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Abstract

This study sought to elucidate methodological issues in adherence research by comparing multiple methods of
assessing adherence to antiretroviral medication. From 2003 to 2004, 24 youths with vertically infected HIV
disease (mean age¼ 14.0 years; range, 8–18) and their caregivers participated in a 6-month study. These children
were all on highly active antiretroviral therapy (HAART) and were relatively healthy (mean CD4 absolute
count¼ 711.8� 604.5). Adherence was assessed with the Medication Event Monitoring System (MEMS), pill
counts, and interviews. Patients and caregivers completed the Perceptions of Adherence Study Participation
(PASP) questionnaire. MEMS provided the most detailed adherence information, and good reliability was
indicated by significant correlations with medical markers. Pill counts provided similar adherence rates, while
patients and caregivers reported nearly perfect adherence in interviews. Problems were experienced with each
method: MEMS were expensive, had cap malfunctions, and lack a consistent guiding principle for data inter-
pretation. With pill counts, families forgot to bring all medication bottles to clinic, and interviews were com-
promised by social desirability and difficulty reaching families by telephone. Most patients and caregivers
believed study participation improved the child’s adherence, although PASP ratings were unrelated to adher-
ence at the study endpoint. While MEMS may be most reliable, pill counts offer comparable data and are less
costly, while interviews seemed least accurate in this study. Most participants reported positive perceptions of
their research experience. A consensus among researchers is needed for defining and measuring adherence, and
specific recommendations are offered for achieving this goal.

Introduction

The identification of variables associated with medi-
cation adherence is of critical importance in the devel-

opment of effective interventions aimed at improving
medication-taking behavior. Adherence is particularly es-
sential among HIV-positive populations given that highly
active antiretroviral therapy (HAART) has changed the
course of HIV from a fatal disease to a chronic illness. With
recent treatment advances in antiretroviral (ARV) therapy
that allow for reduced pill burden and less frequent dosing,
adherence may be less challenging than in the past for many
individuals. However, reliable adherence to HAART remains

critical for preventing opportunistic infections and consistent
suppression of HIV-1 RNA (viral load) levels,1,2 while poor
adherence increases the risk of disease progression and the
development of drug resistance.3,4 Unfortunately, non-
adherence continues to be fairly problematic in the United
States, with adult studies citing prevalence rates of 3% to
68%.5–8 Among children and adolescents with HIV disease,
estimates of the prevalence of nonadherence range from 16 to
60.9–12 Methodological inconsistencies involving measure-
ment and conceptualization of the construct may account for
this variation, and need to be pinpointed and addressed to
ascertain the most accurate information about medication-
taking behavior within this and other patient populations.
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Methods of assessing adherence

Although numerous methodologies have been developed
to measure adherence, all have been associated with a variety
of limitations. Three commonly used assessment techniques
are electronic monitoring systems, pill counts, and patient
reports.

Electronic monitoring systems. In the past decade, stud-
ies using electronic monitoring methods became increasingly
common. These methods, such as the Medication Event
Monitoring System (MEMS) Track caps, contain a micro-
electronic circuit that registers the exact dates and times of all
bottle openings, thus providing more detailed information
about the timing of doses than can be obtained through most
other methods. Despite being considered among the most
accurate methods of assessing adherence,13,14 the expense of
these caps can be a limiting factor;15,16 for example, outfitting
one medication for a sample of 50 patients can cost thousands
of dollars. In addition, bottle openings do not always corre-
spond to an ingested dose and patients who use weekly pill
trays may resist changing their routine if it works well for
them.

Pill counts. Collecting adherence estimates via pill counts
is a technique that has been promoted as relatively easy to use,
inexpensive,17 and a valid indicator of overall adherence.9,18

Pill counts offer estimates of the total quantity of doses con-
sumed across a given time span, usually between clinic visits,
but do not provide information about the timing of those
doses.17 Also, this method assumes that all pills missing from
the bottles have been ingested. Another potential problem is
the fact that when multiple family members take the same
medication, which is often the case in families living with HIV
disease, pills from the same bottle may be shared.19 Further-
more, accurate pill counts rely upon patients remembering to
bring all empty, full, and partially full bottles into clinic. This
may be particularly difficult since some patients keep pill
supplies in multiple locations (e.g., at home, school, work,
relatives’ houses).19 Pill counting machines may reduce the
time required and the likelihood of human error, and al-
though these devices can be costly, they are a one-time ex-
pense as opposed to MEMS caps, which are not reusable
across patients.

