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ABSTRACT

Data from the Advanced Cognitive Training for Independent and Vital Elderly
(ACTIVE) trial (N = 2,802) were analyzed to examine whether word list learning pre-
dicts future everyday functioning. Using stepwise random effects modeling, measures
from the modified administrations of the Hopkins Verbal Learning Test (HVLT) and
the Auditory Verbal Learning Test (AVLT) were independently predictive of everyday
IADL functioning, problem-solving, and psychomotor speed. Associations between
memory scores and everyday functioning outcomes remained significant across
follow-up intervals spanning 5 years. HVLT total recall score was consistently the
strongest predictor of each functional outcome. Results suggest that verbal memory
measures are uniquely associated with both current and future functioning and that
specific verbal memory tests like the HVLT and AVLT have important clinical utility
in predicting future functional ability among older adults.
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INTRODUCTION

The ability to function independently in the community is important for most
older adults (Grigsby, Kaye, Baxter, Shetterly, & Hamman, 1998). Everyday
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2 ALDEN L. GROSS ET AL.

functioning declines with age, and functional impairment leads to adverse
health care outcomes, such as nursing home admissions and hospitalizations
(Fillenbaum, 1985; Fogel, Hyman, Rock, & Wolk-Klein, 2000). A variety of
social, physical, and cognitive factors contribute to an individual’s ability to
function independently (Galanos, Fillenbaum, Cohen, & Burchett, 1994;
Galasko, 1998; Stuck et al., 1999). Declines in cognitive abilities are associ-
ated with subsequent functional impairment (Stuck et al., 1999), and cogni-
tive functioning has been shown to be a stronger predictor of capacity for
daily activities than depression or health characteristics (Burdick et al.,
2005). Therefore, the ability to predict functional decline using cognitive
tests is an active area of research (e.g., Jefferson, Paul, Ozonoff, & Cohen,
2006; Schmitter-Edgecombe, Woo, & Greeley, 2009). Neuropsychologists
and other clinicians are frequently asked to assess a patient’s ability to live
independently and make health care decisions (Galanos et al., 1994; Rabin,
Barr, & Burton, 2005). Because memory complaints are prevalent among
older adults and memory assessment is central to the neuropsychology of
evaluation of the elderly, this study will examine the ability of several mem-
ory tests to predict everyday functioning.

Everyday Functional Abilities

Everyday functional abilities refer to the general knowledge and skills
needed to independently care for oneself in the community (Katz, Ford,
Moskowitz, Jackson, & Jaffe, 1963; Loewenstein & Mogosky, 1999; Willis,
1996). A variety of methods, from self-report to objective task performance,
are used to measure everyday functioning among older adults (Farias, Harrell,
Neumann, & Houtz, 2003; Heaton et al., 2004). It is also important to care-
fully define the scope of functional abilities because particular abilities can
have different associations with different predictors (Hertzog, Kramer,
Wilson, & Lindenberger, 2008; Royall et al., 2007). Functioning may some-
times refer to multidimensional global capacities or to more specific abili-
ties, such as driving a car or walking up steps (e.g., Hakamies-Blomqvist &
Wabhlstrom, 1998). In this study, everyday functional ability is conceptual-
ized as consisting of three continuously distributed constructs: instrumental
activities of daily living (IADL) functioning, problem-solving ability, and
psychomotor speed. Each construct is measured with validated, objective
tools that are either performance-based or self-reported.

Functional ability can be assessed by asking about one’s ability to per-
form IADLs such as preparing food, managing money, and other important
everyday activities (Lawton & Brody, 1969; Richardson, Nadler, & Malloy,
1995; Royall et al., 2007). In addition to self-reports of one’s ability to
perform certain tasks, objective measures of performance on physical and
cognitive tasks important to occupational and everyday functioning are also
available (e.g., Nadler, Richardson, & Malloy, 1993; Willis & Marsiske,
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MEMORY AND FUNCTION IN OLDER ADULTS 3

1993). Two other aspects of everyday functioning are everyday cognition
and psychomotor speed of cognitive processing. Everyday cognition refers
to the application of domain-specific knowledge and mental abilities to
solving problems common in complex real-world contexts, and so measures
everyday problem-solving should assess skills that older adults need to adapt
to everyday living (Allaire & Marsiske, 1999, 2002; Eysenck & Keane,
1995). In laboratory-based tests of everyday cognition, problem difficulty
varies by the extent to which circumstances surrounding the goal or the pro-
cess of reaching the goal are well-defined or ill-defined (Allaire & Marsiske,
2002). Mental processing speed refers to the time it takes to process a stimu-
lus and respond to that stimulus; it is an important cognitive resource for
handling information (Botwinick, Brinley, & Birren, 1957; Kramer &
Madden, 2008). Mental processing slows with age and can be measured with
combinations of simple and complex reaction time tasks (Salthouse, 1991).

