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Abstract

Assessing medication adherence in already difficult-to-treat HIV-infected subpopulations presents a unique
challenge. The objective of this study was to compare different approaches to assessing medication adherence:
(1) electronic medication monitoring, (2) standardized self-report questionnaire, and (3) self-report visual
analogue scale, and to determine whether antiretroviral therapy (ART) adherence measures differed for HIV-
infected persons with bipolar disorder (HIV + /BD + ) as compared to HIV-infected persons without bipolar
disorder (HIV + /BD - ). ART adherence was assessed for 74 HIV-positive participants using the Medication
Event Monitoring System (MEMS), AIDS Clinical Trials Group (ACTG) adherence questionnaire, and visual
analogue scale (VAS). Participants were classified as adherent or nonadherent on each measure by previously
validated cutscores. Correlations and logistic regressions were used to examine associations between adher-
ence measures and demographic and clinical variables. In the HIV + /BD - group, significant correlations
existed between each self-report measure and the MEMS. Males comprised 81% of the study population.
Participants averaged 44 years of age and 13 years of education. No significant correlations were found among
adherence measures in the HIV + /BD + group. Among participants reporting adherence on either self-report
measure but classified as nonadherent based on MEMS, 94% had a diagnosis of bipolar disorder. Bipolar
disorder was a significant predictor of adherence classification discordance among self-report measures. Our
findings suggest that it remains difficult to assess ART adherence among HIV-positive individuals with
bipolar disorder. Combined approaches of self-report and objective measures may be the best way to estimate
adherence, and may provide the best basis for interventions designed to improve adherence in difficult-to-
treat populations.

Introduction

Among HIV-infected individuals, survival and quality
of life have improved markedly as a result of improved

antiretroviral treatment (ART).1–4 Despite these improve-
ments in outcomes as a result of ART treatment, medications
still need to be taken, and taken consistently, to work effec-
tively.5,6 Although poor ART adherence does not mean a
complete lack of therapeutic benefit,7 it is clear that benefits
increase as adherence improves,8,9 and the best outcomes are
associated with better adherence.10,11 Limited ART adherence
may create treatment-resistant HIV-strains, and poorer clini-
cal outcomes including virologic failure and death.9,12,13 Less

complicated ART regimens are now available and decrease
adherence demands, yet, once-daily dosing may only gener-
ate a modest improvement in adherence.14

There are several threats to effective medication adher-
ence among HIV infected persons including lack of access to
treatment, social support, and significant side effects.15 One
often overlooked factor that appears to negatively impact
adherence to HIV medications is the co-occurrence of seri-
ous mental illness (SMI) and HIV infection.16,17 Of note, HIV
infection appears to be significantly more prevalent among
individuals with SMI compared to the general popula-
tion,18–22 and individuals with SMI represent a growing
subset of persons living with HIV.23–25 Patients with bipolar
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disorder (BD), especially those with co-occurring substance
use disorders, appear much more likely to be HIV infected
than the general population and represent a rarely recog-
nized, and infrequently studied, subgroup of HIV-infected
patients.26–29

A small number of studies have focused on medication
adherence and the lack of data on medication adherence dif-
ficulties among HIV-positive persons with BD.10,30–32 Treating
both disorders (HIV infection and BD) is expensive, and be-
comes even more costly when patients are nonadherent to
prescribed medication regimens. There are numerous factors
that may be important for medication adherence among HIV-
positive individuals with comorbid bipolar disorder including
psychiatric fluctuations, greater pill burden, and stability of
living situation.30 In studies of HIV-uninfected persons with
BD, nonadherence to psychotropic medication can have sig-
nificant consequences as well; individuals who fail to adhere to
their psychiatric medications are at greater risk for both manic
and depressive episodes.33 Mood instability can increase risk
for dangerous behaviors such as suicide, substance use, and
unprotected sexual activity.34–36 Poor adherence is common
among individuals with BD.33 Outcomes for patients with BD
who are nonadherent are at higher risk of relapse, recurrence,
and hospitalization.37,38 Moreover, there is the possibility that
nonadherence to psychiatric medications may in turn lead to
nonadherence to antiretroviral medications.39

