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The effects on ovarian activity of a monophasic oral
contraceptive with 100 µg levonorgestrel and 20 µg ethinyl
estradiol

PonJola Coney, MD,a and Anthony DelConte, MDb

Springfield, Illinois, and Radnor, Pennsylvania

An open-label, single-center, noncomparative study was conducted to determine the effects of a monophasic
oral contraceptive containing 100 µg levonorgestrel and 20 µg ethinyl estradiol on ovarian activity. The sub-
jects were 26 healthy women 20 to 35 years of age who had normal ovulatory cycles and were not at risk for
becoming pregnant. For 3 treatment cycles, they took 1 tablet of active drug daily for 21 days followed by
placebo tablets for 7 days. Follicle diameters and serum progesterone and 17β-estradiol levels were mea-
sured before, during, and after treatment. In 2 (2.7%) of 73 cycles, luteinized unruptured follicles were pre-
sent and in another 2 (2.7%) cycles, ovulation was confirmed by the disappearance of the enlarged follicle.
Ovarian activity, as reflected by mean serum progesterone levels, was restored after treatment. The results
of this study are in agreement with those of other studies that showed suppression of ovarian activity in
women treated with a monophasic oral contraceptive containing 100 µg levonorgestrel and 20 µg ethinyl
estradiol. These results indicate that low-dose 100 µg levonorgestrel and 20 µg ethinyl estradiol given for 21
days is effective in suppressing ovarian activity and they confirm the contraceptive efficacy observed in clini-
cal trials (Pearl index of 0.8). (Am J Obstet Gynecol 1999;181:S53-8.)
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Oral contraceptives have been shown to exert their ef-
fect in several ways.1 By decreasing gonadotropin secre-
tion they suppress ovarian activity and diminish the am-
plitudes of estradiol and progesterone concentration
curves. The progestational effect on the cervical glands
causes the cervical mucus to become scanty and viscous,
with reduced spinnbarkeit and essentially no ferning
properties, and the microfibrils become interlaced or
matted. Thus the cervical mucus becomes almost impen-
etrable by spermatozoa. Oral contraceptives also suppress
proliferation of the endometrium. Although glands re-
main healthy and maintain biologic potential, mitoses
are absent, secretions are scant with only moderate vac-
uolization, and the stroma is edematous with only a few
interspersed vacuoles.

Changes in the level of ovarian activity can be esti-
mated from changes in the serum levels of such hor-
mones as luteinizing hormone, follicle-stimulating hor-
mone, 17β-estradiol, and progesterone.2 In addition,

transvaginal ultrasonographic measurement of follicle-
like structures within the ovary provides a noninvasive
index of residual ovarian activity and indicates when a
follicle has ruptured.3 Generally, ovulation occurs when
the follicle reaches 18 to 20 mm in diameter.4

The suppression of ovarian activity by oral contracep-
tives is also accompanied by noncontraceptive health
benefits. These include fewer ectopic pregnancies and
ovarian cysts, less acne, and possibly diminished inci-
dences of ovarian and endometrial cancers.5, 6

To minimize the incidence of potentially serious
thromboembolic complications and other side effects as-
sociated with the early high-estrogen oral contraceptive
formulations7, 8 the dose concentrations of the estrogen
and progestin components have been progressively low-
ered. In combination oral contraceptives that contain
levonorgestrel and ethinyl estradiol, the concentration
of levonorgestrel was reduced from 250 µg to 150 µg and
that of ethinyl estradiol was reduced from 50 µg to 30
µg.9 In these formulations the 5:1 ratio10 between prog-
estin and estrogen was maintained to provide an accept-
able balance between the hormonal activities of each
component.

In this study the effects on ovarian activity of this new
low-dose monophasic oral contraceptive formulation of
100 µg levonorgestrel and 20 µg ethinyl estradiol were
evaluated in young ovulating women.
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Material and methods

Study design. The study was an open-label, outpatient
study conducted at a single center with the initial written
approval of the properly constituted local research
ethics committee. Regulations of the Food and Drug
Administration of the United States for the protection of
human subjects in clinical investigations were adhered
to, and written informed consent was obtained from all
subjects before their enrollment in the study.

At the prestudy visit, a complete medical history was
obtained from each subject and a physical examination,
laboratory safety screen, cervical cytologic smear, and
serum pregnancy test were performed. The physical ex-
amination included neurologic, breast, and pelvic exam-
inations and ocular funduscopy. Height, weight, and sit-
ting blood pressure were also recorded.

