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The effects of a low-dose monophasic preparation of
levonorgestrel and ethinyl estradiol on coagulation and other
hemostatic factors

David F. Archer, MD,a Eberhard F. Mammen, MD,b and Gary S. Grubb, MD, MPHc

Norfolk, Virginia, Detroit, Michigan, and Radnor, Pennsylvania

OBJECTIVE: This study was undertaken to evaluate the effects on hemostatic factors of a low-dose prepa-
ration of levonorgestrel and ethinyl estradiol in a 12-cycle study.
STUDY DESIGN: Thirty healthy women began taking 100 µg levonorgestrel and 20 µg ethinyl estradiol on
the first day of the menstrual cycle, continued to take the preparation for the next 21 days, and then took
placebo for 7 days. Mean changes in prothrombin time, partial thromboplastin time, and levels of factors VII
and X, antithrombin, plasminogen, fibrinogen, protein S, thrombin-antithrombin complexes, and D-dimer
were analyzed at baseline and at cycles 3, 6, and 12 with paired Student t tests.
RESULTS: Factor X, plasminogen antigen and activity, and D-dimer levels were significantly increased (P ≤ .01)
during all 3 cycle periods. Antithrombin antigen and protein S total antigen levels were significantly 
(P ≤ .001 ) decreased at cycles 3, 6, and 12, whereas factor VII and protein S activity levels were significantly
(P ≤ .05) decreased at cycle 3 and at cycles 3 and 6, respectively.
CONCLUSION: The effects on hemostatic factors in healthy women of a monophasic preparation of 100 µg
levonorgestrel and 20 µg ethinyl estradiol were similar to those of other low-dose oral contraceptives. (Am J
Obstet Gynecol 1999;181:S63-6.)

Key words: Anticoagulant, coagulation, ethinyl estradiol, fibrinolysis, levonorgestrel, oral contra-
ceptives

Oral contraceptives have the potential to alter certain
coagulation and fibrinolytic factors that may increase the
risks to their users of thromboembolic and cardiovascu-
lar disease.1-3 This increase in risk is believed to depend
largely on the ethinyl estradiol dose.4, 5 During the past
30 years, the trend has been toward lowering the doses of
both the estrogen and progestin components of oral con-
traceptives while maintaining contraceptive efficacy and
safety. An oral contraceptive containing 100 µg lev-
onorgestrel and 20 µg ethinyl estradiol (Alesse; Wyeth-
Ayerst Laboratories, St Davids, Pa) was approved for use
in the United States in 1997. This low-dose oral contra-
ceptive maintains the same 5:1 ratio of progestin to estro-
gen as that in a monophasic regimen containing 150 µg
levonorgestrel and 30 µg ethinyl estradiol (Nordette;
Wyeth-Ayerst Laboratories). We measured the effects on
the activation and inhibition of the coagulation and fib-

rinolytic systems in healthy women of this low-dose com-
bination of levonorgestrel and ethinyl estradiol.

Material and methods

Overall study design. The study was conducted at 2 of
the sites participating in an open-label outpatient effi-
cacy and safety study of 100 µg levonorgestrel and 20 µg
ethinyl estradiol. After an initial screening, 30 healthy
women with a mean (± SD) age of 29.9 ± 5.1 years who
were at risk for becoming pregnant were enrolled in the
study. Each subject began taking levonorgestrel and
ethinyl estradiol tablets on the first day of the menstrual
cycle, continued to take the study drug for 21 days of
each cycle, and then took 1 placebo tablet daily for 7
days.

The protocol was approved by the local institutional
review board, and the study was conducted according to
the provisions of the Declaration of Helsinki and its
amendments. Written informed consent was obtained
from each participant before enrollment in the study
and identities were kept confidential.

Initial screening. A complete medical history, includ-
ing gynecologic, obstetric, and smoking histories, was ob-
tained for each subject at the prestudy visit. In addition, a
physical examination, laboratory safety screening, cervi-
cal cytologic smear, and serum human chorionic go-
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nadotropin pregnancy test were done. Baseline blood
samples for hemostatic determinations were obtained
twice during the prestudy period between cycles days 17
and 26 after a fast of ≥15 hours. The women enrolled had
not taken oral contraceptives or sex steroids for 2 consec-
utive normal menstrual cycles immediately before receiv-
ing the study medication. Smokers were younger than 35
years. Women with a history of thrombophlebitis, throm-
boembolic disorders, cerebrovascular or coronary artery
disease, or any known or suspected clotting disorders or
malignancies were excluded from the study.

