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The risk of venous thrombosis (VT) varies according to the type of progestogen that is
found in combined oral contraceptives (COCs). When combined with the estrogen
component ethinylestradiol (EE), the androgenic progestogens are better able to
counteract the EE-induced stimulation of liver proteins and hence are associated with a
twofold decreased risk of VT compared with non- or antiandrogenic progestogens,
which exert limited counteraction of EE. Because EE is responsible for the increased risk,
novel estrogens such as estradiol were developed and seem to have a lower risk of VT
than EE. Besides COCs, there are other methods of hormonal contraceptives, such as
progestogen-only contraceptives, which do not increase VT risk, except for injectables.
Other nonoral contraceptives are combined vaginal rings and patches. There is
insufficient evidence regarding the risk of VT associated with these two methods
compared with COCs. The increased risk associated with COCs is more pronounced in
women with inherited thrombophilia. In these women, the progestogen levonorgestrel
seems to be associated with the lowest risk of VT. Currently, there are no studies that
have investigated the risk of VT in women who switch COCs. We hypothesize that
switching COCs, even when switching from a high- to a low-risk COC, increases the risk
of VT. Finally, risk prediction models in women who use COCs are lacking. Since there is
a large number of VT cases associated with COC use, it is important to identify women
at risk of VT and advise them on alternative contraception methods.

Combined oral contraceptives (COCs), which contain both an
estrogen and a progestogen component, are associated with
a two- to fourfold increased risk of venous thrombosis (VT)
compared with nonuse, depending on the type of COC.!
Despite the low incidence of VT among women of reproduc-
tive age (~3 per 10,000 women per year),” the impact on the
burden of VT is large since worldwide over 100 million
women are using COCs,> and hence COC use is responsible
for a large number of VT cases. Moreover, VT is associated
with both increased morbidity and mortality.4

In this review, we will summarize the literature regarding the
risk of VT associated with COC use and also focus on novel topics
which are not investigated and/or understood thoroughly.
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These topics include the risk of VT associated with the
newer types of COCs containing the estrogen component
estradiol, the risk of VT in women using COCs and who also
have inherited thrombophilia, and the risk of VT in women
switching COCs. Lastly, available literature on risk prediction
modelling for VT in women using COCs is summarized and
further recommendations for future studies are given.

The Risk of Venous Thrombosis Associated
with Combined Oral Contraceptives

Shortly after the introduction of the first COC in the 1960s, the
first case of VT associated with its use was reported.” Because
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the estrogen component ethinylestradiol (EE) in COCs was
thought to increase the risk of VT, the dose of estrogen was
lowered in the 1970s. The lowering of the dose of estrogen in
COCs was indeed associated with a reduced risk of VT.>® Inan
effort to further reduce the risk, the progestogen component
was also changed over time. After the introduction of the first
COC (which contained among others the progestogens lynes-
trenol and ethynodiol diacetate), new progestogens were
developed in the 1970s (main agent: levonorgestrel) and
1980s (e.g., gestodene and desogestrel). Four studies in the
years 1995 to 1996 reported a twofold increased risk of VT in
women using a COC containing the progestogens gestodene
and desogestrel compared with women using COCs containing
levonorgestrel (~Table 1).°>7'2 The four publications were
followed by a large correspondence and a series of other
publications pointing at confounding and biases, such as
healthy user bias, recency of introduction bias, and prescribing
bias. These issues were addressed in a clinical opinion article
and a meta-analysis in which it was shown that confounding or
bias could not explain the differences between the different
progestogens in COCs on the risk of VT.'>14

Other progestogens have been developed since the intro-
duction of the previously mentioned progestogens, that is,
cyproterone acetate (1988) and drospirenone (2001). Several
large studies, including a review by the European Medicines
Agency as well as a Cochrane network meta-analysis, have
shown that the risk of VT in women using a COC containing
cyproterone acetate or drospirenone is approximately two-
fold higher than with COCs containing levonorgestrel
(~Table 1).">1® These studies also reconfirmed the previous
findings regarding the increased risk among users of ges-
todene and desogestrel compared with levonorgestrel.

