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 Background: Ability to predict the efficacy of treatment in Alzheimer disease (AD) may be very useful in clinical practice. 
Cognitive predictors should be investigated alongside with the demographic, genetic, and other predictors of 
treatment efficacy. The aim of this study was to establish whether the baseline measures of CANTAB tests and 
their changes due to the first donepezil dose are able to predict the efficacy of treatment after 4 months of 
therapy. We also compared the predictive value of cognitive, clinical, and demographic predictors of treatment 
efficacy in AD.

 Material/Methods: Seventy-two AD patients (62 treatment-naïve and 10 donepezil-treated) and 30 controls were enrolled in this 
prospective, randomized, rater-blinded, follow-up study. Treatment-naïve AD patients were randomized to 2 
groups to take the first donepezil dose after the first or second CANTAB testing, separated by 4 hours. Follow-
up Test 3 was performed 4 months after the initial assessment.

 Results: The groups were similar in age, education, gender, Hachinski index, and depression. General Regression Models 
(GRM) have shown that cognitive changes after the first dose of donepezil in PAL (t-values for regression coef-
ficients from 3.43 to 6.44), PRMd (t=4.33), SWM (t=5.85) test scores, and baseline results of PAL (t=2.57–2.86), 
PRM (t=3.08), and CRT (t=3.42) tests were significant predictors of long-term donepezil efficacy in AD (p<0.05).

 Conclusions: The cognitive changes produced by the first donepezil dose in CANTAB PAL, PRM, and SWM test measures are 
able to predict the long-term efficacy of donepezil in AD. Baseline PAL, PRM, and CRT test results were signifi-
cant predictors.
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Background

Alzheimer disease (AD) is a chronic progressive neurodegen-
erative disorder accompanied by atrophy of the cerebral cor-
tex and the deep structures in the brain, which are related to 
memory encoding (nucleus of Meynert and others). During 
its course AD also affects most of the other cognitive func-
tions, such as language, visuospatial perception, construc-
tive and ideational praxis, and executive functions. AD is the 
most common cause of dementia worldwide, accounting for 
two-thirds of dementia cases in adults over the age of 65 
years [1–3]. Alzheimer disease affects approximately 5.3 mil-
lion people in the United States alone, and the annual number 
of new cases of AD and other dementias is projected to dou-
ble by 2050 [1–3]. Between 2000 and 2013, deaths attributed 
to AD increased by 71%, while those attributed to the num-
ber one cause of death (heart disease) decreased by 14% in 
the US [2]. It is established that the degeneration of choliner-
gic system in the brain and the deficiency of acetylcholine in 
synapses plays a major role in pathogenesis of AD cognitive 
symptoms [4–6]. Symptomatic therapies are the only treat-
ments approved for AD at this time. Cholinesterase (ChE) in-
hibitors interfere with the breakdown of acetylcholine in the 
synaptic cleft and promote its accumulation in the synapse, 
thereby enhancing cholinergic neurotransmission and cog-
nitive function in AD patients [7,8]. Donepezil is a centrally 
acting selective acetylcholinesterase inhibitor (AChEI), and is 
the most commonly used cholinergic medication in AD treat-
ment. Pivotal clinical trials demonstrated that approximate-
ly 3 months of stable-dose donepezil treatment leads to the 
highest possible improvement, followed by a plateau lasting 
several months, and then a cognitive decline in line with the 
natural course of AD, but with the MMSE score remaining 2–3 
point above those with placebo [7–10]. The long-term effica-
cy of DZP treatment and the magnitude of the treatment ef-
fects are highly variable among individual AD patients [11].

Significant efforts have been devoted to the identification of 
factors that may influence the response of AD to ChEIs, and 
can be used as predictors of treatment response in individ-
ual patients [12]. A wide variety of predictors have been in-
vestigated, ranging from genetic polymorphisms in AD risk 
genes, to neuroimaging predictors, demographic factors, clin-
ical and cognitive features, and more. Many genetic polymor-
phisms were explored: Apolipoprotein E (ApoE) gene [13,14], 
CYP2D6 gene [15,16], Butyrylcholinesterase K Variant [17], ChAT 
gene [18], FOXO1 gene [19], and CHRNA7 gene encoding the 
a7 nicotinic acetylcholine receptor subunit [20] have been re-
ported to be useful in predicting clinical response to donepezil. 
ApoE e4 allele is by far the most studied genetic risk factor that 
may influence the response to donepezil. However, due to the 
complex network of genetic and environmental interactions, the 
search for reliable predictors of treatment response cannot be 

