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Forty healthy female volunteers aged between 19 and 35 
years (27.3 2 4.1 years) with normal menstrual cycles were 
included in a double-blind, randomized, placebo-con- 
trolled study to investigate the influence on the hemostatic 
system of an oral contraceptive containing 30 kg ethinyl 
estradiol in combination with 2.00 mg dienogest, which is 
a 19-norprogestin without a 17a-ethinyl group. At baseline 
and during one treatment cycle, 12 hemostatic parameters 
were measured on cycle days 7, 14, and 21. The hemostatic 
parameters were categorized as either procoagulatory, an- 
ticoagulatory and profibrinolytic, or antifibrinolytic and 
indicative of fibrin turnover. Differences between placebo 
and 30 pg ethinyl estradiol and 2.00 mg dienogest of 
plasma levels of hemostatic parameters on cycle days 21 of 
the precycle and treatment cycle were chosen as target 
variables. Prothrombin fragment 1 + 2 (F 1 + 2) was 
chosen as the main target variable. Equivalence of F 1 + 2 
between placebo and active treatment was noted. Among 
the procoagulatory factors, only factor VII activity was 
found to be increased over placebo in the active treatment 
group, but decreased in the placebo group. Protein C 
activity increased during the treatment with 30 kg ethinyl 
estradiol and 2.00 mg dienogest, and was higher than that 
of the placebo group in which this parameter decreased 
during the treatment cycle. There was a corresponding 
increase in fibrinolytic activity being reflected by higher 
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plasminogen levels in the active treatment group in com- 
parison with placebo. An increase was noted for the fi- 
brinolytic parameter o-dimer. Apart from isolated mea- 
surements, the parameters remained in their respective 
normal ranges. The data combine to suggest that 30 kg 
ethinyl estradiol and 2.00 mg dienogest has a balanced 
effect on the hemostatic system stimulating both proco- 
agulatory and fibrinolytic activity. CONTRACEPTION 1997; 
5667-75 0 1997 Elsevier Science Inc. All rights reserved. 

KEY WORDS: hemostasis, oral contraceptive, ethinyl estra- 
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Introduction 

T 
he potential of oral contraceptives to influence 
the hemostatic system is well acknowledged. 
Several epidemiologic studies have reported an 

association between the use of oral contraceptives 
and an increased risk of cardiovascular disease. The 
main vascular complications are venous thromboem- 
bolic disease, myocardial infarction, and hemorrhagic 
and thrombotic strokes.‘-” It was noted that oral 
contraceptives increase procoagulant activity’,’ and 
simultaneously stimulate fibrinolytic activity.” 
These changes partially explain why users of oral 
contraceptives bear a greater risk of thrombotic dis- 
ease. This risk appears to have decreased in parallel 
with a reduction in the estrogen content.‘O-l3 

The estrogen component of oral contraceptives is 
generally thought to be primarily responsible for 
causing alterations to the hemostatic system by en- 
hancing the synthesis of substrates and the so-called 
coagulation factors (zymogens). On the other hand, 
progestins modify the estrogen effects on the hemo- 
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static system14-16 by their antiestrogenic and residual 
androgenic properties, and were considered to con- 
tribute to the increased risk of stroke and ischemic 
heart disease.1”,17,18 Therefore, when discussing the 
effects of an oral contraceptive on the hemostatic 
system, the progestin component has to be taken into 
account. 

