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Essentials

• We performed a meta-analysis on thrombosis risk in

thrombophilic oral contraceptive (COC)-users.

• The results support discouraging COC-use in women

with a natural anticoagulant deficiency.

• Contrary, additive risk of factor V Leiden (FVL) or

prothrombin-G20210A (PT) mutation is modest.

• Women with a FVL/PT-mutation as single risk factor

can use COCs if alternatives are not tolerated.

Summary. Background: Combined oral contraceptives

(COCs) are associated with an increased risk of venous

thromboembolism (VTE), which is shown to be more

pronounced in women with hereditary thrombophilia.

Currently, WHO recommendations state that COC-use in

women with hereditary thrombophilias (antithrombin

deficiency, protein C deficiency, protein S deficiency, fac-

tor V Leiden and prothrombin-G20210A mutation) is

associated with an unacceptable health risk. Objective: To

perform a meta-analysis evaluating the additional risk of

VTE in COC-users with thrombophilia. Methods: The

MEDLINE and EMBASE databases were searched on 10

February 2015 for potential eligible studies. A distinction

was made between ‘mild’ (factor V Leiden and prothrom-

bin-G20210A mutation) and ‘severe’ thrombophilia

(antithrombin deficiency, protein C deficiency, protein S

deficiency, double heterozygosity or homozygosity of

factor V Leiden and prothrombin-G20210A muta-

tion). Results: We identified 12 case–control and three

cohort studies. In COC-users, mild and severe throm-

bophilia increased the risk of VTE almost 6-fold (rate

ratio [RR], 5.89; 95% confidence interval [CI], 4.21–8.23)
and 7-fold (RR, 7.15; 95% CI, 2.93–17.45), respectively.
The cohort studies showed that absolute VTE risk was

far higher in COC-users with severe thrombophilia than

in those with mild thrombophilia (4.3 to 4.6 vs. 0.49 to

2.0 per 100 pill-years, respectively), and these differences

in absolute risks were also noted in non-affected women

(0.48 to 0.7 vs. 0.19 to 0.0), but with the caveat that abso-

lute risks were estimated in relatives of thrombophilic

patients with VTE (i.e. with a positive family his-

tory). Conclusion: These results support discouraging

COC-use in women with severe hereditary thrombophilia.

By contrast, additive VTE risk of mild thrombophilia is

modest. When no other risk factors are present, (e.g. fam-

ily history) COCs can be offered to these women when

reliable alternative contraceptives are not tolerated.

Keywords: combined oral contraceptives; hereditary;

meta-analysis; thrombophilia; venous thromboembolism.

Introduction

Since their introduction in 1960, combined oral contracep-

tives (COCs), containing ethinylestradiol and a progesto-

gen, are associated with an increased risk of venous

thromboembolism (VTE) [1–4]. This association is consid-

ered to be related to COC-induced changes in coagulation,

anticoagulation and fibrinolysis in a prothrombotic direc-

tion, which alter the hemostatic balance. These changes

have more impact in women who are already at increased

risk of VTE, for instance because of pre-existing hereditary

thrombophilia (i.e. antithrombin, protein C and protein S

deficiencies and factor (F) V Leiden and prothrombin

G20210A mutation). In 1994, a first publication reported
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an increased risk of VTE in COC-users who are FV Leiden

mutation carriers [5]. Many studies followed, the majority

of which evaluated the risk of FV Leiden and prothrom-

bin-G20210A mutation as these are more prevalent in the

general population (5% [6,7] and 2% [8], respectively) than

antithrombin, protein C and protein S deficiencies, which

have an incidence of about 0.1% each [9–11]. Further,

some studies evaluated the risk in COC-users with addi-

tional hereditary thrombophilias [12–14]. The number of

cohort studies reporting the absolute VTE risk in COC-

users with thrombophilia is limited and restricted to throm-

bophilic family cohort studies, which reported a higher risk

with natural anticoagulant deficiencies than with FV Lei-

den or prothrombin G20210A mutation. Analyses are

mostly based on small subgroups. Currently, WHO Medi-

cal Eligibility Criteria for contraceptive use state that

COC-use in women with hereditary thrombophilias (an-

tithrombin, protein C and protein S deficiencies, FV Leiden

and prothrombin G20210A mutation) [15] is associated

with an unacceptable health risk.

The aim of this systematic review and meta-analysis is

to present summary statistics of the additional risk of first

VTE in COC-users with mild and severe hereditary

thrombophilia.

Methods

Identification of studies

The MEDLINE and EMBASE databases were searched

for potential studies, published from inception to 10

February 2015 (date of search performed), presenting rel-

evant evidence on VTE risk in COC-users with hereditary

thrombophilia, with no restriction on language.

The PubMed database was searched by applying the

following search terms:

(‘Thrombosis’[Mesh] OR ‘thrombosis’ OR ‘thrombotic’

OR thromboembolism*) AND (‘Contraceptives, Oral’[-

Mesh] OR contracept*) AND (‘Thrombophilia’[Mesh]

OR ‘thrombophilia’ OR ‘protein C’ OR ‘factor V Leiden’

OR ‘protein S’ OR antithrombin* OR ‘prothrombin’ OR

‘hereditary’ OR ‘inherited’ OR ‘family history’ OR ‘genet-

ics’ OR ‘genetic’).

The EMBASE database was searched by using the fol-

lowing search terms:

‘thromboembolism’/exp OR thrombosis:ab,ti OR

thrombotic:ab,ti OR thromboembolism*:ab,ti AND (‘oral

contraceptive agent’/exp OR contracept*:ab,ti) AND

(‘thrombophilia’/exp OR ‘protein c deficiency’/exp OR

‘protein s deficiency’/exp OR ‘blood clotting factor 5 lei-

den’/exp OR ‘antithrombin iii’/exp OR ‘antithrombin’/

exp OR ‘prothrombin’/exp OR ‘family history’/exp OR

‘genetic predisposition’/exp OR thrombophil*:ab,ti OR

‘protein c’:ab,ti OR ‘protein s’:ab,ti OR ‘factor v leiden’:

ab,ti OR ‘factor 5 leiden’:ab,ti OR antithrombin*:ab,ti
OR prothrombin*:ab,ti OR ‘family history’:ab,ti OR

familial:ab,ti OR genetic:ab,ti OR hereditary:ab,ti OR

inherited:ab,ti) NOT [medline]/lim.