limited to a single special indicator (genetic or not), but should 
rather analyze a wide variety of predictors. Some researchers 
reported that APOE e4/e4 carriers are the worst responders 
to conventional treatments [13], while other reports showed 
that AD patients carrying at least 1 e4 allele may respond bet-
ter to donepezil therapy [14]. Other, non-genetic, predictors of 
the response of AD patients to donepezil include: measures of 
hippocampal volume [21], atrophy of the substantia innomi-
nata on MRI [22], and FDG-PET studies [23]. The effect of ge-
netic and neuroimaging predictors of response to treatment 
is usually influenced by other genetic polymorphisms and de-
mographic factors, such as age. Because of frequently contra-
dictory reports on the same predictors, unsuccessful efforts to 
reproduce the results, and quite limited direct quantitative evi-
dence about interaction of factors related to response, it might 
be suggested that a complex network of interacting factors 
of very different natures influences the response to AD treat-
ment. It has been demonstrated that demographic and clini-
cal factors, such as dementia severity and age of the AD pa-
tients, significantly influence the response to donepezil [24,25]. 
Some results indicated that lower cognitive ability and older 
age predicted better cognitive response but worse functional 
response [26]. Comorbidity also has been found to influence 
the response to ChEI treatment: improvement is more likely to 
occur only in AD patients without concomitant diseases and 
only for those who had demonstrated a positive response at 
3 months of treatment [27]. Cognitive predictors of response 
to donepezil therapy in AD have also been studied, leading to 
conclusions that the domains of visual-spatial motor abilities 
and lexical-semantic functioning are the most reliable predic-
tors of response to donepezil in AD [28]. Quite substantial in-
formation is available about the predictive value of baseline 
cognitive, clinical, and demographic characteristics in relation 
to long-term donepezil treatment efficacy. However, there has 
been very limited research focussed on establishing the val-
ue of the initial cognitive response to the first single dose of 
donepezil as a predictor of long-term efficacy. Therefore, we 
investigated whether the cognitive changes produced by the 
first single DPZ dose in Cambridge Neuropsychological Test 
Automated Battery (CANTAB) test measures and the baseline 
scores of the same test measures are able to predict the long-
term efficacy of DPZ in AD. The CANTAB is a validated, auto-
mated, neuropsychological battery [29], with vast possibilities 
to assess various cognitive functions, such as attention, learn-
ing, memory, problem solving, and executive function [30]. We 
tried to determine this in a systematic way, and our analysis 
included not only cognitive data, but also a wide variety of 
clinical and demographic characteristics that could affect the 
efficacy of long-term administration of donepezil, such as age, 
gender, general dementia severity (MMSE), depression level 
(GDS), and vascular comorbidity (Hachinski Ischemic Index). 
Baseline cognitive measures of CANTAB tests and their chang-
es due to the first single dose of donepezil were included in 
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our analysis as separate predictors. GRM models were built for 
various CANTAB battery tests and different measures provid-
ed by these tests. Computerized tests have many advantages 
over “paper and pencil” cognitive tests: their administration is 
simple, most computerized tests have multiple alternate ver-
sions, and they usually do not exhibit floor or ceiling effects. 
A computerized test battery may provide more objective re-
sults in the individual test than the classical “paper and pencil” 
tests [31–34]. While it was reported that the CANTAB battery, 
especially the Paired Associates Learning (PAL) test, may be 
very informative in early prognosis of the development of AD, 
there has been virtually no research using computerized tests 
with the aim of establishing a value of the first single-dose re-
sponse (the change in cognition after the first dose of donepe-
zil) for prediction of a long-term treatment response [35–38]. 
Having a reliable, simple, and inexpensive cognitive function-
based tool for prediction of long-term responders and non-re-
sponders might aid in selecting the optimal medication or a 
combination of medications when more symptomatic treat-
ment options become available. Personalization of the treat-
ment of AD may be achieved through various approaches and 
using various methods from genomics and advanced neuroim-
aging to perform detailed, in-depth cognitive assessment [39]. 
Therefore, there is an increased need for simple and inexpen-
sive diagnostic markers to reliably predict treatment response 
in AD. One promising strategy is to search for these markers 
in the same field in which AD exhibits its main symptoms – 
cognitive functions and their changes.

The objectives of this study were to establish the ability of the 
response to the first single dose of donepezil and the baseline 
scores, measured by means of the CANTAB battery tests, to 
predict the long-term efficacy of donepezil in AD and to com-
pare the significance of CANTAB-based cognitive predictors 
with other clinical and demographic predictors of the long-
term efficacy of donepezil in treatment of AD.

Material and Methods

Participants

This prospective, randomized, rater-blind follow-up study was 
performed at the Memory Disorders Unit of the Neurology 
Center, Vilnius University Hospital Santariskiu Klinikos, and 
102 subjects were enrolled in the study. We recruited 62 con-
secutive, de novo-diagnosed, treatment-naïve AD patients: 10 
patients taking the stable Donepezil dose of 10 mg/day for 
at least 3 months (Treatment group, TG), and 30 healthy con-
trols (Control group, CG) matched according to age, education, 
and gender. All patients were diagnosed with AD in standard 
clinical practice settings by a neurologist not involved in this 
study. Patients started their treatment with donepezil when the 

medication was prescribed by the neurologist of the Memory 
Disorders Unit. After the day of the first assessment, the pa-
tients continued their treatment with donepezil as per usual 
clinical practice rules according to the treatment guidelines es-
tablished by the Lithuanian Ministry of Health. No modifica-
tions to the patient treatment were made due to this research.

