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Abstract
“Forgetting” is the most commonly endorsed reason for missing an antiretroviral therapy (ART)
dose, yet little is known about the prevalence, predictors, and effectiveness of the mnemonic
strategies to support ART adherence. The current study assessed 28 self-reported memory-based
medication strategies in 233 HIV-infected individuals with 30-day ART adherence measured via
the Medication Event Monitoring System. Participants endorsed using multiple (8.7 5.6) strategies
with the most common being internally-driven. More frequent strategy use was uniquely
associated with affective distress, dependent daily functioning, higher non-ART pill burden, and
poorer ART adherence. Individuals who used strategies frequently, but perceived them as
minimally effective, had more affective, physical, and functional distress. More frequent strategy
use was associated with worse ART adherence and was unrelated to perceived effectiveness.
Primary reliance on internally-based mnemonic strategies may reflect a lack of awareness of
adherence behaviors and may be insufficient to support optimal ART adherence in vulnerable
populations.
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Introduction
Despite concerted efforts over the past decade to improve adherence to combination
antiretroviral therapy (ART), nonadherence remains common and continues to adversely
affect health outcomes in persons living with HIV(1, 2). Importantly, suboptimal adherence
to ART regimens is closely associated with viral rebound(3), evolution of drug-resistant
HIV strains(1), more rapid progression to AIDS, and death(4). A host of factors have been
identified as barriers to successful adherence among persons with HIV; for instance low
social support(5, 6), active substance use(7), co-occurring psychiatric conditions(8),
environmental factors(1), and high dose frequency (e.g.,(9) are all associated with poor ART
adherence. Additionally, neurocognitive impairment, particularly deficits in executive
functions(10) and memory(11), are strongly predictive of ART nonadherence. In fact,
“forgetting” is the most commonly endorsed reason for missing an ART dose (41–43% of
samples(12, 13)), which may be attributable to primary cognitive problems(14) and/or
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environmental (e.g., homelessness) or situational (e.g., do not have medications with them at
the time of dosing) influences(15). As such, techniques that aid in the detection and
recollection of ART dosing times (via mnemonic devices or overt reminders) may be
particularly important to persons living with HIV infection.

Although several mnemonic devices aimed at improving ART adherence have been
identified in the intervention literature and have shown generally positive results, there is a
paucity of studies examining self-implemented mnemonic adherence strategies in everyday
life. For example, electronic devices including one-(16) and two-way(16, 17) pager or text-
messaging systems, verbal recorded adherence prompts(18), as well as self-monitoring (via
daily adherence diary) and brief educational interventions aimed at retrospective and
prospective memory strategies for adherence(19) are all associated with increased ART
adherence. These studies suggest that a variety of mnemonic aids may be effective for
improving ART adherence; however, it is not yet clear which strategies are actually being
used (and are useful) in the everyday lives of persons infected with HIV. Additionally, these
adherence strategies were examined in a time-limited fashion (i.e., the longest intervention
period in the above studies was 24 weeks), which has important implications for which
strategies may be effective on a daily basis across a prolonged period of time in this
population.

Therefore, one aim of the current study is to examine patient-implemented ART adherence
strategy use – that is, self-report of naturalistic mnemonic strategies utilized to improve
adherence in patients’ daily lives – and determine the characteristics of HIV+ individuals
employing such strategies. By examining which reminder strategies are most frequently
utilized, by whom, and with what degree of perceived efficacy, we can gain a better
understanding of which strategies may be most appropriate and well-tolerated for a given
individual and how the strategy can be best utilized in order to obtain optimal effectiveness
in ART treatment. Relatively few prior studies have examined the effectiveness of patient-
implemented strategy use among HIV-infected individuals. For instance, Kalichman and
colleagues(20) found that adherence strategy use among their cohort of women living with
HIV was generally low (e.g., 27% timer/beeper, 27% notes, 15% datebooks), with pillbox
organizers being the most commonly used aid (49%). Importantly, however, current ART
strategy use did not impact adherence in this cohort, though women who reported prior
strategy use were more likely to have recently missed an ART dose. In a more recent study
by this group, pillbox users (39% of cohort) were more likely to have self-reported
undetectable viral loads, more likely to have used other adherence strategies (i.e., calendars
and counting pills), and less likely to report missing their ART medication within a day of
the assessment(12). Lastly, Petersen et al.(21) found that self-initiated pillbox use (61% of
sample) was more frequent among HIV+ individuals with higher prior adherence rates and
among women, but was less frequent among homeless individuals, those who were ART
naïve, or had a large number of ART drugs. Importantly, pillbox users showed 4% improved
adherence across the study period (12-months) as well as decreased viral loads. These data
suggest that self-implemented adherence strategies are being utilized among individuals
with HIV-infection, and may be associated with better ART adherence. However, the
findings are mixed and a more in-depth examination of reminder strategies beyond pillbox
use is warranted in order to determine which strategies are most frequently employed as well
as how these strategies may differentially impact successful ART adherence.

