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Abstract
The age-prospective memory (PM) paradox asserts that, despite evidence of age-associated PM
deficits on laboratory tasks, older adults perform comparably to (or better than) young adults on
naturalistic PM tasks. This study examined the age-PM paradox in older HIV-infected individuals,
who represent a growing epidemic and may be at heightened risk for adverse neurocognitive and
everyday functioning outcomes. Participants included 88 older (50+ years) and 53 younger (≤40
years) HIV-infected individuals as well as 54 older and 59 younger seronegative adults who
completed both laboratory and naturalistic time-based PM tasks. Similar interactions were
observed in both the seropositive and the seronegative samples, such that the older participants
demonstrated significantly lower laboratory-based PM than the younger groups, but not on the
naturalistic PM trial. Secondary analyses within the HIV+ sample revealed that naturalistic task
success was indirectly associated with greater self-reported use of PM-based and external
compensatory strategies in the daily lives of older, but not younger, HIV+ adults. Study findings
suggest that, although older HIV-infected adults exhibit moderate PM deficits on laboratory
measures versus their younger counterparts, such impairments are paradoxically not evident on
ecologically relevant naturalistic PM activities in daily life, perhaps related to effective utilization
compensatory strategies.
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It has been reliably demonstrated that the normal pattern of cognitive declines associated
with aging may include decrements in prospective memory (PM), or the ability to remember
to execute an intention in the future (Einstein & McDaniel, 1990). Moderate deficits are
seen across both time- and event-based PM tasks in the laboratory (Henry, MacLeod,
Phillips, & Crawford, 2004) and tend to be exacerbated as executive demands increase
(McDaniel & Einstein, 2000), for example with nonfocal versus focal cues (Kliegel, Martin,
McDaniel, & Phillips, 2007). Yet a surprising contradiction exists such that, despite strong
evidence of laboratory-based PM declines, older adults tend to perform better than (or at
least comparably to) younger counterparts on naturalistic PM tasks meant to mimic
everyday life (Henry et al., 2004). For instance, older adults are often superior to young
adults at tasks such as remembering to phone the examiner at a later date (e.g., Maylor,
1990) and/or mail a postcard back to the laboratory (e.g., Patton & Meit, 1993). Dubbed “the
age-PM paradox” by Rendell and Thomson (1999), these puzzling findings first emerged in
the literature nearly 20 years ago (e.g., Rendell & Thomson, 1993) and corroborate long-
standing clinical impressions that older adults are often more reliable in complying with
their healthcare in everyday life (e.g., attending appointments, adhering to medications).
Numerous theories have been offered, with mixed empirical support, to explain how older
adults are able to overcome declines in PM when outside the laboratory, including age-
related differences in personality factors (e.g., increased conscientiousness; Patton & Meit,
1993; Rendell & Craik, 2000), increased lifestyle structure and reduced busyness
(Schnitzspahn, Ihle, Henry, Rendell, & Kliegel, 2011; cf. Bailey, Henry, Rendell, Phillips, &
Kliegel, 2010), and greater use of external aids and other mnemonic strategies (Maylor,
1990; Moscovitch, 1982; cf. Rendell & Thomson, 1993, 1999).

