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Apathy May Herald Cognitive Decline and Dementia in
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Abstract: Apathy is usually defined as a lack of motivation.
It may occur as part of another disorder (notably depression
and dementia) or as an isolated syndrome. In Parkinson’s dis-
ease (PD), apathy is common and several studies have
reported an association between this condition and more
severe cognitive symptoms, such as executive dysfunction.
However, this association has not been thoroughly investi-
gated. The aim of this study (in nondepressed, nondemented
PD patients) was to examine whether or not cognitive decline
and/or dementia occurred more frequently in apathetic sub-
jects than in nonapathetic subjects. Forty consecutive PD
patients participated in the study (20 with apathy and 20
without). None of the subjects were either demented or
depressed at the time of study entry. The patients’ cognitive
functions were extensively assessed twice: at study entry and

after an 18-month follow-up period. At study entry, the apa-
thetic PD patients had significantly lower global cognitive
status and executive function scores than the nonapathetic
subjects. After a median period of 18 months, the rate of
conversion to dementia was found to be significantly higher
in the apathetic group than in the nonapathetic group (8 of
20 and 1 of 20, respectively). Even in nondemented patients,
the decrease over time in cognitive performance (mainly
executive function but also memory impairment) was
significantly greater in apathetic subjects than in nonapathetic
subjects. These findings suggest that in nondemented,
nondepressed PD patients, apathy may be a predictive factor
for dementia and cognitive decline over time. © 2009
Movement Disorder Society
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INTRODUCTION

Apathy is a common condition in Parkinson’s dis-
ease (PD).I_5 Several studies have reported an associa-
tion between apathy and more severe cognitive symp-
toms, especially executive dysfunction.”® Pluck &
Brown® reported that highly apathetic, nondemented
PD patients performed worse than their less apathetic
counterparts—especially in tasks evaluating executive
functions. Czernecki et al.° reported significant correla-
tions between the severity of apathy and performance
in a set of executive function tests. In previous work,
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we showed that low cognitive status was the main fac-
tor that contributed to the development and then wor-
sening of apathy.” However, the evidence in favor of
an association between apathy and cognitive dysfunc-
tion in PD comes mainly from cross-sectional or corre-
lation studies and thus is not strong enough to enable
apathy to be considered as a predictive factor for cog-
nitive impairment.

An association between apathy and cognitive impair-
ment has also been reported in other neurodegenera-
tive, dementia-associated disorders. In Alzheimer’s
disease (AD), apathy has been reported in 55% of the
patients’ and is associated with more pronounced
global cognition deficits and lower functional
autonomy.® Interestingly, in a follow-up study of
patients with mild cognitive impairment, Robert et al.’
showed that the rate of conversion to AD was signifi-
cantly higher in apathetic patients (AP) than in non-AP
(NAP), especially when lack of interest was the main
apathy symptom.'”
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TABLE 1. Demographic and clinical characteristics of the
participant groups at study entry

Apathetic Nonapathetic
PD patients PD patients
N (M/F) 20 (16/4) 20 (11/9)
Mean (SD) age, yr 63 (9.25) 60.38 (8.37)
Mean (SD) years 11.1 (2.95) 11.05 (2.48)
in education, yr
Mean (SD) disease 9.75 (6.89) 6.4 (5.1)
duration, yr
Median Hoehn & 2.5 (1-4) 2 (1-4)
Yahr score (min—max)
Mean (SD) score 21.87 (7.67) 17.3 (6.36)

at UPDRS-IIT*
Mean (SD) levodopa
equivalent dose (mg/d)

835.42 (653.92) 790.17 (447.32)

Mean (SD) MADRS 8.8 (3.97) 5.35 (3.63)
score*

Mean(SD) LARS —12.65 (5.09) —26.8 (2.99)
score*

*Indicates a significant inter-group difference, P < 0.05.

