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Abstract

Although prospective memory (PM) is compromised in mild cognitive impairment (MCI), it is
unclear which specific cognitive processes underlie these PM difficulties. We investigated older
adults’ performance on a computerized event-based focal versus nonfocal PM task that made
varying demands on the amount of attentional control required to support intention retrieval.
Participants were nondemented individuals (mean age = 81.8 years; female = 66.1%) enrolled in a
community-based longitudinal study, including those with amnestic MCI (aMCIl), nonamnestic
MCI (naMCI), subjective cognitive decline (SCD), and healthy controls (HC). Participants
included in the primary analysis (n = 189) completed the PM task and recalled and/or recognized
both focal and nonfocal PM cues presented in the task. Participants and their informants also
completed a questionnaire assessing everyday PM failures. Relative to HC, those with aMCI and
naMCI were significantly impaired in focal PM accuracy (p < .05). In a follow-up analysis that
included 13 additional participants who successfully recalled and/or recognized at least one of the
two PM cues, the naMCI group showed deficits in nonfocal PM accuracy (p < .05). There was a
significant negative correlation between informant reports of PM difficulties and nonfocal PM
accuracy (p < .01). PM failures in aMCI may be primarily related to impairment of spontaneous
retrieval processes associated with the medial temporal lobe system, while PM failures in naMCI
potentially indicate additional deficits in executive control functions and prefrontal systems. The
observed focal versus nonfocal PM performance profiles in aMCI and naMCI may constitute
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specific behavioral markers of PM decline that result from compromise of separate neurocognitive
systems.
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INTRODUCTION

Prospective memory (PM), or memaory for future actions, supports critical everyday tasks
such as medication adherence (Park & Kidder, 1996). Previous research (Blanco-Campal,
Coen, Lawlor, Walsh, & Burke, 2009; Costa et al., 2010; Karantzoulis, Troyer, & Rich,
2009; Schmitter-Edgecombe, Woo, & Greeley, 2009; Thompson, Henry, Rendell, Withall,
& Brodaty, 2010; Troyer & Murphy, 2007) reports that PM is impaired in individuals with
mild cognitive impairment (MCI) relative to cognitively healthy older adult controls, leading
to the idea that PM dysfunction may be a marker of prodromal dementia. Recent meta-
analytic results confirm the presence of large PM deficits in MCI and dementia relative to
controls (van den Berg, Kant, & Postma, 2012), indicating that PM impairment is already
well established by the MCI stage. Although the utility of PM-based measures has been
confirmed in the neuropsychological evaluation of MCI (van den Berg et al., 2012) and PM
markers may potentially yield diagnostic value for pre-MCI conditions, there is presently no
consensus regarding what constitutes an optimal PM assessment.

PM is a multifaceted cognitive construct thought to rely on both retrospective memory and
executive control functions. Retrospective memory supports the retrospective component of
PM that is involved in encoding and retrieving the content of future intentions, while
executive control functions mediate the prospective component of PM that assists in
retrieving and initiating PM intentions at the proper moment (Einstein & McDaniel, 1990,
1996). The retrospective and prospective components of PM, respectively, are linked to the
medial temporal lobe (MTL) and prefrontal systems (Burgess, Quayle, & Frith, 2001; West
& Krompinger, 2005); these brain systems are associated with structural and functional
brain changes in MCI and dementia (Bell-McGinty et al., 2005; Masdeu, Zubieta, & Arbizu,
2005; Scheltens, 2009). The complex nature of PM tasks (e.g., involving multiple cognitive
systems), along with their reliance on neurocognitive systems that are highly vulnerable to
age-related neuropathology, may account for the sensitivity of these tasks to preclinical
dementia reported by some researchers (Blanco-Campal et al., 2009; Loewenstein et al.,
2013). As PM mainly differs from retrospective memory in its additional dependence on
internal control mechanisms (Craik, 1983, 1986), examining the prospective component as
distinct from the retrospective component may provide insight on the unique diagnostic and
predictive utility of PM-based tasks in distinguishing pathological and normal cognitive
aging. The Multiprocess Theory of PM (McDaniel & Einstein, 2000; McDaniel, Guynn,
Einstein, & Breneiser, 2004) posits that successful PM relies on both goal-directed
processes, such as effortful strategic monitoring, and automatic processes, such as
spontaneous retrieval, to support the prospective component of PM (i.e., to retrieve the PM
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intention when the PM cue is detected). Specifically, depending on the relation between the
PM cue and the ongoing activity, either strategic monitoring will be required (i.e., when the
PM cue is indistinct with regard to the ongoing activity) or spontaneous retrieval will be
relied upon (i.e., when the PM cue is distinct with regard to the ongoing activity) to support
PM.

In accordance with the Multiprocess Theory, a focal versus nonfocal test approach may be
optimal for investigating the neurocognitive networks and brain systems that mediate the
prospective component (Costa, Caltagirone, & Carlesimo, 2011; McDaniel, Shelton,
Breneiser, Moynan, & Balota, 2011; Tam & Schmitter-Edgecombe, 2013). In a focal PM
task, the ongoing activity directs focal attention to the PM cue and therefore places little
executive control demand on the test-taker. For example, when the PM cue is a word
embedded within an ongoing word-categorization task, both the cue and the words in the
ongoing task are processed as single lexical units and the recruitment of high-level cognitive
resources is not required for cue detection. Conversely, in a nonfocal PM task, the ongoing
activity does not direct focal attention to the PM cue. Therefore, attentional processes are
required for cue detection and the task poses a relatively higher level of executive control
demand. For example, when the PM cue is a syllable embedded within a word-
categorization task, the ongoing task does not support processing of syllables as it instead
supports processing of words. In this case, strategic monitoring is necessary for cue
detection to support retrieval of the PM intention. Focal PM accuracy is linked to
spontaneous retrieval and the MTL system, while nonfocal PM accuracy is linked to
strategic monitoring and other internal control mechanisms mediated by the prefrontal
system (McDaniel et al., 2011; Reynolds, West, & Braver, 2009). Because a focal versus
nonfocal PM paradigm allows the exploitation of either automatic or strategic processes
based on the relationship of the PM cue to the ongoing task—if the retrospective component
of PM (e.g., encoding, maintaining PM cue in memory) is intact, then this test approach
permits examination of the neurocognitive systems that distinctly mediate the prospective
component.