Multiple methods have been utilized to assess medication
adherence in HIV-infected persons. Some of the most com-
monly used adherence assessment methodologies include the
Medication Event Monitoring System (MEMS), the AIDS
Clinical Trials Group (ACTG) adherence questionnaire,40 and
the visual analogue scale (VAS).41 The MEMS methodology
provides detailed, objective, and comprehensive adherence
data. MEMS devices are thought to provide a more accurate
estimate of adherence than self-report or pill counts.42–44

MEMS generates data on the date and time of cap openings
and serves as a proxy for medication taking at those times.
The latter two methods (ACTG and VAS) rely on participant
self-report. The ACTG 4-day questionnaire has been widely
used to gauge adherence in HIV-positive individuals40 and
asks participants to recall the number of pills they have mis-
sed over the past 4 days. Although the ACTG questionnaire is
commonly used and easy to administer, it only provides a
partial picture of an individual’s overall adherence. On the
other hand, the VAS is a more abstract method of assessing
medication adherence and also requires persons to inherently
understand the idea of percentages.

Each of these methods have advantages and disadvan-
tages, and the accuracy of these measures to true ART ad-
herence may be further complicated by mental illness.
Although the MEMS can provide objective adherence data, it
may be unreliable in populations such as HIV-positive per-
sons with bipolar disorder because of the cumbersome nature
of MEMS caps, the difficulty of concurrently using other ad-
herence assistive devices (e.g., pill organizers, blister packs),
and the nomadic nature of some patients who might keep
supplies of medications at multiple locations rather than
taking medications from a consistent place at a consistent
time. In addition, the cost of MEMS can be prohibitive and is
not well-suited for use in clinical settings. The self-report
measures, on the other hand, may be difficult for mental
health populations because of problems with insight and re-

sponse bias (e.g., persons wanting to present themselves in a
favorable light).

Few studies have compared these adherence measures in
HIV-positive populations. In a low-income HIV-positive
population, the VAS and ACTG correlated comparably well
to a gold standard of unannounced pill counts.45 Findings
from a resource-limited setting also indicate strong correla-
tions between self-report adherence measures (i.e., VAS and
ACTG) and objective measures of adherence (i.e., MEMS
and pill counts).46 However, in a community-based sample of
HIV-positive individuals, rates of MEMS adherence were
consistently lower than rates of ACTG adherence.47 In an
extensive review, Simoni and colleagues48 identified numer-
ous studies comparing various adherence measures and the
methodological difficulties associated with assessing medi-
cation adherence accurately in HIV-positive populations;
however, this review did not address the potential impact of
mental illness on adherence measurement. Investigators have
also further emphasized the usefulness of assessing adherence
both subjectively and objectively,49 as well as combining
multiple assessments of adherence in clinical practice.50

Assessing medication adherence in difficult-to-treat sub-
populations presents a unique challenge and a true gold
standard for assessing medication adherence in these popu-
lations has not been identified. To that end, the objective of
this study was to compare electronic monitoring of medica-
tion adherence (MEMS) to two different self-report measures
of adherence (ACTG and VAS) and to determine whether
adherence reports differ for HIV + /BD + individuals as
compared to HIV + /BD - individuals.

Methods

Participants

Forty-three HIV-infected individuals with comorbid bipo-
lar disorder (HIV + /BD + ) and 31 HIV-infected individuals
without bipolar disorder (HIV + /BD - ) underwent a com-
prehensive adherence assessment. All participants recruited
into the bipolar group were required to be taking medications
to treat both HIV infection and bipolar disorder. HIV + /BD -
comparison participants were required to be taking medica-
tion to treat their HIV illness.

Participants were excluded from the study if they met
DSM-IV criteria for a psychotic spectrum disorder (e.g.,
schizophrenia), mood disorder due to a general medical
condition, or if they had a neurologic condition known to
impact cognitive functioning such as stroke, traumatic brain
injury, or a closed head injury with loss of consciousness for
more than 30 min. After meeting all the above prerequisites,
the participants provided written informed consent to par-
ticipate. All participants received monetary compensation for
both the initial and follow-up assessments.