The search was developed with the expertise of a pro-

fessional librarian of the Central Medical Library of the

University Medical Center Groningen. The search was

extended by manual review of the retrieved papers’ refer-

ence lists.

Titles and abstracts of potentially relevant papers

retrieved were checked independently on piloted forms by

two investigators (E.F.W.v.V. and S.W.-V.) for eligibility

of full paper evaluation. Discrepancies in opinion between

the two principal reviewers regarding eligibility were

resolved by discussion with a third investigator (K.M.).

Likewise, the same two investigators performed full paper

evaluation and discrepancies were resolved by the third

investigator.

Study selection criteria

Regarding selection criteria, we anticipated including both

case–control and cohort studies. Studies were considered

eligible if the following criteria were met: original data

presented; hereditary thrombophilia was considered (an-

tithrombin, protein C or protein S deficiency, FV Leiden

or prothrombin G20210A mutation, and double heterozy-

gosity or homozygosity of factor V Leiden or prothrom-

bin G20210A mutation); restriction to first VTE of any

type; in case–control studies an analysis was performed

comparing the prevalence of thrombophilia in COC-asso-

ciated VTE cases vs. the prevalence in COC-using control

persons; in cohort studies the incidence rate of VTE in

thrombophilic COC-users was compared with non-throm-

bophilic COC-users; and odds ratios (OR) or rate ratios

(RR) were provided with underlying data or retrievable

based on available data. An additional inclusion criterion

for cohort studies was that probands were not included in

the analyses. Case series of patients were excluded and in

the case of studies with multiple publications, the publica-

tion with the most inclusive dataset was included.

Quality assessment

The two investigators independently performed a quality

assessment of the selected papers, in which components

of the Newcastle–Ottawa tool for epidemiological studies

were taken into account [16]. The following quality issues

were considered relevant: the characteristics of the partici-

pants, inclusion and exclusion criteria for VTE cases,

diagnostics of VTE, methods of collecting information on

COC-use, source of control group, methods of matching

cases to controls, and adjustment for confounding.

Statistical analysis

Data synthesis was conducted with Review manager

(RevMan, version 5.3. Copenhagen: The Nordic
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Cochrane Centre, The Cochrane Collaboration, 2014),

which was used to pool the data for each risk factor,

using the Mantel–Haenszel method with a random effects

model. When risks of a certain disease are small, odds

ratios (ORs) are considered to reliably estimate the rela-

tive risk (RR); therefore, the same method was used for

case–control and cohort studies. A distinction is made

between studies evaluating COC-users with severe (an-

tithrombin, protein C or protein S deficiency, and double

heterozygosity or homozygosity of FV Leiden or pro-

thrombin G20210A mutation) and mild hereditary throm-

bophilia (FV Leiden or prothrombin G20210A mutation).

Pooled results are presented as RR with corresponding

95% confidence intervals. Heterogeneity across studies

was tested using the I2 statistic; homogeneity was consid-

ered unlikely when P < 0.10. Funnel plots were per-

formed to examine publication bias.

Results

The search resulted in 2087 hits, of which 2027 remained

after deletion of 60 duplicates.

Based on title and abstract screening, 1929 papers were

excluded, leaving 98 articles of possible relevance, which

were retrieved for full paper evaluation. Additionally, 22

references were identified from these papers.

Based on the predefined inclusion and exclusion criteria,

initially 25 studies (18 case–control studies and seven

cohort studies) [5,13,14,17–38] were selected for de-

tailed evaluation. Of these, six case–control studies

[13,17,19,24,28,30] were excluded for the following reasons:

no subdivision between men and women was provided for

the prevalence of thrombophilia [30]; prevalence of COC-

use and/or thrombophilia in controls was based on estima-

tions only [17,19]; cases of VTE had occurred in patients

who were all affected with thrombophilia [13]; information

on the number of COC-users with thrombophilia in the

patient and/or control groups was not provided or incom-

plete [28,30]; and a re-analysis based on the same dataset

was used to assess the influence of duration of COC-use

[24]. However, a subgroup analysis in COC-users with or

without double heterozygosity of factor V Leiden and pro-

thrombin 20210A mutation was excluded, as the study did

not take into account the cases that were identified with

homozygosity [14]. Additionally, four family cohort studies

[32–34,36] were excluded for the following reasons: inclu-

sion of probands with symptomatic VTE in risk estima-

tions performed in thrombophilic family cohorts [32,36];

inclusion of women with personal history of VTE [32,34];

and a larger study dataset [38] available than present in the

initial study [33]. There were no disagreements between the

independent reviewers with respect to study eligibility that

needed to be resolved by the third investigator. As a result,

15 studies, consisting of 12 case–control [5,18,20–23,25–
27,29,31] and three cohort studies [35,37,38], were selected.

A flow chart is presented in Fig. 1.

All 15 studies were written in the English language.

Fourteen studies [5,14,20–23,25–27,29,31,35,38] evaluated
the additional risk of mild thrombophilia (factor V Lei-

den, prothrombin G20210A mutation or both). Three

studies evaluated the additional risk of severe throm-

bophilias (antithrombin, protein C or protein S deficiency

[35,37], and double heterozygous or homozygous factor V

Leiden or prothrombin G20210A mutation [38]). Charac-

teristics of the studies are presented in Table 1. The num-

ber of COC-users with or without thrombophilia in cases

and control groups, contributing to the analysis, is pre-

sented in Table 2; incidence rates of the cohort studies

are presented in Table 3.

