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UK National Health Service, and Cochrane reviews. Two 
reviewers independently screened and determined the final 
articles, and a third reviewer resolved any discrepancies. 
Consolidated Health Economic Evaluation Reporting Stand-
ards was used to assess the quality of reporting in terms of 
perspective, effectiveness measures, model structure, cost, 
time-horizon and discounting. Four publications (three from 
Europe, one from the United States) were eligible for inclu-
sion in the review. According to current criteria, relevant 
elements were sometimes not captured and the sources of 
epidemiological and effectiveness data used in the CEAs 
were of limited quality. The studies varied in terms of type 
of costs assessed, country settings, model assumptions and 
uncertainty around input parameters. Key drivers of CEAs 
were sensitivity and specificity of the test, incidence rate of 
VTE, relative risk of prophylaxis, and costs of the test. The 
reviewed studies were too dissimilar to draw a firm con-
clusion on cost-effectiveness analysis about universal and 
selective screening in high-risk groups. The new emerging 
diagnostic tools for identifying women at risk of develop-
ing VTE, that are more predictive and less costly, highlight 
the need for more studies that apply the latest evidence and 
utilize robust methods for cost-effectiveness analysis. This 
information is required to improve decision making for this 
pertinent issue within personalized medicine.

Keywords  Combined oral contraceptives · Venous 
thromboembolism · Genetic screening · Economics · Cost-
effectiveness

Introduction

Venous thromboembolism (VTE) is a vascular disease that 
is a major cause of morbidity and mortality worldwide [1]. 

Abstract  Use of combined oral contraceptives (COCs) 
by women increases the risk of venous thromboembolism 
(VTE), which can have a major impact on an individuals’ 
quality of life. VTE is also associated with an increase in 
healthcare costs. Our aim was to systematically review 
cost-effectiveness analyses (CEAs) considering any screen-
ing for risk of VTE in women using COCs. The quality of 
reporting in each study was assessed, a summary of results 
was prepared, and the key drivers of cost effectiveness in 
each of the eligible CEAs were identified. A search strategy 
using MeSH terms was performed in MEDLINE, Embase, 
the Centre for Review and Dissemination (CRD) database 
including the Economic Evaluation Database from the 
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VTE includes deep vein thrombosis (DVT) and pulmonary 
embolism (PE), with both occurring as a consequence of the 
formation of a blood clot (thrombus) in the venous system 
[1]. Several inherited or acquired conditions can increase the 
risk of developing blood clots. These inherited conditions 
include gene mutations such as factor V Leiden mutation 
(FVL, in the Factor V gene), the prothrombin gene (Factor 
II), as well as rare mutations in genes encoding Proteins 
S and C. Other likely inherited causes include a possible 
increase in the expression of procoagulant factors such as 
factor VIII, von Willebrand factor, and factors IX and XI 
[2]. Acquired conditions or circumstances that can cause 
VTE are surgery, trauma, prolonged immobilization, cancer, 
myeloproliferative disorders, pregnancy and being post-par-
tum [3]. VTE might occur as the result of a genetic mutation 
alone or in concert with behavioral and environmental fac-
tors, such as prolonged immobilization, smoking and hormo-
nal treatments (including combined oral contraceptives) [3].

Over 100 million women worldwide use combined oral 
contraceptives (COCs) [4], due to their very high effective-
ness in reducing the risk of unwanted pregnancy and their 
beneficial effect on diverse symptoms related to a women’s 
menstrual cycle. However the use of oral contraceptives, 
and in particular the use of COCs, also increases the risk of 
blood clotting and VTE substantially [5, 6]. Among women 
of reproductive age the use of COCs is the most common 
risk of developing VTE as it increases by a factor of two to 
over six fold, dependent on the chemistry of hormones used 
(progestin and estrogen) and the dose of COCs [6].

Having a VTE event not only poses a risk to one’s mortal-
ity [7] but also has a large impact on a survivor’s quality of 
life, with the potential to pose a substantial financial burden 
within personal expenses, healthcare resources and societal 
costs.

Cost-effectiveness analysis (CEA) is broadly used to 
inform decision processes (i.e. implementation or reimburse-
ment of new technology including treatment, device or test) 
and aims to address the overarching question of how scarce 
health-care resources can be optimally used to maximize 
health outcomes. There has been no broad assessment of 
CEAs of screening strategies for VTE risk in COC users, 
and no summary of the relevant drivers of cost-effectiveness. 
The present review aims to systematically evaluate CEAs 
considering genetic or biochemical screening for risk of 
VTE in women using COCs, assess the quality of reporting 
of these studies, summarize the results of each CEA, and 
identify the key drivers of cost-effectiveness. Information 
derived from this review may be useful to decision makers, 
especially in an era of personalized medicine where genetic 
testing continues to come to the forefront of discussions. 
Some areas of uncertainty are identified, which are relevant 
to discussions concerning the cost-effectiveness of genetic 
screening in women considering COCs.

Methods

Search strategy

Our search strategy was developed and implemented on 
January 19, 2017 within the following databases: medical 
literature analysis and retrieval system online (MEDLINE), 
Embase, and the Centre for Review and Dissemination 
(CRD) which included the Economic Evaluation Data-
base from the UK National Health Service (NHS EED), 
Cochrane reviews, CRD assessed reviews and health tech-
nology assessments (HTA). Refer to “Appendix 1” for fur-
ther details.

