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Efficacy and safety of a low-dose monophasic combination oral
contraceptive containing 100 µg levonorgestrel and 20 µg
ethinyl estradiol (Alesse®)

David F. Archer, MD,a Rodolphe Maheux, MD,b Anthony DelConte, MD,c Francis B. O’Brien,
MD,c and the North American Levonorgestrel Study Group (NALSG)

Norfolk, Virginia, Quebec, Canada, and Radnor, Pennsylvania

The efficacy and safety of a low-dose 21-day combination oral contraceptive containing 100 µg lev-
onorgestrel and 20 µg ethinyl estradiol were evaluated in an open-label, multicenter trial. A total of 1708 sub-
jects with regular menstrual cycles (27,011 cycles) were evaluated. The oral contraceptive was administered
once a day for 21 days, followed by 7 days of placebo for a complete cycle. During 26,554 cycles evaluated
for efficacy, 18 pregnancies occurred (Pearl index of 0.88); 6 of these events were attributable to subject non-
compliance. After 30 cycles of exposure the cumulative rate of withdrawal as a result of accidental pregnancy
was 1.9%. Breakthrough bleeding (with or without spotting) occurred in 12.9% of the cycles and spotting
alone occurred in 10.1% of the cycles. The 2 most common adverse events cited as reasons for discontinua-
tion were headache (2% of subjects) and metrorrhagia (2%). One serious event led to withdrawal of a sub-
ject. Overall, the results of this study demonstrate that the monophasic regimen of 100 µg levonorgestrel and
20 µg ethinyl estradiol offers effective contraception, acceptable cycle control, and a good tolerability profile.
(Am J Obstet Gynecol 1999;181:S39-44.)
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During the last quarter century, development of com-
bination oral contraceptives has concentrated on reduc-
ing the steroid dose to minimize side effects while main-
taining contraceptive efficacy and a normal
menstruation-like bleeding pattern. Typically these for-
mulations contain ethinyl estradiol and 19-nortestos-
terone progestins.

Clinical experience has shown that either norgestrel
combined with ethinyl estradiol in a 10:1 ratio or the ac-
tive isomer levonorgestrel combined with ethinyl estra-
diol in a 5:1 ratio achieves good efficacy with an accept-
able safety profile.1 In 1968, the first oral contraceptive
containing 250 µg levonorgestrel and 50 µg ethinyl estra-
diol was introduced. In 1974, a lower-dose formulation
with the same 5:1 ratio (150 µg levonorgestrel and 30 µg
ethinyl estradiol) was introduced to reduce the occur-
rence of adverse events. Since then this dosage combina-
tion has been used extensively.

In the early 1970s, a Brazilian study suggested that fer-

tility could still be controlled with an even lower 5:1 com-
bination dosage of 100 µg levonorgestrel and 20 µg
ethinyl estradiol.2 Between April 1994 and March 1997
the North American Levonorgestrel Study Group in the
United States and Canada conducted a trial to examine
the safety and efficacy of this low-dose combination.
Interim data from this study were first published in
1997.3 This report provides the final data from this trial.

Material and methods

Study population. A total of 1708 healthy women aged
17 to 49 years were enrolled in the study. Any subjects
who smoked were all <35 years of age. Each subject could
participate for as long as 3 years. More than half (56.1%)
of the women had taken another oral contraceptive dur-
ing the cycle immediately before administration of 100
µg levonorgestrel and 20 µg ethinyl estradiol tablets
(Alesse). Only 5.1% of the subjects had never used oral
contraceptives. Demographic characteristics of the study
population are shown in Table I.

All subjects except postabortal subjects or non–breast-
feeding postpartum subjects had regular (21- to 35-day)
cycles for the 3-month period preceding enrollment.
Postabortal subjects and non–breast-feeding postpartum
subjects had normal spontaneous menses before enroll-
ment.

Each subject was at risk for becoming pregnant and in
the opinion of the investigator would comply with the
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protocol. Subjects provided signed informed consent be-
fore enrollment in the study. The protocol had the initial
written approval of properly constituted local research
ethics committees.