Although a significant body of work has examined the impact of aging on laboratory-based
and naturalistic PM separately, remarkably few studies have directly examined the paradox
in a single cohort (i.e., using within-subjects designs). The first study to explore the paradox
in this preferred fashion was conducted by Rendell and Thomson (1999), who observed that
younger adults (mean age = 20.2 years) performed better than older adults (young-old mean
age = 65.0 years; old-old mean age = 83.2 years) on two time-based PM tasks administered
in the laboratory; however, both groups of older adults were more likely to complete the
naturalistic PM task, which involved keying a specific sequence onto an electronic organizer
at four prespecified times during normal daily activities. In a subsequent study, Bailey et al.
(2010) demonstrated that older adults were more likely to remember to respond to a set of
questions via personal digital assistants (PDAs) outside the laboratory, but younger adults
performed better on the experimenter-controlled laboratory-based PM task that was
embedded within a naturalistic PDA questionnaire. Older adults in this study were
comparably active in their level and type of ongoing activities during the naturalistic PM
task (e.g., shopping), suggesting that their superior performance may not be due to decreased
busyness, but perhaps instead to the attentional demands and predictability associated with
such a routine. Most recently, Schnitzspahn and colleagues (2011) examined performance
on similar laboratory and naturalistic tasks that required the participant to either press a key
(during laboratory task) or text a simple message (during naturalistic task) at specified times.
Using this within-subjects design, the authors observed the expected age-PM paradox and
also noted that older adults reported higher motivation to complete the naturalistic task, had
greater metacognitive awareness regarding their naturalistic PM abilities, and reported lower
levels of everyday stress.
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Yet our understanding of the age-PM paradox in clinical samples thus far is quite limited
(e.g., Raskin et al., 2011; Will et al., 2009), which is somewhat surprising given the growing
evidence of PM deficits in a range of medical, psychiatric, and neurological populations (see
Kliegel, Jäger, Altgassen, & Shum, 2008) and the relevance of such deficits to successful
independent living (e.g., Woods, Iudicello, et al., 2008). For example, this phenomenon and
its mechanisms may be particularly relevant in the context of HIV infection, where older
adults now represent a substantial proportion of the total epidemic in the Western world,
largely due to the success of antiretroviral therapies (Centers for Disease Control and
Prevention, 2007). Increasing evidence suggests that older adults with HIV may have more
rapid disease progression (e.g., Goetz, Boscardin, Wiley, & Alkasspooles, 2001) and
increased morbidity (Perez & Moore, 2003). Furthermore, there may be a greater likelihood
of HIV-associated neurocognitive disorders in older HIV-infected adults (Valcour et al.,
2004), including deficits in retrospective memory and executive functions (Cherner et al.,
2004; Sacktor et al., 2007; cf. Valcour, Paul, Neuhaus, & Shikuma, 2011), both of which
contribute to optimal PM performance (Carey, Woods, Rippeth, Heaton, Grant, & The
HNRC Group, 2006; Gupta et al., 2010; Kliegel et al., 2008).

In accordance with its preferential pattern of frontostriatal neural injury (Ellis, Calero, &
Stockin, 2009), HIV infection is broadly associated with moderate deficits in both time- and
event-based PM (Carey et al., 2006; Martin et al., 2007; Zogg et al., 2011) that are
characterized by difficulties in self-initiated encoding, monitoring, and retrieval. Moreover,
individuals with HIV express more PM complaints in their daily lives (Woods et al., 2007)
and may be at risk for deficits on PM naturalistic tasks as compared to their seronegative
counterparts (Carey et al., 2006). Speaking to the ecological relevance of these findings,
HIV-associated PM deficits in the laboratory are associated with a range of poorer everyday
functioning outcomes, including dependence in instrumental activities of daily living
(Woods, Iudicello, et al., 2008), medication nonadherence (Contardo, Black, Beauvais,
Dieckhaus, & Rosen, 2009; Woods et al., 2009), and unemployment (Woods, Weber, Weisz,
Twamley, Grant, & The HNRP Group, 2011). For example, Woods, Iudicello, and
colleagues (2008) found that HIV+ individuals who demonstrated impairment on a
laboratory-based PM task possessed a fourfold risk of reporting declines in the independent
management of their instrumental activities of daily living, an effect that was independent of
other cognitive impairments, psychiatric comorbidity, and HIV disease severity.

Despite its demonstrated incremental validity in predicting everyday functioning outcomes
in HIV, less is known about the potential impact of age as a moderating factor on this
relationship. In other words, it is unclear whether older individuals with HIV are spared
from everyday PM failures in the face of significant deficits in the laboratory, as would be
predicted by the age-PM paradox, or whether the moderate neurocognitive declines
associated with comorbid HIV and aging override the apparent protective factors for
naturalistic PM associated with aging in otherwise healthy samples (Barclay et al., 2007). A
closer review of the extant neuroAIDS literature nevertheless provides several hints that the
age-PM paradox may also exist in HIV infection. With regard to laboratory PM, Woods,
Dawson, Weber, Grant, and the HNRC Group (2010) observed additive effects of age and
HIV infection on event-based PM, which were exacerbated especially when executive
demands were increased; in fact, they noted a significant relationship between older age and
worse PM performance even within the older HIV-infected cohort. In terms of naturalistic
tasks, older adults are more adherent to their antiretroviral medications than younger HIV+
adults (Hinkin et al., 2004), an activity that conceptually maps onto PM (Park & Kidder,
1996; Zogg, Woods, Sauceda, Wiebe, & Simoni, 2011, for a review). More recently, Zogg
and colleagues (2010) reported no significant age effects on a naturalistic PM telephone task
in a large, but predominately middle-aged HIV-infected cohort. Thus, it appears that, despite
evidence of age-associated PM deficits in the laboratory, which are risk factors for poorer