Eligibility criteria and data abstraction

Titles and abstracts were screened by two independent 
reviewers (ZA, CSS) based on population-intervention-
comparators-outcomes-setting (PICOS) criteria as described 
in Table 1 (first level screening). The full texts of potentially 
relevant publications were reviewed (second level screen-
ing) to finally determine eligibility. A third reviewer (MS) 
resolved discrepancies of articles selected at both the first 
and second levels of screening when necessary. The process 
of selection is illustrated in a Preferred Reporting Items for 
Systematic reviews and meta-analyses (PRISMA) diagram 
(Fig. 1). For each of the CEA studies eligible for the final 
review, data was extracted and summarized in tabular for-
mat. Characteristics of the included economic evaluations, 
cost-effectiveness results reported, and drivers of cost-
effectiveness were subsequently summarised. This manu-
script has been prepared according to the PRISMA reporting 
requirements [12].

Critical appraisal

A critical appraisal of the quality of reporting of the included 
studies was performed using the 24-item Consolidated Health 
Economic Evaluation Reporting Standards (CHEERS) 
checklist [13], as recommended by the ISPOR Health Eco-
nomic Evaluations Publication Guidelines Task Force [13]. 
For each item on the CHEERS checklist a score of either “0”, 
“0.5”, “1” or “not applicable” (“NA”) was given. The total 
score was then divided by the number of applicable items to 
determine an average score for each study.

Results

Literature search and studies identified

A total of 281 publications were selected for title and 
abstract screening after the removal of duplicates. Of these, 
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15 publications were chosen for full text review. A summary 
of 11 studies excluded at the second level of screening is 
provided in “Appendix 2”. Four publications were deemed 
suitable to be included in the final review and thus under-
went a full assessment. A PRISMA diagram is provided in 
Fig. 1.

Critical appraisal of reporting quality with CHEERS 
checklist

The average CHEERS-based score for the four included 
studies was 0.76, with a minimum score of 0.61 in the old-
est study (Szucs et al. [14]) and a maximum score of 0.83 

Table 1   Description of population, intervention, comparator, outcomes and settings

FVL factor V Leiden, ICER incremental cost effectiveness ratio, CEA cost effectiveness analysis, CUA cost utility analysis, CBA cost benefit 
analysis, CMA cost minimisation analysis, VTE venous thromboembolism
*Where studies contained a mixed population; information was extracted only for those of childbearing age, taking or being prescribed oral 
contraceptives (all generations)—including those with previous VTE. “Appendix 1” provides additional information about the key word search

PICOS Include Exclude

Population Women aged 15 to 49 (child bearing age) taking or being 
prescribed oral contraceptives (all generations)—includ-
ing those with previous VTE

Pregnant women
Non-OC related risk for VTE in women
Women with breast cancer
Menopausal, and post-menopausal osteoporosis in women*
Women using hormone replacement therapy (HRT)
Patients undergoing major elective surgery

Intervention (new) Screening for genetic risk and biochemical test screening 
for risk of VTE in women using COCs

VTE risk screenings non-related to oral contraceptives

Comparator (current) No screening/questionnaire, biochemical test
Outcomes Costs Clinical outcomes only

ICER (cost per effect/benefit)
CEA, CUA, CBA, CMA

Settings, Studies Economic evaluations and/or health technology assessments 
in Europe, Western countries

Review papers
Risk modellings
Clinical RCTs
Clinical guidelines
Cohort studies

Fig. 1   Preferred reporting 
items for systematic reviews 
and meta-analyses (PRISMA) 
diagram CUA cost utility 
analysis, CEA cost-effectiveness 
analysis, JSTOR journal storage, 
MEDLINE medical literature 
analysis and retrieval system 
online, NHSEED national health 
service economic evaluation 
database

NHSEED N = 34, MEDLINE N = 64, Embase N = 235
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(both Smith et al. [15] and Wu et al. [16]). Among the 24 
CHEERS items, 100% of the studies [14–17] reported on 
objectives (item 3), the comparator (item 7), measure of 
effectiveness (item 11), ICER (item 19), and generalizability 
of study findings (item 22). Three of four studies reported 
on setting and study perspective (items 5 and 6) [14, 16, 17] 
and time horizon (item 8) [14, 15, 17]. Two studies reported 
discount rate (item 9) [15, 17], and sources of funding (item 
23) [15, 17]. Only one study [15] reported on conflict of 
interest (item 24). Further details on each item are provided 
in “Appendix 4”.

Synthesis of cost‑effectiveness analysis studies

An overview of the characteristics and demographics of the 
populations studied is provided in Table 2, together with 
information on intervention, comparator, setting, time hori-
zons of the analyses and the type of modeling used. Of the 
four included studies, three were from Europe (Italy, United 
Kingdom, and Germany) [14, 16, 17] and one was from the 
United States [15]. They were published between 1996 and 
2013. Two [15, 17] out of the four included studies reported 
public funding sources for undertaking research, whereas in 
the studies by Szucs et al. [14] and Wu et al. [16] there was 
no description of funding sources.

There was substantial variation in terms of types of costs 
included and model assumptions. Two of the assessed stud-
ies (Compagni [16], Wu et al. [17]) adopted a National 
Health Service perspective in Italy and UK respectively, 
meaning that direct medical costs were incorporated. The 
study by Szucs et al. [14] reported costs from a third party 
payer perspective, whereas in the study by Smith et al. [15] 
there was no clear statement about the perspective.

Each CEA evaluated interventions varying from universal 
screening to selective population screening for increased risk 
of VTE under COC use (Table 2). Compagni et al. [17] used 
a battery of biochemical and genetic tests in sub-popula-
tions of women already at risk (women with positive fam-
ily history or previous event of VTE). The study by Smith 
et al. [15], included four interventions in female relatives 
of Factor V Leiden carriers; (1) screening, but without OC 
counseling and prophylactic anticoagulants; (2) screening 
with OC counseling, but without prophylactic anticoagu-
lants; (3) screening with OC counseling and prophylactic 
anticoagulants for high risk events; and (4) screening with 
OC counseling and prophylactic anticoagulants. The earli-
est CEA from Szucs et al. in [14] assessed screening for 
activated protein C resistance in new users of COCs. The 
study by Wu et al. [16], assessed universal screening (all 
women tested for thrombophilia) as well as previous per-
sonal and/or family history-based thrombophilia screening. 
Thrombophilia screening comprised of testing for FVL, pro-
thrombin G20210A, deficiencies of antithrombin, protein 

C and protein S, lupus anticoagulants and anticardiolipin 
antibodies [16].