Subjects participated in the study for 5 cycles. After the
initial control cycle (cycle 1), during which the occur-
rence of ovulation was documented, each subject began
taking 100 µg levonorgestrel and 20 µg ethinyl estradiol
on the first day of the menstrual cycle. During the next 3
cycles (cycles 2, 3, and 4) 1 active tablet was taken daily
for 21 days, followed by 1 placebo tablet daily for 7 days,
at approximately the same time each day. Cycle 5 was the
posttreatment control cycle. Subjects were given diary
cards on which to record the number of pills taken each
day, any concomitant medications used, and any adverse
experiences. Ovulation was documented in the control
cycle (cycle 1) by measuring serum progesterone levels
before treatment was started. Any subject whose serum
progesterone level was ≤6.36 nmol/L (2 ng/mL) during
the first cycle was withdrawn and replaced with another
subject. During the second control cycle (cycle 5) the re-
turn of ovulatory activity was documented by means of
serum progesterone levels.

Subjects. The subjects were healthy women <35 years
old who were not at risk for becoming pregnant and had
regular (25- to 31-day) menstrual cycles. Postabortal and
nonnursing postpartum subjects had to have completed
≥1 regular (25- to 31-day) spontaneous menstrual cycle
before entry into the first control cycle. Women who
used injectable or implantable estrogens, progestins, or
androgens during the 6-month period before enrollment
were excluded.

Subjects could not use sex hormones (except those
given in this study), anticonvulsant medications, anti-in-
fectives that alter intestinal flora (when given for >10
days), rifampin, or drugs for which the labeling requires
the simultaneous use of contraceptives (eg, isotretinoin
[Accutane®]). They were instructed not to use other
forms of hormonal contraception and to use nonhor-
monal backup contraceptives throughout the study.

Study drug. Each 28-day blister pack supplied by
Wyeth-Ayerst Research (Radnor, Pa) contained 21 tablets
of 100 µg levonorgestrel and 20 µg ethinyl estradiol and
7 placebo tablets. An adjustable “day of the week” strip
was affixed by the subject above the top row of tablets ac-
cording to the starting day for the upper left tablet (the
first day of menses). After the completion of a pack the
subject continued to the next pack.

Laboratory and ultrasonographic measurements.
During the first control cycle, 3 serum samples were col-
lected at 2-day intervals beginning on day 18, 19, or 20 to
measure progesterone and 17β-estradiol concentrations.
During each treatment cycle, as many as 12 samples were
collected for serum progesterone and 17β-estradiol
analysis, and transvaginal ultrasonography was per-
formed every Monday, Wednesday, and Friday. During
the posttreatment control cycle, follicle diameter and
hormone concentrations were both measured at 2-day in-
tervals beginning on day 18, 19, or 20.

Transvaginal ultrasonographic scans of the ovaries
were performed with a 7.0-MHz probe (GE Medical
Systems, Waukesha, Wis). Mean maximum follicle diame-
ters were calculated from the largest follicles measured,
taken in both longitudinal and transverse planes. Serum
17β-estradiol levels were reported quantitatively at ≥20.0
pg/mL (≥73 pmol/L) and qualitatively if the level was
<20 pg/mL. Progesterone levels were reported qualita-
tively if the level was <0.1 ng/mL (<0.3 nmol/L).

Assessment of ovarian activity. Ovarian activity was as-
sessed according to the 6-point grading system reported
by Hoogland and Skouby3 (Table I).

Results

Subject attributes and disposition. Twenty-nine subjects
were enrolled and entered cycle 1; 3 of these subjects did
not ovulate in cycle 1 and were withdrawn from the study.
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Table I. Grading system for ovarian activity3

Diameter of follicle-like
Ovarian activity structure (mm) 17 β-Estradiol (nmol/L) Progesterone (nmol/L)

None ≤10 — —
Potential >10 — —
Nonactive follicle-like structure >13 ≤0.1 —
Active follicle-like structure >13 >0.1 ≤5
Luteinized unruptured follicle >13, continuous >0.1 >5
Ovulation >13, ruptured >0.1 >5



The demographic and baseline attributes of the 26 sub-
jects who entered cycle 2 and received treatment are
shown in Table II. One of the 26 subjects was withdrawn
after cycle 2 because of breakthrough bleeding and an-
other subject was unavailable for follow-up on day 6 of
cycle 2. All 24 subjects who entered cycle 3 completed the
study.

