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Historical Development of Oral
Contraceptives

Contraception has been practiced within the
family unit for thousands of years.1 Through-
out history, various civilizations and cultures

have used a variety of plant extracts, herbs, and
mechanical devices to control fertility. However,
most of these were ineffective by today’s standards.
Even the spermicidal agents, mechanical barriers, and
rhythm method used in modern society are not very
reliable. As the world experienced a “population
explosion” during the second half of the present
century, the need for fertility control extended be-
yond the family to societal levels as a means of
limiting population growth to a level within their
socioeconomic capabilities.1 With the willingness of
various governments to support birth control pro-
grams, the advocacy of feminist leaders, and increased
financial support for biological research, the develop-
ment of oral contraceptives began in 1950. However,
it was not until the early 1960s that contraception
became reliable and acceptably effective. This re-
sulted from the introduction of one of the most
innovative pharmacologic products of this century,
oral hormonal contraception. Oral contraceptives re-
main among the most effective reversible methods of
birth control available today, providing almost 100%
effectiveness with an impressively high margin of
safety and other important health benefits.2

Ethinyl estradiol and its 3-methyl ether, mestranol,
were synthesized from the natural estrogen estradiol
in Germany in 1938 and first used during the 1940s to
inhibit ovulation for the treatment of dysmenor-
rhea.1,3 However, these estrogens were not consis-
tently effective in suppressing ovulation over succes-
sive treatment cycles. Also, the synthesizing process
was expensive, leading researchers to seek other com-
pounds that would inhibit ovulation. Knowing that
the corpus luteum of the ovary, which secretes pro-
gesterone, inhibits ovulation during pregnancy, re-
searchers isolated progesterone and succeeded in us-
ing this steroid to inhibit ovulation in rabbits.3 At the
same time, advances in organic chemistry led to the
isolation of estrogen and progesterone from a botani-
cal source, a yam native to Mexico, and modification
of their structures.

The quest to develop a potent oral progestogen that
would inhibit ovulation led to the synthesis in 1944
of 19-nor-isoprogesterone, a parenterally active com-

pound similar in structure to progesterone but lack-
ing the methyl group at position 19.3 By 1951, the
first highly active oral progestogen, norethindrone,
was derived from the natural male hormone testos-
terone and became the progestational prototype from
which the progestogens in today’s oral contraceptives
were developed.3 Norethindrone and norethynodrel
were the first progestogens to be tested clinically in
combination with mestranol as oral contraceptives in
1954.1 By 1962, oral contraceptives were available on
the American market in a formulation of 10 mg
norethindrone and 150 mg mestranol.3

Since their introduction, the safety of oral contra-
ceptives and their potential complications have been
the subject of considerable debate and countless pub-
lications in the medical and lay literature. In the early
1960s, venous thromboembolism was the first of
these complications to be discussed in several case
reports.4 Subsequent surveys confirmed an increased
risk ratio of venous thromboembolism among oral
contraceptive users. After years of discussion, the
high doses of estrogen used in the early formulations
of oral contraceptives were implicated as the risk
factor for these cardiovascular complications.2,4 Sub-
sequently, the daily dose of ethinyl estradiol in com-
bination oral contraceptives was reduced, initially
from 150 mg to 100 mg, and in the 1970s was further
reduced to 30 or 35 mg, resulting in a significant
reduction in the incidence of morbidity and mortality
from thromboembolic events among oral contracep-
tive users.4,5

Equally importantly, several large epidemiologic
studies were completed in the United States and
Great Britain that contributed valuable information
regarding the etiology of cardiovascular disease.
These studies established that low serum levels of
high-density lipoprotein (HDL) were associated with
an increased risk of myocardial infarction (MI) and
that high levels of HDL and its subfraction HDL2 had
a cardioprotective effect.2,6 In addition, it was noted
that the incidence of MI was higher among oral
contraceptive users who smoked.4,7 Other studies
suggested that the incidence of hypertension was
directly proportional to the dose and type of the
progestogen in combination oral contraceptives, and
was reversible after discontinuation.4 Lower doses of
estrogen were also correlated with a reduced risk of
myocardial infarction and hypertension.2,4

Attempts to further enhance the potency of the
progestogen component in combined oral contracep-
tives led to the development of a gonane, levonor-
gestrel. However, this increase in progestogenic activ-
ity was accompanied by a concomitant rise in the
intrinsic androgenic activity of this compound. Con-
sequently, in order to reduce the androgenic activity
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of progestogens, two approaches have been followed.
One approach was to reduce the total progestogen
dose in the oral contraceptive, which eventually led
to the development of multiphasic oral contracep-
tives. The other approach was aimed at improving the
progestogens themselves by minimizing their intrin-
sic androgenicity. As a result, a new generation of
progestogens has been introduced. The first of these
to be developed and marketed was desogestrel, which
was introduced in an oral contraceptive combination
pill in Europe in 1981. Several years later two other
new gonanes, gestodene and norgestimate, were in-
troduced.

As compared to the prototypical norethindrone,
desogestrel and the other gonanes share a higher
binding affinity to progesterone receptors in in vitro
studies, and elicit a stronger progestogenic effect on
ovulation inhibition and endometrial histology.6,8 All
three of these newer gonanes have fewer androgenic
effects in in vivo bioassays than levonorgestrel, and of
these, desogestrel has the highest progesterone recep-
tor selectivity, providing a good clinical and meta-
bolic profile when used in combination with ethinyl
estradiol.6,8,9 In addition, monophasic oral contracep-
tives containing desogestrel do not appear to ad-
versely effect blood pressure or the hemostatic bal-
ance between coagulation and fibrinolysis.2,6,8

Indeed, the goal of oral contraception therapy is to
achieve the highest level of efficacy, safety, and
patient acceptability while using the lowest effective
doses of steroids. In combination with low-dose es-
trogen, desogestrel and the other gonanes provide a
high degree of clinical efficacy, good cycle control,
and high overall acceptability.

Pharmacology of Oral Contraceptives
Structure-Function Relationships
In principle, a progestogen is added to an oral contra-
ceptive for its intrinsic progestogenic effect. How-
ever, due to its chemical structure, a progestogen may
also have varying degrees of intrinsic estrogenic,
anti-estrogenic, or androgenic activity.8 The affinity
of a progestogen for steroid receptors, the extent of its
binding to serum proteins, its distribution and storage
in the body, and its metabolism in target tissues is
determined by both its chemical structure and the
combination with estrogen.

The basic chemical structure of the typical steroid
molecule, as shown in Figure 1, contains four inter-
joined carbon rings (A, B, C, and D) with methyl
groups attached at positions 10 and 13, in a virtually
planar configuration.3

All synthetic progestogens used in oral contracep-
tives are derived from 19-nortestosterone (Figure 2).10

A series of additions and substitutions to the 19-
nortestosterone structure resulted in estranes and
gonanes with increased progestational potency. The
estranes commonly present in oral contraceptives
include norethindrone (17a-ethinyl-19-nortestoster-
one), norethindrone acetate, lynestenol, and ethyno-
diol diacetate.9 They are characterized by the absence
of a methyl group between rings A and B and addition
of an ethinyl group at position 17a.9 Levonorgestrel,
the first gonane to be developed, shares the structural
features of the estranes but is a more potent proges-
togen than norethindrone and the other estranes due
to the attachment of a methyl group at position 18 of
the norethindrone molecule and the subsequent for-
mation of an ethyl group at position 13.8,9 These
chemical alterations increased the progestogenic po-
tency but also increased the intrinsic androgenic
activity of the molecule, as demonstrated by in-
creased binding to androgen receptors in receptor
binding studies.9,11

Further modifications of the levonorgestrel mole-
cule produced three newer progestogens: desogestrel,
norgestimate, and gestodene (Figure 2).10 Gestodene
is most similar in structure to levonorgestrel, with
the exception of a double bond between positions 15
and 16,10 whereas the structure of norgestimate varies
most, with an oxime group at position 3 and an
acetate group at position 17.11 While gestodene is
active in its parent form, norgestimate is transformed
to its active components: levonorgestrel, levonor-
gestrel-3-oxime, deacetylated norgestimate, and
levonorgestrel-17-acetate (deoximated norgestimate).
Desogestrel differs from levonorgestrel in the pres-
ence of a methylene group at position 11, which is
responsible for its increased progestogenic but re-
duced androgenic activity, and absence of an oxygen-

Figure 1. Chemical structure of a typical steroid mole-
cule: Four interjoined carbon rings (A,B,C,D) with methyl
groups attached at positions 10 and 13. From Ringold3 with
permission.
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ated functional group at position 3.9 The pharmaco-
logically active form of desogestrel is its metabolite
3-keto-desogestrel (etynogestrel).

Selectivity for Progestogen and Androgen Receptors
The hormonal characteristics of a progestogen can be
assessed by its affinity for progesterone and androgen
receptors in in vitro receptor binding studies using
human cell lines as well as by in vivo bioassay
techniques in animal models.9,11 The ovulation in-
hibitory effect and the effects of a progestogen on the
endometrium and cervical mucus are also used to
assess its hormonal characteristics.

Receptor Binding Studies
The relative binding affinities (RBA) of several pro-
gestogens to progesterone and androgen receptors
have been evaluated in receptor binding studies using
tritium-labeled ligands of 3-keto-desogestrel and di-
hydrotestosterone (DHT), respectively, using intact
human MCF-7 cells.6,9,11 Norethindrone is more

weakly bound to the progesterone receptor than the
other progestogens, and levonorgestrel has a lower
RBA than 3-keto-desogestrel. Levonorgestrel has the
highest RBA for the androgen receptor; the RBA of
levonorgestrel is significantly greater than that of
3-keto-desogestrel or norethindrone (Table 1).9,11

The receptor selectivity index, calculated as a ratio
of the RBA for the progesterone receptor over the RBA
for the androgen receptor, is significantly higher for
3-keto-desogestrel than for levonorgestrel and noreth-
indrone (Table 2).9,11

These results illustrate the differences in the chem-
ical structure-function relationships of the three new
progestogens, in that the methyl group at position 18
on the norethindrone molecule, which produces
levonorgestrel, increases its affinity for both the pro-
gesterone (from 30% to 135%) and androgen (from
6.0% to 15.3%) receptors, with a subsequent slight
increase in selectivity index from 5.0 to 8.8 (Table
3).9,11 The presence of the methylene group at posi-
tion 11 in the 3-keto-desogestrel structure increases
the progesterone receptor binding affinity to 260% as
compared with levonorgestrel (135%) but decreases
the affinity to the androgen receptor from 15.3% to
6.5%, a level comparable to that of norethindrone
(6.0%). Thus, the selectivity index of 3-keto-deso-
gestrel is nearly five times that of levonorgestrel (40
vs 8.8). Although the double bond between positions
15 and 16 in the gestodene structure increases its
affinity for the progesterone receptor over that of
levonorgestrel from 135% to 350%, it decreases the
affinity for the androgen receptor only slightly (from

Figure 2. Structural characteristics of synthetic progesto-
gens: absence of a methyl group between rings A and B and
an ethinyl group in position 17a. Gonanes also have an
ethyl group in position 13. Taken from Beral7 with permis-
sion.

