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Abstract

According to the multi-process theory of prospective memory (ProM), time-based tasks rely more heavily on strategic processes dependent

on prefrontal systems than do event-based tasks. Given the prominent frontostriatal pathophysiology of HIV infection, one would expect

HIV-infected individuals to demonstrate greater deficits in time-based versus event-based ProM. However, the two prior studies examining

this question have produced variable results. We evaluated this hypothesis in 143 individuals with HIV infection and 43 demographically

similar seronegative adults (HIV2) who completed the research version of the Memory for Intentions Screening Test, which yields parallel

subscales of time- and event-based ProM. Results showed main effects of HIV serostatus and cue type, but no interaction between serostatus

and cue. Planned pair-wise comparisons showed a significant effect of HIV on time-based ProM and a trend-level effect on event-based ProM

that was driven primarily by the subset of participants with HIV-associated neurocognitive disorders. Nevertheless, time-based ProM was

more strongly correlated with measures of executive functions, attention/working memory, and verbal fluency in HIV-infected persons.

Although HIV-associated deficits in time- and event-based ProM appear to be of comparable severity, the cognitive architecture of time-

based ProM may be more strongly influenced by strategic monitoring and retrieval processes.
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Introduction

Prospective memory (ProM) is the neurocognitive capacity to successfully form, maintain, and execute an intention at a

particular point in the future in response to a specific cue. Commonly cited examples of ProM in daily life include remembering

to deliver a message to a friend, take a medication as prescribed, or attend a healthcare appointment. Conceptually, ProM is a

form of episodic memory that is related to, but dissociable from retrospective memory (RetM; Einstein & McDaniel, 1990). It

is primarily dependent on prefrontal systems, most notably Brodmann’s area 10 (Burgess, Quayle, & Frith, 2001, 2003), and

associated cognitive constructs, including attention/working memory and executive functions, such as planning and cognitive

flexibility (McDaniel, Glisky, Rubin, Guynn, & Routhieaux, 1999). It also relies on the integrity of the medial temporal lobe,

specifically the hippocampal formation, which is critical to the RetM encoding and consolidation aspects of ProM (McDaniel

& Einstein, 2007; Simons, Schölvinck, Gilbert, Frith, & Burgess, 2006). Although scientific inquiry into ProM gained momen-

tum and prominence in the aging literature (Henry, MacLeod, Phillips, & Crawford, 2004), there has been growing interest in
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the mechanisms and functional impact of ProM in clinical populations (Kliegel, Jager, Altgasen, & Shum, 2008), especially

given its demonstrated relevance to independent living skills (Twamley et al., 2008).

Persons living with HIV infection, for example, subjectively experience more ProM failures in their daily lives than their

seronegative counterparts (Woods et al., 2007) and perform more poorly on laboratory measures of ProM (Carey, Woods,

Rippeth, Heaton, Grant, & The HNRC Group, 2006; Martin et al., 2007). Prior evidence of increased rates of omission

(i.e., no response), commission (i.e., perseverations), and loss of time errors (i.e., the correct intention performed at the

wrong time) in the context of normal recognition support the hypothesis that HIV-associated ProM deficiencies are driven

by the strategic aspects of encoding and retrieval, rather than by deficits in consolidation or other failures of RetM (Carey

et al., 2006). Underscoring their clinical relevance, HIV-associated ProM deficits confer a 4-fold increased risk of concurrent

declines in independent activities of daily living (Woods, Iudicello, et al., 2008) and are highly predictive of a number of

adverse health behaviors, including risky sexual and injection drug use practices (Martin et al., 2007), unemployment

(Woods, Weber, Weisz, Twamley, & Grant, 2011), and non-compliance with antiretroviral regimens (Contardo, Black,

Beauvais, Dieckhaus, & Rosen, 2009; Woods, Moran, Carey, et al., 2008; Woods et al., 2009) and general healthcare instruc-

tions (Zogg et al., 2010). Importantly, ProM displays incremental ecological validity in the prediction of successful daily func-

tioning among HIV-infected individuals beyond the influence of traditional measures of neuropsychological impairment,

psychiatric comorbidity, demographics, and HIV disease severity (Woods, Iudicello, et al., 2008; Woods, Moran, Carey,

et al., 2008).