Historically, the majority of available COCs contained EE,
and it is this estrogen component in COCs that seems to be
responsible for the occurrence of VT in women using them.
Progestogens when given alone do not increase the risk of VT
(as discussed in more detail in the next section). When
combined with EE, the more androgenic progestogens, for
example, levonorgestrel, counteract the potent EE-induced
stimulation of liver proteins and change the procoagulant,
anticoagulant, and fibrinolytic factors, but in contrast, non- or
antiandrogenic progestogens (such as gestodene, desogestrel,

cyproterone acetate, and drospirenone) exert a limited coun-
teraction on the EE action, thereby increasing the risk of VT.!”

EE use leads to hypercoagulability, due to changes in both
procoagulant and anticoagulant proteins.'” EE increases the
levels of fibrinogen, prothrombin, and coagulation factors VII,
VIII, and X, and slightly decreases the level of factor V. The
increase of prothrombin and factor VIl levels and the decrease of
factor V levels are more obvious during the use of COCs
containing the progestogen desogestrel than during the use
of COCs containing the progestogen levonorgestrel. There are
also changes in the protein C pathway, that is, there is a slight
increase in the concentration and activity of protein C. This is
counterbalanced by higher levels of the protein C inhibitors, that
is, protein C inhibitor, al-antitrypsin (a1-antiprotease), and
o2-macroglobulin. The total and free protein S levels as well as
the activated protein C (APC) independent anticoagulant activi-
ty of protein S declines. This reduction is more pronounced in
women using the more non- or antiandrogenic progestogens
than the androgenic progestogens. Lastly, EE enhances the
fibrinolytic activity in plasma. There is a decrease in the
concentration and activity of plasminogen activator inhibitor
(PAI) 1 and an increase in levels of tissue plasminogen activator
and plasminogen. This is, however, counteracted by increased
levels of thrombin-activatable fibrinolysis inhibitor.' 8

From these findings, it has become clear that the EE
component in combined contraceptives is responsible for
the increased risk of VT. This finding has led to the search for
novel estrogens, with less procoagulant effects on the coag-
ulation system. After many trial and errors, contraceptives
containing the estrogen estradiol valerate (E2V) and 17p-
estradiol (17B-E2) were marketed in the year 2009 and 2011,
respectively.!20

E2V was combined with the progestogen dienogest, as it has
particularly potent effects on the endometrium, that is, it
inhibits ovulation and minimizes breakthrough bleeding.'®
There are several studies that have compared coagulation
and hemostatic markers between the lowest risk COCs con-
taining EE/levonorgestrel and COCs containing E2V/dienogest.
In a crossover study performed in 29 women and in a random-
ized trial performed in 58 women, changes in hemostatic
parameters were more pronounced in COCs containing
EE/levonorgestrel versus E2V/dienogest, but the changes

Table 1 Risk of venous thrombosis associated with hormonal contraceptives

Exposure

Reference Relative risk

COCs containing EE EE/gestodene, EE/desogestrel,

EE/drospirenone, EE/cyproterone acetate

EE/levonorgestrel ~2971215.16

COCs containing E2 E2V/dienogest

EE/levonorgestrel 0.5 (95% Cl: 0.2-1.5)26:27

ring and patch

17B-E2/nomegestrol Unknown
POCs Subcutaneous implant, 1UDs, Nonuse of hormonal 13031
and progestogen-only pills contraceptives 2-330.31
Injectables (DMPA)
Combined vaginal EE/etonogestrel and EE/norelgestromin COCs containing EE Unknown

Abbreviations: 17B-E2, 17B-estradiol; Cl, confidence interval; COC, combined oral contraceptives; DMPA, depot medroxyprogesterone acetate; E2,
estradiol; E2V, estradiol valerate; EE, ethinylestradiol; IUD, intrauterine devices; POC, progestogen-only contraceptives.
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remained within the normal range. The changes were seen in
the concentrations of factors VII and VIII, antithrombin, pro-
teins Cand S, or in APC resistance, PAI-1 activity, D-dimer, and
fibrinogen levels.2'-??