Procedure

Participants were recruited from ongoing studies at the
HIV Neurobehavioral Research Center at the University of
California, San Diego. The present study was designed to
recruit HIV + /BD + participants as well as a demographi-
cally comparable group of HIV + /BD - participants. Parti-
cipants were administered a multimodal series of assessments
that included adherence measures, a medical examination
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and interview, psychiatric evaluation, and blood work. The
present study was approved by the local Institutional Review
Board.

A master’s- or Ph.D.-level clinician assigned diagnoses of
bipolar disorder I or II based on the Structured Clinical
Interview for DSM-IV (SCID). The SCID was used for BD
diagnosis as it is considered the gold standard in determining
psychiatric diagnoses. Participants in the HIV + /BD + group
must have met diagnostic criteria for bipolar disorder (I or II).
Participants in the HIV + /BD - group were not excluded if
they met diagnostic criteria for major depressive disorder
(MDD) because of the high occurrence of MDD in HIV in-
fection and the desire to have a comparison group that was
representative of the overall HIV-infected population in the
United States.

We used three different approaches to assessing medica-
tion adherence in this study.

1. Medication Event Monitoring System (AARDEX, Swit-
zerland): An objective measure of medication adher-
ence was calculated using the MEMS over the last 30
days. At the initial assessment we selected a ‘‘sentinel’’
ART medication to be tracked for the MEMS. The sen-
tinel drug was the participant’s protease inhibitor (PI),
since this is the agent most critically sensitive to non-
adherence. If the participant was not prescribed a PI, we
selected the most frequently dosed non-nucleoside re-
verse transcriptase inhibitor (NNRTI) or nucleoside re-
verse transcriptase inhibitor (NRTI) as the sentinel drug
to complete our sample. The primary outcome variable
for analysis was MEMS-derived percent adherence over
the last 30 days (number of bottle openings divided by
number of prescribed doses multiplied by 100) dichot-
omized into adherent ( ‡ 90%) or nonadherent ( < 90%).
This 90% cut score has shown sensitivity to adverse
events in previous studies of HIV infection,51 as well as
studies of HIV infection in SMI.31 We adjusted adher-
ence to a maximum of 100% in order to control for
overestimating adherence and assured that the number
of recorded events does not exceed the number of
prescribed doses.

2. ACTG 4-day adherence to antiretrovirals questionnaire40:
For the present study we used the ACTG 4-day ques-
tionnaire as one measure of self-reported adherence. The
ACTG adherence questionnaire was completed at the
follow-up visit when MEMS caps were returned. Data
from the ACTG were dichotomized into adherent ( ‡ 95%)
or nonadherent ( < 95%). This 95% cut score was shown
to be predictive of virologic response.52 The ACTG
questionnaire records the 4-day adherence for all pre-
scribed antiretrovirals. In order to be consistent with the
MEMS and VAS data, only the ACTG 4-day adherence
data for the sentinel medication was used in this com-
parative study. The adherence percentage for this as-
sessment = 1 - (number of missed dosage unitsOnumber
of dosage units prescribed) · 100.

3. VAS41: Participants were presented with a 100-mm line
anchored at 0% and 100%. They were then asked to
mark a line on the scale indicating their adherence over
the past 30 days to the sentinel ART medication.41 The
data from the VAS were gathered at the follow-up visit
when MEMS caps were returned. Data from the VAS

were dichotomized into adherent ( ‡ 95%) or non-
adherent ( < 95%). This 95% cut score was used in order
to be consistent with both the other self-report measure
used in this study (ACTG questionnaire) and what has
been reported in relevant literature.53 The adherence
percentage was determined by measuring the length (in
millimeters) between the 0% anchor and the partici-
pant’s pencil mark (e.g., 85 mm = 85% adherent).

Statistical analyses

Data were analyzed using JMP version 8.0. Frequencies and
descriptive statistics were computed for clinical and demo-
graphic variables. v2 tests were used to assess group differ-
ences for categorical variables. t tests were used to assess
group differences for continuous variables. Nonparametric
tests were used for non-normally distributed variables.
Nonparametric correlations and multivariate regression
models were used to compare the three measures of medi-
cation adherence.

