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Abstract

Background: Oral contraceptive use is associated with venous

thrombosis risk. Although the risk of venous thrombosis has

been evaluated for various estrogen doses and types of progesta-
gen, no comprehensive comparison involving commonly used oral

contraceptives is available.

Methods: A network meta-analysis was performed to assess the

risk of thrombosis associated with oral contraceptive use at the

level of individual types of contraceptives. Electronic databases

(Pubmed, Embase, Web of Science, Cochrane, CINAHL, Aca-
demic Search Premier and ScienceDirect) were searched in Novem-
ber 2011 to identify potential relevant articles. We selected pub-
lications that assessed the effect of combined oral contracep-
tives on venous thrombosis (i.e., deep venus thrombosis and

pulmonary embolism) in healthy women. Two independent re-
viewers extracted data from included publications. The network

meta-analysis was performed using an extension of frequenist

random-effects models for mixed multiple treatment compar-
isons and relative risks (RR) with 95% confidence intervals (CI)

were reported.

Results: A total of 2011 publications were retrieved through

a search strategy; 24 publications reporting on 25 studies were

included. Combined oral contraceptive use increased the risk of
venous thrombosis compared with non-use (RR 3.6, 95 %CI: 2.9-
4.6). Oral contraceptives containing a third generation progesta-
gen (desogestrel, gestodene or norgestimate) were associated with

a higher risk of venous thrombosis than oral contraceptives with

levonorgestrel (second generation) (RR 1.6, 95%CI: 1.3-1.9). Sen-
sitivity analyses stratified by funding source, study design, or

confirmed venous thrombosis did not change the findings. From

the network meta-analysis at the level of individual type, the

highest thrombosis risk was observed among 50 pg ethinylestra-
diol with levonorgestrel (RR 6.7, 95%CT: 4.0-11.2, compared with

non-use), 35 pg ethinylestradiol with cyproterone acetate (RR
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7. NETWORK META-ANALYSIS

5.5, 95%CI: 3.9-7.7) and 30 ng ethinylestradiol with drospirenone
(RR 6.0, 95%CT: 4.1-8.9), while the lowest risk was observed
among 20 pg with levonorgestrel (RR 2.6, 95%CI: 1.5-4.5).
Conclusion: All combined oral contraceptives are associated
with an increased risk of venous thrombosis. The effect size de-
pends on the progestagen and the dose of ethinylestradiol.
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Introduction

In 1960, shortly after the introduction of the first combined
oral contraceptive, a case of venous thrombosis associated with
contraceptive use was reported . Since then many observational
studies showed that combined oral contraceptives, containing
both an estrogen and a progestagen, are associated with a two-
fold to six-fold increased risk of venous thrombosis?™®. Despite
the low incidence of venous thrombosis of about 3 per 10,000
woman-years among women of reproductive age®, the impact
of combined oral contraceptives on venous thrombosis is large
because worldwide many women use oral contraceptives.
Because the estrogen compound (ethinylestradiol) in com-
bined hormonal contraceptives was thought to cause the in-
creased thrombosis risk, the dose of ethinylestradiol has been
lowered from 150-100 pg in the earliest brands to 50 g in the
1960s to 30-35 pg and 20 pg in the 1970s” . The reduced dose
of ethinylestradiol in contraceptives was indeed associated with
a reduction in the risk of venous thrombosis'® 4. Furthermore,
the currently prescribed combined oral contraceptives contain-
ing 30 pg of ethinylestradiol are associated with a higher risk
of venous thrombosis than contraceptives containing 20 pg!®16.
Besides adjustments in the dose of ethinylestradiol, the progesta-
gen compound was also changed in an effort to reduce side-
effects. After the first generation progestagens (e.g., norethis-
terone, lynestrol), new progestagens were developed, called sec-
ond (i.e., levonorgestrel (LNG)) and third generation progesta-
gens (i.e., gestodene (GSD), desogestrel (DSG), norgestimate
(NGM)) 7. However, third generation combined oral contracep-
tive users have a higher risk of venous thrombosis than second
generation users 5161819 Other progestagens have been devel-
oped after the introduction of the third generation progestagens,
e.g. drospirenone (introduced in 2001). The use of drospirenone
in a combined oral contraceptive also increased the risk of venous
thrombosis compared with non-use 16 and compared with than
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7. NETWORK META-ANALYSIS

second generation contraceptives?%:2!,

The aim of the present network meta-analysis was to provide
an overview of the risk of venous thrombosis per combined oral
contraceptive in healthy women. Furthermore, the effect of the
generation of a progestagen in combined oral contraceptive was
assessed. A network meta-analysis was performed because com-
bined oral contraceptives are mostly compared with non-use or
with a contraceptive containing levonorgestrel with 30 pg ethinyl-
estradiol resulting in gaps in direct evidence. In other words, not
every combined oral contraceptive has been directly compared
with all other possible combined oral contraceptives. A network
meta-analysis allows evidence from direct and indirect compar-
isons to be summarized in a weighted average for all possible
comparisons.

Methods

Search strategy and selection criteria A detailed overview of the
search strategy and selection criteria can be found in the sup-
plementary data??. Publications of interest were observational
studies (i.e., cohort or (nested) case-control studies) that included
healthy women using combined oral contraceptives. The primary
outcome of interest was a fatal or non-fatal first event of venous
thrombosis (deep venous thrombosis or pulmonary embolism).
Publications with a minimum of 10 events in total were eligible.