Study design

Informed consent was obtained, screening evaluation (MMSE, 
GDS, and others) performed, Inclusion/Exclusion criteria ver-
ified, and both assessments 1 and 2 (CANTAB test 1and 2) 
were performed on the same day (baseline day of the study), 
when the de novo patients took their first dose of donepezil. 
Newly diagnosed AD patients were randomly assigned to 1 
of 2 research groups with the ratio 1: 1 using the sequence 
of random numbers 1 or 2, produced by the on-line Research 
Randomizer at http: //www.randomizer.org/. Thirty AD pa-
tients were assigned to the New AD+DPZ group and 32 pa-
tients were assigned to the New AD-DPZ group. Ten patients 
taking the stable dose of donepezil for no less than 3 months 
were enrolled into the Treated AD group; they took donepe-
zil after Test 1 and Test 2 (i.e., there was no donepezil usage 
in this group between Test 1 and Test 2). Patients allocated 
to the New AD+DPZ group received a 5-mg donepezil tablet 
immediately after the CANTAB Test 1. Test 2 was performed 
4 hours after the New AD+DPZ group patients took donepe-
zil. The 4-hour period was selected because this is consistent 
with the pharmacokinetic profile of a single-dose oral admin-
istration of donepezil. The peak plasma concentration is ob-
served at 4.1 hours [40]. Patients in the New AD-DPZ group 
underwent both Test 1 and Test 2 without taking donepezil 
between these tests (i.e., the New AD+DPZ group and the New 
AD-DPZ group completed the CANTAB Test 1 while treatment-
naïve). CANTAB Test 2 was completed by New AD+DPZ group 
4 hours after the first single 5 mg dose of donepezil. The New 
AD-DPZ group completed the CANTAB Test 2 after the same 
period of 4 hours after Test 1, but still being treatment-naïve. 
The New AD+DPZ, New AD-DPZ, and Treated AD groups did 
not differ by age, education, or gender, as was verified after 
the completion of the recruitment period. The neurologist per-
forming CANTAB testing was blinded to the participant’s as-
signment to a specific group. Global severity of dementia was 
assessed by the Mini-Mental State Examination (MMSE) [41], 
the Geriatric Depression Scale (GDS) was used for the assess-
ment of depression [42], and the Hachinski Ischemic Index 
was used to evaluate vascular comorbidity [43]. MMSE, GDS, 
and Hachinski Ischemic Index were assessed and donepe-
zil usage instructions were provided by another neurologist. 
Control group participants were recruited from a group of old-
er adults with no medical history of AD or other dementia. No 
significant differences were found between the study groups 
according to education, age, and gender. For each group, the 
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study required 2 testing days. On Day 1 all participants com-
pleted the CANTAB Test 1 (Baseline assessment) and Test 2 
at 4 hours post-baseline. Day 2 occurred 4 months later. The 
participants then completed the CANTAB Test 3. The results 
of CANTAB Test 3 were the primary endpoint of the study.

Approval by ethics committee

The study Protocol and Informed Consent Form were approved 
and permission was granted by the Vilnius Regional Biomedical 
Research Ethics Committee. Written Informed consent was ob-
tained from all of the participants.

Inclusion/exclusion criteria and the schedule of 
assessments

Detailed and strict inclusion and exclusion criteria were ap-
plied for enrollment in the study. Inclusion and exclusion cri-
teria for all study groups are shown in Table 1. The Inclusion 
/Exclusion criteria were created with the aim to include only 
the AD patients with typical sporadic late-onset mild and mild-
to-moderate AD and to exclude all mixed dementia cases, AD 
patients with significant comorbidities, and atypical AD cas-
es, because in the heterogeneous samples it is difficult to 
achieve unequivocal results due to confounding of AD by the 
different types of pathologic processes. Randomization to New 
AD+DPZ or New AD-DPZ groups were performed after enroll-
ment, but before Test 1.

The Schedule of Assessments or the “Study Flow Chart” is 
provided in Table 2.

Neuropsychological assessment instruments

The Mini-Mental State Examination (MMSE) was used as a glob-
al measure of dementia severity. Cambridge Neuropsychological 
Test Automated Battery (CANTAB®, Cambridge Cognition Ltd., 
United Kingdom) tests were used as a primary investigative 
instrument. CANTAB is a computer-based test battery using 
a touch-tone screen and press-pad with 2 buttons. Results of 
the CANTAB Battery Test 1 were used as the Baseline. Test 2 
was performed at the time of peak concentration of donepezil 
after taking the first donepezil dose. Test 3 was performed at 
the time of cognitive stabilization and the peak improvement 
of cognitive function when using 10 mg/day of Donepezil dai-
ly for at least for 3 months. During all CANTAB Battery testing 
sessions, indicated for brevity as Test 1, Test 2, and Test 3, 
the selection of separate CANTAB tests was performed (spec-
ified below). The order of these pre-selected tests remained 
the same in all 3 Testing sessions, but parallel versions were 
used where available.

