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Abstract

Background: This study was conducted to investigate the effects of an oral contraceptive containing 30 mcg ethinyl estradiol and 2 mg
dienogest on thyroid hormones and androgen parameters.
Study design: Thyroid and androgen parameters were measured in 59 women treated with a monophasic combined oral contraceptive
containing 30 mcg ethinyl estradiol and 2 mg dienogest (EE/DNG) either conventionally (13 cycles with 21 days of treatment+7 days without
hormones) or according to an extended-cycle regimen (four extended cycles with 84 days of continuous administration of EE/DNG, followed
by a hormone-free interval of 7 days). Blood samples were taken on Days 21–26 of the preceding control cycle and on Days 19–21 of the 3rd
and 13th conventional cycle, or on Days 82–84 of the first and fourth extended cycle.
Results: At both time points, the serum concentrations of thyroxine-binding globulin were elevated by about 65% in both treatment
regimens. Likewise, both groups showed an increase in total triiodothyronine (T3) and total thyroxine (T4) by 30–40%, and no change in free
T4. Until the 12th month of conventional treatment, the level of free T3 remained unchanged but decreased slightly during the extended-cycle
regimen. In both groups there was a rise of sex hormone-binding globulin by 210–230% after 3 months and by 220–250% after 12 months.
The levels of total testosterone were reduced by about 40% and those of free testosterone by 55–65% after 3 and 12 months.
Conclusion: The results suggest that, during conventional and extended-cycle treatment with EE/DNG, a steady state in the effects on
thyroid hormones and androgen parameters was reached within 3 months and that the changes in the various hormonal parameters did not
substantially differ between conventional and extended-cycle regimen.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Oral contraceptives (OCs) not only influence the
hypothalamo-pituitary-ovarian axis and reduce the ovarian
production of sex steroids but also affect (directly or
indirectly) other endocrine systems such as the adrenal or
thyroid function. The estrogen component ethinyl estradiol
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(EE) causes a dose-dependent rise in the serum concentration
of sex hormone-binding globulin (SHBG) and thyroxine-
binding globulin (TBG) [1], whereas progestins with
androgenic activity may counteract this estrogenic effect.
A rise in SHBG leads to enhanced protein binding of
circulating testosterone, resulting in the reduction of free,
biologically active testosterone by 40–60% [2]. This effect is
limited because an excessive elevation of the SHBG
concentration is associated with an attenuation of its specific
binding capacity [3]. A rise of TBG results in a reduced
clearance of thyroxine (T4) and triiodothyronine (T3) and,
hence, in an increase in total T3 and T4 by 20–40%, whereas
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the free fractions of thyroid hormones are not or only slightly
affected [4].

OCs containing progestins without androgenic properties
like dienogest (DNG) cause a rise in SHBG levels by 200–
300% and in TBG levels by 50–60% [2]. These changes are
partly reversed in the hormone-free interval of 7 days; also,
maximal levels of SHBG are reached at the end of the third
cycle and no further rise occurs during the following cycles
[5,6].

As the regular fluctuations of hormones during conven-
tional treatment with OCs may cause menses-related
disorders and hormone withdrawal symptoms, many
women prefer to omit the hormone-free intervals of 7 days
and to reduce the frequency of menstrual bleeding [7,8].
Therefore, some extended-cycle preparations have been
developed. However, it remains to be clarified whether or not
continuous daily use of OCs, for example, 12 weeks,
represents a more pronounced impact on various endocrine
and metabolic systems than the conventional use.