One potentially important moderator of such self-initiated adherence strategy use that also
warrants examination is individuals’ awareness of their ART adherence behaviors; that is, in
order to successfully utilize an adherence strategy, an individual must be able to accurately
assess if the strategy is helping or not (i.e., improving ART adherence). Notably, accurate
awareness of adherence behaviors may have important implications for motivation to self-
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initiate changes in adherence behaviors when necessary. This awareness deficit may then
impact actual adherence as well as the validity of self-reported adherence abilities for
providers. For example, an individual who perceives his ART adherence strategy to be
helpful when it is not will be less likely to try a different strategy and may be unable to
accurately communicate his adherence abilities to his provider thereby impacting treatment
planning (e.g., switching to a less complex regimen). Although the relationship between
perceived future ability to adhere and actual ART adherence has been examined in previous
studies(22, 23), patients’ perceived effectiveness of adherence strategy use on adherence
behaviors has been largely overlooked in the ART adherence literature. Of note, among
healthy older adults, accurate awareness of the efficacy of adherence behaviors may promote
better adherence(24). Although insight into adherence behaviors has not yet been examined
in individuals with HIV, previous research suggests that HIV+ individuals show poor
awareness of their cognitive abilities (i.e., metacognition)(25–27). For example, only 37% of
an HIV+ sample had memory complaints that were consistent with actual memory
functioning(28). Given the lack of cognitive awareness in individuals with HIV and
significant clinical implications of poor adherence awareness, further investigation into
awareness of adherence behaviors is needed.

As such, the current study extends the literature on mnemonic strategy use and ART
adherence by: 1) characterizing which adherence reminders are most frequently
implemented on a daily basis among individuals with HIV; 2) determining the
characteristics of those HIV+ individuals who most often use mnemonic adherence
strategies; and 3) examining patient insight into ART adherence behaviors by examining the
relationship between perceived effectiveness and frequency of ART reminder use as well as
how these measures are associated to objective adherence. Understanding the everyday
mnemonic adherence behaviors of HIV+ persons will help to better inform clinicians and
researchers alike in identifying those individuals who are likely employing such strategies as
well as their effectiveness on actual ART adherence, thereby improving our ability to tailor
these strategies to the needs of this population.

Methods
Participants

Two-hundred thirty-three HIV-infected individuals were drawn retrospectively from two
NIH-funded observational cohort studies that included behavioral measurements of ART
adherence using a 30-day medication event monitoring system (MEMS) approach. Inclusion
criteria were HIV infection (determined by enzyme linked immunosorbernt assay and
confirmed by a Western Blot test), prescription of at least one ART medication, and the
ability to provide informed consent on the day of evaluation. The intent of the current study
was to retrospectively identify a representative clinic sample in order to enhance
generalizability to the HIV epidemic. Therefore exclusion criteria were somewhat liberal:
individuals with schizophrenia or other psychotic disorders, neurological disease known to
adversely effect cognition (e.g., seizure disorder, traumatic brain injury with loss of
consciousness ≥ 15 minutes), or inability to be tested at the time of evaluation were not
included in the current study. Demographic, HIV disease, and psychiatric characteristics of
the overall study sample are illustrated in Table 1.

Materials and Procedure
After providing written, informed consent, all participants completed baseline psychiatric,
neuropsychological, and standardized medical research evaluations for which they received
nominal financial compensation. CD4+ lymphocytes were counted in blood using flow
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cytometry and HIV RNA levels were quantified in plasma using RT-PCR (Amplicor, Roche
Diagnostics, Indianapolis, IN).