Comparators utilized included standard medical manage-
ment, “no screening” (Smith et al. [15], Szucs et al. [14], Wu 
et al. [16]) or screening using biochemical tests only (Com-
pagni et al. [17]). Only two out of the four studies reported 
on test accuracy, including sensitivity and specificity of the 
screening program (Table 2) (Compagni et al. [16], Wu et al. 
[17]).

All studies were decision tree cost-effectiveness analy-
ses using quality adjusted life years (QALYs) gained or lost 
(Compagni et al. [17], Smith et al. [15]), life years gained 
(Szucs et al. [14]), or clinical complications prevented, such 
as DVT avoided and PE avoided (Wu et al. [16]), as their 
effectiveness measures. Compagni et al. [17] adopted a life-
time horizon, Smith et al. [15] used a 30 year time horizon, 
while the time-horizons adopted in Szucs et al. [14] and 
Wu et al. [16] were not clear. Furthermore, in this current 
systematic review, only two out of four studies [15, 17] used 
discounting for costs and effects, at 3.5 and 3.0% per annum 
respectively.

Data sources with regard to costs were diverse (additional 
details in “Appendix 3”). The cost types included in each 
CEA were direct costs due to screening, hospitalisation 
[14–17], prophylactic treatment [15–17] and COCs [14–17], 
however costs information was not similar across studies.

A variety of sources were also used, ranging from indi-
vidual hospitals to national health registries. Two studies 
demonstrate this dissimilarity. Compagni et al. utilized hos-
pital discharge records and related cost data using micro-
costing from one hospital in Italy (i.e. hospitalisations, 
including diagnostic or surgical procedures, and pharmaco-
logical treatment in hospital) and a national drug formulary 
(i.e. drug prices) [17]. However, there was no information 
given concerning how screening costs were measured. In 
contrast, Wu et al. were more detailed in their description 
of direct health services costs (i.e. costs associated with 
thrombophilia screening (purchasing and processing cost of 
the diagnostic tests, staff time and the cost of prophylaxis), 
hospitalisations, outpatient consultations, counselling and 
drug treatments and managing associated adverse clinical 
complications) [16]. In addition, quantity of resource use in 
the Wu et al. study was determined by the results of a Delphi 
study to reflect the clinical practice combined with routinely 
collected data from the national health services in Scotland 
[16] (see “Appendix 3” for more information regarding each 
of the four studies).

Sources of clinical evidence also varied in the studies. 
In Wu et al. [16], the estimated prevalence of previous per-
sonal, and/or family VTE history, VTE events (DVT and PE) 
and specificity and sensitivity of the screening test among 
the COCs users were derived from expert opinions [16], and 
the effectiveness of prophylaxis from a previous published 



A systematic review of cost-effectiveness analysis of screening interventions for assessing…

1 3

Ta
bl

e 
2  

C
ha

ra
ct

er
ist

ic
s o

f i
nc

lu
de

d 
co

st-
eff

ec
tiv

en
es

s s
tu

di
es

A
ut

ho
r

C
om

pa
gn

i e
t a

l. 
[1

7]
Sm

ith
 e

t a
l. 

[1
5]

Sz
uc

s e
t a

l. 
[1

4]
W

u 
et

 a
l. 

[1
6]

Ye
ar

20
13

20
08

19
96

20
05

C
ou

nt
ry

Ita
ly

U
ni

te
d 

St
at

es
G

er
m

an
y

U
ni

te
d 

K
in

gd
om

Po
pu

la
tio

n
W

om
en

 a
t h

ig
h 

ris
k 

of
 V

TE
W

om
en

 w
ith

 fe
m

al
e 

re
la

tiv
es

 th
at

 a
re

 
FV

L 
ca

rr
ie

rs
W

om
en

 u
si

ng
 o

ra
l

co
nt

ra
ce

pt
iv

es
 (n

ew
 u

se
rs

)
W

om
en

 u
si

ng
 o

ra
l c

on
tra

ce
pt

iv
es

A
ge

15
-4

5 
ye

ar
s

15
-4

5 
ye

ar
s

15
-5

0 
(a

ss
um

ed
, b

as
ed

 o
n 

ye
ar

s m
en

-
tio

ne
d 

fo
r l

ife
 e

xp
ec

ta
nc

y)
15

-4
5 

ye
ar

s

Pr
ev

al
en

ce
/in

ci
de

nc
e 

V
TE

In
ci

de
nc

e
4.

03
 p

er
 1

0,
00

0 
fe

m
al

es
 1

5-
49

 y
ea

rs
3.