Thyroid and androgen parameters were therefore mea-
sured in a subgroup of 59 women at the Center of Obstetrics
and Gynecology, University Hospital of Frankfurt, within
the frame of a large multicenter, comparative, prospective,
randomized, 12-month efficacy and safety study. The effects
of conventional treatment (21+7 days) with a combination of
30 mcg EE and 2 mg DNG (EE/DNG) on the serum
concentration of androgens, SHBG, TBG and thyroid
hormones were compared with those of an extended-cycle
regimen (84+7 days) with EE/DNG. The time points of the
measurements were 3 and 12 months.
2. Materials and methods

2.1. Design of the study

After screening of 66 healthy women between 18 and
40 years of age seeking contraception, 60 volunteers with
Fig. 1. Flow chart. Arrows indicate blood samples taken during the
regular menstrual cycles and without contraindications for
the use of OCs were included in this part of the study. The
remaining six women were screening failures. The
following reasons were identified: obesity (body mass
index N30 kg/m2), thalassemia minor, posttraumatic syn-
drome, Hashimoto's thyroiditis, laboratory values outside of
inclusion range and withdrawal of consent.

In addition, one volunteer of the conventional-regimen
group conceived in the control cycle and did not receive any
study medication, leading to a study population of n=59. The
participants had not used any hormonal medication for at
least 4 weeks prior to the study and did not use drugs known
to influence the effects of OCs.

General and gynecological examinations (including
cervical cytology, pregnancy test and general safety
laboratory parameters) were carried out prior to the selection
of volunteers, during the study and within 28 days after
termination of treatment.

After the control cycle, the volunteers were randomly
assigned to take a monophasic oral contraceptive containing
EE/DNG either conventionally (13 cycles with 21 days of
treatment+7 days without hormones) (n=29) or according to
an extended-cycle regimen (4 extended cycles with 84 days
of continuous administration+7 days without hormones)
(n=30) (Fig. 1). The randomization was performed at
Jenapharm using randomization blocks and using the
software package SAS. The random numbers were equally
distributed to the two treatment groups. The allocation of a
randomization number was linked in a chronologically
ascending manner to the sequence of arrival of the volunteers
on Visit 2. Neither the volunteer nor the investigator knew
the identity of the study regimen before assigning the
random numbers.

Blood was taken on Days 21–26 of the control cycle and
on Days 82–84 of the first and fourth extended cycle (3 and
12 months, respectively); or on Days 19–21 of the 3rd and
13th conventional cycle (3 and 12 months, respectively).
preceding control cycle and at 3 and 12 months of treatment.



Table 1
Characteristics of the study groups at screening (mean±S D)

Characteristic Conventional regimen
(FAS, n=29)

Extended-cycle regimen
(FAS, n=30)

Age (years) 24.6±3.2 25.1±2.6
Weight (kg) 63.7±8.0 62.0±8.1
BMI (kg/m2) 22.3±2.8 21.8±2.6
Systolic blood

pressure (mmHg)
109.1±10.9 112.2±10.6

Diastolic blood
pressure (mmHg)

71.0±7.2 69.8±9.1

Heart rate (beats/min) 71.9±7.6 70.9±7.9
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Blood sampling was carried out in the morning (08:00–
10:00 a.m.) in a lying position after overnight fasting.

Each volunteer kept a cycle diary in which tablet intake
and bleeding events were recorded daily. At each visit, the
volunteers were asked to report the occurrence of any
adverse events.

In addition to the central approval of the ethics committee
for the whole study (Medical Council of the German Federal
State of Thuringia), this part of the study was approved by
the Ethics Committee of the University Hospital of Frankfurt
and was conducted in compliance with Good Clinical
Practice and the Declaration of Helsinki. Awritten informed
consent was obtained from each volunteer before enrollment
in the study.

2.2. Laboratory methods

The blood samples were centrifuged and the sera stored at
−80°C until analysis. The hormonal parameters were
determined by the laboratory LKF GmbH, Kiel, Germany.