Weber et al. Page 3

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2012 April 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



everyday functioning (Barclay et al., 2007), older HIV-infected adults tend to perform
adequately on naturalistic PM tasks. Yet no studies have directly examined the age-PM
paradox (i.e., both laboratory and naturalistic PM tasks) in older and younger HIV-infected
adults.

As such, the primary aim of the following study was to examine whether the age-PM
paradox exists within an HIV+ sample using a within-subjects design. Secondarily, we
sought to explore whether naturalistic PM task success was indirectly associated with
greater self-reported use of compensatory strategies in the daily lives of HIV-infected
persons. This question is especially important to extend from the healthy aging literature to
HIV (and other neuromedical disorders), given that there are likely more severe PM deficits,
intensified health-related everyday demands (e.g., complex medication regimens, doctors
appointments), and practice with compensatory strategies (e.g., pillboxes, cell phone
reminders).

METHOD
Participants

This study was approved by the institution’s human research protections program.
Participants included 141 HIV-infected and 113 HIV-seronegative individuals recruited via
flyer or newspaper advertisement from the San Diego community and local HIV clinics.
Exclusion criteria were severe psychiatric illness (e.g., schizophrenia), neurological disease
(e.g., seizure disorders, stroke, closed head injury with loss of consciousness for more than
15 min, and central nervous system neoplasms or opportunistic infections), verbal IQ scores
<70 (based on Wechsler Test of Adult Reading, WTAR; Psychological Corporation, 2001),
a diagnosis of substance dependence within 1 month prior to the baseline evaluation, and a
urine toxicology screen positive for illicit drugs (excluding marijuana) on the day of testing.
The primary inclusion criterion across both serostatus groups was age ≥ 50 (“older”) or ≤ 40
(“younger”) years. Although this grouping resulted in older samples that were younger than
is typically considered in geropsychology, it is nevertheless consistent with the HIV
epidemic (e.g., Centers for Disease Control and Prevention, 2007) and National Institutes of
Health (NIH) recommendations for aging neuroAIDS research (Stoff, 2004). This design
yielded four groups defined by age and HIV serostatus: older HIV+ (n = 88), younger HIV+
(n = 53), older HIV− (n = 54), and younger HIV− (n = 59). All four groups were well
matched on education and prevalence of lifetime substance dependence, and participants in
the older and younger groups were comparable in age across serostatus (ps > .10). However,
Tables 1 and 2 show that the study groups were not comparable on a number of
demographic, psychiatric, and medical variables, many of which are representative of age-
and HIV-associated trends (e.g., increased prevalence of hypercholesterolemia in older
groups, higher percentage of men in HIV+ groups).

Materials and procedure
After providing written informed consent, participants completed a comprehensive
neuropsychological, psychiatric, and medical evaluation, for which they received nominal
monetary compensation.

Prospective memory assessment—Laboratory-based PM was assessed using the
research version of the Memory for Intentions Screening Test (MIST; for more information,
the reader is referred to Raskin, Buckheit, & Sherrod, 2010, and Woods, Moran, et al.,
2008). The MIST is a 30-min test during which participants are asked to perform eight
examiner prescribed intentions, while completing a series of word search puzzles that serve
as ongoing tasks. Four time-based trials are given such that a participant is asked to perform
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a task after either 2 (i.e., “In 2 minutes, ask me what time this session ends today” and “In 2
minutes, tell me two things you forgot to do this past week”) or 15 min (i.e., “In 15 minutes,
tell me that it’s time to take a break” and “In 15 minutes, write down the number of
medications you are taking on your paper”), counterbalanced between verbal and action
responses (see previous example, respectively). Of note, participants are only allowed to use
a wall clock situated behind them in order to check the time; external aids, such as writing
notes or using a watch, were prohibited from use during this task. The time-based scale has a
range of 0–8, such that fully correct trials receive 2 points (i.e., correct PM and
retrospective, RM, components), trials with a missing PM (e.g., action performed at the
incorrect time) or RM (e.g., wrong action performed at the correct time) component received
1 point, and omission errors received 0 points. As such, the MIST allows for error type
coding as follows: (a) no response (i.e., omission errors); (b) loss of time (i.e., performing
the correct response at the wrong time; ≥15% of the target time); (c) task substitution (e.g.,
perseverations or intrusions, such as replacing a verbal response with an action or vice
versa); and (d) loss of content (e.g., acknowledging that a response is required, but failing to
recall the particulars). After completing the primary task, participants were administered an
eight-item, three-choice recognition trial (range = 0–8).