0,
 fo

ld
 in

cr
ea

se
 in

 V
TE

 ri
sk

 w
ith

 
fa

m
ily

 h
ist

or
y

1.
7,

 fo
ld

 in
cr

ea
se

 in
 V

TE
 ri

sk
 w

ith
 

pe
rs

on
al

 h
ist

or
y

Pr
ev

al
en

ce
a)

 0
.1

0%
 p

er
 y

ea
r, 

V
TE

 (−
), 

O
C

P,
 F

ac
-

to
r V

 L
ei

de
n 

(−
),

b)
 0

.1
9 

pe
r y

ea
r V

TE
, O

C
P 

(−
), 

Fa
ct

or
 

V
 L

ei
de

n 
(+

),
c)

 0
.1

5%
 p

er
 y

ea
r, 

V
TE

, O
C

P 
(+

), 
Fa

c-
to

r V
 L

ei
de

n 
(−

)
d)

 0
.5

6%
 p

er
 y

ea
r, 

V
TE

, O
C

P 
(+

), 
Fa

c-
to

r V
 L

ei
de

n 
(+

)

Pr
ev

al
en

ce
28

.5
 p

er
 1

0,
00

0 
– 

w
ith

 A
PC

 +
 O

C
P

5.
7 

pe
r 1

0,
00

0 
– 

w
ith

 A
PC

3.
0 

pe
r 1

0,
00

0 
– 

w
ith

 O
C

P,
 n

o 
A

C
P

Th
ro

m
bo

ph
ili

a 
pr

ev
al

en
ce

 fo
r c

om
bi

ne
d 

or
al

 c
on

tra
ce

pt
iv

es
,

Ev
en

ts
 re

po
rte

d 
as

 p
ro

ba
bi

lit
ie

s
0.

03
 (n

o 
th

ro
m

bo
ph

ili
a)

0.
16

—
FV

L
0.

06
—

Pr
ot

hr
om

bi
n 

G
20

21
0A

0.
13

—
A

T
0.

06
—

PC
0.

05
—

PS
0.

06
—

LA
0.

02
—

A
CA

In
te

rv
en

tio
n(

s)
Sc

en
ar

io
 1

 (F
am

ili
al

 h
is

to
ry

):
a)

 S
cr

ee
ni

ng
, g

en
et

ic
 te

sts
 o

nl
y

b)
 S

cr
ee

ni
ng

, b
io

ch
em

ic
al

 a
nd

 g
en

et
ic

 
te

sts
Sc

en
ar

io
 2

 (p
re

vi
ou

s V
TE

):
c)

 S
cr

ee
ni

ng
, b

io
ch

em
ic

al
 a

nd
 g

en
et

ic
 

te
sts

a)
 S

cr
ee

ni
ng

, n
o 

O
C

P 
co

un
se

lin
g 

or
 

A
C

b)
 S

cr
ee

ni
ng

, O
C

P 
co

un
se

lin
g,

 n
o 

A
C

c)
 S

cr
ee

ni
ng

, O
C

P 
co

un
se

lin
g 

&
 A

C
 

fo
r h

ig
h 

ris
k

d)
 S

cr
ee

ni
ng

, O
C

P 
co

un
se

lin
g 

(G
en

et
ic

 
&

 b
io

ch
em

ic
al

 sc
re

en
in

g 
FV

L 
ca

rr
ie

r 
sc

re
en

in
g)

a)
 S

cr
ee

ni
ng

 w
ith

 A
PC

 re
si

st
an

ce
 in

 a
ll 

ne
w

 u
se

rs
 o

f O
C

P 
(b

io
ch

em
ic

al
 te

st,
 

w
he

n 
po

si
tiv

e 
in

di
ca

te
s)

(A
PC

 re
si

st
an

ce
 te

st 
pr

es
en

ce
 o

f F
V

L 
m

ut
at

io
n,

 b
ut

 th
is

 is
 n

ot
 d

ire
ct

 m
ut

a-
tio

n 
te

sti
ng

)

U
ni

ve
rs

al
 a

nd
 se

le
ct

iv
e 

hi
sto

ry
 b

as
ed

 
th

ro
m

bo
ph

ili
a 

sc
re

en
in

g
(th

ro
m

bo
ph

ili
a

sc
re

en
in

g 
co

m
pr

is
ed

 o
f t

es
tin

g 
fo

r F
V

L,
 

pr
ot

hr
om

bi
n

G
20

21
0A

, d
efi

ci
en

ci
es

 o
f a

nt
ith

ro
m

-
bi

n,
 p

ro
te

in
 C

 a
nd

 p
ro

te
in

 S
, l

up
us

 
an

tic
oa

gu
la

nt
s a

nd
 a

nt
ic

ar
di

ol
ip

in
 

an
tib

od
ie

s)
C

om
pa

ra
to

r (
s)

Sc
en

ar
io

 1
 (F

am
ili

al
 h

is
to

ry
):

Sc
re

en
in

g,
 b

io
ch

em
ic

al
 te

sts
 o

nl
y

Sc
en

ar
io

 2
 (p

re
vi

ou
s V

TE
): 

N
o 

Sc
re

en
-

in
g,

 n
o 

O
C

P

N
o 

sc
re

en
in

g
N

o 
sc

re
en

in
g

N
o 

sc
re

en
in

g

Te
st 

ac
cu

ra
cy

Se
ns

iti
vi

ty
 8

0%
Sp

ec
ifi

ci
ty

 8
0%

N
ot

 re
po

rte
d

N
ot

 re
po

rte
d

Se
ns

iti
vi

ty
 8

0%
Sp

ec
ifi

ci
ty

 8
0%

Te
st 

co
st

G
en

et
ic

 te
st 

– 
€1

00
.5

B
io

ch
em

ic
al

 te
sti

ng
 –

 €
21

.7
Sc

re
en

in
g 

&
 c

ou
ns

el
in

g—
$5

0
20

 D
eu

ts
ch

e 
M

ar
k 

(D
M

)
Th

ro
m

bo
ph

ili
a 

sc
re

en
in

g—
£5

9.
97

O
ut

co
m

es
 m

ea
su

re
C

os
t p

er
 Q

A
LY

s l
os

t
C

os
t p

er
 Q

A
LY

 g
ai

ne
d

C
os

t p
er

 li
fe

 y
ea

r g
ai

ne
d

(a
ls

o 
es

tim
at

ed
 D

V
T 

av
oi

de
d,

 P
E 

av
oi

de
d,

 D
ea

th
s a

vo
id

ed
)