To the best of our knowledge, the question of
whether apathy represents a predictive factor for
dementia in PD patients has never been investigated.
The goal of the present follow-up study in nonde-
pressed, nondemented PD patients was to establish
whether or not cognitive decline and/or dementia
occurred more frequently in apathetic subjects than in
nonapathetic subjects.

METHODS

Participants

Forty patients with probable PD participated in the
study. They were recruited prospectively at the
Movement Disorders department at Lille University
Hospital. PD was defined according to the international
criteria.'’ None of the patients was suffering from
neurologic diseases other than PD. None was suffering
from depression or dementia as defined by the DSM-
IV criteria. The guidelines published by Marsh et al.'?
were used to diagnose depression and reduce the
overlap with apathy. The guidelines published by Emre
et al."® were used to improve the diagnosis of PD-
associated dementia.

Patients were included in the apathetic group if they
met the criteria published by Starkstein et al.'"* and had
a score on the Lille Apathy Rating Scale (LARS)" of
over 17. Twenty patients met these criteria. All diagno-
ses were made by a senior staff member. The main
demographic and clinical characteristics of the two
groups on study inclusion are shown in Table 1.
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All patients were treated and assessed after receiving
their usual anti-parkinsonian medication (see the mean
levadopa equivalent dosages in Tables 1 and 2). At the
time of assessment, nine patients were on psychoactive
drugs: four in the apathetic group (three on anxiolytics
and one taking an antidepressant) and five in the nona-
pathetic group (all on anxiolytics). All participants
gave their informed consent to participation in the
study.

ASSESSMENTS

Cognitive Function

An extensive neuropsychologic assessment was
made to encompass the cognitive domains that are
sensitive to dysfunction in PD. Overall cognitive status
was assessed in terms of the score on the Mattis
Dementia Rating Scale (DRS').

Memory was assessed using (1) the forward and
backward digit span and (2) the French version of the
Grober and Buschke 16-item free/cued word learning
and recall test.!” Performance was assessed in terms of
the number of words (out of 16) immediately recalled
at learning, the total number of words (out of 48)
correctly recalled after the three free recall trials, and
the total number of words (out of 48) correctly recalled
after the three free and cued recall trials. Attention and
executive functions were assessed using:

e An oral version of the Symbol Digit Modalities
test.'® Subjects were instructed to associate symbols
with digits according to a key code. Performance
was evaluated in terms of the number of correct
responses given in 90 seconds.

e A 50-item version of the Stroop word color test (to
assess response inhibition). The procedure has been
described fully elsewhere.'” Performance was
evaluated in terms of the time needed to complete
the test’s two phases (naming the color of dots and
color names, respectively) and the number of errors
in the interference phase (Phase 2).

TABLE 2. Clinical characteristics of the participant groups
after the 18-month follow-up period

Apathetic Nonapathetic
PD patients PD patients
UPDRS-III score 20.13 (7.57) 15.7 (6.89)

Levodopa equivalent dose (mg/d) 896.89 (581.25) 900.23 (408.31)
MADRS score 10 (6.25) 4.25 (3.4)
LARS score —11.65 (6.94) —28.3 (3.94)

All values represent mean (SD).
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o A letter and number sequencing task, corresponding
to an oral version of the Trail Making Test (to
assess set shifting).'® Performance was evaluated in
terms of the time needed to complete the test’s two
phases (baseline and alternation, respectively) and
the number of errors in the alternation phase.

e A word generation task performed over 60 seconds
and in three conditions (to assess action initiation
and working memory updating), i.e. phonemic
(letter P), semantic (animals) and alternating (letter
T and V, alternatively) conditions.

Behavior

Depressive symptoms and apathy were rated using
the Montgomery and Asberg Depression Rating Scale
(MADRS)?” and the LARS," respectively.

Motor Symptoms

The severity of PD was assessed using the Hoehn
and Yahr score.”' Motor disability was rated using the
motor part of the Unified Parkinson’s Disease Rating
Scale (UPDRS-III).?* All the participants were assessed
twice: at study entry and at least 12 months later
(range: 11-24 months; median: 18 months).