To our knowledge, only three studies in MCI and very mild dementia (Blanco-Campal et al.,
2009; McDaniel et al., 2011; Tam and Schmitter-Edgecombe, 2013) use a focal versus
nonfocal task approach to evaluate PM, and results differ. Blanco-Campal et al. (2009) used
an event-based focal PM task in which the level of cognitive demand was manipulated by
varying both the specificity of instructions and cue saliency. Half of the PM cues (words)
were presented in plain text and the other half in italicized text (e.g., low/high saliency)
within silly sentences (ongoing task), and participants were asked to say, “animal” (PM
intention), whenever lion (PM cue) appeared in a sentence (focal condition) or whenever
any animal (a total of 10 different animal names) appeared in a sentence (nonfocal
condition). All conditions except the salient-specific condition showed greater power and
sensitivity over traditional retrospective memory tests in differentiating amnestic mild
cognitive impairment (aMCI) from healthy controls (HC). However, the non-salient non-
specific condition (highest executive control demand) demonstrated the greatest
discriminatory power. These findings emphasize the diagnostic value of PM-based
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assessments, particularly those that place a high demand on strategic attentional resources,
and suggest the presence of early executive functioning difficulties in aMCI.

McDaniel et al. (2011) used a category-decision activity (ongoing task) in which either the
target word (focal PM cue) or target syllable (nonfocal PM cue) was embedded as the
exemplar in word-pair trials. Participants were to press a certain key when the target word or
syllable appeared respectively in the focal or nonfocal condition (3 PM trials occurred in a
total of 109 trials in each PM condition). Relative to controls, individuals with very mild
Alzheimer’s disease (AD) (i.e., those with a clinical dementia rating of 0-0.5, which
probably included some MCI individuals) were impaired on focal but not on nonfocal PM
tasks, suggesting impairment of spontaneous retrieval processes but spared strategic
monitoring processes in those with very mild AD. Although the authors reported that a
possible floor effect for the nonfocal condition may have obscured detection of performance
differences between the clinical and control groups, results from the within-subjects
analyses of response latency and accuracy provided support that strategic monitoring was
engaged in the nonfocal condition but not in the focal condition, as a latency cost of the PM
tasks on ongoing activity performance (e.g., decreased speed) was only observed in the
nonfocal condition. The different findings reported by Blanco-Campal et al. (2009) and
McDaniel et al. (2011) may be due to differences in task features, with the former study
possibly presenting higher PM and working memory demands because it required
participants to respond to a greater number of PM cues.

Tam and Schmitter-Edgecombe (2013) found that, relative to controls, those with aMCI
performed significantly worse on a nonfocal PM task in which the PM cue (background
pattern) was embedded within a working memory task. There is evidence that PM and
working memory systems compete for attentional resources in high (but not low) demand
conditions (Pino, Poletti, & Caffarra, 2013). Therefore, similar to Blanco-Campal et al.
(2009), this task may have also posed a greater demand on available attentional resources as
compared with the test used by McDaniel et al. (2011). Results further revealed that
although the nonfocal PM accuracy score in the control group correlated with
neuropsychological tests of attention, working memory and executive functioning, the
nonfocal accuracy score in the aMCI group was more strongly associated with tests of
memory and language. The authors concluded that, although both retrospective and
executive processes are required in the task, PM deficits observed in aMCIl may be more
attributable to impaired spontaneous retrieval processes and MTL structures than executive
control dysfunction (Tam & Schmitter-Edgecombe, 2013).

Costa and colleagues (2011) suggest that inconsistent findings related to the nature of the
cognitive difficulties underlying PM deficits in MCI may be due to the heterogeneity of PM
tasks used across studies (e.g., time-based vs. event-based, PM vs. retrospective memory,
laboratory-based vs. ecologically-orientated), variations in how MCI was classified, and, in
some studies, the inclusion of different MCI subtypes within the same test group. For
example, Thompson et al. (2010) combined individuals with aMCI and nonamnestic MCI
(naMCI) into one group, even though aMCI is generally considered to be prodromal AD
(Petersen, 2004) and naMCl, particularly of multiple domains, may convert to non-memory
related dementias (Busse, Hensel, Guhne, Angermeyer, & Riedel-Heller, 2006; Petersen et
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al., 2001; see Petersen & Negash, 2008). Differential patterns of PM decline potentially
associated with aMCI and naMCI remain to be clarified. Moreover, the fairly pronounced
PM deficit in MCI raises questions about the possibility that subtle PM deficits may be
present in pre-MCI conditions such as subjective cognitive decline (SCD).

The current study investigates the specific cognitive processes that underlie PM failures in
the preclinical stages of dementia. Our study uses a focal versus nonfocal PM test that is
already represented in the literature (Foster, McDaniel, Repovs, & Hershey, 2009; McDaniel
etal., 2011), thereby reducing the attribution of potential group differences to differences in
task features. The first hypothesis is that relative to healthy older adult controls (HC), those
with aMCI (i.e., prodromal AD) will exhibit deficits only in focal PM accuracy, suggesting
impairment of spontaneous retrieval processes and the MTL system (and spared strategic
monitoring processes). We base this prediction on reported impairment of spontaneous
retrieval processes (Blanco-Campal et al., 2009; Costa et al., 2010; Karantzoulis, Troyer, &
Rich, 2009; Schmitter-Edgecombe et al., 2009; Thompson et al., 2010; Troyer & Murphy,
2007) and functional and structural aberrations of the MTL system in aMCI (Nickl-
Jockschat et al., 2012). Although executive dysfunction has been reported in aMClI, in line
with McDaniel et al. (2011), we do not expect to see a deficit in nonfocal PM in the aMCl
group using this task, particularly as recent research conducted with a mixed group of
single- and multiple-domain aMCI participants (Tam & Schmitter-Edgecombe, 2013)
suggests lower PM performance (relative to HC) may be related to deficits in spontaneous
processes and a compromised MTL system.

