl, 1.35-14.38). We conclude that thrombosis at a young age and unprovoked
relatives. VTE predict VTE in first-degree relatives, and that the influence of these 2 factors is

Introduction

additive. (Blood. 2014;124(13):2124-2130)

Venous thromboembolism (VTE) is a multifactorial disease caused
by hereditary and acquired risk factors.' Because there is often
ahereditary component to the occurrence of VTE, thrombosis occurs
more often in the first-degree relatives (ie, parents, siblings, children)
of patients with VTE than in the general population.*® The increased
risk for thrombosis in relatives is incompletely explained by the
presence of known thrombophilias, as the risk for thrombosis in first-
degree relatives is increased even if patients do not have a detectable
defect.®?

We previously showed that the risk for thrombosis in first-degree
relatives of patients with a first unprovoked VTE tends to be higher
if the patient had factor V Leiden or the prothrombin 20210A gene
variant compared with neither abnormality.” However, a more striking
finding was that relatives of younger index cases (<45 years) had
amuch higher risk for thrombosis than relatives of older index cases.
We suspect that patients who have unprovoked VTE at a young age
often have undetected hereditary thrombophilias and that these
defects increase the risk for thrombosis in their relatives.

The risk for thrombosis is uncertain in relatives of patients with
provoked VTE (eg, recent surgery or cancer). Hereditary thrombo-
philias are associated with provoked VTE, but less commonly than
with unprovoked VTE.'%'? Therefore, it is reasonable to suspect that

the risk for thrombosis is lower in first-degree relatives of patients
with provoked than those with unprovoked VTE. To test this hypothesis,
we assessed the risk for thrombosis in first-degree relatives of pa-
tients with provoked VTE in the current study and compared that risk
with the risk we previously observed in the first-degree relatives of
patients with unprovoked VTE. We also wanted to determine whether,
similar to in first-degree relatives of patients with unprovoked VTE,’
there was a higher risk for thrombosis in family members of patients
who had provoked VTE at a young age. We then combined individual
patient data from the current and previous study” to increase our ability
to identify characteristics of patients and first-degree relatives that
predicted the risk for thrombosis in relatives. This information is
important for counseling of first-degree relatives of patients with
thrombosis.

Methods

Study design and population

Using a cross-sectional design and predefined criteria (see following), we
determined whether there was a history of previous VTE in the first-degree
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Provoked VTE
197 Index Cases

59 Excluded Index cases
40 Did not consent to be tested
for Factor V Leiden or

Prothombin gene variant
10 Did not consent to having any
of their relatives contacted

9 Did not have first-degree
relatives

v
138 Enrolled Provoked VTE Index Cases

with 1,071 First-Degree Relatives

122 Excluded First-Degree Relatives
2 Adopted
10 Step or half relative
30 No permission to contact this
relative
20 Alive but not contactable
20 <16 years
40 Deceased and no available
information
34 First-Degree Relatives refused to
participate

v
915 Enrolled First-Degree Relatives

21 with previous VTE
844 with no previous VTE

50 with uncertain previous VTE status
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Unprovoked VTE
530 Index Cases

152 Excluded Index cases
32 Did not consent to be tested
for Factor V Leiden or

Prothombin gene variant
120 Did not consent to having
any of their relatives

contacted

A4
378 Enrolled Unprovoked VTE Index Cases
with 2,541 First-Degree Relatives

585 Excluded First-Degree Relatives
10 Adopted
50 Step or half relative
65 No permission to contact this
relative
90 Alive but not contactable
125 <16 years
245 Deceased and no available
information
40 First-Degree Relatives refused to
participate

v
1,916 Enrolled First-Degree Relatives

102 with previous VTE
1650 with no previous VTE status

164 with uncertain previous VTE status

Figure 1. Enrolled index cases and first-degree relatives.