Prior to beginning their neuropsychological assessment, participants were given a
naturalistic PM task instruction, which was also adapted from the research version of the
MIST (Raskin et al., 2010; Woods, Moran, et al., 2008). For this task, each participant was
instructed to telephone the examiner at a specific time the following day and leave a
voicemail message specifying the number of hours slept the previous night (Carey et al.,
2006; Zogg et al., 2010). Although not explicitly mentioned or encouraged by the examiner,
the use of mnemonic strategies such as electronic calendars was permitted. Participants were
given full credit for completing the task if the correct message was left for the examiner the
next day at the target time. Conversely, performance was scored as “incomplete” if the
participant did not leave any message, did so at an incorrect time (≥15% of the target time;
i.e., ±3 hours and 35 minutes), or left a message without specifying the number of hours
slept. Prior research supports the reliability (Woods, Moran, et al., 2008) and construct
validity (Woods et al., 2009; Woods, Iudicello, et al., 2008, Gupta et al., 2010) of the MIST,
including the time-based scale and 24-hour trial (Carey et al., 2006; Zogg et al., 2010) in
HIV infection.

As an indicator of self-reported PM complaints, participants completed the Prospective
Memory Scale from the Prospective and Retrospective Memory Questionnaire (PRMQ;
Smith, Della Sala, Logie, & Maylor, 2000), on which individuals noted the frequency with
which they experience failures of PM in their daily lives. Additionally, participants were
administered the Prospective Memory for Medications Questionnaire (PMMQ; Gould,
McDonald-Miszczak, & King, 1997) as a measure of mnemonic strategy use in daily life.
The PMMQ is a 28-item self-report questionnaire that yields four subscales corresponding
to use of internal (e.g., “repeat the instructions in my head”), external (e.g., “write a note”),
PM-based (e.g., “ask someone to remind me when I need to take my medications”), and
RM-based (e.g., “concentrate while reading the medication instructions”) strategies
associated with remembering to take medications. Items are rated on a Likert-type scale
based on frequency of strategy use in the last month, with higher scores indicating greater
frequency (e.g., 0 = “never use this strategy,” 4 = “always use this strategy”).

Psychiatric assessment—Lifetime and current diagnoses of major depressive disorder,
generalized anxiety disorder, and substance use disorders were generated from structured
psychiatric interviews conducted using the Composite International Diagnostic Interview
(Version 2.1; World Health Organization, 1998) according to Diagnostic and Statistical
Manual of Mental Disorders–Fourth Edition criteria (American Psychiatric Association,
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1994). Participants also completed the Profile of Mood States (POMS; McNair, Lorr, &
Droppleman, 1981), which measures current affective distress in the areas of tension/
anxiety, depression/dejection, anger/hostility, vigor/activity, fatigue/inertia, and cognitive/
confusion. The POMS also provides a total mood disturbance score, on which higher scores
signal greater distress.

RESULTS
Age-PM paradox

The present study examined the age-PM paradox using a mixed model analysis of variance
(ANOVA). The two between-subjects factors were age group and HIV serostatus. The
within-subjects factor was PM task type (i.e., laboratory based or naturalistic).

Between-subject factors—Analyses revealed significant main effects of both between-
subjects factors (i.e., HIV status and age group), such that overall PM performance was
worse in the HIV-infected, F(1, 250) = 5.10, p = .025, η2 = .020, and older subgroups, F(1,
250) = 20.47, p < .001, η2 = .076. The Age × HIV interaction term was not significant, F(1,
250) = 1.14, p = .288, η2 = .005.