Total T3 was determined by means of a direct solid-phase
chemiluminescent immunoassay [Elecsys® T3 Immunoassay,
Roche Diagnostics, Mannheim, Germany; intra-assay coeffi-
cient of variation (CV), 4.4%; interassay CV, 5.2%; sensitivity,
0.3 nmol/L], T4 by a direct solid-phase chemiluminescent
immunoassay (Elecsys® T4 Immunoassay, Roche Diagnos-
tics; intra-assay CV, 3.3%; interassay CV, 4.5%; sensitivity,
5.40 nmol/L), free T3 (fT3) by a direct solid-phase chemi-
luminescent immunoassay (Elecsys® FT3 Immunoassay,
Roche Diagnostics; intra-assay CV, 1.9%; interassay CV,
2.5%; sensitivity 0.4, pmol/L) and free T4 (fT4) by a direct
solid-phase chemiluminescent immunoassay (Elecsys® FT4
Immunoassay, Roche Diagnostics; intra-assay CV, 2.1%;
interassay CV, 4.5%; sensitivity, 0.3 pmol/L).

Thyroxine-binding globulin was determined by a radio-
immunoassay (BRAHMS TBG RIA, BRAHMS AG,
Henningsdorf, Germany; intra-assay CV, 3.1%; interassay
CV, 3.0%; sensitivity, 85 nmol/L), SHBG by an immuno-
radiometric assay (SHBG IRMA CT, Zentech, Angleur,
Belgium; intra-assay CV, 5.1%; interassay CV, 5.2%;
sensitivity, 2.5 nmol/L), total testosterone by a direct solid-
phase chemiluminescent immunoassay (Elecsys® Testoster-
one Immunoassay, Roche Diagnostics; intra-assay CV, 4.6%;
interassay CV, 7.4%; sensitivity, 0.07 nmol/L) and free
testosterone by a solid-phase radioimmunoassay (Coat-A-
Count® Free Testosterone, DPC Biermann, Bad Nauheim,
Germany; intra-assay CV, 12.3%; interassay CV, 18.3%;
sensitivity, 0.52 pmol/L). The CVs are given as means of
human serum samples of different concentration ranges,
except for total and free testosterone. For these two
parameters, the CVs were chosen from the lowest concen-
tration range.

2.3. Statistical analysis

The sample size was established as 60 subjects, that is, 30
in each study arm. This sample size was chosen without
statistical consideration because, for this type of study, it is
commonly accepted by regulatory authorities. Analyses of
all variables were based on the full analysis set (FAS). The
FAS was defined as the intention-to-treat set, restricted to the
volunteers who had taken at least one tablet of the study
medication and had at least one observation. The study
variables were descriptively evaluated by comparing the
means at each examination time and their relative changes
over time. Missing data were not replaced.

The changes over time (i.e., the absolute changes for
within-group comparisons between time points) were
evaluated by means of the Wilcoxon signed rank test.
Comparisons between groups were carried out by using the
Wilcoxon rank sum test. The significance level was p=.05.
The percent changes over time are presented as percent
change of the means.
3. Results

Sixty volunteers were randomized to be treated with
EE/DNG either for 13 conventional cycles (21+7 days) or
4 extended cycles (84+7 days) as a subgroup for the
measurement of thyroid and androgen parameters within
the frame of a larger efficacy and safety study. One volunteer
became pregnant in the control cycle and dropped out before
the first medication, reducing the conventional group to
n=29. Two women discontinued the study prematurely
during the first extended cycle because of irregular bleeding
and tinnitus, respectively. Consequently, 57 subjects com-
pleted this part of the study (conventional n=29, extended
cycle n=28).

The conventional and extended-cycle groups were
comparable in terms of baseline data for age and body
mass index (Table 1). The latter did not substantially change
during the study as was also the case for blood pressure and
pulse rate.

