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ABSTRACT

Background: Previous reviews of the literature on medication compliance have con-
firmed the inverse relationship between number of daily doses and rate of compliance.
However, compliance in most of these studies was based on patient self-report, blood-
level monitoring, prescription refills, or pill count data, none of which are as accurate as
electronic monitoring (EM).

Objective: In this paper, we review studies in which compliance was measured with an EM
device to determine the associations between dose frequency and medication compliance.

Methods: Articles included in this review were identified through literature searches of
MEDLINE®, PsychInfo®, HealthStar, Health & Psychosocial Instruments, and the
Cochrane Library using the search terms patient compliance, patient adherence, elec-
tronic monitoring, and MEMS (medication event monitoring systems). The review was
limited to studies reporting compliance measured by EM devices, the most accurate com-
pliance assessment method to date. Because EM was introduced only in 1986, the litera-
ture search was restricted to the years 1986 to 2000. In the identified studies, data were
pooled to calculate mean compliance with once-daily, twice-daily, 3-times-daily, and
4-times-daily dosing regimens. Because of heterogeneity in definitions of compliance,
2 major categories of compliance rates were defined: dose-taking (taking the prescribed
number of pills each day) and dose-timing (taking pills within the prescribed time frame).

Results: A total of 76 studies were identified. Mean dose-taking compliance was 71% +
17% (range, 34%-97%) and declined as the number of daily doses increased: 1 dose =
79% =+ 14%, 2 doses = 69% + 15%, 3 doses = 65% + 16%, 4 doses = 51% + 20% (P < 0.001
among dose schedules). Compliance was significantly higher for once-daily versus
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3-times-daily (P = 0.008), once-daily ver-
sus 4-times-daily (P < 0.001), and twice-
daily versus 4-times-daily regimens (P =
0.001); however, there were no significant
differences in compliance between once-
daily and twice-daily regimens or between
twice-daily and 3-times-daily regimens.
In the subset of 14 studies that reported
dose-timing results, mean dose-timing
compliance was 59% + 24%; more fre-
quent dosing was associated with lower
compliance rates.

Conclusions: A review of studies that
measured compliance using EM con-
firmed that the prescribed number of doses
per day is inversely related to compliance.
Simpler, less frequent dosing regimens re-
sulted in better compliance across a vari-
ety of therapeutic classes.

Key words: compliance, adherence,
electronic monitoring, MEMS, dosing
regimen. (Clin Ther. 2001;23:1296-1310)

INTRODUCTION

Physicians are trained to diagnose a dis-
order and select an appropriate medica-
tion based on pharmacokinetic (eg, ab-
sorption, metabolism, elimination, and
interaction) and pharmacodynamic (eg,
adverse effects) properties. However, even
the most carefully chosen and optimal
medication cannot work if the patient
does not take it appropriately. Medication
compliance, an essential component of
a successful health outcome, is largely
in the domain of the patient. The respon-
sibility for fulfillment of the prescribed
regimen lies with the patient. Unfortu-
nately, both clinical experience and the
literature describe medication compliance
as inadequate.

Patients can be classified into 1 of 3
general compliance categories: (1) full

compliers, who take adequate amounts of
medications to control the disorder; (2)
partial compliers, who take many doses,
but not regularly enough to control the
disorder; or (3) noncompliers, who take
tfew or no doses, and whose disorder is
unaltered. These definitions cannot be de-
scribed in terms of a specific proportion
of doses because rarely is the threshold
amount of medication known. One report
noted that patients taking at least 80% of
antihypertensive medication were more
likely to achieve blood pressure control
than patients taking <80%.! However, this
cutoff point of 80% cannot be arbitrarily
extrapolated to other disorders or other
types of medications.

Although physicians have long been
aware of partial compliance and noncom-
pliance, the methods of ascertaining com-
pliance have greatly improved over time.
Standard measures of medication compli-
ance include patient self-report, blood-
level monitoring, prescription refills, pill
count, and electranic monitoring (EM).

Compliance data based on patient self-
report may be erroneous not because pa-
tients consciously falsify dosing reports,
but because patients may forget about doses
taken or missed. If a patient forgets to take
a dose, he or she cannot then recall the
dosing event in the patient report; in the
memory of the patient, there is no record
of planned or inadvertenily missed doses.>?

Blood-level monitoring can be mis-
leading because most drugs are rapidly
absorbed after dosing. Thus, even if nu-
merous doses were omitted but a few
doses were taken immediately before the
blood test, the results would show the
presence of a moderate amount of drug.*
Metabolites and other pharmacokinetic
parameters can be useful in assessing
long-term compliance for some drugs.
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Prescription refills are considered ques-
tionable for assessment of dosing com-
pliance because they provide no informa-
tion on timing or quantity of intake. For
example, many patients request refills
regularly when reminded, even if they
have not run out of drug (and particu-
larly if there is no cost), whereas others
stockpile medications or have quanti-
ties of medications in several areas for
convenience.’

Pill counts are often erroneous because
patients do not always return bottles that
have pills remaining. The accuracy of the
pill count method is adequate when com-
pliance is excellent because there is noth-
ing to return; however, in cases of low com-
pliance, the pill count is not accurate.