A defining feature of ProM is that an individual must independently detect a relevant environmental cue and self-initiate

retrieval of a linked intention during a period of delay and distraction without an explicit prompt to do so (Einstein &

McDaniel, 1990). This contrasts with RetM in which retrieval is induced by an explicit prompt, such as a direct query from

an examiner. Of particular interest among researchers are the processes and conditions supporting successful cue recognition

in ProM and the necessary switching of attention from ongoing activity to the task at hand (i.e., intention retrieval). According

to the highly influential multi-process theory of McDaniel and Einstein (2000), characteristics of the target cue are instrumental

in determining whether encoding, monitoring, and/or retrieval processes are likely to be effective. One such critical feature is

whether cue detection is a function of the passage of time (TB cue) or the occurrence of an event (EB cue). In a TB task, an

intention is executed after the passage of a specified period of time (e.g., taking a medication 1 hr after a meal), whereas EB

task completion is contingent on an external cue (e.g., taking a medication before going to bed). Successful TB ProM is hypoth-

esized to rely on voluntary, strategic monitoring processes that consume considerable cognitive resources and decline with dys-

regulation of prefrontal systems (Raskin et al., 2011). Generally speaking, EB intentions are thought to come to mind

involuntarily and relatively automatically when the target event is encountered, and therefore involve less strategic monitoring

and cognitive control (McDaniel & Einstein, 2000). Complicating matters, however, is the fact that not all EB tasks are created

equal; that is, the strategic demands of EB tasks can also be manipulated, as has been demonstrated in the case of focal versus

non-focal cues (i.e., focal cues are believed to demand less in the way of strategic resources because the PM cue [e.g., an animal

word] is central to the processing of the ongoing task [e.g., a lexical decision task]) (Kliegel et al., 2008). Nevertheless, for TB

and EB tasks that are well matched on these (and other) important characteristics, it is generally agreed that TB tasks are rela-

tively more dependent on self-initiated monitoring and retrieval processes supported by frontostriatal pathways than are EB

tasks (Gilbert, Gollwitzer, Cohen, Oettingen, & Burgess, 2009). Conditions affecting prefrontal systems, therefore, might

be expected to negatively impact performance on TB tasks relative to EB tasks (e.g., Parkinson’s disease; Costa, Peppe,

Caltagirone, & Carlesimo, 2008; Raskin et al., 2011). Although HIV affects several different neural systems, a convergence

of neuropathological (Masliah, Ge, & Mucke, 1996), neuroimaging (Paul et al., 2007), and neuropsychological (Woods,

Carey, Tröster, Grant, & The HNRC Group, 2005) data supports a preferential impact of HIV-associated neuropathology

on the fronto-striato-thalamo-cortical loops (see Ellis, Calero, & Stockin, 2009, for a review). Accordingly, one might hypoth-

esize that the prominent frontostriatal systems pathophysiology of HIV infection would confer a disproportionate risk for def-

icits in TB versus EB ProM.

However, findings from the two published studies investigating this question among persons living with HIV have been

mixed. In the first study, Carey and colleagues (2006) compared the ProM performance of 42 HIV-positive participants

with that of 29 seronegative comparison participants on the Memory for Intentions Screening Test (MIST; Raskin,

Buckheit, & Sherrod, 2010) and found significant impairment in both TB and EB, with a slightly larger effect size for EB

ProM (Cohen’s d ¼ 0.84 vs. 0.68). However, a subsequent study by Martin and colleagues (2007) reported that TB, but not

EB, ProM was impaired in 31 HIV-infected substances when compared with 35 uninfected comparison substance users.

The EB task in this study required participants to turn over a piece of paper upon hearing a particular verbal cue from the exam-

iner, whereas successful completion of the TB task required keeping track of elapsed time and informing the examiner each

time 7 min had passed. Noting that EB scores were negatively skewed and approached ceiling levels, the authors hypothesized

that psychometric incomparability between the EB and TB may have influenced their findings. Another limitation of this prior
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literature was the relatively small samples of HIV-infected individuals, which may have restricted the statistical power of both

studies. A more general weakness is the absence of a conceptually based, hypothesis-driven approach to identifying whether

HIV infection is associated with a disproportionate effect on TB versus EB ProM (e.g., neither of these studies examined poss-

ible serostatus by cue interactions).

