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Abstract

The contribution of bipolar disorder (BD), a prevalent serious mental illness characterized by
impulsivity and mood instability, to antiretroviral (ART) and psychiatric medication adherence
among HIV-infected (HIV+) individuals is unknown. We examined medication adherence among
44 HIV+/BD+ persons as compared to 33 demographically- and medically-comparable HIV+/BD
- persons. Classification of adherent (=90%) or non-adherent (<90%) based on proportion of
correctly taken doses over 30 days was determined using electronic medication monitoring
devices. HIV+/BD+ persons were significantly less likely to be ART adherent (47.7%) as
compared to HIV+/BD- (90.9%) persons. Within the HIV+/BD+ group, mean psychiatric
medication adherence was significantly worse than ART medication adherence, although there
was a significant correlation between ART and psychiatric adherence levels. Importantly, 30-day
ART adherence was associated with plasma virologic response among HIV+/BD+ individuals.

Address correspondence and reprint requests to: David J. Moore, Ph.D., HIV Neurobehavioral Research Program, 220 Dickinson St.,
Suite B, Mail Code 8231, San Diego, CA 92103-8231, USA. Telephone: (619) 543-5093. Fax: (619) 543-1235. djmoore@ucsd.edu.
* The San Diego HIV Neurobehavioral Research Center [HNRC] group is affiliated with the University of California, San Diego, the
Naval Hospital, San Diego, and the Veterans Affairs San Diego Healthcare System, and includes: Director: Igor Grant, M.D.; Co-
Directors: J. Hampton Atkinson, M.D., Ronald J. Ellis, M.D., Ph.D., and J. Allen McCutchan, M.D.; Center Manager: Thomas D.
Marcotte, Ph.D.; Jennifer Marquie-Beck, M.P.H.; Melanie Sherman; Neuromedical Component: Ronald J. Ellis, M.D., Ph.D. (P.1.), J.
Allen McCutchan, M.D., Scott Letendre, M.D., Edmund Capparelli, Pharm.D., Rachel Schrier, Ph.D., Terry Alexander, R.N., Debra
Rosario, M.P.H., Shannon LeBlanc; Neurobehavioral Component: Robert K. Heaton, Ph.D. (P.1.), Steven Paul Woods, Psy.D.,
Mariana Cherner, Ph.D., David J. Moore, Ph.D., Matthew Dawson; Neuroimaging Component: Terry Jernigan, Ph.D. (P.1.), Christine
Fennema-Notestine, Ph.D., Sarah L. Archibald, M.A., John Hesselink, M.D., Jacopo Annese, Ph.D., Michael J. Taylor, Ph.D.;
Neurobiology Component: Eliezer Masliah, M.D. (P.1.), Cristian Achim, M.D., Ph.D., lan Everall, FRCPsych., FRCPath., Ph.D.
(Consultant); Neurovirology Component: Douglas Richman, M.D., (P.1.), David M. Smith, M.D.; International Component: J. Allen
McCutchan, M.D., (P.1.); Developmental Component: Cristian Achim, M.D., Ph.D.; (P.l.), Stuart Lipton, M.D., Ph.D.; Participant
Accrual and Retention Unit: J. Hampton Atkinson, M.D. (P.1.), Rodney von Jaeger, M.P.H.; Data Management Unit: Anthony C.
Gamst, Ph.D. (P.1.), Clint Cushman (Data Systems Manager); Statistics Unit: lan Abramson, Ph.D. (P.1.), Florin Vaida, Ph.D., Reena
Deutsch, Ph.D., Anya Umlauf, M.S., Tanya Wolfson, M.A.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Moore et al. Page 2
Given the high overlap of HIV and BD, and the observed medication adherence difficulties for

these persons, specialized adherence improvement interventions are needed.
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INTRODUCTION

Successful suppression of HIV RNA in HIV-infected patients is highly dependent on
adherence to antiretroviral treatment (ART) regimens (1-3). Poor adherence to ART is
associated with overall worse disease outcomes, development of drug-resistant viral
mutations (4, 5) and increased likelihood of HIV transmission (6).

Psychiatric illness is prevalent in HIV-infected individuals, with perhaps up to 50% of
persons having a lifetime history of mood or anxiety disorder, and a similar proportion
reporting alcohol or other substance use disorder (e.g., 7-9). A body of research has begun
to link psychiatric disorders to medication non-adherence (10, 11), and depressive symptoms
have been related to suboptimal ART adherence (12-14). Treatment with antidepressant
medication appears to improve ART adherence among those with a current mental health
problem, especially those with more complex medication regimens (15).