Table 1. Relative binding affinities of progestogens (%)9

Progestogen

Progesterone
receptor

(ORG 2058* 5 100%)

Androgen
receptor

(DHT† 5 100%)

Norethindrone 30 6.0
Levonorgestrel 135 15.3
3-Keto-desogestrel 260 6.5
Gestodene 350 13.4

*ORG 2058 was used as the progestogenic reference compound. (100%)
DHT (dihydrotestosterone) was used as the androgenic reference compound.

†(100%).

Table 2. Selectivity indices of progestogens9

Progestogen

RBA progesterone
receptor/RBA

androgen receptor

Norethindrone 5.0
Levonorgestrel 8.8
Gestodene 26
3-Keto-desogestrel 40
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15.3% to 13.4%) and raises the selectivity index by a
factor of ,3 (8.8 vs 26).9,11 In another receptor-
binding study it was found that norgestimate itself
does not significantly bind to the human progesterone
receptor, but that significant binding affinity for both
the progesterone and androgen receptors was found
for deoximated norgestimate (levonorgestrel-17-ace-
tate), a metabolite of norgestimate. The selectivity
index of deoximated norgestimate in this study was
considerably lower than that of 3-keto-desogestrel.12

A selectivity index can also be calculated from the
results of several animal model bioassays.11 The pro-
gestational effects of a progestogen are evaluated by
the Clauberg test in immature rabbits and the ovula-
tion inhibition test in rats. The Clauberg test evalu-
ates the effects of 13 days of treatment on the devel-
opment of the endometrium after microscopic
examination, and rates endometrial development on a
scale of 1 to 4 (McPhail scale). Ovulation inhibition in
rats is determined by microscopic examination of the
oviducts for the presence of ova after administration
of the progestogen for 5 consecutive days following
full cornification of the vaginal epithelium.

The androgenic activity of a progestogen is assessed
by the Hershberger test, in which the weight of the
ventral prostate of immature rats after 8 days of
treatment with the progestogen is compared with
that after treatment with 17a-methyltestosterone.
Both the McPhail scale in the Clauberg test in imma-
ture rabbits and the ovulation inhibition test in
mature rats show that the progestational activity of
3-keto-desogestrel is more than twice that of
levonorgestrel and nearly 12 times that of norethin-
drone.11 In contrast, according to the Hershberger test
in immature rats, the androgenic activity of levonorg-
estrel is twice that of 3-keto-desogestrel, and the
activity of 3-keto-desogestrel is much greater than the
androgenic activity of norethindrone (Table 4).

Calculation of selectivity indices based on a com-
bination of these data supports the results of the in
vitro receptor binding studies, in that the selectivity

index for 3-keto-desogestrel is higher than that of
norethindrone, due to its increased progestational
activity, and higher than that of levonorgestrel, due to
its increased progestational and decreased androgenic
activity.11

Pharmacokinetics of Desogestrel
Absorption
After absorption, desogestrel is rapidly and almost
completely metabolized to its active form 3-keto-
desogestrel. This transformation takes place within
30 min.13,14 Cross-over comparison of 150 mg deso-
gestrel or 3-keto-desogestrel combined with 30 mg
ethinyl estradiol demonstrated that desogestrel is
almost completely metabolized, because the mean
area under the curves (AUC) of serum 3-keto-deso-
gestrel concentration over time after the oral admin-
istration of desogestrel and its active metabolite were
comparable (45.53 and 49.06 ng/h/mL, respective-
ly).13 At steady state (12 h postdose), the mean serum
concentrations of desogestrel and 3-keto-desogestrel
were 1.42 and 1.61 ng/mL, respectively.13

Distribution
The absolute bioavailability of 3-keto-desogestrel is
approximately 84%, probably due to the first-pass
liver effect.14–16 The results of published studies on
single-dose and steady-state pharmacokinetics after
oral administration of desogestrel (150 mg) in combi-
nation with ethinyl estradiol (30 mg) are summarized
below.16–19

After the first dose (day 1) in the third cycle of
treatment, a mean peak serum 3-keto-desogestrel
concentration of 2.8 6 1.2 ng/mL is reached 1.4 6
0.8 h after oral administration, and the AUC0—` is
33.9 6 11.0 ng/h/mL.16 After day 19 of the cycle
(steady state), a Cmax of 5.8 6 1.7 ng/mL is attained at
1.4 6 0.9 h, and the AUC0—24 is 52.3 6 17.9 ng/h/
mL.16

The mean AUC0—` for 3-keto-desogestrel after a
single dose is significantly lower than the AUC0—24

Table 3. Selectivity indices of progestins: ratios of relative
binding affinity (RBA) for progesterone receptor and andro-
gen receptor9

Compound
RBAORG 2058†/

RBADHT*
RBAORG 3236‡/

RBADHT*

Norethindrone 5.0 [3.5–7.2] 1.6 [1.3–2.1]
Levonorgestrel 8.8 [7.2–10.9] 4.5 [3.4–5.7]
Gestodene 26 [15–46] 11.8 [9.0–15.4]
3-Keto-desogestrel 40 [17–95] 15.3 [12.9–18.2]

*DHT 5 dihydrotestosterone.
†ORG 2058 5 (450 GBq/mmol) and [3H]-5a-dihydrotestosterone (DHT; 5.3

TBq/mmol).
‡ORG 3236 5 (3-keto-desogestrel; 1.2 TBq/mmol).

Table 4. Progestational and androgenic activities of
progestogens11

Progestogen

Clauberg-
McPhail
test dose

(mg at ED50)

Ovulation
inhibition
test dose

(mg at ED50)

Hershberger
test dose
at 100 log
150 mm*

Norethindrone 58 118 622
Levonorgestrel 12 20 75
3-Keto-desogestrel 5 10 181

*Only effect on ventral prostate shown.
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at steady state.16 This indicates that the kinetics of
3-keto-desogestrel are nonlinear due to an increase in
binding of 3-keto-desogestrel to sex hormone binding
globulin (SHBG) during the cycle, attributed to in-
creased SHBG levels that are induced by the daily
administration of ethinyl estradiol. During treatment
with 150 mg desogestrel in combination with 30 mg
ethinyl estradiol , the 3-keto-desogestrel peak concen-
trations, which are observed after 1–3 h, increase from
2 ng/mL on day 1 to 4–6 ng/mL on day 21 of pill
taking.20 During a 12-cycle course of treatment of 150
mg desogestrel in combination with 30 mg ethinyl
estradiol, SHBG levels increased from 68 nmol/L on
day 1 to 173 nmol/L on day 21 of the first cycle and to
146 nmol/L on day 1 to 219 nmol/L on day 21 of the
twelfth cycle. It has been demonstrated that SHBG-
bound 3-keto-desogestrel increases from 32.1% before
treatment to 61.9% during treatment.21 A compari-
son of the pharmacokinetics of desogestrel and other
progestogens is shown in Table 5.

Metabolism and Excretion
The rapid transformation of desogestrel to its active
metabolite probably takes place in the liver but does
not appear to be limited by the metabolic capability of
normal hepatic function, as demonstrated by the
results of metabolic studies.13,14 While there is evi-
dence of some metabolism in the alimentary tract, its
extent has not been established.14 Desogestrel is not
converted into levonorgestrel or its metabolites. From a
recent study it appears that 22% of orally administered
norgestimate was biotransformed into levonorgestrel
and that therefore at least part of the pharmacologic
activity must be attributed to the levonorgestrel pro-
duced.24 Furthermore, this conversion does not ad-
versely influence hepatic function itself.13,14

Comparative kinetic data on the elimination half-
lives of the progestogens is based primarily on single-
dose kinetics. The elimination half-life of 3-keto-

desogestrel (12.4 6 1.9 h) is comparable to that of
norethindrone (8.1 6 1.9 h), levonorgestrel (8.0 6
3.2 h), and gestodene (11.8 6 2.3 h) after a single
dose.19 To determine the long-term metabolic effects
of oral contraceptives, the evaluation of steady-state
pharmacokinetics is more appropriate than single-
dose kinetics. At steady state, the elimination half-
life for 3-keto-desogestrel is 38 6 20 h.15 The plasma
clearance of 3-keto-desogestrel ranged from 5.0–8.7
L/h.25,26

Desogestrel and its metabolites are eliminated pri-
marily in the urine and to a lesser extent in the
feces.27 After a single dose, 48% of the dose is ex-
creted in the urine and 35% in the feces; at steady
state, urinary and fecal excretion account for 45% and
31%, respectively.

Contraceptive Efficacy
Formulations and Mechanisms of Action
The combination oral contraceptives currently avail-
able are tablets formulated with high to low (50 to 20
mg) daily doses of ethinyl estradiol (EE), combined
with norethindrone or its acetates, levonorgestrel, or
the new progestogens, desogestrel, norgestimate, and
gestodene, as the progestational agent. They are ad-
ministered either for 21 days followed by a 7-day
tablet-free interval or for 21 days followed by a 7-day
period of placebo tablets. In the monophasic formu-
lations, the daily dose of both EE and the progestogen
is identical throughout the 21-day cycle.

Biphasic combination tablets are formulated as two
consecutive phases, in which the amount of proges-
togen in the second phase is higher than that in the
first phase, while the dose of estrogen remains con-
stant throughout the cycle. In contrast, in the tripha-
sic formulations the dose of the progestogen, and in
some preparations the dose of estrogen as well as the
progestogen, varies.

Table 5. Comparative pharmacokinetics of progestins after oral administration when combined with 30 mg of ethinyl
estradiol17,19,20,22,23

Progestogen Cmax (ng/mL) tmax (h) AUC (ng/h/mL)

Single dose
Norethindrone (1 mg)19 15.7 6 6.2 1.2 6 0.7 84 6 29.4
Levonorgestrel (150 mg)19 3.8 6 1.2 2.4 20 6 7.8
Desogestrel (150 mg)17 2.1 6 0.65 1.8 6 0.7 12.2 6 2.8
Gestodene (75 mg)19 3.6 6 1.4 1.7 35.0 6 16.6

Steady state
Norethindrone (1 mg)22 3.31 6 0.77 — —
Levonorgestrel (125 mg)23 9.5 6 2.5 1.8 101.2 6 26.5
Desogestrel (150 mg)17 4.6 6 1.5 1.6 6 0.6 51.3 6 22.4
Gestodene (75 mg)20 10.5 6 25.2 0.5 6 0.4 178.5 6 59.2

Mean 6 SD. AUC, area under the curve.
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The efficacy of combination oral contraceptives is a
function of their ability to interfere with ovulation,
fertilization, and implantation.8,10 Oral contracep-
tives inhibit ovulation by suppressing hormonal path-
ways for follicular development, inhibit sperm from
reaching the fallopian tubes by altering the perme-
ability of the cervical mucus, and alter the endome-
trial lining of the uterus.

