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Abstract

Objective

The cholinergic system has an important role in attention and
working memory and patients with Alzheimer’s Disease (AD) are
known to have cholinergic disruption. Acetylcholinesterase Inhibitors
(AChElIs), such as donepezil and rivastigmine, increase attention
and working memory functioning, but no investigations have directly
compared these medications.
Method

We compared groups of patients with AD taking either
donepezil, rivastigmine, or no AChEl on several measures of
attention and working memory.

Results

The results consistently indicated better attention and working
memory functioning in patients taking donepezil.
Conclusion

Hence, donepezil seems to have more of a positive impact on
attention and working memory. These results may have important
implications for the treatment of disorders characterized by problems
with attention functioning, such as Lewy body dementia.
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Introduction

A number of studies have demonstrated the negative impact
of cholinergic disruption on attention. For example, research has
indicated that the anticholinergic (antimuscarinic) agent scopolamine
impairs working memory and attention [1]. Other researchers have
reported a broadening of spatial attention following administration of
scopolamine, indicating that acetylcholine may have an important role
in narrowing the scale of attentional focus [2]. Broks and colleagues
reported that scopolamine impairs sustained attention, disrupting
the ability of individuals to impose voluntary attention over extended
periods of time [3] and the ability to sustain attention (vigilance) is
critical for working memory tests. Further, whereas the administra-
tion of scopolamine reduces the maintenance of working memory and
selective attention, cholinergic enhancement through the administra-
tion of physostigmine improves the maintenance of selective attention
and working memory [4].

Reduced levels of Choline Acetyltransferase (ChAT) have been
reported in patients with AD and a relationship exists between
the reduction of ChAT and the density of neuritic plaques and
neurofibrillary tangles [5]. Reduced levels Acetylcholinesterase
(AChE) and increased levels of Butyrylcholinesterase (BChE) in the
hippocampus and temporal cortex of patients with AD have also been
reported [6]. Although the cortical laminar distribution of AChE
and BChE varies [7], the neuritic plaques and neurofibrillary tangles
have been found to contain both AChE and BChE [8]. Functional
neuroimaging studies have reported in vivo degeneration of the
cholinergic system in the frontal, parietal, and temporal cortex of
patients with AD, as well as in the hippocampus [9].

The degeneration of the cholinergic system in AD has profound
effects on working memory and attention functioning in these
patients [10]. Patients with AD have reduced or impaired selective
attention [11,12] and divided attention [13]. The performance of
AD patients on tests of attention is correlated with changes in AChE
activity and 11C-nicotine binding [14]. Finally, cortical AChE activity
in the dorsolateral prefrontal cortex is significantly related to
performance on measures of working memory and attention in AD
patients, but not to episodic memory functioning [15].

Acetylcholinesterase Inhibitors (AChEIs) have emerged as the
primary treatment for the memory problems associated with
Alzheimer’s disease. However, given the relationship between
attention, working memory, and cholinergic activity in patients with
Alzheimer’s disease, AChEI medications may also help to increase
attentional functioning and working memory in these patients.
Attention functioning may be “bottom-up” such as when a person
calls your name, or “top-down” intentional/selective such as when
you are listening to someone speak to you during a party or during a
working memory task. Some have proposed that in the regions of the
brain important for attentional functioning, including the prefrontal
cortex, Acetylcholine (ACh) may have a vital role in the top-down
control of attention [16]. Cholinergic medications such as donepezil
and rivastigmine are associated with significant reduction in AChE
activity in the cerebral cortex, with greater AChE inhibition in the
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frontal cortex [17], suggesting that these medications may have
a strong influence on intentional selective attention and working
memory.

