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Abstract

Prospective memory (PM) is associated with antiretroviral (ARV) adherence in HIV, but little is
known about how pill burden and age might affect this association. 117 older (= 50 years) and 82
younger (< 50 years) HIV-infected adults were administered a measure of PM in the laboratory
and subsequently were monitored for ARV adherence for 30 days using the Medication Event
Monitoring System. In the older group, better time-based PM performance was associated with
higher likelihood of adherence, irrespective of pill burden. Within the younger sample, time-based
PM was positively related to adherence only in participants with lower pill burdens. Younger HIV-
infected individuals with higher pill burdens may overcome the normal effects of time-based PM
on adherence through compensatory medication taking strategies, while suboptimal use of these
strategies by younger HIV-infected individuals with lower pill burdens may heighten their risk of
ARV non-adherence secondary to deficits in time-based PM.
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The prevalence of older adults (ages = 50 years) living with HIV disease has been predicted
to rise to 75% by 2030 (Smit et al., 2015). This increased number of older HIV-infected
adults is in part due to enhanced longevity secondary to the increasingly widespread use and
effectiveness of combined antiretroviral therapies (CART), as well as higher incidence rates
in this age range (Centers for Disease Control and Prevention, 2015). Older age in the
context of HIV infection is associated with a higher likelihood of having HIV-associated,
Non-AlIDS conditions (e.g., cardiovascular disease) and other medical comorbidities (e.g.,
diabetes), which has given rise to a commensurate increase in the number of medications
prescribed to older HIV-infected adults (Krentz, Cosman, Lee, Ming, & Gill, 2012). Older
HIV-infected adults are estimated to take more than seven total medications per day (Krentz
et al., 2012), which is considerably higher than their younger HIV-infected (Zhou et al.,
2014) and older uninfected counterparts (Lee et al., 2012). The increase in medication
burden for older HIV-infected adults has sparked concerns about undue polypharmacy and
subsequent risks of non-adherence (Nachega, Hsu, Uthman, Spinewine, & Pham, 2012).

Non-adherence to antiretroviral (ARV) medications is a significant barrier to adequate
management of HIV infection and leads to poorer health outcomes, including viremia (Li et
al., 2014), comorbidity burden (Sherr et al., 2010), and risk of mortality (Glass et al., 2015).
Despite more than 25 years of research, a high rate of ARV non-adherence in HIV-infected
individuals remains. It has been estimated that more than 12% of individuals miss more than
90% of ARV doses (Glass et al., 2015). Although non-adherence is clearly multi-
determined, there has been interest in the role that medication regimens may play in this
critical health behavior (Maggiolo et al., 2002). For example, lower ARV pill burden is
broadly related to better medication adherence and improved health outcomes (O’Connor et
al., 2013). As such, the complexity and burden of ARV medication regimens have been
reliably reduced since the initial introduction of cART (Krentz et al., 2012). However, the
persistence of non-adherence in the era of increasingly simplified ARV regimens highlights
the need to more closely investigate the potential modulators of the relationship between pill
burden and adherence across the lifespan.