The second hypothesis is that, relative to HC, those with naMCI will show deficits in focal
and nonfocal PM accuracy, suggesting dual impairment of spontaneous retrieval and
strategic monitoring processes. This finding would suggest that both MTL and prefrontal
structures are compromised in naMCI. This hypothesis stems from previous research such as
Costa et al. (2010) who compared the retrospective and prospective components of PM
using time- and event-based PM conditions. The time-based prospective component relied
more on strategic monitoring (e.g., monitor the clock and execute the PM intention at the
assigned times) and the event-based task relied more on spontaneous retrieval (e.g., execute
PM intentions when bell rings). While both naMCI and aMCI groups performed
significantly worse than HC, naMCI performed significantly worse than aMCI on the
prospective component of the time-based task (highest executive demand condition).
Therefore, it is reasonable to expect aMCI and naMClI to differ in nonfocal PM performance
even if they both have deficits in spontaneous processes relative to HC.

The next hypothesis aims to determine whether subtle PM deficits are present in participants
with subjective cognitive decline (SCD), despite otherwise normal performance on
neuropsychological tests, who may represent a pre-MCI condition. Research supports the
idea that SCD in otherwise cognitively healthy older adults may be linked to biomarkers
consistent with AD pathology (Amariglio et al., 2012; Kryscio et al., 2014; Mosconi et al.,
2008; Saykin et al., 2006; Scheef et al., 2012; Visser et al., 2009) and associated with the
risk of future decline (Dufouil, Fuhrer, & Alperovitch, 2005; Jessen et al., 2010; Kryscio et
al., 2014; Mitchell, Beaumont, Ferguson, Yadegarfar, & Stubbs, 2014; Reisberg, Shulman,
Torossian, Leng, & Zhu, 2010; van Oijen, de Jong, Hoffman, Koudstaal, & Breteler, 2007).
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As PM deficits in MCI are reported to be comparable to those found in dementia (van den
Berg et al., 2012), very early PM impairment may potentially be present in pre-MCI
conditions. Relative to retrospective episodic memory tasks, PM tasks are more reliant on
complex metacognitive activity and internal control mechanisms (Henry, MacLeod, Phillips,
& Crawford, 2004; McDaniel & Einstein, 2011; Salthouse, Berish, & Siedlecki, 2004).
Additionally, recent research found lower performance on a long-term, naturalistic PM task
in SCD as compared to HC (Rabin et al., 2014). The engagement of multiple cognitive
operations required by PM-based assessments may render them more sensitive, as compared
to traditional retrospective memory tasks, to early or subtle cognitive deficits. Therefore, our
third hypothesis is that participants with SCD will show significantly lower focal PM
functioning than HC.

Because a decrease in processing speed is expected when cognitive resources are recruited
to support controlled attentional processes (strategic monitoring) but not automatic
processes (spontaneous retrieval), the fourth hypothesis is that the nonfocal (but not the
focal) task will have a “latency cost” (Smith, 2003) or “slowing effect” (Einstein et al.,
2005) on ongoing task performance and that this latency cost will be observed only in
groups without strategic monitoring deficits. Specifically, spontaneous monitoring (revealed
by cost) is expected to be intact in HC, thereby reducing the cognitive resources available to
support the ongoing task when the nonfocal PM cue is present. This results in slower
processing speeds on the ongoing task. As executive control problems are not a primary
characteristic of the HC, SCD, and aMCI groups, we expect spontaneous monitoring to be
intact for these groups. Thus, the mean ongoing task latency is predicted to be significantly
longer in the nonfocal condition in comparison to the control condition for HC, SCD, and
aMCI, while mean ongoing latencies in the focal and control conditions should not
significantly differ. For the naMCI group, however, spontaneous monitoring deficits (e.g.,
due to executive dysfunction) should disrupt nonfocal PM accuracy. Therefore, we expect to
see an absence of cost on ongoing task performance in naMCI, resulting in no significant
differences in mean ongoing task latencies between the control and nonfocal conditions and
the control and focal conditions.

Finally, we explore the possibility that laboratory-based PM performance will correspond to
real-world PM functioning (Schmitter-Edgecombe et al., 2009; Twamley et al., 2008;
Woods et al., 2008). The fifth hypothesis is that lower scores on the PM task will be
associated with higher incidences of everyday PM difficulties on self and/or informant
reports.

METHODS

Participants and Procedures

Participants were originally 208 nondemented older adults recruited from the Einstein Aging
Study (EAS), a community-based longitudinal study of cognitive aging in older adults aged
70 and above residing in the Bronx, NY. Participants were recruited through systematic
sampling from Medicare or voter registration lists (Lipton et al., 2003; Katz et al., 2012).
EAS exclusion criteria include severe audiovisual impairment and medical conditions that
prevent successful completion of neuropsychological assessment, non-English speaking, and
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being homebound. We did not approach EAS participants with dementia and clinically
significant depression. After study initiation, we excluded 6 participants who failed to
recognize any PM cues and 13 participants who recognized only one of the PM cues (either
focal or nonfocal) on a retrospective memory quiz, suggesting possible difficulties with the
retrospective component of PM. This left 189 participants eligible for our primary analysis.
All participants provided written informed consent in accordance with procedures approved
by the Institutional Committee for the Protection of Human Subjects. Participants were
assessed during two sessions: first, on their annual EAS visit (see Katz et al., 2012 for
details); second, approximately two weeks later when they completed experimental and
standardized measures of PM. Transportation to and from the EAS was provided, along with
lunch and $25 for participation.

Mean age of the participants was 81.83 (SD = 5.19) years, mean years of education was
14.62 (SD = 3.14), 66.1% of participants were female, and 62.4% identified as White. We
took a psychometric approach to classifying study participants (Rabin, Chi, et al., 2014;
Rabin, Wang, Katz, & Lipton, 2014). First, we established robust norms for 13
neuropsychological tests for 411 EAS participants who were dementia free for 3 years (and
did not include participants in the current study); next, a principal component analysis
yielded three underlying cognitive factors: global/verbal, executive/processing speed, and
memory (see Appendix A). For participants in the current study, cognitive domain scores
were calculated as the average of the Z scores of the neuropsychological tests within each
cognitive factor using means and SDs from the robust sample, stratified by age group (70—
79 and 80 and above).