Study characteristics

COC-users with or without hereditary thrombophilia were

the main population to be studied in only two of the

selected studies [5,38]. All case–control studies collected

cases from hospitals, except one that used a medical

record database [14]. All cases occurred in women aged

between 15 and 49 years, except for one study, which

included women above 50 years [29]. All case–control
studies matched controls for age, or an adjustment for

age was performed, and five additionally matched accord-

ing to region. All studies adjusted for various con-

founders, the majority adjusting for body mass index

(BMI) and family history. Seven case–control studies

tested also for antithrombin, protein C and protein S defi-

ciency [14,18,20,21,23,26,27], of which three adjusted for

other thrombophilias [14,21,26]. One cohort study

adjusted for clustering of women within families [37]. The

majority of studies included any VTE or cases of deep

vein thrombosis (DVT) and/or pulmonary embolism

(PE). However, some studies selected cases based on

specific VTE type; two included DVT of an upper

Studies identified and screened

Studies excluded after title and abstract

Studies excluded after full-text evaluation
based on selection criteria (n = 105)

References extracted from studies
retrieved for full-text evaluation (n = 22)

Studies retrieved for full

Studies included in review
(n = 15)

for potential eligibility (n = 2027)

evaluation (n = 98)

screening (n = 1929)

Fig. 1. Study flow diagram

© 2016 International Society on Thrombosis and Haemostasis

Meta-analysis COCs, thrombophilia and VTE 1395



T
a
b
le

1
S
tu
d
y
ch
a
ra
ct
er
is
ti
cs

o
f
ca
se
–c
o
n
tr
o
l
a
n
d
co
h
o
rt

st
u
d
ie
s
in
cl
u
d
ed

in
th
e
a
n
a
ly
si
s

S
tu
d
y

In
cl
u
si
o
n

cr
it
er
ia

ca
se
s

E
x
cl
u
si
o
n

cr
it
er
ia

ca
se
s

T
h
ro
m
b
o
p
h
il
ia

te
st
in
g

M
ea
n
/

m
ed
ia
n

a
g
e

ca
se
/

co
n
tr
o
ls

S
o
u
rc
e
ca
se
s/

co
n
tr
o
ls

D
ia
g
n
o
si
s

V
T
E
*

S
o
u
rc
e
C
O
C
-u
se

D
efi
n
it
io
n

C
O
C
-u
se

M
a
tc
h
in
g

fa
ct
o
rs

S
tu
d
y

p
er
io
d

A
d
ju
st
m
en
t

C
a
se
-c
o
n
tr
o
l
st
u
d
ie
s

B
lo
em

en
k
a
m
p

[5
]

N
et
h
er
la
n
d
s

F
V
L

W
o
m
en

w
it
h

fi
rs
t
D
V
T
,

a
g
ed

1
5
–

4
9
y
ea
rs

M
a
li
g
n
a
n
cy
,

p
re
g
n
a
n
cy
,

p
o
st
p
a
rt
u
m
,

re
ce
n
t

m
is
ca
rr
ia
g
e

F
V
L

3
5
/n
o
t

st
a
te
d

C
a
se
s:
h
o
sp
it
a
ls

C
o
n
tr
o
ls
:

fr
ie
n
d
s/

p
a
rt
n
er
/o
th
er

p
a
ti
en
ts

O
b
je
ct
iv
el
y

co
n
fi
rm

ed

C
a
se
s:
in
te
rv
ie
w
/

h
o
sp
it
a
l

d
is
ch
a
rg
e
le
tt
er

C
o
n
tr
o
ls
:

in
te
rv
ie
w

C
a
se
s:

C
O
C
-u
se

a
t

ti
m
e
o
f
V
T
E

C
o
n
tr
o
ls
:

C
O
C
-u
se

a
t

in
cl
u
si
o
n

N
o

1
9
8
8
–

1
9
9
2

A
g
e,

fa
m
il
y

h
is
to
ry
,
F
V
L

jo
in
tl
y

A
n
d
er
se
n
[1
8
]

D
en
m
a
rk

F
V
L
,
A
C
S

W
o
m
en

w
it
h

fi
rs
t
V
T
E
,

a
g
ed

1
8
–

4
9
y
ea
rs

≤
3
m
o
n
th
s:

su
rg
er
y
,

tr
a
u
m
a
,

p
re
g
n
a
n
cy
,

p
o
st
p
a
rt
u
m
,

m
a
li
g
n
a
n
cy
,

im
m
o
b
il
it
y
,

S
V
T
,
C
ro
h
n
/

co
li
ti
s,
h
ea
rt

fa
il
u
re

F
V
L
,
A
C
S

3
3
/2
8

C
a
se
s:
h
o
sp
it
a
l

d
is
ch
a
rg
e

re
g
is
tr
ie
s

C
o
n
tr
o
ls
:
b
lo
o
d

d
o
n
o
rs

N
o
t
st
a
te
d

C
a
se
s:
in
te
rv
ie
w

C
o
n
tr
o
ls
:

q
u
es
ti
o
n
n
a
ir
e

C
a
se
s:

C
O
C
-u
se

≤
3
m
o
n
th
s

p
ri
o
r
to

V
T
E

C
o
n
tr
o
ls
:

C
O
C
-u
se

≤
3
m
o
n
th
s

p
ri
o
r
to

in
cl
u
si
o
n

A
g
e,

re
g
io
n

1
9
7
7
–?

B
M
I,
sm

o
k
in
g
,

p
a
ri
ty
,
m
is
si
n
g

d
a
ta

M
a
rt
in
el
li
[2
0
]

It
a
ly

F
V
L
,
F
II

P
a
ti
en
ts

w
it
h

fi
rs
t
C
V
T
,

a
g
ed

1
5
–

6
4
y
ea
rs

M
a
li
g
n
a
n
cy
,

a
u
to
im

m
u
n
e

d
is
ea
se
,

p
re
g
n
a
n
cy
,

p
o
st
p
a
rt
u
m
,

p
o
st
-m

en
o
p
a
u
se

F
V
L
,
F
II
,
A
C
S

3
0
/3
2

C
a
se
s:
h
o
sp
it
a
l

C
o
n
tr
o
ls
:

fr
ie
n
d
s/

p
a
rt
n
er
s

O
b
je
ct
iv
el
y

co
n
fi
rm

ed

S
o
u
rc
e
C
O
C
-u
se

n
o
t
st
a
te
d

C
a
se
s:

C
O
C

u
se

≤
2
w
ee
k
s

p
ri
o
r
to

V
T
E

C
o
n
tr
o
ls
:

C
O
C
-u
se

≤
2

w
ee
k
s
p
ri
o
r

to
in
cl
u
si
o
n

A
g
e,

re
g
io
n
,

ed
u
ca
ti
o
n

1
9
9
1
–

1
9
9
7

M
a
tc
h
in
g
fa
ct
o
rs

M
a
rt
in
el
li
[2
1
]