While older age is generally associated with better medication adherence in HIV (Ettenhofer
et al., 2009), older adults with neurocognitive impairment are at a disproportionate risk for
ARV non-adherence (Hinkin et al., 2004; cf. Vance, Fazeli, & Gakumo, 2013). This is
important because older HIV-infected adults are also at greater risk for HI\V-associated
neurocognitive disorders (HAND); for example, a study by Ettenhofer et al. (2009) found
that poorer neuropsychological functioning (i.e., executive functions, motor skills, and
information processing speed) was associated with lower ARV adherence in older, but not
younger HIV-infected adults. Similarly, older adults have appeared to be more vulnerable
than their younger counterparts to the adverse impact of HAND on retention in HIV care
(Jacks et al., 2015) and medication management capacity (Thames et al., 2011). Taken
together, the increased medication burden and neurocognitive difficulties often faced by
older HIV-infected adults raises the possibility that these two factors may interact to
adversely affect health behaviors, such as ARV adherence.
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One cognitive ability that may play an especially important role in medication adherence in
HIV-infected persons is prospective memory (PM). Colloquially known as “remembering to
remember,” PM is a unique aspect of memory that describes one’s ability to form, retain,
and successfully execute a future intention. Common examples of PM include remembering
to take a medication as scheduled or remembering to attend a health care appointment. PM
is a complex function that involves: (a) Initially forming an intention to do something at a
later occasion in response to a specific cue (e.g., take a medication as prescribed at 8:00
p.m.); (b) Retaining that intention in the face of another ongoing activity (e.g., daily life); (c)
Watching for and noticing the cue that indicates the intention should be executed (e.g.,
monitoring the clock and recognizing that it is 8:00 p.m.); (d) Recalling the intention from
retrospective memory (e.g., the need to take the specific medication and under what
conditions; and (e) Successfully executing the intention (e.g., taking the medication as
prescribed). As is clear from this example, PM is a multifaceted ability that places demands
on other higher-level cognitive functions, including retrospective memory (i.e., recall of
events and information from the past) and executive functions (e.g., planning and cognitive
flexibility). However, PM is a unique constellation of these component cognitive processes
and is separable from them at the cognitive (Gupta, Woods, Weber, Dawson, & Grant, 2010),
neurobiological (Woods et al., 2006), and functional (e.g., Woods, Moran, Carey, et al.,
2008) levels. In addition, there are numerous variables that have been shown to have a
modulating effect on both PM as well as adherence, including compensatory strategy use
(Blackstone, Woods, Weber, Grant, & Moore, 2013; Weber et al., 2011), depression (Li,
Weinborn, Loft, & Maybery, 2013; Poquette et al., 2013), and disease severity (Patton et al.,
2012). As such, examining PM as a possible predictor of adherence in the context of
increased demands placed by higher medication burdens in the everyday lives of older adults
may be particularly important.

Consistent with reports that forgetting is the most commonly cited reason for non-adherence
in HIV-infected adults (Kalichman, Cain, Cherry, Kalichman, & Pope, 2005; Liu et al.,
2014), HIV-associated deficits in PM are independently associated with medication non-
adherence (Woods, Moran, Carey, et al., 2008; Zogg, Woods, Sauceda, Wiebe, & Simoni,
2012). Two different types of PM are important to understanding the role of this cognitive
ability area in medication adherence for HIV-infected persons: (a) time-based PM (e.g.,
remembering to take a medication at 8:15 a.m.) and (b) event-based PM (e.g., remembering
to take a medication with breakfast). Time-based PM is thought to be more strategically
demanding than event-based PM. Research to date has shown that deficits in time-based PM
are strongly and uniquely associated with medication non-adherence in HIV disease
(Poquette et al., 2013; Woods et al., 2009). Critically, older HIV-infected adults are
vulnerable to deficits in strategically demanding time-based PM (Woods, Dawson, Weber, &
Grant, 2010), including time-based PM tasks (Weber et al., 2011). Thus, it is possible that
the increased strategic real-world demands of a more complex and burdensome medication
regimen may exacerbate the adverse effects of time-based PM deficits on ARV adherence in
older adults. Determining the possible effects of pill burden and age on time-based PM
performance and consequent medication adherence in HIV may allow for nurses in clinical
practice to better predict which patients might be at higher risk for non-adherence. Further,
identifying cognitive risk factors (e.g., prospective memory) associated with poor adherence
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in the context of high pill burden and older age may highlight a subgroup within the HIV-
infected population that could disproportionately benefit from compensatory training
programs implemented in clinical practice.

Our study, therefore, sought to examine the influence of pill burden on the relationship
between time-based PM and ARV adherence in older versus younger HIV-infected adults.
We hypothesized that a higher pill burden would heighten the deleterious effects of time-
based PM on non-adherence, especially for older versus younger adults. In other words, we
expected that older HIV-infected adults’ greater pill burden and regimen complexity would
amplify environmental demands and increase the opportunity for diminished PM capacity to
interfere with medication taking behaviors.

