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Abstract
Introduction
Despite widespread use of second-generation cholinesterase inhibitors for the symptomatic treatment of Alzheimer’s disease (AD), little is known about the long term effects of cholinergic treatment on global cognitive function and potential specific effects in different cognitive domains. The objectives of this study were to determine the association between cholinergic treatment and global cognitive function over one and two years in a cohort of patients with mild or moderate AD and identify potential differences in domain-specific cognitive outcomes within this cohort.

Methods
A cohort of patients meeting the revised National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) criteria for mild or moderate AD, including patients both on treatment with a cholinesterase inhibitor and untreated controls (treated = 65, untreated = 65), were recruited from the Cognitive Neurology Clinic at Sunnybrook Health Sciences Centre, as part of the Sunnybrook Dementia Study. Patients were followed for one to two years and underwent standardized neuropsychological assessments to evaluate global and domain-specific cognitive function. Associations between cholinesterase inhibitor use and global and domain-specific cognitive outcome measures at one and two years of follow-up were estimated using mixed model linear regression, adjusting for age, education, and baseline mini mental state examination (MMSE).

Results
At one year, treated patients showed significantly less decline in global cognitive function, and treatment and time effects across tests of executive and visuospatial function. At two years, there was a significant trend towards less decline in global cognition for treated patients. Moreover, treated patients showed significant treatment and time effects across tests of executive functioning, memory, and visuospatial function.

Conclusions
The present study offers two important contributions to knowledge of the effectiveness of cholinesterase inhibitor treatment in patients with mild-moderate AD: 1) that second-generation cholinesterase inhibitors demonstrate long-term effectiveness for reducing global cognitive decline over one to two years of follow-up, and 2) that decline in function for cognitive domains, including executive function, memory, and visuospatial skill that are primarily mediated by frontal networks and by the cholinergic system, rather than memory, may be slowed by treatment targeting the cholinergic system.
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ADAlzheimer disease


ChEIcholinesterase inhibitor


DRSDementia Rating Scale


MMSEMini-Mental State Examination.




Introduction
Alzheimer’s disease (AD) affects more than 35 million people worldwide[1, 2] and is the most common form of dementia in older people. Memory impairment is one of the essential and earliest manifestations of AD[3–5], and accompanying deficits include difficulties with word finding[2], visuospatial[6] and executive function impairment[7].
AD is classified as one of the cortical dementias and, although the etiopathogenesis of the disease remains undefined, deficits in memory and cognition have previously been associated with cholinergic deficits in both the hippocampus and cerebral cortex[8]. Randomized double-blind, placebo-controlled trials of three second-generation cholinesterase inhibitors (ChEIs) – donepezil, rivastigmine, and galantamine – that enhance synaptic concentrations of acetylcholine have demonstrated modest beneficial treatment effects in mild to moderate AD over 6 to 12 month periods[9–13]. However, two major gaps regarding treatment targeting the cholinergic system that have previously not been addressed in randomized trials relate to the short duration of follow-up for treatment effects and the lack of information on specific cognitive domains.
Most clinical trials have only examined patients over shorter term periods of follow-up, so the duration of treatment effects have not been well characterized[14, 15]. The reasons for this are related primarily to the disease process itself: it is difficult to conduct symptomatic treatment studies in a relentlessly progressive neurodegenerative disorder such as AD over time periods longer than 6 months within the context of a clinical trial because, given the efficacy shown with ChEIs, longer term placebo groups may no longer be considered ethical. Longer follow-up periods of up to 18 months are being pursued in trials with disease-modifying potential, with the experimental treatment being added on to stable approved symptomatic therapy.
Another issue has been whether treatment benefits are disabled in trials of longer duration. Four industry-sponsored, double-blind, placebo-controlled trials have investigated the efficacy of continued ChEI treatment over 1 year[16–18] and 2 years[19] of follow-up. These studies demonstrated significant benefits, but only global cognition was evaluated in treated patients[16, 17]. A nonpharmaceutical-sponsored, randomized, double-blind trial investigating the effects of donepezil over 2 years also revealed less decline in overall cognition and activities of daily living in mild to moderate AD associated with treatment[19]. However, this trial was limited by a large dropout rate for patients (40% at the end of 1 year and 77% at the end of 2 years).
The interpretation of available data from even longer term trials is difficult, since these are open-label extensions[20] also confounded by large dropout rates and the bias that comes from patient self-selection. A natural history extrapolation using the Stern equation is typically used for comparison instead of real data[21]. More recently, ChEIs have been the open-label comparator for some newer putative disease-modifying therapy trials, which include untreated patients who provide a true placebo comparison but are a small subset of the overall trial population[22, 23]. Most studies use the last observation carried forward, a flawed approach when the objective is to investigate slower progression and decline[24]. One possible method for obtaining important longer term outcome information is to employ well-conducted longitudinal cohort studies[25].
A second limitation of previous studies has been the emphasis on global cognitive outcome measures, with little information on domain-specific cognitive outcomes. Separate dissociable neuropsychological impairments have been shown in AD, yet it is unknown whether attention, executive, memory, visuospatial, and language functions are all equally likely to benefit from a particular pharmacotherapy, and there are currently no randomized controlled trial data assessing treatment effects on performance for specific cognitive domains. Of particular importance are executive functions, which have previously been correlated with instrumental activities of daily living[26] and may be particularly responsive to cholinergic agents, given the known effects of the cholinergic system on selective attention[27, 28]. Preliminary findings in a previous study from our group indicated that executive, language and visuospatial functions, as indexed by the Mattis Dementia Rating Scale (DRS)[29] and its five subscores, rather than memory, appeared more amenable to stabilization by ChEIs in AD over 1 year[30]. Given the natural course of AD degeneration over several years, it is essential to assess the potential benefits of ChEIs over time periods longer than 6 months to evaluate whether these drugs have lasting effects in AD patients. Of equal importance is the assessment of treatment benefits for different cognitive domains, to identify potential domain-specific differences in treatment response in this clinical population.
The present study sought to address these gaps in the knowledge of the effects of cholinesterase therapy in mild or moderate AD. The primary objective was to examine the association between treatment with ChEIs and global cognitive function over 1 year and 2 years of follow-up in mild or moderate AD patients. The secondary objective was to evaluate domain-specific cognitive performance over this longer term follow-up period, to determine whether specific domains are differentially affected in mild or moderate AD patients treated with ChEIs compared with untreated patients.

Methods
Cohort selection
One-hundred and thirty patients (untreated = 65, treated = 65) meeting the revised National Institute of Neurological and Communicative Disorders and Stroke–Alzheimer's Disease and Related Disorders Association criteria for mild (baseline Mini-Mental Status Examination (MMSE) 20–30) or moderate (baseline MMSE 10–19) probable AD[31] were recruited from the Cognitive Neurology Memory clinic at Sunnybrook Health Sciences Centre, a University of Toronto academic healthcare institution, for the period from 1993 to 2002. Inclusion and exclusion criteria for the study cohort have been described previously[30, 32]. This study had ethical approval from the Sunnybrook Research Ethics Board (REB PIN: 009–1998) and all patients selected for the study cohort provided informed consent prior to participation. Details regarding selection procedures for the final cohort have also been described in previous publications[30, 32].