Improved attention functioning following treatment with
donepezil has been reported by many investigators [18], including
sustained attention [19], and a measure of selective visual attention
[20]. Bohnen et al., [21] reported improved performance in patients
with AD following treatment with donepezil and that the degree of
inhibition of cortical AChE was related to performance on tests of
attention. In regard to working memory, performance on a digit
span task has been reported to improve following administration of
donepezil [22]. Further, a significant relationship has been reported
between donepezil-binding AChE density in the brain and
performance on the Digit Symbol subtest of the Wechsler Adult
Intelligence Scale [23].

Rivastigmine is another commonly prescribed AChEI and
studies have indicated that this medication is also associated with
improvement in attention [24-26]. Whereas patients with AD who are
treated with rivastigmine have shown stability on the Digit Symbol
subtest and Part A of the Trail Making Test (TMT-A), those who were
untreated evidenced decline on these measures [27]. Additionally,
this investigation also reported increases in regional cerebral blood
flow in the frontal and temporal regions following treatment with
rivastigmine. Darreh-Shori et al., [28] reported significant
correlations between the reduction of AChE activity following
treatment with rivastigmine and performance on tests of attention.

There have been numerous studies conducted comparing the
effects of donepezil and rivastigmine on general cognitive function-
ing. Reviews have reported comparable effects of these medications
on measures such as the Mini Mental State Examination (MMSE) and
the AD Assessment Scale - Cognitive [29,30]. However, Caffarra et al,,
[31] reported greater stability in MMSE scores across time for AD
patients treated with rivastigmine than for those treated with
donepezil. Others have reported improvements on measures of
cognitive functioning over time with rivastigmine but only stability
with donepezil [32]. Scharre and colleagues [33] found that patients
with AD treated with rivastigmine had a lower rate of prescription of
antipsychotic medication that those treated with donepezil. Although
a number of studies have compared donepezil and rivastigmine
on measures of general cognitive functioning, there have been no
investigations reported that have directly compared the effect of these
medications on measures of working memory and attention. Hence,
the purpose of the present investigation was to determine whether
differential effects on measures of working memory and attention
exist for AD patients taking donepezil versus rivastigmine.

A primary difference between donepezil and rivastigmine is that
whereas donepezil is specific for inhibiting AChE, rivastigmine is
known to inhibit both AChE and BChE. Given that AChE and BChE
are both known to hydrolyze ACh [34] and the aforementioned
important role of the cholinergic system in attention, this might
suggest an advantage for rivastigmine in the treatment of the
attentional problems associated with AD. Some investigators have
reported that whereas BChE inhibition in cerebral spinal fluid is
related to performance on a measure of attention, AChE inhibition
was not [35]. Hence, we predicted that rivastigmine would be
associated with greater benefits on indices of attention and working
memory, as compared to donepezil.
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Methods

Participants

The study was approved by the Institutional Review Board of
Middle Tennessee State University. The sample consisted of
12 patients with AD who were taking donepezil, 12 patients with AD
who were taking rivastigmine, and 12 patients with AD who were
not taking any AChEI Regarding the dosages of the medications, six
patients were taking 5mg and six patients were taking 10mg of
donepezil. A total of seven patients were taking 4.6mg of rivastigmine,
three were taking 9.5mg, and one each were taking 3mg and 6mg
dosages of rivastigmine. The diagnosis of AD met the
NINDS-ADRDA criteria for probable AD and DSM-IVTR criteria.
The patient sample was drawn from patients who were referred for a
neuropsychological evaluation for memory problems to the Memory
Disorder Clinic at the Murfreesboro Medical Clinic. We should note
that, at the time of the evaluation, there were some patients who also
seemed to have a vascular component and were thereby diagnosed
with AD as well as Vascular Dementia (VD). However, patient
diagnosis was matched across the three groups such that there were
equal numbers of patients who also had VD (n = 3). Also, some of
our patients were taking Namenda at the time of the evaluation. As
before, the number of patients also taking Namenda was matched
across groups such that there were equal numbers (n = 2 per group).
All patients who were also taking Namenda were diagnosed with only
AD. The total sample of 36 patients included 7 men and 29 women
with an age range of 60 to 87 years (M = 77.47, SD = 7.10). The average
education level for the entire sample was 10.75 years (SD = 2.88) and
the average MMSE score was 20.00 (SD = 3.14). Consult table 1 for the
demographic information associated with each group.