Effect on the Pituitary-Ovarian Axis
The primary mechanism of action of combined oral
contraceptives is pituitary suppression of gonadotro-
pin secretion (follicle-stimulating hormone, FSH, and
luteinizing hormone, LH) resulting in inhibition of
follicular development and ovulation.28 In young
women with regular menstrual cycles who adhered
strictly to the prescribed regimen, the minimum daily
dose of desogestrel required to completely inhibit
ovulation was shown to be 60 mg, as compared with
500 mg/day of norethindrone and 100 mg/day of
levonorgestrel.8,29,30 The high binding affinity of
3-keto-desogestrel for the progesterone receptors pro-
vides potent progestational activity at the lowest
daily dose required for inhibition of ovulation (Table
6). In order to achieve acceptable cycle control, the
oral contraceptive Desogent (Organon Inc., West
Orange, NJ) contains 30 mg EE and 150 mg desogestrel,
ie, 2 1/2 times the dosage of this progestogen needed
for complete inhibition of ovulation. This dosage also
provides an enhanced margin of safety that is needed
on a regular basis, since the majority of women taking
oral contraceptives forget to take one or more tablets
per cycle.6

During treatment with Desogen for 21 days, levels
of FSH are nearly completely suppressed, and the
midcycle peak of LH is markedly reduced.29–32 In
addition, serum estradiol levels do not increase dur-
ing the cycle, indicating an absence of follicular
development. Serum progesterone levels are com-
pletely suppressed, a further indication of complete
inhibition of ovulation. Data from a well-controlled
study indicate that the degree of follicular suppres-
sion is related to the dose of the progestogenic com-
ponent33, whereas other studies have indicated that
ethinyl estradiol also contributes to the suppression
of the hypothalamic-pituitary-ovarian axis.34

Desogestrel-containing formulations have a greater
suppressive effect on ovarian activity than either the
monophasic or multiphasic oral contraceptives con-
taining norethindrone or the monophasic or triphasic
oral contraceptives containing levonorgestrel. This is
due to its enhanced ability to suppress gonadotropin
production and follicle development and to inhibit
ovulation.35 Ultrasonic measurement of follicle di-
ameters shows that there is significantly less follicu-
lar development during Desogen cycles than during
those with oral contraceptives containing norethin-
drone or either formulation of oral contraceptives
containing levonorgestrel. “Escape” ovulation has
not been reported with any of the three desogestrel-
containing monophasic preparations.35

Both the degree to which follicular development is
suppressed and the ability to inhibit ovulation are
important not only in terms of contraceptive reliabil-
ity but also with regard to the consequences of
occasional noncompliance, particularly at the begin-
ning of a new cycle.36,37 In a study in which the
tablet-free interval was deliberately extended from 7
to 10 days by the omission of the first three tablets of
a 21-day cycle of treatment, the risk of escape ovula-
tion with a monophasic desogestrel-containing oral
contraceptive and the triphasic levonorgestrel-con-
taining oral contraceptives were comparable, about
10%. However, there was less suppression of follicu-
lar development during the prolonged pill-free inter-
val in the triphasic group than the monophasic
group.36

A study using basal body temperature as an indica-
tor of anovulation also demonstrated that Desogen
inhibits ovulation, since temperature remains ele-
vated throughout the cycle, as opposed to an initially
lower temperature followed by a sharp increase at the
time of ovulation in a normal cycle not influenced by
oral contraceptives.31

The integrity of the pituitary-ovarian axis is re-
stored during the first cycle following discontinua-
tion of Desogen.31 Distinct midcycle LH peaks occur
and are preceded by significant increases in serum
estradiol levels. In some women the first menstrual
cycle following discontinuation of Desogen may be
prolonged due to a prolongation of the follicular
phase.

Effect on Cervical Mucus
Desogestrel, like other progestogens, alters the cervi-
cal mucus to prevent sperm penetration and subse-
quent migration into the uterus.31 The cervical mu-
cus quality is assessed by the characteristics of
arborization, spinnbarkeit, and viscosity. For most of
the menstrual cycle, the cervical mucus is thick and

Table 6. Minimal daily dose required for inhibition of
ovulation8

Progestogen Minimal daily dose

Norethindrone 500 mg
Levonorgestrel 100 mg
Desogestrel 60 mg
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viscous, becoming thin and more liquefied around the
time of ovulation. During treatment with Desogen,
the arborization, quantity, viscosity, and spinnbarkeit
of the cervical mucus approximate the preovulatory
phase of an untreated cycle, and sperm penetration is
negligible.29,31

Contraceptive Reliability
Oral contraceptives inhibit ovulation, inhibit sperm
penetration, and alter the endometrium, thereby pre-
venting pregnancy. Their reliability is often expressed
using the Pearl index, ie, the overall number of
pregnancies in 100 woman-years of use. When using
the Pearl index, these pregnancies can be further
differentiated into method failures (ie, those that
occur despite compliance) and patient failures (ie,
pregnancies that occur due to noncompliance or to
the concomitant use of certain drugs).

After more than a decade of clinical experience,
Desogen (marketed in Europe as Marvelont) has dem-
onstrated a high degree of contraceptive reliability.
The results of two independent European multicenter
trials involving 14,903 women bear out the reliability
of Desogen in preventing pregnancy.38,39 Only four
pregnancies occurred during 98,225 cycles of treat-
ment, resulting in an overall Pearl index of 0.05 (95%
confidence limits: 0.02 to 0.14). None of the pregnan-
cies was the result of method failure but rather
patient failure due to noncompliance (Table 7). This
low incidence of four pregnancies is impressive, given
the fact that one or more tablets were missed in a
total of 5141 cycles (5.5%), reaffirming Desogen’s
margin of reliability. One of the clinical trials in-
cluded in the desogestrel/EE US Food and Drug Ad-
ministration (FDA) New Drug Application (NDA)
included 1195 women and data on 11,656 cycles.40

During Desogen treatment only 10 pregnancies oc-
curred, of which nine were reported (Table 7).40 The
investigators determined that all were patient fail-
ures. The Pearl index calculated from these results
was 1.00, based on 13 cycles/1 woman-year of use.

In a comparative clinical study, no pregnancies
occurred among 199 women during 1073 cycles of
Desogen, whereas there were three pregnancies

among 193 women during 1063 triphasic levonor-
gestrel/EE cycles.42 A US multicenter ‘Sunday start‘
study reported results consistent with the European
trials. In a total of 4096 cycles in 809 women, one user
failure pregnancy occurred (Pearl index 0.32); there
were no pregnancies due to method failure.41 The
Desogen NDA included data on 2004 women who
completed 19,181 cycles. Based on 12 reported preg-
nancies, an overall Pearl index of 0.81 was calculated.16

Patient Acceptance
Oral contraceptives must prove acceptable to the
patient in addition to providing contraceptive reliabil-
ity. Patient acceptance is based on both objective
parameters and subjective criteria, such as the inci-
dence of nausea, headache, and breast tenderness.
Two objective measures appear to be critical to pa-
tient acceptance: cycle control and the effect on body
weight.

Cycle Control
DEFINITIONS. Control of the menstrual cycle is de-

fined in terms of vaginal bleeding, ie, any type of
uterine blood loss.38–41 Uterine bleeding that begins
during the tablet-free interval is termed withdrawal
bleeding; bleeding that begins during the tablet-tak-
ing period is referred to as intermenstrual or irregular
bleeding. Irregular bleeding can be further described
as spotting, a scanty blood loss requiring the use of
none or only one sanitary napkin per day, or break-
through bleeding, which requires the use of two or
more napkins per day. Adequate cycle control is based
on the regularity, amount, and duration of with-
drawal bleeding, the incidence of irregular bleeding,
and the effectiveness of postponing withdrawal
bleeding.

Inadequate cycle control is the most common cause
for discontinuation of any oral contraceptive. Women
are more likely to switch to a different oral contra-
ceptive if they experience an absence of withdrawal
bleeding, excessive amounts or prolonged durations
of withdrawal bleeding, or frequent irregular bleeding.
There is a direct correlation between the number of

Table 7. Contraceptive reliability of Desogen38–41

Year
No. of
women

No. of
cycles

Method failures Patient failures Overall
Pearl indexNo. Pearl index No. Pearl index

198838 13,290 74,967 0 0.0 3 0.05 0.05
198839 1613 23,258 0 0.0 1 0.06 0.06
199240 1195 11,656 0 0.0 9 1.00 1.00
199541 809 4096 0 0.0 1 0.32 0.32
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inadvertently omitted (“missed”) tablets and the in-
cidence of irregular bleeding. Furthermore, the inci-
dence of irregular bleeding differs among new oral
contraceptive users, women who have switched from
another oral contraceptive, and women with abnor-
mal pretreatment cycles.

WITHDRAWAL BLEEDING. European multicenter clini-
cal trials evaluated withdrawal bleeding during treat-
ment with Desogen in nearly 110,000 cycles.38–40

Data from one of the European studies show that
regular withdrawal bleeding occurred in 96%–98% of
all cycles and usually began during the first days of
the tablet-free interval.40 The mean duration of the
withdrawal bleeding was shorter than during pretreat-
ment cycles, prolonged or heavy blood loss was rare,
and both the duration and amount of withdrawal
bleeding tended to decrease as treatment with Deso-
gen continued. In the larger European study, con-
ducted in Italy with 13,290 women, the number with
irregular cycles decreased from 2242 to 163 after
treatment, and excessive bleeding before treatment
normalized in virtually all instances.38

The other European study, conducted for European
health registration, comprised 1613 women, and the
results indicated that when the duration or amount of
withdrawal bleeding changed from pretreatment
menstrual cycles, it usually became shorter and oc-
curred in lesser amounts (Table 8).39

These results are similar to those reported after six
treatment cycles with triphasic levonorgestrel/EE.
The mean latent period between the last tablet of
triphasic levonorgestrel/EE and the onset of with-
drawal bleeding was 2.1 days, and the mean duration
of withdrawal bleeding after six cycles of triphasic
levonorgestrel/EE or desogestrel/EE was 4.6 or 4.9
days, respectively.43

ABSENCE OF WITHDRAWAL BLEEDING. A small percent-
age of women taking oral contraceptives occasionally
experience amenorrhea during one or more tablet-free
intervals. Amenorrheic cycles were not reported in
either of the European clinical trials with Desogen,
and were rare in the trials included in the Desogen
NDA.38–41 Absence of withdrawal bleeding was ex-

tremely infrequent, occurring in only 1.4% of the 697
women participating in a 6-month US study, using a
“Sunday start regimen.”41 A comparative study of
desogestrel/EE and triphasic levonorgestrel/EE, how-
ever, demonstrated an incidence of amenorrhea of
12% after six cycles with either preparation.42 By
comparison, the incidence was 7.6% in an open study
of triphasic levonorgestrel/EE.43