Study design. This was an outpatient multicenter,
open-label trial with a single treatment group. Study sub-
jects participated for approximately 36 cycles, until they
withdrew or were withdrawn, or until the study was termi-
nated. The study was terminated when data were avail-
able for ≥20,000 cycles.

Procedures. At the prestudy evaluation each potential
candidate provided a medical history, including gyneco-
logic history, obstetric history, and smoking status. Each
candidate also underwent a complete physical examina-
tion, including breast and pelvic examinations, ocular
funduscopy, neurologic examinations, and a measure-
ment of vital signs. A laboratory safety screening (hema-
tologic analysis, blood chemistry analysis, and urinalysis),
cervical cytologic smear, and serum human chorionic go-
nadotropin pregnancy test were also performed. Height,
weight, and sitting blood pressure were recorded.

Exclusionary criteria included the standard con-
traindications for oral contraceptive studies indicated in
class labeling: the use of injectable or implantable estro-
gens, progestins, or androgens during the 6 months be-
fore enrollment and known or suspected alcoholism or
drug abuse. Prohibited concomitant medications in-
cluded rifampin, sex hormones (other than those used
in this study), anticonvulsant medications, anti-infectives
that alter intestinal flora (when given for >10 days), drugs
for which the labeling requires the simultaneous use of
contraceptives (eg, isotretinoin [Accutane]), and all
other forms of contraception, including condoms.

Subjects recorded on diary cards the number of pills
taken each day. If 1 tablet was missed, the subject was in-
structed to take it as soon as she remembered. If 2 con-

secutive tablets were missed the subject was instructed to
return the first tablet to the investigator at the next visit
and to take the second missed tablet immediately.
Subsequent tablets were to be taken at the usual time.

Subjects were seen in the clinic during their second
and fourth treatment cycles and every third cycle there-
after to determine whether any protocol violations had
occurred. A subject was considered noncompliant (pro-
tocol violation) if she missed ≥3 consecutive tablets of ac-
tive medication. These cycles were excluded from all effi-
cacy and cycle control analyses and the noncompliant
subject was withdrawn from the study. Additional reasons
for withdrawal were subject request and medical indica-
tions.

Subjects were instructed to report any amenorrheic cy-
cles immediately, and a pregnancy test was to be per-
formed at that time. Subjects were also encouraged to re-
port any other unusual occurrences by telephone or at
their next visit. When necessary the study nurse con-
tacted subjects by telephone to ensure compliance. Extra
visits with the physician were arranged as indicated. All
information was recorded on case report forms. Final ef-
ficacy and safety determinations were made for each sub-
ject as soon as possible after she completed cycle 36 or
when she withdrew from the study.

Dosage regimen. After pretrial evaluation and accep-
tance into the trial each subject began taking the study
drug on the first day of her next menstrual cycle. Subjects
who had been taking another oral contraceptive began
the study medication on the first day of their withdrawal
menses.

The 28-day blister packs containing 21 tablets with 100
µg levonorgestrel and 20 µg ethinyl estradiol and 7
placebo tablets were supplied by Wyeth-Ayerst Research
(Radnor, Pa). Subjects were instructed to take 1 lev-
onorgestrel and ethinyl estradiol tablet for 21 days of
each cycle, followed by 1 placebo tablet daily for 7 days
for a complete cycle. Each tablet was to be taken at ap-
proximately the same time each day. On completion of a
pill pack the subject was instructed to begin the next pill
pack.

Efficacy assessments. Efficacy was assessed on the basis
of the number of pregnancies that occurred during the
study. Subjects who became pregnant during treatment
were evaluated to determine the estimated date of con-
ception and their diary cards were reviewed for men-
strual information and compliance with the study drug.
Pregnant subjects were followed up until delivery or ter-
mination of the pregnancy.

Cycle control assessments. Cycle control was evaluated
by analyzing cycle characteristics, such as the incidences
of breakthrough bleeding, spotting, and amenorrhea
and the duration and intensity of withdrawal bleeding.
During the trial, spotting was defined as a light flow that
did not necessitate sanitary protection, whereas bleeding
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Table I. Demographic characteristics of the study popu-
lation (n = 1708)

Mean ± SD or
Characteristic No. of subjects Range or %

Age (y) 27.2 ± 6.1 17-49
Height (cm) 164.9 ± 6.7 144.8-186.7
Weight (kg) 66.5 ± 15.0 38.0-154.2
Parity 1.1 ± 1.3 0-9
Oral contraceptive status

Switcher* 958 56.1%
Recent user† 83 4.9%
Former user‡ 580 34.0%
Never used 87 5.1%

*Subject who used another oral contraceptive during the pre-
vious cycle.

