
Journal of Parkinson’s Disease 6 (2016) 413–421
DOI 10.3233/JPD-150761
IOS Press

413

Research Report

Neuropsychological Profiles in Mild
Cognitive Impairment due to Alzheimer’s
and Parkinson’s Diseases

Erik Hessena,b,∗, Ane Løvli Stava, Eirik Auningc, Per Selnesa, Linn Blomsøb,
Cathrine Emilie Holmeideb, Krisztina Kunszt Johansena, Carl Fredrik Eliassena,b,
Ivar Reinvangb, Tormod Fladbya,d and Dag Aarslande,f

aDepartment of Neurology, Akershus University Hospital, Lørenskog, Norway
bDepartment of Psychology, University of Oslo, Norway
cDepartment of Geriatric Psychiatry, Akershus University Hospital, Lørenskog, Norway
dInstitute of Clinical Medicine, Campus Ahus, University of Oslo, Norway
eAlzheimer’s Disease Research Centre, Department of Neurobiology, Care Sciences and Society,
Karolinska Institutet, Novum, Stockholm, Sweden
f Center for Age-Related Diseases, Stavanger University Hospital, Stavanger, Norway

Accepted 11 March 2016

Abstract.
Background: Neuropsychological comparisons between patients with mild cognitive impairment due to Parkinson’s disease
(MCI-PD) and Alzheimer’s disease (MCI-AD) is mostly based on indirect comparison of patients with these disorders and
normal controls (NC).
Objective: The focus of this study was to make a direct comparison between patients with these diseases.
Methods: The study compared 13 patients with MCI-PD and 19 patients with MCI-AD with similar age, education and
gender. The participants were recruited and assessed at the same university clinic with equal methods.
Results: The main finding was that on group level, MCI-AD scored significantly poorer on learning and memory tests than
MCI-PD, whereas MCI-PD were impaired on 1 of 3 measures of executive functioning.
Conclusion: MCI-AD performed poorer learning and memory tests, whereas MCI-PD only scored below the employed
cut-off on one single executive test. In general, MCI-PD was noticeably less cognitively impaired than MCI-AD.

Keywords: Mild cognitive impairment, Parkinson’s disease, Alzheimer’s disease, neuropsychology, cerebrospinal fluid
biomarkers

INTRODUCTION

Cognitive problems are common in early Parkin-
son’s disease (PD). Different studies have classified
25 to 30% of non-demented patients with PD as
having mild cognitive impairment (MCI) [1–3],
and single-domain non-amnestic MCI occurs more

∗Correspondence to: Erik Hessen, Department of Neurology,
Akershus University Hospital, 1478 Lørenskog, Norway. Tel.:
+4792097373; E-mail: erik.hessen@nevropsykologi.no.

frequently than single-domain amnestic MCI in PD
[1, 3, 4]. Seemingly in contrast to this, studies have
shown that memory is the single cognitive func-
tion that most frequently is reduced in early PD
[3, 5]. In MCI likely due to Alzheimer’s disease
(AD), amnestic MCI (aMCI) is most common [6],
although several studies suggest that patients with
amnestic/multi domain MCI (amnestic impairment
in addition to other cognitive deficits) may be at even
greater risk of AD than patients with amnestic single
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domain MCI [7, 8]. These findings suggest both neu-
ropsychological similarities and differences between
MCI in PD (MCI-PD) and MCI due to AD (MCI-
AD).

Neuropathology is heterogeneous in both condi-
tions with partially overlapping findings. Based on
autopsy findings in PD patients, Braak et al. [9]
reported that the intraneuronal formation of Lewy
inclusion bodies and Lewy neurites has a topo-
graphically predictable progression, starting in the
brain stem, extending into the midbrain, affecting
the substantia nigra, and subsequently affecting cor-
tical areas. In addition to Lewy body pathology,
the neuropathology in MCI-PD also includes corti-
cal amyloid � (A�) plaques [10, 11]. More recent
detailed early-stage PD neuropathological studies
have revealed broad pathological processes includ-
ing frontal cortex oxidative and endoplasmatic stress
[12–14]. Animal studies have shown that Lewy body
pathology may stimulate the development of A�
plaques and vice versa [15]. Also, postmortem analy-
sis has shown that many demented PD patients fulfill
the neuropathological criteria of AD [16].