Previous studies have shown that differences in the risk of
VT between various COCs, that is, those containing the higher
versus the lower risk progestogens, could at least partially be
explained by the differential effects of these COCs on APC
resistance and levels of sex hormone binding globulin
(SHBG).23'24 In a randomized trial with 74 women, compar-
ing APC resistance and SHBG levels between E2V/dienogest
and COCs containing EE/levonorgestrel, no differences were
found in APC resistance and SHBG levels between users of
these two COCs, suggesting a similar thrombotic risk.?

To date, there are only two reports that have investigated
the risk of VT among E2V/dienogest and other COCs containing
EE using VT as an end point. One study reported that in a total
of 50,203 new COC users, who were followed for up to 5.5
years, COCs containing E2V/dienogest were associated with
lower VTrisk than COCs containing EE, with an adjusted hazard
ratio (HR) of 0.4 (confidence interval [CI]: 0.2-1.0).2% The COCs
containing EE also contained the progestogen levonorgestrel,
but there is no mention in the publication about which other
types of progestogens were included. A comparison of the E2V/
dienogest with the EE/levonorgestrel-only groups showed
similar point estimates (i.e., similar to the comparison of
E2V/dienogest vs. COCs containing EE) with wide Cls: an
adjusted HR of 0.5 (95% CI: 0.2-1.5; =Table 1). Similar results
were obtained when the study was extended up to 2017, as
reported by Fruzzetti and Cagnacci.27

17B-E2 has been combined with the progestogen nomeges-
trol acetate (NOMAC).2° Two double-blind randomized studies
using French and Finnish data have shown that 173-E2/NOMAC
has fewer adverse effects on blood biological coagulation,
fibrinolysis, and hemostatic markers than EE/levonorges-
trel.282% Therefore, 17B-E2/NOMAC could have a more favor-
able VT risk profile than EE/levonorgestrel. However, studies
with VT as an end point are needed to confirm this.

Other Forms of (Nonoral) Hormonal
Contraceptives

Though the most common method of contraceptives among
young women is COCs, other forms of (nonoral) contra-
ceptives are increasing worldwide. These include progesto-
gen-only contraceptives (POCs), that is, injectables,
subcutaneous implant, intrauterine devices and progesto-
gen-only pills, the combined hormonal patch, and the com-
bined vaginal ring. Below, we provide a brief summary of
evidence regarding the risk of VT in women using these other
forms of contraceptives.

The Risk of VT Associated with Progestogen-Only
Contraceptives

A systematic review from 2016 and a systematic review
and meta-analysis from 20183" have suggested that the use
of POCs are not associated with an increased risk of VT
compared with nonuse of hormonal contraceptives, except
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for injectables containing depot medroxyprogesterone ace-
tate (DMPA), which is associated with a two- to threefold
higher risk than for nonuse (~Table 1).

Since the prothrombotic effect of COCs is due to the
estrogen component found in COCs, POCs may be a good
alternative in women who have a contraindication for estro-
gen use, such as those at high risk of VT. Progestogens, in
general, do not have detrimental effects on hemostatic
factors, with either oral or parenteral application, in cyclic
or continuous regimens.3? It is, however, still unclear why
the risk of VT is increased in women using DMPA.

The Risk of VT Associated with Combined Hormonal
Patch or Combined Vaginal Ring

The combined hormonal patch contains EE and the proges-
togen norelgestromin, whereas the combined vaginal ring
contains EE and the progestogen etonogestrel. While some
have argued that the risk of VT is increased for these two
nonoral combined hormonal contraceptives, others have
hypothesized that the risk might be lower or equal to the
risk associated with COCs.>?

Similar to COCs, the type of progestogen found in nonoral
combined hormonal contraceptives may also be involved in
modulating the risk of VT associated with the estrogen
component.