All study participants were provided with the initial explana-
tion, then they were asked to perform the following CANTAB 
tests in order, remaining identical during all 3 testing sessions: 
•  Choice reaction time (CRT) is a 2-stimuli visual discrimina-

tion and category achievement test. Choice Reaction Time 
(CRT) test measures speed of response in a simple 2-choice 
paradigm using a 2-button press pad [45].

•  Stockings of Cambridge (SOC) is a task that assesses the 
subject’s ability to engage in spatial problem solving. This 
test makes substantial demands on executive function, spa-
tial planning, working memory, and motor control. SOC gives 
a measure of frontal lobe function [45].

•  Paired associate learning (PAL) is a test for the assessment 
of simple visual pattern and visuospatial associative learn-
ing, which contains aspects of both a delayed response pro-
cedure and a conditional learning task. Paired Associates 
Learning (PAL) test assesses episodic visual recall memory 
and new learning [45]. PAL is sensitive to changes in medi-
al temporal lobe functioning.

•  Pattern recognition memory (PRM) immediate (PRMi) is a 
test of visual recognition memory in a 2-choice forced dis-
crimination paradigm. Recognition task was performed im-
mediately after a series of stimulus presentation.

•  Spatial working memory (SWM) is a test for the assessment 
of the subject’s ability to retain spatial information and to 
manipulate remembered items in working memory. SWM 
assesses working memory and strategy use and is a sen-
sitive measure of working memory, as well as frontal lobe 
and executive dysfunction [45].

•  Pattern Recognition Memory (PRM) delayed (PRMd) test as-
sesses delayed visual recognition memory. PRM is a test of 
visual pattern recognition memory in a 2-choice forced dis-
crimination paradigm. Recognition task was performed in 
our study 30 minutes after the initial stimulus presentation.

Parallel versions of most CANTAB tests were used (where avail-
able) at Test 1 (Testing session 1), Test 2, and Test 3.

Statistical analysis

Comparisons between groups were performed using Student’s 
t-test or analysis of variance (ANOVA) for continuous variables, 
where appropriate. Bonferroni post-hoc test was used for mul-
tiple comparisons. The chi-square test was used for categorical 
variables. Normal distribution of data was verified by means 
of the Shapiro-Wilk test. Levene’s test was used to assess the 
homogeneity of variances across the participant groups. The 
statistical significance value was set at p<0.05.

A Comprehensive initial General Regression Model (GRM) 
(Whole GRM), which included the cognitive, demographic, and 
clinical variables, was built to evaluate the predictive value of 
variables under investigation. The backward removal method 
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was used to reduce the whole model to the simplest submod-
el, which still adequately accounted for the whole model. A de-
tailed list of variables included in the initial (whole) GRM model 
and Backward Removal Criteria are specified in the Results sec-
tion, where detailed descriptions of GRM models are provided.

Results

Demographic, clinical, and cognitive characteristics in 
participant groups

One-way ANOVA was used to assess the differences between 
the participant groups. Bonferroni post-hoc test was used for 

Inclusion criteria

New AD+DPZ group (N=30) New AD-DPZ group (N=32) Treated AD group (N=10) Control group (N=30)

The participant has sporadic late onset probable Alzheimer’s disease diagnosed based on 
NINCDS-ADRDA criteria [44]

Normal cognition
(MMSE score 27–30)

The participant has MMSE score from 18 to 23 inclusive

The participant has a newly diagnosed AD and is treatment-naïve The participant has been 
treated with the stable daily 
donepezil dose of 10 mg/day 
for 3 months or more prior to 
assessment

The participant has taken the 
first DPZ dose between Test 1 
and Test 2

The participant has not taken 
the first DPZ dose between 
Test 1 and Test 2

The participant has not taken 
the DPZ dose between Test 1 
and Test 2

The participant has had a CT or MRI less than 12 months before the assessment with results 
consistent with the diagnosis of probable AD

The participant is aged at least 65 years

The participant’s sight and hearing are sufficient to complete the study assessment

The participant is proficient in the Lithuanian language

The participant has Hachinski Ischemic Index equal or less than 4

The participant has Geriatric Depression Scale (GDS) score equal or less than 19

The participant’s Education is equal or more than 8 years

Exclusion criteria

The participant has been treated with any other medication for AD available on the market or any investigational product for AD

The participant has evidence of any neurodegenerative disease, or other serious neurological disorders other than AD including, but 
not limited to Lewy body dementia, fronto-temporal dementia, Parkinson’s disease, Huntington’s disease, major stroke, major head 
trauma, cerebral neoplasia that are likely to affect cognition

The participant has a history of seizures

The participant has findings that fulfil the National Institute of Neurological Disorders and Stroke and Association Internationale 
pour la Recherché et l’Enseignement en Neurosciences (NINDS-AIREN) criteria for vascular dementia

The participant has been tested positive for HBsAg, anti-HCV, or human immunodeficiency virus (HIV)

The participant a DSM-IV-TR Axis I disorder other than AD including delirium, amnestic disorders, bipolar disorder, schizophrenia, 
psychosis, current major depressive episode