EM is considered accurate because this
relatively new technology records the time
and date of actual dosing events. EM units
commonly use microprocessors to record
the precise time that a dose is removed
from the EM unit. Medication events (ie,
removal from the unit) can be tabulated
into dose-taking compliance rates (the EM
record matches the prescribed number of
doses per day) and dose-timing compli-
ance rates (the EM record demonstrates
that doses were taken at the appropriate
time interval). Measurement of medica-
tion compliance was recognized as a fac-
tor in medical care and treatment outcome
with the convening of a workshop on the
topic in 19797 and a second international
workshop in 1987.2 Since that time, EM
has become recognized as the gold stan-
dard for compliance assessment.* How-
ever, even EM is not entirely accurate be-
cause opening the EM unit to remove a
tablet or release a spray does not neces-
sarily mean that the dose was taken.

Prescribers often can select from a va-
riety of formulations with 1 or multiple
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daily doses. If available, once-daily dos-
ing is an intuitively appealing choice for
increasing patient compliance. A review
of the compliance literature in 1984 that
described higher compliance with fewer
daily doses was based on self-report,
blood-level monitoring, prescription re-
fills, and pill count data.? The pattern of
decreased compliance with more complex
regimens was also confirmed in an early
EM study.*

In this paper, we review studies in
which medication compliance was mea-
sured by EM devices to determine the
associations between dosing frequency
and rates of medication compliance
among patients with a variety of medical
disarders.

MATERIALS AND METHODS

Articles included in this review were iden-
tified through literature searches of
MEDLINE®, Psychlnfo®, HealthStar,
Health & Psychosocial Instruments, and
the Cochrane Library for the years 1986
to 2000 (EM devices became available
in 1986). The search terms used were
patient compliance, patient adherence,
electronic monitoring, and MEMS {medi-
cation event monitoring systems). Addi-
tional reparts were selected from the ref-
erences in the articles identified in the
search. Articles were included in this re-
view if dosing was evaluvated with any
type of EM device and medication com-
pliance rates were reported. The reports
were highly variable in the amount of in-
formation provided about study design
and methods for calculation of compli-
ance. Few reports mentioned whether
the patients took medications in addition
to the one(s) studied, or had other medical
disorders.
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Definitions

Patient compliance can be defined as
taking medication as prescribed. Dosing
can be assessed by dose-taking and dose-
timing measures. Dose-taking measures
assess whether the appropriate number of
doses were taken during each day. Dose-
timing measures assess whether the doses
were taken within the appropriate time
interval during the day, usually within
25% of the dosing interval (eg, twice-daily
doses should be taken 12 + 3 hours apart).
Partial compliance can thus be defined
either as taking less than the prescribed
amount of medication or taking the med-
ication at inappropriate intervals (hours
between doses). Total noncompliance can
be defined as discontinuation of treatment.
However, some of the studies reviewed
used a specific cutoff point {eg, 70%, 80%,
or 90%) below which patients were con-
sidered noncompliant with the regimen.

Electronic Monitoring Devices

EM units vary in design from stan-
dard pill containers with a microprocessor
chip embedded in the cap to medication
boxes with compartments for individual
doses to metered-dose inhaler canisters
that release puffs of medication. Most of
the EM devices monitor medication dos-
ing using special containers that store dos-
ing information on a microprocessor in-
side the unit until the data are downloaded
into specialized software. Patients are
shown how to use the devices and in-
structed not to open the unit except when
medication needs to be removed for dos-
ing. On return to the clinic, the unit is in-
serted into a communicator apparatus that
reads the electronic information and trans-
mits it to the computer.

One of the earliest commercially avail-
able EM devices was the Medication
Event Monitoring System (MEMS®,
APREX, Union City, California). This has
been succeeded by the Electronic Drug
Exposure Monitor (eDEM®, AARDEX,
Zurich, Switzerland, and Union City, Cal-
ifornia), a newer version with revised
technology and software to calculate us-
age of medication in standard bottle pack-
aging. The MDI Chronolog® (Medtrac
Technologies, Lukewood, Colorado) mea-
sures use of inhaled medication prescribed
for respiratory diseases. Other devices
have additional features such as multiple
compartments or packaging in blister
cards for electronic measurement. Devices
developed for research use only include
the eyedrep monitor used by Kass et al %0
the blister card device used by Eisen
et al,'"»'? and an electronic box used by
Cheung et al.l?

Statistical Analyses

Given the heterogeneity of the data and
sources, the mean compliance rates from
each study were extracted or tabulated and
then averaged. Variance was not consis-
tently reported or derivable from the data
presented, so adjustment for comparison
of means was not possible. For a subset of
studies, dose-taking and dose-timing com-
pliance rates were compared using analy-
sis of variance. Because of the simple na-
ture of the analysis and the multiple
comparisons made between dose regi-
mens, the most conservative approach for
declaring significance—the Bonferroni
adjustment—was used. The Bonferroni
adjustment divides the significance level
by the number of comparisons made. In
this case, differences were significant if
P < 0.0083.
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RESULTS

Seventy-six studies were identified in
which EM was used to determine dose
taking or dose timing.**-3* EM bottle caps
were the most widely used devices, with
59 of 76 reports describing studies per-
formed with MEMS® or eDEM® units.
Table I lists the types of devices used,
some EM units are used only for specific
types of medications (eg, liquid and neb-
ulized drugs).

Combining all data that specified dose-
taking compliance, the overall rate of
compliance with prescribed regimens was

CLINICAL THERAPEUTICS®

7% + 17% (range, 34%-97%). Mean
compliance rates by prescribed dose regi-
men are listed in Table II; increasing the
number of daily doses was significantly re-
lated to a decline in compliance (P < 0.001
among dose schedules). Comparisons be-
tween dose regimens showed that compli-
ance was significantly higher with once-
daily regimens versus 3-times-daily (P =
0.008) or 4-times-daily regimens (P <
0.001). Similarly, compliance with twice-
daily dosing was significantly higher than
with 4-times-daily dosing (P = 0.001).
There were no significant differences in
compliance between once-daily and twice-

Table I. Types of electronic monitoring devices and studies.