With these limitations in mind, the present study aimed to examine the relative effects of HIV on TB and EB ProM in a large

sample as guided by McDaniel & Einstein’s (2000) multi-process theory. Overall ProM performance was expected to be

impaired among HIV-positive individuals relative to uninfected participants, with disproportionately adverse effects on TB

versus EB ProM. We also sought to assess whether specific ProM errors (i.e., omissions, task substitution, loss of time, or

loss of content) varied by cue type (i.e., time- or event-based). Previous researchers have reported on the prevalence of

various types of errors across summary indices of ProM, but not whether error profiles differ as a function of TB relative to

EB performance. Finally, we aimed to examine the cognitive correlates of TB and EB ProM in HIV using a well-validated

battery of standard clinical tests and a few targeted experimental measures (e.g., time estimation).

Method

Participants

Participants were 143 adults with HIV infection and 43 demographically similar healthy, seronegative adults (HA) from the

San Diego community or local HIV clinics who responded to flyers or newspaper advertisements describing the study. Those

with 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 [CNS] neoplasms or opportunistic infections),

verbal IQ scores ,70 (based on Wechsler Test of Adult Reading; Psychological Corporation, 2001), diagnoses of substance

dependence within the 6 months prior to the baseline evaluation, or urine toxicology screens positive for illicit drugs on the day

of testing were excluded from participation. Table 1 shows the demographic, psychiatric, and HIV disease characteristics of the

study cohorts. Participants were generally middle-aged with post-high school educational backgrounds and fairly well-

managed HIV disease (e.g., the median CD4 t-lymphocyte count was over 500). No significant differences in age, education,

ethnic identity, or estimated premorbid verbal intelligence were observed between infected and uninfected groups (ps . .10),

although there was a lower proportion of women in the HIV-positive group (p , .001). HIV-infected participants were margin-

ally more likely to be co-infected with hepatitis C and to report lifetime histories of major depressive disorder and substance

dependence (ps , .10).

Table 1. Demographic, psychiatric, and medical characteristics of the study participants

Characteristics HIV2 (N ¼ 43) HIV+ (N ¼ 143) p

Demographic

Age (years) 43.3 (12.5) 45.6 (8.4) .335

Education (years) 14.6 (2.2) 14.1 (2.3) .191

WTAR verbal IQ 105.7 (11.2) 105.0 (11.9) .834

Sex (% women) 46.5 12.6 ,.001

Ethnicity (% Caucasian) 53.5 60.8 .340

Psychiatric

Major depressive disordera (%) 35.7 53.2 .047

Generalized anxiety disordera (%) 7.1 5.7 .725

Substance dependencea (%) 35.7 51.8 .068

POMS totalb 39 (23, 68) 49 (31, 69) .124

Medical

Hepatitis C (%) 2.3 14 .034

HIV disease

HIV duration (years) — 13.8 (7.5)

AIDS (%) — 61.5

cART (%) — 79.7

Nadir CD4b (cells/ml) — 142 (40, 310)

Current CD4b (cells/ml) — 535.5 (325.8, 783)

HIV RNAb log10 (% detectable) — 31.4

Note: WTAR ¼Wechsler Test of Adult Reading; POMS ¼ Profile of Mood States; cART ¼ combination antiretroviral therapy.
aLifetime diagnoses.
bMedian (interquartile range).
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Materials and Procedure

After providing written informed consent, participants completed a comprehensive neuropsychological, psychiatric, and

medical evaluation.