The following databases were searched; Pubmed (918 articles
retrieved), Embase (1198), Web of Science (298), Cochrane (57),
CINAHL (111), Academic Search Premier (183) and ScienceDi-
rect (103). Our search terms consisted of MeSH (sub)headings,
text words, and word variations for “combined oral contracep-
tive”, “estrogens”, “progestagens” and “venous thromboembo-
lism”. This search strategy was amended for each database. Each
database was searched from inception until 22 November 2011
(date of final search). No language restriction was applied. Beside
database searches, references of potential interesting publications
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were searched.

A standard form was used to select publications. Two in-
vestigators (BHS, MdB) independently assessed publications for
eligibility. Titles and abstracts were screened and if deemed po-
tentially relevant, full-texts were retrieved. Any disagreements
between the investigators were discussed and if necessary, a third
reviewer (OMD) was asked to resolve any disagreements. In case
of multiple publications from the same study, the publication
with the most updated or the most inclusive data was chosen
for inclusion.

Data collection Two investigators (BHS, MdB) independently
extracted data using a standard form. Data were extracted on
type of combined oral contraceptive (dose and type of estrogen
and progestagen), crude numbers for exposure and outcome via
a 2-by-2 table, crude and adjusted risk estimates, and variables
adjusted for in the analysis.

Risk of bias assessment was based on design features that
could potentially bias the association between exposure and out-
come. We assessed adequacy of exposure (oral contraceptive) and
outcome (venous thrombosis) measurement. Specific for cohort
studies, loss-to-follow-up assessment was taken into account and
for case-control studies, the sampling of controls. Women are
more likely to remember that they used oral contraceptives than
what specific preparation they used?®?4. Therefore, assessment
of type of combined oral contraceptive through an interview or
questionnaire was deemed as high risk of bias, while informa-
tion from a prescription database was judged as low risk. Only
25-33% of patients presenting with clinical symptoms sugges-
tive of venous thrombosis are diagnosed with venous thrombo-
sis 5. Therefore, objectively confirmed venous thrombosis in all
patients was judged as low risk of bias. Venous thrombosis was
objectively confirmed when a deep venous thrombosis was di-
agnosed by plethysmography, ultrasound examination, CT, or
venography; or when a pulmonary embolism was diagnosed by
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7. NETWORK META-ANALYSIS

ventilation-perfusion (V/Q) scanning, spiral computed tomog-
raphy, or pulmonary angiography2%-27. Less than 10% loss-to-
follow-up was considered to represent a low risk of bias. For
case-control studies, controls selected from a hospital population
was considered to confer a high risk of bias.

For sensitivity analyses, data on funding source and first-time
use were abstracted.

In case of incomplete data on dose/type of estrogen or pro-
gestagen, authors were sent an email for extra information. Emails
were sent on 25 July 2012 with a reminder on 20 August 2012.
In total, 80% replied to our emails.

Classification of type or combined oral contraceptives For the
network meta-analysis per generation of progestagen, the follow-
ing progestagens were considered first generation; lynestrenol
and norethisterone. Norgestrel and levonorgestrel were catego-
rized as second generation progestagens, whereas desogestrel,
gestodene and norgestimate were classified as third generation
progestagens'”. This classification was irrespective of the ethi-
nylestradiol dose. Publications, for which our classification could
not be applied but which did provided their own classification,
were included irrespective of whether this classification differed
from our own. To assess the influence of combining different clas-
sifications, we repeated the analysis in studies where our own
classification of generations could be applied.

Many different combined oral contraceptives are available.
The most commonly used combined oral contraceptives were
selected for analysis, namely 20 pg ethinylestradiol with lev-
onorgestrel (20LNG), 30 pg ethinylestradiol with levonorgestrel
(30LNG), 50 ng ethinylestradiol with levonorgestrel (50LNG),
20 pgg ethinylestradiol with gestodene (20GSD), 30 pg ethinyl-
estradiol with gestodene (30GSD), 20 pg ethinylestradiol with
desogestrel (20DSG), 30 pg ethinylestradiol with desogestrel
(30DSG), 35 pg ethinylestradiol with norgestimate (35NRG), 35
ng ethinylestradiol with cyproterone acetate (35CPA), and 30
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ng ethinylestradiol with drospirenone (30DRSP).

Statistical analysis A network meta-analysis was conducted per
generation of progestagen in a combined oral contraceptive and
per selected oral contraceptive preparation.

An extension of frequentist random-effects models for mixed
multiple treatment comparisons was used. Network meta-analysis
was performed with the mvmeta command for STATA as de-
scribed by White et al?®. Crude data (i.e., data from a 2-by-2
table) were used in the analysis. Odds ratio, risk ratio or rate
ratio and appropriate variances were computed and combined in
the analysis leading to an overall relative risk (RR). For publica-
tions with zero events in one group, all groups in that publication
were inflated by adding 0.5.

When enough studies provided data on the same stratum (i.e.,
data on generations of progestagen or on specific contraceptive
preparations), consistency of the results was checked through
interaction analysis. An interaction term was added to the model
to estimate the difference in results from direct and indirect
evidence. All potential interactions were tested in an overall
test to determine whether there were any inconsistencies in our
network meta-analysis. Inconsistencies were only checked when
there was more than one study comparing the same groups.

