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Most studies of medication
adherence among patients
with schizophrenia have re-

lied on clinicians’ judgments or pa-
tients’ self-reports, which may have
limited validity (1). Clinician assess-
ment of adherence has limited ability
to detect nonadherence in compari-
son with testing drug levels in urine
(2). Even medication markers, such
as in urine and blood levels, may be
invalid, because patients may ingest

medications shortly before sample
collection (3). Other assessment
methods, including self-report, pre-
scription renewals, and pill counts,
can be easily manipulated.

Given these limitations, use of elec-
tronic monitoring to assess adherence
in general medical populations has in-
creased (3). Electronic monitoring
captures the date and time that a bot-
tle of medication is opened. A period
in which a medication bottle is not

opened identifies an episode of likely
nonadherence. However, the opening
of the bottle does not ensure medica-
tion ingestion. Thus electronic moni-
toring is unlikely to underestimate
adherence, though it may overesti-
mate adherence.

Although several studies have used
electronic monitoring to measure the
adherence of outpatients with schizo-
phrenia (4–7), only one report has
compared the performance of elec-
tronic monitoring with another ad-
herence assessment method. In a
small study of 25 outpatients with
schizophrenia or schizoaffective dis-
order, a highly experienced research
coordinator dramatically underesti-
mated the proportion of patients with
antipsychotic nonadherence as com-
pared with electronic monitoring (0%
versus 48%) (6).

In this study, we compared ratings
by prescribers, patients, and research
assistants with ratings of electronical-
ly monitored adherence to antipsy-
chotic medication among outpatients
with schizophrenia or schizoaffective
disorder.

Methods
The study was approved by the insti-
tutional review board of the Universi-
ty of Texas Southwestern Medical
Center at Dallas. Written informed
consent was obtained from all partici-
pants. Data were collected from
March 2003 to April 2004.
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Objective: This study evaluated the validity of prescriber, patient, and
research assistant ratings of adherence to prescribed oral antipsychotic
medication among outpatients with schizophrenia or schizoaffective
disorder in comparison with electronic monitoring. Methods: Adult out-
patients with schizophrenia (N=35) or schizoaffective disorder (N=26)
received adherence assessments via electronically monitored medica-
tion vial caps as well as by monthly prescriber, patient, and research as-
sistant report for up to six months. Results: Electronic monitoring de-
tected greater nonadherence rates (57%) than either prescribers (7%)
or patients (5%), though the research assistant ratings were 54%. No di-
rectional bias was found between electronic monitoring and assignment
of adherence by research assistants, although disagreement occurred in
36% of cases. Conclusions: Both patients and prescribers grossly over-
estimated medication adherence, which may interfere with or reduce
the effectiveness of diligent medication management. (Psychiatric Ser-
vices 58:844–847, 2007)
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Participants
Participants were outpatients treated
at Dallas public mental health clinics
and usually self-referred from flyers
posted in the clinics. The flyers made
no mention of medication adherence
status or the investigational focus of
this study. Patients were recruited
and studied at their outpatient clinic
sites. Eligibility criteria included be-
ing at least 18 years old, having a
DSM-IV diagnosis of schizophrenia
or schizoaffective disorder as estab-
lished by the Structured Clinical In-
terview for DSM-IV (8), and taking a
single oral antipsychotic medication.
Patients receiving a depot antipsy-
chotic within one treatment cycle and
those using a pillbox were excluded.

Demographic characteristics
Of 61 participants, 35 (57%) were di-
agnosed as having schizophrenia and
26 (43%) as having schizoaffective
disorder. Thirty-one participants were
women, and 30 were men. Mean±SD
age was 44.3±9.1 years; mean illness
duration was 21.2±10.7 years. Most
participants (51 of 61, or 84%) re-
mained on the same dosing schedule
throughout the study (41 once daily,
nine twice daily, and one three times
daily). Six caps were lost during the
trial (five were misplaced, and one
was damaged).

Measures
Adherence. Adherence ratings were
completed at six consecutive, month-
ly study visits. Fifteen prescribers
(ten psychiatrists and five advanced
nurse practitioners) rated adherence
during the study. One prescriber did
not provide ratings for a small num-
ber of his patients. In these instances,
totaling 6% (24 of 385) of all pre-
scribing clinician ratings, the patients’
case manager completed the rating.