Donepezil Rivastigmine No Treatment
Sex 9women/3men | 10 women/2 men 10 women / 2 men
Age 73.92 (8.89) 81.58 (3.63) 76.92 (5.98)
Education 11.67 (2.84) 10.92 (2.71) 9.67 (2.96)
GDS 9.55 (5.41) 7.40 (4.95) 9.18 (5.23)
MMSE 20.42 (3.78) 19.92 (3.53) 19.67 (2.06)

Table 1: Basic demographic information for the three groups.

Note: Means are reported with standard deviations in parentheses. GDS
refers to the Geriatric Depression Scale. MMSE refers to the Mini Mental State
Examination.

Apparatus

Dementia rating scale - attention

The attention subtest of the Dementia Rating Scale revised
(DRSatt) consists of a variety of tasks that are purported to measure
basic attentional functioning. The tasks include a digit span forward
task requiring the patient to repeat a series of digits that are aurally
presented and a digit span backward task that requires the patient to
repeat the digits in the reverse order as presented. Other tasks include
a motor command task, a task requiring the patient to consecutively
read a list of five words, and another task requiring the patient to
follow the examiner in pointing to a series of four graphic designs.
We should note that the DRSatt data was not available for one patient.
The dependent variable of interest in this study was the age corrected
percentile score.

Digit span

The Digit Span (DS) subtest of the Wechsler Memory Scale-III
(WMS-III) is a measure of attention and working memory that
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requires the patient to repeat strings of digits of increasing length that
are spoken by the examiner. The DS subtest consists of two conditions,
one in which the patient repeats the string of digits as presented by the
examiner and another requiring the subject to repeat the numbers in
the reversed order. The dependent variables of interest in this study
included of the age corrected percentile score from the total subtest

(DSt) and the age corrected percentile score from the forward
condition (DSf).

Digit symbol

The Digit Symbol (DSymb) subtest of the Wechsler Adult
Intelligence Scale-III (WAIS-III) is a measure of attention and
processing speed. The test pairs nine digits (1 through 9) with nine
different symbols in a key code at the top of the page. The remainder
of the page consists of a series of boxes with the top portion containing
the digits in a pseudorandom fashion and the boom portion being
empty. The task requires the patient to write the symbol for each digit
in the empty portion of the box. The dependent variable of interest
in our study was the age corrected percentile score from the total
number of boxes corrected completed. We should note that this data
was not available for three of our patients.

Geriatric depression scale

The Geriatric Depression Scale (GDS) is a 30 item self-report
questionnaire designed for use with older populations. Participants
are asked to respond either “yes” or “no” to each item, with a range of
possible scores from 0 to 30.

Mini mental status exam

The Mini Mental State Examination (MMSE) is a screening test
used to assess general cognitive functioning. Areas of functioning
assessed include orientation, registration, attention, recall, working
memory, language, and construction or drawing ability. The range of
scores possible is from 0 to 30.

Procedure

The study was approved by the Institutional Review Board of the
primary author’s institution in the United States and all participants
provided written informed consent. The DRSatt, DS, DSymb, GDS,
and MMSE were all administered according to standard procedures,
as described previously. The tests were administered in a pseudoran-
dom fashion, although the MMSE was always administered first.

Result

Initial analyses were conducted to determine group equivalence
in terms of age, education, GDS, and MMSE. The results of separate
three-way ANOVAs performed on each of these variables indicated
no significant differences between the three groups in their education,
GDS, or MMSE score. However, a significant difference was noted for
age between the groups, F (2, 33) 4.20, p = .024. Subsequent analyses
indicated that the rivastigmine group was significantly older than the
donepezil group, F (1, 22) = 7.65, p = .011, and also significantly older
than the no treatment control group, F (1, 22) = 5.35, p = .031. Please
consult the table 1 for means and standard deviations for all
demographic variables.