Electronic Monitoring

Type of Medical

No. of Published

Device Disorder Evaluated Articles
Bottle caps Various disorders 60

Pill box Various disorders 2
Metered-dose inhaler Lung disorders 10
Blister card Various disorders 2
Eyedrop dispenser Ophthaimologic disorders 2
Table II. Rate of dose-taking compliance by frequency of regimen.

Frequency of No. of Mean Dose-Taking

Regimen Reports” Compliance (%) SD (%) Range (%)
1 dose/d (QD) 29 797 14 35-97
2 doses/d (BID) 32 69" 15 38-90
3 doses/d (TID) 13 65* 16 40-91
4 doses/d (QID} 11 51t 20 33-81
All regimens 85" 71 17 3497

“Some studies reported data for >1 dosing regimen.

Differences between QD versus BID and BID versus TID regimens were not significant. Bonferroni compar-

isons are significant if P < 0.0083.
QD versus TID, P = 0.008.
$QD versus QID, P < 0.001.
IBID versus QID, P = 0.001.
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daily regimens or between twice-daily and
3-times-daily regimens.

A subset of 14 studies assessed the
ability of patients to take doses within
the prescribed time frame. The average
overall dose-timing compliance rate was
59% + 24% (Table III). Patients were bet-
ter able to comply with once-daily regi-
mens (mean 74% =+ 31% of doses taken
within 24-hour interval) than with regi-
mens requiring multiple daily doses; 58% +
23% of patients prescribed 2 doses per
day took them within 12-hour intervals,
and 46% + 8% took 3 doses per day within
8-hour intervals. There were too few stud-
ies for statistical comparisons.

The majority of published reports were
in cardiovascular disease (assessments of
medications for hypertension) and respi-
ratory disease (assessments of medica-
tions for asthma and chronic obstructive
pulmonary disease), with several reports
in areas of infectious disease, cancer, fer-
tility, psychiatry, epilepsy, and general
medical disorders (Table 1V). Although
the numbers of published articles across
therapeutic fields differed, the mean dose-
taking compliance rate ranged from 70%
to 80% in all but respiratory disease, in-
dicating the similarity of compliance rates
across therapeutic areas. However, com-
pliance rates for individual patients were

as low as 34% across the range of thera-
peutic areas. In respiratory disease, the
range was 51% to 55% for nasal inhaler
(nebulizer) treatments (P < 0.001 vs all
other therapeutic categories).

DISCUSSION

This review of published EM data clarifies
our knowledge of the dosing behavior of
patients with a variety of medical disor-
ders and prescribed regimens. The data
from studies using only gold-standard EM
methodology suggest that patients are best
able to follow less frequent dosing sched-
ules and least able to fallow more fre-
quent dosing schedules. The complexity
of the regimen is inversely related to com-
pliance across the spectrum of therapeutic
classes. Reviews of the literature before
the development of EM suggested that at
least S0% of patients unintentionally omit
doses.! 88488 The present review of EM
studies demonstrates overall compliance
rates of 70% to 80% and a similar pattern
of decreasing compliance with increasing
complexity of the regimen.

Blackwell® noted that in recent years,
~850 papers per year listed patient com-
pliance as a key word, resulting in
>12,000 citations in a MEDLINE?® litera-
ture search. However, most of these re-

Table III. Rate of dose-timing compliance by frequency of regimen.

Frequency of No. of Mean Dose-Timing

Regimen Reports Compliance (%) SD (%) Range (%)
1 dose/24 h (QD) 419.28.31.35 74 31 27-89

1 dose/12 h (BID) £18.28,29.35,36.62 58 23 22-79

1 dose/8 h (TID) 3396275 46 8 40-55

1 dose/6 h (QID) 178 40 - -

All regimens 14 59 24 22-89
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Table IV. Compliance rates by therapeutic area.

Therapeutic Area No. of Reports Mean Compliance Rate (%) Range (%)
Cancer!+8 5 80 35-97
Cardiovascular—all!9-43 26 71 39-93
Hypertension only 17 73 39-93
Other cardiovascular 9 1 64-93
Epilepsy*#43 3 70 46-88
Fertility46-30 5 71 34-97
Glaucoma™!? 2 78 76-80
Infectious disease!3-5!-57 8 74 40-92
Medical, general—all%-"8 14 75 51-85
Diabetes only 3 73 66-85
Thalassemia only 3 79 72-85
Other medical only 8 74 51-84
Medical education’ 1 47 -
Psychiatry?-82 4 78 75-83
Respiratory—all®* %3 10 54 37-92
Asthma only 7 55 37-92
Chronic obstructive
pulmonary disease only 3 51 50-52