Cognitive Predictors of Everyday Functioning

The predictive validity of particular neuropsychological tests in cogni-
tively normal older adults has not been studied in great detail (Spooner &
Pachana, 2006). There are many potential cognitive predictors of everyday
functioning, including global predictors such as the Mini-Mental State Exam
(MMSE) and more specific constructs like executive functioning, speed of
processing, and memory (Burton, Strauss, Hultsch, & Hunter, 2006; Fol-
stein, Folstein, & McHugh, 1975; Royall et al., 2007). Global cognitive
function has been shown to be a strong predictor of functional impairment
(Burdick et al., 2005), and domain-specific neuropsychological tests have
been found to be associated with concurrent functional ability and decline
(Stuck et al., 1999). Van der Elst, Van Boxtel, Van Breukelen, and Jolles
(2008) reported a general cognitive composite that was the strongest predic-
tor of several measures of everyday functioning, but also an executive func-
tioning composite that independently explained up to 20% of the variance in
some functioning measures. Measures of executive function such as Part B
of the Trail Making Test and working memory predict IADL impairment
and even subsequent dementia among older adults (Aretouli & Brandt, 2010;
Bell-McGinty, Podell, Franzen, Baird, & Williams, 2002; Cahn-Weiner,
Boyle, & Malloy, 2002; Royall et al., 2007).

Verbal episodic memory has also been shown to be associated with
functioning, although, to date, few studies have comprehensively examined
the ability of verbal memory to predict a wide variety of IADL measures. In
a critical review of existing research, Royall et al. (2007) reported that
memory variables explained on average 1.9% of the variance in functional
outcomes. The Hopkins Verbal Learning Test (HVLT) was the best single
memory predictor (R* = 9%). Allaire and Marsiske (2002) reported that a
verbal declarative memory factor, composed of the sum of HVLT learning
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4 ALDEN L. GROSS ET AL.

trials 1, 2, and 3, was associated with everyday cognition (standardized 120
effect size = 0.22). This factor was, in turn, statistically significantly associ-
ated with self-rated everyday functioning in a sample of community-residing
older adults.

Few prospective studies have examined the relationship between mem-
ory and future functioning (but see Sliwinski et al., 2006; Van der Elst et al., 125
2008). The ability of memory to predict future functioning affords the
opportunity to anticipate future care needs, thereby helping older adults and
their families to plan ahead. Identifying the best predictors of functioning
can also inform neuropsychologists and cognitive researchers who are fre-
quently asked about a patient’s ability to function independently given 130
results from cognitive tests. It is also important to see if the strength of the
relationship between memory and future functioning differs as a function of
interval between measurements of the two.

The current study’s purpose was to examine the independent contribu-
tions of verbal memory tests in predicting three aspects of current and future 135
everyday functional ability: everyday IADL functioning, problem-solving
ability, and psychomotor speed. It was hypothesized that word list recall,
and particularly tests relying more on semantic processing to organize the
words during encoding and retrieval, would predict everyday functioning.
Second, the predictive value of memory assessed at different time intervals 140
between specific verbal memory measures and everyday functional abilities
was assessed. A third goal was to examine if cognitive training interventions
modified the relationships between any episodic memory measure and
everyday functioning. It was hypothesized that, if memory is predictive of
functioning, cognitive training specifically in memory but not other domains 145
would modify the relationship between memory and functional ability. We
addressed these questions using data from a large sample of community-
dwelling older adults who were part of the Advanced Cognitive Training for
Independent and Vital Elderly (ACTIVE) cohort.