During the past years, new formulations of oral 
contraceptives have been developed, taking these 
findings into consideration. In an attempt to further 
decrease the influence of oral contraceptives on the 
cardiovascular system, research has been focused on 
developing more specific acting norprogestins such as 
gestodene, desogestrel, and norgestimate. Dienogest 
is another result of this research effort. This progestin 
has been shown to exert no estrogenic, antiestrogenic 
or androgenic action, and has been found to possess 
strong antiandrogenic properties.19-21 

The aim of the present investigation was to study 
the effect of a new monophasic oral contraceptive 
containing 30 kg ethinyl estradiol and 2.00 mg dieno- 
gest on the hemostatic system. In addition, this study 
for the first time describes a new approach to this type 
of investigation by using a double-blind, randomized, 
placebo controlled protocol. Prothrombin fragment 
I + 2 was chosen as the main target variable because 
it is an acknowledged in vivo marker of thrombin 
generation. We were prompted to report on the 
present study by a recent investigation2’ showing 
that prothrombin fragment 1 + 2 is an early and 
sensitive marker for the activation of hemostasis. 

Materials and Methods 

Study Design 
The investigation was designed as a double-blind, 
randomized, placebo controlled study conducted at 
one single center. The study was approved by the 
local Ethics Committee. In addition, the legal basis 
for planning and implementing of this clinical trial 
were the stipulations of Articles 40-4 of the German 
Drug Law Act (German AMG, version 4/ 1 l/ 1987) and 
the Principles for the Proper Conduct of Clinical Drug 
Trials as well as the Good Clinical Practice recom- 
mendations of the European Union. The trial was 
conducted according to the Declaration of Helsinki, 
and written informed consent was obtained from all 
participants. 

The study was designed to compare active treat- 
ment consisting of 30 pg ethinyl estradiol in combi- 
nation with 2.00 mg dienogest with placebo and, 
thus, to determine the effects on changes of hemo- 
static parameters during one treatment cycle. A treat- 
ment-free precycle was used to assess parameters at 
baseline in both placebo and active treatment groups. 

Prior to the treatment-free cycle, a wash-out cycle 
was to be mandatory for those volunteers who had 
been on an oral contraceptive prior to the study. 
During the pretreatment phase, a thorough general 
medical examination was carried out, including blood 
pressure measurement, gynecological examination 
including the breasts, cytological smear, hematologi- 
cal and biochemistry screen, and p-human chorionic 
gonadotropin (HCG) determination to exclude preg- 
nancy. Following the completion of prestudy assess- 
ments, a precycle was assessed. This was followed by 
a treatment cycle during which tablets containing 
either 30 Kg ethinyl estradiol and 2.00 mg dienogest 
or placebo were administered daily for 21 days. Treat- 
ment of the therapy cycle commenced on the first day 
of menstrual bleed and continued for 21 consecutive 
days. Cycle day one is referred to as the first day of 
menstrual bleed in the untreated and treatment cycle. 
During the precycle and treatment cycle blood sam- 
ples for the measurements of hemostatic parameters 
were taken on days 7, 14, and 21. 

Allocation to either treatment or placebo was ran- 
dom, using a randomization list generated by the 
SAS@ software (SAS Inc., Cary, NC). Active and 
placebo preparations could not be distinguished by 
the investigator or volunteer. The code was broken 
for data analysis at the end of the study. In case of a 
serious adverse event (SAE) or drug interaction, the 
code was to be broken. Identification of trial prepara- 
tion was by numbered sealed envelopes containing 
the information of whether the particular volunteer 
was on placebo or 30 pg ethinyl estradiol and 2.00 mg 
dienogest. 