It
a
ly

F
V
L
,
F
II

C
o
n
se
cu
ti
v
e

w
o
m
en

w
it
h

fi
rs
t
D
V
T
,

lo
w
er

ex
tr
em

it
ie
s,

a
g
ed

1
5
–

4
8
y
ea
rs

M
a
li
g
n
a
n
cy
,

a
u
to
im

m
u
n
e

d
is
ea
se
,

p
re
g
n
a
n
cy
,

p
o
st
p
a
rt
u
m

F
V
L
,
F
II
,
A
C
S

3
0
/4
6

C
a
se
s:
h
o
sp
it
a
l

C
o
n
tr
o
ls
:

fr
ie
n
d
s/

p
a
rt
n
er
s
o
th
er

p
a
ti
en
ts

O
b
je
ct
iv
el
y

co
n
fi
rm

ed

S
o
u
rc
e
C
O
C
-u
se

n
o
t
st
a
te
d

C
a
se
s:

C
O
C

u
se

≤
2
w
ee
k
s

p
ri
o
r
to

V
T
E

C
o
n
tr
o
ls
:

C
O
C
-u
se

a
t

ti
m
e
o
f

b
lo
o
d

sa
m
p
li
n
g

N
o

1
9
9
5
–

1
9
9
8

A
g
e,

o
th
er

th
ro
m
b
o
p
h
il
ia
s

S
p
a
n
n
a
g
l
[2
2
]

G
er
m
a
n
y

F
V
L

C
o
n
se
cu
ti
v
e

w
o
m
en

w
it
h

D
V
T
/P
E
,

a
g
ed

1
5
–

4
9
y
ea
rs

M
a
li
g
n
a
n
cy
,

in
fe
ct
io
n
,

a
u
to
im

m
u
n
e/

li
v
er
/r
en
a
l

d
is
ea
se
,
h
is
to
ry

o
f
d
ru
g
a
b
u
se

F
V
L

3
4
/3
4

C
a
se
s:
h
o
sp
it
a
ls

C
o
n
tr
o
ls
:

ra
n
d
o
m

sa
m
p
le
,

p
o
p
u
la
ti
o
n

d
a
ta
b
a
se

O
b
je
ct
iv
el
y

co
n
fi
rm

ed
o
r

a
n
ti
co
a
g
u
la
n
t

tr
ea
tm

en
t

C
a
se
s:

q
u
es
ti
o
n
n
a
ir
e

C
o
n
tr
o
ls
:

q
u
es
ti
o
n
n
a
ir
e

C
a
se
s:
C
O
C
-

u
se

a
t
ti
m
e

o
f
V
T
E

C
o
n
tr
o
ls
:

C
O
C
-u
se

a
t

in
cl
u
si
o
n

A
g
e

1
9
9
5
–

1
9
9
7

A
g
e,

fa
m
il
y

h
is
to
ry
,

B
M
I,
v
a
ri
co
se

v
ei
n
s

© 2016 International Society on Thrombosis and Haemostasis

1396 E. F. W. van Vlijmen et al



T
a
b
le

1
(C

o
n
ti
n
u
ed
)

S
tu
d
y

In
cl
u
si
o
n

cr
it
er
ia

ca
se
s

E
x
cl
u
si
o
n

cr
it
er
ia

ca
se
s

T
h
ro
m
b
o
p
h
il
ia

te
st
in
g

M
ea
n
/

m
ed
ia
n

a
g
e

ca
se
/

co
n
tr
o
ls

S
o
u
rc
e
ca
se
s/

co
n
tr
o
ls

D
ia
g
n
o
si
s

V
T
E
*

S
o
u
rc
e
C
O
C
-u
se

D
efi
n
it
io
n

C
O
C
-u
se

M
a
tc
h
in
g

fa
ct
o
rs

S
tu
d
y

p
er
io
d

A
d
ju
st
m
en
t

A
zn
a
r
[2
3
]

S
p
a
in

F
V
,
F
II

C
o
n
se
cu
ti
v
e

p
a
ti
en
ts

w
it
h

fi
rs
t
D
V
T
/

P
E
,

n
o
a
g
e

re
st
ri
ct
io
n

M
a
li
g
n
a
n
cy

F
II
,
F
V
L
,
A
C
S

N
o
t

st
a
te
d

C
a
se
s:
h
o
sp
it
a
l

C
o
n
tr
o
ls
:
b
lo
o
d

d
o
n
o
rs

O
b
je
ct
iv
el
y

co
n
fi
rm

ed

C
a
se
s:
in
te
rv
ie
w

C
o
n
tr
o
ls
:

in
te
rv
ie
w

C
a
se
s:

C
O
C
-u
se

a
t

ti
m
e
o
f
th
e

st
u
d
y

C
o
n
tr
o
ls
:

C
O
C
-u
se

a
t

ti
m
e
o
f
th
e

st
u
d
y

A
g
e,

re
g
io
n

N
o
t

st
a
te
d

A
g
e

L
eg
n
a
n
i
[1
4
],

It
a
ly

F
V
L
,
F
II

F
V
L
+
F
II

C
o
n
se
cu
ti
v
e

w
o
m
en

w
it
h

D
V
T
/P
E
,

a
g
ed

1
5
–

4
9
y
ea
rs

Is
o
la
te
d
P
E
,

S
V
T
,
D
V
T

u
p
p
er

li
m
b
o
r

u
n
u
su
a
l
si
te

F
V
L
,
F
II
,
A
C
S

3
0
/3
3

C
a
se
s:
h
o
sp
it
a
l

C
o
n
tr
o
ls
:
fr
o
m

g
en
er
a
l

p
o
p
u
la
ti
o
n

O
b
je
ct
iv
el
y

co
n
fi
rm

ed

C
a
se
s:
in
te
rv
ie
w

C
o
n
tr
o
ls
:

in
te
rv
ie
w

C
a
se
s:
C
O
C

u
se

a
t
ti
m
e

o
f
V
T
E

C
o
n
tr
o
ls
:

C
O
C

a
t

in
cl
u
si
o
n

R
eg
io
n

1
9
9
4
–

2
0
0
0

A
g
e,

o
th
er

th
ro
m
b
o
p
h
il
ia
s

V
a
y
a
[2
5
]