MCI was classified in 33 participants whose cognitive domain scores were considerably
lower (>1 SD) than the mean of the robust sample on one or more cognitive factors and who
endorsed at least one cognitive complaint on EAS self-report measures. MCI was further
subdivided into aMCI in 15 participants whose cognitive factor Z scores were below 1 SD
on the memory or memory plus executive/processing speed and/or global domains and into
naMCI for 18 participants whose cognitive factor Z scores were below 1 SD on the
executive and/or global domains.

SCD was classified in 58 cognitively intact participants (i.e., cognitive factor Z scores for all
three domains did not fall considerably lower (>1 SD) than the mean of the robust sample)
who exceeded an optimal cut point for self and/or informant complaints. We used cognitive
complaints items from previous research (Rabin et al., 2012) to derive scores that were the
proportion of positive responses. Subsequently, we derived an optimal cut point from a
receiver operating characteristic (ROC) analysis, stratified by young-old (age 70-79) and
old-old (age 80 and above) groups, which used the robust sample and was based on the
cross-sectional association between the self or informant complaint and MCI (Rabin, Wang,
etal., 2014).

HC was classified in 98 cognitively intact participants whose cognitive factor Z scores for
all three domains did not fall considerably lower (>1 SD) than the mean of the robust sample
and who did not exceed the optimal cut point for self and/or informant complaints.
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MEASURES

Primary Outcome Measure: Laboratory-based PM task

We used a computerized PM task used by Foster et al. (2009), based on the paradigm
introduced by Einstein and colleagues (2005; see Figure 1), comprised of control, focal, and
nonfocal conditions administered in randomized order across participants. The control
condition consisted of a word-categorization activity that also served as the ongoing task in
the PM conditions, in which participants made a categorization decision about an on-screen
word pair. Instructions were to press Y (for yes) or N (for no) on the keyboard to indicate
whether the lower-case word on the left belonged to the capitalized category (capitalized
word) on the right. We presented an equal number of yes and no trials. Ongoing task latency
was recorded in milliseconds (ms) for each of the 160 word-pair trials, and the mean was
calculated for each participant.

In the focal and nonfocal PM conditions, participants were instructed to additionally press
the “Q” key immediately after the word “tulip” (focal condition) or the syllable “rad”
(nonfocal condition) appeared on-screen. “Tulip” was the focal cue and “rad” was the
nonfocal cue (presented as “radiator”, “radical”, “radio”, and “radar” in random order). The
PM intention was to press the “Q” key. The PM cues were always presented on the left side
of the screen, as the exemplar in the word pair, and appeared four times in both conditions of
165 word-pair trials. As the ongoing task was a word-categorization activity, it granted focal
attention to words and not to syllables; therefore, spontaneous retrieval should support
intention retrieval in the focal condition, while strategic monitoring should support intention

retrieval in the nonfocal condition.

Participants received one point if they correctly executed the PM intention (pressed “Q”) on
a trial that contained a PM cue or on the following trial. Participants completed the word-
categorization task (answered Y/N) before executing the PM intention. Total focal and
nonfocal PM accuracy scores were calculated as the sum of correct responses in each
condition and ranged from 0 to 4. Ongoing task latency was recorded in milliseconds (ms)
for each of the 165 word-pair trials, although we excluded the PM trials (and the four trials
that followed) when calculating the mean for each participant to allow participants to return
to normal performance after seeing a PM cue. At the end of the entire session, participants
were tested on their recall and recognition (only if they failed recall) of both PM cues.

Self- and Informant Report Measures

The Comprehensive Assessment of Prospective Memory, Section B (CAPMB) is a 39-item
questionnaire that assesses how problematic everyday PM failures are to an individual
(Chau, Lee, Fleming, Roche, & Shum, 2007). The CAPMB includes self- and informant-
rated versions. Each item describes a PM failure and participants indicate “how much of a
problem” each listed memory failures is (scale 1 to 5) with “1” representing “no problem at
all” and “5” representing “a very serious problem.” A “not applicable” (N/A) option is also
available. We used the CAPMB total score, the average rating of all items answered,
excluding N/A responses.
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The short form of the Geriatric Depression Scale (GDS; Sheikh & Yesavage, 1986) is a self-
reported measure of depressive symptoms, using a yes/no rating scale. Scores range from 0
to 15, and scores of 5 or higher suggest clinical depression (Almeida & Almeida, 1999;
Marc, Raue, & Bruce, 2008).

Statistical Analyses

RESULTS

We calculated the descriptive statistics of mean and standard deviation for continuous
variables and frequency and percentage for the categorical variables. We used analysis of
variance (ANOVA) to compare the continuous variables and the Pearson chi-square test to
compare the categorical variables. As the GDS had a skewed distribution, scores were
logarithmically transformed to allow for parametric analysis. In the between-group
comparisons for the HC, SCD, and MCI groups, we used ANOVA to test for differences on
measures of PM accuracy and ongoing task latency. We also performed analysis of
covariance (ANCOVA) comparisons, adjusting for significantly different variables from the
demographic and clinical characteristics comparisons. Planned contrasts (independent t-
tests) using adjusted means were performed to test Hypotheses 1, 2, and 3. We calculated
effect sizes using partial eta square for the ANOVA and ANCOVA comparisons and eta
square for the planned contrasts. Within-subjects analyses of PM performance, comparing
focal and nonfocal PM accuracy scores, and of latency costs, comparing ongoing task
latencies in the control versus the focal and nonfocal conditions, were conducted using
repeated measures ANOVA and were followed by post hoc analyses using paired t-tests.
Due to the small cell size in certain groups, we performed the Fisher’s exact test to analyze
group differences with regard to the percentage of participants who failed the retrospective
test. Pearson correlation analysis was performed for different measures of prospective
memory performance. All p-values were two-tailed with an alpha level of .05. We used
SPSS Version 22 for all analyses.

Participant Characteristics

Table 1 shows the demographic and clinical characteristic comparisons for the HC, SCD,
and MCI groups. Race/ethnicity significantly differed, with naMCI having the greatest
percentage of non-white participants. Education significantly differed, with SCD having the
greatest number of mean years of education. There were no significant differences for the
comparisons with age, sex, and GDS.