Patient and caregiver reports. Although some research-
ers support the validity of patient and=or caregiver inter-
views,20–23 multiple empirical studies have noted that such
subjective reports are a less accurate method of assessing
adherence compared to more objective measures, including
biologic markers24 and electronic monitoring.13,15,25,26 For
example, Farley et al.15 found that MEMS adherence rates
were associated with undetectable viral loads, while caregiver
reports were not. Hypothesized explanations for inflated pa-
tient and caregiver reports include social desirability,27,28

poor memory,25,28 and language comprehension difficulties,
particularly in child reporters.11 In addition, perceptions of
the patient’s adherence may differ across family members.29

Issues in conceptualizing adherence

Irrespective of the methodology used to measure adher-
ence, an additional source of variance in existing literature lies

in the conceptualization of the construct. In the absence of
universally accepted criteria for establishing adherence, re-
searchers diverge in their methods of defining and enumer-
ating successful medication-taking behavior.

Adherence commonly is quantified as the percentage of
doses taken as prescribed. However, variables such as the
frequency (number of doses per day) and quantity (number of
pills per dose) as well as the complexity (e.g., number of
medications) and specificity (e.g., meal indications, medica-
tion storage conditions) of the regimen often are handled
differently across studies. The pronounced impact that such
variation may have on reported outcomes and interpretations
was exemplified by Arnsten et al.,30 who calculated mean
adherence rates ranging from 26% to 64% in a sample of HIV-
infected adults depending on the criteria used to establish
adherence. Similarly, Giacomet et al.31 found that 79% of their
sample of HIV-positive children were classified as 100% ad-
herent when the quantity of doses taken was examined,
whereas only 11% qualified as perfectly adherent when tim-
ing of dose administration and meal specifications were
considered. Deschamps et al.32 found differences in MEMS
adherence rates by comparing the percentage of days in which
the correct number of doses were taken (mean adherence
rate¼ 98%), the percentage of prescribed doses taken (91.5%),
and the percentages of doses taken within a� 1-hour window
of the ‘‘target time’’ (86%). The above studies underscore the
importance of establishing a consistent operational definition
of adherence. Further divergence occurs in the analytical ap-
proach used by adherence researchers. Data often are left in
continuous form, as a number or percentage, for analytical
and reporting purposes. In other cases, discrete categories are
defined to classify adherence levels,22,33 and these categories
vary across studies. Some researchers have imposed a single
critical value, typically in the range of 80%15,34,35 to 100%,36–39

to dichotomize adherence. While several of these cutoff values
are somewhat arbitrary, others have scientific underpinnings.
For instance, the criterion of 100% adherence (no missed
doses) over the span of a week used by Heckman et al.36 was
rooted in the knowledge that maximal viral suppression is
associated with adherence rates of 95% or above,33 and that
95% adherence equated to less than one missed dose in the
given assessment period.

Participant perceptions of adherence assessments

While a number of past studies have evaluated the
strengths and limitations of various methods of assessing
adherence from the researchers’ perspectives, no published
reports were identified that included the perspectives of pa-
tients and their caregivers. An understanding of patients’ and
caregivers’ perceptions of adherence research participation
may lead to identification of the factors that influence their
willingness to enroll in future studies and to follow adherence
assessment procedures.

Study aims and hypotheses

The current study sought to describe the medication ad-
herence of a group of HIV-positive children taking HAART,
and to compare adherence rates obtained by use of electronic
monitoring, pill counts, and patient and caregiver interviews.
We hypothesized that adherence rates obtained from elec-
tronic measurement would be lower than patient and care-
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giver interviews, and would be more reliable as indicated by
their relationship with medical markers. In an exploratory
fashion, patient and caregiver perspectives of adherence re-
search participation were compared and also examined in
terms of their relation to adherence rates.