relatives of consecutive patients (index cases) with a first episode of provoked
symptomatic proximal deep vein thrombosis or pulmonary embolism. Index
cases were enrolled prospectively at 6 university hospitals (5 in Canada and 1
in France) when they were diagnosed with a first episode of acute symptomatic
VTE. Index cases had to satisfy all of the following criteria: objectively
confirmed proximal deep vein thrombosis (ie, ultrasonography) or pulmonary
embolism (ie, lung scanning),'® willingness to provide blood for testing for
factor V Leiden and the prothrombin 20210A gene variant, have at least a
single first-degree relative who could be evaluated for previous VTE, and
willingness to provide written informed consent to participate in the study and
to allow at least 1 of their first-degree relatives to be approached for the study.
For thrombosis to be considered provoked, it had to have occurred either
within 3 months of having major surgery, major leg trauma, or immobilization
(confined to bed for at least 3 consecutive days) or in association with an active
malignancy (ie, within the past 2 years).” Thrombosis that occurred in the
absence of these risk factors was considered unprovoked.

First-degree relatives were eligible as study subjects if they were a
biological child, full sibling, or biological parent of an index case and were at
least 16 years of age, and if they provided informed consent. First-degree
relatives who were dead could be included as study subjects provided the
index case agreed and information about previous VTE was available. Research
ethic boards of Brest Hospital Center (France) and Henderson General Hospital,
McMaster University (Hamilton, ON, Canada) approved the study.

Previous VTE in first-degree relatives

Using a previously described algorithm,’ first-degree relatives were classified
as “have had VTE” if they satisfied either of the following 2 criteria: First,
results of diagnostic testing were available that documented previous deep

vein thrombosis (including thrombosis confined to the distal deep veins) or
pulmonary embolism;13 and second, the relatives had, in addition to a history
of symptoms suggestive of VTE, at least 1 of the following'*: a history of
having been treated with anticoagulant therapy for at least 2 months without
another indication,'* a current ultrasound examination that showed that the
proximal deep veins were not fully compressible or that there was reflux in a
popliteal vein,' or current symptoms and signs suggestive of the postthrom-
botic syndrome (defined as a score of 5 or higher on the Villalta scale).'®
Relatives were classified as “have not had VTE” if they satisfied all of the
following criteria: no known or suspected previous diagnosis of VTE, no
unexplained anticoagulation in the past, and not currently having symptoms
or signs suggestive of the postthrombotic syndrome (ie, had a score lower
than 5 on the Villalta scale). Relatives were classified as “uncertain for previous
VTE” if they did not satisfy the criteria for either previous or no previous VTE.

Factor V Leiden and the prothrombin 20210A gene variant

After first-degree relatives had completed assessments for previous VTE,
their index cases were categorized as positive for factor V Leiden or the
prothrombin 20210A gene variant or negative for both.” Personnel who were
unaware of the index case’s family history of VTE or the participant’s past
history of VTE performed these assays in a central laboratory in either France
or Canada.

Statistical methods

The number of first-degree relatives of index cases with a provoked VTE who
needed to be studied was based on 80% power to detect a 50% lower
prevalence of thrombosis in relatives of patients with provoked compared
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Table 1. Characteristics of index cases and relatives according to whether index case had provoked or unprovoked VTE