DELAY OF WITHDRAWAL BLEEDING. Postponement of
withdrawal bleeding is a common practice among
oral contraceptive users, primarily to avoid the incon-
venience of the menstrual flow during vacations,
sports events, examinations, or for other personal
reasons, although little experimental data are avail-
able. The delay is accomplished by prolonging the
period of tablet intake by one cycle or less, depending
on the starting day of tablet intake. Two studies of
desogestrel/EE have demonstrated that withdrawal
bleeding can be postponed for 21 days in the majority
of women by the ingestion of two consecutive 21-day
cycles of tablets. In 105 regular users of Desogen,
withdrawal bleeding was successfully postponed for 1
week in 90% of the women, for 2 weeks in 81%, and
for 21 days in approximately 75% (Figure 3).44

Desogen and monophasic levonorgestrel (150 mg)/
EE(30 mg) showed similarities in postponing with-
drawal bleeding for 21 days in over 70% of the

Table 8. Changes in amount and duration of withdrawal bleeding during 24 cycles of treatment with Desogen39

Cycle N

Duration Amount

Increase No change Decrease Increase No change Decrease

1 1609 19.0 35.1 45.9 6.5 71.6 21.9
3 1446 14.4 36.0 49.6 5.9 70.3 23.9
6 1244 14.5 33.3 52.1 6.7 68.5 24.7

12 835 12.2 33.2 54.6 9.1 65.6 25.1
24 382 14.1 34.3 51.6 10.9 61.2 27.9

Figure 3. Postponement of withdrawal bleeding during
consecutive cycles of treatment with Desogen. Taken from
de Voogd44 with permission.
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women, whereas triphasic levonorgestrel (50/75/125
mg)/EE (30 mg) was successful in delaying withdrawal
bleeding for 21 days in only about 50% of the women
(Figure 4).45

IRREGULAR BLEEDING (INTERMENSTRUAL BLEEDING). With
all oral contraceptives, including Desogen, the inci-
dence of irregular bleeding is higher during the first
few cycles than before treatment but gradually de-
creases. As the data from the three European stud-
ies38–40 on Desogen reveal (Tables 9 and 10), the
incidences of both breakthrough bleeding and spot-
ting were higher during the first treatment cycle than
before treatment, tapered off during subsequent cy-

cles, and by cycle 6 were below the pretreatment
incidences.

The results of multicenter studies included in the
Desogen NDA40 demonstrated (Figure 5) only minor
differences in the incidence of irregular bleeding
among patients who had newly started oral contra-
ceptive treatment with Desogen and those who had
switched from another oral contraceptive.

In a comparative trial of desogestrel/EE and a
triphasic oral contraceptive containing levonor-
gestrel/EE, the incidences of breakthrough bleeding
and spotting were comparable.42 Approximately 75%
of the women experienced no intermenstrual bleed-
ing throughout the six cycles of treatment, and the
incidence of irregular bleeding decreased to 15% with
the oral contraceptive containing levonorgestrel/EE
and 14% with Desogen by the sixth cycle. Only 7% of
the patients in either group who discontinued treat-
ment did so because of irregular bleeding.

Although differences in methodology and defini-
tions of cycle control among different investigators
present difficulties in comparing data, the results of
the desogestrel studies are similar to the findings of

Figure 4. Comparison of postponement of withdrawal
bleeding during consecutive cycles of treatment with Deso-
gen, monophasic levonorgestrel/EE, and triphasic levonor-
gestrel/EE. From Hamerlynck et al.45 with permission.

Table 9. Incidence of irregular bleeding during treatment
with Desogen38

Cycle BTB Spotting Total

0 1.2 5.5 6.7
1 1.7 18.2 19.9
2 0.8 11.4 12.2
3 0.4 6.7 7.1
4 0.4 6.6 7.0
5 0.3 4.0 4.3
6 0.1 2.8 2.9

Percentage of women given. n 5 11,605.
BTB, breakthrough bleeding.

Table 10. Incidence of irregular bleeding during treatment
with Desogen59

Cycle N BTB Spotting Total

0 1613 2.4 3.1 5.5
1 1609 8.0 14.5 22.5
3 1446 6.4 5.8 12.2
6 1224 5.2 4.0 9.2

12 835 2.2 4.3 6.5
24 382 1.9 2.4 4.3

Percentage of women given.
BTB, breakthrough bleeding.

Figure 5. Incidence of irregular bleeding during treatment
with Desogen. Taken from Walling40 with permission.
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open studies conducted on other new progesto-
gens.43,46,47 From comparative studies, it can be con-
cluded that all combined oral contraceptives contain-
ing the new generation progestogens provide good
cycle control. In addition, it was also demonstrated
that with continued use, regardless of preparation, the
incidence of irregular bleeding decreases.48

For the majority of women taking oral contracep-
tives, the incidence of irregular bleeding was accept-
able. The rates of discontinuation from Desogen due
to irregular bleeding were low: only 2% after 13
cycles in the multicenter studies included in the
Desogen NDA, 1.5% after six cycles in the Italian
study, and 6.2% after 24 cycles in the study for
European health registration.38–40 Results of a US, six
cycle registration study demonstrated excellent pa-
tient acceptability with only 1% discontinuation due
to menstrual irregularity. The incidence of intermen-
strual bleeding, breakthrough bleeding, and break-
through spotting were 9.8%, 1.7%, and 8.1%, respec-
tively, in 697 subjects treated for 3640 cycles.41

SUMMARY. Desogen provides good control of the
menstrual cycle. The characteristics of withdrawal
bleeding after each treatment, with regard to the
onset, duration, and amount of menstrual flow, are
comparable to those with other low-dose oral contra-
ceptives. The overall incidence of irregular bleeding is
low, and few women discontinue Desogen due to
irregular bleeding.

Effect on Body Weight
In addition to cycle control, one of the important
aspects of patient acceptance of an oral contraceptive
is its effect on body weight. Evaluation of body weight
in three multicenter studies concluded that deso-
gestrel (150 mg)/EE(30 mg) has no adverse effect on
body weight.38–40

Mean changes in body weight and body mass index
among women who participated in studies included
in the Desogen NDA ranged from 10.3 to 11.1 kg and
10.1 to 10.4 kg/m2, respectively, over the first 18
months of treatment.40 Less than 1% of the 1195
women in this study discontinued treatment because
of weight gain. Similar results were reported in the
study conducted for European health registration, in
which 1613 women participated.39 Among the 330
women who completed 24 cycles of treatment, body
weight was unchanged in 70.2%, increased .2 kg in
17.9%, and decreased .2 kg in 11.9%. Ten women
discontinued treatment due to weight gain and two
because of weight loss. When the data from the 59
women who experienced weight gain were analyzed,
it was evident that most were younger than 20 years

of age, which coincided with normal growth patterns
(Table 11).

In the Italian study, 11,605 women completed six
treatment cycles with Desogen.38 These women were
classified according to height and body weight as
normal, underweight, overweight, and obese. Body
weight decreased by a mean of 3.6 kg in 12.3% of all
women and increased by a mean of 2.8 kg in another
6.0%, but there was no evidence of a significant
increase or decrease in body weight in any of the four
categories. If any change occurred, it was a slight shift
among overweight women to more normal body
weight.

SUMMARY. The results of several multicenter stud-
ies demonstrated that treatment with Desogen has
only a minimal impact on body weight. In addition,
any observed effect is limited primarily to women in
adolescence, an age group in which a tendency for
weight increase is natural.

Subjective Adverse Effects
Subjective adverse effects are reported with all oral
contraceptives, the most common of which are head-
ache, nausea, nervousness, and breast tenderness. The
incidence is usually highest during the first treatment
cycles and depends on both the daily dose of ethinyl
estradiol and the type and dose of the progestogen.

The means of collecting information regarding ad-
verse effects greatly influences the incidence recorded
in any one study. For example, in a controlled clinical
study comparing four oral contraceptives with pla-
cebo, all subjects were questioned as to the presence
or absence of specific adverse effects, and the inci-
dence of these was comparable between the oral
contraceptive users and the women given placebo.49

In general, a much higher incidence can be expected if
daily diaries are used to record tablet intake and
subjective adverse effects than if intermittent clinic
visits are scheduled for inquiry.

The overall incidence of subjective adverse effects
during desogestrel/EE use is generally low; however,
it is somewhat higher in women who have never used
an oral contraceptive than in those who switch from

Table 11. Correlation of age and change in mean body
weight during treatment with Desogen39

Patient
population

Cycle

1 3 6 12

All patients 0.0 0.0 10.1 10.2
Patients ,20 years 10.3 10.5 10.7 11.2
Patients 20–29 years 0.0 0.0 0.0 0.0

Weight given in kilograms.
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another oral contraceptive to Desogen, particularly
during the first several treatment cycles (Table
12).6,38,39 In particular, complaints of nausea and
headache during the first cycle of Desogen are higher
among new users than among women who switch
from other formulations. This is not unexpected,
since their bodies need to adapt to the influence of
exogenous steroids. It is noteworthy that the switch
to Desogen is not accompanied by an increase in the
incidences of these adverse effects.

Very few women discontinued treatment with
Desogen due to adverse effects in the multicenter
studies conducted in Europe.38,39 The rates of discon-
tinuation due to subjective adverse effects (ie, other
than irregular bleeding or changes in body weight and
vital signs) were 2.3% (n 5 13,290) and 4.2% (n 5
1613) before completion of 6 cycles and after comple-
tion of 24 cycles in the Italian and European health
registration studies, respectively.

In the well-controlled study included in the Deso-
gen NDA, the overall rate of discontinuation of this
desogestrel-containing OC due to any adverse effect
was 12.2%.40 The heterogeneity of the complaints,
eg, upper respiratory tract infection, headache, and
abdominal pain, suggested that most were unrelated
to the drug.