Nine of the subjects who completed the study forgot to
take 1 pill during a treatment cycle but then took 2 pills
the next day. Therefore, all subjects who completed the
study were in compliance with the dose requirements.

Concomitant medications (antibiotics and antipyret-
ics) were taken by 15 subjects during the treatment cycles
but were not considered to affect the study. No subject
took a prohibited medication during the study.

Laboratory and ultrasonographic results. Data are pre-
sented for all subjects who received treatment and com-
pleted ≥1 treatment cycle (25 subjects in cycle 2 and 24
subjects in cycles 3 and 4). The mean and median values
of the maximum follicle diameters are presented in
Table III and the means of the maximum serum proges-
terone and 17β-estradiol levels are presented in Table IV.
Maximum follicle diameters >10 mm were seen in 45
(62%) of 73 treatment cycles and in 21 (81%) of 26 sub-
jects. The mean maximum progesterone concentrations
during the treatment cycles were greatly decreased from
those during the pretreatment control cycle (cycle 1)
and approached pretreatment values during the post-
treatment control cycle (cycle 5). However, the mean

maximum 17β-estradiol concentrations fluctuated dur-
ing the treatment cycles. The variability in follicle diame-
ters and in the concentrations of 17β-estradiol suggests
that some ovarian activity was present even if ovulation
did not occur.

The grades of ovarian activity in the 73 cycles that were
monitored are summarized according to the 6-point sys-
tem shown in Table I. In 2 (2.7%) of 73 cycles luteinized
unruptured follicles were present, and in 2 other cycles
(2.7%) ovulation was confirmed by the disappearance of
the enlarged follicle (Table V).

Table VI lists the subjects who were considered to have
significant ovarian activity during treatment, along with
their maximum ovarian follicle diameters and their max-
imum serum progesterone and 17β-estradiol concentra-
tions. Figs 1 and 2 show the distribution of the individual
maximum ovarian follicle diameters and serum proges-
terone concentrations, respectively.
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Table II. Demographic and baseline attributes of subjects
(n = 26) who received the 100 µg levonorgestrel and 20
µg ethinyl estradiol preparation

Age (y)
Mean ± SD 29.0 ± 4.5
Range 20-35

Weight (kg)
Mean* ± SD 78.6 ± 21.6
Range 49.7-127.5

Parity (No. and %)
0 5 (19%)
1 9 (35%)
2 5 (19%)
3 7 (27%)

*One subject did not have weight recorded at baseline.

Table III. Measures of ovarian follicle diameters for all
subjects who completed ≥1 treatment cycle and had
pelvic ultrasonography performed

Maximum follicle diameter (mm)

Cycle No. of subjects Mean ± SD Median

2 25 9.9 ± 10.0 10.0
3 24 14.8 ± 14.3 12.5
4 24 21.0 ± 16.1 16.5

Table IV. Maximum (mean ± SD) serum hormone con-
centrations in treated subjects

No. of Progesterone 17β-Estradiol
Cycle subjects (nmol/L) (pmol/L)

1 25 38.3 ± 20.1 613.2 ± 254.7
2 25 1.9 ± 0.9 267.6 ± 225.8
3 24 4.2 ± 8.9 630.9 ± 697.9
4 24 5.9 ± 15.0 528.4 ± 551.1
5 24 30.7 ± 20.8 338.3 ± 165.7

Table V. Cycles by ovarian activity grade

Cycles (n = 73)

Activity No. %

None 28 38.4
Potential activity 12 16.2
Nonactive follicle-like structure 1 1.4
Active follicle-like structure 28 38.4
Luteinized unruptured follicle 2 2.7
Ovulation 2 2.7

Table VI. Subjects with significant ovarian activity during
treatment

Ovarian follicle Maximum Maximum
maximum progesterone 17 β-estradiol 
diameter concentration concentration 

Subject Activity (mm) (nmol/L)* (pmol/L)

A Luteinized 62 8.6 236
unruptured
follicle

B Luteinized 44 8.9 1316
unruptured
follicle

C Ovulation 36 73.8 1885
D Ovulation 18 19.1 292

*5.0 nmol/L = 1.57 ng/mL.
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Fig 2. Distribution of maximum serum progesterone concentrations before, during, and after treatment with lev-
onorgestrel 100 µg and ethinyl estradiol 20 µg. Square indicates that subject ovulated during treatment. Threshold
progesterone concentration (dashed line) was 5 nmol/L.