Subjects 
Forty healthy women (nonsmokers ages 1935 years, 
and smokers [maximum 10 cigarettes/day] ages 
19-30 years) with no contraindications to estrogen/ 
progestin therapy (for example, family history of 
thromboembolic events, liver diseases, hypertension, 
pregnancy) were recruited for the study. All women 
who were switched from another oral contraceptive 
had to complete a wash-out cycle before starting the 
trial. Women who used any drugs that might affect 
the activity of liver enzymes or coagulation were 
excluded. Subjects were randomly assigned to receive 
either placebo (n = 20) or 30 kg ethinyl estradiol and 
2.00 mg dienogest (n = 20). The two groups were 
similar with respect to baseline characteristics, in- 
cluding age at menarche, average cycle length, num- 
ber of births, menstrual flow, intermenstrual bleed- 
ing, amenorrhea, age, prior use of oral contraceptives, 
body mass index, and use of alcohol. 
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Sample Collection and Methods 
Venous blood samples were taken in the morning and 
at the same time at each appointment on cycle days 7, 
14, and 21 from subjects who had rested for 1 h in a 
seated position. Fifteen minutes prior to blood sam- 
pling, the volunteers had to rest in a lying position. 
Blood sampling and handling was according to stan- 
dard procedures. In short, blood samples were col- 
lected in citrate tubes. Immediately after blood sam- 
pling, the tubes were centrifuged at 1,500 g at 4°C for 
20 min. The plasma was decanted and stored frozen at 
-25°C until the assay of hemostatic parameters. 
Storage was no longer than for 1 month. 

vator (t-PA) and inhibitor (PAI), and plamin-antiplas- 
min complex (PAP) were determined by commercial 
enzyme immunoassays (ELISA) from Behring Mar- 
burg and Chromgenix Vienna (previously KabiVit- 
rum, Vienna, Austria). 

Fibrinogen, factor VII activity (F VII), antithrombin 
III (AT III), protein C and S activities, and plasmino- 
gen were measured by coagulometric and chromo- 
genic methods on a Coagulation Timer (Behring Di- 
agnostics, Marburg, Germany) with material obtained 
from Behring. Prothrombin fragment 1 and 2 (F 1 + 2), 
thrombin-antithrombin complex (TAT), o-dimer deg- 
radation products (n-dimer), tissue plasminogen acti- 

Table 1. Frequencies of adverse events vs. cycle 

Wash-Out Treatment 
Cycle Precycle Cycle 

Adverse Event 0 3012 0 3012 0 3012 

Acne 0 3 0 1 3 4 
Breast pain 2 2 0 1 3 4 
Headache 7 1 3 3 3 5 

0 = placebo; 30/2 = 30 pg ethinyl estradiol and 2.00 mg dienogest. 

rate of 30% results in 20 volunteers/group. Differ- 
ences between placebo and 30 p,g ethinyl estradiol 
and 2.00 mg dienogest in plasma levels of hemostatic 
parameters on cycle days 21 of the precycle and 
treatment cycle were chosen as target variables. Pro- 
thrombin fragment 1 + 2 was chosen as main target 
variable. 

All statistical calculations were performed by 
means of the SAS software package. 

Statistical Analysis 
The t test for equivalence of independent samplesz3 
was used. Let A and B be two treatments. To test the 
equivalence of the two treatments, independent ob- 
servations of the random variables X, i = 1 to m 
(treatment A), and Yi, j = 1 to n (treatment B), are 
used. It is assumed that Xi is distributed N(&r’) and Yi 
is distributed N (q,m2). The test investigates the null 
hypothesis 

against 

H,: - E, < (C - 7-&a < E2. 

Assuming normally distributed data and homoge- 
neous variances within the two groups, the test is 
appropriate. In case the assumptions of equal vari- 
ances or normal distributions were violated, logarith- 
mic transformed data were used. 

precycle. Three subjects in the placebo group discon- 
tinued the study. Two subjects withdrew their writ- 

Results 

ten consents after the entry examination in the wash- 
out cycle and after day 7 of the precycle, respectively. 

All 40 subjects screened fulfilled the inclusion/exclu- 

One subject finished all assessment schedules of the 
precycle but had to be withdrawn because a preg- 
nancy was diagnosed. The most frequently reported 

sion criteria. One subject of the 30 pg ethinyl estra- 

adverse events in both groups were acne, breast pain, 
headache, and migraine (Table 1). Vital signs and 

diol and 2.00 mg dienogest treatment group was 
withdrawn because of measles after day 7 of the 

weight remained stable during the study. There were 
no changes in the findings of the physical and gyne- 
cological examinations at the end of the study com- 
pared with the precycle in both groups. Spotting was 
observed in 47% of treatment cycles in the 30 kg 
ethinyl estradiol and 2.00 mg dienogest group and no 
spotting was registered in the placebo group. Break- 
through bleeding occurred in 5% of all treatment 
cycles in the active treatment group and none was 
noted in the placebo group. 