NAUSEA. After an expected small initial increase,
the incidence of nausea among desogestrel-containing
OC users generally decreases by the third cycle,

even among women who switched from another
formulation to Desogen (Table 12).38,39 Similar in-
cidences of nausea were reported with triphasic
norethindrone/EE (5.3%), with triphasic levonor-
gestrel/EE (1.5%), and monophasic norgesti-
mate/EE (2.4%).43,46,50

HEADACHE. The incidences of headache reported in
the two European trials38,39 do not differ substantially
from each other (Table 12), or from the incidences
reported with other oral contraceptives, such as
triphasic norethindrone/EE (6.1%), monophasic nor-
gestimate/EE (29.5%), and triphasic levonor-
gestrel/EE (10.0%).43,46,50 In the well-controlled study
included in the Desogen NDA, the frequency of
reported headache was relatively high (25%), most
likely due to study methodology.40 Women partici-
pating in this study used daily diaries to record any
adverse experiences, as opposed to the European
methodology where adverse effects reporting oc-
curred during visits to the investigator once every
three cycles.38–40

An analysis of the study reports of headache con-
tained in the Desogen NDA found that the reported
headaches were described as transient in nature and
of short duration. In fact, 75% of the women reported
that the headache lasted #1 day. These findings are in
agreement with an epidemiologic study of the preva-
lence of headache among more than 10,000 adoles-
cents and young adults. This study found that 77% of

Table 12. Incidence of subjective side effects during treatment with Desogen

Cycle N Nausea Headache Nervousness Depression Breast tenderness

Incidence of minor complaints (n 5 11,605)38

0 2.2 9.9 23.1 9.0 7.9
3 4.6 6.9 13.7 3.7 7.1

Persistent 1.7 4.0 9.3 2.1 3.7
New 2.9 2.9 4.4 1.6 3.4

6 1.2 2.8 10.4 2.7 4.9
Persistent 0.7 1.6 7.0 1.4 2.5
New 0.5 1.2 3.4 1.3 2.4

Incidence of subjective side effects39

Starters
0 808 2.2 6.2 5.0 5.3
1 806 8.9 7.5 4.5 9.0
3 723 2.9 5.0 1.9 5.3
6 627 1.3 4.1 2.1 4.0

12 433 0.5 3.2 2.1 2.3
24 214 0.5 2.6 0.5 0.5

Switchers
0 685 3.4 8.8 4.4 5.8
1 683 3.2 6.4 2.2 7.0
3 622 1.7 5.1 1.6 4.6
6 529 1.0 3.5 1.5 2.5

12 356 0.6 3.1 0.6 1.4
24 184 0.0 1.1 1.1 0.0

Percentage of women given.
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the women surveyed had experienced a headache
within the previous 4 weeks and that the average
duration of the headache was about 8 h.51 Further-
more, the investigators of the Desogen study classi-
fied .80% of the headaches as “unlikely” to be
related or “probably not or definitely not” related to
the study medication. The discontinuation rate due
to headache in this study was 3.7%.51

NERVOUSNESS. The incidence of nervousness re-
ported in the European studies (Table 12) varies
considerably; this is most likely due to the method-
ology employed in reporting adverse effects.38,39

However, the trends observed with the adverse effects
of headache and nausea also occur with nervousness,
ie, the incidence is higher among new oral contracep-
tive users taking Desogen than among women who
switched from another oral contraceptive, and the
incidence decreases in all women as treatment with
Desogen continues.

BREAST TENDERNESS. The incidence of breast tender-
ness during treatment with Desogen was comparable
in the two European trials38,39 (Table 12) and compa-
rable to the range of incidences reported with tripha-
sic norethindrone/EE (3.1%), monophasic norgesti-
mate/EE (6.4%), and triphasic levonorgestrel/EE
(1.8%).43,46,50

In one study included in the Desogen NDA, women
were also evaluated as to the effects of oral contra-
ceptives containing desogestrel on benign breast dis-
ease.40 The number of women with mammary nodu-
larity decreased from 154 before treatment with
Desogen to 119 at the end of treatment, a 23%
reduction.

SUMMARY. In addition to its contraceptive reliabil-
ity, Desogen is readily acceptable to patients with
regard to cycle control. The onset, duration, and
amount of withdrawal bleeding experienced by Deso-
gen users is comparable to those reported by users of
other low-dose combination oral contraceptives. The
incidence of irregular bleeding is low. Any minor
fluctuations in body weight during treatment with
Desogen appear to be within the normal patterns of
weight changes among young women taking oral
contraceptives.

The overall incidence of subjective adverse effects,
ie, nausea, headache, nervousness, and breast tender-
ness, is generally low. These effects are usually re-
ported more frequently during the first few cycles of
treatment and decrease as treatment continues. First-
time oral contraceptive users taking Desogen may
report these effects more often than women who have
switched to Desogen from another oral contraceptive.

Clinical Safety
Introduction
A positive association has been observed between the
amount of estrogen and progestogen in oral contra-
ceptives and the risk of cardiovascular disease. This
association appears to be multifactorial and has been
related to alterations in platelet function, coagulation
and fibrinolysis, and lipoprotein metabolism.

Since no long-term epidemiologic studies of the
influence of oral contraceptives on ischemic heart
disease have been conducted, the evaluation of the
potential health risks of oral contraceptives has fo-
cused on specific metabolic processes associated with
cardiovascular disease, including lipid metabolism,
carbohydrate metabolism, and hemostasis. The as-
sessment of blood pressure is a simple and reliable
method of monitoring the general status of the car-
diovascular system.

Effects on Blood Pressure
The oral contraceptives currently available have little
or no effect on blood pressure due to the low doses of
estrogen and progestin in the formulations.52,53

Women who experience significant increases in blood
pressure while taking oral contraceptives are usually
predisposed to essential or renal hypertension.4

Several clinical studies have demonstrated that,
like other oral contraceptives, Desogen has no ad-
verse effect on blood pressure. No significant varia-
tions in blood pressure occurred in the 1195 women
who completed up to 26 cycles of Desogen in the
well-controlled study included in the Desogen NDA,
nor in 1609 women who received up to 24 cycles in
the study conducted for European health registration,
including those women who had switched from an-
other oral contraceptive.39,40 Only five women in the
European study (0.3%) and one in the NDA studies
(0.08%) discontinued treatment due to increases in
blood pressure.39,40

Similar findings were reported in an Italian study
that enrolled 13,290 women.38 All but 70 of the
11,605 women who completed six cycles of Desogen
(0.6%) had blood pressure readings ,140/90 mm Hg
prior to treatment; by the completion of treatment,
blood pressure had decreased to normal levels in 26 of
the 70 women and 44 remained hypertensive (ie,
blood pressure $140/90). Eight women with previ-
ously normal blood pressure had readings .140 mm
Hg systolic or 90 mm Hg diastolic. Fourteen other
women discontinued treatment prior to completion
of six cycles due to hypertension, and all had predis-
posing factors, including a history of hypertension,
smoking, or both. Thus, of the total of 13,290 women
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treated with Desogen in this study, only 22 (0.2%)
developed hypertension.38

Another European study evaluated specifically the
effects of monophasic oral contraceptives containing
desogestrel and 20 or 30 mg EE on blood pressure in
3421 women who completed up to 24 cycles of
treatment.54 Mean changes in systolic and diastolic
blood pressure ranged from 21.2 to 12.1 mm Hg and
from 21.6 to 10.7 mm Hg, respectively. Only 10
women, representing a rate of 2.92/1000 women-
years, discontinued treatment due to hypertension.
The discontinuation rate due to hypertension among
new contraceptive users taking either formulation of
desogestrel/EE was only slightly higher than that
among women who had switched to desogestrel/EE
from another oral contraceptive (0.35% vs 0.29%).54

In a study of the effect of oral contraceptives on
blood pressure in the “pill-free interval,” 131 women
were randomized to four different low-dose monopha-
sic oral contraceptives.55 For a 6-month period, each
group received 30 mg ethinyl estradiol combined with
either norethindrone, levonorgestrel, desogestrel, or
gestodene for 21 days, followed by a 7-day pill-free
interval. All four groups showed an increase in blood
pressure during the treatment phase, which returned
towards baseline 4 weeks after discontinuation of the
oral contraceptive. At the end of the 7 day pill-free
interval, there was an increase in the diastolic pres-
sure in the pill-free interval relative to treatment in
the gestodene-treated group only. The other groups
did not show this increase in diastolic pressure during
the pill-free interval. The author postulated that the
increase in diastolic pressure in the gestodene group
was due to either a possible short-term rebound effect
or chance.55

Effects on Lipid Metabolism
Cholesterol and triglycerides, the primary plasma
lipids, are major determinants in the risk of coronary
heart disease.56 The incidence of coronary heart dis-
ease (CHD) in the general population is known to
depend on a number of risk factors, including family
history, age, sex, blood pressure, menopausal status,
smoking, body weight, and plasma lipid profile.57

Lipids are provided through the diet and by endoge-
nous synthesis, and bind in plasma to specific pro-
teins to form lipoproteins.58 Most plasma cholesterol
is transported via low-density lipoproteins (LDL),
which provide a source of cholesterol for extrahepatic
tissues, and the remainder as high-density lipopro-
teins (HDL). LDL deposit cholesterol in the vascular
wall, whereas HDL take up cholesterol from the
smooth muscle cells of the vascular wall and return it
to the liver for metabolism and excretion.58,59 High

levels of LDL are associated with atherogenesis and
an increased risk of coronary heart disease. On the
other hand, high levels of HDL, and particularly the
subfraction HDL2, elicit a cardioprotective effect.2

Triglycerides do not appear to be an independent risk
factor for coronary heart disease but may increase the
risk in the presence of low levels of HDL.56 At a
National Institutes of Health (NIH) consensus confer-
ence it was concluded that the results from epidemi-
ologic studies in middle-aged populations were con-
sistent with 2%–3% decrease in CHD risk for each 1
mg/dL (0.03 mmol/L) increase in plasma HDL choles-
terol, after an adjustment for other risk factors.57

Natural estrogens, androgens, and progesterone are
among the many factors that can influence serum
levels of lipoproteins. In both men and women, total
lipid concentrations increase with age, but the ratio of
total cholesterol to HDL differs between the sexes.56

During the childbearing years, HDL levels are higher
and LDL levels lower in women than in men; the
differences are less noticeable in the postmenopausal
years. Similarly, exogenous steroids, including those
in oral contraceptives, can affect lipid and lipoprotein
levels as well as lipoprotein metabolism (Figure
6).60,61 Although these changes are demonstrable in
oral contraceptive users, it is still unknown whether
they are related to atherogenesis. However, they
should not be ignored. It was recommended by the
consensus of the First European Conference on Sex
Steroids and Metabolism in 1989 that, pending fur-
ther information, it is prudent to prescribe oral con-
traceptives with minimal effects on lipids.60

Both the estrogen and progestogen components of
oral contraceptives affect lipoprotein metabolism, but
in an opposing manner.2 Estrogens increase HDL by
suppressing hepatic lipase activity and increasing the
synthesis of HDL apoproteins, decrease LDL by in-
creasing the hepatic uptake of LDL particles, and
increase total triglycerides, whereas progestogens de-
crease HDL, increase LDL, and decrease triglycerides.
The mechanism of this HDL reduction is probably
that androgenic progestogens activate hepatic lipase
more than less androgenic progestogens, resulting in
an accelerated removal of HDL2 cholesterol from
plasma.62

Because the degree of androgenic activity differs
considerably among oral contraceptives, while the
type and daily dose of estrogen is quite similar, the
net effect of an oral contraceptive on HDL and LDL
depends on the androgenic activity and the dose of the
progestogen, ie, the balance between the two hor-
mones.62,63

Desogestrel is the most selective of the progesto-
gens used in oral contraceptives.11,12 As previously
mentioned, these characteristics have been demon-
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strated in receptor binding studies, animal bioassays,
and in metabolic studies in women.9,11,14 As a result
of its low androgenic activity, desogestrel, combined
with ethinyl estradiol as a monophasic oral contra-
ceptive, does not counteract the increases in HDL and
decreases in LDL induced by ethinyl estradiol to the
same extent as other progestogens.42 In fact, several
studies have shown that Desogen may actually in-
crease HDL.6,58 Like other oral contraceptives, Deso-
gen may increase triglyceride levels.42 With regard to
the increased triglyceride plasma concentrations, a
phenomenon known to occur with all ethinyl estra-
diol-containing oral contraceptives, it was stated at
an NIH consensus conference that there are strong

indications that elevated triglycerides do not increase
CHD risk in women if HDL cholesterol concentra-
tions are not decreased.57