Retrospective Memory Assessment

Of the original 208 participants, 189 (90.7%) successfully recalled and/or recognized both
focal and nonfocal cues. There was no overall significant difference (p = .726) for the
groups. Of the original participants, 13 (6.3%) successfully recalled and/or recognized only
one PM cue. Among this subset, there was an overall significant difference (p < .001) for the
groups with the percentages greatest for naMCI as compared to HC, SCD, and aMCI [3.9%
(n=4) in the HC group, 3.3% (n = 2) in the SCD group, 6.3% (n= 1) in the aMCI group,
and 37.7% (n = 6) in the naMCI group]. Additionally, of the original participants, 6 (2.9%)
failed to recognize any PM cues.
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Performance on the Computerized Prospective Memory Task

Prospective Memory Accuracy Score—Table 2 shows the analyses for the PM
accuracy comparisons for the participant groups. There was an overall significance for focal
PM accuracy between the groups in ANOVA that was maintained in ANCOVA, where race/
ethnicity and education were included as covariates. Planned contrasts showed that HC had
a significantly greater mean than aMClI, t(109) = 2.61 p = .010, n2 = .04, and naMCl, t(110)
=2.56, p=.011, n2 = .04 but not SCD (p = .807). For nonfocal PM accuracy, there was a
trend toward overall significance between the groups in ANOVA (p = .06) and no overall
significance between groups in ANCOVA. Planned contrasts showed that HC had a greater
mean than naMClI, only with a trend toward significance, t(110) = 1.87, p = .06, 2 = .02,
but not SCD (p =.359) or aMCI (p = .500).

In a follow-up analysis, we included all participants who showed successful recall and/or
recognition of at least one of the PM cues (n = 202) as an approach for increasing sample
size. We present the results in Table 3. ANOVA showed an overall significance for focal
PM accuracy that was maintained in ANCOVA where race/ethnicity and education were
included as covariates. Planned contrasts showed that HC had a significantly greater mean
than aMCI t(114) = 2.35, p = .020, 2 = .03 and naMClI t(114) = 3.64, p =.001, n? = .07, but
not SCD (p = .990). ANOVA showed an overall significance for nonfocal PM accuracy,
F(3,193) = 2.86, p = 0.040, /2 = .05 that was maintained in ANCOVA. Planned contrasts
showed that HC had a significantly greater mean than naMCI t(114) = 3.03, p = .003, n2 = .
05, but not SCD (p = .688) or aMCI (p = .258).

Ongoing Task Latency

Table 4 compares within-subjects differences in ongoing task latency for three levels of the
computerized PM test separately for each participant group. Repeated measures ANOVA
showed overall significance for ongoing task latency for HC, SCD, and aMCI but not for the
naMCI group. Post hoc paired t-test analyses were performed for focal versus control and
also nonfocal versus control. For HC, nonfocal had a significantly greater task latency than
control (p <.001) but no significant task latency difference for focal versus control (p =.
792). For SCD, nonfocal had a significantly greater task latency than control (p <.001) but
no significant task latency difference for focal versus control (p = .534). For aMCI, nonfocal
had a significantly greater task latency than control (p = .002) but no significant task latency
difference for focal versus control (p = .755).

PM Score Correlations with Self- and Informant-Report of PM Function

Table 5 shows Pearson correlation analyses for laboratory PM performance and self- and
informant-reported concerns about everyday prospective memory failures on the CAPMB.
There was a statistically significant small positive correlation between the nonfocal and
focal PM accuracy scores. There was a statistically significant large small negative
correlation between the nonfocal PM accuracy score and the informant-reported CAMPB
score, but no significant correlation with the self-reported CAMPB score. The focal PM
accuracy score did not significantly correlate with the self-reported or informant-reported
CAMPB scores.
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DISCUSSION

In a sample of community-dwelling nondemented older adults, relative to healthy controls,
those with aMCI and naMCI performed significantly worse on the focal condition of a
computerized PM test. In a follow-up analysis with a slightly larger sample, which included
13 individuals who showed only partial recall and/or recognition on the retrospective
memory quiz, results additionally showed that those with naMCI also performed
significantly worse on the nonfocal condition. Participants with subjective cognitive decline
(SCD), despite normal performance on standard neuropsychological tests, exhibited PM
accuracy consistent with intact performance and did not differ from the HC group on either
condition. Comparisons of mean ongoing task latencies for the three conditions of the PM
task showed a latency cost of the nonfocal condition but not of the focal condition on
ongoing task latency for those with HC, SCD, and aMClI, but not for naMCI. Lastly, greater
nonfocal PM accuracy scores measured using the laboratory-based test significantly
correlated with greater informant-reported difficulty with everyday PM tasks.

Nonfocal and focal PM accuracy scores are respectively linked to strategic monitoring and
spontaneous retrieval processes (McDaniel et al., 2011; Reynolds et al., 2009). Results from
both our main and follow-up analyses showed impairment of focal but not of nonfocal PM
in aMCI, which supports the first hypothesis, suggesting that aMCI disrupts processes that
support spontaneous retrieval of intended actions and thereby interferes with focal PM
accuracy. The pattern of focal versus nonfocal PM performance above is consistent with
McDaniel et al. (2011), who showed a preferential deficit in focal PM in very early AD.
Furthermore, our results were obtained in the absence of a floor effect, possibly because we
included four instead of three PM trials in each condition, which may have increased
sensitivity. Additionally, our findings are consistent with Tam and Schmitter-Edgecombe’s
(2013) correlational analyses, which suggested that the PM impairment in aMCI is more
strongly associated with compromised spontaneous retrieval processes and MTL integrity.
Our cost analysis (see below) revealed slower performance on the ongoing task in the
nonfocal versus the control condition but comparable latencies between the focal and control
conditions, suggesting that attentional resources were deployed to support strategic
monitoring for the PM cues in the nonfocal condition but not in the focal condition. These
findings provide evidence that PM failures in aMCI are related to impairment of
spontaneous retrieval processes and the MTL system but not to problems with strategic
monitoring and prefrontal systems, which is consistent with reports of key structural decline
of the MTL and hippocampal structures in aMCI (Mielke et al., 2012; Nickl-Jockschat et al.,
2012; Nobili et al., 2009). Overall, our findings suggest that preferential deficits in focal PM
accuracy may represent a signature marker of PM decline in aMClI that is comparable to
what is seen in early AD (McDaniel et al., 2011).

