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Cognitive training in Alzheimer’s disease:
a meta-analysis of the literature

Sitzer DI, Twamley EW, Jeste DV. Cognitive training in Alzheimer’s
disease: a meta-analysis of the literature.

Objective: To systematically review the literature and summarize the
effect of cognitive training (CT) for Alzheimer’s disease (AD) patients
on multiple functional domains.
Method: Effect sizes (Cohen’s d) were calculated for 17 controlled
studies identified through a comprehensive literature review.
Results: An overall effect size of 0.47 was observed for all CT strategies
across all measured outcomes. Mean effect sizes were higher for
restorative (0.54) than for compensatory (0.36) strategies. Domain-
specific effect sizes ranged from 2.16 (verbal and visual learning) to
)0.38 (visuospatial functioning). Data are also presented on the
relative impact of restorative and compensatory strategies for each
domain of functioning.
Conclusion: CT evidenced promise in the treatment of AD, with
primarily medium effect sizes for learning, memory, executive
functioning, activities of daily living, general cognitive problems,
depression, and self-rated general functioning. Restorative strategies
demonstrated the greatest overall effect on functioning. Several
limitations of the published literature are discussed.
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Summations

• Patients with Alzheimer’s disease may derive some cognitive and functional benefits from cognitive
training.

• Restorative cognitive training strategies demonstrated larger effect sizes than compensatory
strategies.

• The largest effect sizes were seen in the domains of learning, memory, executive functioning,
activities of daily living, general cognition, depression, and general functioning.

Considerations

• Studies reviewed frequently reported small sample sizes, which we accounted for by weighting the
results of each study by sample size.

• Few studies used performance-based measures of daily functioning.
• Most studies combined multiple treatment strategies, making it difficult to evaluate the efficacy of

individual strategies.

Introduction

Even in its early stages, the cognitive deficits of
Alzheimer’s disease (AD) can produce significant
functional impairment. Although memory deficits

are typically most prominent, impairments in
attention, visuospatial functioning, language, rea-
soning, and executive functioning are common,
along with personality changes and behavioral
disturbances (for review see 1). Pharmacological
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strategies for delaying the progression of cognitive
deficits and resulting functional impairment have
produced mixed results (2–4). Alternative or sup-
plemental treatments to pharmacological interven-
tions include psychosocial treatments targeting
cognition, such as cognitive training (CT) for AD
patients in the mild to moderate stages of the
disease.
For the purposes of our review, CT refers to any

non-pharmacologic intervention designed to
improve cognitive functioning, regardless of mech-
anism of action. Typically, CT interventions focus
on specific domains of cognitive functioning (such
as memory, attention, and problem solving), but
more general, cognitively mediated domains of
functioning, such as basic and instrumental activ-
ities of daily living (ADLs and IADLs, respect-
ively), social skills, and behavioral disturbances
can also be targeted. In an effort to be inclusive,
given this new area of study, we included all
psychosocial interventions that targeted cognition
as an outcome variable.
Cognitive training strategies can be divided into

two basic categories: compensatory and restorative
(5, 6). Compensatory strategies aim to teach new
ways of performing cognitive tasks by !working
around" cognitive deficits. Compensatory interven-
tions may use internal strategies such as organizing
information by categorizing or visualizing infor-
mation to be remembered (7), encoding through
multiple sensory channels (5), asking questions and
paraphrasing during learning (8), and focusing on
a single task (8); external strategies such as
environmental cues, memory notebooks, and cal-
endars (7, 9); or procedural training to teach
complex, higher-order cognitively mediated behav-
iors such as balancing a checkbook. Restorative
strategies attempt to improve functioning in speci-
fic domains with the ultimate goal of returning
functioning in those domains to premorbid levels.
Examples of restorative techniques include spaced
retrieval, which requires patients to recall informa-
tion over longer periods of time; drills, in which
patients engage in repeated attention and memory
tasks; vanishing cues, in which information is
repeatedly presented with diminishing intensity;
errorless learning, which involves preventing mis-
takes during recall trials (7–9); reality orientation
therapy, in which orienting information, such as a
patient’s name, date, time, location, weather, and
current events, is continually presented (10); and
reminiscence therapy, in which patients discuss
remote events in order to place one’s life in
perspective (11). Although the compensatory/
restorative distinction arose in the literature on
other clinical populations (such as traumatic brain