ProM assessment. ProM was assessed using the research version (Woods, Moran, Dawson, et al., 2008) of the MIST (Raskin

et al., 2010), which provides methodologically comparable subscales of TB and EB ProM. The MIST comprised eight trials

during which participants complete a series of word search puzzles as ongoing distracter tasks. Participants respond to EB cues

in four of the eight trials (e.g., “When I show you a postcard, self-address it.”) and to TB cues in the other four trials (e.g., “In

15 minutes, tell me it is time to take a break.”). The TB and EB trials are balanced for delay interval (i.e., 2 and 15 min delay

periods) and response modality (i.e., verbal and action responses). Each item receives a score ranging from 0 to 2 points, which

are summed to create two cue-specific subscales that range from 0 to 8 points (see Woods, Moran, Dawson, et al., 2008, for a

more detailed description of MIST variables). In addition, we generated separate error type totals for the TB and EB scales

(range ¼ 0–4). Consistent with prior studies (Woods, Moran, Dawson, et al., 2008), errors were coded as no-response (i.e.,

response omission errors), loss of time (i.e., executing an intention ≥15% of the target time), task substitution (e.g., responding

verbally instead of with an action or vice versa), or loss of content (i.e., awareness that a response is required but failure to

recall the content). Finally, participants were administered an eight-item, three-choice post-test recognition task, from

which we generated separate error totals for recognition of TB (range ¼ 0–4) and EB (range ¼ 0–4) cues.

General neuropsychological assessment. Participants also completed a standard battery of clinical tests of neuropsychological

functioning. The battery was consistent with National Institutes of Health guidelines for assessing the cognitive domains that

are most sensitive to HIV infection (Antinori et al., 2007). Thirty-one percent (N ¼ 44) of the HIV sample met the Frascati

criteria for an HIV-associated neurocognitive disorder (HAND; Antinori et al., 2007), which required evidence of impairment

(i.e., 1 + SD below the normative mean) in ≥2 neurocognitive domains as determined by blinded clinical ratings and a multi-

disciplinary case conference (Woods et al., 2004). Seventy-three percent were diagnosed with Asymptomatic Neurocognitive

Impairment, 25% with Mild Neurocognitive Disorder, and 2% with HIV-associated Dementia. The specific domains assessed

were: (a) retrospective learning and memory, which included the immediate- and long-delayed trials of the California Verbal

Learning Test—Second edition (CVLT-II; Delis, Kramer, Kaplan, & Ober, 2000), the Logical Memory subtest of the Wechsler

Memory Scale-III (Psychological Corporation, 1997), and the Rey-Osterreith Complex Figure (Stern et al., 1999); (b) infor-

mation processing speed (Trail Making Test, Part A (TMT; Reitan & Wolfson, 1985) and total execution time from the

Tower of London—Drexel (ToL-DX; Culbertson & Zillmer, 2001); (c) executive functions (TMT Part B and the ToL-DX

total move score); (d) attention/working memory (Digit Span subtest from the Wechsler Adult Intelligence Scale-Third

Edition [Psychological Corporation, 1997]) and the total errors from the Self-Ordered Pointing Test (Morgan et al., 2009);

and (e) verbal fluency (animals and letter C [Benton, Hamsher, & Sivan, 1983] and actions [Woods et al., 2005]). Raw

scores were converted to population-based z-scores derived separately from the HIV+ (N ¼ 143) and HIV2 (N ¼ 43)

samples then averaged across the tests in each domain to create composite z-scores for each ability area. Participants also com-

pleted an experimental measure of time estimation (Mimura, Kinsbourne, & O’Connor, 2000) in which they were asked to

estimate how much time had elapsed during the four brief intervals (i.e., 15, 30, 45, and 90 s in a randomized order),

without the aid of a clock. The discrepancy between the actual time elapsed and the participants’ response was used as the

primary outcome (Woods et al., 2009).

Psychiatric assessment. Lifetime and current diagnoses of major depressive disorder, generalized anxiety disorder, and sub-

stance 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 criteria (4th ed., American Psychiatric Association, 1994). These CIDI modules were chosen because

they assess the psychiatric disorders most prevalent in HIV disease. 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.

