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Chapter 12




Summary, Discussion and Recommendations







SUMMARY AND DISCUSSION

Objectives of the thesis

Since the introduction of the first contraceptive pill in 1959, the development of new hor-
monal contraceptives has focused on maintaining the benefits of oral contraceptives while
reducing their adverse effects. Four approaches have been used to optimize the risk-benefit
profile: (i) lowering of the steroid dose; (ii) development of new formulas and schedules
of administration; (iii) development of new steroids and (iv) development of new routes of
administration. The first objective of this thesis was to compare the multiphasic schedule
of administration of oral contraceptives with the classic monophasic schedule of admin-
istration in terms of contraceptive effectiveness, bleeding pattern and discontinuation. The
second objective was to predict the thrombotic risk of oral contraceptives containing the
new steroid drospirenone by comparing the thrombin generation-based APC-resistance in
users of pills containing drospirenone with the APC-resistance in users of pills containing
other progestogens. We also focused on the biological basis of acquired APC-resistance in
oral contraceptive users by studying the two main determinants of the thrombin generation-
based APC-resistance test, free protein S and tissue factor pathway inhibitor free antigen.
In addition, we tested the usefulness of sex hormone binding globulin as a new marker
for the thrombotic risk of a hormonal contraceptive. The third objective was to estimate
the thrombotic risk of contraceptives which administer steroids vaginally, transdermally or
intrauterine by assessing the effect of these contraceptives on thrombin generation-based
APC-resistance. At last we evaluated whether varying levels of estradiol and progesterone

during a natural menstrual cycle are associated with differences in APC-resistance.

New formulas and schedules of administration

In chapter 2 and chapter 3 we systematically reviewed the literature for randomized
controlled trials comparing biphasic or triphasic oral contraceptives with monophasic oral
contraceptives and planned to perform a meta-analysis for the outcomes contraceptive
effectiveness, bleeding pattern and discontinuation. In chapter 4 we conducted a systematic
review of trials comparing biphasic and triphasic oral contraceptives. The literature search
yielded twenty-one trials comparing triphasic regimens with monophasic regimens, one trial
comparing biphasic regimens with monophasic regimens and two trials comparing triphasic
regimens with biphasic regimens. These studies provided insufficient evidence to determine
whether the multiphasic approach differs from the monophasic approach in contraceptive
effectiveness, bleeding patterns and discontinuation rates. Nor was it possible to adequately
compare the triphasic approach with the biphasic approach. Overall, the reporting of the
study methods was limited and the methodological quality of the studies were poor '-1°.
Pooling of the data on contraceptive effectiveness or bleeding in a meta-analysis was gener-

ally not possible due to (i) differences in progestogen type, progestogen dosage and estrogen
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dosage of the studied contraceptive pills and (ii) differences between the trials in measuring,
analyzing and reporting the data on cycle disturbances. The sample sizes of the individual
trials were too small to detect differences in contraceptive effectiveness. Some trials included
in the reviews reported favorable bleeding patterns, i.e. less spotting, breakthrough bleeding
or amenorrhea, in users of triphasic oral contraceptives than in users of monophasic or
biphasic oral contraceptives. However, in most of these trials, the progestogen type differed
between the two studied oral contraceptives. Since the type of progestogen is thought to
affect cycle control, the observed differences in bleeding pattern might be explained by the
differences in progestogen content rather than the phasic approach /12, Further, several
trials used the proportion of all cycles with spotting, breakthrough bleeding or amenorrhea
as effect measure. This measure might give a distorted impression as one does not know
whether a few women had all the cycles with bleeding problems or many women had a
few cycles with bleeding problems. No differences in intermenstrual bleeding and amen-
orrhea were observed between biphasic and monophasic oral contraceptives. The three
approaches did not differ significantly in the number of women who discontinued due to
bleeding disturbances and other minor side effects which can be considered as an indicator
of how women tolerated the contraceptive method.