One potentially important psychiatric syndrome, however, has been relatively overlooked.
Bipolar disorder (BD), a chronic and serious mental iliness characterized by mood instability
(manic and depressive episodes), impulsivity, risky sexual behavior, and substance abuse,
affects approximately 2% of the general population (16). Bipolar disorder and HIV infection
co-occur at much higher rates than either would be expected in the general population. The
prevalence of HIV is particularly elevated among persons with BD, perhaps approaching
10% (17-21). Similarly, the prevalence of BD among HIV-infected persons ranges from
2.6% t0 9.1% (22-24). As a result, there have been recent calls to focus research on HIV-
infected persons with co-occurring psychiatric and substance use conditions (e.g., 25).

In addition to the features listed above, BD is often associated with poor medication
adherence. It has been estimated that 40% of BD patients do not take their psychiatric
medications (e.g., mood stabilizers) as prescribed, and one third take less than 30% of their
medication (26). Individuals with BD who are non-adherent to their psychiatric medications
are at greater risk for relapse and recurrence of manic and depressive episodes, and
psychiatric hospitalization (26-29). Non-adherence in this group is also strongly associated
with higher health care costs (27).

Despite this overlap of HIV and bipolar disorder, and a background of high rates of non-
adherence to psychiatric treatment, previous research suggesting poor adherence in this
subgroup has been sparse. In one of the few studies to use electronic tracking of ART
medication in a group of HIV+ individuals with serious mental illness, adherence varied
widely, with 40% of participants showing adherence rates of greater than 90%, whereas 31%
had adherence rates of less than 50% (30). Previous research in this area has focused on
mixed psychiatric samples (e.g., 30-32), has used administrative (Medicare) datasets (e.g.,
32-34), and has used psychiatric diagnoses from community providers (e.g., 31) or medical
charts (e.g., 35). None of these reports focused exclusively on HIVV+/BD+ individuals,
utilized rigorous research-assigned standardized psychiatric diagnoses, or tracked
medications with electronic monitoring for as long as 30-days.
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In order to address this relative gap in the literature, the present study was designed to assess
the medication adherence rates of HIVV+/BD+ persons as compared to HI\VV+/BD- persons.
We hypothesized that HIV+/BD+ persons would have significantly worse adherence to their
ART medications than those in the comparison group. We also hypothesized that those HIV
+/BD+ participants in a depressed or manic state would show significantly worse adherence
to both ART and psychiatric medications as compared to those who were euthymic.

Participants were recruited from ongoing studies at the HIVV Neurobehavioral Research
Center (HNRC). Participants in this parent study underwent comprehensive neuromedical
assessment, which included HIV disease and treatment history, and laboratory evaluation
(e.g., HIV plasma RNA, testing for hepatitis C virus infection). Forty-four HIV+/BD+ and
33 HIV+/BD- participants drawn from this cohort consented, enrolled and underwent a
comprehensive adherence assessment. All participants recruited into the HIV+/BD+ group
were required to have rigorously diagnosed BD and be taking medications to treat both HIV
infection and bipolar disorder. Individuals with either bipolar disorder type I (i.e., requires
evidence of a frank manic episode) or bipolar disorder type I (i.e., characterized by
hypomania and major depression) were enrolled, since mood instability and impaired
function is a feature of both conditions. HIV+/BD~- comparison participants were required
to be without BD and be taking medication to treat their HIV illness. Given the high
proportion of HIV+ individuals with major depressive disorder (MDD) and the opportunity
to compare psychiatric medication adherence between HIV+/BD+ (n=39) and HIV+/BD-
(n=7) in the subset of participants who were taking psychiatric medications, we chose to
allow inclusion of comparison participants (i.e., HIV+/BD- participants) with a current or
past diagnosis of MDD.

Participants were excluded from the study if they met DSM-1V for psychotic spectrum
disorder (e.g., schizophrenia), mood disorder due to a General Medical Condition, or if they
had neurological condition known to impact cognitive functioning such as Huntington’s
Disease, stroke, traumatic brain injury, or a closed head injury with loss of consciousness for
more than 30 minutes. Individuals with a mood disorder with psychotic features were also
excluded (e.g., BD or MDD with psychotic features).