The participant has CT or MRI evidence of space-occupying lesion, a stroke, or any clinically significant brain disease other than AD

The participant has evidence of clinically significant comorbidities including but not limited to gastrointestinal, pulmonary, hepatic, 
renal, cardiovascular system, endocrine disease, or vitamin B12 deficiency which could influence cognition

The participant has taken any other cognitive enhancing drug within 6 months prior to the first assessment

Table 1. Inclusion and exclusion criteria for all participant groups.
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Visit Visit 1 Visit 2

Assessment (Test) Test 1
Test 2 

(4 hours after the Test 1)
Test 3

Informed consent +

Demographics +

Medical history, AD history +

Vital signs + + +

Inclusion/exclusion criteria +

NINCDS-ADRDA +

MMSE + +

GDS + +

Hachinski Index +

Education (years) +

Concomitant medications + + +

Adverse events + + +

CANTAB battery tests (CRT, SOC, PAL, PRM 
immediate, SWM, PRM delayed)

+
Test 1

+
Test 2

+
Test 3

Table 2. Flowchart of study specific assessments.

Variable
New AD+DPZ 

group
New AD-DPZ 

group
Treated AD 

group
Control group Statistical method

Number of 
subjects, N

30 32 10 30

Age (years),
Mean ±SD

77.30±5.11 77.03±5.28 76,50±4,43 76.43±6.36
One-way ANOVA

F(3, 98)=0.148; p=0.931 ns

Gender,
Women/Men, N

17/13 17/15 4/6 17/13
Pearson

Chi-square=0.970; p=0.809 ns

Education (years),
Mean ±SD

13.17±4.79 13.47±4.02 11,10±3,73 13.20±3.61
One-way ANOVA

F(3, 98)=0.875; p=0.457 ns

Depression
(GDS score), 
Mean ±SD

7.670±4.93 6.84±3.91 7,50±4,33 6.77±4.34
One-way ANOVA

F(3, 98)=.286; p=0.835 ns

MMSE score,
Mean ±SD

21.57±1.57 21.25±1.48 21,80±1,14 29.47±0.57

One-way ANOVA
F(3, 98)=277.1; p<0.001

Bonferroni post-hoc: 
newAD+DPZ=newAD-DPZ=treatedAD (p=1.0);
Control >newAD+DPZ; newAD-DPZ; treatedAD

(p<0.001)

Table 3. Demographic characteristics, dementia severity (MMSE scores), and depression level (GDS) in all participant groups.

ns – not significant.
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multiple comparisons. Study groups did not differ significant-
ly according to age (p=0.931), years of education (p=0.457), 
gender (p=0.809), depression level (GDS score, p=0.835), or 
Hachinski Ischemic Index (p=0.186). MMSE did not differ 
among all 3 AD groups, but was significantly higher in the 
Control group. Demographic characteristics, depression level 
based on GDS, and MMSE scores of all participant groups are 
provided in Table 3.

General Regression Model (GRM) for the assessment of 
the categorical and independent continuous predictors of 
the change from Test 1 to Test 3 in CANTAB Test Measures

A Comprehensive initial General Regression Model (GRM), which 
included the variables specified below, was built to evaluate 
predictive value of available variables. The backward remov-
al method was used to search for the simplest submodel that 
adequately accounts for the dependent variable under investi-
gation. Were defined the following Removal Criteria: p1, enter: 
0.05; p2, remove: 0.05; F1, enter: 1; F2, remove: 1; Maximum 
steps: 100; Sweep delta: 1.E-7; Inverse delta: 1.E-12.

Difference of Scores on the CANTAB test measure at Test 3 
and Test 1 was entered in a GRM as a dependent variable.

As Categorical predictors were entered in the GRM model: 1) 
The participant group; 2) Disease status: Alzheimer’s patient 
or healthy control subject; 3) Gender; 4) Was the participant 
using donepezil before the Test 1?; 5) Did the participant take 
the dose of DPZ between Test 1 and Test 2?

Subsequent independent continuous predictors were entered 
in the GRM model: 1) Difference of scores on the CANTAB test 
measure at Test 2 and Test 1 was entered into a GRM as a de-
pendent variable; 2) The Baseline Test 1 score of the CANTAB 
test measure; 3) Age (in years); 4) Education (in years); 5) 
Geriatric Depression Scale (GDS) score on Day 1 (when the 
Test 1 and Test 2 were performed); 6) Hachinski Ischemic 
Index (HII) on Day 1 (Baseline day); 7) MMSE score at Day 1 
(Baseline score of global dementia severity).