Methods

Participants

The institutional human research protections review board at the University of California,
San Diego approved the study. Older (= 50 years; 7= 117) and younger (< 50 years; /7= 82)
HIV-infected adults were drawn retrospectively from two NIH-funded observational cohort
studies that measured ARV adherence using a 30-day medication event monitoring system
(MEMS) approach (described below).

Exclusion criteria consisted of having of a diagnosis of a psychotic disorder (e.g.,
schizophrenia), a neurological disease associated with cognitive impairment (e.g., traumatic
brain injury with a loss of consciousness > 5 min), or an estimated verbal 1Q lower than 70
(as determined by the Wechsler Test of Adult Reading). Additionally, participants were
excluded if they met criteria for substance dependence within 1 month prior to evaluation (as
determined by the Composite International Diagnostic Interview, version 2.1), had a
Breathalyzer test positive for alcohol on date of testing, or had a urine toxicology screening
test on the day of evaluation that was positive for illicit drugs (except for marijuana).
Inclusion criteria consisted of being infected with HIV (diagnosed with both enzyme linked
immunosorbent assay as well as a Western Blot test or a rapid test), capacity to provide
written, informed consent on date of testing, and prescription of at least one ARV
medication. Table 1 shows the disease, demographic, and psychiatric characteristics of the
study samples.

Prior to evaluation, all participants provided informed, written consent. Participants then
completed evaluations assessing neuropsychological, psychiatric, and medical history. All
participants received financial compensation of $35 USD for participation in the 3-hour
neurocognitive aspect of this study.

Neuromedical Assessment

As part of a lifetime medical history interview conducted by a research nurse, participants
were asked how many medications they were currently taking, including ARV and non-ARV
medications. Total number of pills per day was calculated for ARV and non-ARV
medications separately (see Table 2). In either case, pill burden was classified into High or
Lowbased on a median split (median total medications = 7; low group < 7 pills).

J Assoc Nurses AIDS Care. Author manuscript; available in PMC 2017 September 01.
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Neurobehavioral Assessment

PM assessment—\We assessed PM with a standardized, performance-based measure
administered in the laboratory. We administered the Memory for Intentions Screening Test
(MIST), which has been shown to have high reliability (subscale Cronbach’s a = .886;
Woods, Moran, Dawson, et al., 2008) and validity (Carey, Woods, Rippeth, et al., 2004).
During the administration of the MIST, the participant completed an ongoing word search
distractor task and was asked to complete eight total PM actions at specified times or event-
based cues as directed by the experimenter. The eight PM trials were comprised of four
time-based (e.g., In 15 minutes, tell me that it is time to take a break) and four event-based
(e.9., When I show you a postcara, self-address if) cues. There are two possible points for
each MIST trial: one for responding at the correct time (i.e., within 15% of the target time
for time-based trials) or to the appropriate cue (for event-based trials) and one for a correct
response. These trials are then summed across cue type to create time-based and event-based
subscales (ranges = 0 - 8).

ARV adherence—Adherence classifications were determined based on the outcome of 4
weeks of continuous tracking utilizing the non-alarm Medication Event Monitoring System
(MEMS; Aprex Corporation, Union City, CA), which began on the day following
evaluation. The MEMS recorded the date and time the participants opened the medication
bottle over the 4-week period. We selected a “sentinel” ARV to be tracked via MEMS.
Because protease inhibitor (P1) medications are most sensitive to non-adherence, we selected
these medications for tracking if the participant was prescribed a PI. For individuals not
prescribed a PI, we selected as the sentinel medication the participant’s nucleoside reverse
transcriptase inhibitor or non-nucleoside reverse transcriptase inhibitor that was dosed most
frequently, or any fixed-dose combination tablet (e.g., tenofovir/emtricitabine) if a
participant was prescribed one. 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%). Participants then were classified as adherent or non-
adherent based on a 90% cut-point, as is consistent with the literature demonstrating the
optimal level of adherence as 95-100% for viral suppression (Bangsberg, 2008) and
increased risk of poorer outcomes below 90% adherence (Hinkin et al., 2002).