150

METHODS
Study Population

The ACTIVE study is a large multi-center, controlled, randomized trial
of cognitive training in older adults. Community-dwelling adults age 65 and
over (N =2,802) were recruited from six metropolitan sites across the United
States and randomized to one of three types of cognitive interventions: mem- |
ory, reasoning, or speed of information processing training. A no-contact
control group comprised a fourth group. Further details of the study design
and recruitment strategy are described elsewhere (Ball et al., 2002; Jobe
et al., 2001; Willis et al., 2006). The memory training intervention involved
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MEMORY AND FUNCTION IN OLDER ADULTS 9

practicing several mnemonic strategies, such as organization, association,
visualization, and the method of loci. Participants in the reasoning training
condition were taught strategies for identifying patterns from a series of let-
ters, words, and other items. Participants in the speed of processing condi-
tion were trained to more quickly search and identify objects on a computer
screen in divided attention contexts. Each intervention was administered in
10 small-group training sessions, each lasting 60 to 75 minutes, offered over
the course of 6 weeks. Data used in this analysis were taken from partici-
pants assessed at baseline and followed up at immediate post-test, and at 1,
2, 3 and 5 years after the initial training.

Outcome Measures

The influence of memory performance at baseline on three composite
measures of everyday functioning — IADL functioning, problem-solving,
and psychomotor speed — was investigated. Each outcome was constructed
from either one score or two component test scores that were standardized at
each time point to their baseline mean and standard deviation, weighted to
be equal, and averaged. These Blom-transformed variables have been used
previously to describe aspects of functional ability (Blom, 1958; Willis et al.,
2006). Everyday IADL functioning was measured by the self-reported IADL
difficulty subscore from the Minimum Dataset — Home Care (MDS-HC)
which assesses performance in the past 7 days on a variety of IADL func-
tions (Morris et al., 1997; Teresi, Lawton, Holmes, & Ory, 1997). An everyday
problem-solving score was constructed from two measures, the Everyday
Problems Test (EPT) and the Observed Tasks of Daily Living (OTDL). The
EPT assesses cognitive IADLs with 15 sets of common comprehension and
reasoning tasks that older adults encounter in a typical day, such as reading
medication labels, recipes, and telephone bills (Willis & Marsiske, 1993).
The OTDL is a performance-based test of cognitive functioning that involves
assorted tasks including nutrition, telephone use, and checkbook balancing
(Diehl et al., 2005). Psychomotor speed was measured by a composite score
from the Timed IADL (TIADL) test and Complex Reaction Time (CRT) test
(Ball, 2000; Owsley, Sloane, McGwin, & Ball, 2002). Each composite out-
come was adjusted so that higher scores indicate better functioning.

Verbal Episodic Memory Predictors

Four measures were used to describe verbal episodic memory, two of
which were derived from the Auditory Verbal Learning Test (AVLT) and
two from the Hopkins Verbal Learning Test (HVLT). The HVLT uses a
12-word list consisting of three sets of four semantically related words
repeated three times to participants (Brandt, 1991; Brandt & Benedict,
2001). In a modification to the test’s standard administration, the word lists
were presented via audiotape and participants were asked to write down as

160

165

170

175

180

190

195

200



6 ALDEN L. GROSS ET AL.

many words as they could after each trial. The AVLT uses a 15-word list
composed of unrelated words repeated over five trials in a similar fashion,
after which an interference list and short-tern recall trial were given (Rey,
1941; Schmidt, 2004). For both instruments, recall trials were followed after

a delay by a recognition trial on which participants were asked to discrimi- 203

nate between words from the recall list and distractor words. Both the total
recall and recognition discrimination scores were used from each test. The
HVLT and AVLT total recall scores were the sum of three recall trials and
five recall trials, respectively. The discrimination score in each case was cal-
culated as the difference between the number of true positive recognitions
(‘hits’) and the number of false positive recognitions (‘false alarms’). Each
score was standardized so that coefficient magnitudes from statistical mod-
els would be comparable. A verbal memory composite score was not con-
structed to summarize these four measures because the primary motivation
behind this study was to investigate the extent to which particular measures
from these specific word list memory tests are useful in clinical contexts for
predicting current and future functional ability among older adults.

Other Covariates

To account for potential confounding, age, sex, race, years of educa-
tion, intervention group, and assessment time were included in models. Age
was centered at 70 years, and education was coded continuously in years and
centered at 12 years. A baseline measure of vocabulary knowledge was used
to represent global cognitive ability, and was converted to a z-score to be
comparable in scale with the verbal memory measures. Because of the
unequal spacing between ACTIVE assessments, follow-up visits were
treated categorically in models rather than continuously. The ACTIVE study
design included booster training at 11 and 35 months after the initial training
for about 50% of participants in each training group, but booster status was
not considered here because prior analyses have shown no effects from
booster training on memory outcomes (Ball et al., 2002; Willis et al., 2006).