Study variables and procedures
All patients underwent a standardized neuropsychological protocol at baseline and 1 year of follow-up, with a subset of patients also assessed at a 2-year follow-up session. The primary outcome was performance on standardized measures of global cognitive function, described below. Secondary outcomes included performance on multiple measures of domain-specific cognitive function.
Demographic variables included: age; sex; education, which was categorized as elementary (0 to 6 years), high school (7 to 12 years), and post-secondary (≥13 years); and baseline score on the MMSE, categorized into mild (≥20) and moderate (10 to 19) categories. To minimize the potential impact of bias due to losses to follow-up, baseline demographics of all patients diagnosed with mild or moderate probable AD who began treatment between 1997 and 2002 were examined and lost observations were compared with those who stayed on therapy and were followed to the study endpoint. To minimize the potential for bias associated with the use of a historical control cohort, data on potential confounding variables including use of concomitant medications, presence of comorbid illnesses, vascular risk factors (hypertension, diabetes mellitus, hyperlipidemia, smoking), family history of stroke, and the presence of vascular end-organ damage were prospectively ascertained for all patients and validated by a second review of clinic charts[30]. Mean depressive symptomatology scores from the Cornell Scale for Depression in Dementia[33] for were obtained for all patients and concomitant use of selective serotonin reuptake inhibitors was carefully documented.

Treatment
All of the patients included in the study cohort were enrolled in a longitudinal observational study, the Sunnybrook Dementia Study [ClinicalTrials.gov:NCT01800214], using the same standardized protocol either prior to the approval of ChEIs (no-treatment cohort) or after treatment (treatment cohort) became a common clinical option. Once cholinergic therapy was available, all patients with mild to moderate probable AD were offered treatment, if not contraindicated, and titrated as recommended to a maximum tolerated dose (achieved in >90% of patients in the study).

Neuropsychological assessment protocol
Global cognition
Global cognitive function was assessed using the MMSE[34] and the total score from the DRS[29].

Domain-specific cognition
Memory function was assessed using the California Verbal Learning Test (acquisition, and short and long delay free recall subscores)[35], delayed visual reproduction[36], and the memory subscore of the DRS[29]. The Backward Digit Span task was included as a measure of working memory function[36]. Executive functioning was indexed with several measures, including the Controlled Word Association Test using the letters F, A and S (phonemic fluency, correct)[37], Semantic Fluency for animals (words correct)[37], Wisconsin Card Sort Test (number correct, denoting the number of categories correctly completed)[38], Trails B (time in seconds)[39], and the attention, conceptualization and initiation/perseveration subscores of the DRS[29]. Trails A (time in seconds) was used to measure speed of processing. Language function was assessed using the Boston Naming Test (30-word version)[40]. Visuospatial attention and visuoconstructive skill were measured with the Rey–Osterreith Complex Figure Test[41], the Benton Line Orientation Test[42], and the construction subscore of the DRS[29].


Statistical analyses
Paired-sample t tests and chi-square analyses were used to compare treated and untreated patients with respect to all continuous and categorical demographic variables at baseline (see Table 1). Critical values for significance were corrected for multiple comparisons using the Holm correction[43], a sequentially rejective Bonferroni method to maintain the experiment-wise error rate.Table 1Baseline characteristics for treated ( n = 65) and untreated ( n = 65) patients with mild–moderate Alzheimer’s disease


	Factor
	Untreated
	Treated
	χ2/ t statistic (df)
	P valuea

	Males/females
	32/33
	36/29
	0.50 (1)
	0.50

	Age
	71.4 ± 8.4
	71.9 ± 9.9
	0.70 (128)
	0.70

	Education (years)
	13.5 ± 3.5
	13.3 ± 3.9
	0.50 (128)
	0.50

	Handedness
	 	 	0.40 (1)
	0.80

	Right
	60
	63

	Both
	5
	2

	Handedness 2
	 	 	0.021 (1)
	0.90

	Right
	32
	55

	Both
	2
	3

	Symptom duration (years)
	3.5 ± 2.3
	2.8 ± 2.3
	0.11 (128)
	0.80

	Mini-Mental State Examination
	22.4 ± 3.7
	23.1 ± 3.6
	1.1 (128)
	0.30

	Dementia Rating Scale
	116.8 ± 11.0
	118.8 ± 14.3
	0.98 (128)
	0.32

	Disability Assessment for Dementia
	78.9 ± 15.9
	82.8 ± 17.3
	0.10 (128)
	0.90

	Instrumental activities of daily living
	65.9 ± 25.2
	72.2 ± 24.6
	0.10 (128)
	0.92

	Basic activities of daily living
	95.8 ± 5.9
	95.2 ± 9.1
	1.90 (128)
	0.06

	BEHAVE-AD
	5.3 ± 3.6
	5.6 ± 6.5
	0.20 (128)
	0.80

	Hypertension
	24
	16
	2.3
	0.10

	Hyperlipidemia
	9
	11
	 	0.80

	Diabetes
	4
	3
	 	1.00

	Smoking
	 	 	7.4
	0.02

	Never
	42
	32

	Current
	6
	2

	Previous
	17
	31

	Family history of stroke
	10
	13
	 	0.65

	Cerebrovascular disease
	4
	8
	 	0.36

	Cardiac disease
	11
	8
	 	0.60

	Peripheral vascular disease
	5
	1
	 	0.21

	Chronic respiratory, gastrointestinal and genitourinary disease
	36
	47
	1.90
	0.20

	Depressive symptoms (not due to primary psychiatric illness)
	0
	3
	 	0.20

	Neurological problems (for example, migraines)
	8
	14
	 	0.20

	Endocrine/metabolic deficiency/infectious diseases
	10
	7
	 	0.60

	Chemical exposure
	4
	1
	 	0.40

	Ear–nose–throat
	15
	16
	 	1.00

	Cancer
	7
	9
	 	0.80

	Musculoskeletal disease
	19
	25
	1.2
	0.27

	Statins
	8
	7
	 	1.00

	Selective serotonin reuptake inhibitors
	9
	17
	 	0.12

	Cardiovascular
	23
	19
	0.56
	0.45

	Antithrombotics
	22
	22
	0.0
	1.00

	Non-steroidal anti inflammatory drugs
	4
	2
	 	0.68

	Antipsychotics
	1
	0
	 	1.00

	Anticonvulsants
	3
	5
	 	0.72

	Diabetes
	3
	2
	 	1.00

	Hormone replacement therapy
	8
	9
	 	1.00

	Thyroid
	9
	8
	 	1.00


Data presented ± standard deviation unless otherwise stated. Fisher’s exact test was used for cells with counts ≤15. BEHAVE-AD, Behavioural Pathology in Alzheimer's Disease; df, degrees of freedom. aCritical values corrected for multiple comparisons (Holm’s correction) – no significant difference.



Treatment effect sizes (Cohen’s d) were calculated as standardized response means for all patients at both the 1-year and 2-year follow-up endpoints:[image: A13195_2013_Article_267_Equa_HTML.gif]



where T is the treated group, U is the untreated group, t2 is the follow-up, t1 is the baseline, and SDpooled are the standard deviations of the change scores for the two groups (Cohen’s criteria: 0.2 = small effect size, 0.5 = moderate effect size, 0.8 = large effect size).
Associations between treatment with ChEIs and cognitive outcome measures were estimated using multivariable mixed-model linear regression, with separate models derived for all cognitive outcomes at 1 year and 2 years of follow-up. All final models were adjusted for age, education, and baseline MMSE score.