C
os

t p
er

 c
lin

ic
al

 c
om

pl
ic

at
io

ns
 av

oi
de

d

Se
tti

ng
/p

er
sp

ec
tiv

e
N

H
S 

in
 It

al
y

U
ni

te
d 

St
at

es
, N

ot
 c

le
ar

Th
ird

-p
ar

ty
 p

ay
er

 p
er

sp
ec

tiv
e

N
H

S 
in

 th
e 

U
K

C
os

t t
yp

e/
ye

ar
D

ire
ct

 h
ea

lth
 c

ar
e 

co
sts

 (h
os

pi
ta

lis
a-

tio
ns

, m
an

ag
em

en
t c

os
ts

), 
in

 E
ur

o,
 

20
09

D
ire

ct
 h

ea
lth

 c
ar

e 
co

sts
, b

ut
 n

ot
 

sp
ec

ifi
c,

 y
ea

r o
f t

he
 c

os
t d

at
a 

is
 n

ot
 

pr
ov

id
ed

, i
n 

U
S 

do
lla

rs

D
ire

ct
 (h

os
pi

ta
l c

os
ts

 &
 th

ird
 p

ar
t 

pa
ye

r p
er

sp
ec

tiv
e)

,
C

os
ts

 in
 D

eu
ts

ch
e 

M
ar

k 
(D

M
), 

ye
ar

 o
f 

th
e 

co
st 

da
ta

 is
 n

ot
 p

ro
vi

de
d

D
ire

ct
 h

ea
lth

 se
rv

ic
e 

co
sts

, (
sc

re
en

-
in

g,
 h

os
pi

ta
lis

at
io

ns
 d

ue
 to

 c
lin

ic
al

 
co

m
pl

ic
at

io
ns

 a
nd

 m
an

ag
em

en
t c

os
t o

f 
cl

in
ic

al
 c

om
pl

ic
at

io
ns

), 
in

 G
B

P,
 2

00
2



	 Z. Ademi et al.

1 3

CEA of FVL mutation in pregnant women [18]. In the case 
of Compagni et al. [17], utility values for DVT, PE [19], 
postthrombotic syndrome [20], stroke [21], acute myocar-
dial infarction [22] and pulmonary hypertension [23] were 
taken from a previously published studies. In addition, to 
derive the incidence of VT, Compagni et al. utilized a Dan-
ish cohort study regarding hormonal contraception and risk 
of VTE [24]. Furthermore, Delphi panel questionnaires and 
hospital discharge records were used to elicit information 
on VTE in the population and on the probability of being 
prescribed COCs.

In the study by Smith et al. [15] clinical events were 
derived from literature sources, including utility values 
from a previous CEA analysis of first idiopathic VTE [25]. 
Prevalence of VTE among COCs users and non-users with 
or without FVL was derived from two studies that assessed 
clinical presentation and incidence of VTE on carriers of 
the FVL mutation [26, 27]. Finally, Szucs et al. utilized 
prevalence data of VTE from a case control study that 
assessed the occurrence of VTE in young women using 
COCs [28]. The CEAs considering universal screening 
prior to the prescription of COCs in women found that 
universal screening might not be cost-effective, based on 
willingness-to-pay thresholds then acceptable at the time 
[16] (Table 3). However, from a third party payer perspec-
tive, screening for activated protein C resistance in new 
users of COCs was cost effective compared to no screening 
(albeit with partially outdated data) [14]. The ICER (cost 
per life year gained) was Deutsche Mark (DM) 2196 [14] 
(Table 3).

In the case of selective screening the study by Smith et al. 
[15] indicated that a combination of genetic and biochemical 
screening, counseling and prophylactic anticoagulants dur-
ing high-risk periods in first-degree female relatives of Fac-
tor V Leiden carriers is an economically favorable strategy. 
Strategy 4 (screening, OC counseling and anticoagulation 
for high risk events) when compared to strategy 3 (screen-
ing, OC counseling, no anticoagulation) resulted in an ICER 
of $147 per QALY gained. In contrast, strategy 5 (screen-
ing, OC counseling and anticoagulation) when compared to 
strategy 2 (screening, no OC counseling or anticoagulation) 
had an ICER of $639,500 per QALY gained [15] (Table 3). 
However, two other CEAs indicated that selective screen-
ing prior to using COCs was not cost-effective, based on 
acceptable cost-effectiveness thresholds in Europe. In the 
first example of Compagni et al. the battery of combined 
biochemical and genetic tests compared to baseline strategy 
(biochemical tests only) displayed an ICER of €72,412 per 
QALY gained [17] (Table 3). In the second example of Wu 
et al. the base-case results showed an ICER of £79,085 per 
major clinical complication prevented for selective throm-
bophilia screening based on previous personal and/or family 
history of VTE as compared to no screening [16]. (Table 3).A
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Drivers of cost‑effectiveness

One-way (univariate) sensitivity analysis was carried out 
in three [15–17] of the four studies, in order to understand 
how individual input parameters influenced the cost-effec-
tiveness estimates. In the study by Compagni et al. [17] the 
model was most sensitive to assumptions made about VTE 
incidence and the cost of the test. In the study by Smith 
et al. [15] the model was sensitive to the cost of long-term 
prophylaxis, as well as the VTE relative risk reduction with 
prophylaxis. In comparison, in the study by Wu et al. [16] 
the model was most sensitive to assumptions made about 
sensitivity and specificity of the test (50–100%).

Probabilistic sensitivity analysis (PSA) (varying all input 
parameters simultaneously, over different distributions) was 

performed in two [15, 17] of the four studies. In Smith et al. 
[15], the likelihood that strategy 4 (screening, OCP coun-
seling and prophylaxis during high-risk periods) is cost 
effective occurred in 74% of model iterations, if an accept-
ability threshold of $20,000/QALY was chosen. However, 
this was highly dependent on the relative risk reduction used 
for prophylaxis during high-risk periods. In Compagni et al. 
[17] the likelihood that scenario 1 (previous family history 
of VTE) is cost effective occurred in 9% of model itera-
tions, if an acceptability threshold of €40,000 per QALY 
was used. However, ICERs were below the Italian accepted 
threshold of €40,000 in 58% of model iterations when higher 
levels of VTE incidence were assumed, and all other model 
parameters were left to vary within their specified ranges of 
uncertainty [17].