injury or schizophrenia), these terms seem to apply
equally well to AD. For example, let us consider an
AD patient’s difficulty remembering who is going
to visit today. A compensatory approach to this
problem might involve writing the visitor’s name
down in a calendar, whereas a restorative approach
might involve repeated cuing and questioning
regarding the information to be remembered.
Several reviews have provided detailed descrip-

tions of specific CT strategies that have demon-
strated at least minimal impact on the memory
and behavior problems of AD (7–9). Although
these reviews suggest that CT has some utility in
the treatment of AD, the reported effect of these
strategies on cognitive and behavioral functioning
appears to be small, with the magnitude of effects
rarely quantified. Additionally, many of the
studies cited in these reviews were case studies
or non-controlled studies (12, 13). Other, more
methodologically rigorous reviews have led to
diverging conclusions. Spector et al. (14) conclu-
ded that reality orientation therapy reduced the
cognitive and behavioral difficulties associated
with dementia. In a similar review of two studies
of reminiscence therapy, these authors concluded
that there was insufficient evidence to support its
use (15). Clare et al. (16) reviewed the literature
on the utility of CT for the treatment of memory
deficits in AD and vascular dementia. Their strict
inclusion criteria resulted in a review of six
randomized controlled trials (RCTs) of CT strat-
egies other than reality orientation therapy or
reminiscence therapy. The authors concluded that
although CT modestly improved some domains of
functioning, they were unable to find strong
support for the use of CT in the treatment of
early-stage AD or vascular dementia. They also
noted that their findings should be viewed with
caution due to methodological limitations of the
studies reviewed.
The current review differs from prior reviews

(7–9, 14–16) in that we i) approached the review
from a theoretical perspective and classified CT
interventions according to their putative mechan-
ism of action (i.e. restorative or compensatory); ii)
examined the effects of restorative vs. compensa-
tory approaches across multiple outcomes, allow-
ing for a finer-grained analysis; iii) examined the
differential effects of individual and group treat-
ments; iv) examined the differential effects of CT
when compared with wait-list control groups and
attention-placebo control groups (i.e. those that
provided therapeutic contact without CT); and v)
evaluated the scientific quality of each study with a
formal rating scale and incorporated these ratings
into the analyses.
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Aims of the study

The objectives of the present review were to: i)
systematically review the literature on CT in AD
and ii) evaluate the effect of different types of CT
techniques on various domains of cognitive and
functional abilities. The effects of CT are presented
in the form of post-treatment or pretest to post-test
difference effect sizes in each individual study and
summed across domains of functioning.

Material and methods

Sample of studies

We searched the MEDLINE (years 1953–2004)
and PsycINFO (years 1840–2004) databases to
identify peer-reviewed reports of controlled trials
of CT for AD. The search terms used for this
investigation were: !cognitive rehabilitation," !cog-
nitive training," !cognitive remediation," !memory
training," or !attention training" and !Alzheimer’s
disease." The MEDLINE search was restricted to
English language reports describing clinical trials
of human subjects, and returned 77 references. The
PsycINFO search was restricted to journal articles
and returned 89 references. The studies were then
reviewed to determine whether they met the
following inclusion criteria: i) a majority of sub-
jects had diagnoses of AD or probable AD, ii) a
control condition was present, iii) the experimental
condition targeted improvement in at least one
domain of cognitive functioning, iv) at least one
objective cognitive or functional outcome was
measured, v) treatment was provided to patients
(as opposed to only caregivers), and vi) enough
information was reported to calculate post-test or
change score effect sizes. References of included
articles and previously published reviews were also
examined to identify additional studies not identi-
fied by the original MEDLINE and PsycINFO
searches. Using these methods, 17 articles were
identified for inclusion in this review. Of these 17
reports, one compared a CT protocol with two
different control conditions, a wait-list group and
an attention-placebo group (17). We used only
those effect sizes resulting from the comparison of
the CT group with the attention-placebo control
group in our analyses, as this was the more
rigorous comparison. Two studies compared two
different CT interventions to a control group (18,
19). For the purposes of our review, we considered
each CT-control comparison a separate study;
therefore, our results are based on 19 studies.
All studies provided mean ages of their subjects.