ports described compliance measured by
patient self-reports, clinician estimates,
blood levels, prescription refills, or counts
of remaining pills, all of which have been
demonstrated to be less accurate than
EM.> Documentation of compliance takes
many forms, but “simple measurements are
not accurate and accurate measurements
are not simple.”®” Now, >10 years after the
introduction of EM, adequate data are
available to assess compliance rates as doc-
umented by EM. EM methods have re-
vealed that compliance rates in clinical tri-
als are lower than previously assumed.®®
Although patients in EM studies are aware
that their compliance is being monitored,
the EM unit has not been demonstrated to
influence compliance.®® The results sug-
gest that despite the positive milieu of a
clinical trial, which probably enhances
compliance because of the special atten-
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tion given to the investigational medica-
tion, complex schedules remain difficult
even among a motivated population.*
The most important limitation of this
review is the lack of a single definition
for compliance. Most studies defined
compliance as the proportion of days in
which the prescribed number of doses was
taken or the number of medication events
within a specified time span. Other stud-
ies used the proportion of patients taking
70%, 80%, or 90% of doses overall, or a
similar a priori definition, to assess com-
pliance. A few studies required a nearly
perfect dosing record. The fact that 59 of
76 reports defined compliance as the pro-
portion of days with the appropriate num-
ber of doses taken suggests that this is
becoming the standard definition for dose-
taking compliance. A second limitation
of these findings is the lack of infor-
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mation about dose timing. Additional
research is needed in this area. A third
limitation of the review is the overrepre-
sentation of particular disorders (cardio-
vascular and respiratory) and multiple re-
ports by several authors. Reports from a
wider spectrum of medical disorders are
being published each year using the new
EM technology. To date, the only thera-
peutic area for which medication compli-
ance was lower than average was respira-
tory disorders, most of which require
inhaled medications.

The fact that compliance with once-
daily regimens was significantly higher
than with 3-times-daily and 4-times-daily
regimens reinforces the principle of sim-
plicity. However, even once-daily dosing
does not result in perfect compliance. A
previous review® of compliance with
once-daily antihypertensive drugs found a
compliance rate of 73%. Thus, even if all
drugs could be prescribed once daily, ad-
ditional resources are needed to ensuore
that dose timing is appropriate. Patients
need to learn about the duration of action
of drugs to understand why doses should
be taken at approximately the same time
of day and at equal time intervals during
the day. This is particularly important for
drugs with a duration of action <24 hours.
Taking doses of once-daily drugs at dif-
ferent times on different days may result
in periods during which drug levels are
inadequate. For example, women who al-
ternate taking a low-dose oral contracep-
tive in the morning and evening have a
36-hour interval between doses. Omission
of a single dose during the ovulatory phase
could result in pregnancy. For most drugs,
taking doses too close together can cause
transient adverse effects whereas long in-
tervals between doses may result in de-
creased efficacy.*** Recognizing that poor

compliance can contribute to treatment
failure, clinicians should counsel patients
about the importance of taking doses
within a time interval (dose timing) as
well as taking the medication every day
(dose taking). Few papers in this series
explored the interdose interval as a mea-
sure of duration of therapeutic action.
The clinical importance of regular dose
taking is exemplified in 2 studies of anti-
hypertensive drug therapy demonstrating
that blood pressure rises quickly when a
dose is omitted.?®*® In these studies of
planned noncompliance, blood pressure
did not increase when placebo was sub-
stituted for long-acting amlodipine®® or
long-acting betaxolol was substituted for
short-acting atenolol,”® whereas blood
pressure rose among patients taking short-
acting diltiazem.?® In a similar design,
abrupt interruption of 2 shorter-acting an-
tidepressants, paroxetine and sertraline,
was associated with the emergence of new
somatic and psychologic symptoms, but
no such effect was seen when longer-
acting fluoxetine was interrupted.’! These
experiments in noncompliance suggest
that missing a few doses of medication
can result in rebound effects and can have
a significant impact on treatment outcome.
The next step toward better therapeutic
coverage is use of medications with a very
long duration of action, which would al-
leviate the need for daily dosing. A num-
ber of medications meet this criterion,
including phenobarbital, fluoxetine, and
aspirin. Several medications are formu-
lated for monthly depot injection, includ-
ing the contraceptive medroxyprogesterone
and the antipsychotic agent haloperidol
decanoate. The major drawback to the use
of depot formulations is the need for med-
ical personnel to inject the medication.
With formulations in which hormone is
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implanted in muscle tissue, contraception
can be achieved for 5 years, virtually elim-
inating the problem of compliance.

A few studies have evaluated the effec-
tiveness of dosing intervals of >24 hours.
Rindone et al”? compared the lipid-lowering
properties of fluvastatin 20 mg once daily
versus 40 mg every other day. Both regi-
mens were equally effective in reducing
cholesterol, but actual compliance with
the regimen was not described. Two stud-
ies have assessed the efficacy of daily ver-
sus weekly iron supplementation for preg-
nant women.”>% Compliance was 54%
for daily dosing and 62% for weekly dos-
ing.93 The advantage of weekly dosing
was decreased gastrointestinal irritation.
De Klerk et al®® described 100% compli-
ance with weekly methotrexate dosing by
patients with rheumatoid arthritis versus
73% compliance with twice-daily sul-
fasalazine. In a study of 82 patients tak-
ing once-weekly mefloquine for malaria
prophylaxis, 72% took all doses; 55% of
patients took their doses every 7 days.*

Health care personnel expend many re-
sources caring for patients who do not re-
spond to initial treatment with a new drug.
However, treatment failures that are usu-
ally assumed to be medication failures
may be a result of noncompliance rather
than lack of response. Thus, extra efforts
should be made to tailor prescriptions to
suit the capacity of the individual.