†Subject who used an oral contraceptive within 3 cycles of
starting study drug but not in the previous cycle.

‡Subject who last took an oral contraceptive >3 cycles before
starting study drug.



was defined as a heavier flow that was similar to normal
menstrual flow and necessitated sanitary protection.
Bleeding was rated on a scale of 1 to 4 (0, no bleeding; 1,
spotting; 2, light bleeding; 3, moderate bleeding; 4,
heavy bleeding). Breakthrough bleeding, spotting, or both was
defined as any bleeding or spotting on any treatment day
between days 5 and 21 inclusive or on days 1 through 4
inclusive if preceded by 2 consecutive days without any
bleeding or spotting. Amenorrhea was the absence of any
bleeding or spotting during the entire 28-day medication
cycle.

A sequence of ≥1 day of spotting, bleeding, or both
that began on or after day 22 (during the 7-day drug-free
interval) was termed a withdrawal bleeding episode. The
episode could continue into the first 4 treatment days of
the next pill pack if there was bleeding on day 27 or 28.
The episode ended when there were 2 consecutive days
without bleeding. Withdrawal bleeding episode duration was
defined as the number of days from the first to the last
spotting or bleeding day in a withdrawal bleeding
episode. Mean withdrawal bleeding intensity was defined as
the sum of the daily spotting and bleeding scale values di-
vided by episode duration. Withdrawal bleeding cycle length
was defined as the number of days from the first day of a
withdrawal bleeding episode up to and including the last
day before the occurrence of the next withdrawal bleed-
ing episode. Withdrawal bleeding latent period was defined
as the number of days from the first day in the drug-free
interval to the onset of bleeding. If a withdrawal bleeding
episode did not occur, the withdrawal bleeding latent pe-
riod was undefined.

Safety assessments. Safety assessments were based on
the results of routine physical examinations, laboratory
determinations, and vital sign measurements, and on re-
ports of treatment-associated adverse events (events not
present at baseline or events present at baseline that
worsened during treatment). Physical examinations,
hematologic analyses, blood chemistry determinations,
urinalyses, and cervical cytologic smears were performed
for each subject during the prestudy screening visit, every
6 cycles during the study, and during the posttreatment
cycle.

All laboratory tests with values that departed from ref-
erence ranges after drug administration were repeated
until the values returned to within the reference ranges
or the origin of the perturbation was determined. The
findings were also recorded in the adverse events record
of the subject’s case report form, along with the investi-
gator’s assessment of the relationship to the study drug
indicated. Values outside the reference range but with-
out clinical importance in the investigator’s judgment
were also noted.

Statistical methods. The emphasis in this study was on
descriptive statistics rather than hypothesis testing.
Efficacy was evaluated by means of the Pearl index and

life table methods.4 Cycles in which a backup form of
contraception was used were deleted from the analysis of
the Pearl index, and all subsequent cycles of that subject
were deleted from the life table analysis. Cycles in which
the active study drug was missed for ≥3 consecutive days
and all subsequent cycles of that subject were also ex-
cluded from cycle control and life table analyses.

Results

Disposition of subjects. A total of 1708 subjects were en-
rolled, providing 27,011 cycles of exposure. Among these
571 (33%) subjects were withdrawn by the sponsor at
sites closed during or at the end of the study. The study
was closed when >20,000 cycles of experience had been
obtained to satisfy all international regulatory require-
ments. One study site was closed because it did not com-
ply satisfactorily with protocol requirements. Most dis-
continuations were for nonmedical reasons. All reasons
for withdrawal are summarized in Table II.