The determination of sample size oriented itself on 
the main target variable prothrombin fragment 1 + 2. 
Setting for an equivalence test, the upper (e2) and 
lower limits (-•r) of the test interval symmetrically 
as (E = or = Ed = 2.0 (2 standard deviations)), we have, 
according to Wellek, 23 for E = +2.0, (Y = 0.05, 1 - B < 
0.95 and a critical value of C = 3.7, a sample size of 
n = 15. This calculation and considering a drop-out 

Procoagulatory Parameters (Table 2) 
The analysis of the main target variable F 1 + 2 
(Figure 1) on cycle day 21 in each case revealed 
equivalence between placebo and active treatment 
(T = 0.58). Similarly, no differences on cycle day 21 
between the two groups were noted for fibrinogen 
(T = -2.12) and thrombin-antithrombin complexes 
(TAT) (T = 1.07). On the other hand, the activity of 
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Table 2. Procoagulatory parameters (means ?SD) 

Precycle Treatment Cycle 

Day 7 Day 14 Day 21 Day 7 Day 14 Day 21 

0 3012 0 3012 0 3012 0 3012 0 30/2 0 3012 

Fl + 2 (nmol/L) 0.66 0.79 0.70 1.37 0.66 0.97 1.28 0.94 0.82 1.28 1.01 1.57 
0.25 0.36 0.35 2.11 0.33 0.62 1.57 0.44 0.30 0.83 0.57 1.78 

Fibrinogen (mg/dL) 242.4 235.6 236.0 234.7 264.8 230.9 246.9 291.0 250.5 278.3 264.7 279.1 
30.6 22.7 28.5 30.3 47.1 42.6 55.2 63.7 58.6 57.9 59.0 55.6 

F VII (%) 107.7 108.6 106.1 113.6 101.3 109.2 86.4 107.2 88.5 120.5 85.7 130.7 
23.6 18.3 27.5 18.7 23.7 21.2 21.8 27.2 24.8 33.1 20.8 27.2 

TAT bg/Ll 2.0 2.0 2.1 7.1 2.1 2.1 2.4 2.6 2.0 2.4 2.9 3.1 
0.1 0.3 0.3 15.1 0.3 0.4 1.5 0.9 0 0.7 3.2 1.8 

0 = placebo; 30/2 = 30 kg ethinyl estradiol and 2.00 mg dienogest. 

factor VII was not equivalent. On day 21 there was a 
decrease in the placebo group and an increase during 
treatment with 30 pg ethinyl estradiol and 2.00 mg 
dienogest (T = -5.97). Box plots depicted in Figure 2 
show the increase of F VII activity during the therapy 
with 30 pg ethinyl estradiol and 2.00 mg dienogest. 

the precycle and treatment cycle, protein S values of 
subjects taking the present oral contraceptive were 
57% and 49%, respectively. 

Anticoagulatory Parameters (Table 3) 
The activity of AT III remained relatively stable 
throughout the study. It varied between 105% and 
95% for the active treatment group on day 21 of the 
precycle and treatment cycle, respectively. The AT III 
activities of the placebo and the 30 Kg ethinyl estra- 
diol and 2.00 mg dienogest group did not differ from 
each other (T = 1.91). Protein C activity increased 
during the treatment with 30 kg ethinyl estradiol and 
2.00 mg dienogest but decreased in the placebo group 
(T = -4.62) on day 21. Patterns of protein C activity 
throughout the study are shown as box plots in Figure 
3. No significant differences between the placebo and 
active treatment groups were registered for the pro- 
tein S activities on day 21 (T = -0.95). On day 21 of 