Analysis Plan

Descriptive analyses were carried out on the study sample. The main
analysis was then conducted in three phases. In the first phase, a series of
stepwise random intercept models were implemented to evaluate the predic-
tive ability of each of the four verbal memory measures (HVLT and AVLT
total recall and recognition discrimination scores) for each of the three base-
line functional outcomes of everyday IADL functioning, problem-solving,
and psychomotor speed (Laird & Ware, 1982). Random intercept models use
all available data, account for within-person homogeneity that arises from
repeated measures on the same people over the study period, and accommo-
date data that are missing at random (Donders, van der Heijden, Stijnen, &
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MEMORY AND FUNCTION IN OLDER ADULTS 7

Moons, 2006). Unobserved heterogeneity between persons is represented by
person-specific latent intercepts that enable the total outcome variance to be
partitioned into within-subjects and between-subjects components (Cnaan,
Laird, & Slasor, 1997; Rabe-Hesketh & Skrondal, 2008). The basic random
intercept model is written below:

Functioning _outcome;; =U); + B +f; * memory + 3, * Time; + ¢,

There are three functioning outcomes and four separate memory measures,
resulting in 12 such models. In the equation above, person i’s functioning
outcome at time j is a function of a common intercept [, and a subject-specific
intercept U ;, a series of person-specific covariates, and a random error g for
each person at each time. The random intercept U; is assumed to be nor-
mally distributed in the population, and the random error g;; is assumed to be
normally distributed with a variance 6 around mean 0. Slope coefficients
that are significantly associated with a functioning score would indicate the
covariate is associated with person-specific changes in the score over time.

Adding observation-level covariates such as vocabulary score or a ver-
bal memory measure to a model reduces the between-subjects variance in
the predicted value of the outcome, meaning that prospectively measured
outcomes 5 years in the future will be better predicted (Cnaan et al., 1997).
This predictive ability can be quantified by a coefficient of determination
(R?), which quantifies the proportionate reduction in the between-subjects
variance of each functional outcome explained by adding covariates to a nested
model. To estimate coefficients of determination, each functional composite
was first regressed on categorical indicators for assessment time. This served
as a null model. The four standardized verbal memory scores were then
added separately to estimate the proportion of between-subjects variance
independently attributable to each measure above and beyond that accounted
for by time (step 1). Second, the baseline standardized vocabulary score was
added to these models to estimate the R attributable to global cognitive sta-
tus (step 2). In a final step, demographic characteristics were added to exam-
ine their contribution to the prediction of each functioning variable (step 3).
These steps were performed separately for each functional outcome.

For the second analysis phase, we investigated the strength of associa-
tions between episodic memory measures and prospectively collected future
functional ability as remote as 5 years later. Everyday functioning measures
from follow-up assessments at 1, 2, 3, and 5 years after training were
regressed on baseline verbal memory measures using linear regressions.

In a third analysis phase, we tested whether any of the ACTIVE
cognitive training interventions modified the relationship between episodic
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8 ALDEN L. GROSS ET AL.

memory and everyday functional abilities. Interaction terms were added
between indicator variables for cognitive training condition, time, and each
standardized verbal memory test score in random coefficient models with
everyday problem-solving, IADL functioning, or psychomotor speed as out-
comes. These interactions tested whether the relationship between verbal
memory measures and functional ability differed as a function of cognitive
training condition at each point in time. All combinations of two-way inter-
actions between time, test, and training group were also included.

RESULTS

Baseline demographic characteristics and test scores are shown in Table 1.
Memory measures and composite functional ability did not differ by training
status at baseline (all p > .98). The proportion of data missing over time was
not significantly associated with any cognitive variables, training status, or
demographic characteristics except for older age. Therefore, all analyses
were conducted with observed cases without imputed data.

Are Verbal Memory Measures Predictive of Functional Ability?

All verbal memory measures were significant predictors of each func-
tional outcome. Coefficient magnitudes in Tables 2, 3 and 4 are interpretable
as the expected change in an individual’s outcome for a one standard devia-
tion change in the cognitive predictor. In general, the HVLT total recall
score consistently emerged as the best verbal memory predictor for each
functional outcome, and its association with each outcome was the least
attenuated after accounting for global cognition. The prediction of each
everyday functioning measure improved across the board by between 7 and
22% when non-cognitive demographic variables were included.