Compliance. Subjects took 100 µg levonorgestrel and
20 µg ethinyl estradiol tablets for all 21 days, followed by
placebo tablets for 7 days for a complete cycle, during
22,511 (83.3%) of the 27,011 cycles. One or more active
pills were missed during 4500 (16.7%) cycles. Ninety-
eight (5.7%) subjects missed ≥3 consecutive active pills in
a cycle during the study. Table III shows the numbers and
percentages of subjects who missed pills during selected
cycles. 

Pearl index. A total of 457 cycles among 409 subjects
were excluded from the Pearl index calculation. These
included cycles during which a backup form of contra-
ception was used (117 cycles) and cycles in which ≥3 con-
secutive active pills were missed (382 cycles). In 42 cycles
both violations were present. As a result, 26,554 cycles
were valid for the efficacy analysis.
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Table II. Reasons for discontinuation

Subjects (n = 1708)

Reason No. %

Withdrawal by sponsor* 571 33
Other medical events 289 17
Subject request 269 16
Unavailable for follow-up 206 12
Protocol violation 211 12
Pregnancy desired 95 6
No termination record from 24 1

investigator†
Investigator choice 21 1
Pregnancy 18 1
Release from study 4 <1

*Subjects withdrawn by the sponsor at sites closed when
>20,000 cycles of experience were obtained to satisfy all interna-
tional regulatory requirements. One study site was closed be-
cause it did not comply satisfactorily with protocol requirements.

†Twenty-four subjects were withdrawn during cycles 36 and 37,
but termination records are not available from investigator.



Eighteen subjects became pregnant, yielding a Pearl
index of 0.88 for the 26,554 cycles valid for the efficacy
evaluation and 13 cycles per year. Among these 18 preg-
nancies 12 were attributable to method failure (ie, the
subject became pregnant while taking all the active pills)
and 6 were attributable to subject noncompliance (ie,
missing ≥1 active tablets in the cycle in which conception
occurred or the cycle just before conception occurred).

Life table analysis. A total of 580 cycles for 138 subjects
were excluded from the life table analysis, including 354
cycles during (n = 117) or before (n = 237) which a
backup form of contraception had been used. A total of
245 cycles were excluded because the subjects had
missed medication ≥3 consecutive days. In 19 cycles, both
violations were present. The cumulative rates for selected
cycles of withdrawal as a result of accidental pregnancy
are shown in Table IV.

Cycle control. Table V shows the incidence of break-
through bleeding, spotting, and amenorrhea in selected
cycles. Breakthrough bleeding, spotting, or both oc-
curred during 23.1% of cycles, with the greatest inci-
dence in the early cycles. Breakthrough bleeding alone
and spotting alone occurred during 3.6% and 10.1% of
cycles, respectively. Breakthrough bleeding and spotting
occurred together during 9.3% of the cycles. A total of
473 cycles (1.9%) were without any bleeding at all and
were classified as amenorrheic.

The duration of withdrawal bleeding ranged from 1 to

11 days (mean 4.7 days). The withdrawal bleeding period
lasted 3 to 7 days in 92% of cycles, and mean bleeding in-
tensity was light for the most common episode durations
(4 to 6 days). The mean cycle length (excluding cycle 1)
was 29.1 days, and 92.2% of the cycles were in the range
of 26 to 30 days. Table VI shows the mean latent period,
the mean duration of withdrawal bleeding, and the mean
intensity of withdrawal bleeding for selected cycles.

Safety results. A total of 290 (17%) subjects reported
≥1 adverse events as the reason for discontinuation
(Table VII). The most common adverse events leading to
withdrawal were headache (n = 33, or 2%) and metror-
rhagia (n = 41, or 2%). Other adverse events that led to
the withdrawal of ≥10 subjects included hypertension,
migraine, nausea, hypercholesteremia, weight gain, de-
pression, emotional lability, decreased libido, acne,
amenorrhea, and menorrhagia (all <1% incidence).

Thirty subjects were hospitalized because of adverse
events; none of these events were considered by the in-
vestigator to be related to the study drug. One serious
event (myocardial infarction) led to the withdrawal of a
35-year-old woman who smoked 20 cigarettes/d. This
woman successfully underwent percutaneous translumi-
nal coronary angioplasty for an atherosclerotic occlusion
of the first diagonal branch of the left anterior descend-
ing coronary artery.