ARV adherence strategies—The Prospective Memory for Medications Questionnaire
(PMMQ) was administered to assess utilization of 28 memory strategies that aid medication
adherence. On this measure, participants reported whether they used each strategy never (0),
seldom (1), sometimes (2), often (3), or always (4), and whether any item used was effective
(e.g., highly ineffective [3]to highly effective [0)]). ltems were categorized into four possible
types of adherence strategy based on whether or not the strategy was (a) external vs. internal
(e.g., using a pillbox vs. repeatedly thinking about having to take the medication and (b)
retrospective vs. prospective (e.g., remembering whether you’ve taken medication vs. a
reminder to take medication). Thus, four possible strategies (external retrospective, external
prospective, internal retrospective, internal prospective) included: external strategies for
retrospective aspects of adherence (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 strategies for
prospective aspects of adherence (7 items; e.g., Do you use a clock or watch alarm to remind
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you when it is time to take your medication?); internal strategies for retrospective aspects of
adherence (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 strategies for prospective
aspects of adherence (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 more than one item was missing on a
strategy scale, the participant had a missing score for that scale. Scores were determined by
adding all of the items together (total possible range for frequency of strategy use =0 - 112;
higher scores indicated more frequent strategy use). For ratings of effectiveness, each
strategy category was considered to be self-rated as effective if a participant endorsed using
at least one strategy at least sometimes in that category and rated the same strategy as
effective (i.e., 1 = effective or 0 = highly effective).

Medication Management Self-efficacy—All participants completed the 20-item
Medication Management Efficacy Scale (MMES; e.g., | am less efficient at adhering to my
medication regimen than | used to be) questionnaire of the Beliefs Related to Medication
Adherence (BERMA). All items on the MMES were self-rated from 5 = strongly agreeto 1
= strongly disagree), with higher values reflecting better self-rated efficacy of medication
management.

Neuropsychological Evaluation

Participants were administered a standardized neuropsychological battery by trained
research assistants. The battery assessed key domains outlined in the Frascati criteria for
HAND (Antinori et al., 2007), including motor skills, learning, memaory, attention, executive
functions, and processing speed (as described in Woods et al., 2013). Using normative
demographic data, raw neuropsychological test scores were transformed into T-scores,
which were subsequently translated into deficit scores that ranged from 0 = normalto 5 =
severe (Carey, Woods, Gonzalez, et al., 2004). Deficit scores were then averaged to generate
a global deficit score (GDS; Carey, Woods, Gonzalez, et al., 2004) wherein higher values
reflect greater levels of neurocognitive impairment.

Psychiatric interview—In order to characterize the HIV-infected age groups (see Table 1)
and to determine possible covariates that might be related to PM, adherence, or the HIV-
infected age groups, we diagnosed lifetime and current (within 1 month prior to evaluation)
Substance-Related Disorders, Generalized Anxiety Disorder, and Major Depressive
Disorder; all participants were administered the Composite International Diagnostic
Interview (version 2.1).

Statistical Analyses

First, we performed identical logistic regressions in each age group (i.e., older and younger)
predicting the outcome variable MEMS-based adherence status (i.e., adherent or non-
adherent), with MIST time-based or event-based subscale (conducted separately), total
medication pill burden, and the interaction as predictors of interest. All variables in Table 1
were examined as possible covariates, with no variables showing significant associations

J Assoc Nurses AIDS Care. Author manuscript; available in PMC 2017 September 01.
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with both age group and the outcome of adherence. However, given that lifetime history of
depression is a known predictor of adherence, we included any lifetime diagnosis of Major
Depressive Disorder in the model as a covariate. Given the non-normal distribution of the
MIST time- and event-based subscales, each of these logistic regressions was then followed
by non-parametric (i.e., Wilcoxon Rank-Sum Tests) pairwise comparison post-hocs to
explore both significant univariate and interaction terms. (Note: Similar analyses were also
performed with non-ARV and ARV burden, as well as with parametric follow-up
regressions, but primary findings remained consistent with what is reported below).