The UCSD Human Research Protection Program approved the current study. After meeting
study inclusion/exclusion requirements, interested participants provided written informed
consent to participate. Participants received monetary compensation for both the initial and
follow-up assessments.

Psychiatric and Substance Use Assessment—~Psychiatric diagnoses were assigned
using the Structured Clinical Interview for DSM-IV (SCID), which was administered by a
licensed clinical psychologist or research associate with a master’s degree in psychology
supervised by a licensed clinical psychologist and a psychiatrist with extensive experience in
HIV; ambiguous diagnoses were resolved via case discussion with a diagnostic expert. This
diagnostic interview also determined the person’s current mood as either euthymic,
depressive, hypomanic, or manic episode, or mixed (i.e., concurrent manic and depressive
symptoms). We also assessed mood symptomatology by evaluating severity of current
manic symptoms with the Young Mania Rating Scale (YMRS) (36), and depressive
symptoms with the Beck Depression Inventory-I1 (BDI-I1) (37). Scores of less than 14 on
each of these measures are considered minimal (36, 37). Finally, an overall estimate of
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impairment in daily functioning was established with the Global Assessment of Functioning
(GAF) score, a clinician-rendered judgment ranging from 1 = Severe Impairment (e.g.,
imminent suicidality or inability to perform basic self-care) to 100 = Asymptomatic (i.e.,
superior functioning over a wide range of activities) (38).

Medication Adherence Assessments

Tracking of Medication Adherence: The Medication Event Monitoring System (MEMS,
AARDEX, Sion, Switzerland) was used to track medication adherence to both ART and
psychiatric medications over the study period. The median number of days tracked was 30
(Range = 21 to 30). Because the decision to also track psychiatric medications was made
shortly after the start of the study, only 39 of the 44 HIV+/BD+ and 7 of the 33 HIVV+/BD-
participants have both ART and psychiatric medications tracked. MEMS TrackCaps provide
an electronic record of the date and time when the cap is removed. It has been suggested that
MEMS may provide a more accurate estimate of adherence than self-report or pill counts
(both of which tend to overestimate medication adherence) (39-41), and MEMS have been
used successfully with difficult to track HIV-infected subpopulations (42).

Selection of Sentinel Medications: We used a “sentinel” strategy to select the antiretroviral
(ART) and psychiatric medication to be tracked via MEMS. For ARTSs, the sentinel drug for
MEMS monitoring was the participant’s protease inhibitor (PI), since this is the agent most
critically sensitive to non-adherence. If persons were not prescribed a Pl, we selected the
most frequently dosed non-nucleoside reverse transcriptase inhibitor (NNRTI) or nucleoside
reverse transcriptase inhibitor (NRTI) as the sentinel drug to track in our sample. For
persons on fixed-dose combination tablets (e.g., efavirenz/emtricitabine/tenofovir disoproxil
fumarate) we tracked this medication. For psychiatric medications, the sentinel medication
was the primary mood stabilizer defined according to published clinical guidelines (e.g., 43).
If multiple mood stabilizing medications were prescribed we used the following hierarchy in
choosing the mood stabilizing medication (lithium > valproate > carbamazepine >
lamotrigine > most frequently dosed selective serotonin or noradrenaline reuptake inhibitor).
Again, these decisions were based on estimates of the agent’s sensitivity to missed dosing.

MEMS outcome variable: The primary outcome variable for analysis was MEMS-derived
percent adherence over the last 30 days (# of bottle openings divided by # of prescribed
doses multiplied by 100). We also dichotomized this variable into adherent (=90%) or non-
adherent (<90%). Finer-grained and time dependant MEMS variables do not appear to add
additional information above and beyond this variable (44). This 90% cutscore has shown
sensitivity to adverse events in previous studies of HIV infection (45) as well as studies of
HIV infection in severe mental illnesses (SMI) (30). In order to control for the possibility of
MEMS overestimating adherence, we adjusted adherence to 100% for those participants
who had more MEMS cap openings than was indicated by the sentinel medication being
tracked. This can occur, for example, when a participant opens a cap to count the number of
remaining pills.