S
p
a
in

F
V
L
,
F
II

C
o
n
se
cu
ti
v
e

p
a
ti
en
ts

w
it
h

fi
rs
t
D
V
T
,

u
p
p
er

ex
tr
em

it
y
,

a
g
ed

1
5
–7
5
y
ea
rs

M
a
li
g
n
a
n
cy
,

in
fe
ct
io
n
,

a
u
to
im

m
u
n
e/

li
v
er
/r
en
a
l

d
is
ea
se
,
h
is
to
ry

o
f
d
ru
g
a
b
u
se

F
V
L
,
F
II
,
A
T

N
o
t

st
a
te
d

C
a
se
s:
h
o
sp
it
a
l

C
o
n
tr
o
ls
:

h
ea
lt
h
y

v
o
lu
n
te
er
s

fr
o
m

sa
m
e

h
o
sp
it
a
ls

O
b
je
ct
iv
el
y

co
n
fi
rm

ed

S
o
u
rc
e
C
O
C
-u
se

n
o
t
st
a
te
d

C
a
se
s:
C
O
C
-

u
se ≤
2
w
ee
k
s

p
ri
o
r
to

V
T
E

C
o
n
tr
o
ls
:

C
O
C
-u
se

≤
2
w
ee
k
s

p
ri
o
r
to

sa
m
p
li
n
g

A
g
e

1
9
9
7
–

2
0
0
1

C
o
n
fo
u
n
d
in
g

fa
ct
o
rs

n
o
t

sp
ec
ifi
ed

M
a
rt
in
el
li
[2
6
]

It
a
ly

F
V
L
,
F
II

P
a
ti
en
ts

w
it
h

fi
rs
t
D
V
T
o
f

u
p
p
er

ex
tr
em

it
y
,
n
o

a
g
e

re
st
ri
ct
io
n

D
V
T
d
u
e
to

ce
n
tr
a
l
v
ei
n

ca
th
et
er
,

m
a
li
g
n
a
n
cy
,

re
la
te
d
to

th
ro
m
b
o
p
h
il
ic

fa
m
il
y

F
V
L
,
F
II
,
A
C
S

3
2
/3
0

C
a
se
s:
h
o
sp
it
a
l

C
o
n
tr
o
ls
:

p
a
rt
n
er
s
o
r

fr
ie
n
d
s

O
b
je
ct
iv
el
y

co
n
fi
rm

ed

S
o
u
rc
e
C
O
C
-u
se

n
o
t
st
a
te
d

C
a
se
s:

C
O
C

u
se

a
t

ti
m
e
o
f
V
T
E

C
o
n
tr
o
ls
:

C
O
C

u
se

a
t

in
cl
u
si
o
n

A
g
e

1
9
9
4
–

2
0
0
3

A
g
e,

o
th
er

th
ro
m
b
o
p
h
il
ia
s

S
id
n
ey

[2
7
]

U
S
A

F
V
L
,
F
II

W
o
m
en

w
it
h

fi
rs
t
D
V
T
/

P
E
,
a
g
ed

1
5
–4
4
y
ea
rs

P
re
g
n
a
n
cy
,

h
y
st
er
ec
to
m
y
,

o
v
a
ri
ec
to
m
y
,

H
R
T
-u
se
,

m
is
si
n
g
C
O
C

d
a
ta
,
es
tr
o
g
en

d
o
se

>
5
0
m
cg

F
V
L
,
F
II

3
5
/3
3

C
a
se
s:
m
ed
ic
a
l

re
co
rd
s

d
a
ta
b
a
se

C
o
n
tr
o
ls
:
sa
m
e

d
a
ta
b
a
se

O
b
je
ct
iv
el
y

co
n
fi
rm

ed
o
r

cl
in
ic
a
l

su
sp
ic
io
n
P
E

C
a
se
s:
in
te
rv
ie
w

C
o
n
tr
o
ls
:

in
te
rv
ie
w

C
a
se
s:

C
O
C
-u
se

a
t

ti
m
e
o
f
V
T
E

C
o
n
tr
o
ls
:

C
O
C

u
se

a
t

in
cl
u
si
o
n

A
g
e

1
9
9
8
–

2
0
0
0

R
a
ce
/e
th
n
ic
it
y
,

in
co
m
e,

B
M
I

© 2016 International Society on Thrombosis and Haemostasis

Meta-analysis COCs, thrombophilia and VTE 1397



T
a
b
le

1
(C

o
n
ti
n
u
ed
)

S
tu
d
y

In
cl
u
si
o
n

cr
it
er
ia

ca
se
s

E
x
cl
u
si
o
n

cr
it
er
ia

ca
se
s

T
h
ro
m
b
o
p
h
il
ia

te
st
in
g

M
ea
n
/

m
ed
ia
n

a
g
e

ca
se
/

co
n
tr
o
ls

S
o
u
rc
e
ca
se
s/

co
n
tr
o
ls

D
ia
g
n
o
si
s

V
T
E
*

S
o
u
rc
e
C
O
C
-u
se

D
efi
n
it
io
n

C
O
C
-u
se

M
a
tc
h
in
g

fa
ct
o
rs

S
tu
d
y

p
er
io
d

A
d
ju
st
m
en
t

R
o
a
ch

[2
9
]

N
et
h
er
la
n
d
s

F
V
L
,
F
II

W
o
m
en

w
it
h

fi
rs
t
D
V
T
/

P
E
,
a
g
ed

5
0
–

6
3
y
ea
rs

S
ev
er
e

p
sy
ch
ia
tr
ic

p
ro
b
le
m
s,

in
a
b
il
it
y
to

sp
ea
k
D
u
tc
h

F
V
L
,
F
II

5
3
/5
3

C
a
se
s:
h
o
sp
it
a
l

C
o
n
tr
o
ls
:

p
a
rt
n
er
s/

ra
n
d
o
m

d
ig
it

d
ia
li
n
g

O
b
je
ct
iv
el
y

co
n
fi
rm

ed

C
a
se
s:

q
u
es
ti
o
n
n
a
ir
e

C
o
n
tr
o
ls
:

q
u
es
ti
o
n
n
a
ir
e

C
a
se
s:

C
O
C
-u
se

≤
1
2
m
o
n
th
s

p
ri
o
r
to

V
T
E

C
o
n
tr
o
ls
:

≤
1
2
m
o
n
th
s

p
ri
o
r
to

in
cl
u
si
o
n

R
eg
io
n

1
9
9
9
–

2
0
0
4

A
g
e,

B
M
I,

sm
o
k
in
g
,

fa
m
il
y
h
is
to
ry

B
er
g
en
d
a
l
[3
1
]