In the absence of proven advantages of multiphasic oral contraceptives, the greater com-
plexity of the multiphasic approach, and the higher costs of multiphasic oral contraceptives
we recommend monophasic pills as the first choice for women starting oral contraceptive
use. At first prescription, monophasic pills containing 30 pg estrogen are preferred over
monophasic pills containing 20 pg estrogen since the latter cause more bleeding problems
and discontinuation 3. Large, adequately reported, high-quality, randomized controlled
trials that compare triphasic and monophasic oral contraceptives with identical proges-
togens are needed to determine whether triphasic pills differ from monophasic pills in
contraceptive effectiveness, bleeding patterns and continuation rates. Future studies should
follow the recommendations of the Hormonal Contraceptives Trial Methodology Consensus
Conference on recording of bleeding patterns '* and the CONSORT guidelines on reporting
of randomized controlled trials 23. Given the limited availability and use of biphasic oral
contraceptives, additional trials comparing the biphasic approach with the monophasic
approach are of low-priority. Nevertheless, all new contraceptive preparations require com-
parison of effectiveness, frequent side effects and beneficial effects with the gold standard
in adequately reported, high-quality randomized controlled trials. The presence of only two
studies which were also of low methodological quality made it impossible to adequately
compare triphasic pills with biphasic pills and to recommend one of the two approaches.
Considering the sparse use of biphasic oral contraceptives, additional comparative trials are
of low importance.

In chapter 5 we investigated the frequency of quality assessment of randomized con-

trolled trials within systematic reviews and the incorporation of the quality assessment in the



analysis. We included new systematic reviews of at least five trials of therapeutic or preven-
tive interventions that appeared in issue 2, 2003, of the Cochrane Database of Systematic
Reviews and all systematic reviews in the 2002 issues of the general and internal medicine
journals Annals of Internal Medicine, BMJ, JAMA, and Lancet. Trial quality was assessed
in all Cochrane reviews and most of the paper reviews. However, only half of the reviews
incorporated the results of the quality assessment in the analysis, with no substantial dif-
ference between Cochrane and paper reviews. These findings were confirmed by a similar
literature study '>.

Since isolated quality assessments without incorporation of its results in the analysis are
futile, we advise authors, peer-reviewers, and editors not to exclusively focus on whether
quality assessment has been performed, but also to concentrate on incorporation of quality

assessments in the analysis of systematic reviews.

New steroids

In chapter 6 we assessed the thrombotic profile of a new combined oral contraceptive con-
taining drospirenone by comparing the resistance to APC in users of drospirenone-pills with
the resistance to APC in users of pills containing second- or third-generation progestogens or
cyproterone acetate. In addition, we measured the resistance to APC in women who switched
from a drospirenone-containing pill to a second-generation oral contraceptive containing
levonorgestrel or who switched from a second- or third-generation oral contraceptive to
the drospirenone-containing pill. The resistance to APC was determined by quantifying
the effect of APC on thrombin generation (thrombin generation-based or ETP-based APC-
resistance test). The study demonstrated that women using oral contraceptives containing
drospirenone were more resistant to APC than women using second-generation oral contra-
ceptives containing levonorgestrel. The APC-resistance in users of drospirenone-containing
pills was similar to the APC-resistance in users of pills with an increased risk of thrombosis,
i.e. pills containing desogestrel or cyproterone acetate %19, In the group of women who
switched from oral contraceptive type the resistance to APC altered correspondingly, so it
increased when switching from a levonorgestrel-pill to a drospirenone-pill and decreased
when switching from drospironone-pill to a levonorgestrel-pill. This study confirmed that the
thrombin generation-based APC-resistance test discriminates well between oral contracep-
tives with a high thrombotic risk (desogestrel and cyproterone acetate) and with a lower risk
of thrombosis (levonorgestrel) 1020, The higher resistance to APC in users of drospirenone-
containing pills compared to users of levonorgestrel-containing pills suggests an increased
risk of thrombosis for drospirenone-containing oral contraceptives.

The predicted increased risk of thrombosis associated with oral contraceptives containing
drospirenone was confirmed in two independent studies and contradicted in two studies
sponsored by the manufacturer of the drospirenone-containing pill. A population based