Overall, 21 GRM models were built for different measures of 
6 CANTAB tests (PRM in 2 modifications – immediate and de-
layed) used in this study. Thirteen GRM models stopped step-
ping during backward removal process, leaving from 3 to 5 pre-
dictors, which did not include the baseline result of CANTAB 
test or the cognitive change due to the first dose of donepezil. 
While results with the main predictors such as the age, gen-
der, education, baseline dementia severity (MMSE score) and 
their interactions are interesting and worthy of further anal-
ysis, they are not in line with the main purpose of this study 
and are not analyzed further in this article. Two GRM models 
stopped stepping with no variable left at all, leaving only the 

Intercept. In this case further analysis of the predictive value 
of the corresponding test measure is meaningless. The results 
of 6 GRM models, which showed that corresponding CANTAB 
test measures or their change due to the first single dose of 
donepezil have a significant predictive value, are presented in 
Figure 1. For any of these models, the Regression coefficients 
and Pareto charts of t-values for the regression coefficients 
of significant predictors are presented along with the linear 
graphs of Means of CANTAB test scores for any of 4 partici-
pant groups in Test 1, Test 2, and Test 3 sessions.

While the cognitive change over a 4-month period from Test 
1 to Test 3 represents donepezil treatment efficacy expressed 
only in 1 separate Test measure and most probably corresponds 
only to 1 cognitive domain or a part of it, we performed cor-
relation analyses, trying to evaluate how improvements in 1 
separate test measure correlate with the general measure of 
dementia severity. The results of correlation analysis are pro-
vided in Figure 2.