S
w
ed
en

F
V
L
,
F
II

W
o
m
en

w
it
h

fi
rs
t
D
V
T
/

P
E
,
a
g
ed

1
8
–

5
4
y
ea
rs

P
re
g
n
a
n
cy

<
3
m
o
n
th
s,

m
a
li
g
n
a
n
cy

F
V
L
,
F
II

4
1
/4
2

C
a
se
s:
h
o
sp
it
a
ls

C
o
n
tr
o
ls
:

S
w
ed
is
h

p
o
p
u
la
ti
o
n

re
g
is
te
r

O
b
je
ct
iv
el
y

co
n
fi
rm

ed

C
a
se
s:
in
te
rv
ie
w

C
o
n
tr
o
ls
:

in
te
rv
ie
w

C
a
se
s:

C
O
C
-u
se

≤
3
m
o
n
th
s

p
ri
o
r
to

V
T
E

C
o
n
tr
o
ls
:

≤
3
m
o
n
th
s

p
ri
o
r
to

in
cl
u
si
o
n

A
g
e

2
0
0
3
–

2
0
0
9

S
m
o
k
in
g
,
B
M
I,

im
m
o
b
il
iz
a
ti
o
n

C
o
h
o
rt

st
u
d
ie
s

S
im

io
n
i
[3
5
]

It
a
ly

N
et
h
er
la
n
d
s

F
V
L
,
A
C
S

R
el
a
ti
v
es
,
a
g
ed

>
1
5
y
ea
rs
,
o
f

p
a
ti
en
ts

w
it
h

V
T
E
a
n
d

A
C
S
o
r
F
V
L

P
ro
b
a
n
d
s,

d
o
u
b
le

d
ef
ec
t,

m
a
li
g
n
a
n
cy
,
n
o

co
n
se
n
t

A
C
S
,
F
V
L

N
A

N
A

O
b
je
ct
iv
el
y

co
n
fi
rm

ed
o
r

a
n
ti
co
a
g
u
la
n
t

tr
ea
tm

en
t

In
te
rv
ie
w

C
O
C
-u
se

a
n
d

d
u
ra
ti
o
n

co
ll
ec
te
d

N
A

N
o
t

st
a
te
d

N
o

v
a
n
V
li
jm

en

[3
7
]

N
et
h
er
la
n
d
s

A
C
S

F
ir
st
-d
eg
re
e

fe
m
a
le

re
la
ti
v
es
,

a
g
ed

1
5
–5
0
y
ea
rs
,

o
f
p
a
ti
en
ts

w
it
h
V
T
E

a
n
d
A
C
S

P
ro
b
a
n
d
s,
d
ea
d
,

g
eo
g
ra
p
h
ic

d
is
ta
n
ce
,
n
o

co
n
se
n
t,

la
b
o
ra
to
ry

re
su
lt
s

in
co
m
p
le
te

A
C
S
,
F
V
L
,
F
II

N
A

N
A

Id
em

In
te
rv
ie
w

a
n
d

m
ed
ic
a
l
re
co
rd

a
n
d
/o
r
G
P

Id
em

N
A

2
0
0
0
–

2
0
0
4

C
lu
st
er
in
g

w
it
h
in

fa
m
il
ie
s

v
a
n
V
li
jm

en

[3
8
]

N
et
h
er
la
n
d
s

F
V
L
o
r
F
II

F
V
L
+
F
II

H
o
m
o
zy
g
o
te
s

F
ir
st
-d
eg
re
e

fe
m
a
le

re
la
ti
v
es
,

a
g
ed

1
5
–5
0
y
ea
rs
,

o
f
p
a
ti
en
ts

w
it
h
V
T
E

a
n
d
F
V
L
/F
2

P
ro
b
a
n
d
s,
d
ea
d
,

g
eo
g
ra
p
h
ic

d
is
ta
n
ce
,
n
o

co
n
se
n
t,

la
b
o
ra
to
ry

re
su
lt
s

in
co
m
p
le
te

F
V
L
,
F
II
,
A
C
S

N
A

N
A

Id
em

In
te
rv
ie
w

a
n
d

m
ed
ic
a
l
re
co
rd

a
n
d
/o
r
G
P

Id
em

N
A

1
9
9
5
–

1
9
9
8

a
n
d

1
9
9
8
–

2
0
0
4

N
o

V
T
E
,
v
en
o
u
s
th
ro
m
b
o
em

b
o
li
sm

;
P
E
,
p
u
lm

o
n
a
ry

em
b
o
li
sm

;
C
V
T
,
ce
re
b
ra
l
v
ei
n
th
ro
m
b
o
si
s;

S
V
T
,
su
p
er
fi
ci
a
l
v
ei
n
th
ro
m
b
o
si
s;

F
V
L
,
fa
ct
o
r
V

L
ei
d
en

m
u
ta
ti
o
n
;
F
II
,
p
ro
th
ro
m
b
in

G
2
0
2
1
0
A

m
u
ta
ti
o
n
;
A
C
S
,
a
n
ti
th
ro
m
b
in
,
p
ro
te
in

C
o
r
p
ro
te
in

S
d
efi
ci
en
cy
;
F
V
II
I,
in
cr
ea
se
d
fa
ct
o
r
V
II
I
le
v
el
s
(≥

1
5
0
%

);
B
M
I,
b
o
d
y
m
a
ss

in
d
ex
;
N
A
,
n
o
t
a
p
p
li
ca
b
le
.
*
V
en
o
g
ra
p
h
y
,
p
le
ty
sm

o
g
ra
p
h
y
,
D
o
p
-

p
le
r
u
lt
ra
so
u
n
d
(D

U
S
),
d
u
p
le
x
co
lo
r
U
S
,
in
tr
a
-a
rt
er
ia
l
a
n
g
io
g
ra
p
h
y
,
co
m
p
u
te
d
to
m
o
g
ra
p
h
y
(C

T
)
sc
a
n
,
in
tr
a
v
en
o
u
s
(i
.v
.)
d
ig
it
a
l
a
n
g
io
g
ra
p
h
ic

im
a
g
in
g
,
m
a
g
n
et
ic

re
so
n
a
n
ce

im
a
g
in
g
(M

R
I)
,
V
P
-

v
en
ti
la
ti
o
n
-p
er
fu
si
o
n
sc
a
n
.

