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Abstract
Six individuals with probable Alzheimer’s disease (AD) participated in a phase 1 study employing
a repeated measures, parallel baseline design testing the hypothesis that error-free experience
during word production practice combined with an acetyl cholinesterase inhibitor would improve
confrontation naming ability. While acetyl cholinesterase inhibitors are safe and delay cognition
decline associated with AD, improvement over baseline cognition is less evident; clinically
significant cognitive deficits persist and progress. Both animal and clinical research strongly
implicate acetylcholine in learning, a form of neuroplasticity. In clinical practice, however, people
with AD are given cholinergic medications without concomitant systematic/targeted retraining. In
this study six participants with probable AD and taking donepezil participated in targeted word
production practice using an errorless learning strategy. Results showed that combining behavioral
enrichment training and an acetyl cholinesterase inhibitor resulted in significant improvements in
verbal confrontation naming of trained items for three of six participants. Differences in baseline
dementia severity, living conditions, and medications may have influenced the training response.

Copyright © 2009 INS.
Correspondence and reprint requests to: Leslie J. Gonzalez Rothi, Ph.D., Brain Rehabilitation Research Center, Room 151a, Malcom
Randall VA Medical Center, 1601 SW Archer Road, Gainesville, Florida 32608-1197. gonzalj@neurology.ufl.edu.

NIH Public Access
Author Manuscript
J Int Neuropsychol Soc. Author manuscript; available in PMC 2010 December 28.

Published in final edited form as:
J Int Neuropsychol Soc. 2009 March ; 15(2): 311–322.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Detection of substantial treatment effects in 50% of subjects suggests further language treatment
studies in AD in combination with an acetyl cholinesterase inhibitor are warranted and provide
useful information on inclusion/exclusion criteria for use in subsequent studies.
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INTRODUCTION
The relentlessly progressive cognitive deterioration caused by Alzheimer’s disease (AD) is a
major cause of disability and suffering, with the total health-related costs estimated to
exceed $100 billion per year in the U.S. alone (Ernst & Hay, 1997). According to Petersen et
al. (2001) there are currently 4 million people in the United States with AD and by 2050 this
number is expected to increase to 14 million people. Although the most important goal is
primary prevention, until the time that a cure is found it will be important to reduce the
disability associated with AD. Individuals with AD often suffer from verbal communication
disorders, the most frequent being anomia. This Phase I study was designed to learn if
subjects with AD given errorless word production practice paired with a cholinergic
medication can learn new words and retain that knowledge.

While multiple double-blind placebo-controlled studies have demonstrated that acetyl
cholinesterase inhibitors are safe and delay cognitive decline in people with AD to a
statistically significant degree (Burns et al., 1999), the clinical effects of these drugs are less
impressive (Doody et al., 2001). The question therefore arises: Can the impact of acetyl
cholinesterase inhibitors on the trajectory of cognitive decline in AD be amplified, perhaps
through a behavioral therapy? This is the question we test empirically in this study. The
hypothesis motivating this experiment is that because acetyl cholinesterase inhibitors
partially correct the deficient cortical and hippocampal acetylcholine levels observed in AD,
and because acetylcholine is essential to learning, acetyl cholinesterase inhibitors work by
potentiating capacity for learning, a form of neuroplasticity. Learning is unlikely to occur in
the absence of an environment that is rich in information to be learned. Behavioral treatment
can potentially provide that information.

There is considerable convergent evidence that the effect of acetyl cholinesterase inhibitors
on cognitive function in AD is mediated through neuroplastic mechanisms rather than
through simple enhancement of cortical function. In animal studies, immunotoxic injury to
the nucleus basalis (the source of cortical acetylcholine) or the administration of
anticholinergic drugs impairs the modifications of neural synapses that underlie learning,
modifications of the central nervous system in response to peripheral nerve injury, and
recovery from central nervous system injury (Baskerville et al., 1997;Butt & Hodge, 1995;
Conner et al., 2003; Juliano et al., 1991; Saponjic et al., 1998; Webster et al., 1991). In
contrast, stimulation of cholinergic basal forebrain structures or administration of
cholinomimetic agents in adult animals greatly enhances neural plasticity, learning derived
from experience, and recovery from brain injury (Kilgard & Merzenich, 1998; 2002;
Saponjic et al., 1998).