Results
Mean follow-up times for the 1-year assessment were 14.4 months for untreated patients and 14.6 months for treated patients. Mean follow-up times for the 2-year assessment were 25.2 months for untreated patients and 26 months for treated patients. There were no significant differences in mean follow-up between treated patients and untreated patients at either time point.
Baseline demographics and characteristics are provided in Table 1. No significant differences were observed between treated patients and untreated patients for baseline demographic variables, baseline neuropsychological performance, nonvascular and vascular disease burden indices at baseline or at follow-up, body system or chemical exposure, alcohol use, allowable neurological problems (such as history of migraine), or remote history of depressive symptoms. Patients also did not differ in terms of cerebrovascular, cardiac, or peripheral vascular disease prevalence, or in use of concomitant medications including statins, antihypertensives and hypoglycemic agents at baseline or follow-up (see Table 1).
Primary outcomes
Mean scores on the MMSE and the DRS total for treated patients and untreated patients at baseline and at the 1-year and two-year assessments, and effect size estimates, are presented in Table 2. Results of mixed linear regression modeling demonstrated significant differences in global cognitive function over time between treated patients and untreated patients. Specifically, treated patients showed significantly less decline from baseline to the 1-year assessment than untreated patients on both the MMSE (interaction: ß = 2.58, 95% confidence interval (CI) = 0.42 to 4.74, P = 0.02) (see Figure 1) and the DRS total score (interaction: ß = 8.61, 95% CI = 1.27 to 15.94, P = 0.02) (see Figure 2), after adjusting for age and educational status. Although significant differences in MMSE score were also observed between baseline and the 2-year assessment across treatment status (main effect: ß = 26.14, 95% CI = 16.85 to 35.44, P < 0.01), differences between treated patients and untreated patients over time on this measure did not reach significance in the adjusted model (interaction: P = 0.11). Similarly, significant differences were also observed between baseline and the 2-year assessment across treatment status for the DRS total score (main effect: ß = 6.53, 95% CI = 4.23-8.82, P < 0.01), but these differences only trended towards significance by treatment status in the adjusted model (interaction: P = 0.08) (Figures 1 and2).Table 2
                          Mean (standard deviation) and effect size estimates for global measures of cognitive function over time in treated and untreated patients with mild–moderate Alzheimer’s disease
                        


	Measure
	Assessment time
	Mean (standard deviation)
	Effect size

	 	 	Treated
	Untreated
	(Cohen’s d)

	MMSE
	Baseline
	24.3 (3.3)
	22.9 (4.1)
	 
	 	1 year
	23.1 (4.1)
	20.7 (5.2)
	0.7

	 	2 years
	20.2 (5.5)
	16.4 (7.6)
	0.5

	DRS total
	Baseline
	120.5 (15.1)
	117.9 (12.0)
	 
	 	1 year
	116.7 (17.1)
	110.0 (18.3)
	0.7

	 	2 years
	104.8 (24.2)
	91.8 (29.7)
	0.5


DRS, Dementia Rating Scale; MMSE, Mini-Mental State Examination.


[image: A13195_2013_Article_267_Fig1_HTML.jpg]
Figure 1Change in mean Mini-Mental Status Examination over time and estimate of treatment effect for treated and untreated patients with mild–moderate Alzheimer’s disease. CI, confidence interval; MMSE, Mini-Mental Status Examination.
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Figure 2Change in mean Dementia Rating Scale total score over time and estimate of treatment effect for treated and untreated patients with mild–moderate Alzheimer’s disease. CI, confidence interval; DRS, Dementia Rating Scale.





Secondary outcomes
Mean scores on all domain-specific cognitive measures for treated and untreated patients at baseline and at the 1-year and 2-year assessments, and effect size estimates, are presented in Table 3. Owing to a high proportion of missing observations (reflecting task difficulty), data for the California Verbal Learning Test and Trails A and Trails B measures were not included in these analyses.Table 3
                          Mean (standard deviation) and effect size estimates for domain-specific measures of cognitive function over time in treated and untreated patients with mild–moderate Alzheimer’s disease
                        


	Measure
	Assessment
	Mean (standard deviation)
	Effect size

	Time
	Treated
	Untreated
	(Cohen’s d)

	DRS attention
	Baseline
	34.5 (3.2)
	35.1 (2.0)
	 
	 	1 year
	33.6 (3.9)
	33.6 (3.9)
	0.50

	 	2 years
	31.7 (5.2)
	30.2 (7.8)
	0.40

	DRS initiation
	Baseline
	29.6 (6.1)
	27.2 (6.2)
	 
	 	1 year
	28.6 (6.5)
	25.4 (7.8)
	0.51

	 	2 years
	24.6 (9.2)
	19.6 (8.7)
	0.50

	DRS construction
	Baseline
	5.0 (1.2)
	5.4 (1.4)
	 
	 	1 year
	5.0 (1.3)
	4.9 (1.8)
	0.52

	 	2 years
	4.3 (1.7)
	4.4 (2.0)
	 
	DRS conceptualization
	Baseline
	33.3 (5.8)
	34.2 (3.8)
	 
	 	1 year
	34.4 (4.6)
	32.0 (6.3)
	0.53

	 	2 years
	31.4 (7.1)
	27.2 (10.5)
	0.60

	DRS memory
	Baseline
	16.9 (4.0)
	15.8 (4.3)
	 
	 	1 year
	15.5 (4.2)
	14.1 (4.0)
	 
	 	2 years
	12.3 (5.0)
	10.4 (4.1)
	 
	VR2
	Baseline
	3.4 (5.9)
	4.4 (5.6)
	 
	 	1 year
	3.0 (5.4)
	1.6 (3.8)
	 
	 	2 years
	1.7 (5.4)
	1.3 (2.6)
	 
	BDS
	Baseline
	5.3 (2.2)
	5.1 (2.5)
	 
	 	1 year
	4.9 (2.1)
	4.5 (2.4)
	0.40

	 	2 years
	4.9 (2.5)
	3.9 (2.5)
	0.50

	REY
	Baseline
	25.7 (9.0)
	25.5 (10.8)
	 
	 	1 year
	25.1 (10.1)
	21.4 (13.8)
	0.5

	 	2 years
	22.1 (10.6)
	17.2 (24.2)
	 
	Benton Line Orientation Test
	Baseline
	20.6 (7.6)
	19.8 (9.1)
	 
	 	1 year
	18.8 (9.8)
	17.2 (9.7)
	 
	 	2 years
	17.7 (9.5)
	16.1 (10.3)
	 
	WCST
	Baseline
	41.5 (8.3)
	36.9 (7.7)
	 
	 	1 year
	41.3 (8.8)
	35.3 (10.3)
	 
	 	2 years
	36.6 (9.3)
	32.6 (10.1)
	 
	Boston Naming Test
	Baseline
	22.2 (5.4)
	20.9 (6.3)
	 
	 	1 year
	20.3 (6.7)
	17.5 (7.5)
	0.50

	 	2 years
	18.7 (8.3)
	13.3 (8.5)
	0.60

	Semantic Fluency
	Baseline
	12.4 (4.4)
	10.1 (4.3)
	 
	 	1 year
	10.6 (5.1)
	7.9 (4.2)
	 
	 	2 years
	8.9 (4.2)
	5.8 (4.0)
	 
	FAS
	Baseline
	31.6 (12.7)
	24.8 (11.6)
	 
	 	1 year
	30.3 (11.6)
	21.3 (13.2)
	0.73

	 	2 years
	24.0 (11.8)
	17.6 (12.1)
	 

BDS, Backward Digit Span; DRS, Dementia Rating Scale; FAS Controlled Word Association Test; REY, Rey–Osterreith Complex Figure Test; VR2, delayed visual reproduction; WCST Wisconsin Card Sort Test.