Age Group × Task interaction—In regards to performance between task types (i.e.,
within-subjects factor), the interaction between age group and task type was significant, F(1,
250) = 33.47, p < .001, η2 = .118. Planned follow-up analyses indicated that older
individuals performed worse on the laboratory task (i.e., MIST time subscale) than did their
younger counterparts, t(240.15) = −6.23, p < .001, d = 0.86, but age groups did not differ on
the naturalistic task (i.e., 24-hour trial), t(238.71) = −0.68, p > .10, d = 0.08.

HIV Status × Task interaction—A trend-level interaction was present between HIV
status and task, F(1, 250) = 3.78, p = .053, η2 = .015. Planned post hoc analyses revealed a
similar pattern, whereby the discrepancy between serostatus groups on the MIST time scale
was significant and was associated with a medium effect size, t(239.64) = −3.02, p = .003, d
= 0.40, but naturalistic performance was comparable across serostatus, t(241.38) = −0.43, p
> .10, d = 0.08.

Age Group × HIV Status × Task interaction—Finally, the three-way interaction term
(Age × Serostatus × Task Type) was not significant, F(1, 250) = 2.70, η2 = .011, p > .10.
Planned post hoc analyses showed that the age group finding on the MIST time scale was
significant in the HIV+ cohort, t(112.71) = 3.18, p < .004, d = 0.55. This finding held even
after including demographic (i.e., sex, ethnicity) and disease (i.e., nadir cluster of
differentiation 4, CD4; AIDS status; duration of infection; hepatitis C infection;
hypertension; hypercholesterolemia; diabetes; generalized anxiety disorde diagnosis)
variables on which the age groups differed in the statistical model, R2 = .15, F(10, 130) =
2.25, p = .019. A robust age effect was also found on the MIST time scale in the HIV−
group, t(109.07) = 5.35, p < .001, d = 1.04; similarly, these effects remained significant even
after considering factors on which the age groups differed (i.e., ethnicity,
hypercholesterolemia, hepatitis C infection) in the statistical model, R2 = .22, F(3, 109) =
10.52, p < .001. There were no significant age differences on the naturalistic tasks in either
serostatus group: HIV+, t(111.65) = −0.25, p > .10, d = 0.05; HIV−, t(110.63) = −0.84, p > .
10, d = 0.16 (see Figures 1a and 1b).

Alternative analytic approaches—In order to confirm the significance findings of the
primary analysis, additional multivariate analyses of variance (MANOVAs) were conducted
with potential confounding factors in the model as covariates. These three MANOVAs were
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determined based on category of variables on which all four groups differed and were
clustered into demographic (i.e., sex, ethnicity), psychiatric (i.e., lifetime diagnoses of major
depressive disorder [MDD] and generalized anxiety disorder [GAD]), and disease (i.e.,
hepatitis C, hypertension, hypercholesterolemia, diabetes mellitus) variables. The addition of
these confounding factors into the models did not change the primary age-PM paradox
results described above (all ps < .05). To increase consistency with other studies in the PM
literature, the naturalistic task was also analyzed using a three-group indicator of task
success in order to isolate the PM component of the task (i.e., “correct PM and RM
component” = call at the correct time with the correct information, “correct PM component”
= call at the correct time but with incorrect or absent information, and “missing” = no call).
These analyses did not differ from the aforementioned approach and findings.