Table 3   Outcomes of the included cost-effectiveness studies

ICER incremental cost effectiveness ratio, NR not reported, I intervention, C comparator (i.e. no screening strategy), AC anticoagulation, QALY 
quality adjusted life years, dominant, cost saving
*Results were organised according to rational choice rules. QALY loss: in the study by Compagni et al. outcome of interest was QALY loss as 
compared to QALY gain

Study Total costs Outcome ∆ Costs ∆ Outcomes ICER (cost per QALY)
Compagni et al. [17] € Euro QALY loss € Euro QALY gained

Scenario 1 (familial history)
 Biochemical test only (C) €32,823 7.6 – – –
 Screening, genetic tests only (I) €111,159 7.1 €78,336 0.5 171,584
 Screening, biochemical and genetic tests(I) €131,447 6.2 €98,624 1.4 72,412

Scenario 2 (previous history of VTE)
 No screening, no OCP(C) €2,959 2.0 – – –
 Screening, biochemical and genetic tests (I) €125,744 2.4 €122,785 −0.4 Dominated

Smith et al. [15] * $ USD QALY $ USD QALY gained ICER (cost per QALY)

 Screening OCP counseling, no AC (Strategy 3) 779.70 20.054
 Screening OCP counseling & AC for high-risk 

events (Strategy 4)
$791.90 20.137 $12.20 0.083 $147

 No screening, usual care (Strategy 1) $806.60 20.040 $14.60 −0.097 Dominated
 Screening, no OCP counseling or AC (Strategy 2) $871.00 20.037 $79.10 −0.100 Dominated
 Screening, OCP counseling & AC (Strategy 5) $3,536.30 20.141 $2744.40 0.004 $639,500

Szucs et al. [14] DM Years of life 
gained

DM Years of life 
gained

ICER (cost per life year 
gained)

 Primary preventative care (C) NR NR – – –
 Screening, all new users of OCP (I) DM22,107 14 DM17,901 8 2196

Wu et al. [16] £ GBP Clinical 
complica-
tions

£ Clinical compli-
cation prevented

ICER (cost per clinical 
complication pre-
vented)

Universal screening
 No screening (C) 119,147.14 6.59 – – –
 Universal screening (I) £708,639.75 3.65 £589,492.61 2.95 £200,402

Selective screening
 No screening (C) 119,147.14 6.59 – – –
 Selective screening (I) £189,371.34 5.71 £70,224.20 0.88 £79,085
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Discussion

This is the first systematic review of CEAs considering any 
screening for risk of VTE in women using COCs. Only a 
small number of context-relevant studies were found, and 
these were subsequently assessed in terms of medical strat-
egies considered, methodological approaches, quality of 
reporting, and results and their drivers. All four [14–17] 
assessed studies investigated universal or selective screen-
ing compared to either no screening or screening using bio-
chemical tests [17] only before the prescription of COCs in 
women.

Conclusions drawn regarding universal screening were 
dissimilar. Wu et al. [16] concluded that universal screening 
prior to the prescription of COCs may not be cost-effective, 
based on willingness-to-pay thresholds then acceptable at 
the time. In contrast, Szucs et al. [14] concluded that screen-
ing for activated protein C resistance in new women users of 
oral contraceptives was cost effective. This difference might 
be due to different modeling approaches, outcome of interest 
and in particular an unspecified time horizons of the model 
[16].

Screening prior to using COCs in high-risk groups with 
a positive family history might be cost-effective, as reported 
in Smith et al. [15]. In comparison, Compagni et al. [17] and 
Wu et al. [16] selective screening was not cost-effective at 
the current acceptable thresholds, though this conclusion 
was dependent on the price of the screening, incidence and 
prevalence of VTE, accuracy of screening test and prophy-
lactic preventions.

The sources of epidemiological data and effectiveness uti-
lised in the CEAs were limited. Three of the included studies 
[14–16] at the time of publication were not able to utilize 
recent cohort studies assessing the impact of screening for 
risk of VTE in women using COCs [6, 29]. The exception 
was Compagni et al. [17], who used a national Danish cohort 
study to derive the incidence of VTE [24]. Wu et al. [16] 
used expert opinion information for some of the main inputs 
that appeared to be the main drivers of the cost effective-
ness, such as VTE prevalence, VTE events, and specificity 
and sensitivity of the screening test in women using COCs.

The quality of reporting would have been improved if 
each of the studies had attempted to be more specific about 
time horizon, perspective of cost assessment, discounting, 
and evaluation of uncertainty.

Although it was evident from reviewing the literature 
that methodological inconsistencies exist when modelling 
screening interventions in relation to recommending COC, 
it was also noted that were key drivers that influence cost-
effectiveness which could be identified, and that these key 
drivers merit further exploration.

Taken together, the four available studies indicated certain 
trends and driving factors of CEA. For example, Szucs et al. 