Sixteen studies provided information on gender and

10 studies provided information on level of educa-
tion. The mean sample size for the studies was 16
experimental subjects (range 7–32) and 15 control
subjects (range 7–29). The patients were primarily
women (62%),with aweightedmean age of 75 years
and a weighted mean of 12 years of education.

Evaluation of study methodology

Fourteen of the 19 studies were RCTs. Thirteen
studies used wait-list control conditions, whereas
six studies used attention-placebo controls. Most
interventions used a combination of CT strategies,
which were independently categorized by the first
two authors as primarily restorative (12 studies)
or primarily compensatory (seven studies) based
on which type of strategy was predominant in the
intervention. There was 100% consensus between
the authors. Eight studies employed individual
treatment modalities (or an individual dyad
including a patient and caregiver), 10 studies
used a group format, and one study used a
combination of group and individual formats. The
length of training sessions ranged from 30 to
90 min. The overall number of training sessions
administered varied from five [weekly 1-h sessions
for 5 weeks (20)] to 260 [daily 45-min sessions for
1 year (21)].
The methodological rigor of each study was

evaluated using a 5-item modified version of the
Scale to Assess Scientific Quality of Investigations
(SASQI; D.V. Jeste, personal communication).
Each study was assigned points for: i) randomiza-
tion of subjects (3 points), ii) use of a comparison
group controlling for non-specific therapeutic fac-
tors (i.e. attention-placebo; 3 points), iii) absence of
group differences at baseline (2 points), iv) absence
of differences between study completers and non-
completers (1 point), and v) exclusion of non-AD
patients (1 point). Although the SASQI is an
objective measure, each of the first two authors
individually rated each study. Both authors agreed,
with 100% reliability, on the quality of each study.
In addition to the SASQI score, !high quality"
studies were defined as those that received the
highest scores on each of the first three items.
There was a high degree of variability in tests

administered to evaluate the effects of CT on
cognitive abilities. In an effort to be inclusive and
to analyze the data in a meaningful way, outcome
measures were grouped according to the primary
domain of functioning evaluated. Although scores
on most neuropsychological tests are affected by
multiple cognitive abilities, a primary ability is
often identifiable for most measures. Domain
classification of each measure was based on a
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consensus of the first two authors using common
classification standards (22–25). For some meas-
ures (e.g. Alters-Konzentrations Test) the direc-
tionality of scoring could not be determined, due to
the lack of publicly available (English language)
descriptors of the measures; these measures were
excluded from the review.

Statistical analysis

Effect sizes were calculated for all post-treatment
outcome measures evaluating patients" cognitive
abilities and functional behaviors. Effect sizes
(Cohen’s d) were calculated by dividing the differ-
ence between the post-treatment CT and control
group mean values by the pooled standard devi-
ation (26) for each neuropsychological test. When
available, pretreatment to post-treatment change
scores and standard deviations were used in place
of post-treatment scores (e.g. 27, 28; where pre-
treatment mean values were different between
groups). For measures on which low scores indi-
cate better performance, formulas were adjusted so
that a positive effect size always represented
improved performance. We then weighted each
effect size by multiplying by the study sample size.
After effect size weighting, measures were grouped
by primary cognitive domain evaluated by the
measure. Mean weighted effect sizes were calcula-
ted for each cognitive domain, and converted back
to Cohen’s d by dividing by the total number of
observations within each domain. Differences
between studies comparing CT to wait-list vs.
attention-placebo controls, restorative vs. compen-
satory CT strategies, and individual vs. group
formats, were evaluated using t-tests (29).

Results

Sample size, patients" age, gender, education, type
of CT, type of control condition, duration and
modality of training, outcome measures, effect
sizes, SASQI scores, identification as a !high
quality" study, and study follow-up information
were evaluated and are presented in Table 1.
SASQI scores for each study ranged from 3 to 10
(maximum), with a mean score of 6.07 (SD ¼
2.50). Five studies were identified as !high quality"
studies (17, 20, 30–32). Most studies were not
classified as high quality because they did not
control for non-specific therapeutic factors (18–19,
21, 27–28, 33–35, 37–39). One study that provided
an adequate control condition (30) did not rand-
omize subjects to treatment or control conditions.
Fourteen studies randomized subjects to treatment
and control groups (17–20, 23, 24, 30–35); six