DATA ANALYSIS

Repeated measures analyses of variance (ANOVA)
with “time” (at entry and after follow-up) as within
factor and “group” (with and without apathy) as
between factor were expected. Nevertheless, these
analyses require (i) homogeneity of the variances, (ii)
homogeneity of multiple dependent variable covarian-
ces across the design’s cells and (iii) sphericity of the
data. Because these assumptions rarely hold, we
decided to use a multivariate analysis of variance
(MANOVA). Our main hypothesis (involving a greater
regression of cognitive function over time in the apa-
thetic group) would thus be supported by a significant
“group” (G) X “time” (T) interaction. When MANO-
VAs were not applicable or in the event of assumption
violation, a Greenhouse-Geisser correction was applied
to the univariate models. When justified, post-hoc com-
parisons and contrast analyses were carried out with a
specific mean square error criterion. T-tests or nonpara-
metric Mann-Whitney tests were performed, depending
on the data distribution and the homogeneity of the
variances.

The chi-squared frequency test was used to compare
the two patient groups in terms of the frequency of de-

mentia after the follow-up period. The significance
threshold was set to P < 0.05 in all statistical tests.
All analyses were carried out using Statistica 8.0
software.

RESULTS

Clinical and Demographical Characteristics

At study entry, the two groups differed in terms of
motor disability (#(27)=2.52, P = 0.018) and the level
of apathy (Mann-Whitney U = 539, P < 0.001),
which were both significantly higher in the AP group
(Table 1). The MADRS score at study entry was
significantly higher (#(38) = 2.87, P = 0.007) in the
AP group than in the NAP group. However, none of
the subjects met the criteria for depression. All these
parameters remained stable over time (Table 2).

In view of the clinical differences between the two
groups at study entry, we first carried out a multiple
regression analysis to ascertain the influence of poten-
tial predictors (e.g. the MADRS, UPDRS-III and
LARS scores at study entry) on the patients’ cognitive
status (as evidenced by the Mattis DRS score at fol-
low-up). As none of these predictors (other than the
LARS score) correlated significantly with cognitive
status (MADRS: F(; 34y = 0.04, P = 0.84; UPDRS-III:
F(1’34) = 164, P = 021, LARS: F(1’34) = 460, P =
0.039), these scores were not considered as covariates
in the subsequent analyses.

Cognition

Table 3 shows the mean (SD) performance at the
cognitive assessment test battery for AP and NAP
groups at study entry and 18 months later and summa-
rizes the main results of the statistical analysis.

The ANOVA applied to the Mattis DRS score
revealed a significant “group” effect (F 35, = 13.488,
P < 0.001) and a significant G X T interaction (F( g,
= 8.16, P < 0.007). This was due to a decline over
time in the AP group’s overall performance (F(;35) =
11.45, P < 0.001).

The MANOVA applied to the digit span test
revealed no significant effect. Analysis of performance
in the Grober and Buschke 16-item free/cued word
learning and recall test revealed the lack of a signifi-
cant “group” effect or G x T interaction for immediate
recall. The expected G x T interaction was significant
for the total number of words correctly recalled after
the three free recall trials (F 35y = 9.94, P < 0.003)
and the three free and cued recall trials (F 35y =
12.20, P < 0.001). This interaction showed a stable
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performance over the follow-up period for the NAP
group (F(;35)< 1,ns) and a score reduction in the AP
group (F( 35y = 11.19, P < 0.002).

At study entry, the number of symbols correctly
coded in the Symbol Digit Modalities Test was lower
in the AP than in the NAP group (F 35 = 16.92, P
< 0.001). There was a significant G x T interaction
(Fa3sy = 49, P = 0.03). At study entry, the AP
group was significantly slower than the NAP group
(F138y = 11.04, P = 0.002) in naming the color of
the dots in the Stroop word color test, although both
groups were similarly sensitive to interference (F 3g)
= 2.83, P = 0.10). At follow-up, the AP group
showed significantly worse performance under both
test conditions, whereas the performance of the NAP
group did not change (F( s = 12.66, P < 0.001).
Analysis of the test errors showed the same pattern of
results, with a significant G x T interaction (F(; 35, =
4.58, P = 0.04).