Method

Eligible participants

HIV-positive children from around the United States were
referred for participation in ARV treatment protocols at the
National Cancer Institute (NCI), typically by their local
medical providers. From 2003 to 2004, families of these chil-
dren were invited to participate in the current adherence
study during a routine clinic visit at any point during their
ARV treatment protocol, provided they met all eligibility re-
quirements. To be eligible, children must have been between 8
and 18 years of age, had vertically acquired HIV disease, and
have been on a HAART regimen that included a protease
inhibitor (PI) in solid form for at least 3 months.

Thirty-eight eligible families were invited to participate,
and 30 agreed to enroll. Of these, 2 families withdrew because
the caregivers and=or patients reported discomfort with study
procedures (e.g., ‘‘felt we were being checked up on’’). Two
patients’ ARV medications were discontinued temporarily for
medical reasons. One caregiver with a history of psychiatric
problems became depressed during her participation and
requested that she and her child be withdrawn from the
study. Finally, 1 child’s medical care was transitioned to an-
other clinic in the patient’s home town. Thus, 24 families
provided baseline and follow-up data for this study. Seven-
teen of these families participated in the electronic monitoring
arm of the study (as described in more detail in the following
sections).

Measures and procedures

The current study was approved by the NCI Institutional
Review Board. Informed consent was obtained from the pa-
tient’s parent or legal guardian prior to enrollment, and minor
assent was obtained from all patients as well.

Electronic monitoring. MEMS track caps record the exact
times and dates when a pill bottle is opened. At the baseline
evaluation, each family was given a MEMS cap and a log for
recording cap openings that did not reflect an actual dosing
(e.g., if they removed the cap accidentally or took out pills early
for a dose to be taken later). Such logs have been used in pre-
vious studies of adherence.8 MEMS adherence rates were cal-
culated in four ways: as the percentage of doses taken within a
1-, 2-, and 3-hour window of the target time, and as the per-
centage of days in which the correct number of doses were
taken (regardless of dosing times). Data from MEMS caps and
MEMS logs were obtained at the patients’ 3-month and 6-
month visits. Families that used pill trays were given the option
of using a MEMS cap during the study, but were told that they
could continue using their pill trays if they preferred in order to
avoid disrupting a routine that was working well for them.
Families who chose to be on the non-MEMS arm of the study
could participate in all other protocol procedures.

For consistency, we monitored each patient’s primary PI.
Thus, at study entry, the MEMS cap was placed on a new

bottle of the patient’s PI. Families were instructed on how to
use the MEMS cap and given a list of written instructions to
take home. These instructions included the fact that the
caregiver should remove the cap from the first bottle when it
was empty and place it onto the next full bottle of the PI.

In order to calculate adherence based on doses taken dur-
ing a certain time frame (e.g., 12� 2 hours apart for twice
daily dosing), it was necessary to calculate a target time from
which acceptable windows were defined. This was achieved
by reviewing the data obtained from the MEMS software to
identify times, 12 hours apart for twice daily dosing and 8
hours apart for three times daily dosing, that yielded the
highest percentage of doses taken within the specified time
frames. Data for some patients included a schedule transition
(i.e., they began taking their medication at later times when
school ended for the summer). To avoid penalizing these
patient unfairly, their data were broken down into phases,
with each phase utilizing a different target time. We defined a
schedule transition as a change from one set of target time
points to another set that continued for at least 1 month or
until the dataset concluded, whichever came first. Changes in
dose time due to weekends or brief holidays did not constitute
a transition. Doses were inserted or deleted from the MEMS
data according to patient logs.

Pill counts. For the pill count assessment, the number of
pills returned to clinic was subtracted from the number of pills
dispensed at the previous visit. That number was divided by
the number of pills the patient should have taken according to
their prescribed dosing schedule, and then multiplied by 100
to obtain the adherence percentage. To facilitate accurate pill
counts, families were asked to bring in all full, partially full,
and empty bottles of the PI at the baseline visit. When they
returned for their 3-month and 6-month appointments, all
remaining pills were counted using an electronic pill counter.