Instructing participants to use MEMS: Participants were instructed to: 1) remove a single
dose at a time, 2) open the bottle only when taking a dose, and 3) use the MEMS bottle only
to dispense the sentinel medication. A separate MEMS cap was provided for one sentinel
ART and one sentinel psychiatric medication (where indicated). Participants were informed
of the recording mechanism in the bottle cap, however, they were not told that the cap would
record the date and time of opening. The examiner filled the MEMS bottle with the
appropriate medication(s) and demonstrated its use. Participants were asked to demonstrate
how they would take medications. All participants were able to demonstrate ability to use
the MEMS to the examiner. Participants were also taught how to incorporate the MEMS in
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conjunction with their medisets and/or pill organizers if needed. They were told to place the
MEMS device in front of their organizer, and to open it every time they would have opened
the organizer. If this seemed too difficult, we suggested they placed a cue (e.g., small piece
of hard candy) in the organizer as a reminder to open the MEMS bottle.

Plasma viral load assessment: Plasma HIVV RNA viral load (VL) was measured by reverse
transcriptase-polymerase chain reaction (Roche Amplicor, v. 1.5, lower limit of quantitation
50 copies per milliliter). The difference between values from prior to and after MEMS
tracking was recorded. Virologic response in participants was classified as “Improved,” “No
Change,” or “Worsened” based on a greater than +/- 0.5 log change in plasma viral load
(46). Given that participants were drawn from a larger parent study that provided initial VL
measures prior to enrollment in the present study, the time elapsed between initial VL and
the VL obtained at the completion of MEMS tracking had a median duration of 56 days
(IQR =48.5, 70).

All data were examined to assess for normality and skewness. Non-parametric equivalents
of traditional parametric statistics were used where appropriate (e.g., Wilcoxon rank sum
test for comparing continuous variables between groups). The baseline characteristics were
compared between the HIV+/BD+ and HIV+/BD- groups using t-tests and Wilcoxon rank
sum tests for continuous variables (e.g., age, education, etc.), and using Fisher’s exact tests
for dichotomous or nominal variables (e.g., gender, race/ethnicity, etc.). Medication
adherence was compared between groups using Wilcoxon rank sum test (0-100%,
continuous scale), and Fisher’s exact test (dichotomous scale, i.e., using the 90% adherence
cutoff). The comparison of ART versus psychiatric medication adherence used the paired
Wilcoxon rank sum test. The correlations between adherence and individual variables were
evaluated using Spearman’s rank correlation. The comparison of adherence between the
three mood states and the three virologic response levels used the Kruskal-Wallis test.
ANCOVA was used to assess for the influence of both time between VL assessments and
VL change categories on adherence. The calculations used the R statistical package (47) and
JMP version 8.0.2 (48).

The demographic and clinical characteristics of the study participants are presented in Table
1. The study groups were comparable on descriptive and HIV disease characteristics. There
was a significantly higher proportion of persons with lifetime methamphetamine abuse/
dependence diagnoses in the HIV+/BD+ group as compared to the HIV+/BD—- group (Chi
Square Likelihood Ratio = 9.2; p < 0.01); no other significant differences in lifetime
substance disorder were observed between the two groups. HCV status was not different
between the two groups and rates of current substance abuse or dependence were low (i.e.,
less than 8% for all listed substances across both groups; data not shown). There was a trend
toward less frequent dosing among HIV+/BD+ participants; the vast majority of HIV+/BD+
participants (95.5%) had once daily dosing as compared to the HI\VV+/BD- participants
(81.8%; Chi Square Likelihood Ratio = 3.8, p= 0.05). All other participants had twice daily
dosing of their sentinel ART medication. Regimens between groups were similar (Table 2).
Regarding the prevalence of BD Type | and Type II, only three individuals in the HIV+/BD
+ group had BD Type II.

As expected, the HIV+/BD+ group also had higher current symptoms of mania (t = 3.6;
p<001; Table 1). In the HIV+/BD+ group at baseline 25% (11/44) were diagnosed with a
current hypomanic, manic, or mixed episode, 27% (12/44) were diagnosed with a depressive
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episode and 48% (21/44) were deemed euthymic (i.e., normal mood). Among the HIVV+/BD
— persons, a subset met criteria for a current major depressive episode (15%, 5/33), and over
half met criteria for lifetime major depressive disorder (58%, 19/33). Current mood
diagnoses were used for comparisons of the impact of mood state on adherence as presented
below. The HIV+/BD- group had higher (i.e., better) Global Assessment of Functioning
Scores (t=3.3, p = 0.001) and there was a trend toward a higher number of psychiatric
medications prescribed in the HIV+/BD+ group (Table 1).