Findings from human studies are quite comparable. Administration of anticholinergic agents
impedes learning (Drachman & Leavitt, 1974; Wezenberg et al., 2005), whereas the
administration of acetyl cholinesterase inhibitors promotes learning and memory (Benke et
al., 2005; Crowell et al., 2006; Grön et al., 2005; Krupp et al., 2004; Nadeau et al., 2004;
Wezenberg et al., 2005). These studies in animals and human subjects provide strong
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support for the concept that the beneficial effects of acetyl cholinesterase inhibitors in AD
are mediated through their effect on learning. Long-term, open-label, extension studies of
randomized trials of donepezil in subjects with AD provide further support for this concept.
If the effect of this drug were purely symptomatic, one would expect that: (1) the cognitive
benefits of the drug would decline rapidly during the post-randomization trial drug-free
washout period, closely following drug clearance; and (2) after the washout period, when all
patients are given the drug, the cognitive function of subjects, whether previously in the
drug or placebo arms of the randomized trial, would rapidly improve to the level of drug-
treated subjects before the washout period. Neither hypothesis is supported by trial results
(Doody et al., 2001). After three weeks of no drug (i.e., during drug washout), when >99%
of the drug has been cleared, formerly drug-treated patients continue to exhibit higher AD
Assessment Scale-Cognitive scores than formerly placebo-treated patients. When donepezil
is given to all subjects at the end of three weeks of washout, formerly placebo-treated
patients do not catch up to the level of formerly drug-treated patients. It takes a full six
weeks of washout for the cognitive benefit of drug treatment during the randomized phase of
the trial to be lost (Burns et al., 2007; Doody et al., 2001). Furthermore, long-term, open-
label follow-up studies suggest that the rate of cognitive decline in patients on central acetyl
cholinesterase inhibitors is less than that of comparable untreated subjects (Burns et al.,
2007; Rogers et al., 2000; Small et al., 2005). In summary, the result of long-term, open-
label follow-up trials point strongly to an effect on neuroplasticity, not just enhancement of
existing cognitive functions.

We have reviewed the evidence that centrally acting acetyl cholinesterase inhibitors act by
potentiating learning, which presumably might occur during daily life. However, in most
people with AD given cholinomimetic medications, learning is left to chance, and no
adjunctive behavioral training is provided. Previous studies have suggested that
rehabilitation can stabilize or improve cognitive function in mild to moderate AD (Clare et
al., 2000; 2002), and that rehabilitation paired with an acetyl cholinesterase inhibitor may
boost the positive drug effects and enhance their clinical impact (Bottino et al., 2005;
Lowenstein et al., 2004; Rozzini et al., 2007). In this study, we test the potentiating effect of
rehabilitation on a specific domain of language impairment in AD: anomia.

The “errorless learning” method used in this study represents a paradigmatic change from
traditional language therapy in that it focuses on preventing or greatly reducing the
opportunity to practice incorrect responses. This method discourages “guessing” by either
instructing participants to make a response only if they feel confident they will be correct or
by providing participants with the correct model prior to their response. The goal is to
maximize the occurrence of correct productions while avoiding incorrect responses.
Errorless learning has been successfully utilized in rehabilitation for individuals with AD in
learning face-name associations, personal information, and object naming (Bottino et al.,
2005; Haslam et al., 2006; Lowenstein et al., 2004).