Patient and caregiver interviews. To gather self-report
adherence data, structured interviews with patients and
caregivers were conducted monthly throughout the study, by
telephone at months 1, 2, 4, and 5, and in-person at the pa-
tients’ 3- and 6-month clinic visits. During these interviews, a
research assistant asked respondents how many doses of the
patient’s PI were missed during the past three days, and ad-
herence was calculated as the percentage of doses taken over
the previous 3 days. Composite adherence variables were
formed by combining interview data from months 1–3 (time
1) and months 4–6 (time 2). When interview data was missing
from a certain time-point, data from the remaining time-
points were combined and adherence percentages were cal-
culated to reflect the percentage of doses taken within the time
period covered by the interviews.

Perceptions of adherence study participation. At the 6-
month study end point, patients and caregivers were ad-
ministered the Perceptions of Adherence Study Participation
(PASP) questionnaire. This measure was designed by the re-
search team to evaluate participants’ perceptions of the ad-
herence assessment tools, as well as their general perceptions
of being involved in the research study. The measure contains
five questions assessing beliefs about study participation (e.g.,
‘‘Participation in this study has improved the way my child
takes his=her medicine’’) and responses are based on a 5-point
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Likert scale ranging from ‘‘strongly disagree’’ to ‘‘strongly
agree.’’ For each statement marked ‘‘agree’’ or ‘‘strongly
agree,’’ participants indicated which part(s) of the study (i.e.,
MEMS cap, MEMS logs, pill counts, telephone interviews, or
other) led them to feel that way. In addition, open-ended
questions provided patients and caregivers with the oppor-
tunity to identify other factors that influenced their percep-
tions of study participation.

Medical variables. CD4þ percentages and absolute
counts as well as levels of HIV1 RNA PCR (viral load) were
collected as required by the patient’s ARV treatment protocol.
These values were obtained at the child’s baseline, 3-month,
and 6-month evaluations on the adherence study.

Statistical analyses

Descriptive statistics were calculated for demographic,
medical, and adherence variables. Analyses of variance
(ANOVAs) and Pearson correlations were used to assess re-
lationships of adherence to demographic and medical vari-
ables at 3 and 6 months. w2 tests of independence and
ANOVAs were utilized to assess differences in demographic
variables and adherence (pill count) rates between partici-
pants in the MEMS and non-MEMS arms of the study. A
paired t test was used to examine the difference between
MEMS and pill count adherence rates; interviews were not
included in this analysis since they covered a different time
period compared to MEMS and pill counts (3 days versus
approximately 3 months). In a separate t test, adherence rates
were compared between child interviews and caregiver in-
terviews. Differences among the four MEMS calculations (1-,
2-, 3-hour windows, and percentage of days in which the
correct number of doses were taken) were assessed with a
repeated measures ANOVA with post hoc comparisons. Fi-
nally, to determine if there was a relationship between per-
ceptions of participation and adherence, participants were
divided into two groups based on whether their mean score
on the five PASP items was greater than or equal to 4 (indi-
cating more positive perceptions of participation) or less than
4 (indicating less positive perceptions of participation). Mean
adherence percentages for these two groups were compared
using ANOVA.

Results

Demographic variables

Table 1 shows the demographic characteristics of the study
participants. Twenty-four children (13 boys and 11 girls) with
vertically acquired HIV infection participated (mean
age¼ 14.0 years; range, 8 to 18 years). Most children were
African American (46%) or Caucasian (42%), slightly more
than half (55%) were living in two-parent homes, and 42%
were the biologic offspring of their caregiver. Seven (29%)
children were living with at least one caregiver who was HIV-
positive. The mean years of caregiver education was 13.4
(standard deviation [SD]¼ 3.1).

Medical variables

With respect to medical functioning, the mean CD4 per-
centage at baseline was 27% (SD¼ 12%), the mean absolute
CD4 count was 711.8 (SD¼ 604.5), and the mean viral load

was 19,968 (SD¼ 46,997). Nine (38%) children had undetect-
able viral load levels at study enrollment. The mean length of
time since initiation of the children’s first antiretroviral regi-
men was 6.9 years (SD¼ 0.68). Eighty-eight percent of pa-
tients were on either three or four antiretroviral drugs (all
regimens included one or more PIs). Also, 88% were on a
twice-daily dosing schedule and the remaining 12% were on a
three times per day schedule.