Electronic monitoring was per-
formed with the medication event
monitoring system, a medication vial
cap that electronically records the
date and time that a medication bot-
tle is opened. All raters (including pa-
tients) were aware of the purpose of
the monitoring cap, but they did not
have access to cap-generated adher-
ence results. If patients with multi-
ple-dosing regimens (such as twice or
three times daily dosing) opened the

cap at least the number of times pre-
scribed each day, they received full
credit for adherence for that particu-
lar day. If patients opened the med-
ication cap fewer than the prescribed
number of times per day, missed dos-
es were counted as nonadherence
and subtracted from prescribed doses
to calculate monthly adherence. To
have nonadherence denote insuffi-
cient use of medication rather than a
mismatch with a prescribed regimen,
openings of an amount greater than
the number of prescribed doses in a
given day did not count toward or
against overall adherence. A ques-
tionnaire was used at each visit to ac-
count for extra openings (such as
opening the medication bottle by
study staff) or for the lack of bottle
openings for valid reasons. These
openings (or lack thereof) were
added or subtracted accordingly from
the electronic monitoring data to ob-
tain a final adherence calculation.

Prescriber ratings, research assis-
tant ratings, and patient self-ratings
were completed on visual analog
scales (0%–100%), where adherence
was defined as the proportion of pre-
scribed doses taken in the prior
month. Before completing the visual
analog scale rating, the research assis-
tants asked patients three questions
regarding their adherence behavior.
Adapted from a lengthier adherence
questionnaire used in the Clinical An-
tipsychotic Trials of Intervention Ef-
fectiveness (CATIE) study (9), the
three questions inquired about pa-
tients’ knowledge of their medication
regimen and episodes of missed dos-
es or incomplete adherence. All ad-
herence ratings were made blind to
and independent of the prescriber-
monitored and electronically moni-
tored estimates of adherence. The re-
search assistants who completed
these ratings were aware that patients
were also rating their own adherence.

Patients and their prescribers were
free to switch antipsychotics during
the trial, as long as patients remained
on a single, oral agent.

Baseline characteristics. Baseline
measures included age, gender, race,
education level, age at onset of illness,
length of illness, presence of a care-
giver, dosing schedule, whether an-
tipsychotic dose was within an accept-

able guideline range (10), medication
side effects (ordinal severity scale rat-
ing of 1 to 10), number of medica-
tions, alcohol abuse (Alcohol Use
Scale) (11), drug abuse (Drug Use
Scale) (11), insight (Schedule for the
Assessment of Insight) (12), and
symptom severity (Positive and Nega-
tive Syndrome Scale total score) (13).

Analysis
Adherence: dichotomous outcome.
For the primary outcome of the
study, the likelihood of one method to
be significantly more likely to assess
nonadherence than another was test-
ed by pairwise comparisons using
McNemar’s test.

We sought a definition of nonad-
herence that would be both conserva-
tive in detecting nonadherence and
consistent with definitions from prior
published reports (1). Patients who
were rated as nonadherent (<70% ad-
herence) for two or more months
during the study were classified as
nonadherent patients. A finding that
patients with schizophrenia who were
less than 70% adherent to their an-
tipsychotic medication are at greater
risk of hospitalization than those who
were adherent 70% or more of the
time provides additional empirical
support to the nonadherence defini-
tion used in this study (14).

Adherence: continuous outcome.
The difference between level of ad-
herence as rated by electronic moni-
toring versus by prescriber was as-
sessed in a random regression analy-
sis. Each baseline characteristic was
tested individually for significance as
a covariate in this model.

Results
Adherence: dichotomous outcome
Nonadherence was far lower on the
basis of prescriber (four of 60, or 7%)
and patient self-ratings (three of 61,
or 5%) than by electronic monitoring
(35 of 61, or 57%) or research assis-
tant ratings (33 of 61, or 54%) (Table
1). For the primary outcome of the
study, where adherence defined by
electronic monitoring disagreed with
adherence ratings by prescribers (oc-
curring with 34 of the 60 participants,
or 57%), electronic monitoring was
significantly more likely than pre-
scribers to classify participants as
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nonadherent (32 of 34 versus two of
34; p<.001). Where disagreement oc-
curred between electronic monitor-
ing and patient self-ratings (32 of 61
patients), all 32 patients were classi-
fied as nonadherent by electronic
monitoring but adherent by patient
self-report (p<.001). There was no di-
rectional bias when differences oc-
curred in classification of adherence
ratings by electronic monitoring ver-
sus research assistant or prescriber
versus patient. However, disagree-
ments between electronic-monitor-
ing ratings and research assistant rat-
ings were common, occurring in 22 of
61 (36%) cases.