Group adherence comparisons

In terms of medication adherence, HIVV+/BD+ individuals had significantly worse ART
adherence as compared to HIVV+/BD—- persons. The mean MEMS adherence for the HIV+/
BD+ group was 75.1% (SD = 30.5) compared to 94.6% (SD = 13.3) for the HIV+/BD-
group (Wilcoxon Rank Sum Test z=3.5, p<0.001; Cohen’s D = .83, Figure 1A). After
dichotomizing adherence into adherent (= 90%) and non-adherent (<90%), 47.7% of the
HIV+/BD+ group was adherent to their ART medication as compared to 90.9% of HIV+/BD
- group (p< 0.001, Fisher’s Exact Test). Group comparisons of psychiatric medication
adherence revealed a mean 30-day adherence of 67.2% (SD = 31.1; n = 39) for the HIV+/
BD+ group as compared to 83.3% (SD = 25.2; n = 7) for the HIVV+/BD- group (Wilcoxon
Rank Sum Test z = 1.6, p=0.10; Cohen’s D = .57, Figure 1B). When examining proportion
adherent (i.e., >90% over 30-days), we found that 35.9% of the HIVV+/BD+ group was
adherent to psychiatric medications as compared to 71.4% of the HIV+/BD- group (p =
0.11, Fisher’s Exact Test).

Among HIV+/BD+ participants who had MEMS data for both ART and psychiatric
medications (n = 39), mean adherence was significantly worse for psychiatric medications
(67.2%, SD = 31.1) as compared to ART medications (75.2%, SD = 29.5; Paired Wilcoxon
Rank-Sum Test V = 349, p=0.02). Although adherence was worse for psychiatric
medications, there was a significant correlation between ART and psychiatric medication
adherence within HIV+/BD+ group (Spearman p = 0.77; p<0.001; n = 39). A similar result
was found within the HIV+/BD- group; however, few participants in this group had both
ART and psychiatric medications tracked (Spearman p = 0.55; p=0.20; n = 7).

Mood State and Adherence

Given that HIVV+/BD+ group evidenced worse ART adherence than the HIVV+/BDgroup, we
explored whether poor adherence was associated with the presence of a current episode of a
mood disorder on the first day of the 30-day medication tracking. Within the HIV+/BD+
group, the following MEMS 30-day adherence rates [mean (SD), n] were found for 1) ART:
euthymic = 77.5 (25.6), n = 18; depressive = 76.9 (32.7), n = 12; manic/hypomanic/mixed =
68.5 (38.2), n = 10; and 2) psychiatric medications: euthymic = 72.5 (24.5), n = 15;
depressive = 62.3 (34.7), n = 12; manic/hypomanic/mixed = 63.9 (38.1), n = 9. These
findings did not support our hypothesis that current mood episode would be related to
differences in ART (Kruskal-Wallis X2 = 0.36, p = 0.84) or psychiatric medication
(Kruskal-Wallis X2 = 0.37; p=0.83) adherence rates.

We further examined the role of mood at the initial visit by dichotomizing the groups into
euthymic or non-euthymic based on their current mood episode on the SCID regardless of
whether they were assigned to the HIV+/BD+ or HIV+/BD- group. The euthymic group (n
= 49) had a mean ART adherence of 86.8% while the non-euthymic (n = 28) had a mean
adherence of 77.6% (Wilcoxon rank-sum test z = —0.24; p = 0.81). Using the 90% ART
adherence cut-scores, 69.4% of the euthymic group was ART adherent and 60.7% of the
non-euthymic group was adherent (Fisher’s Exact Test, p = 0.46). Among participants in the
HIV+/BD- group, there were no significant differences between persons with a current or
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past diagnosis of MDD versus those without the corresponding diagnosis in terms of ART or
psychiatric medication adherence (all p’s > 0.5). Associations of adherence with scores on
the BDI and YMRS were similarly nonsignificant.