Discussion

Only 2 of 4 CANTAB PAL test measures, identified in our previ-
ous study as the tests that are able to detect significant cog-
nitive change due to a single dose of donepezil, were found to 
be significant predictors of long-term donepezil treatment effi-
cacy [46]. Both “PAL Mean trials to success” and “PAL Total tri-
als (adjusted)” were able to detect significant cognitive change 
due to the first single dose and the long-term efficacy (4-month 
period) of donepezil in AD [46]. While “PAL Total errors (ad-
justed)” and “PAL Total errors (6 shapes, adjusted)” were able 
to detect significant cognitive change due to a single dose of 
donepezil, these 2 PAL measures did not significantly predict 
long-term efficacy of treatment [46]. On the other hand, “PAL 
Stages completed” detected significant differences of cogni-
tive change due to a single dose of donepezil in groups with 
and without donepezil after the first test, but was not able to 
show the difference between the first and the second test re-
sults inside the New AD+DPZ group itself (insignificant within 
group effect) [46]. It seems that “PAL Stages completed” did 
not identify the change after taking the first single dose of do-
nepezil in the New AD+DPZ group, but showed significant dif-
ference of change, mostly due to the worsening of the results, 
in the New AD-DPZ group. Despite that, “PAL Stages complet-
ed” was successful in predicting long-term treatment efficacy 
(Figure 1). According to the results of GRM models, “PAL Mean 
trials to success” and “PAL Stages completed” were similar in 
that both the cognitive change due to the first single dose of 
donepezil and the baseline results of these PAL test measures 
at Test 1 were significant predictors of long-term efficacy of 
donepezil, but for “PAL Total trials (adjusted)”, the change, 
but not baseline score, was significantly predictive (Figure 1).
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Figure 1 (A–C).  Means, Regression coefficients, and Pareto charts for General Regression Models (backward removal method) of 
CANTAB test measures. (A) GRM Results for CANTAB PAL test “Mean Trials to Success” measure. (A1) Mean ±SD in 
participant groups at Test 1, Test 2, and Test 3. (A2) Pareto chart of t-values for coefficients with Regression coefficients 
provided in the chart. PAL_MTTS_RS2-1 is for the change of the PAL test “Mean Trials to Success” measure between 
Test 1 and Test 2. PAL_MTTS_RS1 is for PAL test “Mean Trials to Success” measure Baseline results in Test 1. (B) GRM 
Results for CANTAB PAL test “Stages completed” measure. (B1) Mean ±SD in participant groups at Test 1, Test 2, and 
Test 3. (B2) Pareto chart of t-values for coefficients with Regression coefficients provided in the chart. 
PAL_SC_RS2-1 is for the change of the PAL test “Stages completed” measure between Test 1 and Test 2. PAL_SC_RS1 
is for PAL test “Stages completed” measure Baseline results in Test 1. (C) GRM Results for CANTAB PAL test “Total trials 
(adjusted)” measure. (C1) Mean ±SD in participant groups at Test 1, Test 2, and Test 3. (C2) Pareto chart of t-values for 
coefficients with Regression coefficients provided in the chart. PAL_TTad_RS2-1 is for the change of the PAL test “Total 
trials (adjusted)” measure between Test 1 and Test 2.
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Figure 1 (D–F).  Means, Regression coefficients, and Pareto charts for General Regression Models (backward removal method) of 
CANTAB test measures. (D) GRM Results for CANTAB CRT test “Mean correct latency (ms)” measure. (D1) Mean 
±SD in participant groups at Test 1, Test 2, and Test 3. (D2) Pareto chart of t-values for coefficients with Regression 
coefficients provided in the chart. CRT_MeanCorLat1 is for CRT test “Mean correct latency (ms)” measure Baseline 
results in Test 1. (E) GRM Results for CANTAB PRM delayed test “Number correct” measure. (E1) Mean ±SD in 
participant groups at Test 1, Test 2, and Test 3. (E2) Pareto chart of t-values for coefficients with Regression 
coefficients provided in the chart. PRMd_NC_RS2-1 is for the change of the PRM delayed test “Number correct” 
measure between Test 1 and Test 2. PRMd_NC_RS1 is for PRM delayed test “Number correct” measure Baseline results 
in Test 1. (F) GRM Results for CANTAB SWM test “Total errors” measure. (F1) Mean ±SD in participant groups at Test 1, 
Test 2, and Test 3. (F2) Pareto chart of t-values for coefficients with Regression coefficients provided in the chart. 
SWM_TE_RS2-1 is for the change of the SWM test “Total errors” measure between Test 1 and Test 2.
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Figure 2.  Correlations between the cognitive change in CANTAB Test Measures and MMSE over the 4-month treatment period. 
(A) Scatterplot: Correlation between the change of CANTAB PAL test “Mean Trials to Success” measure results from Test 
1 at Baseline to Test 3 after 4 months of treatment with the MMSE test score change (MMSE2-1) from Baseline to Final 
assessment after 4 months. (B) Scatterplot: Correlation between the change of CANTAB PAL test “Stages completed” 
measure results from Test 1 at Baseline to Test 3 after 4 months of treatment with the MMSE test score change (MMSE2-1) 
from Baseline to Final assessment after 4 months. (C) Scatterplot: Correlation between the change of CANTAB PAL test “Total 
trials (adjusted)” measure results from Test 1 at Baseline to Test 3 after 4 months of treatment with the MMSE test score 
change (MMSE2-1) from Baseline to Final assessment after 4 months. (D) Scatterplot: Correlation between the change of 
CANTAB CRT test “Mean correct latency (ms)” measure results from Test 1 at Baseline to Test 3 after 4 months of treatment 
with the MMSE test score change (MMSE2-1) from Baseline to Final assessment after 4 months. (E) Scatterplot: Correlation 
between the change of CANTAB PRM delayed test “Number correct” measure results from Test 1 at Baseline to Test 3 after 
4 months of treatment with the MMSE test score change (MMSE2-1) from Baseline to Final assessment after 4 months. 
(F) Scatterplot: Correlation between the change of CANTAB SWM test “Total errors” measure results from Test 1 at Baseline 
to Test 3 after 4 months of treatment with the MMSE test score change (MMSE2-1) from Baseline to Final assessment after 
4 months.
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An even more interesting finding of this study is that while 
no CANTAB test except for PAL was able to detect significant 
cognitive change due to the first single dose of donepezil, at 
least 1 measure of 3 other CANTAB tests was a significant 
predictor of long-term donepezil treatment in AD. “CRT Mean 
correct latency”, “PRM delayed; Number correct”, and “SWM 
Total errors” were significant predictors of cognitive improve-
ment after 4-month treatment. The nature of the predictive 
indicators of CRT, PRM delayed (PRMd), and the SWM was dif-
ferent. Although for PRMd, both the baseline results at Test 1 
and the cognitive change between Test 1 and Test 2 were sig-
nificant predictors of treatment efficacy, and no other signif-
icant predictors were left in GRM by Backward removal pro-
cedure, a very different predictive structure was found in CRT 
and SWM. For CRT, only the baseline result at Test 1 was a 
significant predictor of a cognitive nature, with Education and 
donepezil usage before Test 1 (treated AD group) being other 
significant predictors of long-term efficacy of treatment. The 
change of “CRT Mean correct latency” between Test 1 and Test 
2 had no predictive value. For “SWM Total errors” only the 
change between Test 1 and Test 2 was a significant predictor 
for the long-term treatment efficacy of donepezil in AD, while 
baseline results of “SWM Total errors” at Test 1 had no pre-
dictive value. In addition, the “SWM Total errors” was the sig-
nificant predictor with a group of other predictors: the glob-
al dementia severity at baseline (MMSE result in the Test 1), 
baseline depression level (GDS score at the time of Test 1), 
and Age (Figure 1F2).

Regarding the predictive value of CANTAB tests for MMSE re-
sults (as a global measure of dementia) after 4 months of 
treatment, significant correlation of change of MMSE over 4 
months-long treatment period was found with the change 
between Test 1 and Test 3 (4 months of treatment) of “PAL 
Mean trials to success” (Figure 2A), “PAL Stages completed” 
(Figure 2B), and “PAL Total trials (adjusted)” (Figure 2C). The 
correlation was weak and statistically insignificant for “CRT 
Mean correct latency” (Figure 2D), “PRM delayed; Number cor-
rect” (Figure 2E), and “SWM Total errors” (Figure 2F). Therefore, 
the initial response to the first single dose of donepezil is a sig-
nificant predictor of long-term response of MMSE only for PAL 
test measures. This kind of PAL advantage over other CANTAB 
tests regarding the successful prediction of global dementia 
severity (MMSE results) may be explained by the fact that PAL 
assesses episodic recall memory and new learning [45]; the 
decline in these cognitive processes is a major constituent of 
dementia syndrome in mild and mild-to-moderate AD. The ex-
planation may be of another kind: PAL test seems to be more 
sensitive to cholinergic stimulation than other CANTAB battery 
tests [46], but cholinergic deficiency is a hallmark of AD. As PAL 
test results rapidly react to cholinergic changes in the brain, 
PAL retains its significance as a predictor from the first single 
dose to the more long-term treatment efficacy, even though 

cholinergic receptors become down-regulated over time due 
to repetitive cholinergic stimulation.