Given the significant difference in age, all subsequent analyses
were conducted using this variable as a covariate in a series of
ANCOVAs to control for this potentially confounding variable.
A three-way between groups ANCOVA using the DRSatt data
indicated a significant difference between the groups, F (2, 31) = 3.48,
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p = .043, R* = .231. Subsequent comparisons indicated that the
donepezil group performed significant better than the no treatment
control group, F (1, 21) = 7.69, p = .011. No significant differences
were noted between the donepezil group and the rivastigmine group,
F (1, 20) = 3.97, p = .06, or between the rivastigmine and the no
treatment control groups, F (1, 20) =.001, p = .984.

The data from the Digit Span test were then analyzed. Regarding
the DSt data, a three-way between groups ANCOVA indicated a
significant difference between the groups, F (2, 32) = 10.79, p = .0003,
R? = .455. Subsequent comparisons indicated a significant difference
between the donepezil group and both the rivastigmine group,
F (1, 21) = 17.70, p = .0004, and the no treatment control group,
F (1, 21) = 12,95, p = .002. No significant difference was noted
between the rivastigmine and the no treatment control groups,
F (1, 21) = .004, p = .951. Similarly, the result of a three-way between
subjects ANCOVA on the DSf data indicated a significant difference
between the groups, F (2, 32) = 9.89, p = .0005, R? = .407. Subsequent
comparisons indicated a significant difference between the donepezil
group and both the rivastigmine group, F (1, 21) = 13.46, p = .001,
and the no treatment control group, F (1, 21) = 12.76, p = .002. No
significant difference was noted between the rivastigmine and no
treatment control groups, F (1, 21) = .64, p = .432.

Finally, the results of a three-way between subjects ANCOVA on
the DSymb data indicated a significant difference between the groups,
F(2,29) =5.04, p =.013, R? = .406. Subsequent comparisons indicated
a significant difference between the donepezil group and the
rivastigmine group, F (1, 19) = 5.81, p = .026, and the no treatment
control group, F (1, 20) = 10.45, p = .004. No significant difference was
found between the rivastigmine group and the no treatment control
group, F (1, 18) = .10, p = .759. Please consult table 2 for the means
and standard deviations for all dependent variables of interest and the
figure 1 for a graphical representation.

Donepezil Rivastigmine No Treatment

DRSatt 61.50 (26.08) 48.82 (25.31) 45.83 (15.46)
Dst 40.00 (30.33) 20.25 (15.33) 17.50 (12.82)
Dsf 43.58 (24.33) 23.08 (18.57) 22.75 (9.37)
DSsymb 25.92 (28.44) 18.00 (21.65) 10.36 (8.18)

Table 2: Means and standard deviations for each dependent variable of
interest.

Note: Means and standard deviations are reported in parentheses.

100

80

DRSatt

DSt

DSt Dsymb

= Donepezil ===<Rivastigmine = =None
Figure 1: The effects of donepezil and rivastigmine on attention and working
memory.

Note: Means and standard deviations are reported in parentheses.
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Discussion

Given the role of rivastigmine in inhibiting both AChE and
BChE we thought that this medication might have an advantage over
donepezil in treating the attention or working memory deficits often
seen in patients with Alzheimer’s disease, particularly since research
has indicated that BChE inhibition is related to performance on a
test of attention but AChE inhibition is not [35]. However, our data
consistently indicated the opposite. The donepezil treated group
evidenced significantly better performance on measures of working
memory and attention when compared to the no treatment control
group and also performed significantly better than the rivastigmine
group on three of our four measures. There was a significant difference
in age between our groups, which could have affected the findings.
However, we controlled for these age differences by including age as a
covariate in all analyses. Hence, the analyses and subsequent obtained
results had the influence of age removed. The reason for the
discrepancy between our hypothesis and the findings may be related
to the regional cerebral effects of donepezil and the type of tests we
used in our study.