Adherence rates

Given their significant relationship with medical markers
(results described below), MEMS� 2-hour adherence per-
centages were used to represent adherence rates in all analy-
ses that follow except where otherwise specified. There were
no significant differences between 3-month and 6-month ad-
herence percentages for the three assessment methods. Thus,
only 6-month data are displayed in Table 2 for simplicity.
There were no differences in MEMS adherence rates by
demographic variables, including gender, ethnicity, fam-
ily composition (single- versus two-parent home), child–
caregiver relationship (biologic versus alternative caregiver),
HIV status of primary caregiver, or caregiver education
( p> 0.05). The difference in adherence rates, as measured
by pill count, between patients who used a MEMS cap

Table 1. Demographic Characteristics of Child

and Caregiver Participants (n¼ 24)

Characteristic n (%)

Gender of child
Male 13 (54)
Female 11 (46)

Ethnicity of child
African American 11 (46)
Caucasian 10 (42)
Hispanic 1 (4)
Native American 2 (8)

Family composition
Single-parent 11 (46)
Two-parent 13 (54)

Child–caregiver relationship
Biologic parent 10 (42)
Extended family 7 (29)
Adoptive parent 5 (21)
Foster parent 2 (8)

Table 2. Adherence Percentages for MEMS, Pill

Counts, and Interviews

Adherence assessment Mean (%) SD

MEMS: 1-hour window 66.87 24.1
MEMS: 2-hour window 78.47 21.9
MEMS: 3-hour window 81.60 21.1
MEMS: days correct doses taken 76.60 24.9
Pill count 86.49 15.5
Child interview 97.07 7.6
Caregiver interview 99.77 1.1

All data are from the 6-month evaluation.
MEMS, Medication Event Monitoring System; SD, standard

deviation.
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(84.2%� 15.3%) and those who did not (77.7%� 19.4%) was
not statistically significant ( p¼ 0.44).

There was not a significant difference between adherence
rates obtained from MEMS (78%) and pill counts (86%;
p¼ 0.059), or between child (98%) and caregiver interviews
(99%; p¼ 0.088). Seventy-five percent of caregivers and 67% of
patients reported 100% adherence at every interview despite
contradictory pill count and MEMS data. For the seventeen
families who used MEMS caps, data from the 3 days corre-
sponding to the interviews were compared to interview data
in order to determine the level of consistency between the two
measures. Interview data from only two (12%) caregivers and
two (12%) children (from the same two families) were com-
pletely consistent with MEMS data at every time-point, and
adherence was 100% in both patients during each of these
time periods. The remaining 88% of caregivers and 88% of
children reported that they had taken at least one dose that the
MEMS caps did not record; none of these discrepancies were
accounted for on the MEMS logs.

Significant differences emerged among the four methods
used to calculate MEMS adherence rates (F[1,14]¼ 168.53,
p< 0.001). Post hoc comparisons revealed different adherence
rates across each of the three time windows (1-hour versus 2-
hour versus 3-hours; p< 0.001). When defined as the percent
of days in which the correct number of doses were taken,
mean adherence rates were significantly higher than rates
obtained via the 1-hour window (F[1,14]¼ 14.51, p¼ 0.002)
and significantly lower than rates obtained from the 3-hour
window (F[1,14]¼ 12.10, p¼ 0.004). There was not a signifi-
cant difference between the percent of days in which the
correct number of doses were taken and the 2-hour time
window ( p¼ 0.23).

Relationship between adherence and medical markers

Of the three methods used to assess adherence in this study,
only MEMS adherence rates were related to medical markers.
As shown in Table 3, MEMS adherence percentages using a 2-
hour and 3-hour window correlated significantly with CD4þ

percentages at 3 months ( p¼ 0.048 and 0.04, respectively),
and with viral load at 3 months ( p¼ 0.04 and 0.01) and 6
months (both p¼ 0.03). Medical markers were unrelated to
MEMS adherence percentages calculated using a 1-hour
window or according to the percentage of days in which the
correct number of doses were taken. Neither pill counts nor
interview data were correlated with any of the medical

markers. Also, CD4 absolute counts were not correlated with
any of the adherence rates at either time point.