Though extra-temporal including frontal cortex
often suffers from early amyloid pathology in early
AD, objective clinical manifestations are accom-
panied by memory network changes [17, 18].
In MCI-AD early amyloid � (A�) may elicit
synaptic dysfunction, neurodegeneration and finally
detectable cognitive changes and functional decline
associated with early dementia [19].

Low CSF A�42 and high total and phosphorylated
tau (T- and P-tau) are part of MCI-AD diagnostic cri-
teria [6, 20], and high CSF T-tau levels characterize
patients developing AD at follow up [21]. Recently,
a large post mortem study found that T-tau level,
but not A� plaques, predicted age onset of cogni-
tive decline and AD [22]. In PD, CSF A�42 may
be slightly reduced compared to controls and asso-
ciated to cognitive impairment [23–25], while T-tau
and phosphorylated tau (P-tau) have been reported to
be reduced or unchanged in PD without dementia and
increased in PD with dementia [25, 26].

The referenced studies regarding neuropsycholog-
ical differences and similarities are mainly based on
indirect comparison of patients with each of these
disorders with healthy controls. To our knowledge,
only a couple of studies have compared neuropsy-
chological profiles directly between patients in the
early stages of these diseases. Guidi et al. [27] found
that MCI-PD patients demonstrated inferior perfor-
mances on a semantic questionnaire, whereas the

aMCI group displayed modest difficulties in a nam-
ing task. More relevant to the present is the study
by Hildebrandt et al. [28]. They compared aMCI
(n = 29) patients to mild cognitively impaired PD
patients (MCI-PD) (n = 25) (Hoehn and Yahr scale:
3.4 SD = 0.5) and found that aMCI patients were
impaired in episodic memory, while MCI-PD patients
showed deficits in visuoconstruction and attention.
However, in this study international consensus cri-
teria for MCI or biomarkers were not used, making
these findings difficult to interpret.

The present study aimed to add to the knowledge
of cognitive function in MCI in PD compared to
the recent core clinical criteria for MCI likely due
to AD, in addition to at least one pathological CSF
biomarker. We hypothesized that both clinical groups
would score poorer on neuropsychological measures
than normal control patients would, that MCI-AD
would score poorer than MCI-PD on measures of
memory and that both clinical groups would achieve
poor scores on non-amnestic/executive measures.

METHODS AND MATERIALS

The study protocol was approved by the South-
Eastern Norway ethical committee for medical
research. Written informed consent was obtained
from all participants.

Neuropsychological definition of MCI in the
present study

Both the PD and MCI-AD patients underwent neu-
ropsychological assessment:

1. Memory: Delayed verbal recall (Rey Audi-
tory Verbal Learning Test (RAVLT), [29, 30]
and Delayed visual reproduction (Rey Complex
Figure Test (RCFT) [31].

2. Aspects of executive functions: Divided atten-
tion (Trail Making Test-B (TMT-B) [32], Word
fluency (Controlled Oral Word Association Test
(COWAT) [33] and Response inhibition (Stroop
Color-Word, D-KEFS) [34].

3. Visuospatial ability: Copy trial (Rey Complex
Figure Test (RCFT) [31, 35].

We employed the clinical criteria for MCI recom-
mended by NIA-AA [6]. Thus, to qualify as MCI,
the score of at least one of the six neuropsychologi-
cal subtests had to be in the impaired range, defined
as 1.5 SD or more below average, based on normative
scores. The patients were categorized as (1) amnestic
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single-domain or (2) non-amnestic/executive single-
domain MCI if either only memory or only non-
amnestic/executive scores were below the selected
cut-off criterion, and (3) multi-domain MCI if at least
one memory and one non-amnestic/executive score
were below cut-off.