Overall, results for the secondary outcomes at the 1-year follow-up assessment showed significant differences between treated patients and untreated patients across time-points on measures of executive function and visuospatial attention and visuoconstructive skill, and significant differences between baseline and 1-year follow-up across treatment status on measures of executive function; however, no significant interactions between treatment and time at 1 year were present in the adjusted models for any of the domain-specific cognitive measures. Specifically, significant differences between treated patients and untreated patients were observed across time from baseline to 1 year on the Wisconsin Card Sorting Test (main effect: ß = 3.76, 95% CI = 0.03 to 7.49, P = 0.05) and the Benton Line Orientation Test (main effect: ß = 3.88, 95% CI = 0.01 to 7.78, P = 0.05). Significant differences from baseline to 1-year follow-up across treatment status were also observed for the Semantic Fluency task (main effect: ß = 1.49. 95% CI = 0.02 to 2.95, P = 0.04).
At the 2-year follow-up assessment, results showed a significant difference between baseline and the 2-year assessment across treatment status on a measure of executive function, and trends towards significance by treatment and by time for several domains, including executive function, memory, visuospatial attention, and visuoconstructive skill. Specifically, significant differences between treated patients and untreated patients were observed across time from baseline to 2 years on the Semantic Fluency test (main effect: ß = 1.78, 95% CI = 0.23 to 3.34, P = 0.02). Trends towards significant main effects for treatment status across time were observed for the attention (P = 0.08) and construction (P = 0.06) subscores of the DRS, the Controlled Word Association Test (P = 0.06), and the Semantic Fluency test (P = 0.09). Trends towards significant main effects for time across treatment status were observed for the attention (P = 0.10) and memory (P = 0.07) subscores of the DRS, and for the Controlled Word Association Test (P = 0.10). No significant interactions between treatment and time at 2 years and no significant main effects were present in the adjusted models for any of the other domain-specific cognitive measures.


Discussion
The purposes of this study were to evaluate the effect of treatment with a ChEI on long-term global and domain-specific cognitive performance in patients with mild to moderate AD. To our knowledge, this observational cohort study represents the first to assess longer-term cognitive performance across multiple cognitive domains using a detailed, standardized neuropsychological battery for each of these treatment groups. Findings of this study indicated that treated patients with mild or moderate AD showed slower decline in global cognitive function over 1 year and a trend towards slower decline over 2 years, as compared with untreated AD patients. In addition, secondary analyses indicated that performance on tasks requiring the domains of executive function, memory, visuospatial attention, and visuoconstructive skill differed either between groups or over time in this cohort, suggesting that, in addition to memory, other specific cognitive domains may be selectively responsive to long-term cholinesterase treatment in mild to moderate AD patients. The present study thus offers two important contributions to knowledge of the effectiveness of ChEI treatment in this clinical population: second-generation ChEIs demonstrate long-term effectiveness for reducing global cognitive decline over 1 to 2 years of follow-up; and decline in function for several cognitive domains, including executive function, memory, and visuospatial skill, may be slowed by treatment targeting the cholinesterase system.
The findings of the present study are consistent with data from previous 6-month pivotal clinical trials and provide further evidence to support the benefit of ChEI treatment for global cognitive function in patients with mild–moderate AD. Although the short-term effectiveness of second-generation ChEIs has been demonstrated previously in double-blind, placebo-controlled trials, few data were available evaluating the effectiveness of ChEIs over 1 and 2 years. In comparison with untreated AD patients, treated patients in the current study demonstrated significantly less decline in global cognitive function, as measured using the MMSE and DRS, over a 1-year period and trends towards less decline over 2 years. Further, these benefits exhibited moderate effect sizes, greater in many instances than those of the Alzheimer’s Disease Assessment Scale – cognitive subscale differences in the 6-month pivotal trials[44], and were present for the DRS, which is a more sensitive measure of cognitive progression across a broader disease spectrum in patients with AD[45]. These findings have implications for the use of treatment targeting the cholinesterase system in patients with mild to moderate AD, and suggest that these patients may benefit from long-term treatment with ChEIs to slow the progression of cognitive impairment.
Several factors support the validity and comparability of our patients with previous randomized clinical trial populations. Our patients were similar with respect to average age and education, but had a slightly higher mean MMSE scores at baseline than the pivotal trials. The literature shows an average annual decline in untreated AD patients of 2 to 4 points for the MMSE[46]. Our data showed a decline of 3.6 points over a 1-year period in the untreated patients. This is also comparable with the untreated controls in the cohort of Lopez and colleagues, who showed a 4-point decline over 1 year[25]. Furthermore, our study showed a decline of 0.9 points on the MMSE in the treated group, which is also comparable with the year-long, placebo-controlled, randomized clinical trials that ranged from an improvement of 1 point to a decline of 2 points in the treated patients depending on baseline disease severity[16–19, 25, 47]. The results of the present study are hence consistent with previous data from clinical trials with respect to the mean change in MMSE score and suggest that trends toward slower decline in treated patients may also persist up to 2 years of follow-up.
The present study also extends findings of previous double-blind, randomized, placebo-controlled trials[17–19] by providing information to characterize potential differences in treatment effects for specific cognitive domains. Unlike prior work, analyses of secondary outcomes in the present study indicated that the cognitive domain primarily responsive to treatment in AD patients was executive function, not memory, with significant main effects observed for both treatment status and time on several measures of executive function. In vivo studies using structural brain imaging have shown significant correlations between severity of hippocampal damage and delayed recall measures on the California Verbal Learning Test[48] and the memory subscale of the DRS[49]. The early isolation of the hippocampus from other regions and the resulting loss of basal forebrain cholinergic projections are thought to be key neural substrates for the severe memory deficits observed in AD. Thus, increasing synaptic concentrations of acetylcholine may be less effective in medial temporal cortices, which are selectively vulnerable to AD pathology and may already demonstrate major pathology by the time of clinical symptom onset. This is consistent with findings from our study, as treated patients did not show beneficial differences on tasks of memory function, including the DRS memory subscore, as compared with untreated patients over 1 and 2 years.
Cholinergic augmentation may have a greater impact on the attentional system[7, 50], such that tasks measuring attention and executive dysfunction may show greater sensitivity to ChEI treatment effects in AD patients than those that measure memory. There is increasing evidence from clinical studies to support this possibility. Previous studies examining the effects of the cholinergic agonist tacrine reported benefits in a five-choice attention task in AD patients with improvements in speed and accuracy, but not memory[51, 52]. Further, data from one small randomized controlled trial comparing 15 treated AD patients with 20 placebo-treated patients showed less decline for treated patients on the Backward Digit Span over 1 year[53], and a previous Japanese cohort study comparing 47 AD patients treated with ChEIs with 61 untreated patients showed less decline in treated patients in concept formation and abstract thinking skills over 10 months[54].
In the present study, treated patients and untreated patients differed significantly at baseline and 1 year in performance on the Wisconsin Card Sorting Test, providing further support for the benefit of ChEI treatment for executive functions involving selective strategic planning and organization, goal-directed behavior, and cognitive shift setting. In addition, trends towards significant differences by treatment status were also present for the attentional and constructional subscores of the DRS at 2 years, suggesting the potential for long-term cholinesterase therapy to stabilize deficits in the ability to attend to and execute verbal and visual commands of varied complexity. These findings are consistent with prior literature demonstrating the efficacy of ChEI treatment for attentional and executive functions, and provide further evidence to suggest that, given the facilitative effects of the cholinergic system on attention, long-term treatment with ChEIs may offer benefits for executive functioning in patients with mild–moderate AD[55–63].
Visual–spatial and visuoconstructional impairment in AD are also attributed to impaired executive functioning[64, 65]. Stabilization of performance on visuoconstructive tasks, such as the Rey copy task, has previously been shown in a small clinical study of 15 AD patients treated with a ChEI compared with 20 placebo-treated control patients[53]. Although results of the present study showed no differences between patients on performance for the Rey copy task, a significant main effect of treatment status was observed at 1 year for the Benton Line Orientation Test, another task involving visual–spatial and visuoconstructive skill, suggesting that these networks may also be selectively responsive to treatment targeting the cholinergic system.
Tasks of verbal fluency provide a measure of encoding deficits associated with an inability to utilize semantic knowledge to characterize words and assist in learning[66–68] characteristic of early AD[69–71]. For instance, hippocampal atrophy has previously been correlated with recall on a list-learning task and has been associated with reduced memory-enhancing effects of ChEIs[52]. Similarly, in a recent study using the CERAD word list learning test, (The Consortium to Establish a Registry for Alzheimer's Disease) 14 AD patients treated with ChEIs showed no difference in delayed free recall compared with 14 untreated patients, but treated patients made fewer errors on a recognition test[72]. Results from our study showed significant main effects by both treatment status and time at 1 and 2 years on the semantic fluency task and an additional trend for main effects of treatment and time at 2 years on the Controlled Word Association Test, a task of phonemic fluency. These findings indicate that, despite the potential for hippocampal pathology in patients with mild–moderate AD, benefits may still be provided by ChEI treatment for the strategic processes involved in verbal fluency[73–77].
Although randomized controlled trials are considered the gold standard for comparing the efficacy of cholinesterase therapies in patients with neurodegenerative conditions, such as AD, these trials are limited by ethical and practical issues with randomization. Observational cohort studies provide an alternative methodology for the investigation of long-term treatment effects in this clinical population. The present study followed treated patients and untreated patients within a longitudinal cohort for up to 2 years and also explored domain-specific cognitive functioning, minimizing the limitations of longer randomized controlled trials (ethics of a placebo group; significant dropout). Despite these strengths, the present study also had limitations. Losses to follow-up were a factor in the present study, limiting our ability to explore the effects of treatment for some cognitive measures. However, the use of mixed-model analytic techniques minimized the impact of these losses and enabled us to examine function across several cognitive domains. It is also important to note that the use of historical control groups is subject to biases, such as selection bias and the Flynn effect, which may have impacted these analyses. Although the Flynn effect can influence the comparison of cohorts from different time periods, the potential for this bias was minimal in the present study, as the time gap between intake procedures for patients selected for this cohort was very short (1993 to 1996 for untreated patients and 1997 to 2002 for treated patients). The short time gap for cohort selection also reduced potential biases due to changes in the prevalence of comorbid conditions that may have occurred over the study period. Further, the potential for selection biases were also minimized in the present study, via the ascertainment, validation, and comparison of groups within the study cohort on several potential confounding factors. However, it is possible that, despite these methods, residual biases associated with the use of a historical control remained.