Index case had provoked VTE

Index case had unprovoked VTE

Characteristics Total Subtotal FVL or PGM No FVL and no PGM Subtotal FVL or PGM No FVL and no PGM Pt
Index cases, n 507 138 20 118 369 105 264
Female, n (%) 248 (49) 63 (46) 11 (17) 52 (82) 185 (50) 50 (48) 135 (51) .37
Age at diagnosis, mean (SD) 58.8 (17.7) 64.0 (16.2) 61.0 (17.9) 64.5 (15.9) 56.8 (17.9)  53.0 (18.1) 58.3 (17.6) <.001
Number of FDR per index case, 6.9 (3.0) 7.4 (3.0) 7.3 (2.9) 7.6 (3.1) 6.7 (3.1) 6.5 (2.5) 6.8 (3-3) .04
mean (SD)
Number of included FDR per 5.6 (2.9) 6.7 (2.9) 6.7 (2.8) 6.6 (3.5) 4.8 (2.8) 4.8 (2.6) 4.8 (2.8) .001
index case, mean (SD)
Pulmonary embolism, n (%)* 278 (55) 86 (62) 11 (55) 75 (64) 192 (52) 51 (49) 141 (53) .04
Provoking risk factor, n = 138 20 118 = = =
Surgery, n (%) — 39 (28) 5 (25) 34 (29) — — —
Trauma, n (%) — 13 (9) 4 20) 9 (7) — — —
Immobilization, n (%) — 44 (32) 3 (15) 41 (35) — — —
Cancer, n (%) — 42 (30) 8 (40) 34 (29) — — —
Thrombophilia, n (%) 125 (25) 20 (15) 20 — 105 (29) 105 — .001
FVL heterozygote, n (%) 80 (64) — 12 (60) — — 68 (65) =
FVL homozygote, n (%) 4 (3) — 1(5) — — 33 —
PGM heterozygote, n (%) 35 (28) — 7 (35) — — 28 (27) —
PGM homozygote, n (%) 1(1) — — — — 1(1) —
FVL heterozygote and PGM 4 (3) = = = = 4 (4) =
heterozygote, n (%)
FVL homozygote and PGM 1(1) — — — — 1(1) —
heterozygote, n (%)
FDR, n 2617 865 123 742 1752 502 1250
Female, n (%) 1323 (51) 442 (51) 59 (48) 383 (52) 881 (50) 256 (51) 625 (50) 7
Alive, n (%) 1819 (70) 591 (68) 86 (70) 505 (68) 1228 (70) 372 (74) 856 (68) .36
Age, mean (SD)t 55.6 (18.2) 57.5(18.3)  56.0 (18.5) 57.7 (18.3) 54.9 (18.1)  54.4 (18.1) 54.7 (18.1) <.001
Relationship to the index case
Parent, n (%) 773 (30) 225 (26) 31 (25) 194 (26) 549 (31) 162 (32) 387 (31) .02
Sibling, n (%) 1039 (40) 362 (42) 50 (41) 312 (42) 677 (39) 195 (39) 482 (39)
Child, n (%) 804 (30) 278 (32) 42 (34) 236 (32) 526 (30) 145 (29) 381 (31)

FDR, first-degree relatives; FVL, factor V Leiden; PGM, prothrombin 20210A gene variant; VTE, venous thromboembolism; SD, standard deviation.

*Presentation of VTE; all patients with confirmed symptomatic pulmonary embolism are included, whether or not they were also diagnosed with deep vein thrombosis.

tAge at enrolment was not available for 101 relatives, mostly because these persons were dead (information obtained from relatives). For all analyses, the age of these
relatives was assumed to be the same as the average age of other enrolled relatives in the corresponding category as follows: 49 years for alive men with VTE, 47 years for
alive women with VTE, 47 years for alive men without VTE, 49 years for alive women without VTE, 62 years for deceased men without VTE, 70 years for deceased women
without VTE, 75 years for deceased men with VTE, and 59 years for deceased women with VTE.

1P value for the comparisons of all FDR of index cases who had provoked VTE with all FDR of index cases who had unprovoked VTE.

with unprovoked VTE,'%'? while accepting a 2-sided « error of 0.025,

assuming a prevalence of previous thrombosis of 5.7% in the 1752 relatives
of patients with unprovoked VTE.? This yielded a sample size of 875 for the
number of relatives of patients with provoked VTE who needed to be
evaluated (including those classified as “uncertain for previous VTE”).
The average annual incidence of VTE was calculated by dividing the
number of first episodes of VTE by the total number of years of observation
(expressed as events per 100 person-years). For each study participant, the
period of observation was from 16 years of age until their age at the time of
the first VTE, death, or when they were assessed at enrolment (whichever
occurred latest). The influence of the index case’s characteristics (factor V
Leiden or prothrombin 20210A gene variant vs neither, age at diagnosis,
female vs male, deep vein thrombosis vs pulmonary embolism) and the first-
degree relative’s characteristics (age during the observation period [assessed
as a time-dependent variable], female vs male, parent vs sibling vs child, dead
vs alive when assessed) on the risk for VTE in the first-degree relatives was
investigated using a logistic regression. If the study subject had more than 1
first-degree relative with a history of VTE (ie, other than the index case), we
introduced a random intercept to account for the clustering effect within
families (intrafamily correlation) into a generalized linear mixed model."”
Associations between the characteristics of the index case or the first-degree
relative, and the risk for thrombosis in the first-degree relative, were assessed
as follows: first, single characteristics were assessed using univariable
analysis, and second, a multivariable model was fitted that contained only
those characteristics associated with a significance level of P < .1 in the
univariable analysis.'® Statistical analyses were performed using SPSS

software (version 20.0; IBM Corporation, Armonk, NY) with the excep-
tion of the random coefficient logistic modeling, which was done using
SAS PROC GLIMMIX (version 9.1; SAS, Inc., Cary, NC).