There were no unexpected drug-related events.
During the study, 2 deaths occurred, but these were not
considered to be related to the study drug. One subject
died of complications of acute myeloid leukemia; the
other subject died of a gunshot wound.

Blood pressure. During the study, 64 (4%) of the sub-
jects had ≥1 instance of elevated systolic (≥140 mm Hg)
or diastolic (≥90 mm Hg) blood pressure. Fifty-two of
these subjects either remained in the study with no addi-
tional episodes of elevated clinical hypertension or with-
drew for other reasons. In 12 cases, the investigator
recorded elevated blood pressure as the medical reason
for withdrawal from the study.

Cervical cytologic examination. The percentage of sub-
jects with Papanicolaou smears that did not reveal any cy-
tologic abnormalities was consistently greater through-
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Table IV. Cumulative withdrawal rates for accidental
pregnancy (selected cycles)

Cycle Rate

3 0%
6 .27%
9 .45%

12 .69%
18 1.2%
24 1.5%
30 1.9%

Rates are cumulative percentages of women who discontinued
because of pregnancy.

Table III. Subjects who missed pills during selected cycles

0 pills missed 1-2 pills missed ≥3 pills missed Any pills missed

Cycle No. % No. % No. % No. %

3 1191 80.5 257 17.4 32 2.2 289 19.5
6 1048 81.3 202 15.6 39 3.1 241 18.7
9 935 83.4 166 14.8 20 1.9 186 16.6
12 817 83.0 156 15.9 11 1.1 167 17.0
18 639 85.5 99 13.3 9 1.2 108 14.5
24 501 87.7 65 11.4 5 0.9 70 12.3
30 213 88.4 24 10.0 4 1.6 28 11.6
All cycles 22,511 83.3 4014 14.9 486 1.8 4500 16.7



out the study than the percentage classified as having
such smears at baseline (84%). Epithelial abnormalities
noted during the study were mostly atypical squamous
cells of undetermined significance, with a few smears in-
dicative of low-grade squamous intraepithelial lesions.
Two subjects had high-grade squamous intraepithelial le-
sions develop during the study and were referred for fur-
ther evaluation and treatment.

Comment

The results of this study provide further evidence that
reducing the estrogen and progestin dose to 100 µg lev-
onorgestrel and 20 µg ethinyl estradiol does not compro-
mise contraceptive efficacy or safety. The previously pub-
lished preliminary analysis of the first 7720 cycles
revealed a Pearl index of 0.84,3 and this changed only
slightly (0.88) with the inclusion of 18,834 more cycles in
the analysis. Pearl indices reported in the literature for
low-dose 100 µg levonorgestrel and 20-µg ethinyl estra-
diol oral contraceptives and for other 20-µg ethinyl estra-
diol combination oral contraceptives range from 0.29 to
0.86, with the number of cycles studied ranging from
3424 to 7720.2, 3, 5-7

The overall safety profile of the 100 µg levonorgestrel
and 20 µg ethinyl estradiol contraceptive formula was
also similar to that of other low-dose oral contraceptives
containing <35 µg ethinyl estradiol. The incidences of
general symptoms such as headache, sinusitis, flulike
symptoms, and abdominal pain seen in this study ap-
proximate those seen in the population of women who
do not use oral contraceptives. Other estrogen-related
events, such as breast tenderness, or progestin-related
events, such as mood changes, occurred at rates equiva-
lent to or lower than those reported for studies of oral
contraceptives with higher ethinyl estradiol doses.6

In this study, breast tenderness was reported by 8% of
subjects but was not among the most common events. In
addition, individual clinical laboratory findings (hemato-
logic analysis, blood chemistry analysis, and urinalysis)
and cervical smear results did not show any medically im-
portant changes, and the great majority of subjects had
no appreciable change in blood pressure or body weight.
Similar results have also been seen in smaller studies of
100 µg levonorgestrel and 20 µg ethinyl estradiol oral
contraceptive preparations.6 These data are commensu-
rate with those reported in the literature for other low-
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Table V. Incidences of breakthrough bleeding, spotting, and amenorrhea in selected and total treatment cycles