As mentioned, there is a tight coupling between working memory
and selective attention. The ability to focus our cognitive resources
on information relevant to our goals influences working memory
performance. Furthermore, attention and working memory are
increasingly viewed as overlapping constructs [36]. The working
memory types of tasks used in this study require attentional
processing and an inability to sustain attention (vigilance) as well as
distractibility may cause impairments in these working memory tests.
As mentioned previously, attention functioning may be captured
exogenously and characterized by “bottom-up” processing or attention
may be internally driven and voluntarily allocated in a “top-down”
manner. The tests of attention used in this study for the most part,
are “top-down” or intentional attention as opposed to “bottom-up” or
reactive attention. Gazzaley and Nobre [36] reviewed recent evidence
from human neurophysiological studies which demonstrate that
top-down modulation serves as a common neural mechanism
underlying working memory and that these two cognitive operations
engage prefrontal and parietal cortex.

Working memory, as well as attentional vigilance, appears to
depend on frontal-parietal network. In addition, donepezil and
rivastigmine are also known to possess regional differences in
cerebral blood flow. Whereas patients who respond to donepezil
exhibit increased cerebral blood flow to the anterior frontal lobe and
the parietal lobe [37], patients who respond to rivastigmine exhibit
increased blood flow to hippocampal structures and the prefrontal
cortex [38]. These findings suggest that donepezil increases regional
cerebral blood in those regions of the brain associated with vigilant
attentional processing and working memory. These collective findings
could potentially explain why donepezil was associated with better
performance on the tests of working memory-attention used in our
study. Future research might want to focus on measuring the
differential effects of donepezil and rivastigmine on more specific
factors of attentional processing.

Our findings might have important clinical implications for
the treatment of patient’s with Lewy Body Dementia (LBD). There
have been a few published reports comparing the effectiveness of
donepezil versus rivastigmine in treating patients with LBD. Some
have reported significant improvement in both cognitive and
behavioral measures following treatment with either donepezil or
rivastigmine [39], although donepezil was associated with a greater
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reduction in the total score from the Neuropsychiatric Inventory. A
thorough review of the literature by Simard and van Reekum [40]
indicated that both donepezil and rivastigmine are efficacious in
treating patients with LBD. However, other researchers have reported
greater improvement in a range of cognitive and behavioral measures
following treatment with rivastigmine as compared to donepezil, in
patients with AD who also had symptoms suggestive of LBD [41]. A
central feature of Lewy body dementia is the presence of disturbances
in attention functioning. Hence, given our current findings, the
possibility exists that donepezil would be more efficacious in treating
the attention-related deficits associated with LBD. Unfortunately, to
date there have been no published reports that have compared
donepezil and rivastigmine in specifically treating attention deficits in
patients with LBD. Future research should be conducted to investigate
this possibility.

Although our findings indicate differential effects on attention
functioning between donepezil and rivastigmine, there are important
limitations that should be considered. Our groups were heterogeneous
in regard to diagnosis, with some patients being diagnosed only with
AD but other patients having a mixed diagnosis of AD and VD. The
effect of including patients with dual diagnoses is not known, but this
may have affected the findings. However, we attempted to control for
this variable by including equal numbers of patient with AD and with
both AD and VD within our groups. Hence, no one group contained
more patients with VD than any other group. Perhaps the most
serious limitation is the range of dosages of donepezil and
rivastigmine that were included. Higher dosages of either medication
may have a more profound effect on attention and working
memory. Review of the data indicates that half of the donepezil group
were taking a large 10mg dosage but only three of the rivastigmine
group were taking a larger 9.5mg dosage. This may explain why
rivastigmine was not associated with the greatest benefit in attention
and working memory. Further research will need to be conducted to
determine if different dosages of these medications result in different
impacts on attention and working memory.
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