HVLT and AVLT recall sum scores independently accounted for 8%
of the between-subjects variance in IADL functioning and the recognition
discrimination scores accounted for about 4% of the variance (Table 2). Glo-
bal cognitive status made a small contribution to the prediction of this out-
come (incremental adjusted R’<1%; Table 2). Models containing
demographic variables explained an extra 7 to 10% of the variance in every-
day IADL functioning. Similar analyses for everyday problem-solving
revealed that memory predictors were responsible for 13 to 37% of the
between-subjects variance in the outcome, with the HVLT recall sum score
independently explaining the most variance (Table 3). Global cognition
enhanced the predictive value, particularly for verbal memory predictors that
were independently weaker predictors of the outcome. Global cognition and
verbal memory predictors together explained approximately 50% of the
between-subjects variance in everyday problem-solving (Table 3). In the
final steps for each cognitive predictor of everyday problem-solving (step 3),
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MEMORY AND FUNCTION IN OLDER ADULTS 9

TasLE 1. Baseline characteristics and test scores of the
Advanced Cognitive Training for Independent and Vital
Elderly (ACTIVE) cohort
ACTIVE
Cohort
(N =2,802) Range
Age, mean (SD) 73.6 (5.9) 65,94
Years of Education, mean (SD) 13.5(2.7) 4,20
Sex, n % female 2,126 (76%)
Race, n % white 2,042 (73%)
Training Group, n
Memory Training 703 (25%)
Reasoning Training 699 (25%)
Speed Training 702 (25%)
Control 698 (25%)
Baseline Cognitive Measures, mean (SD)
MMSE 27.3 (2.0) 23,30
Vocabulary 12.4 (3.9) 0, 18
AVLT
Sum of Trials 1-5 48.5 (10.6) 6,73
Recognition Discrimination 8.4 (5.8) —18, 15
HVLT
Sum of Trials 1-3 259 (5.5) 1,36
Recognition Discrimination 10.5 (1.8) -6, 12
Baseline Functioning measures, mean (SD)
Everyday IADL functioning 0(2.0) -2.5,8.6
MDS-HC (raw) 4.3(4.9) 0,26
Everyday problem-solving 0(1.8) -5.9,5.30
EPT (raw) 18.6 (5.7) 0,28
OTDL (raw) 17.6 (4.4) 1,28
Everyday problem-solving 0(2.5) -8.8,9.1
CRT (raw) 0.30(0.89) -3.4,35
TIADL (raw) 0.069 (1.02)  -3.9,3.3

approximately 60% of the between-subjects variance was explained by these
measures together with demographic characteristics. Associations with
everyday psychomotor speed followed a similar pattern in that the HVLT
recall sum score was the best predictor of the outcome and demographic
characteristics explained an extra 18% of the variance above and beyond 32
cognitive predictors (Table 4).

()]

Are Verbal Memory Measures Predictive of Future Functional Ability?

Coefficients of determination at each time between episodic verbal
memory measure and each functional domain 1, 2, 3 and 5 years after the
baseline measurement are shown in Figure 1, which has panels for each 330
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TaBLE 2. Predictive associations with everyday functioning among older adults: Data from the
ACTIVE Study (N = 2,802)

Everyday functioning

Demographics

Adjusted  Incremental
Step and predictor B (95% CI) R? adjusted R —2LL
la HVLT Trials 1-3
Unadjusted 0.08 (0.07, 0.09) 8.28% 41376.7
2a 8.93% 0.65% 41242.5
Adjusted for Vocabulary 0.09 (0.08, 0.10)
Vocabulary -0.14 (-0.22, -0.07)
3a
Adjusted for Global 0.05 (0.04, 0.07) 16.29% 7.36% 41042.6
Cognition, Demographics
Ib HVLT Recognition Discrimination
Unadjusted 0.18 (0.14, 0.21) 3.35% 46251.3
2b 3.42% 0.07% 46128.5
Adjusted for Vocabulary 0.18 (0.14, 0.21)
Vocabulary 0.01 (-0.06, 0.08)
3b
Adjusted for Global Cognition, 0.09 (0.05, 0.13) 13.55% 10.13% 45854.9
Demographics
lc AVLT Trials 1-5
Unadjusted 0.05 (0.04, 0.05) 8.16% 45895.5
2c 8.50% 0.34% 45794.6
Adjusted for Vocabulary 0.05 (0.04, 0.05)
Vocabulary —0.08 (-0.15, -0.01)
3c
Adjusted for Global Cognition, 0.03 (0.02, 0.04) 15.41% 6.91% 45593.3
Demographics
1d AVLT Recognition Discrimination
Unadjusted 0.06 (0.05, 0.07) 4.14% 46017.2
2d 4.40% 0.26% 45955.5
Adjusted for Vocabulary 0.06 (0.05, 0.07)
Vocabulary —0.05 (-0.13, 0.02)
3d
Adjusted for Global Cognition, 0.04 (0.02, 0.05) 13.78% 9.38% 45688.9