Measurement of ART adherence strategies—The Prospective Memory for
Medications Questionnaire (PMMQ) was administered to assess utilization of 28 common
strategies that can be used to assist adherence to a prescribed medication regimen(24). In the
PMMQ, participants indicated how often they used each strategy on a scale ranging from 0
(Never) to 4 (Always) as well as how effective they perceived the strategy to be for
medication adherence, 0 (Highly Effective) to 3 (Highly Ineffective). Items were categorized
into type of adherence strategy: external strategies for a retrospective aspect of adherence
(E-R; 7 items; e.g., “Do you use a dated pillbox to help you make sure you take the right
amount of medication per day?”); external strategy for a prospective aspect of adherence (E-
P; 7 items; e.g., “Do you use a clock or watch alarm to remind you when it is time to take
your medication?”); internal strategy for a retrospective aspect of adherence (I-R; 10 items;
e.g., “Do you regularly repeat to yourself the instructions for taking a prescription that
you’ve been taking for a long time?”); and internal strategy for a prospective aspect of
adherence (I-P; 4 items; e.g., “At the beginning of the day, do you think about when you
need to take your medication so you can include your medication into your day’s
schedule?”). If participants were missing one item on a given strategy scale, the individual’s
mean score for the scale was imputed for that item; if >1 item was missing on a strategy
scale, the participant had a missing score for that scale. Scores were determine by adding all
of the items together (total possible range for frequency of strategy use = 0–112; total
possible range for perceived effectiveness of strategy use = 0–84); a higher score indicates
more frequent strategy use for the Frequency scale whereas lower scores indicate higher
perceived effectiveness of strategy use for the Effectiveness scale.

Tracking of ART medication adherence—The Medication Event Monitoring System
(MEMS, AARDEX, Sion, Switzerland) was used to track ART medication adherence over
the 30-day study period. MEMS TrackCaps provide an electronic record of the date and time
at which the cap was removed. Previous studies support the use of MEMS as a more
accurate estimate of adherence than self-report or pill counts (both of which tend to
overestimate adherence(29, 30). We selected a “sentinel” ART to be tracked via MEMS.
This was largely the participant’s protease inhibitor since this is the agent most critically
sensitive to non-adherence; however, if a participant was not prescribed a PI, we used the
most frequently dosed non-nucleoside reverse transcriptase inhibitor or nucleoside reverse
transcriptase inhibitor as the sentinel medication to track. For participants taking a fixed-
dose combination tablet (e.g., efavirenz/emtricitabine/tenofovir disoproxil fumerate) we
tracked this medication. Percent adherence was calculated as the proportion of correct bottle
openings over the 30-day period (i.e., [(Number of recorded bottle openings)/(Number of
prescribed doses)]*100%).

Current affective Distress, Psychiatric and Substance Use Assessment—
Current overall affective distress over the past week was measured via The Profile of Mood
States (POMS(31)). The POMS is a 65-item, self-report measure of current mood states in
which participants rate various adjectives (e.g., “unhappy”) on a five-point Likert scale
ranging from 0 (not at all) to 4 (extremely). The POMS Total score was used for all
analyses. Diagnosis of psychiatric, alcohol and/or substance abuse or dependence was
obtained using the Composite International Diagnostic Interview (CIDI(32)) or Structured
Clinical Interview for DSM Disorders (SCID(33)), where available. The CIDI is a lay
administered computerized assessment that follows the diagnostic criteria of the DSM-IV.
We used the CIDI to assess for both current and lifetime alcohol, cannabis, cocaine,
methamphetamine, and opioid abuse or dependence as well as mood disorders.
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Neuropsychological Functioning—Four neuropsychological tests were administered to
all study participants: the Trail Making Test (Parts A and B(34)), Grooved Pegboard Test
(Dominant and Nondominant hands(35)), and Verbal Fluency (Actions(36)). Raw scores for
each test variable were converted into demographically corrected T-scores using
comprehensive normative standards which corrected for age, education, sex, and ethnicity,
as appropriate(37–39). A summary neuropsychological score was achieved by averaging
each standardized test score to create a mean neuropsychological T-score for each
participant.

The HIV Dementia Scale is a brief (10 minute) cognitive screener for detecting dementia in
HIV infected individuals(40). We included the memory subscale of the HDS in analyses to
assess for memory impairment (range = 0–4). The Memory for Intentions Screening Test
was also administered to measure prospective memory abilities (i.e., remembering to
remember future intentions). The MIST is a 30-minute task in which eight different
intentions are prescribed while the participant completes a word search. There are four cues
based on time (e.g., “In 15 minutes, tell me it is time to take a break.”) and four based on
events (e.g., “When I show you a postcard, self address it.”). The following variables were
derived from the MIST and included in analyses: 1) time-based score; 2) event-based score;
3) recognition total. Prior studies support the reliability(41) and construct validity(14) of the
MIST in HIV.