Compensatory strategies and naturalistic task success
To explore the predictors of naturalistic task success in the HIV+ group, logistic regressions
were conducted with age group, PMMQ subscales, and their interactions as predictors of 24-
hour trial completion (i.e., correct PM and RM components). For the PMMQ PM subscale,
the full model was significant— χ2(3) = 10.90, p = .01—and did not yield significant main
effects of either age group or subscale score (both ps > .10) in predicting naturalistic task
completion. Similarly, the full model for the PMMQ external strategy subscale was
significant— χ2(3) = 8.93, p = .03—with no main effects of age group or subscale score.
Importantly, there were interactions between age group and use of both PM-based, χ2(1) =
4.08, p = .043, and external, χ2(1) = 5.38, p = .020, mnemonic strategies on 24-hour task
completion but not RM-based—χ2(3) = 5.55, p > .10; interaction term, χ2(1) = 2.51, p > .10
—or internal strategies— χ2(3) = 5.99, p > .10; interaction term, χ2(1) = 1.23, p > .10. That
is, only older HIV+ participants who successfully completed the naturalistic task reported
using more PM-based, t(33.42) = −3.40, p = .002, d = 0.77, and external, t(33.74) = −2.61, p
= .013, d = 0.64, mnemonic strategies in their daily lives (see Figures 2a and 2b). (N.B., this
secondary analysis was performed only in older individuals who were prescribed
medication, n = 85, as the PMMQ only evaluates mnemonic strategy use as it pertains to
medication management; relatedly, the primary analyses detailed above remained significant
when performed using this combination antiretroviral therapy (cART) restriction criterion in
all HIV+ individuals, n = 120.) Potential confounding factors on which the seropositive age
groups differed (i.e., ethnicity, hepatitis C status, hypertension, hypercholesterolemia,
duration of infection, and AIDS status) were all including both the PM subscale— χ2(9) =
17.21, p = .046—and external subscale— χ2(9) = 16.81, p = .052—logistic regressions, but
did not change the significance of the age group by strategy use interaction (all ps < .05).
Within these factors, AIDS status was an independent predictor of 24-hour trial completion
such that having an AIDS diagnosis was associated with completing the trial across both age
groups (ps < .05). Further analyses revealed that there were no other significant predictors or
interactions on any of the other demographic or disease variables listed in Tables 1 and 2 as
they pertain to naturalistic task success (all ps > .10).

DISCUSSION
The present study sought to extend the age-PM paradox to an older HIV-infected
population, who represent a growing subpopulation of the HIV epidemic that is at risk for
PM impairment (Woods et al., 2010) and declines in everyday functioning (e.g., Thames et
al., 2011). Our results showed an interaction between age group and PM task in the HIV+
sample, such that older adults with HIV performed worse than their younger seropositive
counterparts on laboratory tasks of PM but performed comparably on a naturalistic PM task.
In other words, older HIV+ adults had more difficulty than younger HIV+ adults
remembering to execute intentions in the future while constrained in a laboratory setting but
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were better able to remember to perform an experimenter-decreed task while operating in
their daily lives. This study extends the very limited clinical literature on the age-PM
paradox (see also Raskin et al., 2011; Will et al., 2009) to individuals living with HIV
infection.

Regarding the laboratory PM results, our findings add to a growing body of work suggesting
that HIV-associated cognitive deficits may be more pronounced in older adults and, more
specifically, a nascent literature examining PM deficits in older HIV-infected adults. In fact,
although previous research has demonstrated additive event-based PM deficits related to
serostatus and normal aging (Woods et al., 2010), this is the first study to our knowledge to
report age-related deficits on time-based PM in HIV. Importantly, these effects remained
statistically significant after accounting for the effects of disease characteristics (e.g., AIDS
status), suggesting that age-associated PM deficits in HIV are likely not solely due to
advanced disease severity and longer duration of infection in older individuals. Further
examination of the cognitive mechanisms of time-based PM deficits in older HIV-infected
adults is clearly warranted, considering the importance of such deficits across the lifespan as
predictors of everyday functioning outcomes (e.g., medication adherence; Woods et al.,
2009). For example, future studies that directly assess component processes of time-based
PM (e.g., time monitoring, estimation, and production) would be needed to examine these
mechanisms further.

In spite of these laboratory-based PM deficits, we found evidence of the age-PM paradox in
this sample in that the younger and older HIV+ adults performed comparably on a
naturalistic PM task (i.e., a 24-hour telephone task). This suggests that, despite the
additional neural injury often associated with aging and HIV infection (e.g., Ernst & Chang,
2004) and associated risk of cognitive impairment (e.g., Cherner et al., 2004), older HIV-
infected adults were no different from their younger seropositive counterparts in terms of the
ability to remember to execute a future intention outside of the laboratory. These data speak
to the robustness of age-related benefits that appear to persevere despite the additional risk
for HIV-associated cognitive deficits (e.g., Cherner et al., 2004; Woods et al., 2010). This is
commensurate with the literature as well as clinical lore, which has suggested that, in
comparison to younger adults with HIV, older HIV+ adults are often more reliable with
respect to remembering to take their medication (e.g., Hinkin et al., 2004) and to attend
doctor’s appointments than younger adults. Possible mechanisms of naturalistic PM success
despite laboratory deficits in HIV have focused on the contributions of environmental
structure and compensatory mechanisms. For instance, HIV-infected substance users with a
highly structured daily routine tend to be more adherent to their antiretroviral (ARV)
regimens (Wagner & Ryan, 2004).