At study entry, there was no significant inter-group
difference in the various scores in the letter and num-
ber sequencing task test (F(35=1.57, P = 0.218).
However, after follow-up, the AP group’s scores were
much lower in both the baseline and alternation phases
(Fassy = 9.22, P = 0.004), with a significant increase
in the error rate (F; 33y = 10.5, P = 0.002).

At study entry, the AP group produced fewer words in
word generation tasks than the NAP group did (F(; 35, =
22.56, P < 0.001). Overall, the G x T interaction was
significant (F(; 35y = 7.95, P = 0.008), with a decrease
in performance at follow-up in the AP group. Specific
contrast analyses revealed that this interaction was only
significant for the phonemic and semantic conditions.
Statistical analysis in the alternating condition revealed
only significant main effects of “group” (performance
was lower for the AP group than for the NAP group:
F3s) = 1843, P < 0.001) and “time” (both groups
showed a significant worsening of their performance
over time: F(; 35y = 4.94, P = 0.03).

Occurrence of Dementia

At follow-up, eight of the 20 APs and one of the 20
NAPs met the criteria for dementia (x2 = 7.025, P =
0.008).

DISCUSSION

Our results for nondemented, nondepressed PD
patients showed that after a median 18-month follow-
up period, the occurrence of dementia was higher in
AP than in NAPs. Overall, at study entry, the APs

(even though nondemented) had lower cognitive func-
tion scores than NAPs. This was mainly due to lower
global efficiency and poorer performance in certain
tests of processing speed and executive functions.
Moreover, over a mean time period of 18 months, the
decline in cognitive function was significantly higher
in APs and was not seen in nonapathetic PD patients.
These results confirm thus our hypothesis whereby apa-
thy in nondemented, nondepressed PD patients may
represent a predictive factor for dementia and cognitive
decline over time.

Our comparison of both groups at study entry con-
firmed previous reports of lower performance levels in
tasks assessing executive function in APs>®. However,
this executive impairment was quite moderate, as it
only concerned some tasks. By including tasks assess-
ing the main dimensions of executive function, we
showed that the executive impairment mainly con-
cerned response inhibition (loss of resistance to inter-
ference in the Stroop word color test) and action initia-
tion (loss of self-activation strategies for retrieval from
declarative memory in the word generation tasks and
in the 16-item free/cued word learning and recall test).
According to the model proposed by Levy and
Dubois,> this specifically corresponds to manifesta-
tions of a form of apathy called “cognitive inertia”
and suggests a dysfunction of the associative basocorti-
cal circuit interconnecting the dorsal areas of the basal
ganglia (namely the dorsal portion of the head of the
caudate nucleus) and the lateral prefrontal cortex. This
circuit is generally considered to be involved in cogni-
tive dysfunction in PD patients.”* Our results suggest
that this circuit is more impaired in apathetic PD
patients. However, the role of a general slow-down in
information processing must also be considered,
because the APs performed slowly overall. This sug-
gests a less specific, more general type of cognitive
impairment in apathetic PD patients.

After the median 18-month follow-up period, de-
mentia was diagnosed in eight PD patients in the apa-
thetic group and in only one patient in the nonapathetic
group. This type of result may be related to Robert
et al. findings”'” in mild cognitive impairment (MCI).
They showed that conversion to dementia was twice as
high in apathetic MCI patients. In PD, the concept of
MCI is still subject to debate®> >’ and thus no consen-
sus criteria have been adopted. At study entry, our APs
were more cognitively impaired (particularly in execu-
tive function) than the non-APs. However, in the ab-
sence of a healthy control group, it was difficult to
determine whether or not our patients met the PD-MCI
criteria proposed by Caviness et al.*® Nevertheless, our

Movement Disorders, Vol. 24, No. 16, 2009
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results indicate that apathy may be a contributory fac-
tor in MCI and/or dementia in PD.