case-control study including 1524 patients with a venous thrombosis of the leg or pulmonary
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embolism and 1760 controls observed an 1.7-fold increased risk of thrombosis (95% CI 0.7
to 3.9) for oral contraceptives containing drospirenone compared to oral contraceptives con-
taining levonorgestrel 2'. A national cohort study comprising 10.4 million women-years of
observation found the risk of thrombosis associated with contraceptive pills containing dro-
spirenone to be increased by a factor 1.64 (95% CI 1.27 to 2.10) compared to contraceptive
pills containing levonorgestrel 22. No difference in the risk of thrombosis between oral con-
traceptives containing drospirenone and oral contraceptives containing levonorgestrel was
observed in a cohort study of 16.534 women using drospirenone-containing pills followed
for 28.621 women-years of observation and 15.428 women using levonorgestrel-containing
pills followed for 31.415 years of observation (Hazard ratio drospirenone versus levonorg-
estrel 1.0; 95% Cl 0.6 to 1.8) 23. A cohort study of 22.429 users of drospirenone-containing
oral contraceptives followed for 14.081 women-years and 44.858 users of oral contracep-
tives containing ‘other progestogens’ followed for 27.575 women-years observed no differ-
ence in thrombotic risk between the preparations (Hazard ratio drospirenone versus other
progestogens 0.9; 95% Cl 0.5 to 1.6) 24, However, the sample size of the study by Dinger et
al. was too small to detect a difference in thrombotic risk between drospirenone-containing
and levonorgestrel-containing pills and the confidence interval did not exclude the 1.6 to
1.7-fold increased risk observed in the two studies mentioned above. In order to demonstrate
a doubling of risk of venous thrombosis between two different oral contraceptives about
600.000 women should be followed for 1 year '8. In the study by Seeger et al. the thrombotic
risk of drospirenone-containing pills was compared with the thrombotic risk of pills contain-
ing ‘other progestogens’ which most likely also include progestogens with an increased
risk of thrombosis. The primary comparator should have been an oral contraceptive with a
low risk of thrombosis, i.e. containing the second-generation progestogen levonorgestrel.
In addition, both studies where funded by the manufacturer of the drospirenone-pill 2324,
Studies sponsored by pharmaceutical companies are more likely to have outcomes favoring
the sponsor than studies funded by other sources %'°. An example of the impact of sponsor-
ship on contraceptive research outcomes emerges from a meta-analyses by Kemmeren et al.
which observed that the difference in thrombotic risk between second- and third-generation
oral contraceptives was less in trials sponsored by the pharmaceutical industry compared to
studies that were financed with public funds or through charities '°.

No differences in contraceptive effectiveness, bleeding pattern and minor adverse effects
have been observed between oral contraceptives containing drospirenone or levonorgestrel
25 Suggested beneficial effects on weight, acne, hirsutism and premenstrual syndrome of the
drospirenone-pill in comparison with a levonorgestrel-pill were not confirmed by Cochrane
reviews 2629 In the absence of proven advantages of the drospirenone-containing oral
contraceptive, an increased risk of thrombosis, and the higher costs of the drospirenone-pill
we advise not to prescribe this oral contraceptive as a first choice for women starting oral

contraceptives.



Due to the low incidence of venous thrombosis in users of hormonal contraceptives,
assessment of the thrombotic risk necessitates studies including hundreds of thousands of
women or case-control studies. In a development program for market authorization of a new
hormonal contraceptive evaluation of the thrombotic risk in a clinical trial is virtually impos-
sible. We confirmed that the thrombin generation-based APC-resistance test discriminates
well between oral contraceptives with a high and with a low risk of thrombosis. In agreement
with the European Medicines Agency Guideline on Clinical Investigation of Steroid Contra-
ceptives in Women we advocate that before a new hormonal contraceptive is marketed the
effect of the preparation on the resistance to APC measured with the thrombin generation-
based APC-resistance test is determined to estimate the thrombotic risk 3°. Preferably, the
new hormonal contraceptive is compared with a combined oral contraceptive with the low-
est thrombotic risk, i.e. a pill containing the second-generation progestogen levonorgestrel.

In chapter 7 we focused on the biological basis of acquired APC-resistance in oral
contraceptive users and the different effects of various types of oral contraceptives on the
resistance to APC by studying the two main determinants of the thrombin generation-based
APC-resistance test, free protein S and tissue factor pathway inhibitor (TFPI) free antigen 3'.
In this study we observed that oral contraceptives containing different progestogens had
different effects on free protein S and TFPI free antigen. Women using third-generation oral
contraceptives containing desogestrel, which are known to double the risk of thrombosis
compared to second-generation oral contraceptives containing levonorgestrel, had lower
free protein S and TFPI free antigen levels than women using oral contraceptives contain-
ing levonorgestrel 1619, Free protein S and TFPI antigen levels in users of drospirenone-
containing oral contraceptives were lower than in users of levonorgestrel-containing oral
contraceptives and similar to those in users of third-generation oral contraceptives. Women
using oral contraceptives containing cyproterone acetate, which are known to increase the
thrombotic risk 4-fold compared to oral contraceptives containing levonorgestrel, had the
lowest free protein S and TFPI free antigen levels 2°. Low free protein S and low TFPI free
antigen levels were associated with an increased resistance to APC. These results indicate
that the observed differences in APC-resistance induced by oral contraceptives containing
different progestogens and the differences in thrombotic risk can at least in part be explained
by different effects of oral contraceptives on free protein S and TFP!I free antigen.