PM, Pill Burden, and Adherence

Time-based MIST—In the older group, the overall model that included time-based MIST,
overall pill burden, and their interaction predicting adherence was significant, 2 (4) = 12.57,
p=0.014. Better performance on time-based MIST was associated with higher likelihood of
adherence in the older group, 42 (1) = 8.21, p=0.004, d= 0.55, irrespective of ARV pill
burden (univariate and interaction terms ps > 0.1). Within the younger group, the overall
model also was significant, 42 (4) = 17.24, p= 0.002, and showed a significant interaction
between time-based MIST and pill burden, 72 (1) = 6.63, p= 0.01, but the main effects for
pill burden and time-based MIST did not reach significance (s > .10). As shown in Figure
1, follow-up analyses demonstrated that better time-based MIST performance was related to
a higher likelihood of adherence only in participants with low total pill burden (2 [1] =
13.85, p<.001, d=1.05v), but time-based MIST was not related to adherence in the high
pill burden group (2 [1] = 0.238, p= 0.626, d= 0.29). In the older group, adherence rates
were 59.6% in the low burden group and 43.1% in the high burden group. In the younger
group, adherence rates were 47.5% in the low burden group and 60.9% in the high burden

group.

Event-based MIST—Both logistic regressions in the older and younger HIV samples
failed to show significant effects of event-based MIST on adherence (all ps > 0.10).
Additionally, there was no interaction with pill burden in either age group (s > 0.10). To
confirm these results, we conducted pair-wise post-hoc comparisons of event-based MIST
scores predicting performance—both across and within levels of pill burden—which did not
reach significance for any comparison (all ps > .10).

Post-hoc Analyses in the Younger Group

Given the unexpected significant interaction between time-based MIST and pill burden in
the younger group, we conducted a series of post-hoc one-way analyses of variance
(ANQOVA; or Wilcoxon Rank-Sum non-parametric tests for non-normally distributed data)
comparing the younger high- and low-pill-burden groups on several possible explanatory
factors, including medication strategy use and effectiveness (i.e., PMMQ), medication
management self-efficacy (i.e., BERMA), HIV disease severity (e.g., nadir CD4+ T cell
count, AIDS diagnosis), and global neurocognitive functioning (i.e., GDS).

J Assoc Nurses AIDS Care. Author manuscript; available in PMC 2017 September 01.
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Medication strategy use and effectiveness—Figure 2 shows the number of total
strategies endorsed as used at least sometimes by the younger HIV-infected group on a
stand-alone self-report of prospective memory compensatory strategies. Within the younger
group, individuals with high pill burden rated using PMMQ total strategies more frequently
than their low pill burden counterparts (A1,80] = 11.48, p=.001, d= .81, see Figure 2),
regardless of whether adherent or non-adherent. Younger individuals with high pill burden
also had a significantly higher proportion of individuals who used external prospective
strategies and rated them as effective (Fischer’s exact test p=.041; odds ratio = 3.49, 95%
Cl [1.06, 11.54]) compared to individuals with low pill burden.

Medication Management Self-Efficacy—In the younger group, individuals with high
pill burden had significantly lower ratings of medication management self-efficacy on the
BERMA, F(1,77) = 4.17, p=.045, d= .52, compared to the low pill burden group.

Disease severity—In the younger group, individuals with high pill burden were
significantly more likely to have an AIDS diagnosis (Fischer’s exact test p=.013; odds ratio
=4.29, 95% CI [1.30, 14.15]) and longer estimated durations of infection (3 [1]= 4.80, p=.
029, d=0.57) compared to younger individuals with low pill burden. There were no
significant differences between the pill burden groups on the likelihood of having detectable
HIV RNA in plasma or cerebrospinal fluid, or current and nadir CD4+ T cell counts (ps > .
10).