Errorless learning has not yet been thoroughly studied; however, it is clear that the
mechanisms underlying its effects are complex and may vary with the type of material being
learned (Haslam et al., 2006; Nadeau et al., 2008). There may be circumstances in which the
effects of errorless learning are beneficial and other circumstances in which they are
harmful. Because in lexical learning (as in the current study) there is typically one and only
one correct response, there is no evident reason why allowing the participant to struggle to
overcome a word retrieval problem (“errorful learning”) should be beneficial, and such
struggling may significantly impede the learning process. On the other hand, there may be
learning situations (e.g., involving treatment of semantic deficits or apraxia of speech), not
assessed in the current study, in which redifferentiation of dedifferentiated representations is
likely to be important and errorless learning might theoretically be harmful.
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The purpose of this Phase I study was to learn if adding behavioral practice aimed at
improving naming ability to treatment with an acetyl cholinesterase inhibitor (donepezil)
might boost the drug effect reported in individuals with AD, thereby determining whether
the clinical impact of this commonly used drug might be enhanced and disability reduced
through combined treatment (Clare et al., 2002). Phase I studies are intended to investigate
whether a treatment has a measurable therapeutic effect, to establish safety, and to determine
the best outcome measures, candidates for treatment, and optimal intensity and/or duration
of treatment (Rodriguez & Rothi, 2008; Rothi, 2006). In phase I studies, such as the one
reported here, a within-subject design is an efficient way to address these early questions
(McReynolds & Kearns, 1983). Group designs require a control group in addition to the
experimental group to maintain control; a single subject design with multiple baselines
allows a subject to be used as his or her own control. Our study employed an N of 1,
repeated probes, parallel baseline design in which all subjects received the acetyl
cholinesterase inhibitor (donepezil) and each subject was serially trained to name sets of
semantically orthogonal items. Because performance on all items, trained and untrained, was
monitored during training and no-training periods, performance on trained and untrained
items, as well as performance with and without treatment, could be systematically
contrasted. Because the naming sets were semantically orthogonal, performance on the
untrained “generalization” set (List 3, below) provides the requisite experimental control
measure: how subjects perform on the drug without behavioral treatment. Because
interruption or delay of drug treatment has been shown to have enduring adverse effects and
would therefore be unethical, our study did not incorporate a drug placebo component. Thus,
we could not determine the impact of donepezil alone on naming performance, or potential
donepezil by behavioral treatment interaction effects.

METHODS
Participants

Twenty-eight individuals with probable AD, ranging from 40–91 years of age, were
considered for participation in this study and seven who met the inclusion/exclusion criteria
were enrolled in the training protocol. Based on review of medical records and examination
by a study neurologist, all seven participants met the National Institute of Neurological and
Communicative Disorders and Stroke criteria (McKhann et al., 1984) for probable
degenerative dementia of the Alzheimer’s type. All participants had brain imaging studies
(e.g., MRI), thyroid function tests, B12 levels, and a serological test for syphilis (MHA-TP).
All participants were native English speakers and based on the results of the Boston Naming
Test (Kaplan et al., 1983), all were anomic. None of the participants had a history of prior
strokes, head trauma, learning disabilities (including dyslexia), co-existing chronic
neurological disorders, significant drug or alcohol abuse, or depression.

While the use of potentially anti-neuroplastic drugs (including neuroleptics, α-1
noradrenergic antagonists, α-2 noradrenergic agonists, anticonvulsants, benzodiazepines,
and tricyclic antidepressants) represented a relative contraindication to study participation,
and the use of anticholinergic medications represented an absolute contraindication
(Goldstein, 1998), the use of such drugs is so ubiquitous that exclusion of all participants
receiving even one of them would have seriously compromised recruitment. All participants
entered into the study had been on a dosage of either 5 or 10 mg of donepezil for at least 10
weeks prior to the start of their participation in this study. Demographic data for all
participants who completed the study can be found in Table 1 .

This study was approved and monitored by the Institutional Review Board of the University
of Florida Health Science Center and the Subcommittee for Clinical Investigation of the
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Malcom Randall VA Medical Center. All participants provided informed consent to
participate.

All participants were given a battery of tests before training began and after training ended.
This included the Mini Mental State Exam (MMSE) (Folstein et al., 1975) to assess severity
of dementia, and the California Verbal Learning Test (CVLT) (Delis et al., 1987) to assess
free recall, which is often affected adversely by AD. The Rey Osterrieth Complex Figure
Test (Rey-O) (Rey, 1941) was used to assess visuospatial perceptual ability as well as
visuospatial construction, as visuoperceptual deficits are common in AD. We also included
language tests such as the Western Aphasia Battery (WAB) (Kertesz, 1982) to provide a
picture of the participant’s overall language function, the Boston Naming Test (BNT)
(Kaplan et al., 1983) to assess confrontation naming as confrontation naming may be
affected by semantic or perceptual errors, and the Controlled Oral Word Association Test
(COWAT) (Spreen & Benton, 1969) to assess verbal generation, which is often reduced in
AD even in the early stages. Scores for all participants can be found in Table 2.