The following sensitivity analyses were planned: per study
design, per funding source (whether industry sponsored or not),
within first-time users, and according to risk of bias.

All statistical analyses were performed with STATA, version
12.0 (Statacorp LP, College Station, TX, USA).

Results
Characteristics of included studies A total of 2011 publications
were retrieved through electronic and references searches. 1912

were excluded after screening of title and abstract and 75 publi-
cations were excluded after detailed assessment of the full-text.

185



7. NETWORK META-ANALYSIS

Reasons for exclusion are shown in the flow chart (Figure 7.1,
Supplementary table 7.1). Overall, 25 studies published in 24
articles were included. Two publications provided important ad-
ditional information to studies included in the meta-analysis (in-
formation on first-time use); data from these publications were
added to respective studies already included. Details of included
studies are shown in table 7.1. Seven cohort studies, three nested
case-control studies and 15 case-control studies were included.

Based on data from 14 studies that included a non-user group,
combined oral contraceptive use was found to be associated with
a four-fold increased risk of venous thrombosis (RR 3.6, 95%CI:
2.9-4.6).

‘ 2868 publications retrieved through electronic searches

910 duplicates

‘ 1958 potential relevant publications

53 publications re- ——
trieved through ref- I 1912 publications excluded

erences searches 1872 based on selection criteria
38 reporting on the same study
2 unattainable

99 publications selected for data abstraction

75 publications excluded
69 based on selection criteria
6 reporting on the same study

24 publications included in network meta-analysis

Figure 7.1: Flow chart of included and excluded publications

186



S0 pue ‘suelrey, ‘edreurel ‘KreSunpy ‘Suoy Buol ‘AURULIDD “LIAUIOIOD O[IYD (ZRAg |

s0A13d0oRIIU0D DYoads 10 O[R[IRAE 0IoM SIOQUINT ‘IOADMOTY {IES[OUN SEM USUIOM JO "OU [@30T, ,
SIwoh-jUOW LI} ‘SIL31} {SIvok-uvWOM ‘SIAM

Surdofeasg S[013U0D FGET ‘S98LD OTL [o1juoo-ase €661 UB[ € 6861 994 T G661 6y COHM
adoangy S[013U0D FHQT S95€D €EF [orjuoo-asen €661 Ul € 6861 9°d 1T S661 6y TOHM

1 S9LIUNOD 6 S[013U0D GLET ‘SISO 678 [oyuoo-9sen €661 Uel 1€ 6861 9°4 1T  S661 gy OHM
SPUBLISUION S[O13U0D GGT ‘S9SLD 97T [o1ju00-dse)  GEET 20l TE€ 886T Uel T G661 4 duresyuawoorg "IN'M 3
XN uswom 000L69 -s9sed 0g Hoyop - - 9661 op TPWIC Y
Auewon 3 310 S[O13UO0D L L8T '$98€D GOg [oryuos-asen G661 22 T66T Inf 9661 gy STAOT "V'IN
Srewrus ([ S[OI3U0D FET {S9S®D L9 [01ju0d-9sRD) - - 8661 pp UOSIOPUY "S° g
Aueurior) S[OIU0D QT ‘S9S®d 7§ [o1ju00-ase)) GeETI dog Z66T 120 R66T ep TPWIRT LAY
Arewus g S[013U0D THQT ‘S98€D GLE [013U0D-98®]) G661 V661 8661 oy PAEESOPIT "
SpuR[IaION S[OIJU0D TEG ‘sosed GRT [o13u00-9s®) GEGT 320 8T T86T dog 1 6661 mead&:oaooﬁm NN
Aresr stesun [013u00-aseD 8661 1AV 661 1dy 6661 op HIPUBRIN T

N SIAM 9GEITT 'SI5D 66 HOYoyH  LE6T IBIN 2661 6661 6c PPOL 'O
SPUBLISUION §98€D g ‘UdWOM 0000S¥ }oyoyn G661 9861 6661 gg SSULPH "D'IN'Y
Auewion) 23 3N S[013U0D ZOLT ‘S98©d TLF [orjuos-ase G661 12O 0T €661 uer 6661 Lg STRT "V'IN
XN SIAM 9L8€8)L 'S9SLD 48T }0Yoyn  L66T unf T66T uel 0002 gg PWIe " L'AY

pue[esz moN S[OI3UOD TTT -S9S®D 97 [o1ju00-9se)  866T SNV 0661 uer 0002 gg UPed 1
Auewrion) S[OIJU0D ZFHET Sosed 909 [o1ju0D-9s®))  GE6T N[ 7661 uer 2002 pg UURWOUIOH “["V 1T
uspamg S14313 FETITO0T 'sOsed gLT }oyon 1002 G961 7002 gg WIBWUSPOH "M
uopomg SIAM €TLEVT ‘SISO 88 30Yyon  000¢ 2°d 1€ T166T el T 00T zg Hosspnwes "

vsn S[013U0D GGQT ‘S9SD 18T [oyuoo-sser  ¢00g BN 000g wer 900¢ 1¢ P 'S'S
Spu®R[IaYl}oN S[OI3U0d O9LT {sosed ¥TST MOhuQOU|OmﬁO ¥00¢T Qom 6661 1IN 6002 9T wO:\/ Msﬂvﬁuﬁ%: uea 'y
eLISNY S[0IJU0D OZBT ‘Sosed TGY [013u02-9s®)  900% q°d Z00g uer 0102 g UURWOUIH "V ']