Instrumental Activities of Daily Living—To assess dependence in performing
instrumental activities of daily living (IADLs), a modified version of the Lawton and Brody
scale was utilized(37). This scale includes 11 items detailing the degree to which individuals
independently function in the areas of Financial Management, Home Repair, Medication
Management, Laundry, Transportation, Grocery Shopping, Shopping, Housekeeping
(Cleaning), Cooking, Work, and Telephone Use. For each activity the participant separately
rates his/her current level of independence and highest previous level of independence.
IADL dependence is determined if there is decline (i.e., need for increased assistance) in two
or more domains and the participant endorses that these difficulties are due at least partially
to cognitive problems.

Statistical Analyses
First, we examined the raw number of reminder strategy categories (e.g., Internal vs.
External strategies) that were used (i.e., at least “Sometimes”) versus those that were not
used (i.e., “Seldom” or “Never”). Since the PMMQ has an unequal number of strategies
within each strategy category (e.g., 4 I-P strategy versus 10 I-R strategy items), we
examined the average number of strategy items endorsed at least “Sometimes” per category
and divided that by the total number of possible strategy items in the category. In this
manner, the relative number of strategies used could be examined.

For all other analyses, to increase interpretability, we transformed the frequency and
perceived effectiveness of strategy use scores into population-based z-scores from our
cohort in which higher scores reflected more frequent strategy use or perceived effectiveness
of strategy use. We next conducted univariate analysis of variance (ANOVA) and chi-square
analyses to determine predictors of total frequency of strategy use. Those predictors that
reached a significance threshold of p < 0.10 were included a multivariable model reflecting
the unique characteristics of frequency of strategy use.

Additionally, we examined the relationship between frequency and perceived effectiveness
of strategy use using a nonparametric Spearman’s correlation. We further probed this
association by dichotomizing the raw scores of strategy use frequency and perceived
effectiveness using a median split to create a 2×2 “frequency × effectiveness” variable in
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which individuals were separated into: 1) high frequency and high perceived effectiveness
of strategy use; 2) high frequency but low perceived effectiveness of strategy use; 3) low
frequency but high perceived effectiveness of strategy use; or 4) low frequency and low
perceived effectiveness of strategy use. We performed univariate ANOVAs and chi-square
analyses to determine how these groups differed from each other across demographic,
clinical, and functional characteristics. A multivariable model was then conducted including
the significant (p< 0.10) univariate predictors of the “frequency × effectiveness” outcome
variable.

Lastly, nonparametric Spearman’s correlations were utilized to examine the relationship
between frequency of strategy use and perceived effectiveness of strategy use with actual
ART adherence (MEMS total percent adherence).

Results
Number of reminder strategies endorsed

Our sample endorsed an average of 8.7 (out of 28 possible) ART strategies used at least
“Sometimes” per participant. The number of strategies endorsed within each category (e.g.,
number of I-P strategies versus number of E-P strategies endorsed) differed by strategy
category (F(3,228) = 125.8, p < 0.001). Internal-Prospective strategies [47% (1.9/4) of the I-
P strategies were endorsed] were the most frequently endorsed (t range(N=231) = −14.7–
8.9, ps < 0.001) while External-Retrospective strategies [16% (1.1/7) of the E-R strategies]
were the least frequently used (t range = −4.7–19.2, ps<0.001; see Figure 1). Descriptively,
at the item level, leaving a pill bottle or pillbox in a prominent place was the most common
reminder strategy employed (69% endorsed using this strategy at least “Sometimes”; see
Table 2). Marking a calendar after medication ingestion was the least common strategy
endorsed (2% endorsed using at least “Sometimes”). Strategies related to social support
(items #: 22, 24–27; Table 2) were among the least commonly endorsed (6–10% of the
sample endorsed using these at least “Sometimes”). Dated pillbox use was the most
frequently E-R strategy employed (48% endorsed its use at least “Sometimes”).