Design
This study utilized a within-participant, multiple-baselines-across-behaviors design, with
generalization probes. All participants received donepezil 10 mg daily throughout the study.
Stability of performance on the naming task was assessed via the C-statistic (Tryon, 1982)
prior to initiating the errorless naming practice. Participants underwent an initial baseline
phase for a minimum of 8 sessions as specified by Tryon (1982) as a means to accurately
establish the steady-state level or trend of performance before training and to provide a
sufficient dataset for inference employing the C-statistic. The baseline phase assessed each
participant’s ability to produce the correct word when presented with a picture from the
corpus of 100 pictures. Each picture was shown to the participant with the examiner saying,
“I’m going to show you a picture and I want you to name it.” Participants were allowed up
to 30 seconds to attempt to name the picture. Responses were scored immediately as correct/
incorrect and if no attempt was made, it was scored as incorrect. Upon treatment
termination, this same procedure was followed with all participants at three time points
(immediately post-treatment, and 1-month and 3-months post-treatment) (See Table 3 for
timetable).

Stimuli
Stimuli for training included a corpus of 100 (50 high and 50 low frequency) words (Francis
& Kucera, 1982). Black and white line drawings were matched to each word. The corpus
included pictures of animals, body parts, people, household items, clothing, means of
transportation, fruit, and musical instruments. The stimuli were chosen such that all items in
any given category had less than 0.10 relatedness to all items in any other category, as
determined using the University of South Florida Word Relatedness Database (Nelson et al.,
1998); that is, the word lists were semantically orthogonal.

Training Procedures
The training involved instructing participants to name stimulus items using an errorless
learning technique. Each participant was assigned three uniquely designed stimulus subsets
selected from the entire corpus, corresponding to three item categories. Because balance in
difficulty, as demonstrated by performance accuracy, was necessary so that no subset was
more difficult for any one participant than the others, and because each participant
performed uniquely on the various individual stimuli, accuracy in naming each picture
during baseline performances was used to select stimulus subsets uniquely for each subject.
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Training sessions—Participants received the errorless learning training in 60 min
sessions, 4 times a week. Ability to provide an accurate name for all items in the
participant’s three uniquely designed stimulus subsets (Lists 1–3) was probed at the start of
each training session to establish training outcome measurement. Naming training began by
targeting only one of the stimulus subsets (List 1) while Lists 2 and 3 remained untrained
but were probed to allow ongoing evaluation of experimental control and also as a test of
generalization. If the participant was able to reach a criterion of 90% accuracy in naming
objects in List 1 over three consecutive sessions, the focus of the training switched to a
second subset (List 2) (see Table 3). However, if the participant was not able to reach
criterion on naming performance for the first trained list, training for the second list was
never initiated, and outcome measurements were completed. List 3 was never trained and
was used throughout the experiment as an untrained control.

During the training, two sequential conditions were employed, the first reflecting maximal
therapist support, the second somewhat reduced support. In the first condition (simultaneous
condition) the therapist spoke the name of the picture as it was presented. The clinician
would say, “I’m going to show you a picture and tell you the name of it. I want you to repeat
the name after me.” During the second condition (delayed condition), the therapist named
the picture three seconds after it was presented. During the delay the participant was allowed
to provide a verbal response if she/he felt capable of producing it. The clinician would say,
“I’m going to show you a picture. If you know the name of it, go ahead and say it. If you’re
not sure I will tell you the name and then you can repeat it after me.” The criterion for
transition from the simultaneous to the delayed condition was the same as the criterion for
switching lists (i.e., 90% correct naming performance on the subset targeted by the training
on three consecutive sessions). If this criterion was not met within 20 sessions training was
discontinued.

Training outcome measurement—The data provided by the probes obtained at the start
of each training session for each participant’s three stimulus subsets were plotted graphically
with separate lines reflecting performance on Lists 1, 2, and 3. Participants were given a
weekly task of drawing clocks as a control measure. Performance on this task was not
expected to change because it was not trained and the effects of training ability to name
were highly unlikely to generalize to this very different domain.