N S[OI3U0D GTg 1S9SLD 19 [oryuoo-ase)  600¢ doS 0€  ¢00T AN T T10T 1g UPlred 1

vsn S[013U0D 89 ‘s95LD 98T [oryuos-asen  800¢ 2°2d 1€ 00T uel T 1102 0z P °S'S

[90IS]  SIAM GPLETY ‘UIWOM GE66TE HoYoyH  800¢ 22 1€ 00T uer 1 T10T g UPTHOID N
Aijyunod squedioijaed jo ‘oN uSisep Apnig ojeppusy 9jepjaels Jeox Joyny

SOIpN)S POPNOUI JO SOISLIdYORIRYY) T°L 2[qe],

187



7. NETWORK META-ANALYSIS

Risk of bias A total of eight studies assessed combined oral con-
traceptive use through an interview or questionnaire (Supplemen-
tary table 7.2). Only five studies objectively confirmed venous
thrombosis in all patients, whereas eleven studies objectively
confirmed venous thrombosis in a proportion of the population
or subjectively confirmed venous thrombosis. Six case-control
studies selected controls from a hospitalized population. Of the
seven cohort studies, none reported any information about loss-
to-follow-up.

Network meta-analysis comparing generations of progestagens
A total of 23 studies were included for the analysis stratified
per generation of progestagen in a combined oral contraceptive.
Two studies reported solely on the risk of venous thrombosis in
drospirenone, which is not classified as a certain generation of
progestagen. Details of the number of events and total number
of women or total follow-up time per group (i.e., non-use, first
generation, second generation and third generation) are provided
in supplementary table 7.3.

Results of the network meta-analysis according to genera-
tions of progestagen are shown in table 7.2. Users of oral con-
traceptives with a first generation progestagen had a 3.4-fold
increased risk compared with non-users (95%CI: 2.5-4.5), for
second generations the risk was 2.8-fold increased (95%CI: 2.3-
3.5) and third generation users the risk was 4.5-fold increased
(95%CT: 3.6-5.5). Third generation users had a higher risk of ve-
nous thrombosis than second generation users (RR 1.6, 95%CT:
1.3-1.9). Restriction to studies where our classification of genera-
tions could be applied, the results remained the same (RRj4; 3.6,
95%CI: 2.5-5.2; RRopg 2.9, 95%CI: 2.3-3.8; RRs3,q 5.2, 95%CIL:
4.0-6.6 compared with non-use). A formal interaction test did
not show inconsistencies in the network (x?= 3.17, p = 0.67).
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Table 7.2: Overview of the results of the network meta-analysis per gener-
ation of progestagen

Reference group
Non-use 1st 2nd 3rd
RR (95%CI) RR (95%CI) RR (95%CI) RR (95%CI)

Non-use 1

1st 3.4 (2.5-4.5) 1
2nd 2.8 (2.3-3.5) 0.8 (0.6-1.1) 1
3rd 4.5 (3.6-5.5) 1.3 (1.0-1.7) 1.6 (1.3-1.9) 1

Network meta-analysis comparing different combined oral con-
traceptives Twelve studies had data available per type of oral
contraceptive preparation (Supplementary table 7.4). In all these
12 studies at least one preparation was compared with non-use or
two types were compared directly. Results of the network meta-
analysis per combined oral contraceptive preparation are shown
in table 7.3. All selected preparations were associated with a
two-fold or more increased risk of venous thrombosis compared
with non-use (Figure 7.2). The relative risk estimate was the
highest in 50LNG users and the lowest in 20LNG and 20GSD
users. There was a dose-related effect of ethinylestradiol within
gestodene and levonorgestrel users, but not in desogestrel users
(Table 7.3). In other words, taking either 20DSG or 30DSG as
reference did not materially alter the risk estimates for other
contraceptives. The risk of venous thrombosis with the use of
35CPA and 35DRSP was approximately the same as 50LNG
(RR?)OCPA 0.87 95%CI: 0.5-1.5 and RR?)ODRSP 0.9, 95%01: 0.5-
1.7 compared with 50LNG). A formal interaction test could not
be performed because none of the studies provided data on the
same groups (Supplementary table 7.3).

Sensitivity analysis Because of the low number of included stud-
ies, sensitivity analyses were limited to analyses stratified on
funding source, per study design, and objectively versus subjec-
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Figure 7.2: Results of the network meta-analysis per contraceptive pill on
a logarithmic scale. The dots indicate the overall RR with lines representing
the 95% confidence interval. Non-use was taken as the reference group

tively confirmed venous thrombosis (Table 7.4). Results from
the sensitivity analysis stratified on funding source showed that
the risk estimate for third generation users (compared with non-
users) was lower in the industry-sponsored studies than in non-
industry-sponsored studies (RR 3.3 versus RR 5.2). In cohort
studies, the risk estimate for third generation users (compared
with non-users) was higher than in case-control studies (RR 6.1
versus RR 4.3). All risk estimates were higher in studies with
objectively confirmed venous thrombosis of which none were
industry-sponsored.
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7. NETWORK META-ANALYSIS

Discussion

We performed a network meta-analysis based on 25 studies. Over-
all, combined oral contraceptive use increased the risk of venous
thrombosis four-fold. We observed that all generations of pro-
gestagens were associated with an increased risk of venous throm-
bosis and that third generation users had an increased venous
thrombosis risk compared with second generation users. All indi-
vidual types of combined oral contraceptives increased thrombo-
sis risk compared with non-use. The contraceptives 30DRSP and
35CPA increased the risk of venous thrombosis compared with
any other contraceptive except for 50LNG. Users of 20LNG had
the lowest risk of venous thrombosis. Whether 20GSD can be
considered as safe as 20LNG remains to be determined, because
only one study '® contributed data on 32 women using 20GSD.