Results from our main analysis revealed that relative to HC, the naMCI group showed
significantly lower focal PM performance, suggesting deficits in spontaneous retrieval and
the MTL system. There was no overall significant relationship between groups on nonfocal
PM accuracy with either ANOVA or ANCOVA. Planned contrasts showed only a trend
toward significance when nonfocal PM accuracy was compared between the HC and naMClI
groups. These results partially confirm the second hypothesis, in which we expected focal
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and nonfocal PM impairment in this group. The focal PM deficits observed in naMCI
indicate that despite normal performance on retrospective memory tests individuals with
naMCI are impaired in spontaneous retrieval processes when performing PM tasks; this
lends further support to previous research (Costa et al., 2010, 2011; Schmitter-Edgecombe et
al., 2009; Thompson et al., 2010) that shows declarative memory ability cannot completely
account for PM performance. On face value, the fact that naMCI did not exhibit
significantly lower nonfocal PM performance relative to HC appears to suggest that strategic
monitoring processes and prefrontal systems are spared in this group. This conclusion would
be inconsistent with Costa and colleagues (2010), in which a dysexecutive MCI group
relative to HC showed deficits in both high and low cognitive demand conditions of a PM
task (e.g., requiring the higher and lower levels of attentional resources, respectively).

Furthermore, the above interpretation conflicts with the results of our cost analysis (see
below), which indicated slower ongoing task latencies on the nonfocal versus the control
condition and comparable latencies between the focal and control conditions for all groups
except naMCI. This suggests that for the HC, SCD, and aMCI groups, for which we did not
expect primary executive control deficits, attentional resources were recruited to support
strategic monitoring in the nonfocal condition, resulting in slower reaction times on the
ongoing task, but not in the focal condition. Conversely, the naMCI group showed
comparable ongoing task latencies in the nonfocal versus control condition and in the focal
versus control condition, suggesting that attention-demanding processes were not recruited
to support strategic monitoring on the nonfocal (or the focal) task. This presents evidence
that strategic monitoring was disrupted in the naMCI group, resulting in an absence of
latency cost of the nonfocal PM task on ongoing task latency. As participants were classified
into the naMCI group based on low performance on executive functioning/processing speed
and global/verbal tasks, one can infer that disruption of strategic monitoring processes was
associated with deficits in these neuropsychological domains (see Methods and Appendix A
for specific tasks).

Several factors may have prevented our ability to detect a nonfocal PM deficit in naMCl in
our main analysis. Our computerized task, which presented only two PM cues and four PM
trials per condition, resulted in a restricted range of performance. Future studies should
consider increasing the complexity and number of PM trials on this task to increase
discriminative power. We also had a limited sample size. In light of this, we repeated the
above analyses using a slightly larger sample that included the 13 participants whom were
excluded from the main analysis because they demonstrated only partial recognition/recall
(e.g., only one of the two PM cues) on the retrospective memory quiz. These 13 individuals
were not originally included in the main analysis to ensure that differences in focal and
nonfocal PM accuracy were due to spontaneous retrieval and strategic monitoring processes
that mediate the prospective component of PM, and not due to problems with retrospective
memory (e.g., poor encoding). However, of these 13 participants, 7 responded at least once
on the PM condition that contained the cue not recognized on the quiz, and 5 of these 7
individuals received a perfect PM accuracy score for the PM condition in question,
indicating intact memory for that cue during testing. Because we queried participants at the
end of the entire session rather than immediately after each experimental block, it is possible
that some participants mistakenly believed we were only asking about the most recently
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completed condition (e.g., responding with only one PM cue). Taken together, we believed
there was support for intact retrospective memory in these individuals and included them in
our follow-up analysis. Results showed an overall significant association of group on
nonfocal PM accuracy with both ANOVA and ANCOVA. Planned contrasts further showed
impairment of both focal and nonfocal PM accuracy in naMCl, relative to HC, which is in-
line with Costa and colleagues (2010). Considering the two analytical approaches above, our
findings provide some evidence for dual focal and nonfocal PM deficits in naMCl, as
proposed by our second hypothesis, as well as preliminary support for behavioral markers
that may distinguish PM decline in those with naMCI.

We did not find support for the third hypothesis, which predicted a role for our PM task in
detecting subtle cognitive decline not readily detected by traditional episodic memory tasks
in individuals with SCD. The SCD group did not demonstrate significantly lower scores
than HC on focal PM accuracy or nonfocal PM accuracy, suggesting spared spontaneous
retrieval and strategic monitoring processes. Recent research from our lab suggests that
using long-term and more naturalistic PM tasks might be a better way to tap into the subtle
cognitive problems experienced by those with SCD (Rabin, Chi et al., 2014). Therefore, it is
possible that the task used here was not optimal for distinguishing HC from SCD.

The fourth hypothesis predicted that, in concordance with the Multiprocess Theory of PM
(McDaniel & Einstein, 2000; McDaniel et al., 2004), mean ongoing task latency in the
nonfocal condition would be significantly longer relative to the control condition (e.g.,
showing a latency cost when strategic monitoring was required), while mean latencies would
not differ between the focal and control conditions (e.g., showing no latency cost when
spontaneous retrieval was relied upon). We hypothesized that this pattern would be observed
in HC, SCD, and aMCI, for which strategic monitoring was expected to be intact, and not in
the naMCI group, for which strategic monitoring deficits were expected to interfere with
nonfocal PM. Our results show this pattern and reinforce the idea that focal and nonfocal
PM accuracy scores are respectively related to spontaneous processes and effortful, strategic
monitoring, as reported in Foster et al. (2009) and McDaniel et al. (2011). Furthermore,
these results support the presence of nonfocal PM deficits in naMCI.