Fibrinolysis and Fibrin Turnover (Table 4) 
The profibrinolytic parameter plasminogen increased 
during the treatment with 30 kg ethinyl estradiol and 
2.00 mg dienogest and was higher than in the placebo 
group (T = - 10.08 j. The patterns of plasminogen are 
shown by box plots in Figure 4. The values of profi- 
brinolytic parameter t-PA (T = 4.75) were noted to be 
higher in the placebo group than in the active treat- 
ment group on day 21 of the treatment cycle. This 
difference between the two groups can be explained 
by an increase in t-PA levels of the placebo group 
during the treatment cycle. On day 21 of the precycle, 
the mean plasma levels of t-PA were 3.8 and 6.0 
ng/mL for the placebo and 30 kg ethinyl estradiol plus 
2.00 mg dienogest groups, respectively, and on day 2 1 
of the treatment cycle, the mean plasma levels of 
t-PA were 6.8 and 4.5 ng/mL for the placebo and 
active treatment groups, respectively. Plasma levels 
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recorded in the placebo and active treatment group for 
the antifibrinolytic parameters PA1 (T = 0.44) did not 
differ from each other on day 21 of the treatment 
cycle. Plasma levels measured in the active treatment 
group of the inactivation complex (PAP) of plasmin 
reflecting fibrinolytic activity in vivo were indistin- 
guishable (T = -3.55) from those observed in the 
placebo group. On the other hand, D-dimer degrada- 
tion products indicating fibrin turnover showed a 
trend towards increased levels during treatment with 
30 pg ethinyl estradiol and 2.00 mg dienogest. The 
result of the equivalence test was T = - 1.5 1. Because 
of significantly different variances of the two groups 
from the statistical point of view, equivalence be- 
tween placebo and Valettea cannot be derived. Pat- 
terns of D-dimer of both groups in the precycle and 
during treatment are depicted in Figure 5. 

During treatment with 30 kg ethinyl estradiol and 
2.00 mg dienogest, the mean values of the procoagu- 
latory parameters F 1 + 2 and F VII were elevated 
above the normal ranges on cycle days 14 + 21 and 21, 
respectively. However, a similar increase was noted 
for the mean values of the fibrinolytic parameters 

Table 3. Anticoagulatory parameters [means *SD) 

21 

Figure 2. Box plots of factor VII 
activity (treat 0 = placebo; treat 
1 = 30 j.~g ethinyl estradiol and 
2.00 mg dienogest). 

D-dimer and plasmin antiplasmin complexes on cycle 
days 21 and 7, 14, 21, respectively, in the subjects 
treated with 30 p,g ethinyl estradiol and 2.00 mg 
dienogest. During the precycle, mean values of F 1 + 
2 and TAT were above the normal ranges in the 30 kg 
ethinyl estradiol and 2.00 mg dienogest group on 
cycle day 14. In the placebo group, mean values F 1 + 
2 on day 7 of the treatment cycle were elevated above 
the normal range. All other hemostatic parameters 
assayed for the two groups remained within their 
respective normal ranges for the duration of the 
study. 

Discussion 
This is the first report of a double-blind, randomized, 
placebo-controlled study of the effects of an oral 
contraceptive on the hemostatic system. Previous 
studies have used long-term protocols in which 
changes of hemostatic parameters were recorded dur- 
ing treatment periods of at least 3 months. All had in 
common that the effects on the hemostatic system 
leveled off after 3 months of oral contraceptive use. 