Study period. The women began taking oral contra-
ceptives at the beginning of cycle 1 and were seen for fol-
low-up visits during cycles, 6 and 12. Physical examina-
tions, laboratory safety screening, and cervical cytologic
smears were also performed during cycles 6 and 12.
During the treatment cycles blood samples were ob-
tained between tablet days 15 and 21 at cycles 3, 6, and
12. Aspirin and other nonsteroidal anti-inflammatory
drugs could not be taken within a 14-day period preced-
ing each blood sampling. During the course of this study,
sex hormones (except those given in the study), other
forms of contraception, anticonvulsant medications,
isotretinoin, anti-infectives, rifampin, and anticoagulant
therapy were prohibited.

Hemostatic determinations. Hemostasis studies in-
cluded the following laboratory determinations: pro-
thrombin and activated partial thromboplastin times and
levels of fibrinogen, factors VII and X, antithrombin ac-
tivity and antigen, protein S activity and antigen, plas-
minogen activity and antigen, thrombin-antithrombin
(TAT) complexes, and D-dimer. Prothrombin and acti-
vated partial thromboplastin times and levels of fibrino-
gen, factors VII and X, plasminogen, antithrombin, and
protein S activity were assayed on an ACL 300 Plus
(Instrumentation Laboratory, Lexington, Mass), with
reagents and assay kits manufactured by Instrumentation
Laboratory. Plasminogen and antithrombin were mea-
sured by means of chromogenic substrate technology. All

other values were measured by clotting assays as previ-
ously described.6, 7 Antithrombin and total and free pro-
tein S antigen levels were determined on the ACL 300
with Liatest kits (American Bioproducts, Parsippany, NJ),
as previously reported.8 Plasminogen antigen was assayed
by the Plasminogen Quiplate Procedure (Helena
Laboratories, Beaumont, Tex). TAT complexes and D-
dimer levels were analyzed by enzyme-linked immunosor-
bent assay technology with Enzygnost TAT Micro (Dade-
Behring Diagnostics, Marburg, Germany) and
Asserachrom D-Di (American Bioproducts) kits, respec-
tively. The enzyme-linked immunosorbent assays were
performed on a Bio-Tek Microplate Reader (Bio-Tek
Instruments, Inc, Winooski, Vt).

All specimens for each subject were collected at ap-
proximately the same time (morning) on each day of
sampling in evacuated tubes containing 3.2% sodium cit-
rate. The blood was centrifuged within 1 hour of collec-
tion. The platelet-poor plasma was placed in aliquots, im-
mediately frozen, and stored at –70°C. All samples from a
given patient were analyzed in the same run to avoid vari-
ability between runs. All assays were performed at the
Coagulation Laboratory, Mott Center, Wayne State
University, Detroit.

Statistics. Only the results for subjects who had com-
plete data through cycle 12 are presented. Each subject
served as her own control. The emphasis was on individ-
ual changes from baseline values. The changes (mean ±
SE) from baseline values in the coagulation parameters
were analyzed for each collection time with the paired
Student t test. The change (mean ± SE) from baseline
value was reported for all hemostatic values. An α level of
P ≤ .05 was considered significant. All tests were 2-sided.

Results

The distributions of age, parity, and other demo-
graphic characteristics are shown in Table I for the 30
women who remained in the study for ≥12 cycles. All
baseline values of the hemostatic parameters (Table II)
were within the laboratory reference range. Although
sporadic individual values measured during the study pe-
riod were outside the reference range, no woman had
clinically important changes in her hemostatic profile
during treatment.

There were no significant differences from baseline in
clotting times (Table II). Factor X concentration in-
creased significantly from baseline during cycles 3 and 6
(P < .001) and cycle 12 (P < .01), whereas a significant
(P < .05) decrease in factor VII concentration was seen
only at cycle 3. Levels of the coagulation activation
marker TAT complex did not change significantly during
treatment but increased less at cycles 6 and 12 than at
cycle 3.