Conclusions
Findings from our study provide evidence that treatment with ChEI offers significant long-term benefits for global cognitive function in patients with mild to moderate AD. Observations of stabilization in performance on tasks of executive, attentional, visuospatial, and visuoconstructive functions[78–80] across time and treatment also suggest that ChEIs may selectively preserve function for these specific cognitive domains. It is important to note that executive functions, mediated by frontal regions, rather than memory, showed greater potential response to ChEI in this cohort. These findings have implications for the identification of regions with potential differential capacities for response to cholinergic therapies. As efforts to identify disease-modifying treatments with the ability to slow or interrupt early pathologic changes, prevent disease progression, and alter the natural course and outcome of AD have been unsuccessful to date[23], further research is required to optimize therapeutic strategies for patients with AD. This study offers important insights into the cognitive domains that show potential response to treatment targeting the cholinergic system and suggests that future studies would benefit from a more comprehensive evaluation of domain-specific cognitive functions, including protocols for the assessment of attention and executive dysfunction, to further elucidate which cortical networks may benefit from long-term treatment with second-generation ChEIs in patients with mild to moderate AD.

Author information
SEB and DTS are co-senior authors.

Acknowledgements
The authors gratefully acknowledge grant support from the Canadian Institutes of Health Research (CIHR MOP13129), the Alzheimer Society of Canada, and the Alzheimer Association US, and a generous donation from the L. C. Campbell foundation and the Canadian Partnership for Stroke Recovery. PB also acknowledges personal support from the Ontario Graduate Scholarship, the Scace Graduate Fellowship in Alzheimer’s Research, the Scottish Rite Charitable Foundation of Canada Graduate Student Research Award and the Institute of Medical Science Continuing Fellowship. KLL acknowledges the Ontario Mental Health Foundation Fellowship for personal support. SEB and DTS received personal support respectively from the Brill Chair in Neurology and the Reva James Leeds Chair in Neuroscience and Research Leadership. SEB is also grateful for support from the Department of Medicine at Sunnybrook HSC and University of Toronto.
The results from this paper were presented in part in a platform presentation at the 57th annual American Academy of Neurology meeting held in Miami, FL in 2005 and as a poster presentation at the 27th annual Alzheimer Society of Canada meeting in Regina, Sasketchewan in 2005.
The authors would like to thank Dr Demetrios James Sahlas for his input in developing the co-morbidity and vascular scales. They would also like to thank Jennifer Bray, Brian Buck, Patricia Ebert, Carly Guberman, Stephen Kohler, Naama Levy, Le-Ahn Ngo, Christine Pond, and Amber Vance for the psychometric testing, and Chris Szekely, Maureen Evans, Isabel Lam, and Farrell Leibovitch for assistance with database management.

References
1.
Cummings JL: Alzheimer's disease. N Engl J Med. 2004, 351: 56-67. 10.1056/NEJMra040223.CrossRefPubMed

2.
Laatu S, Revonsuo A, Jaykka H, Portin R, Rinne JO: Visual object recognition in early Alzheimer's disease: deficits in semantic processing. Acta Neurol Scand. 2003, 108: 82-89. 10.1034/j.1600-0404.2003.00097.x.CrossRefPubMed

3.
Von SE, Viitanen M, De RD, Winblad B, Fratiglioni L: Aging and the occurrence of dementia: findings from a population-based cohort with a large sample of nonagenarians. Arch Neurol. 1999, 56: 587-592. 10.1001/archneur.56.5.587.CrossRef

4.
Breteler MM, Ott A, Hofman A: The new epidemic: frequency of dementia in the Rotterdam Study. Haemostasis. 1998, 28: 117-123.PubMed

5.
Van der Flier WM, Scheltens P: Epidemiology and risk factors of dementia. J Neurol Neurosurg Psychiatry. 2005, 76: v2-v7. 10.1136/jnnp.2005.082867.PubMedCentralCrossRefPubMed

6.
O'Brien HL, Tetewsky SJ, Avery LM, Cushman LA, Makous W, Duffy CJ: Visual mechanisms of spatial disorientation in Alzheimer's disease. Cereb Cortex. 2001, 11: 1083-1092. 10.1093/cercor/11.11.1083.CrossRefPubMed

7.
Foldi NS, Lobosco JJ, Schaefer LA: The effect of attentional dysfunction in Alzheimer's disease: theoretical and practical implications. Semin Speech Lang. 2002, 23: 139-150. 10.1055/s-2002-24990.CrossRefPubMed

8.
Schneider LS: Treatment of Alzheimer's disease with cholinesterase inhibitors. Clin Geriatr Med. 2001, 17: 337-358. 10.1016/S0749-0690(05)70072-0.CrossRefPubMed

9.
Bond M, Rogers G, Peters J, Anderson R, Hoyle M, Miners A, Moxham T, Davis S, Thokala P, Wailoo A, Jeffreys M, Hyde C: The effectiveness and cost effectiveness of donepezil, galantamine, rivastigmine and memantine for the treatment of Alzheimer's disease: a systematic review and economic model. Health Technol Assess. 2012, 16: 1-47.CrossRefPubMed