Precycle Treatment Cycle 

AT111 (%) 

Protein C (%] 

Protein S (%J 

Day 7 Day 14 Day 21 Day 7 Day 14 

0 30/z 0 3012 0 3012 0 3012 0 3012 

105.4 107.0 102.3 108.0 102.8 105.3 100.5 93.6 98.2 94.7 
9.1 12.4 8.9 13.6 10.6 10.1 8.5 8.1 8.2 8.0 

92.7 99.7 88.1 99.1 86.4 93.3 91.7 95.7 90.8 100.0 
14.7 18.0 12.9 17.9 13.2 17.0 15.7 15.7 13.4 15.4 
79.3 67.6 74.7 64.8 74.2 57.2 53.7 47.8 53.5 49.2 
28.2 24.0 30.6 19.5 25.9 16.2 17.3 16.4 18.4 23.0 

Day 21 

0 3012 

97.8 95.7 
7.5 6.9 

82.9 102.8 
12.6 16.1 
59.5 49.4 
21.6 19.7 

0 = placebo; 30/2 = 30 +g ethinyl estradiol and 2.00 mg dienogest 
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% Protein C 

Figure 3. Box plots of protein C 
activity (treat 0 = placebo; treat 
1 = 30 kg ethinyl estradiol and 
2.00 mg dienogest). 

7 14 

pWC@ 

However, changes in hemostatic parameters, ob- 
served in the third treatment cycle, were noted to be 
significantly different from baseline already during 
the first therapy cycle. ” Studies in the past compared 
the effects of the hemostatic system of two prepara- 
tions in investigations designed as open label, ran- 
domized studies. The short-term protocol of the 
present study allows a fast and efficient evaluation of 
hemostatic parameters during treatment with oral 
contraceptives. In addition, a direct comparison with 
untreated women is possible. 

The majority of studies reported in the literature on 
the effects of oral contraceptives on the hemostatic 
system use the measurement of concentrations of 
clotting factors alone. Interpretation of these results 
is hampered because coagulation factors reflect an 
intravascular reservoir that may not necessarily 
change, even though alterations in the balance be- 
tween coagulatory and fibrinolytic activities may 
locally occur. 24 Also, the short-lived activation prod- 
ucts make assaying of activation steps of the coagu- 

21 7 14 21 

TREAT R-a-R0 e-9-91 

treatment cycle 

lation cascade difficult. However, modern laboratory 
techniques allow the measurement of activities by 
the determination of reaction products that are gen- 
erated in the proteolytic processes of coagulation and 
fibrinolysis. These new in vivo markers of hemostatic 
activity display the continuous activation of throm- 
bin and plasmin, which are the key enzymes of 
coagulation and fibrinolysis, by interacting with the 
endothelium. This mechanism is a potential risk 
factor for cardiovascular disease. In the present inves- 
tigation, we used in vivo markers of activity where 
assay systems were available. 

Previously, changes in hemostatic parameters were 
reported to occur as early as on day 4 after commenc- 
ing with oral contraceptive therapy, showing that 
prothrombin fragment 1 + 2 was one of the most 
sensitive markers of coagulation activation.22 In ad- 
dition, prothrombin fragment 1 + 2 was suggested to 
be useful in the diagnosis of the prethrombotic state, 
that is, a procoagulant imbalance between the pro- 
ducer and the inhibitor of enzyme activity in the 

Table 4. Profibrinolytic, anti-fibrinolytic and parameters reflecting fibrin turnover (means +SD) 

Precycle Treatment Cycle 

Day 7 Day 14 Day 21 Day 7 Day 14 Day 21 

0 30/Z 0 30/Z 0 30/Z 0 30/Z 0 30/Z 0 30/Z 

Plasminogen (%) 94.1 98.3 89.5 97.4 93.3 98.4 91.7 114.6 91.2 121.5 92.0 126.0 
8.2 7.9 10.9 8.3 10.6 8.7 8.5 9.6 7.5 9.8 8.4 9.6 

t-PA (ng/mL) 3.8 4.4 3.2 4.5 3.8 6.0 6.1 4.4 6.6 4.8 6.8 4.5 
2.4 2.3 1.7 1.6 2.1 3.0 2.3 