The effects of desogestrel when combined with
ethinyl estradiol on lipid and lipoprotein metabolism
have been evaluated in numerous studies (Table 13)48

and were the topic of a separate meta-analysis.64 In
these studies, Desogen significantly increased HDL in
21/34 studies, produced no change in total cholesterol
in 25/33 studies, and had no effect on LDL in 21/26
studies.48 These changes differ from those reported
with most other oral contraceptives.58 In general,
monophasic oral contraceptives containing low-dose
estrogen and either levonorgestrel or norethindrone
significantly decrease HDL levels and either have no
effect on or increase LDL levels.65 Triphasic formula-
tions of levonorgestrel or norethindrone with low-
dose estrogen have little effect on HDL, but both
decrease HDL2 and increase LDL.66

The results of these individual studies are in gen-
eral agreement with earlier reports,58 and were con-
firmed in a comprehensive cross-sectional evaluation
of the effects of seven different combination oral
contraceptives on lipid and lipoprotein metabolism.67

As compared with those in nonusers of oral contra-
ceptives, HDL cholesterol levels were significantly
lower (p #0.01) in users of oral contraceptives con-
taining monophasic low-dose (150 mg) and high-dose
(250 mg) levonorgestrel. HDL cholesterol levels were
not affected during treatment with triphasic
levonorgestrel/EE , monophasic high-dose (1000 mg),
or triphasic norethindrone/EE. However, treatment
with monophasic low-dose (500 mg) norethindrone/EE
and Desogen raised serum HDL levels significantly
(p ,0.001), by 10% and 12%, respectively.67 Neither
Desogen nor monophasic low-dose norethindrone/EE
affected levels of the subfraction HDL2, whereas all
other monophasic and triphasic combinations caused
significant decreases.

A number of studies have been conducted to eval-
uate the lipoprotein profiles of the more recently
developed oral contraceptives containing norgesti-
mate and gestodene, which, like Desogen, contain
progestogens with selectivity indices higher than nor-
ethindrone or levonorgestrel. These early reports in-
dicate that monophasic norgestimate/EE and both

Figure 6. Effects of estrogen and estrogen plus progestin
on the lipoprotein cascade. Taken from Knopp61 with
permission of Parthenon Publishing Group.

Table 13. Effects of Desogen on serum levels of HDL, LDL, and total cholesterol48

Total
cholesterol

HDL
cholesterol

LDL
cholesterol

Number of studies showing no change 25 13 21
Number of studies showing significant increase 6 21 1
Number of studies showing significant decrease 2 0 4
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monophasic and triphasic gestodene/EE increase
HDL cholesterol.46,68 Gestodene does not appear to
affect HDL2 levels; the effects of norgestimate on
HDL2 have not been reported.46,68 In a direct compar-
ative study, Desogen had a stronger effect on HDL
cholesterol and apolipoprotein A1 levels than tripha-
sic gestodene/EE or levonorgestrel/EE, and the two
oral contraceptives with a more selective progestogen
(Desogen and triphasic gestodene/EE) significantly
decreased levels of LDL cholesterol.68

It can be concluded that new generation oral con-
traceptives do not induce adverse changes in lipid
metabolism, expressed most predominantly by the
absence of a decrease in plasma HDL cholesterol
concentrations. Whether these effects are of clinical
relevance with regard to the incidence of coronary
heart disease (CHD) is not clear,69 although the
changes are similar to those that have been correlated
with a reduced incidence of CHD in other popula-
tions. Answers to this question may come from
current prospective studies investigating the CHD
risk with specific combined oral contraceptives.70–73

Although the results were not statistically signifi-
cant, one of these studies reported a similar risk of
developing an acute myocardial infarction for users of
third generation oral contraceptives, including deso-
gestrel, and nonusers, whereas users of second gener-
ation oral contraceptives had a three-fold increased
risk. Smoking was found in this large case-control
study to be the single biggest risk factor for develop-
ing an acute myocardial infarction, both for users and
nonusers.73

Effects on Carbohydrate Metabolism
The arterial wall is an insulin-sensitive tissue, re-
sponding to insulin exposure by the proliferation of
smooth muscle cells, inhibition of lipid decomposi-
tion, and synthesis of cholesterol, phospholipids, and
triglycerides.74 Changes in carbohydrate metabolism
and the deterioration of glucose tolerance that lead to
high concentrations of insulin for prolonged periods
may promote the development of lipid-filled lesions
and atherosclerosis. Epidemiologic studies have
shown that glucose intolerance and increased levels
of serum insulin are indicative of insulin resistance
and are risk factors for atherosclerosis, coronary heart
disease, and stroke.74,75

Oral contraceptives can induce changes in carbohy-
drate metabolism that reflect a peripheral insulin
resistance, leading to an increase in glucose and
insulin levels in serum.60,67,76,77 The progestogen
component is largely responsible for these effects, and
the degree of these effects depends on its type and
dose. Recently, the effects have been attributed to an

estrogen-dependent insulin resistance (reduced insu-
lin sensitivity) with probably a modulating role for
the progestogenic component.78,79 These diabeto-
genic effects appear to be caused by a change in either
insulin receptor binding or a postreceptor defect in
the cellular insulin action.76 To date there is no
evidence that the incidence of diabetes mellitus is
higher among previous or current oral contraceptive
users as compared with nonusers, or that increased
insulin levels in oral contraceptive users are associ-
ated with an increased risk of coronary heart dis-
ease.60,77 Furthermore, in young, healthy women
there is no evidence that combined low-dose oral
contraceptives affect glucose metabolism to produce
clinically significant effects.76 However, the consen-
sus statement of the First European Conference on
Sex Steroids and Metabolism in 1989 recommends
that oral contraceptives with minimal impact on carbo-
hydrate metabolism should be prescribed, particularly
to women at risk, ie, those with a history of gestational
diabetes, obesity, and close relatives with diabetes.60

Due to its pharmacologic profile, desogestrel in
combination with ethinyl estradiol has little impact
on carbohydrate metabolism. Early prospective stud-
ies demonstrated no adverse changes in fasting blood
glucose or insulin levels following oral glucose toler-
ance tests (OGTT) in small numbers of women
treated for up to six cycles, and the areas under the
glucose and insulin curves did not change significant-
ly.80–82 It should be noted that the small patient
populations and short duration of treatment may
have limited the power of these studies.

In another study with a cross-sectional design,67

the long-term effects of seven low-dose combination
agents were evaluated in more than 1300 women
taking OC for between 1.5 and 4 years. The assess-
ment included the analysis of C-peptide, a breakdown
product in the conversion of proinsulin to insulin, as
well as determination of plasma glucose and serum
insulin concentrations by OGTT. Unlike insulin,
C-peptide is not metabolized during the first pass
through the liver and is, therefore, considered a more
sensitive indicator of changes in insulin secretion. In
general, fasting plasma glucose levels were not af-
fected. As compared with the results among non-
users, plasma glucose levels from the OGTT were
43%–61% higher, insulin responses were 12%–40%
higher, and C-peptide responses were 18%–45%
higher in the oral contraceptive users, depending on
the dose and type of progestogen (Table 14).67 Deso-
gen and monophasic low-dose (500 mg) norethin-
drone/EE combinations had more favorable profiles
for carbohydrate metabolism than any of the
monophasic or triphasic levonorgestrel/EE combina-
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Table 14. Effect of the dose and type of progestogen on incremental areas of the OGTT for plasma glucose, insulin, and C-peptide concentrations as compared
with nonoral contraceptive users67

Group
No. of

subjects

Glucose Insulin* C Peptide

Fasting,
mmol/L

Incremental
area,

mmol/L/min
Fasting,

pmol/mL

Incremental
area,

pmol/mL/min
Fasting,

pmol/mL

Incremental
area,

pmol/mL/min

Nonusers 346 4.79 6 0.36 7.3 6 4.6 0.029 (20.016, 10.036) 1.05 (20.36, 10.55) 0.39 6 0.19 3.50 6 1.78
Oral contraceptive users

Monophasic combined
250 LG/30 EE 31 4.79 6 0.33 10.8 6 4.8‡ 0.045 (20.024, 10.052)† 1.47 (20.42, 10.58)‡ 0.44 6 0.17 4.12 6 1.71
150 LG/30 EE 215 4.73 6 0.39§ 11.8 6 5.3‡ 0.040 (20.023, 10.053)‡ 1.37 (20.50, 10.78)‡ 0.57 6 0.30‡ 5.08 6 2.62‡

1000 NE/35 EE 52 4.69 6 0.31 10.5 6 4.3‡ 0.031 (20.018, 10.043) 1.22 (20.43, 10.66)§ 0.48 6 0.24§ 4.45 6 2.08‡
500 NE/35 EE 88 4.78 6 0.31 10.5 6 5.6‡ 0.034 (20.019, 10.046) 1.18 (20.37, 10.54)§ 0.45 6 0.20§ 4.11 6 2.26§
150 DG/30 EE 71 4.74 6 0.31 10.4 6 3.8‡ 0.037 (20.019, 10.038)§ 1.29 (20.34, 10.47)‡ 0.42 6 0.16 3.78 6 1.59

Triphasic combined
50–125 LG/30–40 EE 152 4.78 6 0.35 11.6 6 5.3‡ 0.033 (20.018, 10.038) 1.26 (20.45, 10.69)‡ 0.46 6 0.21† 4.42 6 2.13‡
500–1000 NE/35 EE 66 4.69 6 0.34§ 11.1 6 5.0‡ 0.032 (20.017, 10.038) 1.37 (20.50, 10.78)‡ 0.47 6 0.16† 4.32 6 1.76‡

Progestin only
30, 37.5 LG 38 4.79 6 0.35 9.3 6 5.1§ 0.032 (20.020, 10.049) 1.13 (20.42, 10.67) 0.42 6 0.22 3.52 6 2.20
350 NE,500 ED 69 4.73 6 0.40 7.2 6 5.0 0.035 (20.020, 10.046) 1.02 (20.34, 10.51) 0.39 6 0.20 3.65 6 1.84

LG, levonorgestrel; EE, ethinyl estradiol; NE, norethindrone; DG, 3-keto-desogestrel; ED, ethynodiol diacetate. Doses given in micrograms.
*Insulin data were derived after log transformation; the minus and plus values are given in parentheses.
†p ,0.01 for the comparison with control values (by Student’s t test).
‡p ,0.001 for the comparison with control values (by Student’s t test).
§p ,0.05 for the comparison with control vlaues (by Student’s t test).
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tions, monophasic high-dose (1000 mg) contracep-
tives, or triphasic norethindrone/EE contraceptives.