In this study, the patients in the two groups were
receiving similar, optimal anti-parkinsonian treatments
at both assessment times and thus a role for dopamine
depletion in the development of apathy appears diffi-
cult to justify. However, as underlined by one of the
reviewers of this article, optimal dosages of these med-
ications are determined by a clinical motor assessment;
as dopaminergic treatments affect motor and nonmotor
subregions in the basal ganglia to different extents,”®
we cannot rule out a nonoptimal dosage for nonmotor
symptoms. In PD, there is also evidence for a dramatic
loss of cholinergic neurons in the basal forebrain
nuclei - the main source of cholinergic projections to
the cortex.?” This loss of cholinergic neurons is consid-
ered to be the biologic basis of cognitive decline and
certain neuropsychiatric symptoms (namely apathy) in
AD and related dementias.’®®' Although further
studies are needed to demonstrate the involvement of
cholinergic depletion in some forms of apathy in PD,
our data show more frequent dementia and more
severe cognitive decline in apathetic PD patients than
in nonapathetic PD patients, suggesting the possible
involvement of a cholinergic mechanism in apathy.

One of the strengths of this study is that APs with
concomitant depression were not included. This cir-
cumvents the frequent problem of the overlap between
apathy and depression which could otherwise have
explained our results, since depression in PD increases
the risk of cognitive decline.’>* Moreover, after an
18-month follow-up, no change in the severity of the
depressive symptoms was observed, thus excluding the
role of this factor in the appearance of cognitive
decline. However, this specific feature constitutes also
a limitation, since apathetic, nondepressed individuals
appear to represent a small subgroup of PD patients.**

We are aware of a number of other study limita-
tions. First, there was a (nonsignificant) trend towards
longer disease duration in the apathetic group. As the
incidence of dementia in PD increases with age and
disease duration,®® this factor may have contributed to
the higher occurrence of dementia in the apathetic
group. However, when considering the disease duration
distribution, it appeared that four patients had a disease
duration over the 75th percentile (i.e. more than 15
years). Of these, only one developed dementia. More-
over, disease duration and cognitive status were only
weakly correlated (r = —0.45, ns). It is thus unlikely
that longer disease duration can explain the higher
observed occurrence of dementia in apathetic PD
patients. Secondly, due to the low number of patients,
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it was impossible to compare the profiles of the
demented and nondemented APs after follow-up. High
patient numbers would have allowed the potential iden-
tification of risk factors for dementia in apathetic PD
patients and so this aspect needs to be addressed in the
future. Thirdly, as discussed above and even though
none of our APs was demented, the latter were more
cognitively impaired at study entry than the non-APs.
Consequently, we cannot rule out the possibility that
conversion to dementia was associated with cognitive
impairment, rather than apathy. Further studies with
patients who are strictly matched for cognitive status
will be required to disentangle these aspects.

In conclusion, this study is the first to show (by
extensively assessing cognitive function at two, well-
separated time points) that apathy is a predictive factor
for dementia in PD. Given that dementia contributes
significantly to morbidity and mortality in PD*®, our
finding underlines the need to detect apathy with valid
instruments as early as possible and to keep a close
eye on the cognitive status of PD patients in whom ap-
athy is not associated with depression or nonoptimal
anti-parkinsonian treatment.

Acknowledgments: We thank Celine Dernoncourt for her
participation in data collection

Financial Disclosures: None.

Author Roles: Kathy Dujardin: Research project: concep-
tion, organization and execution; Manuscript: writing of the
first draft, review and critique. Pascal Sockeel: Statistical
Analysis: design, execution, review and critique; Manuscript:
review and critique. Marie Delliaux: Research project: orga-
nization and execution. Alain Destée: Manuscript: review and
critique. Luc Defebvre: Manuscript: review and critique.