In this meta-analysis, bias was potentially introduced by the
lack of objectively confirming venous thrombosis in all studies.
Only 25-33% of patients with clinical symptoms of thrombosis are
diagnosed with venous thrombosis?®. Including cases in a study
without objectively confirmed venous thrombosis would lead to
overestimating the association when oral contraceptive users
were more likely to be diagnosed than non-users. However, two
studies showed that this bias is unlikely to depend on combined
oral contraceptive use'®1?. In studies with clinically diagnosed
venous thrombosis without objective confirmation, women are
misclassified irrespective of their contraceptive use leading to non-
differential misclassification. Therefore, results of such studies
may be an underestimation of the true association. This was
confirmed by the results from our sensitivity analysis where the
risk estimates were higher in studies with objectively confirmed
venous thrombosis.

Strengths and limitations The internal validity of the network
meta-analysis was assessed through interaction analysis mod-
elling potential inconsistencies in the network. Our results in-
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7. NETWORK META-ANALYSIS

dicated that potential inconsistencies are likely the results of
chance. A limitation of our network meta-analysis is that the
publications had to provide the number of users with number
of events per type of combined oral contraceptive. A total of 16
studies provided information on combined oral contraceptive use
and risk of venous thrombosis without specifying which contra-
ceptive types were used. Therefore, the number of publications
included for the meta-analysis per contraceptive is relatively low.
A further limitation may be that the classification of generations
of progestagen was not the same in every publication. However,
no clear consensus exists on the classification into generations
of progestagen. For instance, norgestimate can be categorised
as a second or a third generation progestagen. However, restric-
tion on studies where our classification could be applied did
not change the results. Network meta-analysis summarizes data
from direct and indirect comparisons in a weighted average. A
strength of our analysis is that through a network meta-analysis
the data on cimbined oral contraceptives were most effectively
used. This resulted in a comprehensive overview of the risk of
venous thrombosis in commonly used oral contraceptives.

Two other meta-analyses'®° have evaluated the risk of ve-
nous thrombosis in third generation contraceptive users versus
second generation users. Both found an increased risk in third
generation users (RR 1.5 95%CI: 1.2-1.8'% and RR 1.57 95%CI:
1.24-1.985%) in line with our result. Although they differed in
their included studies, the majority of included studies from both
meta-analyses were included in our analysis. To date, no other
meta-analysis summarized the data on venous thrombosis risk
per combined oral contraceptive preparation.

Meaning of the study Although we observed that the risk of ve-
nous thrombosis increased with the dose of ethinylestradiol, this
was dependent on the progestagen provided. There was no differ-
ence in the venous thrombosis risk between 20DSG and 30DSG,
whereas oral contraceptives with other progestagens with differ-
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ent doses of ethinylestradiol did show a difference in risk. It is
unclear why the dose effect of ethinylestradiol might depend on
the progestagen. A possibility is that there is a difference in
inhibitory effects of the progestagen on the procoagulant effect
of ethinylestradiol. Oral contraceptive use increases the levels of
factors II, VII, VIII, protein C and decreases the levels of an-
tithrombin and protein S. Clinical studies have showed that this
effect on coagulation factors was more pronounced in desogestrel
users than in levonorgestrel users, and limited to combined oral
contraceptives®1%2,

The results per combined oral contraceptive preparation show-
ed that combining different preparations into generations may
not be an appropriate way to present the risk of thrombosis.
The risk of venous thrombosis depended both on the dose of
ethinylestradiol as well as on the progestagen provided. We sug-
gest abstaining from any classification of contraceptives, but to
compare the risk of venous thrombosis per oral contraceptive
preparation.

What do these results mean for clinical practice? Prescribing
combined oral contraceptives may not be a good choice with
regard to the risk of venous thrombosis. However, if a woman
persists in using combined oral contraceptives, only the con-
traceptive with the lowest risk of venous thrombosis and good
compliance should be prescribed, namely levonorgestrel with 30
ng ethinylestradiol. Current practice is to increase the dose of
ethinylestradiol in case of disruptions in bleeding patterns®3. In
all likelihood, our results indicate that prescribing 50LNG in
case of spotting during the use of 30LNG might carry a serious
adverse effect.