The combined hormonal patch contains the progestogen
norelgestromin, which is a metabolite of the progestogen
norgestimate. COCs containing norgestimate have not been
associated with higher risk of VT than COCs containing levo-
norgestrel. However, the concentration of norelgestromin
(6 mg) in combined hormonal patch is much higher than the
concentration of norgestimate (250 micrograms) in COCs. The
progestogen found in combined vaginal ring, that is, etono-
gestrel, is a metabolite of a high-risk progestogen desogestrel.
Therefore, this suggests that combined hormonal patch and
combined vaginal ring may increase the risk of VT.

It has been argued that because EE is metabolized in the
liver, nonoral administration of EE will avoid the first-pass
effect on liver metabolism and therefore will have a low
effect on coagulation proteins in the liver. However, it has
been shown that changes in liver metabolism and hemostatic
factors due to EE are not affected by the route of administra-
tion. A crossover study from 2007 compared the effects of
oral and vaginal administration of the same dose of EE and
found the same effects on hemostatic factors and estrogen-
sensitive liver proteins.3? Results from one study have sug-
gested that regardless of the route of delivery, EE does not
undergo an extensive hepatic metabolism and remains in the
liver for a period of time. EE has a strong impact on the liver
due to its 17a-ethinyl group. Due to this group, EE remains
active in the liver, and this results in a slow metabolism of
EE.33 This probably explains why there is no difference in the
coagulation proteins in the liver between oral and nonoral EE
administration. This may suggest that combined hormonal
patch and combined vaginal ring, which both contain EE, are
associated with a similar risk of VT as COCs.

A systematic review from 2017 found conflicting results in
women using the patch or the vaginal ring compared with
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women using COCs (either containing EE/levonorgestrel or
EE/norgestimate). Reasons for discordant results between
studies were differences in the study population, study design,
funding source, and ascertainment and confirmation of con-
traceptive use and outcomes. The authors concluded that
further studies with standard methodology were needed to
clarify any associations and better understand the mecha-
nisms by which these two forms of nonoral combined hor-
monal contraceptives might influence the VT risk.>* Along
these lines, the American Society for Reproductive Medicine
published a guideline in 2017 providing a summary statement
saying that there is insufficient evidence regarding the risk of
VT associated with combined hormonal patch and combined
vaginal ring compared with COCs.3°

The Risk of VT Associated with COCs and
Inherited Thrombophilia

The increased risk associated with COCs is pronounced in
women who already have an increased risk of VT, such as
those with inherited thrombophilia (i.e., antithrombin, pro-
tein C and protein S deficiencies, and factor V Leiden [FVL]
and prothrombin [F2] mutation).

Most studies have focused on FVL and F2 mutation since
these are more prevalent in the general population (5 and 2%,
respectively) than the deficiencies, which have a prevalence
of < 1% in the general population. Results of these studies were
combined in a recent systematic review and meta-analysis,>®
which showed that the presence of mild (FVL or F2 mutation)
and severe thrombophilia (antithrombin, protein Cor protein S
deficiency, and double heterozygosity and homozygosity of
FVL or F2 mutation) increases the risk of VT in COC users six-
and sevenfold, respectively. The absolute risks were 0.49 to 2.0
per 100 pill-years for mild thrombophilia and 4.3 to 4.6 per 100
pill-years for severe thrombophilia. The incidence of VT in COC
users with double heterozygosity or homozygosity of FVL or F2
mutation was 0.86 per 100 pill-years, suggesting that the
absolute risk of this double defect is less serious than that of
antithrombin, protein C, or protein S deficiency. In most case-
control studies included in the meta-analysis, the number of
thrombophilic controls who used COCs was small, yielding
imprecise odds ratios of VT. Results from one of these small
case-control studies suggested that the risk of VT associated
with the joint effect of FVL and COC use is increased 10- to
15-fold compared with wildtype carriers without COC use
rather than the previously reported 30-fold increased risk.3”
Currently, the World Health Organization states that COC use
in women with inherited thrombophilia is associated with an
unacceptably high risk of VT.>® The authors of the meta-
analysis suggested that COCs could be prescribed in women
with mild thrombophilia (without a family history of VT),
when alternative forms of contraception are not well tolerated.

