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Irregular pill-taking may be an important
factor in the pregnancy rate among users,4
and in studies around the world, as many
as 60% of women relying on the pill have
reported irregular use.5 Yet, family planning
researchers studying women’s use of the
method have depended primarily on users’
reports of a small number of variables that
may or may not be related to pill-taking pat-
terns. These variables have included such
broad measures as contraceptive use at first
or most recent intercourse, current meth-
od, and starting and ending dates for each
method used during a retrospective peri-
od; the data have been based on global re-
ports of the regularity of use, more specif-
ic self-reported numbers of pills missed in
any month and, in clinical trials, daily di-
aries. The daily diary remains the standard
technique for measuring oral contraceptive
use in rigorous clinical trials. 

Compliance with drug regimens pre-
scribed to treat infertility, epilepsy, hyper-
tension and diabetes has been assessed
through pill counts and measurements of
serum concentration of the medication. Pill
counts may substantially overestimate com-
pliance,6 because patients may remove un-
used medication from the package at any
time and thus can “dump” pills just before
making a physician visit. In addition, esti-
mates of compliance based on pill counts are
vulnerable to missing data because many
patients do not bring their medication con-
tainer to follow-up visits, even when con-
siderable effort is devoted to reminding
them.7 Further, the timing of pill-taking can-
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Oral contraceptives are the most ef-
fective reversible method of con-
traception available; the first-year

pregnancy rate is less than 0.5% among
perfect users and 3% among typical (mar-
ried) users.1 However, pregnancy rates as
high as 16% and 40% have been reported
in certain subgroups of women attending
family planning clinics.2 Pregnancies
among pill users may be due to any com-
bination of high fecundity, other physio-
logical factors (such as the effects of 
countervailing medications or extreme
gastrointestinal upset)3 and irregular pill-
taking without compensatory measures
to provide contraceptive protection.

not be determined from pill counts.8
Serum concentrations are somewhat

more accurate as indicators of compliance,
but their utility depends on the pharma-
cokinetics and pharmacodynamics of the
medication and the interval between blood,
urine or saliva tests.9 Because use general-
ly improves just prior to a medical visit,10

and most medications have relatively short
half-lives, most physiological tests reflect
medication-taking only for the most recent
days, and results are not representative of
an entire month or a longer period.

In recent years, electronic monitoring
devices installed in a variety of medica-
tion dispensers (bottles, pill packs, drop-
pers and nebulizers)11 have been widely
used to record the presumptive taking of
cardiac, epilepsy and other medications.12

Typically, a battery, clock and microchip
are incorporated into circuitry attached to
the dispenser, and when a dose of the
medication is dispensed, the microchip
records the date and time. At the com-
pletion of the study, or at specified inter-
vals, the dispenser is attached to a com-
munication device and the data are
downloaded to a computer.

The most widely used electronic device
is the Medication Event Monitoring Sys-
tem (MEMS). Its clock is of proven accu-
racy, and the device records fewer false
positives or false negatives than are re-
ported through visual observations.13 Al-
though electronic monitoring devices can-
not document that a pill has been ingested,
presumptive pill-taking is broadly viewed
as a valid measure of actual pill-taking.14

The validity of electronic records has also
been substantiated by the reappearance
of symptoms (for example, clinical
episodes of seizures or increased blood
pressure) among patients who were
shown by the electronic data to have
missed or delayed doses of other med-
ications.15 In addition, when blood levels
of the drug have been measured, the re-
sults have generally been in accord with
those predicted by the electronic records.16

Given the discrepancies between elec-
tronic data and self-reports that have been
recorded for medications other than oral
contraceptives, it is reasonable to ask
whether irregular pill use is more com-

Irregular use of the pill compromises the effectiveness of this highly reliable method. The consis-

tency of pill-taking has traditionally been estimated through women’s own reports of their patterns

of pill use. In this study, self-reported data on pill-taking were compared with data from an elec-

tronic device measuring compliance among 103 women attending university health services and

publicly funded family planning clinics. In three months of pill use, the electronic and self-report-

ed data agreed on the number of days when pills were missed only 45% of the time; the level of

agreement dropped from 55% in the first month to 38% in the third month. In each month, the pro-

portion of women reporting no missed pills was much higher than the proportion recorded elec-

tronically (53–59% compared with 19–33%), and the proportion missing at least three pills ac-

cording to the electronic data was triple that derived from the women’s reports (30–51% vs. 10–14%).