Comparison with first-degree relatives of patients with
unprovoked VTE and analysis of combined data from the
2 groups of relatives

To compare findings and combine individual patient data, we used the same
study design, definitions of VTE (proximal deep vein thrombosis alone and
pulmonary embolism; provoked and unprovoked thrombosis), and statistical
methods in the current study as we used in our previous study that assessed
VTE in first-degree relatives of patients with a first unprovoked VTE.’

Results

Between January 2006 and January 2012, 197 patients with a provoked
VTE were assessed, of whom 40 did not consent to be tested for factor
V Leiden and the prothrombin 20210A gene variant, 9 did not have
any first-degree relatives, and 10 did not consent to having their
relatives contacted (Figure 1). The remaining 138 index cases with
provoked VTE had 915 first-degree relatives who were enrolled
(Figure 1). Among these 915 relatives, the assessment of previous
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Table 2. VTE in relatives according to if the index case had factor V Leiden or the prothrombin 20210A gene variant

Findings in relatives Total No FVL and no PGM in index cases Any FVL or PGM in index cases
Index cases had provoked VTE, n 865 742 123
Person-years of observation, n 36511 31475 5036
Previous VTE, n 21* 19 2
Incidence per 100 person-years (95% Cl) 0.06 (0.04-0.09) 0.06 (0.04-0.09) 0.04 (0.01-0.15)
Unadjusted odds ratio (95% Cl) — Reference 0.63 (0.15-2.74)
Adjusted odds ratio (95% CI)t — Reference 0.61(0.14-2.66)
Index cases had unprovoked VTE, n 1752 1250 502
Person-years of observation, n 68 066 48 866 19200
Previous VTE, n 102% 62 40
Incidence per 100 person-years (95% Cl) 0.15 (0.12-0.18) 0.13 (0.10-0.16) 0.21 (0.15-0.28)
Unadjusted odds ratio (95% CI) — Reference 1.68 (1.09-2.59)
Adjusted odds ratio (95% CI)t — Reference 1.48 (0.94-2.33)
All index cases, n 2617 1992 625
Person-years of observation, n 104577 80 341 24 236
Previous VTE, n 123 81 42
Incidence per 100 person-years (95% Cl) 0.12 (0.10-0.14) 0.10 (0.08-0.12) 0.17 (0.13-0.23)
Unadjusted odds ratio (95% CI) — Reference 1.70 (1.16-2.50)
Adjusted odds ratio (95% ClI)t — Reference 1.34 (0.89-2.01)

Cl, confidence interval; FVL, factor V Leiden; PGM, prothrombin 20210A gene variant; VTE, venous thromboembolism.

*Of the 21 episodes of VTE in first-degree relatives of index cases with provoked VTE, 2 were unprovoked, 3 were associated with cancer, 9 were provoked by major
reversible risk factors, 0O were provoked by minor reversible risk factors, and risk factors were uncertain in 7.

tAdjusted for intrafamily clustering, age of index cases, age of first-degree relatives during the period of observation, sex of first-degree relatives, and whether the

first-degree relatives were dead or alive at enrolment.

1Of the 102 episodes of VTE in first-degree relatives of index cases with unprovoked VTE, 21 were unprovoked, 5 were associated with cancer, 36 were provoked by
major reversible risk factors (ie, recent surgery, plaster cast immobilization of the leg or immobilization for more than 72 hours), 20 were provoked by minor reversible risk
factors (ie, air travel, pregnancy, or estrogen therapy), and risk factors were uncertain in 20.

VTE was uncertain in 50 (Figure 1). Therefore, analyses included
865 first-degree relatives who could be categorized as either “have
had VTE” or “have not had VTE.”