Conclusions Combined oral contraceptives were associated with
an increased risk of venous thrombosis. The effect size may de-
pend both on the progestagen and the dose of ethinylestradiol.
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Supplementary data

Search strategy of the review

PubMed (“Contraceptives, Oral'[mesh] OR "Contraceptives, Oral"[Phar-
macological Action] OR "oral contraceptives" OR "oral contraceptive" OR
"Contraceptives, Oral, Combined"[Mesh] OR "combined oral contraceptives"
OR '"combined oral contraceptive" OR ((norethisterone OR norethisteron*
OR norethindrone OR norethindron* OR "ethynodiol diacetate" OR lynes-
trenol OR lynestrenol* OR norethynodrel OR norethynodrel* OR dienogest
OR dienogest™ OR levonorgestrel OR levonorgestrel®* OR norgestrel OR
norgestrel* OR dl-norgestrel OR dl-norgestrel* OR desogestrel OR deso-
gestrel* OR norgestimate OR norgestimat® OR gestodene OR gestoden* OR
"medroxyprogesterone acetate" OR "chlormadinone acetate” OR nomege-
strol OR nomegestrol* OR nestorone OR nestoron* OR "Cyproterone ac-
etate" OR Drospirenone OR Drospirenon* OR oestrogen*[ti] OR estro-
gen[ti]) AND ("Ethinyl Estradiol'[mesh] OR "Ethinyl Estradiol" OR ethinyl-
estradiol OR ethinylestradiol* OR Mestranol OR Mestranol* OR "estradiol
valerate"[Supplementary Concept] OR "estradiol valerate" OR progesto-
gen*[ti]))) AND ("deep vein thrombosis"[ti] OR "deep venous thrombo-
sis"[t]] OR "Venous Thrombosis'[ti] OR "Vein Thrombosis'[ti] OR "Venous
Thrombosis"[mesh:noexp] OR "Thrombophlebitis"[mesh] OR "Upper Ex-
tremity Deep Vein Thrombosis'[mesh] OR Thrombophlebitis[ti] OR "pul-
monary embolism"[ti] OR "pulmonary embolism"[mesh| OR "venous throm-
boembolism"[ti] OR "Venous Thromboembolism"[mesh] OR "venous throm-
boembolic disorders"[ti] OR (venous[ti] AND thromboembolic[ti] AND dis-
order([ti]) OR "venous thromboembolic diseases"[ti] OR "venous thromboem-
bolic disease"[ti] OR "venous thrombotic"[ti] OR ("Thromboembolism"[mesh:
noexp] AND (venous[tiab] OR vein[tiab] OR veins[tiab))) AND (risk OR
risks OR risk factor OR risk factors) AND (women OR woman OR woman*
OR women* OR girl OR girls OR female) NOT (animals NOT (human
AND animals))

EMBASE (exp oral contraceptive agent/ OR "oral contraceptives".mp
OR '"oral contraceptive".mp OR "combined oral contraceptives".mp OR
"combined oral contraceptive".mp OR (((norethisterone OR norethisteron*
OR norethindrone OR norethindron* OR "ethynodiol diacetate" OR lynes-
trenol OR lynestrenol* OR norethynodrel OR norethynodrel* OR dienogest
OR dienogest* OR levonorgestrel OR levonorgestrel* OR norgestrel OR
norgestrel* OR dl-norgestrel OR dl-norgestrel* OR desogestrel OR deso-
gestrel* OR norgestimate OR norgestimat™* OR gestodene OR gestoden* OR
"medroxyprogesterone acetate” OR "chlormadinone acetate" OR nomege-
strol OR nomegestrol* OR nestorone OR nestoron* OR "Cyproterone ac-
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etate" OR Drospirenone OR Drospirenon*).mp OR oestrogen*.ti OR estro-
gen.ti) AND (("Ethinyl Estradiol" OR ethinylestradiol OR ethinylestradiol*
OR Mestranol OR Mestranol* OR "estradiol valerate" OR "estradiol valer-
ate").mp OR progestogen*.ti))) AND (("deep vein thrombosis" OR "deep
venous thrombosis" OR "Venous Thrombosis" OR "Vein Thrombosis").ti OR
exp deep vein thrombosis/ OR Vein Thrombosis/ OR Thrombophlebitis/
OR Thrombophlebitis.ti OR "pulmonary embolism".ti OR exp lung em-
bolism/ OR "venous thromboembolism".ti OR exp Venous Thromboem-
bolism/ OR "venous thromboembolic disorder*".ti OR "venous thromboem-
bolic disease*".ti OR "venous thrombotic".ti) AND (exp risk/ OR risk*.mp
OR exp risk factor/) AND ((women OR woman OR woman* OR women*
OR girl OR girls OR female).mp OR exp female/) AND (exp human/ OR
human.ti OR patient.ti OR patients.ti)