In addition, the electronic data recorded substantially more episodes in which women missed pills

on two or more consecutive days (88 vs. 30). (Family Planning Perspectives, 28:154–158, 1996)
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the dispenser’s opening. When the pill was
removed, it broke the light beam, causing
the random-access microchip to record the
exact time and date of removal. 

Each woman received a precoded dis-
penser that she used throughout the
study; each month, clinic or study per-
sonnel installed a new cycle of pills. Upon
completion of participation in the study,
the women were asked to return the dis-
penser to the clinic. Thirty women (most
of whom did not complete the study) did
not return them, despite study personnel’s
repeated requests. The 138 devices that
were returned were sent to the manufac-
turer, who used proprietary software to
download the data onto a diskette.

The electronic data were valid for 110
of the women who returned the device.
(The pill pack did not have an automatic
closure, so if it was left open, the battery
drained and all data were deleted; data
were also lost for other, unknown rea-
sons.) Of these women, 103 also had at
least one cycle of diary data and had com-
pleted the baseline questionnaire. Both
electronic and diary card data were avail-
able for all 103 women for cycle 1, for 95
women for cycle 2 and for 89 women for
cycle 3; data for all three cycles were avail-
able for 87 women.

As in other studies using electronical-
ly augmented pill bottles, the operational
definition of a pill-taking day is the peri-
od between 3:00 A.M. and 2:59 A.M. This
time frame is more realistic than the stan-
dard midnight-to-midnight definition, as
it allows for late-night schedules, which
are an issue especially on weekends. With
this scheme, a consistent oral contracep-
tive user who takes her pill at 11:00 on
Thursday night, then 1:00 on Saturday
morning and 11:00 Saturday night is ap-
propriately credited with taking one pill
each day, rather than one on Thursday,
none on Friday and two on Saturday.

Although a full pill cycle consists of 28
days, active hormonal pills are taken only
during the first 21 days; inactive “re-
minder” pills (placebos) are taken for the
last seven days. Only events during the 21
active pill days of a cycle were used in the
analysis. Cycle-specific estimates were cal-
culated using SAS, and averages across cy-
cles were calculated using SUDAAN.
With SUDAAN, the correlated responses
across cycles were considered in the cal-
culation of the variance estimates.17

Results
The background and reproductive char-
acteristics of the women included in the
analysis did not differ significantly from

mon than reported by users themselves.
The purpose of this article is twofold: to
examine the extent of agreement between
users’ daily diary reports and data from
electronically augmented pill packs, and
to estimate the degree of compliance with
the instructions for effective use typical-
ly provided in clinical practice. Docu-
menting the extent of agreement between
users’ reports and electronic reports of
compliance is important to understand
any biases in the use of self-reports.

Methods
Data Collection 
Data for this study were collected at a uni-
versity health service and a publicly fund-
ed clinic in each of two states, North Car-
olina and Michigan, in 1993–1994. All
patients aged 18 or older who voluntarily
chose the pill as their method of birth con-
trol, whether they were electing to use oral
contraceptives for the first time or were re-
suming use six months or more after dis-
continuation, were asked if they wished
to participate in the study. They were told
that this was a study of how women take
the pill, and that they would be given a dis-
penser with an electronic device that mon-
itors when they take their pills. 

After giving their informed consent, 168
women enrolled in the study (68 in North
Carolina and 100 in Michigan). Partici-
pants completed a baseline questionnaire
and received a free cycle of pills. They re-
turned to the clinic at the end of each of the
next two pill cycles to complete another
questionnaire and obtain another free cycle
of pills. At the end of the third cycle, they
completed a fourth questionnaire and
were given three more free pill packages
in appreciation for completing the study. 