Data analyses. To determine whether HIV serostatus disproportionately affected time- versus event-based ProM in this

sample, we conducted a repeated-measures analysis of variance (ANOVA) with HIV serostatus as the between-subjects

factor and cue type (time- or event-based) as the within-subjects factor. We included sex as a covariate given the group imbal-

ance on this variable. Wilcoxon’s Rank-Sum tests (due to unequal variance and non-normal distributions) with Cohen’s d
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effect size estimates were implemented for planned follow-up pair-wise comparisons. Spearman’s rank correlation coefficients

were estimated to assess the associations between error performance on TB and EB tasks and other cognitive processes, includ-

ing executive function and RetM. Finally, we used multiple regression techniques to identify whether summary scores for TB

and/or EB ProM uniquely predicted cognitive functioning found to be significantly correlated in bivariate analyses. A critical a

level of .05 was used for all analyses.

Results

The descriptive data for the TB and EB ProM subscales in the HIV-positive and HA groups are displayed in Table 2. A

repeated-measures ANOVA covarying for sex revealed main effects of HIV serostatus (F ¼ 5.9, p ¼ .016, h2 ¼ 0.031) and

cue type (F ¼ 41.7, p , .001, h2 ¼ 0.186), but no interaction between serostatus and cue (F , 1, p ¼ .861, h2 ¼ 0.00).

These findings did not change when hepatitis C co-infection or lifetime major depressive and substance use disorders were

included in the model. Planned pair-wise comparisons showed a significant HIV effect on TB ProM (p ¼ .016, Cohen’s

d ¼ 0.43) and a trend-level effect on EB ProM (p ¼ .074, Cohen’s d ¼ 0.38). Post hoc analyses suggested that the trend-level

EB finding was driven primarily by the subset of participants with HAND, who performed significantly below the HA partici-

pants (p ¼ .03, Cohen’s d ¼ 0.57). The HA and neurocognitively normal HIV-positive subjects did not differ on EB (p ¼ .20,

Cohen’s d ¼ 0.33). With regard to TB, participants with HAND similarly performed below the HA group (p ¼ .01, Cohen’s

d ¼ 0.58), but there was also a trend-level effect observed between the HA and neurocognitively normal HIV+ participants

(p ¼ .05, Cohen’s d ¼ 0.37). Analysis of error types (Table 2 and Fig. 1) revealed that TB ProM among HIV-positive partici-

pants was marked by an elevation in loss of time errors (p , .05, d ¼ 0.37). No other TB error types differed by serostatus, nor

were group differences evident on the TB recognition scale (ps . .10). There were no significant differences between HIV and

HA groups on either EB error types or the recognition subscale (ps . .10). Finally, the study groups did not differ on word

search task (p . .10).

Correlational analyses of the ProM TB and EB scale summary scores and other cognitive domain scores were first conducted

in the HIV-positive group. Results are shown in Table 3 and indicate that TB, but not EB, was associated with verbal fluency

and attention/working memory (ps , .05). Both TB and EB were significantly correlated with RetM, retrospective learning,

executive functions, and information processing speed (ps , .05). Follow-up separate linear regressions were conducted to

predict TB and EB scores in the entire HIV+ sample from the domain z-scores of RetM, executive functions, and information

processing speed. Results showed that the overall EB model was significant (adjusted R2 ¼ .08, p ¼ .003), but that RetM was

the only unique contributor (p ¼ .01). The omnibus TB model was also significant (adjusted R2 ¼ .08, p ¼ .003); however,

both RetM (p ¼ .004) and executive functions (p ¼ .04) were independently associated with TB. Information processing

speed did not contribute to either model (ps . .10). Neither TB nor EB ProM was associated with time estimation (ps .

.10). A broadly similar pattern and magnitude of intercorrelations was observed in the HIV2 sample, with the most

notable exception being a stronger relationship between ProM and RetM learning and memory in this smaller seronegative

group.