outcome. Everyday IADL functioning was poorly predicted by all verbal
memory measures at each time interval. HVLT total recall was the best pre-
dictor of both everyday problem-solving and psychomotor speed at all time
intervals. The coefficient of determination for psychomotor speed declined
over time for each memory predictor. There was no such decline in predic-

tive value for everyday problem-solving.
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TasLE 3. Predictive associations with everyday problem-solving among older adults: Data from the
ACTIVE Study (N = 2,802)
Everyday problem-solving
Adjusted  Incremental
Step and predictor B (95% CI) R? adjusted R? -2LL
la HVLT Trials 1-3
Unadjusted 0.17 (0.16,0.18)  37.25% 29919.6
2a 52.49% 15.24% 29247.6
Adjusted for Vocabulary 0.13(0.12, 0.14)
Vocabulary 0.67 (0.62, 0.72)
3a
Adjusted for Global Cognition, 0.09 (0.08, 0.10)  62.99% 10.50% 28688.8
Demographics
Ib  HVLT Recognition Discrimination
Unadjusted 0.33(0.29,0.36)  12.98% 33928.3
2b 42.88% 29.90% 32817.5
Adjusted for Vocabulary 0.23 (0.20, 0.26)
Vocabulary 0.88 (0.83, 0.93)
3b
Adjusted for Global Cognition, 0.14 (0.12,0.17)  58.42% 15.55% 32028.8
Demographics
lc  AVLT Trials 1-5
Unadjusted 0.08 (0.07,0.08)  26.04% 33334.1
2c 48.99% 22.96% 32374.1
Adjusted for Vocabulary 0.06 (0.05, 0.06)
Vocabulary 0.79 (0.74, 0.84)
3c
Adjusted for Global Cognition, 0.04 (0.03,0.04)  60.45% 11.46% 31744.6
Demographics
1d  AVLT Recognition Discrimination
Unadjusted 0.15(0.14,0.16)  28.36% 33266.1
2d 48.91% 20.55% 32414.9
Adjusted for Vocabulary 0.10 (0.09, 0.11)
Vocabulary 0.76 (0.71, 0.80)
3d
Adjusted for Global Cognition, 0.07 (0.06, 0.08)  60.38% 11.47% 31774.8
Demographics

Did ACTIVE Training Programs Modify Predictive Strengths of Verbal
Memory Measures?

Separately for everyday IADL functioning, problem-solving, and psy-
chomotor speed, random coefficient models were next fit with three-way
interaction terms between training status, time, and memory test scores in
order to test for effect modification by training status at each time point.