7::; 
2.1 2.4 2.0 1.9 

PA1 (ng/mL) 91.8 80.3 83.1 82.8 82.8 80.1 81.3 81.3 72.5 74.5 69.4 
11.1 21.8 22.8 18.2 16.9 20.8 20.1 21.4 14.8 21.5 19.8 19.2 

D-Dimer (kg/L) 13.7 14.9 11.8 19.2 17.7 25.8 23.9 30.4 17.3 49.4 22.0 98.0 
5.2 7.7 3.3 18.2 13.3 26.0 28.3 33.1 10.7 55.1 15.3 178.2 

PAP i/.&t 255.7 269.3 252.4 323.4 308.4 332.8 229.6 422.6 201.2 483.8 247.2 505.0 
53.9 95.0 59.5 144.5 92.6 192.0 79.9 142.3 65.8 165.0 83.5 298.5 

0 = placebo; 30/2 = 30 wg ethinyl estradiol and 2.00 mg dienogest 



Contraception 
1997;56:67-75 

Hemostatic Parameters Under Dienogest Oral Contraceptive 73 

Plasminogen 

Figure 4. Box plots of plasmino- 
gen levels [treat 0 = placebo; treat 
1 = 30 kg ethinyl estradiol and 
2.00 mg dienogest). 

7 14 21 7 14 

TREAT a-n-a0 -1 

pW-Cple treatment cycle 

coagulation pathway short of fibrin deposition.2” 
Therefore, prothrombin fragment 1 + 2 was taken as 
the main target variable and only one treatment cycle 
was included in the present study. The lack of differ- 
ences in prothrombin fragment 1 + 2 between pla- 
cebo treatment and therapy with 30 Fg ethinyl estra- 
diol plus 2.00 mg dienogest, as found by the present 
study, contrasts with the finding of a recent publica- 
tion22 in which an enhancement of prothrombin 
fragment 1 + 2 was reported as early as 4 days after 
commencement of treatment with 75 pg gestodene in 
combination with either 20 kg or 30 kg ethinyl 
estradiol. This difference between the two studies 
may in part be explained by estrogen-modulating 
effects of dienogest. However, mean values of pro- 
thrombin fragment 1 + 2 were elevated above the 
normal range during treatment with 30 kg ethinyl 
estradiol plus 2.00 mg dienogest. 

The only elevated procoagulatory parameter found 
in the present investigation was factor VII activity 
being higher in the 30 kg ethinyl estradiol and 2.00 
mg dienogest than in the placebo treated group, in 
which this parameter decreased in the treatment 
cycle. This increased procoagulant activity is in line 
with previous observations in which low ethinyl 
estradiol preparations in combination with a variety 
of progestins were reported to increase factor VII 
activity 16,22,26-29 

The results of the present investigation corroborate 
the notion that oral contraceptives have an effect on 
hemostasis by simultaneously increasing coagulatory 
and fibrinolytic parameters. Balanced effects on he- 
mostatic activities were previously reported for low- 
dose oral contraceptives containing various new-gen- 
eration progestins. ‘,I3 In this study, increased 
procoagulant and fibrinolytic activity in the 30 kg 
ethinyl estradiol and 2.00 mg dienogest group over 

that in the placebo group was confirmed by the 
observation of increased levels of factor VII activity 
and plasminogen. Although degradation products of 
fibrin are regarded as indicators of the rate of fi- 
brin degradation as well as its generation, levels of 
plasmin-antiplasmin complexes directly reflect fi- 
brinolytic activity. Plasmin-antiplasmin complexes 
showed a trend toward higher plasma levels during 
treatment with 30 pg ethinyl estradiol and 2.00 mg 
dienogest, but they were indistinguishable from those 
in the untreated women. In addition, mean values of 
plasmin-antiplasmin complexes were enhanced over 
the normal range during active treatment. These 
results combine to suggest that fibrinolytic activity is 
increased, in women taking the present oral contra- 
ceptive, over that in untreated women. 