Considering the variety of medical dis-
orders evaluated in the present study, it is
likely that these findings can be extrapo-
lated to other medications, formulations,
and medical disorders. Research has
demonstrated that physicians are poor
judges of patients’ compliance, and that
patients are poor judges of their own level
of compliance with the prescribed regi-
men.27 Level of education, IQ, social sta-
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tus, and other demographic variables have
not been found to correlate with medica-
tion compliance rates.* The lack of effect
of EM on compliance suggests that telling
patients that their dosing will be monitored
is not sufficient to change behavior.®® The
number of investigations of medication
compliance has been increasing since 1986
when EM devices became commercially
available, EM devices could be used in
clinical practice to evatuate the reason for
lack of expected treatment effect.

CONCLUSIONS

This review of 76 studies that used gold-
standard EM devices demonstrated that
patients take ~51% to 79% of doses daily
as prescribed across a wide range of ther-
apeutic arcas. Compliance is inversely re-
lated to the number of doses per day.
These data suggest that inadequate com-
pliance with prescribed regimens may be
one reason for poor control of many med-
ical disorders. Further recognition of the
influence of medication compliance on
health outcomes by payers, clinicians, and
the pharmaceutical industry will enhance
research in this area.

ACKNOWLEDGMENT

Financial support for this work was pro-
vided by Eli Lilly and Company, Indi-
anapolis, Indiana. The authors thank Dr.
Erik de Klerk for his helpful comments
and his assistance in the literature search.

REFERENCES

1. Haynes RB, Sackett DL, Gibson ES, et al.
Improvement of medication compliance
in uncentrolled hypertension. Lancet.
1976;1:1265-1268.



A.J. CLAXTON ET AL.

10.

1.

12.

. Cramer JA, Spilker B, eds. Patient Com-

pliance in Medical Practice and Clinical
Trials. New York: Raven Press; 1991.

. Urquhart J. Ascertaining how much com-

pliance is enough with ocutpatient antibi-
otic regimens. Postgrad Med J. 1992;68
(Suppl 3):549-559,

. Cramer JA, Mattson RH, Prevey ML, et

al. How often is medication taken as pre-
scribed? JAMA. 1989;261:3273-3277.

. Rudd P, Bymny RL, Zachary V, et al. The

natural history of medication compliance
in a drug trial: Limitations of pill counts.
Clin Pharmacol Ther. 1989;46:169-176.

. Pullar T, Birtwell AJ, Wiles PG, et al. Use

of a pharmacologic indicator to compare
compliance with tablets prescribed to be
taken once, twice, or three times daily.
Clin Pharmacol Ther. 1988;44:540-545.

. Haynes RB, Taylor DW, Sackett DL, eds.

Compliance in Healthcare. Baltimore: The
Johns Hopkins University Press; 1979.

. Greenberg RN. Overview of patient com-

pliance with medication dosing: A litera-
ture review. Clin Ther. 1984;6:592-599.

. Kass MA, Gordon M, Morley RE, et al.

Compliance with topical timolol treatment.
Am J Ophihalmol. 1987;103:188-193,

Kass MA, Melzer DW, Gordon M, et al.
Compliance with topical pilocarpine treat-
ment. Am J Ophthalmol, 1986;101:515-523.

Eisen SA, Miller DK, Woodward RS, et
al. The effect of prescribed daily dose fre-
quency on patient medication compliance.
Arch Intern Med. 1990;150: 18811884,

Eisen SA, Woodward RS, Miller D, et al.
The effect of medication compliance on

14.

15.

16.

17.

19.

20.

the control of hypertension. J Gen intern
Med. 1987:;2:298-305.

. Cheung R, Sullens CM, Seal D, et al. The

paradox of using a 7 day antibacterial
course to treat urinary tract infections in
the community. Br J Clin Pharmacol. 1988;
26:391-398.

Burney KD, Krishnan K, Ruffin MT, et al.
Adherence to single daily dose of aspirin
in a chemoprevention trial: An evaluation
of self-report and microelectronic moni-
toring. Arch Fam Med. 1996;5:297-300.

Day R, Cella DF, Ganz PA, Constantino
JP. Electronic monitoring of participant
adherence in the NSABP breast cancer
prevention trial. Control Clin Trials. 1998;
19(Suppl 35):69S. Abstract.

Lau RCW, Matsui D, Greenberg M,
Koren G. Electronic measurement of
compliance with mercaptopurine in pedi-
atric patients with acute lymphoblastic
leukemia. Med Pediutr Oncol. 1998;30:
85-90.

Lee CR, Nicholson PW, Ledermann JA,
Rustin GIS. Patient compliance with pro-
longed oral altretamine treatment in re-
lapsed ovarian cancer. Eur J Gynaecol
Oncol. 1996;17:99-103.

. Waterhouse DM, Calzone KA, Mele C,

Brenner DE. Adherence to oral tamoxifen:
A comparison of patient self-report, pill
counts, and microelectronic monitoring.
J Clin Oncol. 1993;11:1189-1197.

Brun I. Patient compliance with once-
daily and twice-daily oral formulations of
5-isosorbide mononitrate: A comparative
study. J Int Med Res. 1994;22:266-272.

Burnier M, Schneider MP, Chiolero A, et
al. Objective monitoring of drug compli-
ance: An important step in the manage-
ment of hypertension resistant drug therapy.
Am J Hypertens. 1999;12:129A. Abstract.

1305



21,

22.

23.

24.

25.

26.

27.

28.

Camey RM, Freedland KE, Eisen SA, et al.
Major depression and medication adher-
ence in elderly patients with coronary artery
disease. Health Psychol. 1995;14:88-90.