Analysis
Training outcome data were statistically analyzed in two complementary ways: (1) using
piecewise linear regression, and (2) through calculation of effect sizes. The piecewise linear
regression analysis explicitly tests the knowledge acquisition process. The effect size
calculations give us a “before-retention” snapshot. Piecewise linear regression models were
fitted to the probe data to test whether there were significant changes in performance on
probes of all three lists between baseline and the List 1 training period, and between the
baseline plus List 1 training period and the List 2 training period. To control for multiple
testing we conducted each test at the .01 significance level. Effect sizes were calculated
using a variation of Cohen’s d-statistic (Cohen, 1988) as calculated by Busk and Serlin
(1992) (for overview on calculation of effect sizes in cognition rehabilitation research, see
Beeson & Robey, 2006; Robey, 2004). Effect sizes for all participants were calculated by
subtracting mean performance on baseline probes from mean performance on all post-test
probes (1-week, 1-month, and 3-months) and dividing by the standard deviation of the
baseline probes (Busk & Serlin, 1992). Although no benchmarks have been established for
the magnitude of effect sizes in rehabilitation of degenerative disease such as AD,
benchmarks for magnitude estimates have been provided for single-subject studies in
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aphasia rehabilitation (Robey et al., 1999) with first, second, and third quartiles
corresponding to small, medium, and large effect sizes being 2.6, 3.8, and 5.8, respectively.

The control task of clock drawing was scored by two independent raters (both licensed
neuropsychologists) who were blind to subject identity and date/sequence of the clock draw
sample acquisition. Scoring criteria described by Rouleau and colleagues (1992) were
employed. This scale allows quantification on a 10-point scale across three facets of
performance: (1) integrity of the clock face (0–2 points), (2) presence and sequencing of
numbers (0–4 points), and (3) presence and placement of hands (0–4 points). Although there
are simpler and more time efficient strategies for quantitative clock scoring (e.g.,Roth et al.,
1986; Royall et al., 1999; Shulman et al., 1993), it was decided to use this more detailed and
comprehensive method to maximize sensitivity to change in these moderately demented
patients. The results of the scoring were also analyzed via Tryon’s C-statistic (Tryon, 1982),
which tests trends in the data in relation to point-to-point variability.

RESULTS
One of the seven participants who signed the informed consent for this study expired after
screening but prior to the start of the training for reasons unrelated to his/her dementia or the
screening exam. Of the six participants who did enter the training protocol, all completed the
training protocol within a range of 20–35 sessions. No adverse events were noted during this
project, demonstrating the safety (tolerability) and the feasibility of completing this training
protocol.

The piece-wise linear regression analysis indicated that S1, S2, and S3 were responders, and
S4, S5, and S6 were nonresponders. The analyses showed that for S1, S2, and S3,
performance on List 1 probes was significantly better after the list had been trained,
compared to baseline, with F-statistics and p-values of F(1, 57) = 117.2, p < .0001; F(1, 26)
= 112.6, p < .0001; and F(1, 37) = 19.7, p < .0001, respectively. Similarly, these three
subjects (S1, S2, and S3) showed significant improvement in performance on List 2 probes
after training compared with performance before List 2 had been trained, with F-statistics
and p-values of F(1, 57) = 9.7, p = .0029; F(1, 26) = 45.5, p < .0001, and F(1, 37) = 5.0, p
= .0032, respectively. Two of the three responders showed evidence of significant
improvement on the generalization probe: S1 during training of List 1, relative to baseline
(F(1, 57) = 33.3, p < .0001), and S3 during training of List 2, relative to the baseline plus
List 1 training period (F(1, 37) = 30.5, p < .0001). In contrast, the nonresponders (S4, S5,
and S6) showed no significant improvement in performance for any of the lists.