reports controlled for non-specific therapeutic
factors (17, 20, 30–32, 36); 17 investigations had
comparable scores between treatment and control
groups on baseline variables (17–21, 30–39); four
studies reported no differences on baseline meas-
ures between completers and non-completers (18,
30, 36); and nine studies used samples homogen-
eous for AD (17, 20, 21, 30–32, 37–39).
The weighted mean effect size for all CT

strategies across all outcome domains was 0.47
(SD ¼ 0.45). Studies comparing CT to a wait-list
control group demonstrated nonsignificantly
greater effect sizes than did those comparing CT
to attention-control placebo groups (d ¼ 0.53,
SD ¼ 0.47 vs. d ¼ 0.36, SD ¼ 0.58, respectively;
t(17) ¼ 0.67, P ¼ 0.511). Reports on restorative
strategies yielded nonsignificantly greater mean
effect sizes than did those on compensatory
approaches (d ¼ 0.54, SD ¼ 0.59 vs. d ¼ 0.36,
SD ¼ 0.27, respectively; t(16.5) ¼ 0.92, P ¼
0.370). Studies providing individual treatment
evidenced nonsignificantly greater mean effect
sizes than did those providing group treatment
(d ¼ 0.69, SD ¼ 0.54 vs. d ¼ 0.33, SD ¼ 0.43,
respectively; t(16) ¼ 1.60, P ¼ 0.129).
The analyses described above were repeated for

the five high quality studies. The overall weighted
effect size for all high quality CT reports was 0.16
(SD ¼ 0.18). For these high quality studies, there
were no statistically significant differences between
restorative and compensatory strategies (d ¼ 0.12,
SD ¼ 0.27 vs. d ¼ 0.15, SD ¼ 0.09, respectively;
t(3) ¼ 0.14, P ¼ 0.897) or between individual
treatment and group treatment (d ¼ 0.20, SD ¼
0.24 vs. d ¼ 0.04, SD ¼ 0.07, respectively; t(3) ¼
0.90, P ¼ 0.434).
The mean weighted effect sizes for each domain

of functioning are presented in Table 2. The
greatest overall effect was seen for performance-
based measures of ADLs (d ¼ 0.69, SD ¼ 0.16).
The mean weighted effect size on measures of
cognitive functioning was 0.50 (SD ¼ 0.54). Mean
weighted effect sizes on informant- and self-ratings
were 0.56 (SD ¼ 0.41) and 0.26 (SD ¼ 0.43),
respectively. Weighted effect sizes for measures
that focused primarily on learning (acquisition of
novel information) were higher than those that
focused primarily on memory (delayed recall of
previously learned information; e.g. verbal learning
d ¼ 0.50, verbal memory d ¼ 0.03).
The highest weighted effect sizes for compensa-

tory strategies were in the domains of perform-
ance-based ADLs (d ¼ 0.69, SD ¼ 0.16),
informant-rated cognitive problems (d ¼ 0.68,
SD ¼ 0.00), and verbal and visual learning and
memory (d ¼ 0.65, SD ¼ 0.00). The highest
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weighted mean effect sizes for restorative strategies
were in the domains of verbal and visual learning
(d ¼ 2.16, SD ¼ 0.00), informant-rated depression
(d ¼ 1.23, SD ¼ 0.00), verbal and visual learning
and memory (d ¼ 1.16, SD ¼ 0.72), and self-rated
general functioning (d ¼ 1.13, SD ¼ 0.00).
Six reports provided follow-up data, with a mean

length of follow-up of 4.5 months. The overall mean
weighted effect size for CT at follow-up was .30
(SD ¼ 0.41), with nonsignificantly greater effect
sizes in wait-list control studies (d ¼ 0.70, SD ¼
0.74) than in attention-placebo control studies
(d ¼ 0.14, SD ¼ 0.09; t(2.1) ¼ 1.31, P ¼ 0.318).
Follow-up effect sizes for restorative strategies
(d ¼ 0.58, SD ¼ 0.65) were nonsignificantly greater
than were those for compensatory strategies (d ¼
0.10, SD ¼ 0.07; t(4) ¼ 0.98, P ¼ 0.381), and
individual treatment evidenced nonsignificantly
greater effect sizes than did group treatment at
follow-up (d ¼ 0.64, SD ¼ 0.79 vs. d ¼ 0.20,
SD ¼ 0.15, respectively; t(2.1) ¼ 0.95, P ¼ 0.436).