In addition to using the electronic dis-
pensers, the women were asked to keep a
diary of their daily pill-taking, when they
started each pill pack, days of menstrual
bleeding, side effects, days when sexual
intercourse occurred and what backup
method of contraception they used, if any.
At each visit, the woman received a
monthly diary card (formatted as a cal-
endar page, with space for daily entries)
on which to record this information. Care-
ful instructions were given, and examples
provided, to facilitate consistent and cor-
rect completion of the diary cards. 

The pill formulation the women re-
ceived was a commercially available
brand, in its normal packaging, with the
addition of a thin casing on the bottom that
held the monitoring device.* Each time the
pill dispenser was opened, the battery was
activated, switching on a light beam across

those excluded. On average, the women
in the sample were 20.9 years of age and
had had 13.7 years of education. As shown
in Table 1, participants were most likely
to be white (75%) and not married (93%).
Although 89% of the women had no chil-
dren, 18% had been pregnant.

Women from the student health and
public health centers differed significant-
ly with respect to a number of character-
istics. Compared with participants from
the public health clinics, the students had
a higher mean number of years of educa-
tion (14.1 vs. 12.5 years—not shown) and
were more likely to be unmarried (97% vs.
81%); they were less likely to have previ-
ously used the pill (31% vs. 62%), to have
children (3% vs. 31%) and to have ever
been pregnant (8% vs. 46%).

Table 1. Percentage distribution of women
using electronically augmented pill dis-
pensers, by selected characteristics, accord-
ing to type of clinic site,1993–1994

Characteristic All Student Public
health health

(N=103) (N=77) (N=26)

Age (yrs.)
<20 39.8 41.6 34.6
≥20 56.3 55.8 57.7
Unknown 3.9 2.6 7.7

Education**
<high school 4.9 0.0 19.2
≥high school 93.2 97.4 80.8
Unknown 1.9 2.6 0.0

Race
White 74.8 77.9 65.4
Nonwhite 24.3 20.8 34.6
Unknown 1.0 1.3 0.0

Marital status*
Not married 93.2 97.4 80.8
Married 5.8 1.3 19.2
Unknown 1.0 1.3 0.0

Previous method use**
Used the pill 38.8 31.2 61.5
Used other methods 60.2 67.5 38.5
Unknown 1.0 1.3 0.0

Parity*
0 89.3 96.1 69.2
≥1 9.7 2.6 30.8
Unknown 1.0 1.3 0.0

Previous pregnancy**
Ever pregnant 17.5 7.8 46.2
Never pregnant 81.5 90.9 53.8
Unknown 1.0 1.3 0.0

Total 100.0 100.0 100.0

*Difference between sites is significant at p≤.05. **Difference be-
tween sites is significant at p≤.01.

*In the United States, oral contraceptives are distributed
in a variety of blister packs. Thus, the MEMS device that
has been installed in the caps of pill bottles had to be
adapted to fit the packaging. This experimental version
of the device was developed by the APREX Corporation.
(See: J. A. Cramer and B. Spilker, 1991, reference 5; and 
J. A. Cramer et al., 1989, reference 16.)



ability around these means, as measured
by the standard error, was small and did
not increase over time.†

The proportion of women whose diary
and electronic data agreed on how many
doses were missed declined from 55% in the
first cycle to 41% in the second and to 38%
in the third cycle. In each cycle, as Figure 1
shows, a much higher proportion of par-
ticipants reported missing no active pills
than missed no pills according to the elec-
tronic data (for example, 58% vs. 33% in
cycle 1); the proportion missing one or two
pills was similar regardless of data source.
The most important difference was that the
proportion of women whose diaries indi-
cated they had missed three or more pills
was much smaller than that recorded elec-
tronically. In cycles 1 and 2, 10% of women
reported missing three or more pills, where-
as the electronic data indicated that 30–34%
missed that number. For cycle 3, the pro-
portion was 14% from the diary records and
51% from the electronic data. On the other
hand, very few participants overreported
their errors; for example, two women did
so in cycle 1 (not shown). 

The electronic data also present an op-
portunity to examine pill users, absolute
level of compliance. The proportion of
women whose electronic data indicated
that they missed no pills declined from
33% in cycle 1 to 19% in cycle 3, while the
proportion missing three or more pills in-
creased from 30% to 51%.