A comparison of adherence assessment methods:
researchers’ perspectives

Electronic monitoring. Several problems emerged with
the use of MEMS in this study, some of which have not been
adequately addressed in the literature. For example, upon
study enrollment, some families who used pill trays worried
about disrupting their routine and declined using MEMS for
that reason (n¼ 7). Also, data for nearly all patients (94%)
contained ‘‘phantom openings,’’ or openings that occurred in
excess of the prescribed regimen, with as many as nine
openings being displayed in 1 day. These openings deflated
the adherence rates representing the percentage of days in
which the correct number of doses was taken, as the day
would be considered ‘‘nonadherent’’ if there were four
openings recorded instead of the two that the regimen re-
quired. Because pill count data did not indicate that patients
were taking too many pills, we countered this artificial de-
flation by retaining the doses that fell closest to the target
times. If no two points came close to the target times, we
retained the doses that were most consistent with those taken
in the day immediately preceding this period. Although this
gives the patient the benefit of the doubt in terms of the timing
of their doses, others have handled this problem in a similar
fashion.40

Additional variance was introduced with the MEMS logs.
Six (35%) of the 17 patients using a MEMS cap returned
complete logs, 4 (24%) submitted partially completed logs,
and 7 (41%) did not submit a log at any point during the
study. Accuracy of the MEMS data for patients without
complete logs was questionable. It may be that caregivers
who were more vigilant about completing their logs were also
more vigilant about their child’s adherence.

Finally, technical difficulties presented multiple problems.
Four patients required a replacement MEMS cap due to an
apparent malfunction. In addition to the financial cost of re-
placing the caps, data were missed in between the realization
that the cap was not working and when the families received
the new cap in the mail.

Pill counts. Of the 48 possible pill counts (24 patients, 2
time-points each), 16 were invalid or missing due to practi-
tioner or patient=caregiver error. Prior to this study, our

Table 3. Correlations Between Adherence and Medical Markers

3 months 6 months

CD4 % CD4 abs VL CD4 % CD4 abs VL

MEMS 1-hour window 0.46 0.36 �0.42 0.45 0.30 �0.48
MEMS 2-hour window 0.50a 0.43 �0.51a 0.43 0.29 �0.55a

MEMS 3-hour window 0.52a 0.40 �0.61a 0.45 0.31 �0.56a

Pill count �0.24 �0.32 �0.10 �0.16 �0.05 �0.36
Child interview �0.17 �0.01 �0.25 �0.11 0.01 �0.30
Caregiver interview �0.15 0.03 �0.13 �0.21 �0.08 0.02

ap< 0.05.
Three-month medical markers are correlated with 3-month adherence data and 6-month medical markers are correlated with 6-month

adherence data.
CD4 abs, CD4 absolute counts; VL, viral load.

ADHERENCE ASSESSMENT METHODS 597



medical team did not complete pill counts routinely. During
the study, there were several instances of practitioners dis-
posing of the remaining pills before they were counted. On
three occasions, patients forgot to bring in their pills and=or
empty bottles. Several patients had pills at another family
member’s home and forgot to bring those pills to clinic. Fi-
nally, 2 siblings who enrolled on the study at the same time
both were taking nelfinavir. During the patients’ 3-month
adherence interview, we were informed that the siblings had
been sharing pills from each other’s bottles; this rendered the
3-month pill count data invalid. We requested that the care-
giver ensure that each child took pills only from their assigned
bottle from that point on.

Interviews. A common problem with adherence tele-
phone interviews involved having to reach the child and
caregiver on the same day in order to assess adherence over
the same 3-day period. A total of 8 child and 8 caregiver in-
terviews were missed because of difficulty contacting one or
both family members. One may speculate that participants
who had been less adherent may have avoided the telephone
interviews for that reason. Also, adherence estimates from
interviews were much higher than those obtained from
MEMS and pill counts, suggesting a social desirability bias
that compromised the validity of the self-report data.