Global cognitive functioning—Within the younger group, individuals with high pill
burden did not differ on GDS scores compared to the low pill burden group, 2 [1]= 1.83, p
=.176.

Discussion

Our study was guided by the hypothesis that older HIV-infected adults with time-based PM
impairment may be at greater risk of ARV non-adherence, particularly in the setting of
higher pill burden. As is often the case in clinical science, our results suggested a somewhat
different pattern of findings than what was expected based on our literature review. In older
HIV-infected adults, lower time-based MIST scores were significantly associated with worse
ARV adherence, yet this relationship did not vary by level of pill burden. In younger HIV-
infected adults, however, lower time-based MIST scores were associated with worse ARV
adherence only in the setting of fower pill burden. This surprising association had a very
large effect size (d= 1.05) and was not confounded by other demographic or clinical factors
(i.e., lifetime diagnosis of Major Depressive Disorder). As such, the results of our study
indicate that for younger HIV-infected individuals, those with lower pill burdens may be at
disproportionate risk for ARV non-adherence in the context of time-based MIST
impairment. The potential explanations for this intriguing finding and its clinical
implications are discussed below.

One possibility suggested by our data is that the association between the time-based MIST
and medication adherence in younger HIV-infected adults might be dependent on the level
of strategic environmental demands conferred by pill burden. Time-based MIST

J Assoc Nurses AIDS Care. Author manuscript; available in PMC 2017 September 01.
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performance was related to adherence only in the low pill burden group (see Figure 1),
which was unexpected given the considerable body of evidence suggesting that medication
adherence would be improved with lower pill burden (Buscher, Hartman, Kallen, &
Giordano, 2012; Maggiolo et al., 2002; O’Connor et al., 2013). However, further exploration
of medication management strategies used by younger HIV-infected adults revealed that
individuals with lower pill burdens endorsed less frequent use of PM strategies (e.g., using a
clock or watch alarm to indicate when it was time to take medications; see Figure 2). Thus,
some individuals (e.g., those with poor time-based PM) within this group may be
underutilizing compensatory strategies that could buffer the adverse affects of impaired PM
capacity. While the mechanisms driving this finding occurring only in the low pill burden
group were likely multifaceted, it is possible that younger HIV-infected adults with low pill
burden may not feel at risk for medication non-adherence. Indeed, they reported slightly
greater medication management self-efficacy (as measured by the BERMA). Thus, it may be
helpful to target this group with interventions and compensatory strategies as needed.

Another (not mutually exclusive) possibility explaining the differences in the association
between time-based MIST and adherence between the pill burden groups may be factors in
the younger Aighburden group that resulted in this group overcoming the normal effects of
time-based PM on adherence. Post-hoc analyses revealed that for younger adults, individuals
with high pill burdens had more severe HIV disease (i.e., AIDS, durations of infection),
poorer medication management self-efficacy, and employed more memory strategies as
compared to younger adults with low pill burden. Taken together, the younger group with
high pill burden may have had greater awareness of their illness (e.g., higher disease
severities, lower medication management self-efficacy) and recognition of needing
adherence strategies (e.g., higher PMMQ strategy frequency), which might have helped
them overcome the commonly observed adverse effects of time-based PM on adherence.
Interestingly, the younger HIV-infected group did not differ in the number of prescribed
ARV medications compared to older adults (NVote. data showed that the higher pill burden
group did have more advanced disease, which may have required more aggressive therapy),
and this unexpected effect in the age of single fixed dose tablets was a limitation of our
samples, as patients continued to be prescribed lower ARV burdens. While it is important to
note that the high and low pill burden groups in the younger HIV-infected group did not
differ on the outcome of ARV adherence (see Figure 2), our study highlights a group in
younger adults who may overcome the typical time-based PM-related barriers to ARV
adherence.