© 2016 International Society on Thrombosis and Haemostasis

1398 E. F. W. van Vlijmen et al



extremity [25,26] and one study focused on cerebral vein

thrombosis (CVT) [20]. The quality of the studies was

high: the degree of information provided on methods

applied to collect information on COC-use, the objective

methods used in diagnosing VTE, source of controls,

degree of matching to controls, adjustment, and descrip-

tion of inclusion and exclusion criteria, were generally

considered adequate.

Risk of VTE

Mild thrombophilia Based on the combined results of 14

studies [5,14,18,20–23,25–27,29,31,35,38], the presence of

mild thrombophilia increased the risk of VTE in COC-

users almost 6-fold (RR, 5.89; 95% CI, 4.21–8.23)

(Fig. 2). Heterogeneity between studies was low (I2 = 0%;

P = 0.47). In separate analyses, the presence of FV Lei-

den mutation increased the risk slightly more than 6-fold

(RR, 6.14; 95% CI, 2.58–14.46). Between-study hetero-

geneity was low (I2 = 0%; P = 0.81); the presence of pro-

thrombin G20210A mutation increased the risk slightly

more than 5-fold (RR, 5.24; 95% CI, 2.69–10.20).
Heterogeneity between studies was low (I2 = 4%;

P = 0.40) (data not shown).

Severe thrombophilia Based on the combined results of

three studies [35,37,38], the presence of severe throm-

bophilia increased the risk in COC-users more than 7-fold

(RR, 7.15; 95% CI, 2.93–17.45) (Fig. 3). Heterogeneity

between studies was low (I2 = 0%; P = 0.77).

Table 2 Individual results of case–control studies

Studies Thrombophilia examined

VTE cases Controls

Odds ratio (95% CI)

COC-users with/

without thrombophilia

COC-users with/

without thrombophilia

Bloemenkamp [5] FVL 15/65 0/55 26.3 (1.5–449.0)
Andersen [18] FVL 14/26 2/26 7.0 (1.4–33.9)
Martinelli [20] FVL

FII

3/14

7/14

0/27

1/27

13.4

13.5

(0.6–275.0)
(1.5–120.9)

Martinelli [21] FVL

FII

11/52

9/52

2/41

2/41

4.3

3.6

(0.9–20.7)
(0.7–17.3)

Aznar [23] FVL or FII 9/10 0/10 19.0 (0.9–8.2)
Spannagl [22] FVL 12/34 10/109 3.9 (1.5–9.7)
Legnani [14] FVL

FII

26/86

18/86

4/166

2/166

12.6

17.4

(4.2–37.1)
(3.9–76.6)

Vaya [25] FII 4/9 0/12 11.8 (0.6–247.8)
Martinelli [26] FVL or FII 5/18 3/82 7.6 (1.7–34.7)
Sidney [27] FVL

FII

10/56

3/56

3/59

2/59

3.5

1.6

(0.9–13.4)
(0.3–9.8)

Roach [29] FVL

FII

25/10

11/10

1/36

2/36

11.5

2.5

(1.5–87.1)
(0.5–11.8)

Bergendal [31] FVL

FII

89/221

29/273

6/91

2/97

6.1

5.2

(2.6–14.5)
(1.2–22.0)

COC, combined oral contraceptive; FVL, factor V Leiden mutation; FII, prothrombin 20210A mutation.

Table 3 Individual results of thrombophilic family cohort studies

Study Thrombophilias examined

VTE cases/100 pill-years of use

Incidence rate (95% CI)

Risk ratio 95% CIWith thrombophilia Without thrombophilia

Simioni [35] FVL

ACS

2/98

2.0 (0.3–7.2)
3/117

4.3 (1.4–9.7)

0/65

0.0 (0.0–5.5)
1/150

0.7 (0.0–3.7)

3.3

6.4

(0.4–120)
(1.0–41.1)

Vlijmen [37] ACS 13/281

4.62 (2.5–7.9)
3/629

0.48 (0.1–1.4)
9.7 (3.0–42.4)

Vlijmen [38] FVL or FII

Homozygosity or

heterozygosity of FVL+FII

6/1218

0.49 (0.18–1.07)
2/232

0.86 (0.10–3.11)

6/3211

0.19 (0.07–0.41)
6/3211

0.19 (0.07–0.41)

2.6

4.6

(0.85–8.17)
(0.93–22.86)

ACS, antithrombin, protein C or protein S deficiency; FVL, factor V Leiden mutation; FII, prothrombin-G20210A mutation; CI, confidence

interval.
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Absolute risk of VTE

Mild thrombophilia The incidence of VTE in COC-users

with mild thrombophilia (FV Leiden and prothrombin

G20210A mutation) was 0.49 (95% CI, 0.18–1.07) to 2.0

(0.3–7.2) vs. 0.19 (95% CI, 0.07–0.41) to 0.0 (0–5.5) per

100 pill-years in COC-users without these mutations

[35,38] (Table 3).

Severe thrombophilia The incidence of VTE in COC-

users with double heterozygosity or homozygosity of FV

Leiden or prothrombin-G20210A mutation was 0.86

(95% CI, 0.10–3.11) vs. 0.19 (95% CI, 0.07–0.41) per 100

pill-years in COC-users without these mutations [38].

The incidence of VTE in COC-users with antithrombin,

protein C or protein S deficiency was 4.3 (95% CI, 1.4–
9.7) to 4.62 (95% CI, 2.5–7.9) vs. 0.48 (95% CI, 0.1–1.4)
to 0.7 (95% CI, 0.0–3.7) per 100 pill-years in non-defi-

cient COC-users [35,38] (Table 3).