Total protein S and antithrombin antigen levels were
significantly (P < .001) decreased from baseline values
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Table I. Demographic information on women who re-
ceived 100 µg levonorgestrel and 20 µg ethinyl estradiol

Variable No. % (n = 30)

Age (y, mean ± SD) 29.9 ± 5.1
Ethnic origin

White 25 83.3
Black 1 3.3
Other 4 13.3

Weight (kg, mean ± SD) 68.1 ± 13.9
Parity (mean ± SD) 1.6 ± 1.2
Oral contraceptive status

Former user* 27 90.0
Never a user 3 10.0

*Former users were subjects who last took oral contraceptives
>3 cycles before starting the study drug.



during cycles 3, 6, and 12 (Table II). Protein S activity was
significantly lower (P < .05) than baseline at cycles 3 and
6 but was not significantly different from baseline at cycle
12. No significant changes from baseline were observed
in antithrombin activity or free protein S antigen levels.

Plasminogen antigen and activity levels increased sig-
nificantly (P < .001) during all 3 cycles, whereas fibrino-
gen levels were unaffected by treatment. The fibrin split-
product D-dimer was increased significantly (P < .05)
from baseline during cycles 3, 6, and 12 but did not in-
crease with time. With the exception of plasminogen ac-
tivity and antigen levels, all individual values measured
remained within the reference ranges established for this
laboratory.

Comment 

As noted in similar studies,9-11 the effect on hemostatic
factors in healthy young women of the low-dose ethinyl
estradiol oral contraceptive used in this study had little
clinical importance. The profile of clotting times, proco-
agulant factors, and fibrinolytic factors generally fit the
pattern seen after treatment with other low-dose oral
contraceptives.12 Except for plasminogen values, none of
the coagulant or fibrinolytic parameters were outside the
laboratory reference limits at any time in this study.

A recent review of oral contraceptive effects on hemo-
static parameters12 assessed the percentage changes from
baseline in cycles 1, 3, and 6 after treatment with second-
or third-generation oral contraceptives. In the studies of
second-generation oral contraceptives, changes in the
fibrinogen and antithrombin concentrations were simi-
lar to the changes induced by the levonorgestrel and

ethinyl estradiol product in this study. Unlike the values
reported in that review, however, factor VII concentra-
tion in this study decreased from baseline in response to
oral contraceptive treatment. Concentration of the other
vitamin K–dependent procoagulant factor in this study,
factor X, increased 8% to 10%, but appropriate compar-
isons for this variable with other levonorgestrel-containing
oral contraceptives are not available. Typically levels of
factors VII and X increase during treatment with low-
dose oral contraceptives.12 Estrogen has a general effect
on protein synthesis, including that of these procoagu-
lant factors, but the clinical relevance of such changes is
not known.

Similarly, the pattern of changes in anticoagulant fac-
tor levels observed in this study generally fit the pattern
seen with other low-dose oral contraceptives. Total pro-
tein S antigen level was significantly decreased during cy-
cles 3, 6, and 12, but the free protein S antigen level was
not significantly changed. Protein S activity was signifi-
cantly decreased at cycles 3 and 6 but returned to base-
line levels by cycle 12. Significant increases in plasmino-
gen antigen and activity levels were consistent with
changes associated with increased fibrinolytic activity.
This was also true for the changes in concentration of the
fibrin split product D-dimer, which was increased signifi-
cantly above baseline during all cycles. The mean in-
crease was largest in cycle 3 and declined in cycles 6 and
12. Comparable changes have been observed with other
low-dose oral contraceptives.10, 11, 13, 14

As in other studies with low-dose oral contraceptives,13, 15

the level of the coagulation activation marker TAT com-
plex increased slightly at cycle 3 but declined below the
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Table II. Effects of 100 µg levonorgestrel and 20 µg ethinyl estradiol on hemostatic determinations

Cycle 3 Cycle 6 Cycle 12
(change from (change from (change from

Reference Baseline value baseline, baseline, baseline,
range (mean ± SE, n = 30) mean ± SE, n = 29) mean ± SE, n = 30) mean ± SE, n = 30)

Prothrombin time (s) 11-12.5 12.08 ± 0.13 –0.16 ± 0.19 –0.13 ± 0.17 0.00 ± 0.14
Partial thromboplastin time (s) 19.5-31.1 30.14 ± 0.62 1.11 ± 0.66 0.16 ± 0.54 0.04 ± 0.53
Procoagulant factors