Discussion

The results from the 19 controlled trials of CT
reviewed suggest that, in general, CT can improve

the cognitive and functional abilities of AD
patients. The range of effect sizes, however, was
large. Using Cohen’s (26) description of effect size
magnitude (0.2 ¼ small, 0.5 ¼ medium, 0.8 ¼
large), small effects were observed in some domains
(e.g. visual learning and motor speed), whereas
larger effects were observed in other domains (e.g.
executive functioning, verbal and visual learning,
and ADLs). These findings are consistent with
several other reviews (7–9) suggesting that there is
some benefit to using CT for AD patients, and
paint a somewhat more optimistic picture than do
the Clare et al. (16) and Spector et al. (14, 15)
reviews. The discrepant conclusions drawn from
our review and the Clare et al. (16) review may
have resulted from our less strict inclusion criteria,
leading to a broader range of interventions
reviewed.
Although a small effect size was observed for CT

in general, examining subgroups of studies presents
a somewhat different perspective. As might be
expected, differential effects of CT are observed
when compared with different control groups.
Stronger effects were observed for investigations
comparing CT to wait-list controls rather than to
attention-placebo controls. This may suggest that

Table 2. Mean weighted effect sizes, standard deviations, and number of subjects for each domain of functioning

Domain of functioning Overall ES (SD) (n) Restorative ES (SD) (n) Compensatory ES (SD) (n)

Overall cognitive 0.50 (0.54) (545) 0.67 (0.62) (339) 0.22 (0.16) (206)
General cognitive functioning 0.38 (0.46) (308) 0.37 (0.45) (225) 0.40 (0.46) (83)
Attention and processing speed 0.37 (0.70) (230) 0.48 (0.78) (152) 0.16 (0.33) (78)
Verbal learning 0.50 (0.68) (316) 0.68 (0.89) (154) 0.34 (0.32) (162)
Verbal memory 0.03 (0.27) (173) )0.07 (0.22) (72) 0.10 (0.29) (101)
Visual learning 0.30 (0.46) (261) 0.48 (0.44) (183) )0.12 (0.02) (78)
Visual memory 0.00 (0.19) (115) 0.18 (0.00) (37) )0.08 (0.18) (78)
Verbal and visual learning 2.16 (0.00) (14) 2.16 (0.00) (14) –
Verbal and visual memory 0.67 (0.76) (149) 0.73 (0.90) (105) 0.53 (0.00) (44)
Verbal learning and memory )0.23 (0.00) (35) )0.23 (0.00) (35) –
Visual learning and memory 0.73 (0.27) (30) 0.73 (0.27) (30) –
Verbal and visual learning and memory 1.03 (0.66) (177) 1.16 (0.72) (133) 0.65 (0.00) (44)
Working memory 0.17 (0.52) (108) 0.17 (0.52) (108) –
Language 0.08 (0.51) (240) 0.09 (0.65) (145) 0.06 (0.04) (95)
Motor speed 0.44 (0.00) (37) 0.44 (0.00) (37) –
Executive functioning 0.66 (0.55) (139) 0.87 (0.46) (105) 0.00 (0.00) (34)
Visuospatial functioning )0.38 (0.00) (34) – )0.38 (0.00) (34)

Performance-based activities of daily living 0.69 (0.16) (62) – 0.69 (0.16) (62)
Overall informant ratings 0.56 (0.41) (325) 0.75 (0.47) (180) 0.32 (0.07) (145)
Informant-rated activities of daily living )0.07 (0.30) (106) )0.18 (0.00) (28) )0.04 (0.34) (78)
Informant-rated memory problems 0.53 (0.25) (117) 0.15 (0.00) (16) 0.59 (0.22) (101)
Informant-rated cognitive problems 0.80 (0.14) (80) 0.95 (0.00) (36) 0.68 (0.00) (44)
Informant-rated behavior problems 0.48 (0.33) (161) 0.81 (0.17) (72) 0.22 (0.13) (89)
Informant-rated depression 0.63 (0.50) (110) 1.23 (0.00) (44) 0.23 (0.12) (66)