Frequency of strategy use predictors
In order to determine the characteristics of individuals using ART adherence strategies, we
examined predictors of total frequency of strategy use. Univariate analyses revealed that
multiple factors were associated with increased adherence strategy use at the p<0.10 level:
older age (= 0.19, p = 0.003), non-Caucasian individuals (F(1,229=5.5, p = 0.02), increased
number of ART (= 0.11, p = 0.10) or non-ART prescriptions (= 0.27, p < 0.001), AIDS
diagnosis (F(1, 229)=9.3, p = 0.003), current affective distress (i.e., POMS total; = 0.29, p <
0.001), lifetime history of MDD (F(1, 228)=12.8, p < 0.001), worse global
neuropsychological (= −0.12, p = 0.06) and MIST event-based (=−0.14, p = 0.03)
performances, unemployment (F(1,218)=5.7, p = 0.02), and being IADL dependent (F(1,
216)= 29.3, p < 0.001). These variables were all included in a multivariable model. The
multivariable model significantly accounted for 23% of the variance in frequency of strategy
use (F(11, 184)=6.0, p < 0.001; see Table 4). Only increased number of non-ART pills (p =
0.02), current affective distress via POMS total (p = 0.01) and IADL dependence (p = 0.01)
uniquely predicted frequency of strategy use after accounting for the other predictors in the
model.

Frequency versus Perceived Effectiveness of Strategy Use
Total frequency of adherence strategy use was not associated with total perceived
effectiveness of strategy use (=−0.09, p = 0.18; see Figure 2); none of the strategy types
significantly differed from each other across effectiveness ratings (ps>0.05). In order to
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further examine this unexpected relationship, we used a median split of the raw scores of the
total frequency of strategy use (i.e., >30 or ≤30) and perceived effectiveness of strategy use
(i.e., >29 or ≤29) to create a “frequency × effectiveness” variable separating individuals
with: 1) high frequency and high perceived effectiveness of strategy use (25%); 2) high
frequency but low perceived effectiveness of strategy use (24%); 3) low frequency but high
perceived effectiveness of strategy use (26%); or 4) low frequency and low perceived
effectiveness of strategy use (25%). Univariate analyses revealed that differences between
individuals in the two discrepant groups (i.e., those with high frequency but low perceived
effectiveness of strategy use versus those with low frequency but high perceived
effectiveness of strategy use) were driving most of the differences (see Table 5).
Specifically, the high frequency but low perceived effectiveness individuals had a higher
non-ART pill burden (F(1, 103)=12.8, p<0.001), more AIDS diagnoses (2 = 4.8, p = 0.03),
more prior (i.e., lifetime MDD; F(1,91)=14.7, p<0.001) and current affective distress
(2=14.7, p<0.001), and were more likely to be IADL dependent (2=12.6, p<0.001) than the
individuals endorsing a low frequency but high perceived effectiveness of strategy use. A
significant multivariable analysis including these predictors indicated that only lifetime
MDD (2 =10.6, p = 0.01) uniquely predicted group differences on the frequency ×
effectiveness variable after accounting for all other predictors in the model (2=38.4, p <
0.001, R2=0.08).

Strategy use and ART adherence
Increased frequency of adherence reminder use was associated with poorer ART medication
adherence (=−0.15, p = 0.02). Specifically, more frequent use of E-P (=−0.20, p = 0.002)
and E-R (=−0.13, p = 0.04) based strategies were associated with poorer medication
adherence. However, perceived strategy effectiveness total score was not related to actual
ART adherence (= 0.01, p = 0.91).

Discussion
Antiretroviral nonadherence is highly prevalent and is associated with a multitude of
negative HIV disease outcomes, which highlights the importance of understanding self-
implemented adherence behaviors among this population. Results from our study suggest
that HIV+ individuals tend to employ multiple, internally-based reminder strategies (8.7
strategies per participant on average). However, the individuals endorsing strategy use most
frequently also tended to be the individuals most “at-risk” for nonadherence (i.e., greater co-
occurring mood and functional distress as well as increased pill burden). In fact, ART
adherence was negatively associated with strategy use and was not associated with
perceived efficacy of strategy use. These discrepancies between the type, frequency, and
perceived effectiveness of strategy use and actual cognitive and adherence abilities have
important implications for how ART treatment and adherence behaviors are approached and
understood among HIV individuals.