Because of known biases of the electronic monitoring
methodology (i.e., underestimating adherence) compared to
self-report methodologies (i.e., overestimating adherence), we
chose to use a single previously established cut point for each
adherence measure (VAS: ‡ 95%; MEMS: ‡ 90%; ACTG:
‡ 95%). These cut points are consistent with those frequently
used in the literature.31,51–53 In order to capture potential bias
from these established cut points, we also analyzed continu-
ous adherence measures.

All medication adherence measures were analyzed both
continuously and dichotomously. Correlations between con-
tinuous adherence measures were assessed using Spearman’s
q, due to the non-normal distribution of these measures. Se-
parate regression models were used to analyze the relation-
ship between each individual adherence measure and MEMS
adherence. In each multivariate regression model, MEMS
adherence was evaluated as a dichotomous outcome mea-
sure. Covariates included in each model were the individual
adherence measure (either continuous or dichotomized), BD
status, and the interaction between these two terms.

Logistic regression was used for models in which MEMS
adherence was evaluated as a dichotomous outcome. As a
continuous outcome, the MEMS adherence measure was
transformed by subtracting the MEMS adherence value
from 100 and evaluated using overdispersed Poisson (quasi-
Poisson) generalized linear models.54 On this transformed
scale, perfect MEMS adherence counts as a zero. The quasi-
Poisson model is invariant to rescaling the outcome by a
multiplicative factor. This model was used due to the pro-
nounced skew of the distribution of MEMS toward 100%
adherence.

Discrepancies between the self-report adherence measures
(ACTG and VAS) and MEMS (an objective measure) were
examined by creating a nominal discrepancy variable with
four levels: (1) adherent by either self-report measure and
MEMS; (2) adherent by MEMS and nonadherent by either
self-report measure; (3) nonadherent by MEMS and adherent
by either self-report measure; and (4) nonadherent by MEMS
and either self-report measure. This variable was used to ex-
amine potential correlates of discordant adherence classifi-
cations. Discrepancy variables were also created to examine
discordance between MEMS and each individual self-report
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adherence measure. Multinomial logistic regressions were
used to evaluate predictors of adherence classification
discordance.

Results

Characteristics of the entire sample are provided in Table 1.
The HIV + /BD + and HIV + /BD - groups were comparable
on all descriptive and HIV disease characteristics. There were
no significant differences in mean number of prescription
medications and mean total doses of prescription medications
per day between HIV + /BD + and HIV + /BD - participants.
Rates of current substance abuse or dependence were low in
the study population (i.e., less than 8% for alcohol, cocaine,
marijuana, and methamphetamine). Overall, 66% of the study
population (n = 49) was classified as adherent to their anti-
retroviral medications based on the MEMS. Using the VAS
adherence measure, 59% of participants were adherent, and
87% were adherent based on the ACTG measure. Proportion
adherent using standard cutscores by bipolar status are
provided in Fig. 1. As shown in Fig. 2, mean percentages of
MEMS and VAS adherence were significantly higher in
HIV + /BD - individuals than in HIV + /BD + individuals
(MEMS: 94% versus 76%, p = 0.001; VAS: 91% versus 87%,
p = 0.04). There was no significant difference in mean per-
centage of ACTG adherence between the two groups. De-
tailed analysis of the MEMS data has been previously
published.16

Among HIV + /BD - participants, there was a significant
correlation between continuous values of adherence on each
of the self-report measures of ART adherence (ACTG and
VAS) and ART adherence measured by MEMS (ACTG/
MEMS, Spearman’s q = 0.48, p = 0.008; VAS/MEMS, Spear-
man’s q = 0.56, p = 0.001). Interestingly, there was not a sig-
nificant correlation between the two self-report ART
adherence measures (i.e., ACTG and VAS) in this group
(Spearman’s q = 0.29, p = 0.13). Among HIV + /BD + partici-
pants, there were no significant correlations among any of the
ART adherence measures (ACTG/MEMS, Spearman’s q = 0.20,
p = 0.22; VAS/MEMS, Spearman’s q = 0.08, p = 0.66; ACTG/
VAS, Spearman’s q = 0.17, p = 0.30).