Overall self-ratings 0.26 (0.43) (231) 0.32 (0.48) (165) 0.14 (0.21) (66)
Self-rated memory problems 0.38 (0.00) (22) – 0.38 (0.00) (22)
Self-rated cognitive problems )0.02 (0.00) (44) – )0.02 (0.00) (44)
Self-rated depression 0.34 (0.40) (211) 0.43 (0.43) (145) 0.16 (0.24) (66)
Self-rated quality of life )0.26 (0.25) (57) )0.26 (0.25) (57) –
Self-rated general functioning 1.13 (0.00) (44) 1.13 (0.00) (44) –

ES, effect size; SD, standard deviation; n, number of subjects.
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much of the benefit derived from CT may result
from the consistent focused attention received by
participants and general cognitive stimulation
provided through scheduled interpersonal interac-
tions. Prior research has demonstrated that main-
taining higher levels of mental activity can have a
protective effect and delay the onset of noticeable
cognitive decline (40).
A differential impact on cognition and functional

ability was observed for different types of CT. The
most efficacious CT interventions were those that
used restorative strategies, such as general cogni-
tive stimulation (e.g. prompting recall of remote
memories, practicing conversation skills, problem-
solving, reading, and engaging in creative activit-
ies), computerized visuospatial drills, and memory
drills emphasizing repetition. Four of the five
reports with the most beneficial results employed
general stimulation techniques. This further sup-
ports the notion that simply maintaining higher
levels of mental activity may have a beneficial effect
on cognitive functioning, and underscores the
potential role that family members might play in
providing general cognitive stimulation.
Compensatory techniques (e.g. visualization,

procedural memory training, and external devices)
appeared to be less effective than restorative
strategies at improving cognitive and functional
abilities. Although compensatory strategies have
been demonstrated to improve functioning in other
populations with cognitive and functional impair-
ments (41, 42), and a small effect size was observed
in the current review, the difficulties experienced by
AD patients may present a unique challenge to
teaching compensatory strategies. Although AD
patients may be able to learn some of these
techniques, they may forget to use them. Utilizing
the AD patients" relatively preserved implicit and
procedural memory systems (9) to make these
strategies habitual may improve outcomes. With a
mean duration of treatment of 5.7 weeks in the
studies reviewed, it is unlikely that the techniques
taught became habits.
Greater effect sizes were observed for studies

using individual treatment modalities over group
modalities. It is unclear whether these individual
modalities were better tailored to the specific needs
of each individual, or if the benefit over group
modalities was due to more individualized atten-
tion. Regardless of the answer, this finding pro-
vides further evidence for the potential impact of
individualized attention from family members on
the cognitive and functional abilities of AD
patients.
There was a high level of variability in the effects

of CT on different domains of functioning. The

greatest overall effect was observed on measures of
performance-based ADLs. This effect was based on
two reports (32, 37) that used compensatory
procedural memory strategies to train patients in
the performance of specific ADLs. Performance on
trained activities was evaluated, whereas perform-
ance of untrained ADLs was not measured; there-
fore, we are unable to determine if any
generalization of skills occurred. Even if training
on specific tasks does not generalize to other daily
activities, patients" autonomy and sense of self-
reliance may be improved through their ability to
better perform trained tasks. No studies providing
CT targeting only cognition reported results of
performance-based measures of ADLs, again lim-
iting conclusions regarding generalizability of
effects.
Medium overall effects were observed for

informant ratings of cognition and behavior, but
smaller effects were observed on self-rating meas-
ures, probably due to AD patients" lack of aware-
ness of their deficits. A medium overall effect was
found for cognitive performance. Within the
domain of cognitive functioning, however, there
were negative or minimal effects (e.g. on visuospa-
tial functioning and language), small effects (e.g. on
motor speed and visual learning), medium effects
(e.g. on executive functioning), and large effects
(e.g. on verbal and visual learning). CT appeared to
have an immediate effect on combined measures of
verbal and visual learning and memory; however,
due to the lack of effects on more pure measures of
verbal memory (d ¼ 0.03) and visual memory
(d ¼ 0.00), we suspect that CT may show promise
for improving learning, but not memory.
Studies identified as high quality painted a less