Consistent with the fifth hypothesis, informant-report of PM difficulties negatively
correlated with nonfocal PM accuracy but no relationship was found with focal PM
accuracy. This suggests that everyday PM failures detected by informants are associated
with deficits in executive control functions related to self-monitoring rather than impairment
of spontaneous processes. There is increasing support that informant reports of cognition
may improve the prediction of AD conversion over objective cognitive assessment (Rabin et
al., 2012), and may better predict conversion to dementia than self-reports (Gifford et al.,
2014). Similar to Foster et al. (2009), we did not find a correlation between PM scores and
self-reported PM failures. Poor associations between self-report instruments and objective
tests of prospective remembering are common (Burgess et al., 2006; Chaytor & Schmitter-
Edgecombe, 2003). Overall, our correlational results underscore the importance of informant
report of everyday cognitive problems in pre-dementia conditions, suggesting certain PM
paradigms may tap real-world decline observed by knowledgeable others.
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In conclusion, the study results suggest impairment of focal PM accuracy in aMCI and
impairment of focal PM and potentially of nonfocal PM accuracy in naMCI. These deficits
may constitute specific behavioral markers of PM decline. In accordance with the
Multiprocess Theory of PM (McDaniel & Einstein, 2000; McDaniel et al., 2004), our results
are consistent with the notion that aMCI produces a deficient reflective-associative retrieval
system but not an impaired attentional-executive system, disrupting hippocampal but not
prefrontal functioning, while naMCI compromises both of these systems, producing
respective functional problems. Findings may inform compensatory strategies for improving
PM in aMCI and naMCI. For example, using external prompts and detailed instructions
simultaneously (Andrade et al., 2005; Martin-Saez, Deakins, Winson, Watson, & Wilson,
2011; Simoni et al., 2009; Wilson, Emslie, Quirk, & Evans, 2001) may be beneficial,
compensating for both executive functioning and memory deficits. Nonfocal PM accuracy is
negatively correlated to informant-reported concern of everyday PM failures. Overall, our
findings emphasize the importance of including items related to executive dysfunction on
informant report questionnaires, as well as the importance of informant involvement during
the diagnostic process.
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APPENDIX A

Neuropsychological Tests Utilized in Psychometric Classification of Participants

Neuropsychological tests Factor
loadings

Global/Verbal Factor

Boston Naming Test, Total Correct Without 0.433
Semantic Cue

WAIS-R Information, Raw Score 0.738

WAIS-R Similarities, Raw Score 0.495

WAIS-R Vocabulary, Raw Score 0.771

Letter Fluency, Total Words F-A-S Across Three 0.375
1-Minute Trials

WAIS-R Digit Span, Raw Score 0.738

Executive/Processing Speed Factor

WAIS-R Block Design, Raw Score 0.599

WAIS-R Digit Symbol, Raw Score 0.779

Trail Making Test — Part A (time), Seconds to -0.684
task completion

Trail Making Test — Part B (time), Score after -0.658
300 seconds

Memory Factor
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Neuropsychological tests Factor
loadings

FCSRT, Total Free Recall Across Three Test Trials 0.421

WMS-R, Logical Memory | Subtest (LM I) Raw 0.256
Score Across Three 1-Minute Trials

Category Fluency, Total Words (animals, vegetables, 0.920
and fruits) Across Three 1-Minute Trial

For the principal component analysis, orthogonal varimax rotation was used with Kaiser-
Meyer-Olkin Measure of Sampling Adequacy = .89 and significant Bartlett's Test of
Sphericity (p < .001). The 13 neuropsychological tests were: (1) verbal episodic memory/
word learning—free recall from the Free and Cued Selective Reminding Test (FCSRT;
Grober & Buschke, 1987); (2) verbal episodic memory/story recall—Logical Memory |
subtest of the Wechsler Memory Scale-Revised (WMS-R; Wechsler, 1987); (3) verbal
fluency/word generation according to an initial letter—Letter Fluency (Spreen & Strauss,
1998); (4) verbal fluency/naming exemplars from a category—Category Fluency (Rosen,
1980); (5) confrontation naming—short form of the Boston Naming Test (BNT, Kaplan,
Goodglass, & Weintraub, 1983); (6—7) visuomotor tracking, divided attention, and cognitive
flexibility—Trail Making Test Parts A and B (Reitan 1958); and select subtests of the
Wechsler Adult Intelligence Scale-Third Edition (WAIS-111; Wechsler, 1997), including (8)
visuospatial organization—Block Design, (9) psychomotor processing speed—Digit
Symbol-Coding, (10) auditory attention and working memory—Digit Span, (1) general fund
of knowledge—Information, (12) vocabulary level—\Vocabulary, and (13) verbal
abstraction of categories—Similarities. The three factors identified by exploratory factor
analysis were as follows: (1) global/verbal (Boston Naming, Information, Similarities,
Vocabulary, Letter Fluency, Digit Span), (2) executive/processing speed (Block Design,
Digit Symbol-Coding, and Trail Making Test Parts A & B), and memory (FCSRT, Category
Fluency, Logical Memory). For clinical reasons (i.e., the fact that Logical Memory |
assesses narrative memory under a free recall condition), we included Logical Memory | as
part of the memory factor even though it loaded more strongly (0.381) on the global/verbal
factor
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A. Control Condition B. Focal Condition C. Nonfocal Condition

mars : PLANET2 cake : DESSERT? fire : MEDIA2

tulip : FLOWERP radar : BIRD¢

Y/N Y/NIQ YIN/Q

Fig. 1.