Table 2. Time- and event-based ProM performance in the study samples

MIST variable HIV2 (N ¼ 43) HIV+ (N ¼ 143) p Cohen’s d (95% CI)

Time-based cues 7 (6, 8) 6 (5, 7) .016 –0.43 (–0.77, –0.09)

No response 0 (0, 1) 0 (0, 1) .175 0.22 (–0.12, 0.56)

Task substitution 0 (0, 1) 0 (0, 1) .963 0.02 (–0.32, 0.36)

Loss of time 0 (0, 0) 0 (0, 0) .023 0.39 (0.04, 0.73)

Loss of content 0 (0, 1) 0 (0, 1) .716 0.09 (–0.25, 0.43)

Recognition errors 0 (0, 0) 0 (0, 0) .264 0.19 (–0.16, 0.53)

Event-based cues 8 (7, 8) 7 (6, 8) .075 –0.38 (–0.72, – .04)

No response 0 (0, 0) 0 (0, 0) .177 0.19 (–0.15, 0.53)

Task substitution 0 (0, 0) 0 (0, 1) .239 0.24 (–0.10, 0.58)

Loss of time 0 (0, 0) 0 (0, 0) .217 0.19 (–0.15, 0.53)

Loss of content 0 (0, 0) 0 (0, 0) .42 0.15 (–0.20, 0.49)

Recognition errors 0 (0, 0) 0 (0, 0) .721 –0.06 (–0.40, 0.28)

Word search 17 (13, 19) 16 (13, 19) .42 –0.20 (–0.54, 0.14)

Note: Data represent medians with interquartile ranges in parentheses. ProM ¼ prospective memory; MIST ¼Memory for Intentions Screening Test.
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Discussion

Conceptual models of ProM propose that all other factors being equal, TB tasks have greater resource demands on strategic,

self-initiated processes related to executive functions than do EB tasks (McDaniel & Einstein, 2000). Considering the extensive

prior literature on frontostriatal pathology and associated executive dysfunction in HIV infection (Woods et al., 2009), one

would predict that individuals with HIV would show disproportionate impairment in TB versus EB ProM. However, the

two prior studies on this topic have produced mixed findings (Carey et al., 2006; Martin et al., 2007). In an effort to

address the limitations of previous work, the current study sought to clarify the possible differential effects of HIV on TB

and EB by employing a theory-driven approach and using psychometrically comparable measures (with cue-specific error

and recognition scores) in a large, well-characterized sample. Consistent with prior studies, we observed a mild-to-moderate

Fig. 1. Bar chart displaying the proportion of individuals in the HIV+ and HIV2 groups who committed at least one ProM error on time- and event-based

scales. *p , 0.05. NR ¼ no response; TS ¼ task substitution; LT ¼ loss of time; LC ¼ loss of content.

Table 3. Correspondence between MIST time- and event-based scores and traditional neuropsychological tests in study participants

Domain (z-score) Time Event

HIV+
Retrospective learning 0.29**** 0.26***

Retrospective memory 0.34**** 0.29****

Executive functions 0.31**** 0.25***

Information processing speed 0.24*** 0.23**

Verbal fluency 0.24*** 0.13

Attention/working memory 0.28**** 0.14

Time estimation 0.04 0.05

HIV2

Retrospective learning 0.68**** 0.39*

Retrospective memory 0.63**** 0.48***

Executive functions 0.38* 0.26

Information processing speed 0.38* 0.28

Verbal fluency 0.27 0.06

Attention/working memory 0.41** 0.16

Time estimation 0.03 0.08

Note: Data are presented as Spearman’s r correlation coefficients. MIST ¼Memory for Intentions Screening Test.

*p ≤ .05.

**p ≤ 0.01.

***p , 0.005.

****p , 0.001.
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main effect of HIV serostatus on ProM, which post hoc tests revealed was driven by significantly lower scores in the HIV

cohort when compared with HA across ProM subscales. Similarly, there was a main effect of cue type, with lower scores

evident on TB versus EB ProM across all study participants. However, contrary to our expectations, the serostatus by cue inter-

action term was not statistically significant. Planned comparisons showed a significant effect of HIV on TB ProM, which was

associated with a medium effect size, but the effect of HIV on EB ProM was associated with a small-to-medium effect size and

only approached significance. Underlying this trend-level EB ProM finding were significantly higher scores in HA when com-

pared with participants with (but not without) HAND.