A comparison of adherence assessment methods:
caregiver and patient perspectives

On the PASP, 87% of caregivers agreed that study partici-
pation made them more aware of their child’s medication-
taking behavior, and most attributed this improvement to
MEMS (55%) and=or pill counts (45%). More specifically, 73%
believed the study helped them become more aware of what
time their child was taking his=her medicine. Additionally,
59% believed that study participation improved their child’s
adherence; of those, most (69%) attributed this improvement
to MEMS. Fifty-nine percent of caregivers believed they
would do better at monitoring their child’s adherence in the
future, with most (69%) of those attributing future improve-
ments to MEMS.

Patients reported similar results, with 71% indicating
that study participation increased their awareness of their
medication-taking behavior. The majority of patients attrib-
uted this greater awareness to telephone interviews (59%)
and=or MEMS (53%). Seventy-one percent of patients also
reported greater awareness of what time they took their
medicine, again attributing this to phone interviews (47%)
and=or MEMS (47%). Seventy-nine percent of patients indi-
cated study participation helped them ‘‘do a better job’’ of
taking their medication. Moreover, 79% believed their ad-
herence would be better in the future and judged phone in-
terviews as the contributing factor (48%) followed by MEMS
(46%). Thirty-six percent of caregivers and 8% of patients re-
ported that study participation was stressful, most often citing
pill counts as the primary reason.

The open-ended section of the PASP allowed caregivers
and patients to identify other factors relevant to their per-
ceptions of study participation. Four caregivers and one pa-
tient reported that their involvement in the study made them
feel as though they had a greater support system, as the study
involved monthly phone calls between research team mem-

bers and families. Moreover, three caregivers and one patient
reported feeling as though they were being held more ac-
countable for medication administration, ultimately influ-
encing their adherence. One patient wrote, ‘‘I liked that
somebody was keeping up with my taking medicine every
month, and I know I need to take my medicine to stay heal-
thy.’’ One caregiver expressed that being part of an adherence
study validated the challenges in her own family, explaining,
‘‘Knowing that others may have the same problems we do
[with medication adherence] made us feel more normal.’’

Relationship between adherence and perceptions
of study participation

Mean adherence rates (via MEMS) averaged across time 1
and time 2 were not significantly different between caregivers
with more positive (mean adherence¼ 80.8, SD¼ 19) versus
less positive (M¼ 79.5, SD¼ 17) perceptions of study partic-
ipation (F[1,15]¼ 0.02, p¼ 0.85). Similarly, adherence was not
significantly different between patients with more positive
(M¼ 80.3, SD¼ 18) versus less positive (M¼ 79.5, SD¼ 17)
perceptions of study participation (F[1,15]¼ 0.44, p¼ 0.52).

Discussion

To our knowledge, this study is the first to directly compare
multiple adherence measures in terms of indicated levels of
adherence, consistency with medical markers, researcher
perspectives, and caregiver and patient perspectives. With
respect to adherence outcomes, child and caregiver interviews
offered the highest estimates while pill counts and MEMS
yielded rates of adherence that were notably lower. Moreover,
adjusting the MEMS time window (e.g., from 1 hour to 2
hours) changed adherence percentages dramatically for many
patients. Consistent with our hypothesis, only MEMS data
using 2-hour and 3-hour windows produced significant cor-
relations with medical markers, both with CD4þ percentages
(at 3 months) and viral load (at 3 and 6 months), suggesting
that this method of assessment may be most reliable to the
extent that adherence is linked to clinical outcomes. We chose
to use MEMS 2-hour adherence rates in most analyses rather
than 3-hour rates to be slightly more conservative. The above
differences between adherence measures highlight the fact
that medication-taking behavior can appear very different
depending on the method of analysis and interpretation uti-
lized.

Based on the researchers’ collective experience conducting
this study, numerous limitations involving each of the three
adherence measures were encountered. With respect to elec-
tronic monitoring, some families declined the use of a MEMS
cap because they used pill trays, thus limiting the data for our
study. This problem is cited in other studies as well15,16,41

despite some research suggesting that the temporary use of
MEMS caps among individuals previously using pill trays
does not decrease their adherence.42 As noted previously in
this paper and numerous others,16,40,43–45 MEMS data reflect
only the number of times the cap is removed from the bottle
rather than how many pills are ingested by the patient. In
addition, target time calculations were very time-consuming,
particularly for patients whose data incorporated a schedule
transition.