Inclusion and exclusion criteria

The participants were recruited from parallel stud-
ies at Akershus University Hospital in Norway.
Both clinical cohorts have previously been described
[25, 36].

Twenty-nine patients (above 50 years old) with PD
were recruited consecutively. Neurological examina-
tion and diagnosis, the unified Parkinson’s disease
rating scale (UPDRS) part III motor examination
[37] and Hoehn and Yahr staging were performed
by trained research physicians and movement dis-
order specialists. From this group, 13 patients were
diagnosed with MCI-PD according to the neuropsy-
chological definition, and included in the present
analysis. Inclusion criteria were diagnosis of PD
according to the UK Parkinson’s Disease Society
Brain Bank clinical diagnostic criteria [38], Hoehn
and Yahr stage <3 and disease duration <6 years.
None of the patients reported motor fluctuations
or dyskinesias. All subjects had a pathological sin-
gle photon emission computed tomography (SPECT)
using an ioflupane (¹²³I) biomarker (DaTSCAN).
Total daily levodopa equivalent dose (LED) was cal-
culated [39].

From a parallel study 25 patients (above 50 years
old) with MCI due to Alzheimer’s disease (accord-
ing to the core clinical NIA-AA criteria) [6] were
included [36]. They underwent screening for mem-
ory, disorientation, abstract thinking, visuospatial
ability, language, sensory aphasia, visual agnosia, and
apraxia [40, 41], as well as word fluency, interfer-
ence, and numeral-letter items [42]. Additionally, the
cognitive screening included items from the Neurobe-
havioral Cognitive Status Examination [43] as well
as Mini-Mental State Exam (MMSE) [44]. Patients
with subjective memory complaints and results below
recommended cutoff on the cognitive screening were
classified as MCI [45]. One of the patients had
MMSE = 23, but was included as she had normal
employment and was self-sufficient. In addition, all
the patients had at least one abnormal CSF AD
biomarker (A�42, P-tau or T-tau) [25, 46] and thus
were categorized as MCI-AD in this study. From this
group, 19 qualified as MCI according to the neuropsy-

chological criterion, and were included in the present
analysis.

Exclusion criteria for both clinical groups were
dementia and other somatic or psychiatric disease that
might contribute to cognitive impairment (including
drug abuse, moderate or severe depression, solvent
exposure, ischemic stroke and active cancer) [25, 36,
47]. Also, patients included in the MCI-AD group did
not fulfill criteria for PD, Lewy body, frontotemporal
or vascular dementia.

Normal control patients (NC) were also included.
These were recruited before lumbar puncture in con-
junction with orthopedic surgery. Inclusion criteria
were normal cognition based on Mini-Mental State
Exam (MMSE) ≥28 and scores above 1,5 SD below
average on four neuropsychological tests: Delayed
recall from RAVLT [29, 30], the TMT-B [32], the
COWAT [33] and the Stroop Color-Word test [34].
This is consistent with criteria recommended by
the NIA-AA [6]. By definition, all the normal con-
trols had neuropsychological scores in the normal
range. Exclusion criteria were as for PD and the MCI
group in addition to significant subjective cognitive
decline.

Cerebrospinal fluid biomarkers

Following lumbar puncture and standardized han-
dling, CSF Aß42, T-tau and P-tau were analyzed with
ELISA (Fujirebio Europe, previously Innogenetics)
in all patients. CSF Aß42 was considered patholog-
ical if ≤600 ng/ L, P-tau if ≥ 80 ng/ L, and T-tau if
>450 ng/ L [25].