Web of Science TS=("oral contraceptives" OR "oral contraceptive" OR
combined oral contraceptive®* OR ((norethisterone OR norethisteron* OR
norethindrone OR norethindron* OR "ethynodiol diacetate" OR lynestre-
nol OR lynestrenol* OR norethynodrel OR norethynodrel* OR dienogest
OR dienogest™ OR levonorgestrel OR levonorgestrel* OR norgestrel OR
norgestrel* OR dl-norgestrel OR dl-norgestrel* OR desogestrel OR deso-
gestrel* OR norgestimate OR norgestimat* OR gestodene OR gestoden* OR
"medroxyprogesterone acetate" OR "chlormadinone acetate" OR nomege-
strol OR nomegestrol* OR nestorone OR nestoron* OR "Cyproterone ac-
etate" OR Drospirenone OR Drospirenon*) AND ("Ethinyl Estradiol” OR
ethinylestradiol OR ethinylestradiol* OR Mestranol OR Mestranol* OR
"estradiol valerate' OR "estradiol valerate"))) AND TI=("deep vein throm-
bosis" OR "deep venous thrombosis" OR "Venous Thrombosis" OR "Vein
Thrombosis" OR "Vein Thrombosis" OR Thrombophlebitis OR "pulmonary
embolism" OR "venous thromboembolism" OR "venous thromboembolic
disorder*" OR "venous thromboembolic disease*" OR "venous thrombotic")
AND TS=risk* AND TS=(women OR woman OR woman* OR women* OR
girl OR girls OR female) Cochrane (http://www3.interscience.wiley.com/cgi-
bin/mrwhome/106568753/HOME) ("oral contraceptives" OR "oral contra-
ceptive" OR combined oral contraceptive® OR ((norethisterone OR norethis-
teron* OR norethindrone OR norethindron* OR "ethynodiol diacetate"
OR lynestrenol OR lynestrenol* OR norethynodrel OR norethynodrel*
OR dienogest OR dienogest* OR levonorgestrel OR levonorgestrel* OR
norgestrel OR norgestrel* OR dl-norgestrel OR dl-norgestrel* OR deso-
gestrel OR desogestrel* OR norgestimate OR norgestimat* OR gestodene
OR gestoden* OR "medroxyprogesterone acetate" OR "chlormadinone ac-
etate" OR nomegestrol OR nomegestrol* OR nestorone OR nestoron* OR
"Cyproterone acetate" OR Drospirenone OR Drospirenon*) AND ("Ethinyl
Estradiol" OR ethinylestradiol OR ethinylestradiol* OR Mestranol OR Mes-
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tranol* OR "estradiol valerate" OR "estradiol valerate"))) AND ("deep vein
thrombosis" OR "deep venous thrombosis" OR "Venous Thrombosis" OR
"Vein Thrombosis" OR "Vein Thrombosis" OR Thrombophlebitis OR "pul-
monary embolism" OR, "venous thromboembolism" OR "venous thromboem-
bolic disorder*" OR "venous thromboembolic disease*" OR "venous throm-
botic") AND risk* AND (women OR woman OR woman* OR women* OR
girl OR girls OR female)

CINAHL TITLE/ABSTRACT/KEYWORD (oral contraceptives OR
oral contraceptive OR combined oral contraceptive® OR ((norethisterone
OR norethisteron* OR norethindrone OR norethindron* OR ethynodiol
diacetate OR lynestrenol OR lynestrenol* OR norethynodrel OR norethyn-
odrel* OR dienogest OR dienogest* OR levonorgestrel OR levonorgestrel*
OR norgestrel OR norgestrel* OR dl-norgestrel OR dl-norgestrel* OR des-
ogestrel OR desogestrel* OR norgestimate OR norgestimat* OR gestodene
OR gestoden* OR medroxyprogesterone acetate OR chlormadinone acetate
OR nomegestrol OR nomegestrol* OR nestorone OR nestoron* OR Cypro-
terone acetate OR Drospirenone OR Drospirenon*) AND (Ethinyl Estradiol
OR ethinylestradiol OR ethinylestradiol* OR Mestranol OR Mestranol* OR
estradiol valerate OR estradiol valerate))) AND (deep vein thrombosis OR
deep venous thrombosis OR Venous Thrombosis OR Vein Thrombosis OR
Vein Thrombosis OR Thrombophlebitis OR pulmonary embolism OR ve-
nous thromboembolism OR venous thromboembolic disorder* OR, venous
thromboembolic disease* OR venous thrombotic) AND risk* AND (women
OR woman OR woman* OR women* OR girl OR girls OR female)

Academic Search Premier (oral contraceptives OR oral contracep-
tive OR combined oral contraceptive®* OR ((norethisterone OR norethis-
teron* OR norethindrone OR norethindron* OR ethynodiol diacetate OR
lynestrenol OR. lynestrenol* OR norethynodrel OR norethynodrel* OR
dienogest OR dienogest* OR, levonorgestrel OR levonorgestrel* OR nor-
gestrel OR norgestrel* OR dl-norgestrel OR dl-norgestrel* OR desogestrel
OR desogestrel* OR norgestimate OR norgestimat* OR gestodene OR
gestoden™ OR medroxyprogesterone acetate OR chlormadinone acetate OR
nomegestrol OR nomegestrol* OR nestorone OR nestoron* OR Cyproterone
acetate OR Drospirenone OR Drospirenon*) AND (Ethinyl Estradiol OR
ethinylestradiol OR ethinylestradiol* OR Mestranol OR Mestranol* OR
estradiol valerate OR estradiol valerate))) AND (deep vein thrombosis OR
deep venous thrombosis OR Venous Thrombosis OR Vein Thrombosis OR
Vein Thrombosis OR Thrombophlebitis OR pulmonary embolism OR ve-
nous thromboembolism OR venous thromboembolic disorder* OR venous
thromboembolic disease* OR venous thrombotic) AND risk* AND (women
OR woman OR woman* OR women* OR girl OR girls OR female)
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ScienceDirect TITLE((oral contraceptives OR oral contraceptive OR
combined oral contraceptive®* OR ((norethisterone OR norethisteron®* OR
norethindrone OR norethindron* OR ethynodiol diacetate OR lynestrenol
OR lynestrenol* OR norethynodrel OR norethynodrel* OR dienogest OR
dienogest* OR. levonorgestrel OR levonorgestrel* OR norgestrel OR nor-
gestrel* OR dl-norgestrel OR dl-norgestrel* OR desogestrel OR. desogestrel*
OR norgestimate OR norgestimat* OR gestodene OR gestoden* OR medrox-
yprogesterone acetate OR chlormadinone acetate OR nomegestrol OR nome-
gestrol* OR nestorone OR nestoron* OR Cyproterone acetate OR Drospi-
renone OR Drospirenon*) AND (Ethinyl Estradiol OR ethinylestradiol OR
ethinylestradiol* OR Mestranol OR Mestranol* OR estradiol valerate OR
estradiol valerate))) AND (deep vein thrombosis OR deep venous thrombo-
sis OR Venous Thrombosis OR Vein Thrombosis OR Vein Thrombosis OR
Thrombophlebitis OR pulmonary embolism OR venous thromboembolism
OR venous thromboembolic disorder* OR venous thromboembolic disease*
OR venous thrombotic) AND risk* AND (women OR woman OR woman*
OR women* OR girl OR girls OR female))
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Criteria for considering studies for this review