The absence of the hypothesized interaction suggests that the effects of HIV on TB and EB ProM are broadly comparable in

magnitude, perhaps reflecting more generalized problems with self-initiated cue detection and retrieval. This result generally

comports with those reported by Carey and colleagues (2006), who employed similar methodology and an identical measure of

ProM (i.e., the MIST) and who likewise reported that HIV-associated deficits in ProM were expressed on both TB and EB tasks

(i.e., overlapping effect size confidence intervals). On the other hand, Martin and colleagues (2007) found deficits in TB, but

not EB, ProM among HIV-positive substance users. Our results may support those authors’ contention that the TB and EB

measures used in that study were not comparable in their psychometrics or their administration procedures, which could

have introduced psychometric artifact (Henry et al., 2004). Although TB tasks appear to place a greater emphasis on self-

initiated monitoring and retrieval than do EB tasks (Einstein & McDaniel, 1990), the difficulty level of some EB tasks may

place demands on strategic aspects of monitoring (Foster, McDaniel, Repovš, & Hershey, 2009) and retrieval (Kliegel

et al., 2008) that rival those more characteristics of TB tasks. To this end, the MIST EB scale uses non-focal cues, which

prior research shows are more strategically demanding than focal cues (Kliegel et al., 2008). As such, future experimental

studies may wish to manipulate various aspects of the EB paradigm in HIV-infected persons, such as cue focality (Foster

et al., 2009), semantic relatedness (Woods, Dawson, Weber, Grant, & The HNRC Group, 2010), and salience (Smith,

Hunt, McVay, & McConnell, 2007).

Cohort differences across prior studies may have also influenced the discordant findings. One possibility is that EB deficits

become more pronounced as HIV disease progresses; for example, 79% percent of participants in the Carey and colleagues

(2006) study had been diagnosed with AIDS compared with 20% in Martin and colleagues (2007), where EB effects were

not observed. Sixty-two percent of participants in the current study had had an AIDS diagnosis, a figure more closely resem-

bling disease severity of Carey and colleagues (2006) than of Martin and colleagues (2007). Indeed, the trend-level EB ProM

findings in this study were driven by the HIV+ participants with HAND, suggesting that the impact of CNS disease severity on

ProM performance warrants further research. Another important cohort difference between the current and prior studies is the

prevalence of substance use disorders, which was considerably higher in the Martin and colleagues study (100% vs. 48%). This

is important because substance abuse can affect EB and TB ProM (Iudicello et al., 2011) and may be an important factor in the

cue-specific contribution of ProM to everyday functioning outcomes, such as medication adherence (Contardo et al., 2009).

Although HIV-associated deficits in EB and TB appear to be of similar severity, analysis of their cognitive correlates pro-

vided some evidence that they may have at least partly separable mechanisms. Specifically, these correlational data were com-

mensurate with the hypothesis that the cognitive architecture of TB ProM is more heavily dependent upon cognitive control

mechanisms, including strategic (i.e., time) monitoring and cue detection processes (Einstein, McDaniel, Richardson, Guynn,

& Cunfer, 1995; McDaniel & Einstein, 2000). For instance, TB, but not EB, ProM was significantly associated with verbal

fluency and attention/working memory in the HIV cohort (with broadly similar effect sizes observed in the HIV2 subjects).

From these data, one might surmise that TB ProM is more strongly reliant on self-initiated retrieval and active monitoring

processes than is EB ProM. Moreover, although both TB and EB were significantly (and generally comparably) correlated

with executive functions, RetM, and information processing speed in univariate analyses, linear regression results indicated

that EB was exclusively associated with RetM, whereas TB was predicted by both RetM and executive functions (e.g., switch-

ing and planning). Thus, although there is some overlap in the cognitive mechanisms of these two abilities, successful TB ProM

in HIV seems to require greater levels of cognitive control, as would be predicted by McDaniel & Einstein’s (2000) multi-

process model. This pattern of results is consistent with a recent study in Parkinson’s disease (Raskin et al., 2011), which

showed that TB ProM was more strongly related executive dysfunction (e.g., disinhibition) than was EB ProM.

Furthermore, analysis of error types showed that HIV-positive participants committed a greater number of loss of time

errors in response to TB cues than did uninfected responders. Yet, TB ProM was not correlated with a measure of time esti-

mation, indicating that our result was not exclusively a function of time perception deficits. The relative contributions of these

component processes remain to be determined by future work, perhaps to include direct measures of time production and time

checking, which prior research shows is an important predictor of TB ProM (Costa et al., 2008).