Breakthrough Breakthrough
Breakthrough bleeding bleeding,
bleeding alone Spotting alone and spotting spotting, or both Amenorrhea

Cycles valid
Cycle for analysis No. % No. % No. % No. % No. %

1 1626 56 3.4 273 16.8 168 10.3 497 30.6 112 6.9
3 1422 77 5.4 152 10.7 160 11.2 389 27.4 21 1.2
6 1230 64 5.2 123 10.0 143 11.7 330 26.9 21 1.7
9 1064 31 2.9 104 9.8 111 10.4 246 23.1 16 1.5
12 930 37 3.9 90 9.7 83 8.9 210 21.6 16 1.7
18 710 34 3.4 56 7.9 60 8.4 140 19.7 11 1.5
24 537 14 2.6 52 9.7 32 6.0 98 18.3 8 1.5
30 218 6 2.8 18 8.3 12 5.5 36 16.5 6 2.8
All cycles* 25,554 941 3.6 2589 10.1 2371 9.3 5901 23.1 473 1.9

*Excluding cycle 1.

Table VI. Mean cycle length, latent period, and withdrawal bleeding characteristics in selected cycles

Withdrawal bleeding

Cycle n Mean cycle length (d) Mean latent period (d) Mean duration (d) Mean intensity*

1 1491 22.80 1.80 4.91 1.99
3 1361 29.07 1.75 4.90 1.99
6 1166 29.11 1.85 4.78 1.93
9 1007 29.01 1.94 4.73 1.92
12 879 29.20 1.92 4.77 1.91
18 678 29.60 2.02 4.70 1.85
24 501 29.13 2.10 4.74 1.87
30 202 29.24 2.07 4.70 1.93
All cycles† 22,729 29.08 1.95 4.77 1.92

*Bleeding intensity ratings: 0, No bleeding; 1, spotting; 2, light bleeding; 3, moderate bleeding; 4, heavy bleeding.
†Excluding cycle 1.



dose oral contraceptives.2, 3, 5-7 As in many studies of sub-
jects followed up for extended periods, the occurrence of
these events can be correlated with the duration of par-
ticipation in the study.

The rate of intermenstrual bleeding and the duration
of withdrawal bleeding also suggest that the balanced re-
ductions in the dose of levonorgestrel and ethinyl estra-
diol allow a lowering of the dose while maintaining ac-
ceptable cycle control. The overall incidence of normal
cycles was 75%. This is in agreement with a review of low-
dose oral contraceptive studies that reported bleeding to
be normal in 78% of cycles with 100 µg levonorgestrel

and 20 µg ethinyl estradiol oral contraceptives and in
84% of cycles with 150 µg levonorgestrel and 30 µg
ethinyl estradiol contraceptives.6 In this study, 41 (2%) of
the subjects cited metrorrhagia as the reason for discon-
tinuing the study; menorrhagia was cited as the cause of
discontinuation by 10 subjects, for an incidence of <1%.
The dropout rate reported for irregular bleeding in a
number of studies with oral contraceptives containing
≤35 µg ethinyl estradiol was approximately 2%.8

Overall the monophasic oral contraceptive regimen of
100 µg levonorgestrel and 20 µg ethinyl estradiol offers
effective contraception, acceptable cycle control, and a
good tolerability profile.
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Table VII. Adverse events that caused withdrawal of ≥10
subjects

Subjects affected (n = 1708)

No. %*

Any adverse event† 290 17
Body as a whole

Headache 33 2
Cardiovascular system

Hypertension 12 <1
Migraine 11 <1

Digestive system
Nausea 12 <1

Metabolic and nutritional
Hypercholesteremia 11 <1
Weight gain 17 <1

Nervous system
Depression 13 <1
Emotional lability 14 <1
Libido decreased 10 <1

Skin and appendages
Acne 11 <1

Urogenital system
Amenorrhea 17 <1
Menorrhagia 10 <1
Metrorrhagia 41 2

*A subject could report ≥2 different adverse events in the same
body system. Percentages are based on the total number of sub-
jects enrolled.

†Of the 290 subjects who withdrew because of an adverse
event, 289 cited “other medical event” on their case report forms
as the reason for termination.