Detry JMR, Block P, De Backer G, De-
gaute JP, for the Belgian Collaborative
Study Group. Patient compliance and ther-
apeutic coverage: Comparison of amlodi-
pine and slow release nifedipine in the
treatment of hypertension. Eur J Clin
Pharmacol. 1995:47:477-481.

Guerrero D, Rudd P, Bryant-Kosling C,
Middleton BF. Antihypertensive medica-
tion-taking. Investigation of a simple reg-
imen. Am J Hypertens. 1993;6:586-592.

Kruse W, Nikolaus T, Rampmaier I, et al.
Actual versus prescribed timing of lova-
statin doses assessed by electronic com-
pliance monitoring. Eur J Clin Pharma-
col. 1993;45:211-215.

Kruse W, Koch-Gwinner P, Nikolaus T, et
al. Measurement of drug compliance by
continuous electronic monitoring: A pilot
study in elderly patients discharged from
hospital. / Am Geriatr Soc. 1992;40:1151-
1155.

Kruse W, Rampmaier J, Ullrich G, Weber
E. Patterns of drug compliance with med-
ications to be taken once and twice daily
assessed by continuous electronic moni-
toring in primary care. Int J Clin Phar-
macol Ther 1994;32:452-457.

Lee JY, Kusek JW, Greene PG, et al. As-
sessing medication adherence by pill count
and electronic monitoring in the African
American Study of Kidney Disease and
Hypertension (AASK) Pilot Study. Am J
Hypertens. 1996;9:719-725.

Leenen FHH, Wilson TW, Bolli P, et al.
Patterns of compliance with once versus
twice daily antihypertensive drug therapy

1306

29.

30.

a1

32.

33.

34.

3s.

36.

CLINICAL THERAPEUTICS®

in primary care: A randomized clinical
trial using electronic monitoring. Can J
Cardiol. 1997;13:914-920.

Lueg MC, Herron J, Zellner S. Transder-
mal clonidine as an adjunct to sustained-
release diltiazem in the treatment of mild-
to-moderate hypertension. Clin Ther. 1991;
13:471-481.

Mallion JM, Meilhac B, Tremel F, et al.
Usc of a microprocessor-equipped tab-
let box in monitoring compliance with
antihypertensive treatment. J Cardiovasc
Pharmacol. 1992;19(Suppl 2):541-S48.

Mallion JM, Dutrey-Dupagne C, Vaur L,
et al. Behavior of patients with mild-to-
moderate arterial hypertension in relation
to their treatment. Contribution of an elec-
tronic pillbox [in French]. Ann Cardiol
Angeiol (Paris). 1995;44:597-605.

Mallion JM, Dutrey-Dupagne C, Vaur L,
et al. Benefits of electronic pillboxes in
evaluating treatment compliance of pa-
tients with mild to moderate hypertension.
J Hypertens. 1996;14:137-144.

Mallion JM, Baguet JP, Siche JF, et al.
Compliance, electronic monitoring and
antihypertensive drugs. J Hypertens Suppl.
1998;16:875-579.

Mengden T, Binswanger B, Spuhler T, et
al. The use of self-measured blood pres-
sure determinations in assessing dynamics
of drug compliance in a study with amlo-
dipine once a day, morning versus evening.
J Hypertens. 1993;11:1403-1411.

Mounier-Vehier C, Bernaud C, Carre A, et
al. Compliance and antihypertensive effi-
cacy of amlodipine compared with nifed-
ipine slow-release. Am J Hypertens. 1998;
11:478-486.

Rudd P, Ahmed S, Zachary V, et al. Im-
proved compliance measures: Applications



AJ. CLAXTON ET AL.

37.

38,

39.

41.

42

43.

in an ambulatory hypertensive drug trial.
Clin Pharmaco! Ther. 1990;48:676-685.

Rudd P, Ahmed S, Zachary V, Barton C.
Antihypertensive drug trials, contributions
from medication monitors. In: Cramer J,
Spilker B, eds. Patient Compliance in
Medical Practice and Clinical Trials. New
York: Raven Press; 1991:283-299,

Rudd P, Ramesh J, Bryant-Kosling C,
Guerrero D. Gaps in cardiovascular med-
ication taking: The tip of the iceberg.
J Gen Intern Med. 1993;8;:659-666.

Straka RJ, Fish JT, Benson SR, et al. Pa-
tient self-reporting of compliance does not
correspond with electronic monitoring: An
evaluation using isosorbide dinitrate as a
model drug. Pharmacotherapy. 1997;17:
126-132.

. Vander Stichele RH, Thomson M, Verkoe-

len K. Measuring patient compliance with
electronic monitoring: Lisinopril versus
atenolol in essential hypertension. Post-
Marketing Surveillance. 1992;6:77-90.

Waeber B, Emne P, Saxenhofer H, Heynen
G. Use of drugs with more than a twenty-
four-hour duration of action. J Hypertens.
1994;12(Suppl 8):567-571.

Wallen NH, Andersson A, Hjemdahl P,
Effects of treatment with oral isosorbide
dinitrate on platelet function in vivo; a
double-blind placebo-controlled study in
patients with stable angina pectoris. Br J
Clin Pharmacol. 1994;38:63-70.

Weidler D, Wallin ID, Cook E, et al. Trans-
dermal clonidine as an adjunct to enala-
pril: An evaluation of efficacy and patient
compliance. J Clin Pharmacol. 1992;32:
444-449.

. Cramer JA, Scheyer RD, Mattson RH.