Adherence and Plasma Virologic Response

We examined whether ART adherence was associated with a 0.5 log change in plasma viral
load prior to and after medication tracking. In examining whether participants’ virologic
response was classified as Improved, Worsened or No Change, we found: 1) within the HIV
+/BD+ group (n = 40), 12.5% Improved, 7.5% Worsened, and 80.0% No Change; 2) within
the HIVV+/BD- group (n = 30), 16.7% Improved, 6.7% Worsened and 76.7% No Change.
When examining the MEMS 30-day ART values by Improved, Worsened, and No Change
categorizations, those in the HIVV+/BD+ group evidenced an association between medication
adherence and virologic response classification in the expected direction (Kruskal-Wallis
Test X2 = 6.5, p=0.04; Table 3); this association was not observed in the HIV+/BD- group
(Kruskal-Wallis Test, X2 = 2.8, p = 0.25; Table 3). Within the HIV+/BD+ group there was
an association between the time between VL assessment and virologic change (Kruskal-
Wallis Test, X2 = 7.5, p=0.02) such that the Worsened Group had a longer interval between
VL assessments than the Improved group. In order to control for the possibility that the
interval was more strongly associated with adherence than VL change categories, we
conducted an ANCOVA analysis that showed that the association between viral load change
and adherence persists (F = 3.48, df = 2,35, p = 0.04) where the interval between VL
assessment was not a significant predictor of adherence (t = -0.69, df = 35, p = 0.49)
suggesting that VL change is associated with adherence above and beyond interval.

Examination of Other Variables on Adherence

MEMS 30-day ART adherence was positively correlated with age across all participants
(Spearman p = 0.29, p=0.01). There was no difference in adherence between those
participants found to have a lifetime methamphetamine abuse or dependence diagnosis and
ART and psychiatric medication adherence rates. We controlled further for the possible
influence of lifetime cocaine and methamphetamine abuse/dependence on adherence by
computing adjusted analyses using a stratified Wilcoxon rank-sum test, stratified by the 4
different groups (Meth/Cocaine = Yes/Yes, Yes/No, No/Yes, No/No). The results of these
analyses are consistent with the HIVV+/BD+ versus HIV+/BD- results prior to stratification
(ART adherence, HIV+/BD+ vs. HIV+/BD-: Stratified Wilcoxon z =3.34, p<0.001; PSY
adherence, HIV+/BD+ vs. HIV+/BD-: Stratified Wilcoxon z = 1.57, p=0.12). GAF score
was significantly correlated with both ART (Spearman p = 0.25, p=0.03) and psychiatric
medication adherence (Spearman p = 0.40, p= 0.006) across all participants in the expected
direction (i.e., better GAF scores were associated with better adherence).

There was no effect of overall number of medications or number of doses on adherence
(both ps > 0.05). Also, no significant ART or psychiatric medication adhere differences
were found between men and women across the whole cohort or within each of the groups
(all ps > 0.05). The small proportion of individuals with BD Il precluded formal statistical
analysis of the impact of this diagnosis on adherence within the HIV+/BD+ group, but mean
adherence rates were generally similar [e.g., mean ART adherence BD-1 = 73.9% (40.0) vs.
BD-I1l = 82.8% (29.8)]. Other variables presented in Table 1 were similarly not associated
with adherence.

DISCUSSION

Our findings suggest that HIV-infected persons with co-occurring bipolar disorder have
significantly worse mean ART medication adherence than a comparable group of HIV+
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individuals without bipolar disorder, but who nevertheless have lifetime histories of other
psychiatric and substance use disorders, as expected in HIV populations. The proportion of
persons with an ART adherence level above 90% was nearly two-fold higher in the HIV+
persons without bipolar disorder. Mean psychiatric medication adherence rates, and the
proportion adherent, were not significantly different for the two groups (i.e., HIV+/BD+ v.
HIV+/BD-) most likely due to the small number of HIVV+/BD- participants with tracked
psychiatric medications (n = 7); effect sizes were medium and in the direction of worse
psychiatric medication adherence for the HIV+/BD+ group. Among HIV+/BD+ persons,
mean percent adherence was significantly worse for psychiatric medications as compared to
ART medications, and there was a significant correlation between adherence to ART and
psychiatric medications.

As would be expected, ART adherence was significantly associated with virologic response
over the study period for the HIV+/BD+ group. Given the worse adherence rates among the
HIV+/BD+ group, these participants likely had more opportunity to improve virologically
with improved adherence. Particularly notable is that the three HIV+/BD+ persons who
showed Worsened VL had extremely poor adherence rates suggesting adherence may be the
cause of worsening virologic control. The two HIV+/BD- individuals who had worsened
virologic control still showed good ART adherence possibly suggesting treatment resistance.