First-degree relatives of patients with provoked VTE

Age of the index case. There was an inverse relationship between
the age of index cases and the risk for VTE in family members. For
each year that the index case was younger, the incidence of VTE
increased by 3.0% in the first-degree relatives (corresponding to an
adjusted OR of 0.97 per year that the index case was older [95% CI,
0.96-0.999; P = .04]). When the age of index cases was divided
into quartiles, the incidence of VTE was almost 5 times higher in

Table 3. Predictors of VTE in all first-degree relatives

the first-degree relatives of index cases in the youngest (index
cases < 47 years) compared with the oldest (index cases > 72 years)
quartile (adjusted OR, 4.97; 95% CI, 1.24-19.99; P = .024).
Factor V Leiden or the prothrombin 20210A gene variant
in the index cases. Among the 138 index cases with provoked
VTE, 20 (14.5%) had factor V Leiden, the prothrombin 20210A
gene variant, or both abnormalities, and 118 (85.5%) had neither
abnormality (Table 1). The 20 index cases with 1 or both abnormalities
had 123 first-degree relatives, and among these individuals, there were
2 episodes of VTE, corresponding to an incidence of 0.04 events per
100 person-years (95% CI, 0.01-0.15 events) (Table 2). The 118
index cases with neither abnormality had 742 first-degree relatives;
among these, there were 19 episodes of VTE, corresponding to an

Univariable (each variable separately)

Multivariable (only variables with P < .1
in the univariable model)

Characteristic Odds ratio P Odds ratio P
Index case
Unprovoked vs provoked * 2.50 (1.54-4.00) <.001 2.38 (1.43-3.85) .001
FVL and/or PGM vs neither 1.70 (1.16-2.50) .007 1.34 (0.89-2.01) 16
Age at diagnosis (per year)t 0.98 (0.97-0.99) <.001 0.97 (0.96-0.99) <.001
Female vs male 0.96 (0.67-1.38) .81
Pulmonary embolism vs deep vein thrombosis 0.91 (0.63-1.31) .61
First-degree relatives
Female vs male 1.62 (1.12-2.35) .011 1.37 (0.94-2.02) Al
Age (per year) 1.04 (1.03-1.05) <.001 1.06 (1.04-1.07) <.001
Relationship to index case <.001 .33
Parent 4.76 (2.58-8.76) <.001 0.59 (0.18-1.90) .37
Sibling 3.37 (1.81-6.16) <.001 0.94 (0.43-2.10) .89
Child Reference Reference
Dead vs alive 0.69 (0.45-1.06) .09 0.44 (0.28-0.72) .001

Cl, confidence interval; DVT, deep vein thrombosis; FVL, factor V Leiden; PE, pulmonary embolism; PGM, prothrombin 20210A gene variant; VTE, venous

thromboembolism.

*For provoked vs unprovoked: univariable odds ratio, 0.40 (95% ClI, 0.25-0.65); multivariable odds ratio, 0.42 (95% Cl, 0.26-0.70).
tWhen age was divided into quartiles with the fourth quartile (>72 years) as the reference, the adjusted odds ratio for VTE was 1.40 (95% Cl, 0.81-2.41; P = .22) in the
third quartile (62-72 years), 1.47 (95% ClI, 0.83-2.60; P = .18) in the second quartile (48-61 years), and 3.49 (95% Cl, 1.98-6.14; P < .001) in the first quartile (<47 years).
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Index Cases Divided in Quartiles of Age  Figure 2. Incidence of VTE in all relatives accord-
ing to age of index cases.
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incidence of 0.06 events per 100 person-years (95% CI, 0.04-0.09
events) (Table 2). The adjusted OR for VTE in the relatives of index
cases with 1 or both abnormalities compared with the relatives of index
cases with neither abnormality was 0.61 (95% CI, 0.14-2.66) (Table 2).

Whether first-degree relatives had factor V Leiden or the
prothrombin 20210A gene variant when these abnormalities were
present in their index case. The 20 index cases with provoked VTE
who had factor V Leiden, the prothrombin 20210A gene variant, or
both abnormalities had 60 relatives who were tested for the same
abnormality as in the index case. One of the 31 relatives who had the
same abnormality as their index case had a history of VTE, but there
were no episodes of VTE in the 29 relatives who did not have the same
abnormality as their index case (supplemental Table 1).