Compliance declines between clinic visits.
Arch Intern Med. 1990;150:1509-1510.

46.

47.

48.

49.

50.

51.

52.

. Cramer J, Vachon L, Desforges C, Suss-

man NM. Dose frequency and dose inter-
val compliance with multiple antiepileptic
medications during a controlled clinical
trial. Epilepsia. 1995;36:1111-1117.

Kruse W, Eggert-Kruse W, Rampmaier J,
et al. Compliance with short-term high-
dose ethinyl oestradiol in young patients
with primary infertility. New insights from
the use of electronic devices. Agents Ac-
tions Suppl. 1990;29:105-115.

Kruse W, Eggert-Kruse W, Rampmaier J, et
al. Dosage frequency and drug-compliance
behaviour—a comparative study on com-
pliance with a medication to be taken
twice or four times daily, Eur J Clin Phar-
macol. 1991;41:589-592.

Kruse W, Eggert-Kruse W, Rampmaier J,
et al. Compliance and adverse drug reac-
tions: A prospective study with ethinyl-
estradiol using continuous compliance
monitoring, Clin Investig. 1993;71:483-487.

Potter L, Oakley D, de Leon-Wong E,
Canamar R. Measuring compliance among
oral contraceptive users. Fam Plann Per-
spect. 1996:28:154-158.

Trapnell CB, Donahue SR, Collins JM, et
al. Thalidomide does not alter the pharma-
cokinetics of ethinyl estradiol and
norethindrone. Clin Pharmacol Ther. 1998,
64:597-602,

Augenbraun M, Bachmann L, Wallace T,
et al. Compliance with doxycycline ther-
apy in sexually transmitted diseases clin-
ics. Sex Transm Dis. 1998;25:1-4.

Fallab-Stubi CL, Zellweger JP, Saulty A,
et al. Electronic monitoring of adherence
to treatment in the preventive chemother-
apy of tuberculosis. Int J Tuberc Lung Dis.
1998;2:525-530.

1307



53.

54.

55.

56.

57.

58.

59.

60.

Favre O, Delacretaz E, Badan M, et al.
Relationship between the prescriber’s in-
structions and compliance with antibio-
therapy in outpatients treated for an acute
infectious disease. J Clin Pharmacol.
1997;37.175-178.

Kastrissios H, Suarez JR, Katzenstein D,
et al. Characterizing patterns of drug-
taking behavior with a multiple drug reg-
imen in an AIDS clinical trial, AIDS. 1998;
12:2295-2303.

Melbourne KM, Geletko SM, Brown SL,
et al. Medication adherence in patients
with HIV infection: A comparison of two
measurement methods. AIDS Reader.
1999:9:326-338.

Paladino J, Sperry HE, Backes IM, et al.
Clinical and economic evaluation of oral
ciprofloxacin after an abbreviated course
of intravenous antibiotics. Am J Med.
1991:91:462—470.

Wall TL, Sorensen JL, Batki SL, et al. Ad-
herence to zidovudine {AZT) among HIV-
infected methadone patients: A pilot study
of supervised therapy and dispensing com-
pared to usual care. Drug Alcohol Depend.
1995;37:261-269.

Apter AJ, Reisine ST, Affleck G, et al.
Adherence with twice-daily dosing of in-
haled steroids: Sociceconomic and health-
belief differences. Am J Respir Crit Care
Med, 1998;157:1810-1817.

Berg J, Dunbar-Jacob J, Rohay JM. Com-
pliance with inhaled medications: The re-
lationship between diary and electronic
monitor. Ann Behav Med. 1998,20:36-38.

Bosley CM, Fosbury JA, Cochrane GM.
The psychological factors associated with
poor compliance with treatment in asthma.
Eur Respir J. 1995;8:899-904,

1308

61.

62.

63.

64.

65.

66.

&7.

68.

69.

CLINICAL THERAPEUTICS®

Mawhinney H, Spector SL, Kinsman RA,
et al. Compliance in clinical trials of two
nonbronchodilator, antiasthima medications,
Ann Allergy. 1991,66:294-299,

Milgrom H, Bender B, Ackerson L, et al.
Noacompliance and treatment failure in
children with asthma. J Allergy Clin im-
munol, 1996;98:1051-1057.

Tashkin DP. Multiple dose regimens. Tm-
pact on compliance. Chest. 1995;107
(Suppl 5):1765-1825S.

Nides MA, Tashkin DP, Simmons MS, et
al. Improving inhaler adherence in a clin-
ical trial through the use of the nebulizer
chronolog. Chest. 1993;104:501-507.

Tashkin DP, Rand C, Nides M, et al. A
nebulizer chronolog to monitor compli-
ance with inhaler use. Am J Med. 1991
91(Suppl 4A):335-368.

Berkovitch M, Papadouris 1D, Shaw D, et
al. Trying to improve compliance with
prophylactic penicillin therapy in children
with sickle cell disease. Br J Clin Phar-
macel. 1998;45:605-607.

de Klerk E, van der Linden SJ. Comphi-
ance monitoring of NSAID drug therapy
in ankylosing spondylitis, experiences
with an electronic monitoring device. Br J
Rheumatal. 1996,35:60-63.

de Klerk E, van der Heijde D, van der Tem-
pel H, et al. Patient compliance with anti-
rheumatic drug therapy in RA: Experiences
with an electronic monitoring device.
Arthritis Rheum. 1999;42:5237. Abstract,

Ekstrom ECM, Kavishe FP, Habicht IP, et
al. Adherence to iron supplementation dur-
ing pregnancy in Tanzania: Determinants
and hematologic consequences. Am J Clin
Nutr. 1996;64:368-374.