Statistical analysis

The Statistical Package for Social Sciences (SPSS
22.0) was used for all statistical analyses. First,
descriptive statistics of the demographic, clinical and
cognitive characteristics of the patient populations
were computed. Chi-square tests were performed to
compare gender differences. A one-way ANOVA was
performed to compare differences between the three
groups. The assumption of homogeneity was vio-
lated with regard to T-tau and P-tau, however more
robust tests of equality of means revealed signifi-
cant differences (Welch and Brown-Forsythe) and
Games-Howell post hoc testing was conducted. Inde-
pendent t-tests were employed to compare differences
between MCI-PD and MCI-AD on the copy trial and
delayed recall trial of RCFT.
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RESULTS

Demographic and clinical characteristics

Demographic and clinical variables of the 56
patients who took part in the study are shown in
Table 1.

NC, MCI-PD and MCI-AD did not differ signif-
icantly with regard to age, gender and education.
The NC achieved similar results as MCI-PD on the
MMSE, T-tau, P-tau, Stroop Color Word (raw scores)
and COWAT (t-scores), but scored significantly bet-
ter than MCI-PD on the other clinical variables. The
NC achieved similar results as MCI-AD on COWAT
(raw scores and t-scores), but scored significantly bet-
ter than MCI-AD on all other clinical variables. The
MMSE score was lower and all the CSF values were
significantly more pathological in the MCI-AD com-
pared to the MCI-PD group. For the MCI-PD group
all the mean CSF values were in the normal range
while they as expected were in the pathological range
for MCI-AD [41]. Not shown in Table 1 are spe-
cific characteristics for the MCI-PD group (mean and
SD): Disease duration: 2.1 years (SD = 0.8), UPDRS
part III motor score: 17.7 (SD = 7.4), Hoehn and
Yahr stage: 1.7 (SD = 0.6) and total daily levodopa
equivalent dose: 310.4 (SD = 177.3). With regard to
neuropsychology, the NC group achieved average
group scores, as expected. The MCI-AD achieved
significantly poorer raw scores on verbal learning
(RAVLT 1–5, not included in the neuropsychologi-
cal MCI algorithm) and delayed recall compared to
MCI-PD. The MCI-AD obtained significantly poorer
T-scores (below 1.5 SD below average norms) on all
three learning and memory tests than the MCI-PD
group, while the opposite was true with regard to
divided attention (TMT B). Apart from that, the two
groups achieved similar and average scores (Fig. 1).

Table 2 shows the frequencies of MCI categories
definedbyneuropsychological testscoresforMCI-PD
and MCI-AD. As expected there were more partici-
pants with amnestic single-domain MCI in the MCI-
AD group than in MCI-PD (57.9% versus 30.8%) and
more non-amnestic/executive single-domain in MCI-
PD than in MCI-AD (38.5% versus 10.5%). However,
none of these differences were significant.

DISCUSSION

The focus of the present study was to compare neu-
ropsychological function in MCI-PD with MCI-AD
defined by clinical and biological criteria. The key

finding was that MCI-AD, on group level, scored
significantly poorer on verbal learning and mem-
ory as well as visual memory than MCI-PD, who
achieved average verbal learning and memory scores,
and slightly below average on visual memory, accord-
ing to norms. With regard to divided attention, the
result was opposite as MCI-PD obtained a poor group
score, about 1 SD poorer than MCI-AD. While the
distribution of amnestic, non-amnestic/executive and
multi-domain MCI were quite similar in MCI-PD,
the distribution of MCI was different in MCI-AD,
dominated by amnestic MCI as well as multi-domain
MCI. The first part of the hypothesis that MCI-AD
would score poorer than MCI-PD on measures of
memory was confirmed, while the second part, sug-
gesting that both groups would achieve poor scores on
non-amnestic/executive measures, was not. The NC
were recruited based on neuropsychological scores in
the normal range. Thus, by definition, superior per-
formance was expected in this group, and the results
in accordance with this will not be discussed further.

A strength of the study is the direct comparison
of patients with MCI-PD and MCI-AD, based on
equal neurological, cognitive and biological assess-
ment (including CSF biomarkers) conducted at the
same university hospital clinic. Methodologically this
is advantageous compared to studies that mainly
employ indirect comparison of patients with these
disorders.