No significant differences were observed between the study baseline mood episode and
medication adherence. Euthymic individuals had the best adherence for both ART and
psychiatric medications but adherence rates were not significantly better than those of
depressed or manic/hypomanic/mixed participants. Although no significant differences were
observed, psychiatric symptomatology in the groups was, on average, minimal (i.e., BDI
scores < 14 and YMRS scores < 14). Our data suggest that trait characteristics of bipolar
disorder may be more important for medication non-adherence than state characteristics; at
least within the range of mood fluctuations observed in this predominantly euthymic HIV+/
BD+ cohort.

Our study highlights the importance of taking psychiatric diagnosis into account when
discussing medication adherence as well as the critical need to address adherence to
different medication classes (e.g., ART and psychiatric medications) rather than focusing on
a more global concept of medication adherence. Although ART adherence was significantly
correlated with psychiatric medication adherence among HIVV+/BD+ individuals, adherence
to ART medication was better than adherence to psychiatric medications. The motivating
factors supporting ART and psychiatric medication adherence may be different. Patients
may prioritize physical over mental health, discounting the possibility that non-adherence to
psychiatric medications may lead to mood dysregulation, which in turn may lead to poor
ART adherence and serious health consequences associated with HIV infection.

It is important to reemphasize that our HIVV+/BD+ group had many factors that predispose
them to better adherence rates than what might be expected of the a greater cross section of
HIV+/BD+ persons. We might expect worse adherence rates among HIV+/BD+ persons
who are less psychiatrically stable, who are actively using substances of abuse, whose
adherence is followed for a longer period of time, and who are not willing to participate in
research. Additionally, the current study only recruited and assessed HIVV+/BD+ persons
who were currently being treated for their bipolar disorder. Given that an accurate diagnosis
of bipolar disorder often can take as long as 10 years (49), it is likely that ART medication
adherence would be worse among HIV+/BD+ individuals who were not receiving treatment
for their BD.
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We recognize that there are limitations to the present study. Medication adherence was
determined using MEMS which is restricted because participants know that medications are
being tracked; medication adherence is only recorded when the cap is removed, not when
medication is ingested; and this method may underestimate adherence (50); however,
MEMS technology is widely used in HIV research (e.g., 51) and is considered to be the gold
standard in medication adherence studies. Our study is also limited by a relatively small
sample size, but to our knowledge, our study represents the largest sample of HIV+/BD+
participants whose medication adherence has been evaluated in detail. An additional
limitation is that we included individuals with both bipolar disorder I and Il in our study;
because of the small sample of persons with bipolar disorder 1l (n=3), we were not able to
assess whether there were significant adherence differences between these two diagnoses.
Finally, we acknowledge that other comorbid psychiatric conditions such as anxiety
disorders or Axis Il personality disorders, for which we did not directly assess, may have
also had an effect on medication adherence in the present study.

CONCLUSIONS

Given the poor adherence rates of the HIV+/BD+ group, it is important that we consider
innovative interventions to improve adherence among these individuals. These interventions
may include intensive case management and technological interventions such as daily cell
phone or text messaging reminders. Day-to-day tracking of mood may be particularly
important given that frequent mood alterations of persons with bipolar disorder may have
possible implications for poor adherence among HIV+/BD+ persons, and may be a better
indicator than the baseline mood measures used in the present study. HIVV+ persons with co-
occurring psychiatric disorders may be a subgroup of individuals who are a possible vector
for continued HIV transmission given the propensity of HIVV+/BD+ persons to engage in
risk behaviors. In addition, chronic partial adherence to ART can foster development of drug
resistant HIV, further compromising HIV control efforts. Therefore, as a matter of public
health policy, a greater effort to diagnose BD, and to develop enhanced adherence strategies
for this subset of the HIV-infected population is warranted.
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Figure 1.

HIV+/BD+ participants evidence worse 30-day MEMS antiretroviral adherence rates as
compared to HIV+/BD- participants. Note: Thick bar represents Median; error bars include
95% of the distribution; significance determined via Wilcoxon Rank Sum Test.
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Figure 2.