Pill burden did not affect the strong association between time-based MIST and ARV non-
adherence for the older adults. This finding contrasted with previous studies indicating that
neurocognitive impairment was more closely associated with medication non-adherence in
older age (Hinkin et al., 2004). One possible explanation for this finding was the way in
which this group implemented compensatory strategies in the real world. While older and
younger adults did not differ in the frequency of using compensatory strategies (post hoc
analyses revealed this effect was true regardless of pill burden; high pill burden age groups:
F[1,86] = 1.09, p=.300, d=.36; low pill burden age groups: F(1,109) = 2.84, p= .01, d=.
32), it was possible that the older adults integrated these strategies more effectively (e.g.,
better integrated into more structured daily routines). On the PMMQ ratings of effectiveness,
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we found that only younger adults with low pill burden had a lower proportion of individuals
that used external prospective strategies and rated them as effective compared to older HIV-
infected adults (Fischer’s exact test p = .005; odds ratio = 2.71, 95% CI [1.37, 5.34]).

Indeed, findings of an “age-PM paradox” in the literature suggested that, while older adults
were at a higher risk for PM failures in laboratory-based tasks, this effect was attenuated (or
even reversed) such that older and younger HIV-infected adults performed comparably on
naturalistic PM tasks in the real world (Weber et al., 2011). However, our finding that
adherence remained stable across these groups precludes any meaningful results to be drawn
from our data. Still, it is possible that lifestyle differences between older and younger adults
(e.g., employment, motivation) impacted the number of compensatory strategies that the
younger adults, especially those with low pill burden, may have employed. Future research
is needed to address whether there are age-related differences in the effectiveness (e.g.,
salience of external memory aids) of self-reported compensatory strategies on resulting ARV
adherence. Regardless, this finding may highlight a group within the greater HIV population
that could benefit from medication management training programs, such as spaced retrieval
interventions (Neundorfer et al., 2004). For example, patients might be prompted to recall
the content of the intention to be remembered (i.e., taking medication) when cued, with
correct performance yielding increasingly longer duration between testing cues, until the
patient is able to correctly recall the intention without error for 3 consecutive testing
sessions.

The findings of our study underscore the potential importance of time-based PM for
effectively adhering to ARVs in the context of HIV, especially in younger individuals who
do not choose or are unable to implement external PM compensatory strategies. These data
support previous findings that time-based PM plays a critical role in ARV adherence (Woods
et al., 2009). In parallel, a recent study in older adults without HIV infection by Woods et al.
(2014) found that the strategic aspects of event-based PM, which involved using a cue that
was not semantically related to the intended action (e.g., taking a medication before bed that
was supposed to be paired with a meal), played a critical role in medication adherence. In
the context of the present study, our findings highlighted not only the importance of time-
based PM performance in ARV adherence, but also underscored how ancillary executive
processing of strategic demands due to pill burden may affect overall adherence in the
context of time-based PM. For instance, the strategic demands placed on time-based PM
may be higher in the context of lower pill burden due to increased length of monitoring
intervals between taking pills, thus resulting in our observed findings in younger adults.

Finally, while increased attention has been paid to potential compensatory training strategies
as they relate to PM and medication adherence across the lifespan or later in life (Zogg et al.,
2012), no studies to our knowledge have examined these possible interventions explicitly for
younger adults. In parallel, there is a general agreement in the literature suggesting that
lower pill burden results in improved adherence (Maggiolo et al., 2002; O’Connor et al.,
2013). However, the present data suggest that there may be nuances in the interactions
between specific cognitive processes that are often utilized in medication management
programs (i.e., PM) and the ARV regimens prescribed to individuals infected with HIV. As
such, these data suggest that those in clinical nursing practice may want to consider pill
burden as well as age group when determining the possible effects of PM on adherence.
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These findings are especially relevant to nurses in care settings that include both younger
and older HIV-infected individuals, as the effects of pill burden on the association between
PM performance and adherence may be expected to differ in these groups. Furthermore, our
study highlights the need to study the potential consequences of poor medication adherence
in low ARV pill burden groups, for whom a missed dose may result in missing a higher
proportion of the daily ARV regimen. Our findings highlight the need for empirical
questions to be investigated with regard to interventions aimed at improving adherence
across the lifespan. Interventions in clinical practice aimed at ameliorating aging-related PM
deficits may be insufficient to address the needs of younger HIV-infected populations that
may be undergoing psychosocial stressors not experienced as often later in life, such as
occupational time management or social pressure.
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Key Considerations

Among younger adults infected with HIV, impairment on time-based
prospective memory was related to non-adherence only in persons with
lower pill burden.