Specifically, participants’ reliance on internal memory cues to aid ART adherence (e.g.,
concentrate when learning a new medication, mentally repeat instructions) has important
implications for a population that has high rates of objective memory deficits(42) and
reported difficulties remembering when to take ART medications(12); that is, HIV
individuals are depending on internal memory strategies (more cognitively effortful than
relying on external cues) to maintain successful ART adherence despite commonly observed
difficulties with these abilities. These findings further support the metamemory difficulties
reported in individuals with HIV (up to 50% of a HIV+ cohorts showed a discrepancy
between reported memory abilities and actual memory performance(28)) and extends the
everyday implications (i.e., ART nonadherence) of such difficulties.
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Given that external memory cues were infrequently used in our study and were not related
with objective ART, future adherence interventions targeting external reminder cues (e.g.,
pager systems) may need to further investigate how to best optimize these types of
interventions. It is possible that external cues may not be as easily implemented into
individuals’ daily lives as internal strategies due to the additional effort and cognitive skills
necessary to successfully execute them (e.g., planning ahead for reminder placement and
additional materials needed), and/or these strategies may be susceptible to habituation over
time even if they are implemented. However, as structured external reminders have been
shown to be effective for ART adherence in this population(18), it may be that additional
support in implementation and potentially more individualized (e.g., using their own voice,
use of personalized messages from loved ones or to themselves, integration of strategy use
around their schedule and/or tailored to their particular cognitive strengths and weaknesses)
external strategies may be particularly helpful. Additionally of note, reminder strategies
employing social support were among the least commonly used. It is not clear from the
current data if this is due to a lack of social network in which to employ such strategies or
because such strategies are not well tolerated or perceived as ineffective. However, given
that poor social support is associated with ART nonadherence(5), adherence interventions
aimed at boosting social networks may be warranted.

Furthermore, although scores on the HDS memory subscale were not associated with
frequency of memory-based strategy use, HIV individuals who performed poorer on event-
based prospective memory tasks (e.g., “when I present you with the pen at a later time,
address the envelope”) endorsed using memory strategies more frequently. Integrity of
prospective memory abilities is strongly associated with successful ART adherence(11).
Individuals with deficits in event-based prospective memory therefore may not benefit from
the predominant use of internally-based memory strategies, which necessitate such abilities
(e.g., remembering to take one’s medication each morning with breakfast), thereby
impacting successful ART adherence. These findings further support the meta-prospective
memory deficit previously reported in HIV individuals in which prospective memory
complaints were not predictive of actual prospective memory abilities(27). The lack of
awareness regarding prospective memory abilities may therefore increase the risk of ART
nonadherence. Focused awareness training particularly targeting prospective memory
abilities may be an important construct to integrate into traditional adherence interventions
among HIV individuals.

HIV+ individuals who reported employing mnemonic adherence strategies more frequently
also endorsed greater levels of functional dependence, current affective distress, and larger
non-ART pill burdens, which accounted for about one-quarter of the variance in frequency
of strategy use. Since functional dependence, affective distress and regimen complexity are
all associated with poorer ART adherence, these results suggest that those participants using
strategies may be most “at-risk” for declines in ART adherence, and therefore the most in
need of successful adherence strategy utilization. Importantly, however, increased use of
adherence strategies was associated with poorer actual ART adherence. Therefore, although
the individuals most in need of adherence support are employing strategies, these strategies
are not entirely effective in helping them to reach optimal levels of actual ART adherence.
However, given the cross-sectional design of our current study, it is not clear if the
individuals utilizing adherence strategies most frequently have even poorer adherence
compared to when they are not employing any strategies. Another possibility may be that the
current strategy implementation itself is not precise (due to this cohort’s difficulties with
everyday functioning and mood) or reliable (i.e., participants are utilizing more internal
memory aids despite previously established difficulties remembering when to take ART
medications), both due to user-based miscalculations. Regardless, these findings have
important implications for ART adherence strategy recommendations given by healthcare
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providers. In particular, healthcare providers should ensure that clients understand all steps
involved in recommended strategy use and assess for the capacity to successfully implement
them.