Adherence: continuous outcome
As a secondary analysis defined a pri-
ori, the difference in adherence be-
tween electronic monitoring and pre-
scriber assessment was significant for
the overall patient group (t=–5.32,
df=59, p<.001). Estimated adher-
ence by electronic monitoring, pre-
scriber, patient, and research assis-
tant ratings, respectively, was 67%,
85%, 91%, and 69%. Education was
the only baseline parameter that had
a significant effect on the difference
between electronic monitoring and
prescribers’ estimation of adherence
(t=3.84, df=58, p<.001), with greater
education associated with greater
adherence.

Discussion
This is the first prospective study, to
our knowledge, to compare pre-
scriber, patient, research assistant,
and electronic-monitoring methods
to estimate adherence for patients
with schizophrenia. Compared with

electronic monitoring, prescribers
dramatically underestimated nonad-
herence (57% versus 7%, respec-
tively). Prescribers were significant-
ly more likely than electronic moni-
toring to classify patients as adher-
ent when disagreement occurred
between these ratings. In addition,
prescribers and patients provided
remarkably high estimates of an-
tipsychotic medication adherence
(85% and 91%, respectively). Rea-
sons for such optimistic estimates of
adherence warrant further investi-
gation, particularly considering that
concurrently collected objective ad-
herence rates were dramatically
lower as measured by electronic
monitoring (67%).

These findings suggest that overes-
timation of adherence by prescribers
and patients might contribute to the
underutilization of long-acting in-
jectable antipsychotic medications,
which are recommended for patients
with nonadherence (15). The findings
also may have implications for clinical
research studies. It is possible that
participating in a research study in-
flates prescriber and patient esti-
mates of adherence, which would
have implications for clinical studies
that use subjective measures of ad-
herence. Finally, these findings raise
the possibility that nonadherence is
more common than appreciated in
clinical research studies and may con-
found the interpretation of findings
from such studies.

Our findings and the results of two
prior studies (16,17) suggest that pre-
scribers overestimate adherence (that
is, underestimate nonadherence) of
outpatients with schizophrenia. Pre-

scriber-determined rates of nonad-
herence in these three studies (7%,
17%, and 33%) are considerably low-
er than the 50% mean nonadherence
rate reported in a recent review (1) of
studies using mostly clinician ratings
in schizophrenia. In addition, find-
ings of nearly complete agreement
between prescriber and patient rat-
ings of nonadherence in our study
(7% and 5%, respectively) suggest
that usual-care interactions strongly
influence prescriber estimates of in-
dividual medication-taking behavior.

Greater agreement was seen with
estimated adherence of research as-
sistant (69%) and electronic-monitor-
ing ratings (67%) compared with
those of prescribers (85%). The supe-
rior fit between research assistant and
electronic-monitoring ratings of ad-
herence could have resulted from
several factors. Of particular note, re-
search assistants, but not prescribers,
asked patients three adherence-relat-
ed questions before completing visu-
al analog scale ratings of adherence.
Thus research assistants may have
had access to valuable adherence in-
formation unavailable to prescribers.
In contrast to prescribers, research
assistants also had access to patients’
visual analog scale ratings of adher-
ence. However, the very high degree
of adherence reported in these pa-
tient self-ratings (estimated adher-
ence of 91%) is unlikely to account
for the relatively low adherence de-
scribed by research assistants.

Potential study limitations include
a relatively short assessment period,
modest sample size, and the some-
what arbitrary categorical definition
used for nonadherence in the primary
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Adherence classification agreement between electronic monitoring and prescriber, patient, and research assistant ratingsa

Adherence disagreement

Adherence Adherent A versus Nonadherent A 
Assessment method comparison agreement nonadherent B versus adherent B

A B N N % N % N % pb

Electronic monitoring Prescriber 60 26 43 2 3 32 53 <.001
Electronic monitoring Patient 61 29 48 0 — 32 52 <.001
Electronic monitoring Research assistant 61 39 64 10 16 12 20 <.67

a Patients were classified as nonadherent if measured adherence was less than 70% for two or more months during the six-month study.
b McNemar’s test evaluated potential adherence classification bias among patients where disagreement occurred with electronic monitoring.
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analysis. Finally, use of a convenience
sample could have introduced bias
into the study. In particular, volun-
teers may be more likely to be adher-
ent to medications, and thus the find-
ings of the study may overestimate
adherence in the actual population.

Conclusions
Study results suggest that when med-
ication management decisions, such
as changing the dosage or type of
medication, are based on clinical
judgment or patient self-report, they
may be invalid for up to 50% of pa-
tients. The use of electronic monitor-
ing to identify patients who are non-
adherent to medication regimens or
the use of long-acting agents may
provide substantial benefits not
achievable with common clinical ap-
proaches to addressing such adher-
ence issues. Additional studies are
needed to further elucidate the po-
tential impact of providing more valid
adherence estimates to patients and
clinicians.
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