The low free protein S and TFPI free antigen levels in women using oral contracep-
tives with a high thrombotic risk is in concordance with other studies on the effect of oral
contraceptives on protein S and TFPI 32-3¢. We did not investigate the mechanism for the
decrease in free protein S and TFPI free antigen caused by oral contraceptives. Kemmeren et
al. explained the differences in free protein S induced by various oral contraceptives by the
interaction between total protein S, free protein S and C4b binding protein 37. C4b binding
protein binds protein S. Kemmeren et al. observed that total protein S was decreased by pills

containing desogestrel but was hardly affected by pills containing levonorgestrel and that
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both pills equally lowered C4b binding protein. As a result free protein S levels are lower in
users of desogestrel-pills compared to users of levonorgestrel-pills.

The decrease in free TFPI induced by oral contraceptives might be caused by changes in
synthesis, clearance or lipoprotein profile 3638, TFPI is mainly synthesized by the vascular
endothelium and a large amount of TFPI remains associated with the vessel wall 3940, A
small pool of TFPI circulates in blood, primarily in complex form with lipoproteins, in free
form or in platelets 3940, TFPI is cleared from the circulation by the liver and kidneys 3°.
Future studies are indicated to elucidate the mechanism of the reduction of free protein S
and TFPI by oral contraceptives.

In chapter 8 we tested the usefulness of sex hormone binding globulin (SHBG) as a
marker for the thrombotic risk of an oral contraceptive by determining SHBG levels and
APC-resistance in women using various types of oral contraceptives. Some of the women
switched to an oral contraceptive containing a different type of progestogen and in these
women SHBG and APC-resistance were measured before and after the switch. Users of
oral contraceptives with a moderately increased risk of thrombosis, i.e. third-generation
pills containing gestodene or desogestrel, had SHBG plasma levels that were higher than
for users of low-risk, second-generation oral contraceptives containing levonorgestrel 16-19,
For higher doses of estrogen in oral contraceptives we found higher SHBG levels. Users of
oral contraceptives with the highest risk of thrombosis, i.e. cyproterone acetate-containing
pills, also had the highest SHBG levels 20. In the group of women who switched from
oral contraceptive type SHBG levels altered correspondingly, e.g. switching from a highly
thrombogenic pill containing cyproterone acetate to a less thrombogenic pill containing
levonorgestrel resulted in a decrease of SHBG levels 2°. SHBG plasma levels were positively
associated with the resistance to the anticoagulant action of APC so high SHBG levels were
related to a high resistance to APC. These findings support the hypothesis that the effect of an
oral contraceptive on SHBG levels is a marker for the thrombotic risk. We observed a positive
association between the effect of an oral contraceptive on SHBG levels and the thrombotic
risk of a formulation as reported in the literature. The relationship between SHBG plasma
levels and the resistance to the anticoagulant action of APC provides additional support for
the hypothesis that SHBG is a marker for the thrombotic risk of an oral contraceptive, since
the thrombin generation-based APC-resistance test that we used in this study predicts the
risk of thrombosis in users of oral contraceptives as well as in non-users and men 4'.

In concordance with the European Medicines Agency Guideline on Clinical Investigation
of Steroid Contraceptives in Women we advocate that before a new hormonal contraceptive
is marketed the effect of the preparation on SHBG levels is determined to estimate the
thrombotic risk 3°. We acknowledge that clinical data on the risk of thrombosis of new
hormonal contraceptives are preferred to data on the effect of hormonal contraceptives on
markers for the thrombotic risk. However, as mentioned above, due to the low incidence

of venous thrombosis in users of hormonal contraceptives, a clinical study assessing the



thrombotic risk of a new preparation requires hundreds of thousands of participants '8. The
sample size needed renders a clinical study before market authorization nearly unfeasible.
During the developmental phase of a new hormonal contraceptive the effect of the prepara-
tion on SHBG levels can be useful to evaluate the thrombotic safety of the preparation.
Preferably, the effect of a new hormonal contraceptive on SHBG levels should be compared
with the effect of a combined oral contraceptive with the lowest thrombotic risk, i.e. a
preparation containing the second-generation progestogen levonorgestrel 16-19.