Data from the electronic devices revealed
far more episodes of consecutive days of
missed pills than did the self-reports (Table
3). Whereas the diary data recorded 30
episodes of women’s missing pills on two,
three or more consecutive days, the elec-

As Table 2 shows, when averaged
across cycles, the diary and electronic data
agreed on the number of active pills
missed for only 45% of the study partici-
pants. This figure did not vary signifi-
cantly by site or by any of the women’s
background characteristics except edu-
cation. The result for education, howev-
er, may have been unstable because of the
small number of participants who had not
completed high school.*

In the diary data, women reported hav-
ing missed 1.0–1.1 pills per cycle. The elec-
tronic data showed that overall, partici-
pants missed an average of 2.6 pills, and
the number increased over time, from
2.2–2.3 in cycles 1 and 2, to 3.5 in cycle 3.
Thus, by cycle 3, participants were miss-
ing an average of one more pill than they
had in cycle 1, and three times as many as
they reported in their diary data. Vari-

tronic data reported 88 such instances. Fur-
thermore, the number of such episodes re-
ported by the diary data was fairly stable
throughout the study period, increasing
only slightly in cycle 3; the electronic data,
by contrast, showed the number doubling
between the second and third cycles.

Finally, both sources of data showed
that women were most likely to miss pills
on Fridays and Saturdays; however, agree-
ment between the diary and electronic
data was worst on those two days and de-
teriorated slightly from cycle 1 to cycle 3.
In 98% of cases, both data sources agreed
that each new pill pack was started on a
Sunday, as instructed at all four clinics.

Discussion
As has been found for other medications,
diary cards overreport the consistency with
which women take oral contraceptives. In
some cases, this problem may be due to
conscious misreporting of daily data. How-
ever, delayed recording may be a greater
problem. Some of the women may have
completed their diary cards weekly or less
often, at least part of the time. Since pill-tak-
ing is likely to trigger the recording of the
diary entry, women who miss the most pills
are probably the most likely to enter their
diary data intermittently.

If women did not record their pill-taking
daily, but did it at a later time in a mechan-
ical way, much as office workers or clinic
staff may complete daily time sheets or ex-
pense reports, their diary data might be in-
fluenced by memory errors and response
bias. In other words, discrepancies between
diary cards and electronic data were not
necessarily due to deliberate concealment
of “incorrect” behavior. Instead, the diary
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Table 2. Number and percentage of women
whose electronic and diary reports agreed on
number of active pills missed, by selected
characteristics

Characteristic N % S.E.

Total 103 45.3 3.4

Type of site
Student health 77 44.1 7.4
Public health 26 45.7 3.8

Age (yrs.)
<20 41 46.6 5.9
≥20 58 43.8 4.3

Education*
<high school 5 66.7 10.7
≥high school 96 44.0 3.5

Race
White 77 45.2 4.1
Nonwhite 25 44.8 6.2

Marital status
Not married 96 44.6 3.6
Married 6 52.9 10.7

Previous method use
Used the pill 40 44.5 5.0
Used other methods 62 45.5 4.7

Parity
0 92 44.8 3.6
≥1 10 48.1 9.8

Previous pregnancy
Ever pregnant 18 54.2 7.6
Never pregnant 84 43.3 3.8

*Difference between percentages is significant at p<.04. Note:
S.E.=standard error.
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Figure 1. Percentage of women by number of active pills missed, according to data source and cycle

%

Cycle 1 Cycle 2 Cycle 3

*Kappa statistics were calculated for each subgroup com-
parison. The kappa for education was close to zero, in-
dicating the relationship was random. Because none of
the other differences were statistically significant across
cycles, their kappas are not reported here.