Potential sources of bias

As to evaluation of possible sources of bias, in the case–
control studies the inclusion criteria applied in the analy-

ses in COC-users were generally comparable (i.e. first

VTE), although inclusion of cases in some studies

depended on VTE type (CVT [20], DVT upper extremity

[25,26] and DVT lower extremity [21]). One case–control
study [29] had included older women (50–63 years) in

comparison to the age range in the other studies (15–49);
therefore, the meta-analysis for mild thrombophilia was

re-performed without this study, but the outcome hardly

changed (RR, 5.91; 95% CI, 4.10–8.51). Upper extremity

DVT is viewed as somewhat different to lower extremity

DVT (especially with respect to the possible influence of

thrombophilia on the development of a first VTE). How-

ever, the results did not change if those studies [25,26]

were excluded (5.73; 95% CI, 3.92–8.36). The majority

excluded patients with recent risk factors (pregnancy,
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postpartum, surgery, trauma or immobilization) [5,18,27]

or co-morbidity (malignancy or systemic disease)

[23,25,26] or both [18,20,21,31]. Information on COC-use

was collected by interview, and also discharge letters in

one study [5]; two studies used written questionnaires,

similar for both cases and controls [22,29]. In three stud-

ies, the source was not stated [20,21,26].

In all three family cohort studies, only relatives were

included, as including also probands would have intro-

duced bias because they all had VTE; information on

COC-use was collected by interviews and medical record

review prior to the thrombophilia testing.

Venous thromboembolism was objectively established

in all studies, but four studies [22,35,37,38] also had

included patients based on clinical diagnosis and full-dose

anticoagulants for ≥ 3 months. Several studies discussed

missing data; one adjusted for missing data [18]. Finally,

the funnel plots appeared symmetric, suggesting no publi-

cation bias.

Discussion

We performed a systematic review and meta-analysis

based on 15 studies. In COC-users, mild thrombophilia

(FV Leiden and prothrombin G20210A mutation)

increased the risk of VTE 6-fold, whereas severe throm-

bophilia (antithrombin, protein C or protein S deficiency,

and double heterozygosity and homozygosity of FV Lei-

den or prothrombin-G20210A mutation) increased the

risk 7-fold.

However, to adequately assess the impact of the rela-

tive increase in risk, information on the absolute risk is

needed. Two cohort studies reported a VTE incidence of

0.49 and 2.0 per 100 pill-years of use in COC-users with

mild thrombophilia [35,38], indicating inconsistent out-

comes. The noted high incidence of 2.0 per 100 pill-years

could be because of the very small subgroup of COC-

users with or without FV Leiden mutation providing pill-

years and zero cases in non-thrombophilic COC-users.

Two cohort studies [35,37] reported incidences of 4.3 and

4.6 per 100 pill-years in COC-users with severe throm-

bophilia, indicating a far higher risk (Table 3). These dif-

ferences in absolute risks are also noted in non-affected

women from families with severe vs. mild thrombophilias.

Co-inheritance of other thrombophilic defects could

explain the more heightened risk in non-affected women

from families with severe thrombophilia; one of the fam-

ily cohort studies indicated frequent co-existence of other

thrombophilic defects [37]. The incidence of VTE in

COC-users with double heterozygosity or homozygosity

of FV Leiden or prothrombin G20210A mutation was

0.86 per 100 pill-years, suggesting that the absolute risk

of this double defect is less serious than an antithrombin,

protein C or protein S deficiency [38].

All absolute risks are estimated in family members of

thrombophilic families (i.e. relatives of thrombophilic

patients with VTE), who therefore also have a positive

family history, which increases their baseline risk of VTE

2- to 3-fold [39–42]. To put observed risks into perspec-

tive, in COC-users with mild thrombophilia and positive

family history the absolute VTE risk is increased 8- to 33-

fold, and 70-fold in COC-users with severe thrombophil-

ia, when compared with the VTE risk of about 0.06 per

100 person-years [1] estimated in the general population

of COC-users.

This meta-analysis has some limitations; the risk of

mild thrombophilia was largely estimated in a community

setting, whereas the risk of severe thrombophilia was

exclusively evaluated in a limited number of throm-

bophilic family cohorts. This is inherently because of the

very low incidence of severe thrombophilia. Further,

absolute risks were all estimated in members of throm-

bophilic family cohort studies; risks will therefore be

more pronounced, because of the co-existing family his-

tory, than in the general population of COC-users who

tested positive.

In conclusion, the presence of mild and severe throm-

bophilia increases the risk of VTE in COC-users 6-fold

and 7-fold, respectively. However, absolute VTE risk esti-

mates indicate that the contribution of severe throm-

bophilia to the VTE risk in COC-users is considerably

higher (4.3–4.6 per 100 pill-years) than the additional risk

with mild thrombophilia (0.49–2.0 per 100 pill-years), but

with the caveat that these risks were estimated in throm-

bophilic COC-users who also had a positive family his-

tory. As a co-existing family history increases VTE risk 2-

to 3-fold, estimated risks are more pronounced than in a

general population of COC-users who tested positive for

thrombophilia.

Clinical implications

Based on the high additive risk of VTE, it is recom-

mended that COC-use should be avoided in asymp-

tomatic women with known severe hereditary

thrombophilia. Screening and identification may be useful

in asymptomatic women from families with known severe

thrombophilia. However, testing negative may give false

reassurance, because female relatives without such defi-

ciencies also have a markedly increased risk of COC-

related VTE compared with the general population. Yet,

the potential advantage is that testing makes it possible

to identify affected family members in whom the risk of

first VTE can be lowered by preventive measures such as

avoiding COC-use [43]. Suitable alternatives to COC-use

that have adequate contraceptive effectiveness are ovula-

tion-inhibiting progestogen-only tablets, levonorgestrel-

containing intrauterine devices (IUDs) and Cu-IUDs con-

taining at least 300 mm2 Cu [38,44].

By contrast, the additive risk of VTE with mild throm-

bophilia is only modest and therefore screening of asymp-

tomatic women from families with known mild
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thrombophilia is generally not indicated [43]. However, it

is recommended to fully inform a female relative on the

implications of screening so that she can decide whether

or not to be tested. In women with known mild throm-

bophilia, detailed counseling on all contraceptive options

is recommended to enable them to make an informed

choice on the optimal contraceptive. When no other risk

factors are present (e.g. family history), COC-use could

be offered to these women when reliable alternative con-

traceptives are not tolerated, as in this situation the

increased risk of pregnancy-related VTE outweighs the

COC-associated risk. Similar to the general population, in

women with mild thrombophilia, those COCs conferring

the lowest risk of VTE are recommended as the first

choice (i.e. levonorgestrel-, norgestimate- or norethis-

terone-containing COCs with a low ethinylestradiol dose

[35 micrograms or less]) [1–4,44].
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