Effect sizes for S1, S2, and S3 (the responders) for treated List 1 were 6.0, 5.8, and 1.0,
respectively. Effect sizes for S1, S2, and S3 for treated List 2 were 3.2, 9.5, and 6.0,
respectively. Most of these qualify as large effects. Effect sizes for S1, S2, and S3 for the
untreated generalization list were 1.2, 1.0, and 2.75, respectively. Only the generalization
effect for S3 is noteworthy, and it qualifies as a small effect. Effect sizes for S4, S5, and S6,
the nonresponders, for treated List 1 were −4.3, 1.9, and −0.3, respectively. Effect sizes for
S4, S5, and S6 for the untreated generalization list were −0.8, 1.8, and 0.4, respectively. The
results of effect size calculations were substantially congruent with the results of the piece-
wise linear regression analysis.

Results for the clock drawings showed no changes for 5 of the 6 participants. One
participant (S2) did reach significance on the C-statistic suggesting that his clock drawing
performance had improved (see Appendix).
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DISCUSSION
In this study we report on the proof-of-concept, feasibility, and safety of treating six
participants with probable AD using behavioral enrichment in the form of language training
in combination with an acetyl cholinesterase inhibitor. The language-training program
focused on the accuracy of lexical retrieval utilizing a method called errorless learning
(Evans et al., 2000; Jones & Eayrs, 1992). The training (all of which occurred while subjects
were on donepezil) effectively eliminated word-finding struggles and perseverative
responses in three of the six participants; each showed little evidence of frustration.

Our experimental design, now widely employed in speech-language treatment studies
(Kearns, 2000) addresses three major challenges to behavioral therapies in general: (1)
behavioral treatment research is very costly because it requires an enormous investment of
time and effort in each subject; (2) there is often enormous variability in individual response
to treatment; and (3) treatment may have nonspecific effects that improve outcome but
obscure the mechanisms of effect. For these reasons, pilot studies are not even feasible
unless they can employ exceptionally efficient designs. The N of 1, repeated probe, multiple
baseline design employed in the present study is an example. It eliminates the effects of
between subject variance by using each subject as their own control. The use of each subject
as their own control was made possible by the use of semantically orthogonal training sets in
which knowledge gained in the training of one set would not provide linguistic advantage to
another set. The use of N of 1, repeated probe, multiple baseline designs anticipates that
there are likely to be responders and nonresponders, and by virtue of the design it is possible
to detect effects of potentially clinical importance in responders while distinguishing
responders from nonresponders. Additionally, in this design, each subject has the same
experience through every phase of treatment, thereby minimizing the potential for
nonspecific treatment effects differentially impacting treated items. Furthermore, the design
provides a means for testing for the presence of such nonspecific effects. In contrast, in a
parallel group design, statistical effects of treatment would be washed out by heterogeneity
of response in the treated group and by interindividual variability between the two groups.
Consequently, a very large and expensive study would likely be needed simply to detect the
probable presence of a treatment effect. Finally, controlling adequately for nonspecific
treatment effects in parallel group designs can be extremely difficult in neurorehabilitation
research.

The results of our study revealed that with the combination of training and use of an acetyl
cholinesterase inhibitor, three of the six participants improved in verbal confrontation
naming of trained items. In contrast to the three responders, two of the participants did not
respond to the training and one had a minimal response (S5). Two of the responders showed
evidence of generalization to untreated items in the piece-wise linear regression analysis.
For S1, this can be attributed entirely to instability in baseline performance because there
was absolutely no further gain during the List 1 and List 2 treatment epochs. S3, however,
showed steady slow improvement during both baseline and the List 1 treatment epochs, an
improvement that was also born out in the small effect size of 2.75. Overall, the results of
our statistical analysis, when considered in conjunction with the graphic display of the data
(Figures 1 and 2) suggest preservation of experimental control. However, our results also
reflect a reality of language rehabilitation, that is, generalization to untreated stimuli is
substantially unpredictable and the mechanisms are poorly understood (Nadeau et al., 2008).
Because the training sets were semantically orthogonal, a mechanism specifiscally involved
in language processing cannot be invoked. However, there exist generalization mechanisms
that may impact language without involving mechanisms of language processing, such as
that thought by some to underlie the effect of constraint-induced language therapy: an
enhancement of the intentional predisposition to use language notwithstanding its defects.
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There were notable differences between responders and nonresponders in scores on the
various tests administered before and after training. All of the responders had higher scores
on the MMSE, indicating less severe dementia. All of the responders scored better on the
BNT than nonresponders. Free recall, as shown in performance on the CVLT, was also
higher for two of the responders. Performance on the Rey-O complex figure task did not
differ as strongly between the two groups.