A study published in 2018 investigated the interaction
between the different types of generations of COCs and FVL
mutation on the risk of VT.3° They performed a case-only
analysis, using 2,613 women with VT, to calculate the
synergy index (SI) between the different generations of
COCs and FVL. Their results showed that the interaction

Seminars in Thrombosis & Hemostasis ~ Vol. 46 No. 8/2020

was higher in COCs containing third-generation progesto-
gens (containing gestodene and desogestrel), drospirenone,
or cyproterone acetate, compared with first-/second-gener-
ation progestogens (containing norethisterone, lynestrenol,
and levonorgestrel). Although an attractive approach to
calculate the combined effect of genes and environmental
factors without the need to use control subjects, the SI from a
case-only study represents interaction on the multiplicative
scale. Several authors have pointed out the potential danger
of using statistical interaction to draw conclusions about
biological interaction.*®*! Furthermore, the study grouped
the different progestogens into generations. Several studies
have shown that the risk of VT varies for the individual
progestogens in COCs, for example, the progestogens des-
ogestrel and gestodene are grouped as third-generation
COCs, but desogestrel is associated with a higher risk of VT
compared with gestodene.*?

Most studies assessed the combined effect of COC use and
the FVL or F2 mutation. Thus, information regarding the
combined effect of COCs and other genetic variants is scarce.
Recently, we reported the joint effect of the different proges-
togens in COCs and genetic risk factors, that is, FVL, F2, and
fibrinogen gamma.*> The study had a case—control design.
Although the number of control subjects with a genetic risk
factor that also used a certain COC was small, we were able to
estimate the joint effect (expressed as odds ratios with 95% CI)
more precisely compared with a conventional logistic regres-
sion analysis by performing a constrained maximum likeli-
hood estimation method. Our results showed that in women
with inherited thrombophilia, COCs containing levonorgestrel
were associated with the lowest risk of VT, albeit CIs were still
wide and absolute risks were lacking. Therefore, interpretation
of our results should be done with caution, and larger studies
are needed to confirm these findings.

The combined effect of different types of COCs and genetic
risk factors should be replicated in larger populations where
absolute risks can be provided to confirm the previous
findings regarding the lowest risk of VT in women who use
COCs containing levonorgestrel and who have inherited
thrombophilia.

The Risk of VT Associated with Switching COCs

To date, there are no studies that have investigated the risk of
VT in women who switch COCs. We hypothesized that
switching COCs, even when switching from a high- to a
low-risk COCs, increases the risk of VT.44

The risk of VT associated with COC use is the highest in the
first 3 to 12 months of starting, after which it remains stably
elevated at a two- to fourfold increased risk compared with
nonuse, depending on the type of COCs.*? This “starters effect”
occurs due to the redistribution of clotting factors after starting
COCs and the so-called “attrition of susceptibles.”* This is a
phenomenon that applies to all drug-induced side effects, in
which susceptible individuals are more likely to develop the
side effect, in this case VT, shortly after the start of a prescrip-
tion. In COC use, the magnitude of the risk increase in VT risk
stabilizes after 12 months, when the peak in VT incidence
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caused by the attrition of susceptibles has passed.*> Some
women tend to switch COC type, mainly due to side effects
such as irregular periods, nausea, weight gain, and so on, or
when their own (long used) COCs is no longer available, for
example, during the pill shortage that occurred in The
Netherlands during the period of September to Decem-
ber 2018.46 One would expect a beneficial effect when women
using a high-risk COC switch to a “safer” COC. However, the
effect of switching COC type on VT risk has yet to be investi-
gated. Apart from the potential risk reduction or increase
depending on the type of switch made, the switching itself
might exert an effect on the VT risk as clotting factors might
again redistribute, possibly provoking an event among other
susceptibles. Switching COC type may then temporarily induce
an increased risk similar to the above-mentioned “starters
effect.” Additional studies are needed to test this hypothesis.
Moreover, studies should be expanded to investigate the risk of
VT in women switching from COCs to other forms of hormonal
contraceptives.