3.1. Thyroid hormones

Over time, there was a significant rise in the serum levels
of TBG (60–65% conventional, 70% extended cycle)
(Table 2). Notably, there was no significant progression
between 3 and 12 months nor were there significant



Table 2
Effect of conventional or extended-cycle use of a monophasic combination of 30 mcg ethinyl estradiol and 2 mg dienogest (EE/DNG) on thyroid hormone
parameters after 3 and 12 months of treatment compared to the control cycle (mean±SD)

Parameter Conventional use of EE/DNG Extended-cycle use of EE/DNG

Control cycle (n=29) 3 months (n=29) 12 months (n=29) Control cycle (n=30) 3 months (n=28) 12 months (n=28)

TBG (nmol/L) 351±86 558±145 ⁎⁎ 583±116 ⁎⁎ 342±56 584±103 ⁎⁎ 588±103 ⁎⁎

Total T3 (nmol/L) 1.78±0.46 2.41±0.59 ⁎⁎ 2.35±0.54 ⁎⁎ 1.91±0.32 2.59±0.76 ⁎⁎ 2.43±0.37 ⁎⁎

fT3 (pmol/L) 4.6±0.8 4.8±0.9 4.8±0.9 5.0±0.7 4.8±0.7 4.7±0.5 ⁎

Total T4 (nmol/L) 91±18 # 128±19 ⁎⁎,Δ 123±16 ⁎⁎ 96±12 135±26 ⁎⁎ 130±19 ⁎⁎

fT4 (pmol/L) 14.5±1.8 # 14.7±1.7 14.8±1.4 15.5±1.5 15.2±1.5 15.2±1.4

⁎ pb .05 vs. control cycle.
⁎⁎ pb .01 vs. control cycle.
Δ pb .05 vs. 12 months.
# pb .05 vs. control cycle, extended-cycle use.

423N. Sänger et al. / Contraception 77 (2008) 420–425
differences between the conventional and the extended-
cycle regimen at either time point.

The levels of total T3 increased significantly by 35% after
3 months of treatment with both regimens and remained
stable until 12 months, whereas fT3 did not significantly
change during conventional treatment or even slightly
decreased in the extended-cycle group (Table 2). Similarly,
total T4 showed a 35–40% rise during treatment with
EE/DNG in both groups, whereas the levels of fT4 did
not change (Table 2).

Thus, the increases in total and free thyroid hormones
observed in the conventional and extended-cycle group did
not further progress between 3 and 12 months of treatment,
that is, a steady state was reached within 3 months.
Thereafter, the levels of total T3 and T4 slightly decreased
rather than increased during further use of EE/DNG (Table 2).

3.2. SHBG and androgen parameters

Treatment with the conventional and extended-cycle
regimen caused a rise of SHBG by 210% and 230%
after 3 months. The effect was only slightly enhanced after
12 months, reaching 220% and 250% (Fig. 2). There were
no significant differences between the conventional and
extended-cycle regimen at either time point.

For both regimens, there was a significant reduction of
total testosterone by about 40% after 3 months; the values
remained stable until 12 months. The levels of free
testosterone were profoundly suppressed by 55–65% after
3 and 12 months, with no time progression or differences
between the regimens (Fig. 2).
ig. 2. Effect of EE/DNG used conventionally or according to the extended-
ycle regimen on the serum concentration of SHBG, total testosterone and
ee testosterone (mean±SD). ⁎⁎pb.01 vs. control cycle; Δpb.05 vs. 3
onths; ΔΔpb.01 vs. 3 months.
4. Discussion

The most remarkable results of this randomized 1-year
study were the similar changes of all hormonal parameters in
women treated with EE/DNG conventionally or according to
the extended-cycle regimen. Extended use of EE/DNG for
12 weeks caused a marked rise in the estrogen-sensitive
hepatic proteins SHBG and TBG which, however, did not
differ significantly from that observed at the corresponding
F
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time of the conventional cycle. This suggests that a steady
state of both serum globulins was reached during the first
weeks of the extended-cycle regimen. These findings are
consistent with previous OC studies showing that a maximal
SHBG level is reached within the third cycle [2,5,6,9].