Recently a four-phasic oral contraceptive composed of the progestogen dienogest and
the estrogen estradiol valerate (Qlaira®, Bayer Schering Pharma, Berlin, Germany) has been
introduced on the market. Dienogest is derived from the estrane structure and has anti-
androgenic and no androgenic activity #>43. Estradiol valerate is an esterified form of natural
17B-estradiol #3. Benefits claimed by the manufacturer include that Qlaira® is the first oral
contraceptive containing ‘natural’ estrogen and that due to the four-phasic approach the
right hormonal effect is given at the right time just as in the natural cycle #4. Yet, limited
data are available on the effectiveness, frequent side effects and thrombotic safety of the
contraceptive composed of dienogest and estradiol valerate. Laboratory studies evaluat-
ing the effect of this new oral contraceptive on thrombin generation-based APC-resistance
and SHBG levels and clinical studies assessing the absolute and relative risk of thrombosis

associated with this new oral contraceptive are indicated.

New routes of administration

Contraceptive vaginal ring and transdermal patch

In order to assess the thrombotic profile of the contraceptive vaginal ring and contraceptive
transdermal patch, we determined in chapter 9 APC-resistance and SHBG levels in women
randomly assigned to either the contraceptive patch followed by a second-generation,
levonorgestrel-pill or vice versa, or the contraceptive ring followed by a second-generation,
levonorgestrel-pill or vice versa. The resistance to APC was measured with the thrombin
generation-based APC-resistance test. During use of the contraceptive patch and contracep-
tive ring APC-resistance and SHBG levels were higher than during use of the levonorgestrel-
contraceptive pill. The contraceptive patch caused higher APC-resistance and SHBG levels
than the contraceptive ring. These results suggest that the contraceptive patch and the
contraceptive ring have an increased risk of thrombosis compared to second-generation,
levonorgestrel-containing oral contraceptives.

The observed higher APC-resistance and SHBG levels during use of the contraceptive patch
compared to use of the contraceptive pill is in agreement with other studies on the effect of
the contraceptive patch and pill on the resistance to APC #>46 and SHBG levels 4>4748,

Our results on the contraceptive ring are in contrast with a study by Jensen et al.

which reported no changes in APC-resistance and SHBG levels when switching from an
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oral contraceptive to the contraceptive ring 4. However, Jensen et al. primarily used as
comparator third-generation oral contraceptives which are known to double the risk of
thrombosis and to have disadvantageous effects on markers of thrombosis compared to
second-generation oral contraceptives 10-19:333449-52 " Fyrther, the APC-resistance test used
in the study by Jensen et al. is not capable to identify differences in resistance to APC
caused by different hormonal contraceptive formulations since this test is only sensitive to
APC-resistance caused by the factorV Leiden mutation 2. Higher APC-resistance and SHBG
levels in users of a contraceptive ring compared to users of an oral contraceptive were also
observed in a study comparing a contraceptive ring developed by the Population Council
containing 150 pg nestorone and 15 pg ethinylestradiol and a contraceptive pill containing
150 pg levonorgestrel and 30 g ethinylestradiol >34,

Overall, a Cochrane review comparing the contraceptive ring and contraceptive patch
with oral contraceptives found a similar effectiveness and acceptability for all three methods
35, No differences in cycle control were observed for most trials comparing the contracep-
tive patch and pill. Users of the patch experienced more minor adverse effects like nausea,
vomiting, dysmenorrhea and breast discomfort than contraceptive pill users and discontinu-
ation was higher for patch users compared to pill users. Bleeding problems were generally
similar or less common in ring users compared to pill users. Less nausea, irritability and
depression but more vaginal irritation and discharge was observed for users of the ring
compared to users of the pill. No differences in discontinuation between ring users and pill
users were found.

Since the contraceptive ring and contraceptive patch are comparable in terms of
effectiveness and acceptability with a second-generation oral contraceptive but have an
unfavourable prothrombotic profile compared to a second-generation oral contraceptive
we advise not to prescribe the contraceptive ring and contraceptive patch as a first-choice
in women starting contraceptive use. Clinical studies to assess the absolute and relative risk

of thrombosis in women using the contraceptive ring and contraceptive patch are needed.