Risk Prediction Model for VT in Women
using COCs

The incidence of VT in premenopausal women is low at
approximately 3 per 10,000 women per year.2 However, since
more than 100 million women worldwide use COCs, there is a
large number of VT cases associated with COC use each year.
Thus, one of the major challenges for medical doctors is to
identify women at risk of developing VT related to COC use and
advise them on alternative contraception methods.

Despite multiple studies that modeled VT risk using
different combinations of predictors, none were specific to
the use of COCs, except for one recent study performed by
McDaid et al.*’ The aim was to identify women at risk of
developing VT while using COCs and advise them on other
forms of contraceptive methods. A case-control study was
performed using 794 cases and 828 controls. The cases were
part of the PIL1 Genetic Risk Monitoring (PILGRIM) study,
and controls were recruited from different sources, with the
majority (N = 523) being part of PILGRIM study. Four clinical
and nine genetic variables were selected in the final model
with significant p-values (< 0.05). The clinical variables were
age, body mass index, smoking, and family history, and the
genetic variables were FVL (rs6025), F2 (rs1799963), F11
(rs2289252), KNG1 (rs710446), PROCR (rs9574), 2 ABO sub-
types (rs8176750 and rs8176719), CYP2C9 (rs1799853), and
SUGCT (rs4379368). The area under the curve (AUC) for the
clinical model was 0.61, while the combined model, that is,
clinical and genetic, had an AUC of 0.71. The authors men-
tioned that clinical information, which is often used during
oral history taking of a woman during the doctor’s visit for a
COC prescription, is not sufficient to distinguish women at
risk of VT while using COCs. This may indeed be the case for
family history since several studies have shown that a
positive family history does not correspond well with known
genetic risk factors.*® To assess a woman’s risk of VT prior to
prescribing COCs, a general practitioner often takes smoking
habits into account. However, existing literature is contro-

Contraceptives and Thrombosis  Khialani et al.

versial on whether smoking is a risk factor of VT, and at most
it has a weak effect.*®>" Therefore, genetic risk factors may
improve the risk prediction, which, however, needs to be
demonstrated in additional studies that also include medical
and financial effects of widespread genetic testing.

Future studies should take the following into account when
building a risk prediction model for VT in women using COCs.
First, the risk assessment model should be developed in women
who are starters (or who are about to start) COCs. This is
important since women who already are using COCs for a long
time have a low risk of VT due to attrition of susceptibles
principle and the starters effect. Moreover, since the risk
assessment in practice is done in women who are about to
start COCs, it is crucial to develop the model in the same
women. Second, information about risk factors that are not
commonly included during the oral anamnesis should be
included in the models, for example, transient provoking
factors, such as surgery, immobilization, injury to the leg,
cancer, and other comorbidities. While most of these risk
factors are present only temporarily and are not highly preva-
lent in young women who want to start COCs, some of them
may have a major effect. Studies should develop both internally
and externally validated new prediction models since the
performance of a predictive model is invariably overestimated
in the discovery cohort. Furthermore, since the risk of VT varies
for the different types of progestogens in COCs, risk assessment
models that incorporate the progestogen type are needed since
women with high risk would still be able to benefit from a lower
risk COCs. Lastly, models that include other forms of contra-
ceptives would also be beneficial to confirm the hypothesis that
women with high risk could be prescribed alternative forms of
contraception, such as POCs.

Conclusion

Some novel research questions in the field of COCs and the risk
of VT have emerged recently. The newer types of COCs con-
taining the estrogen component estradiol seem to have a lower
risk of VT than COCs containing EE, but further studies that use
VT as an end point are needed to confirm this. The combined
effect of various types of COCs and genetic risk factors should be
replicated where absolute risks can be provided to confirm the
previous findings regarding the lowest riskof VT inwomenwho
use COCs containing levonorgestrel and who have inherited
thrombophilia. The risk of VT in women switching COCs has not
been investigated before and should therefore be examined in
future studies. Finally, well-validated risk prediction models are
urgently needed to identify women at high risk of VT while
using COCs so that they can be advised about alternatives.
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