optimistic picture of the efficacy of CT for AD.
These studies demonstrated lower overall effect
sizes, and no differences between restorative and
compensatory strategies were observed. The differ-
ence between the high quality studies and the
remaining studies is probably due to methodologi-
cal differences between the studies. The high
quality studies used attention-placebo control
groups whereas most other studies used wait-list
controls. If AD patients do benefit from general
cognitive stimulation, this may explain the smaller
effect sizes for studies using attention-placebo
control groups.
The few studies that provided follow-up data

suggest that gains acquired during treatment may
be maintained an average of 4.5 months after
discontinuing the treatment. Similar to immediate
treatment effects, maintenance of treatment gains
was better in studies that compared CT with
a wait-list control group, used an individual
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treatment modality, and for restorative CT strat-
egies. In progressive diseases such as AD, it may
not be possible to maintain gains in cognitive or
functional abilities, but the follow-up findings in
the literature suggest that the rate of decline may
be slower in patients receiving CT.

Limitations

The relatively small number of published well-
controlled studies of the efficacy of CT in AD
patients limited the number and types of analyses
we performed. Additionally, the sample sizes of the
studies reviewed here are relatively small (mean ¼
36, range 10–61). Thus, the studies" effect sizes were
weighted by sample size. We also identified several
problems related to the outcome measures
employed in the reports reviewed here, including
variability in outcome measures between studies,
making cross-study comparisons difficult. Addi-
tionally, there were relatively few performance-
based measures of functional abilities, which
should be included along with cognitive measures
to assess change in daily functioning abilities.
Functional outcomes are probably best measured
with performance-based tests, rather than inform-
ant reports, which have multiple inherent biases
and limitations. Only two studies in the current
review used performance-based measures of daily
functioning (32, 37) and no studies used measures
of real-world functioning.
Multiple CT techniques were often used in

combination to create CT protocols for each
study, making it difficult to evaluate the efficacy
of a single strategy. By categorizing the studies as
primarily compensatory or restorative, we evalu-
ated the effect of each category of techniques rather
than each individual strategy. Further complica-
ting this process were the incomplete descriptions
of CT regimens provided in several studies. It may
be helpful in future research to evaluate a single CT
strategy at a time and present a detailed description
of the training provided. The identification of
individually effective strategies would aid in the
development of more effective combinations of
strategies.
Concern over the maintenance of treatment gains

is warranted, given the degenerative nature of AD.
The current review provides some evidence that
treatment gains may be maintained over a period of
a few months. However, these results are based on
only six reports that provided follow-up data.
Restorative and compensatory CT strategies

were reviewed in this paper; however, we did not
review environmental manipulations, which are
commonly included in the treatment of AD (43),

due to a lack of controlled studies in this area. Such
manipulations include the use of bright lights in the
early evening in order to reduce the effects of
sundowning, name-tags to help reduce memory
demands, and clear labels around the living quar-
ters. Although the effect of environmental mani-
pulation on inappropriate behavior in AD has
been studied (see 44 for review), these studies are
primarily uncontrolled and do not target specific
cognitive impairments.
The results of this meta-analysis may be posi-

tively skewed because of publication bias. We
relied on published reports for our data and it is
not possible to know how many unpublished
studies of CT demonstrated no effect on cognition
or cognitively mediated behavior.
It should also be noted that several domain

scores, including the very large effect size for verbal
and visual learning, represent results of a single
study and are not aggregate scores. These scores
are less robust than scores reflecting multiple
studies and may have resulted from extraneous,
study-specific factors.

Future directions

Several suggestions for future research are implied
by the findings of this review. It appears that CT
may improve the cognitive and functional abilities
of AD patients, or at least slow the rate of decline.
These effects seem to be largest in the domains of
learning, informant-rated cognitive problems, self-
rated general functioning, and performance-based
measures of functional abilities. Training patients
in the performance of IADLs could increase the
length of time they are able to remain independent
and decrease burden on caregivers. Effectiveness
studies using larger samples in various settings (e.g.
retirement communities, family members" homes,
nursing facilities) will aid with dissemination. The
generalizability of treatment effects to everyday
behaviors will also be an important outcome.
Performance-based measures of IADLs may be
used to evaluate the effects of treatment on daily
functioning. The economic impact of providing CT
for AD patients will also be of interest, as will its
effects on relatives and caregivers. Ultimately, the
most effective treatments will probably involve a
combination of pharmacotherapy, CT, and care-
giver involvement.
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