[14] reported a test cost of DM 20, for users with COCs hav-
ing a comparatively high VTE risk of nearly 30 per 10,000, 
which lead to the test being cost-effective. In comparison, 
the base case results by Compagni et al. [17] generated an 
ICER above the accepted threshold of cost-effectiveness 
of €40,000–€50,000/QALY by using a comparatively low 
VTE incidence risk of 4.03 per 10,000, and a test price of 
€100.5. However, as seen in the sensitivity analyses reported 
by Compagni et al. [17], when the cost was reduced to €20 
and the VTE incidence risk was doubled (8 per 10,000), 
this resulted in an ICER of €6,723 [17]. In a similar fashion, 
input information such as the prevalence of VTE, specificity 
and sensitivity of the test, costs of screening and prophylac-
tic prevention during high-risk periods played a major role 
in the results of CEA as shown in the studies by Wu et al. 
[16] and Smith et al. [15]. Hence, targeted screening before 
use of COCs in high-risk groups (i.e. family history) might 
be cost-effective [15], but this will depend on the price of the 
screening strategy and assumptions regarding prophylactic 
prevention amongst other parameters (Compagni et al. [14], 
Szucs et al. [16], Wu et al. [17]). This implies another gap 
in the current literature, as none of the economic evalua-
tions at the time of publication were able to use data from 
recent cohort studies, expect Compagni et al. [17]. In other 
fields such as cardiovascular disease, economic evaluations 
have been able to utilize data from large cohort studies such 
as Framingham risk equations to predict long-term events 
and its associated costs [30]. In the same fashion, cohort 
studies that assess the risk of VTE in COC users should be 
utilised, such as recent Danish cohort [6] or French cohort 
[29] studies, to predict the long-term VTE events and its 
associated costs.

Screening individuals for genetic or biochemical char-
acteristics implies not only that diagnostic accuracy should 
be considered, but also consideration of individual charac-
teristics should play a role. Although the risk of VTE has 
been evaluated with consideration of individual family his-
tory and genetic characteristics, all of the current modelling 
studies inferred risk at an aggregate level using decision tree 
cost-effectiveness analysis. Modelling approaches such as 
individual sampling models or discrete event simulation [31] 
have the capacity to evaluate individual patient characteris-
tics over time, provided the availability of suitable model 
input parameters. Future economic evaluations based on 
such models would be relevant in assessing value for money.

In all studies, the societal perspective (which requires 
the inclusion of indirect costs) was not considered. Previous 
studies have shown that DVT and PE impose a significant 
disability on workers and a substantial economic burden, 
and one such study has suggested that the majority of hidden 
costs are in the form of indirect costs that VTE poses on both 
the employer, in terms of lost productivity, and the employee 
[32]. In addition, from the societal perspective, it would be 
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important to be able to model costs emerging from the per-
manent disability to work that occurs more rarely as well, 
though notably taking into consideration that the populations 
of interest are young. It is not clear yet whether indirect costs 
could exceed the direct healthcare costs of management of 
VTE, due to COC use. Therefore, it is strongly suggested 
that future economic evaluations should take into consid-
eration the societal perceptive (i.e. the productivity loss of 
the patient).

Limitations

Our systematic review has several limitations. First screen-
ing of abstracts review was restricted to English language 
publications, which may lead to excluding evidence pub-
lished in other languages. Second, the number of studies 
available to assess the impact for risk of VTE in women 
considering oral contraceptives was limited. Assessed stud-
ies differed significantly, in regard to country setting, model 
assumptions and assumptions on VTE occurrence, which 
made it more difficult to do head-to-head comparisons of 
the four studies used.

Conclusion

The reviewed studies were too dissimilar to draw a firm con-
clusion on cost-effectiveness analysis about universal and 
selective screening in high-risk groups. Due to the meth-
odological constraints presented in the current evaluations, 
limitations of epidemiological and effectiveness evidence 
used in the CEAs, partially outdated data (given the publica-
tion year of each study) as well as the types of COCs referred 
to, further study into the cost-effectiveness of varying strat-
egies for individual screening would be useful to support 
clinical decision-making. Furthermore, the predictive value 
and the cost of the screening test would drastically influ-
ence the cost-effectiveness of such an approach. Therefore, 
the new emerging diagnostic tools for identifying women at 
risk of developing VTE, that are more predictive and less 
costly, highlight the need for more studies that apply the lat-
est evidence and utilize robust methods for cost-effectiveness 
analysis.
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the obligatory research funding by Gene Predictis S.A. via employment 
institution, and JM and GT are employed by Gene Predictis S.A.

Appendix 1 Key word for search strategy

Clinical keywords

1 exp Contraceptives, Oral/
2 contraceptives, Oral.mp
3 oral contraceptives.mp
4 oral contraceptive.mp
5 exp Contraceptives, Oral, Com-

bined/
6 combined oral contraceptives.mp
7 combined oral contraceptive.mp
8 norethisterone.mp
9 norethisteron*.mp
10 norethindrone.mp
11 norethindron*.mp
12 ethynodiol diacetate.mp
13 lynestrenol.mp
14 lynestrenol*.mp
15 norethynodrel.mp
16 norethynodrel*.mp
17 dienogest.mp
18 dienogest*.mp
19 levonorgestrel.mp
20 levonorgestrel*.mp
21 norgestrel.mp
22 norgestrel*.mp
23 dl-norgestrel.mp
24 dl-norgestrel*.mp
25 desogestrel.mp
26 desogestrel*.mp
27 norgestimate.mp
28 norgestimat*.mp
29 gestodene.mp
30 gestoden*.mp
31 medroxyprogesterone acetate.mp
32 chlormadinone acetate.mp
33 nomegestrol.mp
34 nomegestrol*.mp
35 nestorone.mp
36 cyproterone acetate.mp
37 drospirenone.mp
38 drospirenon*.mp
39 oestrogen*.m_titl
40 estrogen.m_titl
41 exp Ethinyl Estradiol/
42 ethinyl Estradiol.mp
43 ethinylestradiol.mp
44 ethinylestradiol*.mp
45 mestranol.mp
46 mestranol*.mp
47 estradiol valerate.mp
48 progestogen*.m_titl