Types of studies Observational studies in this review will include case-
control, cohort and nested case-control designs. If available, RCT will also
be evaluated and included.

Types of participants Participants will be healthy women taking com-
bined oral contraceptives. We will exclude studies of women on hormone
replacement therapy, studies of women taking non-oral or progestagen-only
contraceptives and studies of women with recurrent venous thrombosis.

Types of interventions Combined oral contraceptive use will be com-
pared to non-use or to a reference combined oral contraceptive (for example,
levonorgestrel with 30 pg of ethinylestradiol). We define a woman as a
non-user when either she has never been exposed to a combined oral con-
traceptive or she was a former/previous combined oral contraceptive user.
We will categorize the combined oral contraceptive type according to the
estrogen type and dose and to the progestagen type.

Types of outcome measures The outcome will be fatal or non-fatal first
venous thrombosis event (deep vein thrombosis or pulmonary embolism).
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Supplementary table 7.2 Overview of risk of bias per study

Study Source Exposure Outcome Follow-up
population* assessment assessment

N. Gronich 2011 NA Low risk Unclear Unclear
S.S. Jick 2011 Low risk Low risk Unclear NA
L. Parkin 2011 Low risk Low risk High risk NA
L.A.J. Heinemann 2010 Low risk High risk High risk NA
A. van Hylckama Vlieg 2009 Low risk High risk Low risk NA
S.S. Jick 2006 Low risk Low risk Unclear NA
E. Samuelsson 2004 NA Low risk Low risk Unclear
K. Hedenmalm 2004 NA Low risk High risk Unclear
L.A.J. Heinemann 2002 High risk High risk High risk NA
L. Parkin 2000 Low risk High risk High risk NA
R.D.T. Farmer 2000 NA Low risk High risk Unclear
M.A. Lewis 1999 High risk Low risk Unclear NA
R.M.C. Herings 1999 NA Low risk Unclear Unclear
J.C. Todd 1999 NA Low risk High risk Unclear
I. Martinelli 1999 Low risk Unclear Unclear NA
K.W.M. Bloemenkamp 1999 Low risk High risk Low risk NA
@. Lidegaard 1998 Low risk High risk High risk NA
R.D.T. Farmer 1998 Low risk Low risk Unclear NA
B.S. Andersen 1998 Low risk Low risk Low risk NA
M.A. Lewis 1996 High risk High risk Unclear NA
R. Farmer 1996 NA Low risk Unclear Unclear
K.W.M. Bloemenkamp 1995 Low risk Low risk Low risk NA
‘WHO 1995 High risk Low risk High risk NA
WHO1 1995 High risk Low risk High risk NA
WHO2 1995 High risk Low risk High risk NA

NA, not applicable due to cohort design in case of source population or due to case-
control design in case of follow-up

* Case-control studies: population of controls, hospitalized or community-based.
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Supplementary table 7.3 Included publications with data on generation
of progestagens

*

*

Design Study Non-use”™ 1st” 2nd 3rd
Hylckama 2009 421/1523 55/81 382/672 412/582
Heinemann 2002 246/2115 45/190 131/865 28/195
Lewis 1999 171/1268 38/97 142/562 137/401
Bloemenkamp 1999 83/511 18/46 8/22 33/67
Bloemenkamp 1995 46/150 8/13 20/38 37/52
WHO1 1995 168/855 29/74 156/392 53/104
WHO2 1995 505/2220 26/65 153/337 18/25
Heinemann 2010 70/1215 - 61/245 62/238
Parkin 2000 9/95 . 3/11 12/27
Lidegaard 1998 203/1037 - 31/85 120/244
WHO 1995 397/1916 - 137/340 71/127
Samuelsson 2004 32/171206 - - 17/14819
Martinelli 1999 41/179 - - 43/79
Andersen 1998 27/133 - - 16/23
Hedenmalm 2004 - 36/1898899 74/6343562 83/1739393
Farmer 2000 - 12/39421 98/307070 161/374129
Gronich 2011 - - 23/33187 384/651455
Jick 2006 - - 70/386 211/950
Herrings 1999 - - 29/121411 49/88295
Todd 1999 - - 32/76993 53/92052
Farmer 1998 - - 27/116 15/79
Lewis 1996 - - 96/419 156/451
Farmer 1996 - - 14 /76600 15/65100

1st, first generation; 2nd, second generation; 3rd, third generation

* Number of cases/ total number of women in the group or total follow-up time
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