Fig 1. Distribution of maximum follicle diameters during 3 treatment cycles with levonorgestrel 100 µg and ethinyl
estradiol 20 µg. Square indicates that subject ovulated during treatment. Threshold diameter for follicle-like structure
classification (dashed line) was 13 mm.



Comment

The results of this study are in agreement with those
from other studies11, 12 that have shown suppression of
ovarian activity in women treated with a monophasic oral
contraceptive containing 100 µg levonorgestrel and 20
µg ethinyl estradiol. In addition, ovarian activity, as deter-
mined from the progesterone concentration, was re-
stored rapidly after the final treatment cycle.

The clinical efficacy and acceptability of the monopha-
sic regimen of 150 µg levonorgestrel and 30 µg ethinyl
estradiol have been well documented.12, 13 A formulation
with an even lower dose, containing 100 µg lev-
onorgestrel and 20 µg ethinyl estradiol, was initially stud-
ied in Brazil in 438 subjects for 3424 treatment cycles.14

One pregnancy was reported in a subject who used the
preparation incorrectly, resulting in a Pearl index (the
number of pregnancies per 100 women who used the
preparation for the duration of 1 year) of 0.38. No seri-
ous side effects were observed. It was concluded that fer-
tility can be controlled with this lower dosage of lev-
onorgestrel and ethinyl estradiol.

The 100 µg levonorgestrel and 20 µg ethinyl estradiol
formulation was also recently studied in the United
States and Canada. Data from an interim analysis for
1477 subjects and 7720 treatment cycles valid for efficacy
analysis showed that 5 pregnancies occurred, resulting in
a Pearl index of 0.84.15

Other investigators used somewhat different methods to
assess the effects of oral contraceptives on ovarian activity
and observed effective inhibition of ovulation after treat-
ment with low-dose monophasic oral contraceptives con-
taining 20 µg ethinyl estradiol and a progestin other than
levonorgestrel.16, 17 In a study by Teichmann and Brill,18

an oral contraceptive containing 150 µg desogestrel and
20 µg ethinyl estradiol and another containing 75 µg
gestodene and 30 µg ethinyl estradiol both provided ade-
quate and equivalent suppression of ovarian activity.

Some ovarian follicle activity occurred during the
treatment cycles in this study, which is consistent with re-
sults obtained with other low-dose oral contraceptives
containing 20 µg ethinyl estradiol.2, 11, 12, 16 In this study,
only 8% of the cycles showed a maximum follicle size ≥10
mm accompanied by a rise in progesterone levels.
Although 45 (62%) of 73 treatment cycles had maximum
follicle diameters ≥10 mm, the size increase was not ac-
companied by a rise in progesterone levels.

Follicular growth during oral contraceptive use does
not necessarily indicate a likelihood of ovulation and is
therefore not a reliable indicator of contraceptive fail-
ure. In addition, adequately timed changes in cervical
mucus penetrability and endometrial receptivity act as
auxiliary mechanisms for contraceptive efficacy.

The suppression of ovulation and the suppression of
gonadotropin to low basal levels also result in noncontra-
ceptive benefits.2 These benefits, which are well estab-

lished with high-dose oral contraceptives, should be
maintained with the low-dose oral contraceptives as well.
The most important of these, in terms of reduced mor-
tality, are reduced frequency of ovarian cancer and re-
duced frequency of ectopic pregnancy.

Low-dose oral contraceptives still produce complete
secretory transformation of the endometrium and
should be expected to prevent endometrial cancers.2

The favorable efficacy results seen in a recent study with
100 µg levonorgestrel and 20 µg ethinyl estradiol15 indi-
cate that the contraceptive effect is preserved when the
dose is reduced from 150 µg levonorgestrel and 30 µg
ethinyl estradiol and suggest that the noncontraceptive
benefits of suppressed ovarian activity are probably main-
tained with the lower dose.

A reduction in functional ovarian cysts among users of
oral contraceptives has been attributed to the suppression
of ovulation.19 In this study, there was no evidence of the
development of ovarian follicular cysts in patients who re-
ceived 100 µg levonorgestrel and 20 µg ethinyl estradiol.
This benefit has been observed in women treated with ei-
ther low-dose or high-dose oral contraceptives.

The new low-dose monophasic regimen of 100 µg lev-
onorgestrel and 20 µg ethinyl estradiol provides effective
contraception. The results are generally equivalent to
those seen with formulations with higher doses. The non-
contraceptive benefits resulting from the suppression of
ovarian activity should therefore be maintained with this
new low-dose formulation.
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