	 Z. Ademi et al.

1 3

Clinical keywords

49 OR/1–48
50 deep vein thrombosis.m_titl
51 deep venous thrombosis.m_titl
52 venous Thrombosis.m_titl
53 vein thrombosis.m_titl
54 exp venous thrombosis/
55 exp thrombophlebitis/
56 exp upper extremity deep vein 

thrombosis/
57 thrombophlebitis.m_titl
58 pulmonary embolism.m_titl
59 exp pulmonary embolism/
60 venous thromboembolism.m_titl
61 exp venous thromboembolism/
62 venous thromboembolic 

disorders.m_titl
63 venous.m_titl
64 thromboembolic.m_titl
65 disorder.m_titl
66 63 AND 64 AND 65
67 venous thromboembolic 

diseases.m_titl
68 venous thromboembolic 

disease.m_titl
69 venous thrombotic.m_titl
70 exp thromboembolism/
71 venous.mp
72 vein.mp
73 veins.mp
74 71 OR 72 OR 73
75 70 AND 74
76 OR/50–62 OR/66–69 OR 75
77 risk.mp
78 risks.mp
79 risk factor.mp
80 risk factors.mp
81 OR/77–80
82 women.mp
83 woman*.mp
84 women*.mp
85 girl.mp
86 girls.mp
87 female/
88 OR/82–87
89 49 AND 76 AND 81 AND 88
90 animal/ not humans/
91 89 not 90

Health economic keywords

92 afford$.mp
93 capital expenditures.mp
94 cost$.mp

Health economic keywords

95 cost-benefit analyses.mp
96 cost-benefit analysis.mp
97 cost consequences analysis.mp
98 cost-consequences analysis.mp
99 cost-effectiveness analyses.mp

100 cost-effectiveness analysis.mp
101 cost-minimization analyses.mp
102 cost-minimization analysis.mp
103 cost-utility .mp
104 cost-utility analyses.mp
105 cost-utility analysis.mp
106 economic$ .mp
107 economic-evaluation .mp
108 expenditure$ .mp
109 Fee$ .mp
110 finance$ .mp
111 financial.mp
112 financing.mp
113 health expenditures.mp
114 health resource allocation .mp
115 health resource utilization.mp
116 health-economic$.mp
117 medical savings accounts.mp
118 monetary.mp
119 pharmaco-economic analyses.mp
120 pharmaco-economic analysis .mp
121 pharmacoeconomic$ .mp
122 pharmacoeconomic-analyses .mp
123 pharmacoeconomic-analysis .mp
124 price$ .mp
125 socioeconomic$.mp
126 OR/92–124
127 91 and 126

Appendix 2 Characteristics of excluded economic 
evaluations (NOTE: excluded at second level 
screening, full text)

Author Year Reason excluded

CADTH 2015 Genetic testing for VTE, and 
not specific for women

RubioTerres 2015 Genetic testing for VTE, and 
not specific for women

Auerbach(7) 2004 No oral contraception popula-
tion

Eckman(8) 2002 no differentiation, combined 
OC and pregnancy

Clark(9) 2002 Population of interest was only 
pregnant women

Marchetti 2001 Male population
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Author Year Reason excluded

Crenin 2002 Not a cost effectiveness 
analyses

Palaretti 1999 Not a cost effectiveness 
analyses

Kalev 1999 Not a cost effectiveness 
analyses

Rousseau 2013 Only abstract
Bryant 1996 Book chapter

PE pulmonary embolism, PH pulmonary hypertension, PTS post-
thrombotic syndrome, VTE venous thromboembolism, OCs oral 
contraceptives

Appendix 3 Type of costs reported in the included 
economic evaluations

Publication Type of costs Sources

Compagni et al. [17] Direct costs
Cost of testing
Biochemical tests
Genetic tests
Hospitalization costs 

(DVT, PE, AMI, 
IS, PH, PTS, VTE, 
haemorrhagic 
stroke, unwanted 
pregnancies)

Pharmacologi-
cal treatment in 
hospital

OCs

Hospital discharge 
records using micro-
costing method 
(Galleria hospital 
discharge records) 
and drug prices for 
national formulary

Smith et al. [15] Direct costs
Cost of screening 

and counseling
Hospitalization costs 

(DVT, PE, major 
and minor bleed, 
death, post-phle-
bitic syndrome)

Prophylactic treat-
ment with low 
molecular weight 
heparin

Aujesky 2005. Oral 
anticoagulation 
strategies after first 
idiopathic Venus 
thrombosis event, 
Red book: phar-
macy fundamental 
reference, Thomson 
health care 2006

Szucs et al. [14] Direct costs (third 
party payer)

Hospitalizations
DVT
PE
OCs
Cost of testing

Krankheitsartenstatis-
tik 1995, Bonn

Wu et al. [16] Direct costs
Screening for throm-

bophilia
Management of DVT 

(including prophy-
lactic treatment)

Management of PE 
(including prophy-
lactic treatment)

OCs

British national for-
mulary and national 
health services in 
Scotland

AMI acute myocardial infarction, DVT deep-vein thrombosis, FVG 
Friuli Venezia Giulia, OCP oral contraceptive pill, OR odds ratio, 

Appendix 4 Critical appraisal: consolidated health 
economic evaluation report standards (CHEERS) 
checklist (10)

S Author Com-
pagni 
et al. 
[17]

Smith 
et al. 
[15]

Szucs 
et al. 
[14]

Wu et al. 
[16]
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cent-
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6 Study per-
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9 Discount 
rate
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10 Choice of 
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effective-
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1 1 1 1 1

12 Evaluation 
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based 
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and costs
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14 Currency, 
price, 
date and 
conver-
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0.5 0 0.5 1 0.5
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tions

1 1 0 1 0.75

17 Analytical 
methods

0 1 0 1 0.5
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et al. 
[14]

Wu et al. 
[16]
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23 Source of 
funding
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