†The extent of agreement between diary and electronic
data on when pills were missed and on whether or not
missed pills were made up the following day remains to
be analyzed.
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three cycles. Thus, it seems that a follow-
up appointment does not necessarily act
as a memory jog; if it did, compliance
would decline even more over time in rou-
tine clinical care, when monthly return vis-
its are not required. Rather, compliance
“fatigue” may be due to the characteris-
tics of women who continued in the study,
as compared with the characteristics of
those who dropped out. While one might
expect study dropouts to be the ones with
the most difficulty in following directions
for use, data on pill-taking from Colom-
bia and on continuation among North
Carolina women using an injectable con-
traceptive revealed that compliance was
no worse among women discontinuing
the method than among ongoing users.21

It is difficult to speculate about the pre-
cise reasons for the downward trend in
daily pill-taking; boredom, overconfi-
dence and self-selection, among other fac-
tors, all may play a role. Clearly, this issue
should be studied in order to determine
how women’s attitudes change over time.
In addition, longer studies are needed to
determine if compliance plateaus, con-
tinues to worsen or improves over ex-
tended periods of time. 

Our analysis addresses the total num-
ber of pills missed in a cycle and the num-
ber of episodes in which pills are missed
on two or more consecutive days, which
would increase the risk of pregnancy un-
less a backup method of contraception
was used. It does not, however, consider
how the timing of pill-taking or repeated
brief episodes of missed pills affect the risk
of pregnancy. Analysis is under way to
identify the timing of missed pills and re-
lated events, such as the use of a backup
method. Only with this information can
we understand the magnitude of the ef-
fect of various patterns of irregular pill-
taking, as well as the number of missed
pills, on the risk of pregnancy.

More research is needed, with larger
samples and over longer periods of time,
to determine whether the findings of this
small exploratory study can be replicat-
ed and whether the pill-taking patterns
found here change with long-term use.
Unfortunately, the electronic device used
for this study was experimental and is no
longer being manufactured. Until suitable
electronic monitors become available, we
recommend that research efforts be de-
voted to other measures that can provide
an important quality of the electronic de-
vice: recording that is not triggered by pill-
taking. Telephone diaries, time-stamped
computerized diaries, two-way beepers
and similar measurement techniques have

card may not be the best technology for ac-
curate record-keeping of daily events.

Our finding that the discrepancy be-
tween self-reported and electronic data
does not seem to differ by personal char-
acteristics is a new one and could be due
to the relative homogeneity of the study
population. However, if this finding can
be generalized, the amount of error in-
troduced by self-reports in previous stud-
ies would not differ by the background
characteristics investigated here, except
possibly education. For clinicians, this
finding means that self-reports of pill-tak-
ing need to be followed by further as-
sessment of all users, depending on indi-
rect clinical indicators, including side
effects, not demographic characteristics
or reproductive history. The most telling
indicator may be irregular bleeding, in-
cluding spotting.18

The increase between cycles 1 and 3 in
the proportion of women who missed
three or more pills shows that the women
in this sample became less careful about
their pill-taking behavior over time. This
change may reflect women’s learning to
make up for occasional missed pills and
setting a personalized schedule of use that
they consider “effective enough.” Or it
could signal “fatigue” in conscientious
use. Some studies have found that visits
to the doctor or clinic serve as a memory
jog, increasing correct pill-taking near
times of visits.19 A third hypothesis is that
each time an oral contraceptive user
makes an error in pill-taking but does not
become pregnant, her sense that she can
“get away” with irregular use increases.20 

In our study, participants returned to
the clinic each month for a supply visit, yet
their daily pill-taking compliance, as well
as the extent of agreement between diary
and electronic data, deteriorated over the

been suggested.22 These techniques
should encourage contemporaneous
recording of the event of interest; in any
case, the time and date of recording could
be included in data analysis.

Study designs requiring interviews at
one- or two-week intervals and including
carefully constructed self-report measures
on specific use behavior may also provide
more adequate data about the quality of
pill-taking and about how much compli-
ance is “enough.”23

A woman’s success in avoiding unin-
tended pregnancy depends on her fecun-
dity, her frequency and timing of inter-
course, the contraceptive method she uses
and the quality of her use of that method.24

Accurate measurement of the quality of
use is critical to progress toward under-
standing the impact that use behavior has
on implementing a woman’s intention to
avoid pregnancy once she has chosen her
contraceptive method.
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