Levonorgestrel-releasing intrauterine system

In chapter 10 we compared the resistance to APC before and three months after insertion
of the levonorgestrel-releasing or copper-containing intrauterine device in order to evaluate
the thrombotic profile of the levonorgestrel-intrauterine device. The resistance to APC was
determined by quantifying the effect of APC on thrombin generation. APC-resistance was
lower thre months after the insertion of the levonorgestrel-intrauterine system than before
the insertion. After insertion of the copper-intrauterine device the APC-resistance hardly
changed. In women who switched from a combined oral contraceptive to the levonorgestrel-
intrauterine device the decrease in APC-resistance after insertion of the levonorgestrel-

intrauterine device was more pronounced. These results indicate that the levonorgestrel-



releasing intrauterine system does not have a prothrombotic effect and suggests that the
levonorgestrel-intrauterine system does not increase the risk of venous thrombosis.

The decrease in APC-resistance after insertion of the levonorgestrel-releasing intrauterine
system is in concordance with studies on the effect of other types of progestogen-only con-
traceptives on the resistance to APC 5657, Recently the first clinical study reporting the risk
of thrombosis associated with use of the levonorgestrel-intrauterine system study was pub-
lished. In this national cohort study including 101 thousand women-years of levonorgestrel-
releasing intrauterine device use the risk of thrombosis associated with the levonorgestrel-
intrauterine device was not increased (rate ratio 0.89; 95% Cl 0.64 to 1.26) as compared
with non-use of oral contraceptives 2. The study also observed that the thrombotic risk of
progestogen-only contraceptive pills was not increased 22. Older observational studies did
not find an evident increased risk of venous thrombosis in women using progestogen-only
contraceptive methods as well but these studies are limited by the small number of women
using progestogen-only contraceptives that were included *8-61. Another limitation of the
older studies is that the preparations used by the study subjects varied in doses and methods
of administration. Clinical studies assessing the absolute and relative risk of thrombosis
in women using the levonorgestrel-intrauterine system are required to confirm that the
levonorgestrel-intrauterine system does not increase the risk of thrombosis. Of special inter-
est would be the thrombotic risk associated with the use of the levonorgestrel-intrauterine
system in women with thrombogenic mutations or a history of venous thrombosis.

The World Health Organization advises women with inherited coagulation defects, e.g.
factor V Leiden, prothrombin mutation, deficiencies of protein S, protein C or antithrombin,
or women with a history of deep venous thrombosis not to use combined oral contraceptives
62 The same guidelines state that in women with thrombogenic mutations or with a his-
tory of thrombosis the advantages of using the levonorgestrel-intrauterine system generally
outweigh the theoretical or proven risks. In our study the number of women with the factor
V Leiden mutation or with a history of thrombosis was too small to assess the effect of
the levonorgestrel-intrauterine device on the resistance to APC in these women. Caution
is required in extrapolating the observed effect of the levonorgestrel-intrauterine device in
women without thrombophilia or a history of thrombosis to women with thrombogenic
mutations or with a history of thrombosis since the latter have a higher baseline resistance
to APC %3 and a higher thrombotic risk ®4-%”. However, based on a study by Kemmeren et
al. who observed that levonorgestrel-only contraceptive pills cause a similar decrease in
resistance to APC in non-carriers and in heterozygous carriers of the factor V Leiden muta-
tion 37, we do not expect that the levonorgestrel-intrauterine system will have a different
effect on the resistance to APC in women with and without the factor V Leiden mutation.
Studies evaluating the effect of the levonorgestrel-intrauterine system on the resistance to

APC in women with thrombogenic mutations are warranted.
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Natural cycle

In order to evaluate whether varying levels of estradiol and progesterone during the natural
cycle are associated with differences in sensitivity to APC, we determined in chapter 11 the
resistance to APC at six different time points during the menstrual cycle in wildtype women
and women with the factorV Leiden mutation. The resistance to APC was determined with the
thrombin generation-based APC-resistance test. In wildtype women the sensitivity to APC var-
ied slightly throughout the cycle with an increased resistance to APC after the rise of estradiol
through the follicular phase. Friedman analysis showed that it was more likely that women
had a reduced resistance to APC at the beginning of the cycle than later on in the cycle.