30-day MEMS psychotropic adherence rates for HIVV+/BD+ participants are lower, but not
significantly worse as compared to HIV+/BD- participants. Note: Thick bar represents
Median; error bars include 95% of the distribution; significance determined via Wilcoxon
Rank Sum Test.
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Table 1
Descriptive characteristics of the study groups
HIV+/BD- HIV+/BD+ Test Statistic p-value
(n=33) (n=44)
Descriptive
Age; mean (SD) 46.2 (9.3) 44.0 (7.4) t=1.11,df=59.7 0.27
Education; mean (SD) 13.2(2.2) 13.3(2.3) t=-0.32,df =717 0.75
Male; % (#) 79 (26) 82 (36) Fisher’s Exact Test (FET) 0.78
Caucasian; % (#) 67 (22) 72 (31) FET 0.27
HCV infected; % (#) 13 (4) 19 (7) FET 0.53
Lifetime Substance Abuse/Dependence; % (#)
Alcohol 45 (15) 56 (24) FET 0.49
Marijuana 15 (5) 33(14) FET 0.11
Cocaine 18 (6) 40 (17) FET 0.08
Opioid 3(1) 14 (6) FET 0.13
Methamphetamine 18 (6) 51 (22) FET 0.004
Major Depressive Disorder; % (#)
Current 15 (5) N/A N/A N/A
Lifetime 58 (19) N/A N/A N/A
HIV Disease Characteristics
CD4 Count; mean (SD) @ 542.3(383.4) | 626.7(368.6) | t=-0.95, df =63.3 0.35
Nadir CD4 Count; mean (SD) @ 333.0 (271.1) | 349.7 (261.0) | t=-0.27,df=655 0.78
HIV RNA plasma (log copies/ml); mean (SD) 2 1.9(0.8) 2.1(1.0) Wilcoxon rank-sum testz=-0.79 | 0.43
Proportion undetectable (<50 cp/ml); % (#) 2 81 (26) 74 (32) FET 0.58
AIDS % (#) 72 (23) 66 (27) FET 0.58
Medication Information
Number Prescribed Medications; mean (SD) 7.8(4.1) 8.8 (4.1) t=1.1,df=69.3 0.27
E\ISan;ber of Prescribed Medication Doses per Day; mean 14.0 (9.5) 14.4 (8.5) t=0.3,df =64.6 0.85
Number Psychiatric Medications; mean (SD) 24 (1.7) 3.1(17) Wilcoxon Rank Sum Testz=-1.9 | 0.06
Psychiatric
YMRS; mean (SD) 35(3.3) 7.7 (6.7) t=-3.6, df = 66.0 <0.001
BDI-11 Total; mean (SD) 11.2 (10.8) 15.1 (10.4) t=-153,df=67.5 0.13
Global Assessment of Functioning; mean (SD) 2 759(12.9) 64.5(16.1) t=-34,df=69.5 0.001

Key:
adata available for 32 HIV+/BD- and 43 HIV+/BD+;

bdata available for 30 HIV+/BD- and 42 HIV+/BD+;

BDI-II = Beck Depression Inventory-11; HCV = Hepatitis C Virus; YMRS = Young Mania Rating Scale; Nadir CD4 count is calculated as the

lowest of self reported or laboratory generated value.
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Table 2
Class of tracked medications by group
HIV+/BD- | HIV+/BD+
(n=33) (n=44)
Proportion of ART tracked; % (#) 100 (33) 100 (44)
Pl 9(3) 9 (4)
NNRTI 15 (5) 11 (5)
NRTI 61(20) 66 (29)
Combination Drugs 15 (5) 14 (6)
Proportion of Psychiatric Tracked; % (#) | 24 (7) 88 (39)
Mood Stabilizer 14 (1) 31(12)
Antidepressant 57 (4) 21 (8)
Antipsychotic 29 (2) 49 (19)

Key: Pl = protease inhibitor; NNRTI = non-nucleoside reverse transcriptase inhibitor; NRTI = nucleoside reverse transcriptase inhibitor
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MEMS 30-days ART adherence percentages as tracked for the two groups (HIV+/BD+ versus HIV+/BD-)

stratified by plasma viral load changes (+ 0.5 log) over the course of the study.

Mean (SD) MEMS Adherence | MEMS Adherence
HIV+/BD+ (n=40) | HIV+/BD- (n = 30)

Improved plasma VL 86.6 (16.2); n=5 100 (0); n=5

No Change plasma VL | 79.3 (27.3); n=32 95.0 (11.4); n=23

Worsened plasma VL 247 (21.7);n=3 98.3(24);n=2

Key: VL=plasma HIV RNA viral load
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