Younger HIV-infected individuals with higher pill burden may
overcome the adverse effects of time-based prospective memory on
adherence by using compensatory medication taking strategies (e.g.,
pillboxes).

Health care professionals in clinical practice may want to consider pill
burden as well as the age group being treated when determining the
possible effects of prospective memory deficits on adherence.

Interventions aimed at ameliorating prospective memory deficits and
their effects on adherence need to be tailored across the lifespan.
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Table 1

Mean (Standard Error) Demographic and Disease Characteristics

Older HIV Infected

Younger HIV Infected

Variable (n=117) (n=82)
Demographic
Age (years) " 56.7 (0.6) 37.107)"
Education (years) 14.0(0.2)* 12.8(03)
Gender (% male) 85.5 87.8
Estimated Verbal 1Q (WTAR) 103.3 (1.0) 101.6 (1.3)
Ethnicity (%)
Caucasian ™ 727" 52.4%
African American 17.1 26.8
Hispanic* 947" 207"
Native American 0.9 0.0
Psychiatric/Neuropsychiatric
HIV-Associated Neurocognitive Impairment (%) 26.1 235
POMS Total Mood Disturbance (of 200) 58.4 (3.4) 56.4 (4.3)
Lifetime Major Depressive Disorder (%) 53.9 56.1
Current Major Depressive Disorder (%) 111 11.0
Lifetime Generalized Anxiety Disorder (%) 17.2% 37%
Current Generalized Anxiety Disorder (%) 4.3 12
Lifetime Substance Dependence (%) 53.0 54.3
Medical
Hepatitis C virus (%) * 2917 1107
Current CD4+ T cell count 573.3(28.8) 573.4 (30.1)
Nadir CD4+ T cell count ™ 165.7 (14.8) © 199.5 (15.9) *
Plasma RNA detectable (%) 10.53 20.00
AIDS diagnosis (%) 70.1 61.0
Duration of infection (years) * 17.2(0.6)" 11.3(0.8) "

*
p<.05.
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Table 2
Age Group Mean (Standard Error) Characteristics of Pill Burden, Adherence, and PMMQ Strategies Endorsed

(i.e., at least Sometimes) in a Strategy Scale

Variable Older HIV Infected  Younger HIV Infected
(n=117) (n=82)

Pill Burden

ARV per day (# of doses) 45(0.3) 4.0(0.3)

ARV Burden (% above median) 42.7 36.6

Non-ARV per day (# of non-ARV medications) * 5.3(0.4) * 29(0.4) *

Non-ARV Burden (% above median) * 65.8™ 439~

Total Medications ™ 8.9(0.4)" 6.2(0.4)"

Total Medications Burden (% above median) * 55.6™ 2817
Adherence

ARV Adherent at 90% correct doses (%) 50.40 51.20

ARV Mean Adherence (% correct doses taken) 85.23(2.1) 88.0 (2.0)

Number of Days Monitored (MEMS) 39.4 (0.7) 39.2 (1.0)
PMMQ Strategies

Total Strategies (of 112) 323(16)" 24707

External

Prospective (of 28) * 5.4 (0.4) * 3.8(0.4) *

Retrospective (of 28) * 4.2 (0.4) * 2.6 (0.3) *

Internal

Prospective (of 16) 6.8 (0.3) 6.0 (0.4)

Retrospective (of 40) 15.8 (0.8) 12.2 (1.0) "

Note. ART = Antiretroviral therapy; PMMQ = Prospective Memory for Medications Questionnaire; MEMS = Medication Event Monitoring

System;

*
p<.05.
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