AJ. CLAXTON ET AL.

70.

71.

72.

73.

74.

76.

1.

78.

Kruse W, Weber E. Dynamics of drug
regimen compliance—TIts assessment by
microprocessor-based monitoring. Eur J
Clin Pharmacol. 1990;38:561-565.

Mason BJ, Matsuyama JR, Jue SG. As-
sessment of sulfonylurea adherence and
metabolic control. Diabetes Educ. 1995,
21:52-57.

Matsui D, Hermann C, Braudo M, et al.
Clinical use of the Medication Event Mon-
itoring System: A new window into pedi-
atric compliance. Clin Pharmacol Ther.
1992;52:102-103.

Matsui C, Hermann C, Klein I, et al. Crit-
ical comparison of novel and existing
methods of compliance assessment during
a clinical trial of an oral iron chelator.
J Clin Pharmacol. 1994;34:944-949,

Matsuyama JR, Mason BJ, Jue SG. Phar-
macists’ interventions using an electronic
medication-event monitoring device’s ad-
herence data versus pill counts, Ann Phar-
macother. 1993;27:851-855.

. Olivieri NF, Matsui D, Hermann C, Koren

G. Compliance assessed by the Medica-
tion Event Monitoring System. Arch Dis
Child. 1991;66:1399-1402.

Olivienn NF, Brittenham GM, Matsui D,
et al. Iron-chelation therapy with orat
deferiprone in patients with thalassernia
major. N Engl J Med. 1995,332:918-922.

Paes AHP, Bakker A, Soe-Agnie C. Impact
of dosage frequency on patient compli-
ance. Diabetes Care. 1997;20:1512-1517.

Rubio A, Cox C, Weintraub M. Prediction
of diltiazem plasma concentration curves
from limited measurements using compli-
ance data. Clin Pharmacokinet. 1992;22:
238-246.

79.

80.

81.

82.

83.

84.

8s.

6.

&7.

88.

Cramer JA, Rosenheck R. Enhancing med-
ication compliance for people with seri-
ous mental illness. J Nerv Ment Dis. 1999,
187:53-55.

Demyttenaere K, Van Ganse E, Gregoire J,
et al, for the Belgian Compliance Study
Group. Compliance in depressed patients
treated with fluoxetine or amitriptyline. Int
Clin Psychopharmacel. 1998;13:11-17.

Elixhauser A, Eisen SA, Romeis JC,
Homan S. The effects of monitoring and
feedback on compliance. Med Care. 1990;
28:882-893.

Namkoong K, Faren CK, O’Connor PG,
O’Malley SS. Measurement of compli-
ance with naltrexone in the treatment of
alcohol dependence: Research and clini-
cal implications. J Clin Psychiatry. 1999,
60:449-453.

Kastrissios H, Flowers NT, Blaschke TF.
Introducing medical students to medica-
tion noncompliance. Clin Pharmacol Ther.
1996;59:577-582,

Christensen DB. Drug-taking compliance:
A review and synthesis. Health Serv Res.
1578;198:171-187.

Blackwell B. From compliance to alliance:
A quarter century of research. Neth J Med.
1996;48:140-149.

Cramer JA. Consequences of intermittent
treatment for hypertension: The case for
medication compliance and persistence.
Am J Managed Care. 1998;4:1563-1568.

Demyttenaere K. Compliance during treat-
ment with antidepressants. J Affect Dis-
ord. 1997;43:27-39.

Urquhart J. Role of patient compliance in
clinical pharmacokinetics: A review of re-
cent research. Clin Pharmacokinet. 1994,
27:202-215.

1309



89.

90.

91.

92.

Cramer JA, Ouellette VL, Mattson RH. The
effect of microelectronic observation on
compliance. Epilepsia. 1990;31:617-618.

Johnson BF, Whelton A. A study design
for comparing the effects of missing daily
doses of antihypertensive drugs. Am J
Ther. 1994;1:1-8.

Rosenbaum JF, Fava M, Hoog SL, et al.
Selective serotonin reuptake inhibitor dis-
continuation syndrome: A randomized clin-
ical trial. Biol Psychiatry. 1998;44:77-87.

Rindone JP, Hiller D, Arriola G. A com-
parison of fluvastatin 40 mg every other
day versus 20 mg every day in patients

93.

4.

95.

CLINICAL THERAPEUTICS®

with hyperchoiesterolemia. Pharmaco-
therapy. 1998;18:836-839.

Ridwan E, Schultnik W, Dillon D, Gross
R. Effects of weekly iron supplementation
on pregnant Indonesian women are simi-
lar to those of daily supplementation. Am
J Clin Nutr. 1996;63:884-890.

Galloway R, McGuire J. Daily versus
weekly: How many pills do pregnant
women need? Nufr Rev. 1996;54:318-323.

Torillo D, Landry P, Darioli R, et al. Elec-
tronic monitoring of travellers’ adherence
to mefloquine malaria chemoprophylaxis.
Poster presented at: 6th Conference of the
International Society of Travel Medicine;
June 2-10, 1999; Montreal, Quebec.

Address correspondence to: Ami J. Claxton, MS, PhD, Eli Lilly and Company, Lilly
Corporate Center, Indianapolis, IN 46285. E-mail: ami.claxton@lilly.com

1310