340

Models adjusted for age, sex, education, race, and vocabulary score. We 345
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TasLE 4. Predictive associations with everyday psychomotor speed among older adults: Data from
the ACTIVE Study (N = 2,802)
Everyday speed
Adjusted  Incremental
Step and predictor B (95% C1) R? adjusted R2 -2LL
la HVLT Trials 1-3
Unadjusted 0.24 (0.23,0.26)  30.48% 44123.5
2a 33.49% 3.00% 43905.1
Adjusted for Vocabulary 0.22 (0.20, 0.23)
Vocabulary 0.45 (0.36, 0.53)
3a
Adjusted for Global Cognition, 0.15(0.14, 0.17) 49.12% 15.63% 43271.2
Demographics
Ib  HVLT Recognition Discrimination
Unadjusted 0.50 (0.45, 0.55) 13.17% 49559.2
2b 22.90% 9.74% 49135.4
Adjusted for Vocabulary 0.42 (0.37, 0.46)
Vocabulary 0.76 (0.68, 0.85)
3b
Adjusted for Global Cognition, 0.26 (0.21, 0.30)  44.82% 21.92% 48260.2
Demographics
lc  AVLT Trials 1-5
Unadjusted 0.12(0.11,0.12)  25.87% 48875.2
2c 31.71% 5.84% 48581.8
Adjusted for Vocabulary 0.10 (0.09, 0.11)
Vocabulary 0.60 (0.52, 0.69)
3c
Adjusted for Global Cognition, 0.07 (0.06, 0.08)  48.23% 16.52% 47861.3
Demographics
1d  AVLT Recognition Discrimination
Unadjusted 0.19(0.18,0.21)  21.72% 49050.9
2d 27.22% 5.50% 48807.5
Adjusted for Vocabulary 0.16 (0.15, 0.17)
Vocabulary 0.59 (0.51, 0.68)
3d
Adjusted for Global Cognition, 0.10 (0.08, 0.11)  45.49% 18.27% 48041.7
Demographics

found no consistently significant relationships between any particular mem-
ory tests for any functional outcome. This replicates prior findings from
ACTIVE (Willis et al., 2006).

DISCUSSION

This study’s objective was to investigate the association of memory tests 350

with three domains of prospectively measured everyday functioning. We
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Ficure 1. Interval associations between functional ability and HVLT and AVLT measures:
Data from the ACTIVE Study (N = 2,802).
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showed that measures from modified administrations of the HVLT and
AVLT list-learning tests are predictors of a variety of performance-based
measures of everyday problem-solving and psychomotor speed assessed
across 5 years in community-dwelling older adults. These relationships were
maintained even after accounting for global cognitive status. Non-cognitive
demographic characteristics improved the prediction of everyday function-
ing by between 7 and 22% across all outcomes and predictors. This study
builds on previous research showing that verbal memory is associated with
concurrent functional ability by demonstrating that verbal memory mea-
sures, particularly the HVLT, are also predictive of future functional ability.
The HVLT recall score was the strongest predictor of each functional out-
come. Significant associations between verbal memory and future function-
ing persisted in this sample for 5 years. No type of cognitive training altered
the relationship between verbal memory and functional ability.

The everyday tasks measured with instruments like the EPT, OTDL,
and TIADL are much more cognitively complex than the abilities measured
by individual neuropsychological tests. This study’s findings are consistent
with the hypothesis that verbal memory makes a significant contribution to

355
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the prediction of problem-solving and psychomotor speed elements of 370

everyday functioning. All verbal memory measures together with global
cognition explained 55 and 40% of the variance in everyday problem-solving
and psychomotor speed, respectively, although no combination of predictors
explained more than 16% of the variance in everyday IADL functioning.
Memory has obvious roles in everyday function, from the need to monitor
sequences of actions to awareness of past decisions when evaluating future
options (Shallice & Burgess, 1996; Zanini, Rumiati, & Shallice, 2002). In
the face of a physical disability, good memory can help an individual main-
tain independence for longer periods than otherwise expected.

ACTIVE included a large, diverse sample of older adults, and so find-
ings should be generalizable to older community-dwelling adults. Prospec-
tively collected measures for the exposure and outcome provide robust
support for our findings. In light of these strengths, several limitations are
important to mention. Significant functional decline was seen in the

ACTIVE sample by the fifth year (Willis et al., 2006), but our findings may -

not generalize to more disabled older adults. Verbal episodic memory mea-
sures may not be as strongly associated with functional ability in such popu-
lations, or components of functioning may be less associated with memory.
This study has important clinical and research implications. Ecological
validity refers to the degree of correspondence between neuropsychological
test performance and everyday functioning in real-world situations, and it is
important to identify neuropsychological measures that are ecologically
valid (Sbordone, 1996). Clinicians are often limited by the amount of time
they can spend with patients, and older adults characteristically show wide
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variability not only in health status, but also in disease presentation. Memory
function can be a robust indicator of future functional capacity, and so neu-
ropsychological testing of memory in unimpaired older adults may be a pro-
ductive endeavor. The HVLT is a relatively brief, easy test to administer,
and perhaps better tolerated by patients than other memory tests. Future
research should seek to replicate our findings among more disabled older
adults as well as those with more prospectively observed functional decline.
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