REFERENCES

1. Aarsland D, Larsen JP, Lim NG, et al. Range of neuropsychiatric
disturbances in patients with Parkinson’s disease. J Neurol
Neurosurg Psychiatry 1999;67:492-496.

2. Starkstein SE, Mayberg HS, Preziosi TJ, Andrezejewski P,
Leiguarda R, Robinson RG. Reliability, validity, and clinical
correlates of apathy in Parkinson’s disease. J Neuropsychiatry
Clin Neurosci 1992;4:134-139.

3. Pluck GC, Brown RG. Apathy in Parkinson’s disease. J Neurol
Neurosurg Psychiatry 2002;73:636—642.

4. Kirsch-Darrow L, Fernandez HH, Marsiske M, Okun MS,
Bowers D. Dissociating apathy and depression in Parkinson
disease. Neurology 2006;67:33-38.

5. Dujardin K, Sockeel P, Devos D, et al. Characteristics of apathy
in Parkinson’s disease. Mov Disord 2007;22:778-784.

6. Czernecki V, Pillon B, Houeto JL, Pochon JB, Levy R, Dubois
B. Motivation, reward, and Parkinson’s disease: influence of
dopatherapy. Neuropsychologia 2002;40:2257-2267.

7. Aalten P, Verhey FR, Boziki M, et al. Neuropsychiatric
syndromes in dementia. Results from the European Alzheimer
Disease Consortium: Part I. Dement Geriatr Cogn Disord 2007;
24:457-463.



10.

11.

12.

13.

16.

17.

19.

20.

21.

22.

APATHY IN PARKINSON’S DISEASE

. Benoit M, Andrieu S, Lechowski L, Gillette-Guyonnet S, Robert

PH, Vellas B. Apathy and depression in Alzheimer’s disease are
associated with functional deficit and psychotropic prescription.
Int J Geriatr Psychiatry 2008;23:409—414.

. Robert PH, Berr C, Volteau M, et al. Apathy in patients with

mild cognitive impairment and the risk of developing dementia
of Alzheimer’s disease: a one-year follow-up study. Clin Neurol
Neurosurg 2006;108:733-736.

Robert PH, Berr C, Volteau M, et al; PréAL study. Importance
of lack of interest in patients with mild cognitive impairment.
Am J Geriatr Psychiatry 2008;16:770-776.

Gelb DJ, Oliver E, Gilman S. Diagnostic criteria for Parkinson
disease. Arch Neurol 1999;56:33-39.

Marsh L, McDonald WM, Cummings J, Ravina B. Provisional
diagnostic criteria for depression in Parkinson’s disease: report
of an NINDS/NIMH Work Group. Mov Disord 2006;21:148—
158.

Emre M, Aarsland D, Brown R, et al. Clinical diagnostic criteria
for dementia associated with Parkinson’s disease. Mov Disord
2007;22:1689-1707; quiz 1837.

. Starkstein SE, Petracca G, Chemerinski E, Kremer J. Syndromic

validity of apathy in Alzheimer’s disease. Am J Psychiatry
2001;158:872-877.

. Sockeel P, Dujardin K, Devos D, Deneve C, Destee A, Defebvre

L. The Lille apathy rating scale (LARS), a new instrument for
detecting and quantifying apathy: validation in Parkinson’s
disease. J Neurol Neurosurg Psychiatry 2006;77:579-584.

Mattis S. Mental status examination for organic mental syndrome
in the elderly patient. In: Bellak L, Karasy T, eds. Geriatric Psy-
chiatry. New York: Grune and Stratton, 1976:77-121.

Van der Linden M, Coyette F, Poitrenaud J, et al. L’épreuve de
rappel libre/rappel indicé a 16 items (RL/RI-16). In: Van der
Linden M, GREMEM, editors. L’évaluation des troubles de la
mémoire. Marseille: Solal, 2004:25-47.