Comparisons of the 2 groups of first-degree relatives

The incidence of VTE in relatives of index cases with provoked VTE
was lower than in relatives of index cases with unprovoked VTE
(adjusted OR, 0.42; 95% CI, 0.26-0.70) (Tables 2 and 3).

Analysis of combined data from the 2 groups of
first-degree relatives

Index case characteristics and risk for thrombosis in first-degree

VTE in the index case (adjusted OR, 2.38; 95% CI, 1.43-3.85) and
VTE at a younger age in the index case (adjusted OR, 0.97 per year
older; 95% CI, 0.96-0.99 per year older) were independent predictors
of the risk for thrombosis in the patient’s first-degree relatives
(Table 3; Figure 2). Presence of factor V Leiden or prothrombin
20210A gene variant in index cases was associated with a higher risk
for VTE in first-degree relatives in univariable analysis, but this
association was no longer statistically significant in the multivariable
analysis (Table 3). Sex of the index case, and whether the index event
was a deep vein thrombosis or a pulmonary embolism, were not
predictive of thrombosis in the index case’s relatives.

Influence of number of other first-degree relatives with
thrombosis. Among the 507 index cases, 405 (120 provoked; 285
unprovoked) had no other first-degree relative with a history of VTE,
82 (15 provoked; 67 unprovoked) had 1 other first-degree relative
with VTE, 19 (3 provoked; 16 unprovoked) had 2 other first-degree
relatives with VTE, and 1 (unprovoked) had 3 other first-degree
relatives with VTE (Table 4). The risk for VTE was higher if, in
addition to the index case, study participants had another first-degree
relative (ie, 2 or more relatives vs 1 relative) with a history of VTE
(adjusted OR, 2.71;95% CI, 2.22-3.31) (Table 4). The increase in the
risk for VTE associated with having 2 or more first-degree relatives
with VTE, as opposed to just the index case, did not appear to differ

relatives. In multivariable analyses, both unprovoked vs provoked according to whether the index case had provoked (adjusted OR,

Table 4. Risk of VTE according to the number with thromboses in the family

Annual incidence of VTE in FDR,

Number with VTE in the Number of Number of included Size of families, percentage 100 person-years Adjusted OR, estimate

family* families, n FDR, n mean (SD) (95% Cl) (95% Cht P

1 405 1998 7.8 (3.0) 0.41 (0.37-0.45) Reference <.001
2 82 462 8.1 (3.3) 0.79 (0.68-0.92) 2.47 (1.98-3.09) <.001
3 19 145 9.7 (3.1) 0.88 (0.67-1.13) 3.54 (2.49-5.04) <.001
4 1 12 15 0.75 (0.18-1.60) 5.17 (1.55-17.28) <.001
=2 102 619 8.5 (3.3) 0.81 (0.70-0.91) 2.71 (2.22-3.31) <.001

Includes the families of index cases with provoked VTE (n = 138) and unprovoked VTE (n = 369).

Cl, confidence interval; FDR, first-degree relatives; OR, odds ratio; SD, standard deviation; VTE, venous thromboembolism.
*Includes the index case; therefore, all families had at least a single person with VTE.

tAdjusted for age during the observation period and the number of members in each family.
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2.78;95% CI, 1.79-4.33) or unprovoked (adjusted OR, 2.53; 95% CI,
2.02-3.18) VTE, had factor V Leiden or prothrombin 20210A gene
variant (adjusted OR, 2.73; 95% CI, 1.89-3.94), or did not have 1 or
both of these abnormalities (OR, 2.68; 95% CI, 2.11-3.41).

Influence of whether relatives had thrombophilia present in
their index case

The prevalence of factor V Leiden, the prothrombin 20210A gene
variant, or both abnormalities was higher in index cases of unprovoked
compared with provoked VTE (28.4% vs 14.5%; P < .001) (Table 1).
Actotal of 125 index cases (20 provoked and 105 unprovoked) had 1 or
both abnormalities, and among their first-degree relatives tested for the
same abnormality, that abnormality was present in 149 and absent in
136 (supplemental Table 1). VTE occurred more often in relatives
who had the same abnormality as their index case compared with
those who did not have the abnormality that was present in their
index case (adjusted OR, 4.42; 95% CI, 1.35-14.38).