10.
Raina P, Santaguida P, Ismaila A, Patterson C, Cowan D, Levine M, Booker L, Oremus M: Effectiveness of cholinesterase inhibitors and memantine for treating dementia: evidence review for a clinical practice guideline. Ann Intern Med. 2008, 148: 379-397. 10.7326/0003-4819-148-5-200803040-00009.CrossRefPubMed

11.
Hansen RA, Gartlehner G, Webb AP, Morgan LC, Moore CG, Jonas DE: Efficacy and safety of donepezil, galantamine and rivastigmine for the treatment of Alzheimer's disease: a systematic review and meta-analysis. Clin Interv Aging. 2008, 3: 211-225.PubMedCentralPubMed

12.
Lanctot KL, Herrmann N, Yau KK, Khan LR, Liu BA, LouLou MM, Lanctôt KL, Herrmann N, Yau KK, Khan LR, Liu BA, LouLou MM, Einarson TR: Efficacy and safety of cholinesterase inhibitors in Alzheimer's disease: a meta-analysis. CMAJ. 2003, 169: 557-564.PubMedCentralPubMed

13.
Ritchie CW, Ames D, Clayton T, Lai R: Metaanalysis of randomized trials of the efficacy and safety of donepezil, galantamine, and rivastigmine for the treatment of Alzheimer disease. Am J Geriatr Psychiatry. 2004, 12: 358-369. 10.1097/00019442-200407000-00003.CrossRefPubMed

14.
Birks J: Cholinesterase inhibitors for Alzheimer's disease. Cochrane Database Syst Rev. 2006, 25: 1-

15.
Takeda A, Loreman E, Clegg A, Kirby J, Picot J, Payne E, Green C: Systematic review of the clinical effectiveness of donepezil, rivastigmine, and galantamine on cognition, quality of life and adverse events in Alzheimer disease. Intern J Geriat Psychiatry. 2006, 21: 17-28. 10.1002/gps.1402.CrossRef

16.
Mohs RC, Doody RS, Morris JC, Ieni JR, Rogers SL, Perdomo CA, Mohs RC, Doody RS, Morris JC, Ieni JR, Rogers SL, Perdomo CA, Pratt RD; “312” Study Group: A 1-year, placebo-controlled preservation of function survival study of donepezil in AD patients. Neurology. 2001, 57: 481-488. 10.1212/WNL.57.3.481.CrossRefPubMed

17.
Winblad B, Engedal K, Soininen H, Verhey F, Waldemar G, Wimo A, Winblad B, Engedal K, Soininen H, Verhey F, Waldemar G, Wimo A, Wetterholm AL, Zhang R, Haglund A, Subbiah P, Donepezil Nordic Study Group: A 1-year, randomized, placebo-controlled study of donepezil in patients with mild to moderate. AD Neurology. 2001, 57: 489-495. 10.1212/WNL.57.3.489.CrossRefPubMed

18.
Karaman Y, Erdogan F, Koseoglu E, Turan T, Ersoy AO: A 12-month study of the efficacy of rivastigmine in patients with advanced moderate Alzheimer's disease. Dement Geriatr Cogn Disord. 2005, 19: 51-56. 10.1159/000080972.CrossRefPubMed

19.
Courtney C, Farrell D, Gray R, Hills R, Lynch L, Sellwood E, Courtney C, Farrell D, Gray R, Hills R, Lynch L, Sellwood E, Edwards S, Hardyman W, Raftery J, Crome P, Lendon C, Shaw H, Bentham P, AD2000 Collaborative Group: Long-term donepezil treatment in 565 patients with Alzheimer's disease (AD2000): randomised double-blind trial. Lancet. 2004, 363: 2105-2115.CrossRefPubMed

20.
Raskind MA, Peskind ER, Wessel T, Yuan W: Galantamine in AD: A 6-month randomized, placebo-controlled trial with a 6-month extension. The Galantamine USA-1 Study Group. Neurology. 2000, 54: 2261-2268. 10.1212/WNL.54.12.2261.CrossRefPubMed

21.
Stern RG, Mohs RC, Davidson M, Schmeidler J, Silverman J, Kramer-Ginsberg E, Searcey T, Bierer L, Davis KL: A longitudinal study of Alzheimer's disease: measurement, rate, and predictors of cognitive deterioration. Am J Psychiatry March. 1994, 151: 390-396.CrossRef

22.
Green RC, Schneider LS, Amato DA, Beelen AP, Wilcock G, Swabb EA, Zavitz KH: Effect of tarenflurbil on cognitive decline and activities of daily living in patients with mild Alzheimer disease: a randomized controlled trial. JAMA. 2009, 302: 2557-2564. 10.1001/jama.2009.1866.PubMedCentralCrossRefPubMed

23.
Tayeb HO, Yang HD, Price BH, Tarazi FI: Pharmacotherapies for Alzheimer's disease: beyond cholinesterase inhibitors. Pharmacother Ther. 2012, 134: 8-25. 10.1016/j.pharmthera.2011.12.002.CrossRef

24.
Molnar FJ, Man-Son-Hing M, Hulton B, Fergusson DA: Have last observation carried forward analyses caused us to favour more toxic dementia therapies over less toxic alternatives? A systematic review. Open Med. 2009, 3: e31-e50.PubMedCentralPubMed

25.
Lopez OL, Becker JT, Wisniewski S, Saxton J, Kaufer DI, DeKosky ST: Cholinesterase inhibitor treatment alters the natural history of Alzheimer's disease. J Neurol Neurosurg Psychiatry. 2002, 72: 310-314. 10.1136/jnnp.72.3.310.PubMedCentralCrossRefPubMed

26.
Boyle PA: Assessing and predicting functional impairment in Alzheimer's disease: the emerging role of frontal system dysfunction. Curr Psychiatry Rep. 2004, 6: 20-24. 10.1007/s11920-004-0033-9.CrossRefPubMed

27.
Mesulam M: The cholinergic lesion of Alzheimer's disease: pivotal factor or side show?. Learn Mem. 2004, 11: 43-49. 10.1101/lm.69204.CrossRefPubMed

28.
Robbins TW, McAlonan G, Muir JL, Everitt BJ: Cognitive enhancers in theory and practice: studies of the cholinergic hypothesis of cognitive deficits in Alzheimer's disease. Behav Brain Res. 1997, 83: 15-23. 10.1016/S0166-4328(97)86040-8.CrossRefPubMed

29.
Mattis S: Mental status examination for organic mental syndrome in the elderly patient. Geriatric Psychiatry. Edited by: Bellak L, Karasu TB. 1976, New York: Grune and Stratton, 77-121.