. Smith A. Symbol Digit Modalities Test (SDMT). Western

Psychological Services: Western Psychological Services; 1982.
Dujardin K, Defebvre L, Grunberg C, Becquet E, Destee A.
Memory and executive function in sporadic and familial Parkin-
son’s disease. Brain 2001;124(Pt 2):389-398.

Montgomery SA, Asberg M. A new depression scale designed to
be sensitive to change. Br J Psychiatry 1979;134:382-389.
Hoehn MM, Yahr MD. Parkinsonism: onset, progression, and
mortality. 1967. Neurology 2001;57(10 Suppl 3):S11-S26.

Fahn S, Elton R, UPDRS, Development, Committee, Members.
The Unified Parkinson’s disease rating scale. In: Fahn S, Mars-
den C, Calne D, Goldstein M, editors. Recent developments in

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

2397

Parkinson’s disease. Florham Park, NJ: Macmillan healthcare;
1987. p 153-163.

Levy R, Dubois B. Apathy and the functional anatomy of the
prefrontal cortex-basal ganglia circuits. Cereb Cortex 2006;16:
916-928.

Alexander GE, DeLong MR, Strick PL. Parallel organization of
functionally segregated circuits linking basal ganglia and cortex.
Annual review of neuroscience 1986;9:357-381.

Janvin C, Aarsland D, Larsen JP, Hugdahl K. Neuropsychologi-
cal profile of patients with Parkinson’s disease without dementia.
Dement Geriatr Cogn Disord 2003;15:126—-131.

Caviness JN, Driver-Dunckley E, Connor DJ, et al. Defining
mild cognitive impairment in Parkinson’s disease. Mov Disord
2007;22:1272-12717.

Dubois B. Is PD-MCI a useful concept? Mov Disord 2007;22:
1215-1216.

Cools R. Dopaminergic modulation of cognitive function-impli-
cations for L-DOPA treatment in Parkinson’s disease. Neuro-
science and biobehavioral reviews 2006;30:1-23.

Jellinger KA. Pathology of Parkinson’s disease. Changes other
than the nigrostriatal pathway. Molecular and chemical neuropa-
thology/sponsored by the International Society for Neurochemis-
try and the World Federation of Neurology and research groups
on neurochemistry and cerebrospinal fluid 1991;14:153-197.
Figiel G, Sadowsky C. A systematic review of the effectiveness
of rivastigmine for the treatment of behavioral disturbances in
dementia and other neurological disorders. Current medical
research and opinion 2008;24:157-166.

Wynn ZJ, Cummings JL. Cholinesterase inhibitor therapies and
neuropsychiatric manifestations of Alzheimer’s disease. Dementia
and geriatric cognitive disorders 2004;17:100-108.

Troster Al, Stalp LD, Paolo AM, Fields JA, Koller WC. Neuro-
psychological impairment in Parkinson’s disease with and with-
out depression. Archives of neurology 1995;52:1164-1169.
Norman S, Troster Al, Fields JA, Brooks R. Effects of depres-
sion and Parkinson’s disease on cognitive functioning. The Jour-
nal of neuropsychiatry and clinical neurosciences 2002;14:31-36.
Pedersen KF, Larsen JP, Alves G, Aarsland D. Prevalence and
clinical correlates of apathy in Parkinson’s disease: a commu-
nity-based study. Parkinsonism Relat Disord 2009;15:295-9.
Buter TC, van den Hout A, Matthews FE, Larsen JP, Brayne C,
Aarsland D. Dementia and survival in Parkinson disease: a 12-
year population study. Neurology 2008;70:1017-1022.

Hughes TA, Ross HF, Mindham RH, Spokes EG. Mortality in
Parkinson’s disease and its association with dementia and depres-
sion. Acta Neurol Scand 2004;110:118-123.

Movement Disorders, Vol. 24, No. 16, 2009