Barriers to obtaining accurate pill counts included families
forgetting to bring all medication bottles to clinic and siblings
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who were prescribed the same drug sharing pills. However,
pill counts remain an inexpensive and relatively easy method
of obtaining adherence estimates. The reliability of pill counts
may be improved by providing more explicit instructions to
families about the importance of bringing all pill bottles to
each visit, including those not kept with the primary pill bottle
(e.g., relative’s house, pill trays), and calling families to re-
mind them to bring their pills before each visit. More frequent
reminders to the medical team regarding the procedures for
obtaining pill count data may be useful as well, especially if
pill counts have not been a routine part of medical visits prior
to study initiation.

Consistent with our findings, several past studies have
proposed that self-reports overestimate adherence,13,30,46

while others have found comparatively worse adherence
through interviews.11,31,47 One reason that our sample may
have produced inflated self-reports is that families who obtain
their care at the NIH are required to be enrolled on a research
protocol. These families receive all study evaluations and
medications at no cost. Thus, they may have been motivated
to appear adherent to avoid being removed from their pri-
mary medical protocol. Another difficulty in obtaining inter-
view data was reaching participants by telephone; asking
families to provide their email addresses to help schedule
specific interview times may be helpful for future studies.

With respect to caregiver and patient perspectives, most
reported that study participation was helpful, with MEMS
and telephone interviews being cited as particularly helpful
by both caregivers and patients. Patients also reported that
phone interviews were beneficial, presumably due to the
regular contact with the medical team. Specific benefits of
study involvement included increased accountability and a
greater support system due to more frequent monitoring, as
well as normalization of adherence challenges. Many partic-
ipants indicated present and anticipated future improve-
ments in the child’s medication adherence, but neither patient
nor caregiver PASP ratings were significantly related to ad-
herence percentages during the study and no follow-up
measures of adherence were collected. Studies with longer-
term follow-up assessments may determine whether adher-
ence research participation leads to beneficial adherence
outcomes that are maintained over time.

Conclusions

Despite this study’s limitations, several tentative conclu-
sions and recommendations can be offered. Given the various
advantages and disadvantages of the adherence measures
compared in this study and the relationship between these
measures and medical markers, MEMS seemed to be the most
reliable method of assessing adherence, particularly when
rates were calculated using the 2- or 3-hour windows. How-
ever, had additional steps been taken regarding collection of
pill count data (as discussed in the preceding paragraphs),
this method may have offered a similarly reliable account of
adherence at less expense. Interviews should not be used as
the sole measure of adherence but may be useful for supple-
menting another method, particularly given their cost effec-
tiveness and the fact that many participants appreciated the
more frequent contact with the medical team.

Researchers should choose a method of measuring adher-
ence based on the goals of their study. For example, studies

aimed at gaining an in-depth understanding of medication-
taking behavior may benefit from having access to detailed
information about the timing of doses that is available from
MEMS caps. If funding is a prohibitive factor to using MEMS,
pill counts can offer a sound alternative and involve a much
less complex process of data analysis and interpretation
compared to MEMS. Furthermore, researchers should con-
sider the capacities of the patient population and the potential
burden imposed by each method. For example, methods that
rely on a patient’s recall (e.g., to bring pill bottles to clinic visits
and of recent pill-taking behavior) may be inappropriate with
a medical population whose memory is compromised due to
dementia or other cognitive deficits.

While many of the problems described in this article have
been noted in the literature, few studies provided detailed
methodology regarding how those problems were addressed.
For example, among studies that used MEMS caps, it would
help to know how the researchers handled missing data from
broken caps, extraneous cap openings, and data from logs or
diaries that did not correspond with MEMS data. No measure
of adherence is perfect, and each measure should be used with
a detailed set of methods to guide data collection, analysis,
and interpretation, as well as detailed instructions for partic-
ipants. This article provides a starting point for reaching a
consensus regarding defining and assessing adherence,
strategies for addressing methodological challenges in ad-
herence research, and an improved confidence in the inter-
pretations that stem from study findings.
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