30.
Behl P, Lanctot KL, Streiner DL, Guimont I, Black SE: Cholinesterase inhibitors slow decline in executive functions, rather than memory, in Alzheimer's disease: a 1-year observational study in the sunnybrook dementia cohort. Curr Alzheimer Res. 2006, 3: 147-156. 10.2174/156720506776383031.CrossRefPubMed

31.
McKhann GM, Knopman DS, Chertkow H, Hyman B, Jack C, Kawas C, Klunk W, Koroshetz WJ, Manly J, Mayeux R, Mohs R, Morris J, Rossor M, Scheltens P, Carrillo M, Thies B, Weintraub S, Phelps C: The diagnosis of dementia due to Alzheimer's disease: recommendations from the National Institute on Aging–Alzheimer's Association workgroups on Diagnostic Guidelines for Alzheimer's Disease. Alzheimers Dement. 2011, 7: 263-269. 10.1016/j.jalz.2011.03.005.PubMedCentralCrossRefPubMed

32.
Behl P, Lanctot KL, Streiner DL, Black SE: The effect of cholinesterase inhibitors on decline in multiple functional domains in Alzheimer's disease: a two-year observational study in the Sunnybrook dementia cohort. Int Psychogeriatrics. 2008, 20: 1141-1159. 10.1017/S1041610208007540.CrossRef

33.
Alexopoulos GS, Abrams RC, Young RC, Shamoian CA: Cornell Scale for Depression in Dementia. Biol Psychiatry. 1998, 23: 271-284.CrossRef

34.
Folstein MF, Folstein SE, McHugh PR: ‘Mini-mental state’. A practical method for grading the cognitive state of patients for the clinician. J Psychiatr Res. 1975, 12: 189-198. 10.1016/0022-3956(75)90026-6.CrossRefPubMed

35.
Delis DC, Kramer JH, Kaplan E, Ober BA: The California Verbal Learning Test. 1987, New York: Psychological Corporation

36.
Wechsler D: Wechsler Memory Scale – Revised manual. 1987, San Antonio, TX: The Psychological Corporation

37.
Lezack MD: Neuropsychological Assessment. 1983, New York: Oxford University Press

38.
Heaton RK: Wisconsin Card Sorting Test manual. 1981, Psychological Assessment Resources: Odessa, FL

39.
Spreen O, Strauss E: A Compendium of Neuropsychological Tests. 1991, New York: Oxford University Press

40.
Kaplan E, Goodglass H, Weintraub S: The Boston Naming Test. 1978, Boston: Lea and Febiger

41.
Corwin J, Bylsma FW: Commentary (on Rey & Osterrieth). Clin Neuropsychol. 1993, 7: 15-21.CrossRef

42.
Benton AL, Hamsher K, Varney NR, Benton AL, Sivan AB, Hamsher KS, Varney NR, Spreen O: Contributions to Neuropsychological Assessment. 1983, New York: Oxford University Press

43.
Holland BS, Copenhaver M: D. Improved Bonferroni-type multiple testing procedures. Psychol Bull. 1988, 104: 145-149.CrossRef

44.
Rockwood K: Size of the treatment effect on cognition of cholinesterase inhibition in Alzheimer's disease. J Neurol Neurosurg Psychiatry. 2004, 75: 677-685. 10.1136/jnnp.2003.029074.PubMedCentralCrossRefPubMed

45.
Behl P, Stefurak T, Black SE: Cognitive markers of progression in Alzheimer's disease. Can J Neurol Sci. 2005, 32: 140-151.CrossRefPubMed

46.
Salmon DP, Thal LJ, Butters N, Heindel WC: Longitudinal evaluation of dementia of the Alzheimer type: a comparison of 3 standardized mental status examinations. Neurology. 1990, 40: 1225-1230. 10.1212/WNL.40.8.1225.CrossRefPubMed

47.
Wilcock G, Howe I, Coles H, Lilienfeld S, Truyen L, Zhu Y, Wilcock G, Howe I, Coles H, Lilienfeld S, Truyen L, Zhu Y, Bullock R, Kershaw P, GAL-GBR-2 Study Group: A long-term comparison of galantamine and donepezil in the treatment of Alzheimer's disease. Drugs Aging. 2003, 20: 777-789. 10.2165/00002512-200320100-00006.CrossRefPubMed

48.
Kohler S, Black SE, Sinden M, Szekely C, Kidron D, Parker JL, Köhler S, Black SE, Sinden M, Szekely C, Kidron D, Parker JL, Foster JK, Moscovitch M, Winocour G, Szalai JP, Bronskill MJ: Memory impairments associated with hippocampal versus parahippocampal–gyrus atrophy: an MR volumetry study in Alzheimer's disease. Neuropsychologia. 1998, 36: 901-914. 10.1016/S0028-3932(98)00017-7.CrossRefPubMed

49.
Fama R, Sullivan EV, Shear PK, Marsh L, Yesavage JA, Tinklenberg JR, Fama R, Sullivan EV, Shear PK, Marsh L, Yesavage JA, Tinklenberg JR, Lim KO, Pfefferbaum A: Selective cortical and hippocampal volume correlates of Mattis Dementia Rating Scale in Alzheimer disease. Arch Neurol. 1997, 54: 719-728. 10.1001/archneur.1997.00550180039010.CrossRefPubMed

50.
Foldi NS, White RE, Schaefer LA: Detecting effects of donepezil on visual selective attention using signal detection parameters in Alzheimer's disease. Int J Geriatr Psychiatry. 2005, 20: 485-488. 10.1002/gps.1319.CrossRefPubMed

51.
Sahakian BJ, Owen AM, Morant NJ, Eagger SA, Boddington S, Crayton L, Sahakian BJ, Owen AM, Morant NJ, Eagger SA, Boddington S, Crayton L, Crockford HA, Crooks M, Hill K, Levy R: Further analysis of the cognitive effects of tetrahydroaminoacridine (THA) in Alzheimer's disease: assessment of attentional and mnemonic function using CANTAB. Psychopharmacology (Berl). 1993, 110: 395-401. 10.1007/BF02244644.CrossRef

52.
Riekkinen P, Soininen H, Helkala EL, Partanen K, Laakso M, Vanhanen M, Riekkinen P, Soininen H, Helkala EL, Partanen K, Laakso M, Vanhanen M, Riekkinen P: Hippocampal atrophy, acute THA treatment and memory in Alzheimer's disease. Neuroreport. 1995, 6: 1297-1300. 10.1097/00001756-199506090-00017.CrossRefPubMed

53.
Nakano S, Asada T, Matsuda H, Uno M, Takasaki M: Donepezil hydrochloride preserves regional cerebral blood flow in patients with Alzheimer's disease. J Nucl Med. 2001, 42: 1441-1445.PubMed

54.
Ueki A, Shinjo H, Shimode H, Nakajima T, Morita Y: A study of the effect of donepezil hydrochloride on cognitive function in patients with dementia of Alzheimer's type using WAIS-R. No To Shinkei. 2004, 56: 42-48.PubMed

55.
Baddeley AD, Logie RH: Working memory: The multiple component model. Models of Working Memory: Mechanisms of Active Maintenance and Executive Control. Edited by: Mikaye A, Shah P. 1999, Cambridge: Cambridge University Press, 28-61.CrossRef

56.
Germano C, Kinsella GJ: Working memory and learning in early Alzheimer's disease. Neuropsychol Rev. 2005, 15: 1-10. 10.1007/s11065-005-3583-7.CrossRefPubMed

57.
Swanberg MM, Tractenberg RE, Mohs R, Thal LJ, Cummings JL: Executive dysfunction in Alzheimer disease. Arch Neurol. 2004, 61: 556-560. 10.1001/archneur.61.4.556.PubMedCentralCrossRefPubMed

58.
Borgo F, Giovannini L, Moro R, Semenza C, Arcicasa M, Zaramella M: Updating and inhibition processes in working memory: a comparison between Alzheimer's type dementia and frontal lobe focal damage. Brain Cogn. 2003, 53: 197-201. 10.1016/S0278-2626(03)00109-X.CrossRefPubMed

59.
Stuss DT, Craik FI, Sayer L, Franchi D, Alexander MP: Comparison of older people and patients with frontal lesions: evidence from word list learning. Psychol Aging. 1996, 11: 387-395.CrossRefPubMed

60.
Collette F, Van der Linden M, Salmon E: Executive dysfunction in Alzheimer's disease. Cortex. 1999, 35: 57-72. 10.1016/S0010-9452(08)70785-8.CrossRefPubMed