In a series of secondary analyses, the use of PM-based and external mnemonic strategies
emerged as a potentially relevant factor in the expression of the age-PM paradox in HIV-
infected individuals. In this sample, older HIV-infected adults who successfully performed
the naturalistic task reported using PM-based strategies and external aids to help them to
remember to take their medications in daily life. This association was not found among
younger HIV-infected individuals, suggesting that older adults may need additional support
in order to remember PM tasks in their everyday lives, whereas younger adults may rely
more so on their raw PM abilities without the use of mnemonic aids. Interestingly, RM-
based and internal strategies did not predict naturalistic success in either HIV+ age group,
suggesting that there may be something unique to PM-based (e.g., setting an alarm to signal
the appropriate time to act) and external (e.g., writing oneself a note) strategies that facilitate
the ability to execute future intentions in daily life in this cohort (Vedhara et al., 2004).
Although experimental manipulations are needed in order to more fully assess whether
strategy use is indeed the mechanism by which individuals are better able to remember to
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perform tasks in the future, this finding may inform rehabilitation efforts, since it suggests
that there may be simple and easily implemented cognitive remediation strategies for PM
deficits in HIV infection. The inclusion of mnemonic aids in cognitive rehabilitation efforts
for older adults with HIV infection may help to prevent everyday functioning declines,
particularly for aspects of daily living that heavily rely upon intact PM abilities (e.g.,
medication adherence). However, considering the design of the present study, the general
use of mnemonic aids may actually be indicative of another factor that was not assessed. For
instance, it may be that older adults implement memory strategies into their routines once
they notice that long-practiced everyday tasks are becoming more difficult to remember (i.e.,
increased insight), but younger adults may be using these strategies as a result of a physician
recommendation with variable effectiveness due to external factors (i.e., diminished
effectiveness of mnemonic aids due to lack of daily routine).

The present study marks the first venture into determining the validity of the age-PM
paradox in an HIV-infected sample and used a within-subjects design. The results suggest
that the age-PM paradox largely operates comparably in the HIV+ sample as it does in the
seronegative group, as indicated by the absence of a significant three-way interaction
between age group, serostatus, and PM task type. However, it is important to note that,
although not statistically significant, a closer review of the effect sizes shows that the age
group difference (i.e., Cohen’s d) on the time-based task in the seronegative sample was
more than twice that of the HIV+ group. One possible explanation for the modest
attenuation of age-related laboratory task deficits in the seropositive group may be increased
noise due to the influence of disease severity and comorbidities in the HIV samples, which
may alter associations between demographic factors and cognition. However, the significant
age-PM analyses persist even while statistically considering disease characteristics on which
the age groups differed, and this concern would hypothetically produce the opposite result
(i.e., a larger effect size would be expected in the HIV+ sample due to greater disease
severity). A more reasonable explanation may be survivor bias; that is, the older HIV+
group may be composed of healthier individuals who have successfully managed the disease
for many years (i.e., so-called “long-term nonprogressors”). Nevertheless, despite the
reduced age signal on PM and the relative youth of the older HIV+ individuals, the age-PM
paradox is still clearly present in this clinical sample.

Beyond the HIV-infected cohort, this study extends the age-PM paradox to a middle-aged
seronegative adult sample, suggesting that although laboratory-based PM deficits may exist
earlier than expected in the lifespan, these individuals may still perform daily PM tasks as
well as their younger counterparts. In an effort to analyze groups that were demographically
comparable, the older seronegative cohort is considered young relative to the aging
literature, with an approximate mean age of 56 years compared to typical normal aging
cohorts of 65 years and older. Additionally, the younger seronegative group is much older
(i.e., mean age of 30 years) than most other studies of the age-PM paradox, where the
younger samples are typically drawn from undergraduate populations (e.g., Rendell &
Thomson, 1999). Despite performing a standard deviation worse on the laboratory PM task,
the HIV− older adults completed the naturalistic task comparably to younger adults. As
such, this study replicates the age-PM paradox in a different age range of seronegative adults
using a within-subjects design. Moreover, the older HIV+ samples in the present study are
considerably younger than samples in other comparable studies examining similar questions
in healthy adults (e.g., Rendell & Thomson, 1999). This discrepancy is largely due to the
relative youth of the aging HIV+ population, as a result of the timing and nature of the
epidemic. However, this would present a conservative bias in terms of performance-based
data, whereby we would not find an age effect across the HIV seronegative samples. In fact,
our data reflect a stronger than anticipated age effect, which may be in part due to an
overzealous attempt to match our older samples on other factors that may impair cognition