To further examine the association between the self-report
measures and MEMS by group, we conducted logistic re-

gression analyses using MEMS adherent/nonadherent as the
outcome. A regression analysis examining VAS (continuous)
and group (HIV + /BD - versus HIV + /BD + ) predicting
dichotomous MEMS ART adherence was significant and
showed that continuous VAS adherence ( p < 0.0001) and
group ( p < 0.0001) were each significantly predictive of MEMS
adherence (overall model: v2 = 33.9; df = 3; p < 0.0001;
R2 = 0.39). The interaction between VAS and BD status was
also significant ( p < 0.001). Results were comparable when the
VAS was analyzed as a dichotomous predictor. In a parallel
logistic regression analysis evaluating ACTG adherence and
BD status as predictors of MEMS adherence, the overall
model was significant (v2 = 21.0; df = 2; p < 0.0001; R2 = 0.25);
however, only BD status was significantly associated with
MEMS ART adherence ( p = 0.001). Neither the continuous nor
the dichotomous ACTG adherence measures were signifi-
cantly associated with MEMS adherence (continuous p = 0.11,
dichotomous p = 0.08); the interaction between BD status and
ACTG adherence was not significant in either ACTG analysis
(dichotomous ACTG p = 0.77, continuous ACTG p = 0.67).

Adherence classifications based on adherent/nonadherent
classification between self-report measures and MEMS were
in agreement for the majority of the study group (n = 51, 72%).
Bipolar diagnosis was a significant predictor of adherence
classification discordance among the adherence measures
(v2 = 16.5, p < 0.001). Among those who were adherent by self-
report measures but nonadherent by MEMS (n = 18), 94%
(n = 17) had a diagnosis of bipolar disorder. Bipolar diagnosis
was also a significant predictor of ACTG/MEMS adherence
discrepancy ( p < 0.001) and of VAS/MEMS adherence dis-
crepancy ( p < 0.001). Demographic (age, gender, education)
and clinical characteristics (plasma HIV RNA, current CD4
count, CD4 nadir, HCV status, and BDI-II total score) were
not associated with adherence classification discordance.

Discussion

Findings from our study show that estimated adherence
rates can vary greatly when assessing HIV-positive individ-
uals with co-occurring bipolar disorder. That is, among HIV-
positive persons without bipolar disorder, both self-report
ART adherence measures (ACTG and VAS) correlated sig-
nificantly with the objective assessments of medication ad-
herence (i.e., MEMS), whereas correlations among self-report
and objective measures were not significant in the dually af-
fected (HIV + /BD + ) group. This suggests that HIV-positive
individuals without a co-occurring bipolar diagnosis may be
able to accurately assess their medication adherence abilities
utilizing self-report measures. However, HIV-positive per-
sons with bipolar disorder did not show these associations
suggesting difficulties with insight into adherence abilities.
Alternatively, the broader range of MEMS values among HIV-
positive persons with bipolar disorder may increase difficulty
of providing an accurate self-report compared to HIV-positive
persons without bipolar disorder who were more likely to be
adherent.16

In the HIV + /BD - group, the correlation between VAS
and MEMS (Spearman’s q = 0.56) was slightly stronger than
the correlation between ACTG and MEMS (Spearman’s
q = 0.48), suggesting that the VAS may slightly better reflect
objective MEMS adherence than the ACTG 4-day question-
naire in those without bipolar disorder, which is consistent

Table 1. Demographic and Clinical Characteristics

of Study Population (n = 74)

Age (yrs; mean, SD) 44.8 (8.3)
Gender (n, % male) 60 (81%)
Education (yrs; mean, SD) 13.2 (2.3)
Bipolar (n, %) 43 (58%)
Current CD4 (cells/mm3; median, IQR) 541 (334-847)
Nadir CD4 (cells/mm3; median, IQR) 128 (20-263)
Plasma HIV RNA < 50 c/mL 56 (76%)
HCV + 10 (14%)
BDI-II Total (median, IQR) 10 (3-19)
YMRS Total (median, IQR) 4.5 (1.8-8.3)
# Rx Meds (mean, SD) 8.3 (4.1)
# Rx med doses/day (mean, SD) 14.2 (9.0)