In a recent study the relatively low impact of deso-
gestrel on carbohydrate metabolism, compared with
norethindrone- and levonorgestrel-containing oral con-
traceptives, was attributed to a progestogen-dependent
increase in serum elimination half-life of insulin
(T1/2elim), thereby enabling a near-normal glucose toler-
ance test curve. It was suggested that desogestrel partly
compensates for the ethinyl estradiol-induced distur-
bances of carbohydrate metabolism. It can be concluded
that the new generation of oral contraceptives has less
effect on carbohydrate metabolism than the older com-
bined oral contraceptives.78

Assessment of long-term glucose homeostasis from
the extent of glycosylation of proteins can be used as
an alternative to the OGTT in determining the effects
on glucose metabolism. Serum concentrations of gly-
cosylated proteins and values for hemoglobin A1c (as
a percentage of total hemoglobin) are not influenced
by Desogen after six cycles of treatment.80

Effects on Hemostasis
The hemostatic system consists of two separate path-
ways, one leading to coagulation, the other to fibri-
nolysis.83 In a normal state, these two pathways are in
hemodynamic balance. Furthermore, both coagula-
tion and fibrinolysis develop because of the presence
of factors derived from plasma, vascular tissues, or
platelets. These factors can either promote or inhibit
specific steps in either of the two pathways; thus,
there are procoagulating (factor VII, fibrinogen) and
anticoagulating (antithrombin [AT] III, proteins C and
S) factors, as well as profibrinolytic (plasminogen,
tissue-type plasminogen activator [t-PA], fibrin degra-
dation product [FbDP]) and antifibrinolytic (plasmin-
ogen activator inhibitor type I [PAI-I]) factors. Effec-
tive hemostasis requires the synchronization of these
numerous factors. An acceleration of clotting activity
may disrupt the hemostatic balance and increase the
risk of thrombosis.84 Some coagulation factors, in-
cluding factor VII and fibrinogen, have been associ-
ated with an increased risk for cardiovascular dis-
ease.85,86

Combination oral contraceptives, among other
drugs, induce changes in the concentrations of several
of the specific plasma components of the coagulation
and fibrinolytic systems.60 They affect blood clotting
by increasing plasma fibrinogen and the activity of
coagulation factors VII and X, and may decrease the
activity of antithrombin III, the coagulation inhibi-
tor.87 The subsequent state of hypercoagulability is,
for the most part, counterbalanced by an increase in
fibrinolytic activity. At present, although extremely

rare, venous thrombosis and thromboembolism are
serious adverse effects among oral contraceptive us-
ers.60 Over the years, numerous relative risk esti-
mates for venous thromboembolism (VTE) in oral
contraceptive users compared to nonusers have been
reported, ranging from 2 to 11.87–90 Exact relation-
ships with specific estrogen doses could not be calcu-
lated but the great majority of oral contraceptive
users in those analyses were likely to have used
preparations delivering 50 mg estrogen per day.90

Recently, epidemiologic studies have reported that
low-dose OC containing third generation progesto-
gens had increased odds ratios of VTE compared with
second generation OC.91–93 Although these studies
suggest that the increase may be 0.8–2.4 times and
may lead to 10–20 additional cases of VTE/100,000
users/year, the overall relative risk of VTE between
second and third generation users was found to be a
weak association and in the lower range of that
reported in the previous studies. There was no in-
crease in the absolute risk (incidence) of VTE with the
use of third generation OC compared with the inci-
dence among users of second generation OC in prior
studies; instead, the data showed a decrease in the
incidence of VTE with the use of second generation
OC over time. This may best be explained by bias and
confounding,94–100 particularly “prescribing bias” and
the so-called “healthy-user” effect,94,101 which can
dramatically affect the findings of such studies. Based
on the current understanding of the pharmacology of
the OC pill and the pathophysiology of VTE, it is
unlikely that there is a causal relationship between
the reported occurrence of VTE and third generation
OC.

In short, because changes in hemostasis variables
have not been detected among users of progestogen-
only oral contraceptives, they are thought to be me-
diated by estrogen, and the changes appear to be
dose-related. After this observation was made in the
late 1960s and early 1970s, the daily dose of ethinyl
estradiol in combination oral contraceptives was re-
duced from 50 mg to 30 mg, resulting in a significant
reduction in the incidence of morbidity and mortality
from thromboembolic events among oral contracep-
tive users.5 Although a recent paper implied that the
use of desogestrel-containing OC could result in a
clinical coagulation profile resembling that of a pa-
tient with factor V (Leiden) deficiency, these results
have not been replicated in other laboratories and
may have resulted from a unique but flawed method-
ology. In fact, the preliminary reports from Danish
studies, which adjusted for duration of use, did not
find any increased relative risk of VTE among users of
third generation versus second generation progesto-
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gens.102,103 Further laboratory work and prospective
clinical studies are required to clarify these findings.

Consistent with the rationale for developing third
generation progestogens, it has been found in epide-
miologic studies that the risk of acute myocardial
infarction (AMI) in users of third generation oral
contraceptives is similar to that in women not using
oral contraceptives and lower than that in women
using second generation oral contraceptives.73,104,105

In fact, interim data from one of the recent epidemi-
ology studies reports an odds ratio of 0.36 for AMI
among users of the third generation OC when com-
pared to users of second generation OC.73 The differ-
ence in AMI risk between OC users of these two
progestogen generations is compatible with biological
considerations involving the differential effects these
components have on certain metabolic parameters
and the maintenance of the integrity of the arterial
endothelium.

The effects of Desogen on hemostasis have been
evaluated in numerous comparative clinical trials
with monophasic or triphasic levonorgestrel/EE con-
traceptives and with monophasic or triphasic gesto-
dene/EE contraceptives for up to 12 cycles of treat-
ment.83,87,106–110 In general, Desogen had little effect
on coagulation or fibrolytic factors; the changes were
slight, remained within the normal range, were sim-
ilar to those observed with the reference oral contra-
ceptives, and were parallel to earlier reports in the
literature. In one study, the only apparent trend was
an increase of plasminogen among women treated
with either Desogen, triphasic levonorgestrel/EE, or
monophasic gestodene/EE.110 In a 12-month compar-
ative study of Desogen and monophasic gestodene/
EE, AT-III levels and thrombin-AT-III (TAT) com-
plexes were unchanged.83 Levels of protein C and
protein S increased during treatment with Desogen
and decreased during treatment with monophasic
gestodene/EE. In both groups, the antigens t-PA and
PAI-1 decreased to similar levels, while the activity of
t-PA increased. The overall efficacy of fibrinolysis, as
evaluated by levels of FbDP, was unchanged after 12
cycles of treatment with either Desogen or monopha-
sic gestodene/EE. Several studies have demonstrated
that there is no evidence of a difference in effect on
hemostatic parameters among OCs containing sec-
ond or third generation progestogens.83,109,111

In all studies, increases in coagulation activity
appeared to be counterbalanced by increased fibrino-
lytic activity, thus preserving the hemostatic equilib-
rium.112,113 Thus, it appears that in normal women
the effect of combined low-dose oral contraceptives
containing the newer progestogens on hemostatic
balance is not significant enough to increase the risk
of cardiovascular disease.83 However, in moderate to

heavy smokers, a study demonstrated a tendency
towards procoagulability during long-term use of a
combined oral contraceptive preparation, whereas an
age of $35 years did not appear to be a risk factor in
this respect.112

Effects on Prostacyclin/Thromboxane Metabolism
The prostanoids prostacyclin (PGI2) and thromboxane
(TXA2) are believed to be involved in clotting mech-
anisms and thus play an important role in the etiol-
ogy of cardiovascular disease. Prostacyclin is synthe-
sized by the vascular endothelium and is a potent
inhibitor of platelet aggregation, providing a protec-
tive effect against thrombosis.115 Thromboxane, on
the other hand, has potent platelet-aggregating and
vasoconstricting effects; it is synthesized primarily by
platelets and is considered an etiologic factor in
ischemic heart disease.113

Prostacyclin synthesis is stimulated in vitro by
HDL cholesterol, which theoretically may potentiate
HDL’s protective effects against cardiovascular dis-
ease.116,117 Since HDL cholesterol levels increase dur-
ing treatment with Desogen but either do not change
or decrease with monophasic or triphasic levonor-
gestrel/EE, the administration of Desogen may stim-
ulate prostacyclin synthesis.118 In a 3-month compar-
ative trial, total serum concentrations of both HDL
and HDL2 cholesterol increased by 25% during treat-
ment with Desogen but not with either formulation
of levonorgestrel/EE. These findings were paralleled
by a 25%–40% increase in urinary prostacyclin me-
tabolites among the women treated with Desogen.
Thromboxane synthesis was not affected by either
desogestrel or levonorgestrel.118

Summary
Desogen has a minimal impact on metabolic path-
ways. In the majority of studies, Desogen has been
shown to increase levels of HDL cholesterol, whereas
the levels of LDL cholesterol either decrease or re-
mained unchanged. In addition, the combination of
ethinyl estradiol and desogestrel appears to have a
stimulatory effect on prostacyclin metabolism. Deso-
gen has well-balanced effects on carbohydrate metab-
olism and hemostasis.

Oral Contraceptives and Neoplasia
Recent epidemiologic studies are reassuring regarding
the development of cancer among users of low-dose
combination oral contraceptives; in fact, the reduced
risk of ovarian and endometrial cancers among oral
contraceptive users is strongly suggestive of a protec-
tive effect. In the past, oral contraceptives have been
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causally implicated in the development of cancer,
especially malignancies of the breast and cervix. The
findings of more recent epidemiologic studies, and of
meta-analyses of these studies are encouraging.2,119–121

Several epidemiologic studies have focused on the
relation between breast cancer risk and use of low-
dose oral contraceptives.119–121 A meta-analysis of
data from 54 studies conducted in 25 countries,
including about 53,000 women with breast cancer
and more than 100,000 controls, concluded that cur-
rent or recent use of oral contraceptives only slightly
increases a woman’s risk of developing breast can-
cer.121 Further analysis indicated that the additional
cancers diagnosed were mostly localized disease.
Compared with never-users there was a significant
decrease in metastatic disease among former OC
users who developed breast cancer. Over time, former
users had a declining excess risk of breast cancer. The
excess risk of having breast cancer diagnosed among
women who had discontinued OC use for more than
10 years was no longer statistically significant com-
pared with never-users. It has been suggested that the
increased risk in current or recent OC users is due to
an accelerated time of diagnosis and not to a causal
influence.121

While there is some evidence that the long-term
use ($5 years) of oral contraceptives may increase the
risk of cervical neoplasia, the data are confounded by
such factors as sexual behavior and more frequent
Papanicolaou smear screening.122 One meta-analysis
followed 47,000 women for 20 years.123 Overall, ever-
users (current users and former users) of oral contra-
ceptives had an excess incidence for genital tract
cancers of 37/100,000 woman-years. This excess was
mainly due to the excess incidence of carcinoma in
situ of the cervix. This difference, however, was offset
by a lower incidence of both uterine (a deficit of
5/100,000 woman-years) and ovarian (4/100,000
woman-years) cancers in ever-users. The standardized
mortality rates from genital cancer were similar in
ever-users and never-users. However, cervical cancer
accounted for 75% of the invasive genital cancers and
74% of deaths from genital cancers in ever-users, but
only 31% of the invasive cancers and 30% of deaths
in never-users. Additional studies are needed to cor-
rect for these variables and to assess any correlation
between oral contraceptive use and cervical lesions
through long-term follow-up.