Decreased inhibition of blood coagulation in the 
pathogenesis of thromboembolic events has been un- 
derscored particularly in relation to the protein C/S 
and antithrombin III/heparin system. l3 Previous stud- 
ies of protein C and S under low-estrogen oral contra- 
ceptives revealed unchanged or increased val- 
ues.27,30,31 Data on protein S were conflicting’3,31,32 
and a decrease in protein S was reported in other 
investigations. 13~22 Protein S is regarded as a cofactor 
of the anticoagulant protein C accelerating its activ- 
ity. In the study reported here protein C activity was 
found to be elevated in the 30 kg ethinyl estradiol and 
2.00 mg dienogest group over that noted in the 
untreated group. Protein S activity recorded for the 
group of women treated with the present oral contra- 
ceptive was indistinguishable from that noted for 
untreated women. This result suggests that the anti- 
coagulant effect of protein C is not compromised by 
protein S in the present oral contraceptive. The de- 
crease in protein S activity seen in other oral contra- 
ceptives seems to be related to the estrogen dose, as 
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Figure 5. Box plots of n-dimer patterns (treat 0 = placebo; treat 1 = 30 kg ethinyl estradiol and 2.00 mg dienogest). 

its reduction was found to be less in a 20 pg ethinyl 
estradiol than in a 30 ug ethinyl estradiol preparation 
containing 75 kg gestodene.22 Differences between 
the present oral contraceptive and those causing com- 
promised protein S activity may partly be explainable 
by the estrogen modulating action of dienogest. An- 
tithrombin III is the principal inhibitor of thrombin 
and of activated factor X. The lack of differences 
between placebo and active treatment suggests that 
30 kg ethinyl estradiol in combination with 2.00 mg 
dienogest does not disrupt this mechanism. 

The fibrinolytic system is believed to keep the 
coagulation system in balance. Effects of the 30 p,g 
ethinyl estradiol and 2.00 mg dienogest oral contra- 
ceptive on fibrinolytic activity are shown by in- 
creased levels of plasminogen over those of the un- 
treated volunteers. These changes were noted to be 
within the normal range. Increased levels of plasmin- 
ogen were reported previously for monophasic as well 
as for triphasic oral contraceptives containing differ- 
ent progestins.7,‘6,26,28 A change in coagulation fac- 
tors caused by increasing synthesis is not counterbal- 
anced by fibrinolysis except when the factors of this 
system are estrogen-stimulated proteins. l3 The most 
sensitive proteins in this respect are plasma levels of 
fibrinogen and factors VII and X as well as plasmino- 
gen. Factor VII was the only parameter of the proco- 
agulatory parameters studied in this investigation 
that differed from that of the untreated women. The 
most sensitive in vivo marker of thrombin generation 
prothrombin fragment 1 + 2 showed no differences 
between the placebo and 30 pg ethinyl estradiol + 
2.00 mg dienogest groups. Although changes in he- 
mostatic parameters have usually been ascribed to 
the estrogen in oral contraceptives, the estrogen effect 
may be modified by the progestin. Dienogest seems to 

have a favorable effect on these processes. Similarly, 
minimal changes of hemostatic parameters were ob- 
served after 35 p,g ethinyl estradiol combined with 
2.00 mg cyproterone acetate.33,34 An increase in fi- 
brinogen and n-dimer, but not in factor XII or AT III as 
well as protein C and S, was reported for this prepa- 
ration.35 

The present data combine to suggest that the oral 
contraceptive 30 p,g ethinyl estradiol and 2.00 mg 
dienogest has a balanced effect on the hemostatic 
system, stimulating minimally both procoagulant 
and fibrinolytic activities. Observations reported in 
this study and found in previous investigations sup- 
port the notion that oral contraceptives induce pro- 
coagulant changes that are balanced by concomitant 
alterations in anticoagulant and fibrinolytic activity. 
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