Additionally, there was no relationship between frequency and perceived effectiveness of
strategy use; in fact, half of the cohort showed a discrepancy between frequency of strategy
use and perceived effectiveness of the strategy. Those individuals who employed reminder
strategies most frequently but did not perceive their strategy use to be effective also reported
more physical, affective, and functional distress (e.g., increased lifetime and current
affective distress, unemployment, dependence in everyday functioning, increased pill
burden, and more severe HIV disease progression) compared to individuals who were using
strategies less frequently but perceived them to be effective. In particular, a history of
affective distress (i.e., lifetime MDD) uniquely predicted those individuals with high
frequency of strategy use but low perceived effectiveness above and beyond other areas of
distress. On the other hand, individuals who did not employ adherence strategies frequently
but found them effective showed less affective and functional distress (e.g., lifetime MDD,
unemployment, functional dependence) than participants with congruent frequency by
effectiveness ratings. Therefore, experiencing overall life distress (either high or low),
especially affective, is an important predictor of incongruence between strategy use
behaviors and perceptions about those behaviors. Importantly, the individuals with low
strategy frequency use but high perceived effectiveness may represent a cohort of people
who do not need help with ART adherence but recognize the value of such strategies and/or
simply employ fewer strategies that they perceive to be highly effective. Whereas the high
strategy frequency but low perceived effectiveness group may represent individuals who are
experiencing apathy toward their adherence behaviors or amotivation to change them (both
apathy and amotivation can be associated with affective distress); therefore, though they
recognize which adherence behaviors are optimal, they are reluctant to change strategy use.
Or secondly, these individuals may be experiencing a lack of insight into their adherence
behaviors (dependence in everyday functioning and mood are also associated to poorer
awareness and metacognitive abilities(27)).

Supporting the latter possibility, perceived effectiveness of strategy use was not associated
with actual ART adherence. Therefore, as a group, HIV individuals showed a lack of insight
into how successful their adherence behaviors actually are. This finding has important
implications for the current and future adherence behaviors in these individuals. For
instance, individuals who perceive their adherence behaviors to be effective even if they are
not are less likely to self-initiate changes (e.g., use of different or additional adherence
strategies) and are therefore at risk of continued suboptimal adherence. Additionally, lack of
adherence behavior awareness is important for clinicians and researchers when evaluating
patients (i.e., accuracy of self-reported adherence behaviors may be biased) and
recommending the most appropriate ART regimen or strategy use (e.g., enlisting social
support may be most appropriate for a patient with poor insight rather than encouraging the
patient to use internal strategies). HIV individuals may be imprecise in determining
adherence strategy effectiveness due to concurrent cognitive impairment, which may impact
one’s ability to objectively assess such abilities(43), or possibly due to lack of feedback
from such suboptimal strategy use (i.e., they do not feel sick). Regardless, awareness of
functional abilities, including adherence, is an important skill that is necessary for successful
independent functioning, and is therefore an important area for intervention in this
population (e.g., awareness-training).

There are also several limitations to the current study that should be considered. Most
importantly, the cross-sectional design of the study limits interpretation of the findings; we
could only examine how people who use strategies differ from those who do not rather than
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examining adherence behaviors within participants. In this manner, it is not clear if those
participants who report using strategies actually do benefit as compared to when they are not
using them. However, our study addresses the characteristics and adherence implications of
those individuals who are using everyday adherence strategies, an important and
understudied event. As noted earlier, our study was largely inclusive of individuals with
HIV infection with few exclusionary criteria; in this manner, our results reflect a
heterogeneous population, which are less specific. However, we believe our cohort is
representative of the larger HIV population and, therefore, may allow our results to be more
generalizable to the population as a whole. Lastly, measurement of adherence strategies use
via self-report may have limitations, particularly among a cohort that may be experiencing
difficulty in awareness. Ideally, use of an informed observer to either independently identify
adherence strategies used or confirm those that the participant endorsed would enhance our
confidence in the endorsed strategies being used and could be examined to directly assess
participant awareness of adherence behaviors.