Factor VII (%) 80-120 101.79 ± 3.90 –6.83 ± 3.02* –5.48 ± 3.88 –8.57 ± 4.61
Factor X (%) 75-135 100.31 ± 2.02 7.66 ± 1.75† 9.37 ± 1.93† 7.80 ± 2.38‡
TAT complexes (µg/L) 1-5 2.97 ± 0.41 0.34 ± 0.57 0.03 ± 0.54 –0.20 ± 0.42

Anticoagulant factors
Protein S activity (%) 75-140 105.24 ± 4.84 –11.97 ± 5.04* –10.41 ± 4.61* –4.87 ± 4.28
Total protein S antigen (%) 75-150 85.38 ± 2.15 –11.28 ± 2.04† –13.07 ± 1.99† –13.23 ± 2.39†
Free protein S antigen (%) 70-140 90.45 ± 4.69 –0.86 ± 4.03 –1.60 ± 3.64 –2.13 ± 4.71
Antithrombin antigen (%) 90-125 105.52 ± 1.60 –7.24 ± 1.13† –5.83 ± 1.02† –10.97 ± 1.91†
Antithrombin activity (%) 75-120 117.21 ± 1.86 1.14 ± 1.59 1.80 ± 1.37 1.40 ± 1.90

Fibrinolytic factors
Fibrinogen level g/L) 2-4 3.33 ± 0.13 0.10 ± 0.15 –0.05 ± 0.11 0.04 ± 0.14
Plasminogen antigen (mg/L) 85-130 108.31 ± 2.90 27.00 ± 2.72† 26.43 ± 2.53† 29.33 ± 4.99†
Plasminogen activity (%) 80-120 111.59 ± 3.45 22.03 ± 4.69† 23.03 ± 4.30† 26.77 ± 4.48†
D-dimer (µg/L) <500 253.48 ± 17.80 74.9 ± 24.29‡ 60.0 ± 21.29‡ 48.87 ± 21.64*

*Denotes statistically significant percentage change from baseline at the P < .05 level according to paired t tests.
†Denotes statistically significant percentage change from baseline at the P < .001 level according to paired t tests.
‡Denotes statistically significant percentage change from baseline at the P < .01 level according to paired t tests.



baseline level by cycle 12. Differences between oral con-
traceptives with different types or doses of progestin and
estrogen are difficult to assess except in comparative clin-
ical trials. Three recent studies9-11 have compared the ef-
fects of oral contraceptives containing the same progestin
dose but with 20 µg or 30 µg ethinyl estradiol. In a study
of gestodene-containing oral contraceptives, no statisti-
cally significant differences were found, but the authors
did report a trend toward greater fibrinolytic capacity in
the 20 µg ethinyl estradiol group.10 Another study11 com-
pared desogestrel-containing oral contraceptives and
found that the 20 µg ethinyl estradiol dose had less effect
on levels of factors VII and X than did the 30 µg ethinyl
estradiol dose. A third study9 compared the same deso-
gestrel oral contraceptives and found that the antithrom-
bin, total and free protein S, and fibrinogen levels de-
creased significantly only in the 30 µg ethinyl estradiol
group. In all 3 studies the 20 µg ethinyl estradiol oral con-
traceptive was found to have less effect than the 30 µg
ethinyl estradiol oral contraceptive on a diverse but in-
consistent set of hemostatic and fibrinolytic parameters.

This noncomparative study was not designed to deter-
mine whether the combination of 100 µg levonorgestrel
and 20 µg ethinyl estradiol has less effect on hematologic
parameters than does an oral contraceptive containing a
higher dose of levonorgestrel and ethinyl estradiol.
Comparing an oral contraceptive containing 100 µg lev-
onorgestrel and 20 µg ethinyl estradiol oral contracep-
tive with an oral contraceptive containing higher doses of
levonorgestrel and ethinyl estradiol could complicate the
assessment of estrogen effects. However, higher pro-
gestin doses are generally believed to increase the impact
of estrogen on coagulation factors.10

Oral contraceptives are known to influence the hemo-
static system by increasing procoagulant and fibrinolytic
activity.16, 17 The results of this study show that the
monophasic regimen of 100 µg levonorgestrel and 20 µg
ethinyl estradiol had effects consistent with those of
other low-dose oral contraceptives. Most individual val-
ues remained within the reference range, however, and
no clinically important effects on hemostatic balance
were noted.
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