The rise in TBG and total T3 and T4 observed in the
present study is in agreement with previous findings during
conventional use of OCs [4,10–12]. The unaltered levels of
fT3 and fT4 indicated no change in the hormonal activity of
both thyroid hormones. This has also been observed using
combinations of 20 or 30 mcg EE with 2 mg DNG [4]. Other
trials on the effects of various OCs on thyroid hormones, in
turn, have provided inconsistent results concerning not only
the free fractions of T3 and T4 but also the levels of thyroid-
stimulating hormone [10,11,13].

The present study clearly demonstrated that, despite a
significant rise in T3 and T4, neither the conventional nor the
extended-cycle use of EE/DNG affect the thyroid function in
a relevant manner. OCs do not influence the release of
thyroid hormones, and the rise in total T3 and T4 is most
likely caused by an OC-induced increase in the binding
capacity of circulating TBG.

OCs are known to reduce or inhibit the luteinizing
hormone (LH)-stimulated production of testosterone in the
theca cells. Since the reduction in serum testosterone can be
observed already between Day 3 and Day 6 of an OC cycle,
that is, before the OC-induced decline of LH, it is
conceivable that contraceptive steroids rapidly and directly
suppress the synthesis of ovarian steroids [14,15]. The
remaining levels of circulating testosterone originate mainly
from the adrenals, either directly or after conversion of
precursors like androstenedione or dehydroepiandrosterone.
The moderate reduction of dehydroepiandrosterone sulfate
(DHEAS) levels during treatment with OCs (which is also
partly reversed in the hormone-free interval) may be caused
by a direct interaction of the contraceptive steroids with the
adrenal steroid synthesis [6,15,16].

In general, the use of low-dose OCs is associated with a
reduction of the serum concentration of total testosterone by
20–40% [5,6,9,14,15,17,18]. This effect and the concomi-
tant rise in the serum concentration of SHBG are responsible
for the pronounced reduction in the levels of free testosterone
by 40–60% [2,5,6,9,14,15,18]. During conventional use of
OCs, the suppression of testosterone levels is rapidly
reversed in the hormone-free interval of 7 days [6,15,17].
Consequently, this increase in total testosterone and the
attenuation of the OC-stimulated rise in SHBG during the
pill-free week cause a return of free testosterone to baseline
levels [6,15].

In the present study, blood sampling was carried out on
Days 19–21 of the conventional cycle; therefore, no
difference could be observed between conventional and
extended-cycle use of EE/DNG with respect to the levels of
total and free testosterone. However, it can be assumed that
an increase in total and free testosterone occurred in each
hormone-free interval during conventional use of EE/DNG,
whereas extended-cycle treatment caused a continuous
suppression of both testosterone and adrenal androgen
precursors. In patients with polycystic ovarian syndrome
treated continuously with 30 mcg EE and 150 mcg
desogestrel, the suppression of gonadotropins was superior
to that observed during conventional treatment because, in
the hormone-free interval of the latter, a transient rise in LH
and testosterone could be observed [19].

The suppression of total and free testosterone, as well as
of androgen precursors like DHEAS and androstenedione, is
a favorable side effect of OCs, generally exploited for the
treatment of women with hyperandrogenism. After nine
cycles of treatment with combinations of EE and cyproterone
acetate or drospirenone, the rise in SHBG and the reduction
of total and free testosterone, DHEAS, and androstenedione
were associated with a 60% improvement of acne and
seborrhea [20].

On the other hand, it cannot be excluded that a reduction in
free testosterone may adversely affect libido in some women,
even though in the present study themean levels remainedwell
within the normal range of 0.21–8.91 pmol/L for both
conventional and extended regimens. Also, the current
literature is inconsistent with regard to free testosterone levels
and libido with the use of different contraceptives [21–23].

The present study clearly demonstrates that during
treatment with EE/DNG, there are no relevant differences
between the conventional and the extended-cycle regimen
with respect to the changes of thyroid and androgen
parameters. Steady-state levels are reached within the first
3 months of treatment.
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