Weber et al. Page 9

J Clin Exp Neuropsychol. Author manuscript; available in PMC 2012 April 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



(e.g., substance dependence). However, in terms of naturalistic task performance, this age
discrepancy might represent a Type II error, whereby a significant difference between age
groups in the HIV+ sample might be detected in an older sample due to a greater
accumulation of risk factors and a relative reduced impact of protective factors.

This study is not without its limitations. For example, this particular HIV-infected sample
comprised relatively healthy (e.g., median current CD4 count in 500s), well-educated men,
and, therefore, these results may not generalize to all aspects of the HIV epidemic (e.g.,
women and ethnic minorities). Similarly, the seronegative adult cohort was recruited to be
demographically comparable to the seropositive group (e.g., similar rates of psychiatric
comorbidities), and as such these results may not generalize to healthier adult samples. As
concerns the experimental methods, our measure of naturalistic PM consisted of a single
trial with a relatively large time window for a correct response (±15% of the 24-hour target).
Although only 3.5% of the sample made “loss of time” errors (i.e., correct responses outside
the target time), the liberal scoring criteria used in this study differed from the existing
naturalistic PM literature and may have further exacerbated the psychometric differences
between our naturalistic and laboratory-based PM tasks. In these ways, the limited demands
of the naturalistic trial and possible floor effects on loss of time errors may also increased
our risk of Type II error. A greater number of naturalistic trials would have been ideal, as it
might have increased the difficulty of the task and perhaps also yielded greater performance
variability, thereby increasing its comparability to the MIST time-based score. Extending the
issue of comparability to the broader paradox literature, the naturalistic task paradigm used
in the present study (e.g., single trial) is not consistent with the multitrial tasks used in some
other paradox investigations (e.g., Schnitzspahn et al., 2011), thus limiting our ability to
draw direct comparisons across studies. Finally, the laboratory-based and naturalistic trials
are not psychometrically comparable on other characteristics of typical PM tasks, such as
relative time delay (e.g., short, long) and modality of response (e.g., verbal, action), and
therefore may not be equivalent in terms of task reliability and complexity.

In terms of our exploratory analyses, information regarding strategy use was collected in
terms of the participants’ everyday habits for medication management and not specifically
as it related to this particular PM naturalistic task. Future investigations would benefit from
either querying specific strategy use post test or using random assignment to prospectively
examine the impact of strategy use on this task. Other factors (e.g., insight, routinization of
daily activities) that may feed into the use the mnemonic aids should also be concurrently
assessed in future studies, particularly those that may be specific to older individuals with
HIV (e.g., increased apathy related to HIV-associated frontal systems deficits; Castellon,
Hinkin, & Myers, 2000). More broadly, we elected to explore only one hypothesis (i.e., the
use of mnemonic strategies) that may underlie older adults’ success on everyday PM tasks.
Considering the complexity of HIV-infected individuals’ medication regimens, the use of
external aids (e.g., medication organizers) are often suggested by healthcare providers to
their patients and may therefore be of particular relevance to this population to overcome
HIV-associated PM deficits. However, other hypotheses regarding the paradox in healthy
older adults (e.g., structured lifestyles) may also be applicable and should be tested in future
studies.
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Figure 1.
Bar charts display the interaction between age and laboratory (a) and naturalistic (b)
prospective memory performance in persons with and without HIV infection. *p < .05.
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Figure 2.
Bar charts display the interaction between age and both prospective (a) and external (b)
compensatory strategy use in predicting naturalistic prospective memory performance in the
HIV+ cohort. PMMQ = Prospective Memory for Medications Questionnaire. *p < .05.
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