To characterize the association between the de-
creased risk of ovarian cancer and use of oral contra-
ceptives, the data from a case-control study were
examined.124 The main findings of this study were
that the use of oral contraceptives decreased the risk
of ovarian cancer, the risk decreased as the duration of
use and the interval since the first use increased, and

the effect persisted long after oral contraceptives had
ceased to be used.

Summary
Recent epidemiologic studies are reassuring regarding
the development of cancer among users of low-dose
combination oral contraceptives. Long-term studies
are needed to distinguish any correlation of long-term
oral contraceptive use from that of sexual behavior
and more frequent Papanicoloau smear screening
with an increased risk of cervical neoplasia. Although
Desogen has not been studied with respect to cancer-
related outcomes, there is no reason to believe that
Desogen would not have the same physiologic effects
as other OC formulations.

Noncontraceptive Health Benefits of Oral
Contraceptives
Oral contraceptives are among the most effective
reversible methods of birth control available today,
providing 99% effectiveness with an impressively
high margin of safety. In addition to their contracep-
tive reliability, oral contraceptives offer other health
benefits.2 Unfortunately, little attention has been
given to these noncontraceptive effects but rather to
the infrequent risks and adverse effects widely publi-
cized in the lay media.125

Oral Contraceptives and Neoplasia
An important epidemiologic finding is the fact that
oral contraceptive users have been shown to have a
far lower risk of developing ovarian or endometrial
cancers than nonusers, therefore providing a protec-
tive effect.2 Data indicate that the decrease in the risk
of ovarian cancer, which may approach 40%, begins
after as little as 6 months of oral contraceptive use
and persists for up to 10 years after discontinuation of
oral contraceptive use. Similar results have been
described regarding the risk of endometrial cancer, for
which the risk among women using oral contracep-
tives for 12 months or longer is reduced by as much as
50%. The risk appears to decrease with continued use
and may persist for as long as 10 years after discon-
tinuation.

In the case-control Cancer and Steroid Hormone
Study,124 it was found that women who used oral
contraceptives had a lowered relative risk of epithe-
lial ovarian cancer of 0.6 (95% confidence interval 0.5
to 0.7) compared to women who had not used oral
contraceptives. Women who had used oral contracep-
tives, but never for $3 consecutive months, had a
relative risk of 1.1 (0.8 to 1.6). Women who had used
oral contraceptives for $3 consecutive months had a
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lower risk of epithelial ovarian cancer than women
who had never used them, and with $5 years of
cumulative use, the relative risk decreased further
and the decrease was statistically significant. The risk
reduction was most pronounced in women who had
first used oral contraceptives at least 10 years before
diagnosis or interview. Further, women who had used
oral contraceptives had a decreased risk of epithelial
ovarian cancer compared with those who had not,
regardless of the length of time since the last use. In
summary, these results indicate that oral-contracep-
tive use even for a few months reduces the risk of
epithelial ovarian cancer by 40% for women 20–54
years of age. The effect probably takes 5–10 years to
become apparent, but it persists long after the use of
oral contraceptives ends.124

Menstrual Disorders and Other Gynecologic
Conditions
For women with menstrual disorders, oral contracep-
tives improve the regularity of the menstrual cycle;
reduce the amount and duration of menstrual flow,
intermenstrual bleeding, and iron deficiency anemia;
and decrease the incidence of dysmenorrhea and pre-
menstrual syndrome.2 The incidence of benign breast
disease, including fibroadenoma and fibrocystic dis-
ease, as well as the incidences of such gynecologic
conditions as ovarian retention cysts, endometriosis,
pelvic inflammatory disease, and ectopic pregnancy
are lower among women taking oral contraceptives.2

Effects on Hyperandrogenicity
INTRODUCTION. Serum levels of natural estrogens

and androgens and the sensitivity of their target
organs differ between the sexes. They produce coun-
teracting effects on lipid metabolism, as evidenced by
serum levels of HDL and LDL, and on serum levels of
SHBG, the carrier protein for sex hormones. Testos-
terone is highly bound to SHBG in plasma; thus, the
higher the SHBG level in plasma, the more free
circulating testosterone can be bound to it. Since
estrogens increase SHBG levels but androgens de-
crease them, SHBG levels are relatively high in
women. About 98% of circulating testosterone is
bound to SHBG and albumin; therefore, testosterone
only minimally affects its target organs. In women
with typical symptoms of hyperandrogenicity, such
as acne and hirsutism, SHBG levels are lower than
normal and, consequently, free testosterone levels are
correspondingly higher.126–132 Acne is the most com-
mon skin disorder in women of reproductive age.

EFFECTS ON SHBG AND FREE TESTOSTERONE. Orally ad-
ministered ethinyl estradiol increases SHBG serum

levels, and progestogens antagonize this effect.42 Be-
cause the degree of androgenic activity differs consid-
erably among oral contraceptives but the type and
daily dose of estrogen is quite similar, the net effect of
an oral contraceptive on plasma levels of SHBG
depends on the androgenic activity and dosage of the
progestogen. Desogestrel is the most selective of the
progestogens used in oral contraceptives.9,11 These
characteristics have been demonstrated in receptor
binding studies, animal bioassays, and in metabolic
studies in women.9,11,14 As a result of its low andro-
genic activity, desogestrel as a monophasic oral con-
traceptive does not counteract the ethinyl estradiol-
induced increases in SHBG to the same extent as
other progestogens, such as levonorgestrel.133

During treatment with Desogen, SHBG levels in-
crease approximately 200% and, consequently,
plasma levels of free testosterone decrease by 40% to
60%.31,122,128,132–134 These metabolic effects of Deso-
gen treatment may improve or alleviate symptoms in
women with androgenic skin disorders, such as acne.

EFFECTS ON ACNE AND HIRSUTISM. Numerous studies
have demonstrated that, in general, users of third
generation oral contraceptives will experience im-
provement in acne and hirsutism. In a large multi-
center study in Europe, 11,605 women were treated
with Desogen for six cycles.38 Prior to treatment,
1021 women had symptoms of acne; the severity of
acne was not evaluated. At the end of six cycles, the
symptoms had disappeared in 82% of these women,
and only 81 of 10,584 (0.8%) who were symptom-free
prior to treatment had developed acne. Among the
499 women with symptoms of hirsutism before treat-
ment, 54% were symptom-free after treatment, and
12 of the 11,106 symptom-free women (0.1%) devel-
oped hirsutism during treatment.

The effects of treatment with Desogen or monopha-
sic levonorgestrel/EE on acne were compared in
women with persistent acne.128 The severity of acne
was rated on a 4-point scale, and although it improved
after 6 months of treatment with either oral contra-
ceptive, the improvement was significantly greater (p
,0.05) in the women treated with Desogen. This
greater improvement was associated with a signifi-
cantly larger (p ,0.001) increase in SHBG levels
related to Desogen administration (Table 15).

Cyproterone acetate is an anti-androgenic progesto-
gen that opposes the binding of dihydrotestosterone
(DHT) to its cutaneous receptor. It has demonstrated
efficacy in reducing acne lesions and is available in
Europe in preparations containing 2 mg cyproterone
acetate combined with 50 or 35 mg ethinyl estradiol.
In two comparative studies on acne, treatment with
either Desogen or the cyproterone acetate preparation
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reduced the number of acne lesions significantly
(p ,0.05).135,136 The results of one of these studies135

are summarized in Table 16. Plasma levels of SHBG
increased significantly during treatment with either
preparation in both studies, whereas mean levels of
total testosterone either remained unchanged or de-
creased from baseline.

An Italian study compared the effects of Desogen or
gestodene/EE in 19 patients with postpubertal or
persistent nonsevere acne vulgaris during nine cycles
of treatment.137 A three-fold increase in serum SHBG
levels, with concomitant decreases and normaliza-
tion of serum androstendione and total testosterone,
was followed by a clinical improvement in acne in
both treatment groups: 90% of the patients in the
Desogen group, and 62% in the gestodene/EE group
reached a low acne score, ie, acne either absent or
minimal.

Conclusions
In summary, over the last 30 years, we have seen
virtually continuous development and refinement of
oral contraceptives in an effort to create safer, reli-
able, and effective new products. A variety of refine-
ments, formulations and development of synthetic
hormones has taken place. Desogestrel is an impor-
tant outcome of that process and is the most inten-
sively studied hormone available. Products contain-
ing desogestrel, such as Desogen, have been shown to
meet the criteria required by both providers and
patients in maintaining and enhancing the availabil-
ity of safe and effective oral contraception. Finally, as
hormonal contraceptive product lines broaden their
focus into areas such as implants and interuterine and
intravaginal contraception, desogestrel is certain to
play an important role in expanding contraceptive
options.

Table 15. Mean changes in acne score,* and in serum levels of SHBG and total and free testosterone during treatment with
Desogen or monophasic levonorgestrel/EE128

Oral contraceptive
and parameter

Before
treatment

After
treatment

Significance
p

Desogen (n 5 18)
Acne (0–3 score) 1.72 0.78 ,0.001
SHBG (nmol/L) 51 176 ,0.001
Total testosterone (nmol/L) 2.82 2.58 NS
Free testosterone (pmol/L) 64 36 ,0.01

Monophasic levonorgestrel/EE (n 5 15)
Acne (0–3 score) 1.66 1.26 ,0.01
SHBG (nmol/L) 55 70 NS
Total testosterone (nmol/L) 3.23 2.07 ,0.001
Free testosterone (pmol/L) 62 41 ,0.001

*Evaluation on a scale of 0 to 3, in which 0 5 facial area was clear or contained only a few lesions and 3 5 severe acne, numerous active lesions, and general
inflammation of the facial skin was present.

NS, not significant; SHBG, sex hormone binding globulin; EE, ethinyl estradiol.

Table 16. Changes in number of acne lesions and in plasma levels of SHBG and total testosterone before and after
treatment with Desogen or a cyproterone acetate preparation135

Oral contraceptive
and parameters N

Before
treatment

After
treatment

Significance
p

Desogen (n 5 18)
Comedones/pustules 27 15.2 6 16.5 5.7 6 5.9 ,0.01
Pustules/nodules 29 2.2 6 3.5 0.6 6 1.1 ,0.01
SHBG (nmol/L) 16 11.9 6 8.1 48.4 6 32.2 ,0.01
Total testosterone (ng/mL) 16 0.34 6 0.12 0.35 6 0.17 NS

Cyproterone acetate 1 ethinyl
estradiol (n 5 18)

Comedones/pustules 35 12.1 6 9.5 2.9 6 4.8 ,0.01
Pustules/nodules 34 2.5 6 4.6 0.4 6 1.1 ,0.01
SHBG (nmol/L) 19 18.8 6 15.6 45.6 6 30.6 ,0.01
Total testosterone (ng/mL) 19 0.41 6 0.25 0.33 6 0.22 NS

NS, not significant; SHBG, sex hormone binding globulin.
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Receptor binding of norgestimate—a new orally active
synthetic progestational compound. Contraception
1993;47:283–94.

13. Hasenack HG, Bosch AMG, Käär K. Serum levels of
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