SD, standard deviation; IQR, interquartile range; HCV, hepatitis C
virus; BDI-II, Beck Depression Inventory–II; YMRS, Young Mania
Rating Scale.
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with other reports.45,46 Greater overlap in the time periods
assessed by these measures (i.e., both the MEMS and VAS are
30-day instruments whereas the ACTG is a 4-day assessment)
may have also contributed to the stronger correlation. The
significant interaction between VAS and BD status reinforced
the finding that VAS was associated with MEMS in HIV + /
BD - individuals, but not in HIV + /BD + individuals. The
ACTG adherence data were not significantly associated with
MEMS adherence when using the regression approach, and
again seems to suggest that the VAS may more strongly ap-
proximate the values generated by an objective approach as
compared to the ACTG 4-day questionnaire among individ-
uals without bipolar disorder.

The lack of significant associations between any of the ad-
herence indicators among HIV-positive individuals with bi-
polar disorder speaks to the considerable difficulties in
finding a reliable methodology for adherence assessment in
this population. The objective MEMS data has been shown to
be significantly associated with clinical outcomes in our co-
hort, and this method does appear to provide the most reliable

data16; however, utilizing MEMS may not be pragmatic in
most clinical situations. Composite approaches42 have been
proposed, but again, likely require more effort than is avail-
able in all but the most comprehensive clinical assessments.
Directly observed therapy may be another possible approach
to adherence improvement, but this approach can be bur-
densome.55 At this point in time, the most practical solution
may be to assume that there is no optimal assessment of ad-
herence for persons with HIV and bipolar disorder and to
recognize that each approach has its own limitations. As such,
a multipronged approach may be the most accurate way to
assess ART adherence in this population, a suggestion that
has been echoed in prior reports.49

Interestingly, no significant correlation was found between
the ACTG and the VAS in either study group suggesting
differences in outcomes based on the utilized self-report
methodology; this may be as a result of minimal overlap time in
the periods questioned in these assessments. Interchangeably
using the most common self-report adherence assessments
may not be appropriate as has been previously shown.46

FIG. 1. Proportion deemed adher-
ent based on common cutscores for
given measurement tools between
HIV + /BD - and HIV + /BD + in-
dividuals (MEMS p < 0.0001; ACTG
p = 0.90; VAS p = 0.04); error bars
denote 95% confidence intervals.
BD, bipolar disorder; MEMS, Medi-
cation Event Monitoring System;
ACTG, AIDS Clinical Trials Group
(ACTG) adherence questionnaire;
VAS, visual analogue scale.

FIG. 2. Mean adherence percent-
ages by bipolar status.
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Administration of inappropriate adherence measures may re-
sult in an incomplete picture of ART adherence in populations
that are most in need of effective interventions to improve
medication adherence and health outcomes.

Limitations

Several potentially confounding factors may have limited
the results of the present study. Study limitations included the
relatively small sample size, although this represents a large
sample of participants who are difficult to track and assess.
Non-normal distributions of the adherence data limited the
scope of the statistical analyses. Other methods of adherence
assessment could have been taken into account, such as pill
counts and pharmacy refill records. Since participants in this
study tended to refill their medications often, and were prone
to frequent pharmacy changes, evaluation of these methods
was not ideal.

Future directions

Results from this study could be used to inform future in-
vestigations to improve, refine and develop a standardized
ART adherence assessment for use in clinical settings.
Adoption of a standardized adherence measure in HIV clin-
ical care as well as education about the limitations of
self-report measures in certain subsets of the HIV-infected
population (i.e., individuals with serious mental illness) may
be recommended and may be superior to other approaches.
Intervention studies for improving adherence to psychiatric
and HIV medications are crucial in order to find methods for
effectively improving adherence in difficult-to-evaluate sub-
populations. However, results from this study show that
careful consideration of adherence assessment methodology
is warranted for future studies.
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