In a post hoc review of medical/social records, we noted that the participants who responded
dramatically (S1, S2, and S3) lived at home with a caregiver and the three participants who
did not respond dramatically (S4, S5, and S6), lived in an institutional facility specially
designed for participants with memory disorders. In addition, two of the nonresponders (S4
and S6) were taking potentially antineuroplastic drugs (see Table 1).

The differences between responders and nonresponders in living arrangements and
medications might have influenced the training response. Institutionalization might not
provide participants with sufficient opportunities to interact and communicate with people
and this environment might adversely influence brain plasticity and learning. Animal studies
suggest that enriched environments and exercise, besides providing rich sources of
information and inducement to skill learning, may have direct neurotrophic effects, possibly
mediated by such agents as brain derived neurotrophic factor (Lazarov et al., 2005; Molteni
et al., 2002; van Praag et al., 1999; 2005). Benzodiazepines (e.g., oxazepam) and
neuroleptics (e.g., haloperidol) have been shown in animal studies to interfere with brain
plasticity and learning (Goldstein, 1998). Gabapentin is an antagonist at the α2δ site of
voltage gated calcium channels (Dooley et al., 2007); therefore, it could plausibly impede
neuroplasticity. The errorless learning therapy primarily targeted lexical retrieval, but the
confrontation naming deficits associated with AD might in some participants be related to
deficits in other systems (e.g., semantics) (Rogers et al., 2006). This, in particular, may have
accounted for the outcome in our nonresponders. Other studies have also suggested that
individuals in the earlier stages of the disease are most amenable to errorless learning
rehabilitation efforts (Bottino et al., 2005).

Our participants were taking cholinergic medication before we instituted therapy and they
maintained a stable behavioral baseline on untrained lexical retrieval and (for 5 out of 6) on
clock drawing performances while they remained on this medication. Thus, the
improvement we observed in the three participants could not be solely accounted for by this
medication. It is likely, however, that this medication was critical in the improvement we
observed in that without it, the rate of learning during the naming practice sessions we
provided might have been much lower. Unfortunately, without a controlled acetyl
cholinesterase inhibitor trial, which would be contrary to the current standard of care and
was barred by our Institutional Review Board, this question cannot be answered.

Because of the sharp focus of the training and the low potential for generalization of lexical
knowledge (Nadeau et al., 2008), we did not expect or find change on untrained measures
(e.g., BNT, COWAT; Table 2), nor did we expect training to impact daily communicative
behavior. However, the capacity for language learning demonstrated in our study suggests
that treatments with a potential for generalization to daily communicative behavior may be
feasible. The errorless practice strategy described in this study, in combination with the
acetyl cholinesterase inhibitor, was intended as a proof of concept that learning can occur.
We do not propose this training as a treatment package at this stage. However, by
demonstrating a large treatment effect in 50% of our subjects, our study at once suggests
that further studies of language treatment and drug combinations in AD are warranted and
provides useful information on inclusion and exclusion criteria that should be used in
subsequent studies.
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Future studies might seek to address a number of questions: Can the results reported here be
replicated in a larger sample of subjects? Will subjects on donepezil who respond to the
intervention described here also respond to language therapies that might generalize to daily
communication? Could the present intervention, if it employed a sufficiently large number
of words and targeted responsive subjects, achieve improvement in daily communication?
Would this even be feasible? Phase II studies employing parallel group designs could
contrast a generalizing therapy with the present treatment, thereby testing efficacy while
controlling for nonspecific effects, including the Hawthorne effect. Phase II single or
parallel group studies could further test predictors of response and the impact of treatment
modifications.
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Fig. 1.
Graphs of responses per session for participants S1–S3 (all responders).
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Fig. 2.
Graphs of responses per session for participants S4–S6 (all nonresponders).
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APPENDIX.
Responders and Nonresponders Performance on Clock-Drawing Control Task
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