61.
Sgaramella TM, Borgo F, Mondini S, Pasini M, Toso V, Semenza C: Executive deficits appearing in the initial stage of Alzheimer's disease. Brain Cogn. 2001, 46: 264-268. 10.1016/S0278-2626(01)80080-4.CrossRefPubMed

62.
Lopez-Pousa S, Vilalta-Franch J, Garre-Olmo J, Turon-Estrada A, Lozano-Gallego M, Hernandez-Ferrandiz M, López-Pousa S, Vilalta-Franch J, Garre-Olmo J, Turon-Estrada A, Lozano-Gallego M, Hernàndez-Ferràndiz M, Fajardo-Tibau C, Cruz-Reina MM: Effectiveness of donepezil on several cognitive functions in patients with Alzheimer's disease over 12 months. Neurologia. 2001, 16: 342-347.PubMed

63.
Borkowska A, Ziolkowska-Kochan M, Rybakowski JK: One-year treatment of Alzheimer's disease with acetylcholinesterase inhibitors: improvement on ADAS-cog and TMT A, no change or worsening on other tests. Hum Psychopharmacol. 2005, 20: 409-414. 10.1002/hup.702.CrossRefPubMed

64.
Johnson AM, Gustafson L, Reisberg J: Behavioral observations durig performance of the WAIS Block Design Test related to abnormalities of regional blood flow in organic dementia. J Clin Exp Neuropsychol. 1996, 8: 201-209.CrossRef

65.
Ober BA, Jagust WJ, Koss E, Delis DC, Friedland RP: Visuoconstructive performance and regional cerebral glucose metabolism in Alzheimer's disease. J Clin Exp Neuropsychol. 1991, 13: 752-772. 10.1080/01688639108401088.CrossRefPubMed

66.
Vuorinen E, Laine M, Rinne J: Common pattern of language impairment in vascular dementia and in Alzheimer disease. Alzheimer Dis Assoc Disord. 2000, 14: 81-86. 10.1097/00002093-200004000-00005.CrossRefPubMed

67.
van der Hurk PR, Hodges JR: Episodic and semantic memory in Alzheimer's disease and progressive supranuclear palsy: a comparative study. J Clin Exp Neuropsychol. 1995, 17: 459-471. 10.1080/01688639508405137.CrossRefPubMed

68.
Alexander MP, Stuss DT, Fansabedian N: California Verbal Learning Test: performance by patients with focal frontal and non-frontal lesions. Brain. 2003, 126: 1493-1503. 10.1093/brain/awg128.CrossRefPubMed

69.
Greene JD, Baddeley AD, Hodges JR: Analysis of the episodic memory deficit in early Alzheimer's disease: evidence from the doors and people test. Neuropsychologia. 1996, 34: 537-551. 10.1016/0028-3932(95)00151-4.CrossRefPubMed

70.
Grober E, Kawas C: Learning and retention in preclinical and early Alzheimer's disease. Psychol Aging. 1997, 12: 183-188.CrossRefPubMed

71.
Albert MS, Moss MB, Tanzi R, Jones K: Preclinical prediction of AD using neuropsychological tests. J Int Neuropsychol Soc. 2001, 7: 631-639. 10.1017/S1355617701755105.CrossRefPubMed

72.
Crowell TA, Paramadevan J, Abdullah L, Mullan M: Beneficial effect of cholinesterase inhibitor medications on recognition memory performance in mild to moderate Alzheimer's disease: preliminary findings. J Geriatr Psychiatry Neurol. 2006, 19: 13-15. 10.1177/0891988705284711.CrossRefPubMed

73.
Lukatela K, Malloy P, Jenkins M, Cohen R: The naming deficit in early Alzheimer's and vascular dementia. Neuropsychology. 1998, 12: 565-572.CrossRefPubMed

74.
Stuss DT, Alexander MP, Hamer L, Palumbo C, Dempster R, Binns M, Stuss DT, Alexander MP, Hamer L, Palumbo C, Dempster R, Binns M, Levine B, Izukawa D: The effects of focal anterior and posterior brain lesions on verbal fluency. J Int Neuropsychol Soc. 1998, 4: 265-278.PubMed

75.
Rosser A, Hodges JR: Initial letter and semantic category fluency in Alzheimer's disease, Huntington's disease, and progressive supranuclear palsy. J Neurol Neurosurg Psychiatry. 1994, 57: 1389-1394. 10.1136/jnnp.57.11.1389.PubMedCentralCrossRefPubMed

76.
Pasquier F, Lebert F, Grymonprez L, Petit H: Verbal fluency in dementia of frontal lobe type and dementia of Alzheimer type. J Neurol Neurosurg Psychiatry. 1995, 58: 81-84. 10.1136/jnnp.58.1.81.PubMedCentralCrossRefPubMed

77.
Keilp JG, Gorlyn M, Alexander GE, Stern Y, Prohovnik I: Cerebral blood flow patterns underlying the differential impairment in category vs letter fluency in Alzheimer's disease. Neuropsychologia. 1996, 37: 1251-1261.CrossRef

78.
Parasuraman R, Greenwood PM, Haxby JV, Grady CL: Visuospatial attention in dementia of the Alzheimer Type. Brain. 1992, 115: 711-733. 10.1093/brain/115.3.711.CrossRefPubMed

79.
Sahakian B, Joyce E, Lishman WA: Cholinergic effects on constructional abilities and on mnemonic processes: a case report. Psychol Med. 1987, 17: 329-333. 10.1017/S0033291700024867.CrossRefPubMed

80.
Almkvist O, Darreh-Shori T, Stefanova E, Spiegel R, Nordberg A: Preserved cognitive function after 12 months of treatment with rivastigmine in mild Alzheimer's disease in comparison with untreated AD and MCI patients. Eur J Neurol. 2004, 11: 253-261. 10.1046/j.1468-1331.2003.00757.x.CrossRefPubMed



Competing interests
This study was conducted independently of any pharmaceutical company sponsorship. SEB has received honoraria for CME and ad hoc consulting from Pfizer, Janssen-Ortho, Novartis Pharmaceuticals, Lundbeck, Eisai, GlaxoSmithKline, Schering-Plough, Bristol-Myers Squibb, Elan, and Wyeth Pharmaceuticals, and operating funds from Pfizer Inc., Novartis Pharmaceuticals, Myriad Pharmaceuticals, Roche, and GlaxoSmithKline. KLL has received consultant and speaker honoraria and contract research funding from Pfizer Inc., Wyeth, Lundbeck, and Janssen Ortho. The remaining authors have no competing interests.

Authors’ contribution
SEB and DTS helped with the writing and conceptual framework of the manuscript. KLL provided feedback on the manuscript. DLS, AK, and JDE provided statistical expertise for the manuscript. JDE also helped with the writing of Methods and Results. PB helped with the conceptual framework, analyses, and writing of the introduction, methods, results, discussion and conclusion. All authors approved and read the final manuscript.


OEBPS/sidebar.gif





OEBPS/A13195_2013_Article_267_Equa_HTML.gif





OEBPS/contact.gif





OEBPS/A13195_2013_Article_267_Fig2_HTML.jpg
Mean DRS Total Score

150
125 }

1 \\»
1co

\-n
7 ~+-Treated
“#=Untreated
50
25
4} T T 2]
Baseline One Year Two Year

Assessment [ 95% Cl p-value






OEBPS/A13195_2013_Article_267_Fig1_HTML.jpg
Mean MMSE Score

Baseline

One Year

Two Year

Assessment

R

95% Cl

p-value

—+Treated
~*=Untreated