We wondered why in the PAL test the GRM backward removal 
method leaves no other significant predictors except for PAL-
related indicators (contrary to other CANTAB tests). It may be 
hypothesized that the predictive ability of PAL-related indica-
tors (baseline result and the change in response to a single 
dose of DPZ), which are so much stronger than other predic-
tors like age, education, and gender, are not able to withstand 
the GRM backward removal stepping procedure according to 
the indicated removal criteria and are eliminated from the 
model as insignificant. As the final result is the best model of 
the simplest models, it does not show that another indicator 
has no influence at all, but only that this influence is relative-
ly small in comparison with the influence of PAL-related pre-
dictors, especially the change from Test 1 to Test 2.

Another interesting problem is why there is a lack of correla-
tion between CRT and MMSE. It might be related to the fact 
that the CRT is a measure of time and time is not evaluated in 
MMSE at all. If so, then CRT is an additional measure of effi-
cacy not present in MMSE or ADAS-Cog. CRT, as SWM did not 
show significant changes due to a first single dose of DPZ, 
which might be related to the fact that they are not very rap-
idly reactive to the cholinergic status of the brain. It may be 
supposed that the improvement in cholinergic neurotransmis-
sion is able to improve the functioning in other neurotransmit-
ter systems or mechanisms; therefore, CRT and SWM results 
showed significant improvement after 4 months of treatment, 
while still not correlating with MMSE. In addition, it should be 
noted that SWM measures reflect different cognitive domains 
underrepresented in the MMSE and ADAS-Cog. Working mem-
ory and strategy use, which are reflected by SWM, are fron-
tal functions, while MMSE and ADAS have no constituents 
representing working memory or frontal function. In the case 
of SWM, the lack of correlation with MMSE may be merely a 
consequence of the different cognitive domains assessed by 
SWM and MMSE.

The change in PRMd is not significant after a single dose, but 
showed significant improvement after 4 months [46]. Again, 
this suggests that global improvement due to cholinergic treat-
ment over longer periods of time is not associated with im-
provement in the cholinergic system alone, but may be related 
to a much wider systemic up-regulation of many brain sys-
tems, providing their own share in the overall improvement.

Our results suggest that for more comprehensive assessment 
of the global severity of dementia and for more accurate mea-
surement of change in clinical trials, it would be desirable to 
use a computerized, reasonably short, but still comprehensive 
selection of psychometric tests as a mean for assessment of 
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end-points. This may allow achieving more exact and reliable 
evaluation of the efficacy of an investigational drug.

This study has some limitations and may have some valuable 
and significant extensions. Only typical amnestic AD patients 
were included in the study. Significant vascular comorbidities 
and depression were eliminated by Inclusion/Exclusion crite-
ria. Recent evidence demonstrates that the severity of vascu-
lar factors correlates directly with the intensity of cognitive 
disturbances in AD [47]. Recent research in AD showed signif-
icant heterogeneity of AD itself [48,49]. This heterogeneity of 
AD is not reflected by the results of our study due to restric-
tive Inclusions/exclusion criteria. But in all pivotal large clin-
ical trials for AD medications, Inclusion/Exclusion criteria are 
similarly strict. Homogeneity of typical AD and exclusion of 
comorbidities is beneficial for the confirmation of the effica-
cy of the investigational medication, but do not represent the 
situation in real clinical practice, in which many AD patients 
have significant vascular comorbidities, depression, and atypi-
cal variants of AD. Vascular dysfunction and insulin resistance 
associated with Type 2 diabetes may play a significant role in 
the pathogenic processes of Alzheimer disease [50]. We did 
not investigate the neuroimaging indicators of progression 
in this study. Neuroimaging indicators may be able to signif-
icantly strengthen the predictive value of the cognitive and 

demographic predictors, as has been shown in the case of 
quantitative MRI with the measurement of diffusion and per-
fusion alterations [51]. In this study we did not use electro-
physiological indicators of AD progression, such as P300 and 
N200 Event-related Evoked Potentials (ERPs), which are the in-
dicators of neurobiological nature and may provide addition-
al and independent information regarding AD progression in 
comparison with the cognitive markers, which are behavioral 
indicators by their very nature [52].

Conclusions

The cognitive changes produced by the first single DPZ dose 
in CANTAB PAL, PRM, and SWM test measures are able to 
predict the long-term efficacy of DPZ in AD. Baseline CANTAB 
PAL, PRM, and CRT test results were predictive. The relation-
ship between CANTAB cognitive predictors and other clini-
cal and demographic predictors is markedly different among 
various CANTAB tests and relate to the cognitive domains re-
flected in the test.
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