Discussion

First, we found that the risk for VTE in the first-degree relatives of
patients with a provoked VTE is less than half the risk in first-degree
relatives of patients with unprovoked VTE. Second, we found that
thrombosis at a younger age was associated with a higher risk for
VTE in patients’ first-degree relatives compared with thrombosis that
occurred at an older age: the risk for VTE in a patient’s first-degree
relatives was about 3 times as high if thrombosis occurred before
45 years compared with after 72 years. The influence of these 2 factors
on the risk for VTE in first-degree relatives was additive and occurred
independent of the presence of factor V Leiden or the prothrombin
20210A gene in index cases. Third, the risk for thrombosis in first-
degree relatives was higher if, in addition to the index case, VTE had
occurred in other family members, with more than a doubling with 1
additional and more than a tripling with 2 additional effected relatives.
Last, as is well recognized, if the index case had factor V Leiden or the
prothrombin 20210A gene, the risk for thrombosis in first-degree rela-
tives was markedly influenced by whether they had the same mutation.”
We are not aware of previous studies that compared the risk for
VTE between first-degree relatives of patients with provoked vs
unprovoked VTE. We previously reported that unprovoked VTE at
a young age is associated with a heightened risk for VTE in patient’s
relatives.” We now show that this is also true for the first-degree
relatives of patients with provoked VTE at a young age. Consistent
with our analyses, the Swedish Multigenerational Registry reported
a higher risk for VTE in siblings of younger compared with older
patients with a spectrum of VTE types, and that the risk for VTE also
increased with the number of family members with thrombosis. '
The strengths of our study include the prospective enrolment of
unselected cases of provoked and unprovoked VTE, use of a stan-
dardized approach to determine whether first-degree relatives had
a history of VTE, adjustment for potential confounding factors
(eg, age of relatives during the observation period and within-family
clustering), and blinding of assessors to first-degree relatives’ or index
cases’ factor V Leiden and prothrombin 20210A gene variant status.”
Limitations of our study include that index cases were not evaluated
for hereditary thrombophilias other than factor V Leiden and the
prothrombin G20210A gene variant (eg, deficiencies of protein C,
protein S, and antithrombin); that follow-up of first-degree relatives
was retrospective rather than prospective, which increases the potential
for misclassification of VTE events and the occurrence of survivor
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bias; and that we were unable to adjust for factors that may vary over
time, such as obesity. A sensitivity analysis in which all “uncertain for
VTE” first-degree relatives of both provoked and unprovoked index
cases were assumed to either “have had VTE” or “not have had VTE”
had little effect on the comparison of VTE risk between the first-degree
relatives of provoked vs unprovoked index cases (data not shown). Itis
also possible that inclusion of estrogen-associated VTE among the
unprovoked index cases could have diluted the comparison of VTE
risk between first-degree relatives of unprovoked vs provoked cases.
We were unable to assess this directly, but we think this is unlikely
because findings for this comparison in the relatives of younger
women were similar to those for the overall study (data not shown).

The findings of this study have potentially important clinical and
pathophysiological implications. First, all patients with VTE, but
particularly those with unprovoked VTE, unprovoked or provoked
VTE at a young age, or a family history of VTE, should inform their
first-degree relatives that they have a heightened risk for thrombosis.
Relatives can then remind healthcare providers that they should
receive VTE prophylaxis when they are in high-risk situations (eg,
after surgery), and they can factor this heightened risk into decision
making around the use of estrogens, which will further increase their
risk for thrombosis.?' Second, our findings support that known and
unknown hereditary thrombophilias contribute to both provoked and
unprovoked VTE, particularly in younger patients and in those with
unprovoked VTE and a family history of thrombosis.

In conclusion, the risk for VTE in the first-degree relatives of
patients with a first VTE is strongly influenced by whether the VTE
was provoked or unprovoked, the patient’s age when the VTE
occurred, and the number of relatives who have had thrombosis. The
risk for VTE in first-degree relatives is about twice as high if the
index case had an unprovoked compared with a provoked VTE, is
about 3 times as high if the index case had VTE before about 50 years
compared with later in life, and is at least twice as high if 2 rather than
1 family members have had VTE. This information compliments the
results of thrombophilia testing when counseling family members
about their risk for thrombosis.
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