The observed cyclic variability in APC-resistance is not consistent with three other studies
evaluating the sensitivity to APC during the menstrual cycle. Wramsby et al. measured the
resistance to APC at four different time points in 35 women in one study and 18 women in
another study 89, Ricci et al. determined the sensitivity to APC at five different time points
in 41 women 79, In these studies no changes in APC-resistance were observed during the
menstrual cycle. An explanation for the contrasting results may lie in the APC-resistance
tests which were used. Wramsby et al. and Ricci et al. measured the sensitivity to APC with
the classic aPTT-based APC-resistance test. Studies have shown that the classic aPTT-based
APC-resistance test is less sensitive to changes in APC-resistance caused by female hormones
than the thrombin generation-based APC-resistance test which we used in our study 477,
Although using the thrombin generation-based APC-resistance test, van Rooijen et al. did
not observe differences in sensitivity to APC between two phases of the menstrual cycle, the
early follicular phase and the mid-luteal phase, in 72 women 72. The difference in outcome
with our study might be explained by the statistical methods used. In the study by van
Rooijen et al., an one-way repeated measures ANOVA was performed with the menstrual
phase as the within-subjects variable. Because of the small number of participants and the
slight differences in APC-resistance between the distinct phases of the menstrual cycle we
compared the sensitivity to APC during the menstrual cycle with the Friedman ranking test.
For each phase of the menstrual cycle we assessed per participant whether the result of the
nAPCsr was the highest, the middle or the lowest value and numbered the highest nAPCsr as
one, the middle nAPCsr as two and the lowest nAPCsr as three. Using the Friedman ranking
test we observed that it was more likely that women had the lowest resistance to APC at the
beginning of the cycle than later on in the cycle.

The observed small differences in the sensitivity to APC between the different phases of
the menstrual cycle could be useful in improving studies on APC-resistance. When evaluat-
ing the sensitivity to APC in women, it may be useful to take the phase of the menstrual cycle
into account. Future studies to assess whether the small differences in APC-resistance have

clinical significance are indicated.



RECOMMENDATIONS

Clinical

Monophasic oral contraceptives are preferred over biphasic and triphasic oral contra-
ceptives.

Combined oral contraceptives containing the second-generation progestogen levonor-
gestrel are recommended over combined oral contraceptives containing drospirenone.
The contraceptive ring and contraceptive patch are not recommended as a first-choice

in women starting contraceptive use.

Research

Large, adequately reported, high-quality, randomized controlled trials comparing
triphasic and monophasic oral contraceptives with identical progestogens are needed
to determine whether triphasic pills differ from monophasic pills in contraceptive
effectiveness and acceptability. These studies should follow the recommendations of
the Hormonal Contraceptives Trial Methodology Consensus Conference on recording
of bleeding patterns and should adhere to the CONSORT guidelines on reporting of
randomized controlled trials.

Authors, peer-reviewers and editors should not exclusively focus on whether quality
assessment has been performed in a systematic review, but also concentrate on incorpo-
ration of quality assessments in the analysis of a systematic review.

Before a new hormonal contraceptive is marketed the effect of the preparation on the
resistance to activated protein C measured with the thrombin-generation based APC-
resistance test and the effect on SHBG levels should have been determined to evaluate
the thrombotic risk of the new preparation. The effect of the new hormonal contraceptive
on these markers of thrombosis should be compared with the effect of a combined oral
contraceptive containing the second-generation progestogen levonorgestrel.

Studies examining the mechanism of the reduction of free protein S and free TFPI by oral
contraceptives are indicated to gain more insight in the biological basis of the increased
risk of venous thrombosis in oral contraceptive users.

Laboratory studies evaluating the effect of oral contraceptives containing dienogest and
estradiol valerate on thrombin generation-based APC-resistance and on SHBG levels
and clinical studies assessing the absolute and relative risk of thrombosis associated with
oral contraceptives containing dienogest and estradiol valerate are indicated.
Independent, clinical studies assessing the absolute and relative risk of thrombosis asso-
ciated with use of the contraceptive vaginal ring and contraceptive transdermal patch
are needed.

Clinical studies assessing the absolute and relative risk of thrombosis in women

using the levonorgestrel-releasing intrauterine system are required to confirm that the
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levonorgestrel-intrauterine system does not increase the risk of thrombosis. Of special
interest would be the thrombotic risk associated with use of the levonorgestrel-intrauter-
ine system in women with thrombogenic mutations or a history of venous thrombosis.
Studies evaluating the effect of the levonorgestrel-intrauterine system on thrombin
generation-based APC-resistance in women with thrombogenic mutations are needed.
Studies assessing whether the small variations in APC-resistance between the different
phases of the menstrual cycle have clinical significance are indicated.
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