Viiual display of the laboratory-based prospective memory task. A: The control condition
contained a word-categorization task on which participants responded by pressing Y or N
(yes or no) with 160 word-pair trials presented in random order. B: The focal condition
contained a word-categorization task that additionally presented the focal PM cue, “tulip”,
four times as the exemplar (e.g., appearing once on every 40 trial amongst a total of 165
word-pair trials that were presented in randomized order) and participants were required to
respond by pressing Y or N (e.g., categorization), or Q when “tulip” appeared (e.g., PM
intention). C: The nonfocal condition contained a word-categorization task that additionally
presented the nonfocal PM cue, “rad”, within the words “radiator”, “radical”, “radio”, and
“radar”, four times as the exemplar (e.g., appearing once on every 40t trial amongst a total
of 165 word-pair trials that were presented in randomized order) and participants were
required to respond by pressing Y or N (e.g., categorization), or Q when “tulip” appeared
(e.g., PM intention). a: word-categorization trial containing no PM cue. b: word-
categorization trial containing a focal PM cue. c: word-categorization trial containing a
nonfocal PM cue.
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Table 1

Demographic and clinical characteristics of the healthy control, subjective cognitive decline, amnestic mild
cognitive impairment, and non-amnestic mild cognitive impairment groups (n = 189)

HC M (SD) or #(%) SCDM (SD)or #(%) aMCl M (SD)or #(%) naMCIM(SD) or # (%)

Variable (n=98) (n =58) (n=15) (n=18) p

Age (years) 81.4 (5.3) 82.5 (4.6) 83.1 (6.6) 81.2 (5.1) 433
Sex (women) 62 (63.3) 39 (67.2) 9 (60.0) 15 (83.3) 388
Race/Ethnicity (non-white) 37 (37.8) 15 (25.9) 6 (40.0) 13(72.2) .005
Education (years) 14.8 (3.1) 15.2(3.1) 14.6 (3.3) 12.2(2.1) .004
GDS 1.2 (15) 2.4 (3.0) 2.3(2.3) 1.2 (15) 198

Note. M = mean; SD = standard deviation; HC = healthy control; SCD = subjective cognitive decline; aMCI = amnestic mild cognitive impairment;
naMCI = non-amnestic mild cognitive impairment; GDS = Geriatric Depression Scale; GDS data were logarithmic transformed and data shown are
original values for ease of interpretation. For continuous variables: p values are based on univariate analysis of variance. For categorical variables:
p values are based on the Pearson chi-square test. Similar patterns for significance between the groups occurred when we included all participants
who showed successful recall and/or recognition of at least one of the PM cues (n = 202).
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Table 2

Analyses for group differences between the healthy control, subjective cognitive decline, amnestic mild
cognitive impairment, and non-amnestic mild cognitive impairment groups on measurements of prospective

memory (n = 189)

HC SCD aMCl naMCl
M (SD) (n = M (SD) (n= M (SD) (n= M (SD) (n = ANOVA ANCOVA  Effect
Variable 98) 58) 15) 18) F-value(p) F-value(p) size
Prospective Memory Accuracy
Focal PM Accuracy 3.42 (1.21) 3.50 (.90) 2.69 (1.50) 2.63 (1.63) 4.28 (.006) 4.04 (.008) .07
Nonfocal PM Accuracy 2.67 (1.41) 2.83(1.21) 2.25 (1.40) 1.58 (1.42) 2.53(.059) 1.09 (.36) .04

Note. M = mean; SD = standard deviation; HC = healthy control; SCD = subjective cognitive decline; aMCI = amnestic mild cognitive impairment;
naMCI = non-amnestic mild cognitive impairment; ANOVA = analysis of variance; ANCOVA = analysis of covariance. Sample size slightly
varies due to omission of scores by certain participants. ANCOVA was used to compare group differences on all variables, adjusting for race/

ethnicity and education. All effect sizes are partial eta square.
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Table 3

Follow-up analyses for group differences between the healthy control, subjective cognitive decline, amnestic
mild cognitive impairment, and non-amnestic mild cognitive impairment groups on measurements of
prospective memory (n = 202)

HCM (SD) SCDM(SD) aMCI M (SD) naMCI M (SD) ANOVA ANCOVA  Effect
Variable (n=102) (n =60) (n=16) (n=24) F-value(p) F-value(p) size
Prospective Memory Accuracy
Focal PM Accuracy 3.42(1.20) 3.45 (1.00) 2.69 (1.50) 2.36 (1.60) 6.21 (<.001) 5.43(.001) .09
Nonfocal PM Accuracy  2.65 (1.39) 2.81(1.21) 2.40 (1.35) 1.79 (1.65) 5.24 (.002) 2.87 (.038) .08

Note. M = mean; SD = standard deviation; HC = healthy control; SCD = subjective cognitive decline; aMCI = amnestic mild cognitive impairment;
naMCI = non-amnestic mild cognitive impairment; ANOVA = analysis of variance; ANCOVA = analysis of covariance. Sample size slightly
varies due to omission of scores by certain participants. ANCOVA was used to compare group differences on all variables, adjusting for race/
ethnicity and education. All effect sizes are partial eta square.
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Analyses for within-subjects differences in the healthy control, subjective cognitive decline, amnestic mild
cognitive impairment, and non-amnestic mild cognitive impairment groups on measurements of ongoing task

latency (n =189)

Control M (SD) ms Focal M (SD) ms  Nonfocal M (SD) ms ANOVA F-value (p) MSE Effect size
HC (n = 98) 1,652.73 (352.54)  1,647.60 (353.27)  1,907.55 (464.99) 56.81 (<.001) 49,081.46 38
SCD (n=58) 1,748.59 (447.88)  1,734.76 (431.31)  1,945.62 (589.30) 17.94 (<.001) 65,097.23 24
aMClI (n = 15) 1,730.23 (353.92)  1,742.27 (343.34)  2,087.50 (556.42) 11.55 (.001) 59,418.61 45
naMCl (n=18)  2,167.46 (486.93)  2,069.61 (474.63)  2,035.14 (529.88) 2.29 (.119) 32,981.89 13

Note. M = mean; SD = standard deviation; HC = healthy control; SCD = subjective cognitive decline; aMCI = amnestic mild cognitive impairment;
naMCI = non-amnestic mild cognitive impairment; ANOVA = analysis of variance; ms = milliseconds; MSE = means square error. Sample size
slightly varies due to omission of scores by certain participants. All effect sizes are partial eta square.
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Table 5

Pearson correlations for laboratory prospective memory performance and self- and informant-reported concern
of everyday PM (n = 189)

Variable 1 2 3 4
1. Nonfocal Condition-Prospective Memory score 1.00

2. Focal Condition-Prospective Memory score 0.183*" 1.00

3. CAMPB, Self (PM) -0.111 0.027 1.00

4. CAMPB, Informant (PM) —0.221** -0.072 0.124 1.00

Note. CAMPB = Comprehensive Assessment of Prospective Memory, Section B; Self = self-reported; Informant = informant-reported; PM =
prospective memory total score.

*

*
p<.01.
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