Taken together, our findings suggest that individuals with HIV+ employ multiple internal
mnemonic strategies; however among those using strategies most frequently, both perceived
effectiveness of strategy use and actual adherence are poorest. Our data suggest that these
incongruencies may be due to a lack of insight into adherence behaviors. Specifically, HIV
individuals tend to employ internal effortful reminder cues (versus external cues) the most,
which may have limited effectiveness among a population with prospective memory
difficulties; in a larger sense, our data suggest that HIV individuals may, therefore, have
difficulty recognizing when their behaviors are contributing to successful adherence or not.
Individuals experiencing life distress, particularly affective distress, are most at risk for
these awareness difficulties, which may be used by researchers and clinicians as indicators
for poor insight in the future. Importantly, assessment and recommendation of ART
adherence strategies by healthcare providers should factor for these limitations in awareness
and functional difficulties (e.g., use of informant when assessing adherence behaviors,
objective measurement of adherence such as pill count, and clear outline/practice with
recommended strategy).
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Figure 1.
Average strategies endorsed at least “sometimes” across the internal/external and
prospective/retrospective dimensions.
Note (right panel). Adjusted proportion indicates adjustment for total number of strategies
possible per category. Each proportion of strategy type used significantly differed from each
other (ps<0.03).
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Figure 2.
Relative frequency and perceived effectiveness of reminder strategy type (established from
median population-based z-scores).
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Table 1

Demographic and clinical characteristics of sample (N = 233).

Variable Mean, Mediana, or % D, IQR, or N

Age 47.4 10.4

Gender (% M) 83% 193

Ethnicity (% Caucasian) 66% 153

Education 13.4 2.5

Number of ART rx 4a 3, 4

Number of non-ART rx 4a 2, 7

Current CD4 546a 338, 733

Nadir CD4 150a 48, 259

AIDS 65% 152

CSF RNA log10 (n = 174) 1.69a 1.68, 1.69

% Undetectable viral load in CSF (n = 174) 88% 60

Plasma RNA log10 1.69a 1.68, 1.69

% Undetectable viral load in plasma 85% 131

Profile of Mood States (POMS) total score 55.5 35.2

Lifetime MDD 55% 128

Current MDD 14% 32

Bipolar disorder 18% 42

Lifetime substance dependence 55% 127

NP Average T-score 48.0 7.9

Unemployed 65% 144

IADL dependent 21% 46

MEMS total ART adherence 85.7 22.7

a
Median scores

Note. ART = antiretroviral therapy; rx = prescriptions; CSF = cerebrospinal fluid; MDD = Major Depressive Disorder; NP = Neuropsychological;
IADL = Instrumental Activities of Daily Living; MEMS = Medication Event Monitoring System
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Table 3

Univariate predictors of total frequency of ART adherence strategy use (z-score).

Variable F p-value

Age 0.19 0.003

Ethnicity (Caucasian vs. other) 5.5 0.02

Gender 0.15 0.70

Education 0.05 0.40

Number of ART rx 0.11 0.10

Number of non-ART rx 0.27 <0.001

AIDS 9.3 0.003

CSF RNA log10 0.05 0.51

Plasma RNA log10 −0.006 0.93

Current CD4 −0.01 0.86

Profile of Mood States (POMS) total 0.29 <0.001

Lifetime MDD 12.8 <0.001

Bipolar Disorder 1.0 0.33

Lifetime substance dependence 0.62 0.43

NP Average T-score −0.12 0.06

HDS Memory 0.02 0.73

MIST Event-based Score −0.14 0.03

MIST Time-based Score −0.08 0.24

MIST Recognition −0.02 0.82

Unemployment 5.7 0.02

IADL dependence 29.3 <0.001

Note. Bold indicates p<0.10. ART = antiretroviral; rx = prescriptions; CSF = cerebrospinal fluid; MDD = major depressive disorder; NP =
neuropsychological; IADL = Instrumental Activities of Daily Living
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Table 4

Multivariable regression model predicting total frequency of ART adherence strategy use (z-score).

Variable Model Parameter
(t ratio)

p-value 95% CI

Adjusted R2 0.23

F 6.0 <0.001

Age 0.36 0.72 −1.88, 0.74

Ethnicity (non-Caucasian) −0.40 0.69 −0.18, 0.12

Number of ART rx 0.26 0.79 −0.14, 0.18

Number of non-ART rx 2.36 0.02 0.008, 0.09

AIDS 0.77 0.45 −0.09, 0.21

Profile of Mood States (POMS) total 2.48 0.01 0.001, 0.01

Lifetime MDD −1.75 0.08 −0.26, 0.02

NP Average T-score 0.57 0.57 −0.01, 0.02

MIST Event-based Score −1.77 0.08 −0.15, 0.008

Unemployment 0.30 0.77 −0.13, 0.18

IADL dependence 2.46 0.01 0.05, 0.43

Note. ART = antiretroviral; rx = prescriptions; MDD = major depressive disorder; NP = neuropsychological; IADL = Instrumental Activities of
Daily Living
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