Several limitations should be considered when interpreting our results. Although the basic construction of the MIST’s EB

and TB scales is comparable (e.g., balanced on modality, semantic relatedness, delay), there was an important psychometric

difference between the scales that may have influenced the findings. Consistent with prior studies (Raskin et al., 2011;
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Woods et al., 2010), performance on the EB scale of the MIST was relatively higher than the TB scale, which may have dam-

pened our ability to detect a serostatus effect on EB ProM. The design of the study may also be limited in the sense that the EB

and TB items overlapped on the MIST, which may have introduced some methodological contamination of the results (i.e.,

participants were oftentimes simultaneously maintaining both TB and EB intentions during the test). Although this measure-

ment approach may more closely approximate real-world conditions, future studies may gain some methodological advantage

by conducting separate, but parallel tests of TB and EB in a randomized fashion. Similarly, the overlapping trials issue pre-

cludes us from directly examining the potential influence of time delay (i.e., 2 vs. 15 min) or cue modality (i.e., action vs.

verbal response) on the TB and EB findings. A post hoc analysis of the HIV effect sizes for these four subscales showed

broadly commensurate results with those observed on TB and EB (Cohen’s d range ¼ 0.28–0.48), suggesting that such con-

structs might be a potentially interesting area for future research. Regarding the characteristics of the study sample, with over

60% Caucasian and less than 13% female participants, the demographic composition of the HIV-positive cohort in this study

was not necessarily representative of recent trends in HIV infection in the USA (Centers for Disease Control, 2008). Finally,

the HIV cohort was relatively healthy (median current CD4 count .500) and had only a 30% rate of HAND, indicating that

further study of more severely compromised populations is warranted.

In summary, the present study revealed that the severity of EB and TB ProM deficits in HIV infection are broadly compar-

able, suggesting a more generalized deficit in the retrieval of future intentions across cue modalities. Nevertheless, a differen-

tial pattern of correlations with standard cognitive tests suggested that consistent with the predictions of the multi-process

theory (McDaniel & Einstein, 2000), the cognitive architecture of the EB and TB ProM deficits might diverge, with the

latter being more strongly associated with aspects of cognitive dyscontrol (e.g., self-initiated retrieval and planning). This is

echoed in recent studies showing that TB ProM may be a particularly valuable predictor of everyday functioning behaviors

(Martin et al., 2007; Woods et al., 2009). It will therefore be important to determine whether the EB versus TB discrepancy

is applicable to more naturalistic ProM tasks (Zogg et al., 2010). Moreover, results from this study may also have some intri-

guing clinical implications. If, as our evidence suggests, TB ProM is supported chiefly by strategic monitoring and retrieval

processes, interventions likely to target these particular aspects of ProM might be especially effective, particularly since TB

ProM may be a stronger predictor of some everyday functioning outcomes (Woods et al., 2009). Training in self-regulatory

strategies, for instance, could compensate for dysfunctions in strategic monitoring by helping individuals redirect attention

or minimize distraction during the delay period. One such approach is goal management training, the utility of which has

been supported in laboratory and naturalistic research settings among patients with traumatic brain injury (Fish et al., 2007;

Levine et al., 2000). Other remedial strategies might offset deficits in cue detection and retrieval; for example, improving

the salience of the cue (e.g., a pillbox) may increase the probability that it will be detected (McDaniel & Einstein, 2007).

To the extent that EB ProM depends less on strategic monitoring and more on involuntary, automatic processing, effective

remedial strategies might include those that strengthen the cue–intention bond during encoding (Woods et al., 2010).

Widely researched examples of this approach include errorless learning (Clare & Jones, 2008), spaced retrieval (Camp,

Foss, Stevens, & O’Hanlon, 1996), and implementation intentions (Gollwitzer & Brandstatter, 1997). The relative value of

interventions designed to improve EB and TB ProM and their impact on activities of daily living and health-related quality

of life in HIV infection clearly warrants investigation.
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