The present study employed the Albert et al. [6]
criteria for MCI due to AD rather than the proposed
criteria by Litvan et al. for MCI in PD [48]. We
employed an abbreviated cognitive assessment and
categorization of the PD group according to the Lit-
van et al. criteria (level I) only classified two PD
patients as MCI-PD (impairment on at least two tests)
as opposed to 13 based on the Albert et al. [6] criteria
(impairment on at least one test). Thus, comparison
of MCI in the two groups was only possible based
on the most lenient of these MCI criteria. Although
the Albert et al. criteria [6] were developed for detec-
tion of MCI due to AD, they represent a well-defined
method for separation between average and mildly
impaired cognitive function based on a brief test
battery, regardless of etiology.

One might question the representativeness of the
small clinical groups in the present study. However,
thepatientswereprospectively recruited fromapublic
hospital and thus representative for patients referred
to specialist treatment in a natural population. That
said, larger groups would have strengthened the find-
ings.This isparticularly true forMCI-PDas thisgroup
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Table 1
Demographical and clinical data of the study groups based on neuropsychological assessment

Demographical and NC (1) MCI-PD (2) MCI-AD 3) P-value
clinical data N = 25 N = 13 N = 19 (chi-square)

Female (%) 9 (36) 3 (23) 11 (58) 1 vs. 2 = .656n.s.
1 vs. 3 = .255n.s
2 vs. 3 = .110n.s

ANOVA Post hoc p-value
P-values (Tukey) (Games Howell for

P-tau and T-tau)

Age (SD, range) 63.6 (7.2, 52–77) 67.2 (4.1, 61–73) 66.7 (4.9, 58–76) 0.123 1 vs. 2 = .187n.s.
1 vs. 3 = 0.217n.s
2 vs. 3 = 0.964n.s

Education (SD, range) 13.6 (3.4, 8–18) 11.5 (2.8, 8–16) 13.9 (3.0, 7–18) 0.153 1 vs. 2 = 0.733n.s.
1 vs. 3 = 0.129n.s
2 vs. 3 = 0.433n.s

MMSE (SD, range) 29.1 (0.8, 28–30) 28.5 (1.2, 26–30) 27.3 (1.6, 23–30) 0.001 1 vs. 2 = 0.129n.s.
1 vs. 3 = 0.001∗∗

2 vs. 3 = 0.023∗

A�42, ng/l (SD, range) 1084.7 874.8 518.4 0.001 1 vs. 2 = 0.001∗∗

(198.3, 772–1500) (153.1, 707–1280) (105.7, 302–726) 1 vs. 3 = 0.001∗∗

2 vs. 3 = 0.001∗∗

P-tau, ng/l (SD, range) 48.2 48.0 107.0 0.001 1 vs. 2 = 0.857n.s.
(13.5, 26–70) (34.9, 25–155) (49.0, 54–238) 1 vs. 3 = 0.001∗∗

2 vs. 3 = 0.001∗∗

T-tau, ng/l (SD, range) 296.0 262.5 578.3 0.001 1 vs. 2 = 0.655n.s.
(103.4, 114–453) (130.7, 119–566) (338.1, 248–1407) 1 vs. 3 = 0.001∗∗

2 vs. 3 = 0.001∗∗

Neuropsychological tests –
raw scores (SD, range)

RAVLT learning trial 1–5 45.3 (8.6, 30–61) 36.2 (9.3, 18–47) 28.3 (8.5,14–42) 0.001 1 vs. 2 = 0.010∗∗

1 vs. 3 = 0.001∗∗

2 vs. 3 = 0.039∗

RAVLT delayed recall 9.0 (2.1, 5–13) 6.3 (2.5, 3–12) 2.8 (2.9, 0–9) 0.001 1 vs. 2 = 0.007∗∗

1 vs. 3 = 0.001∗∗

2 vs. 3 = 0.001∗∗

RCFT delayed recall 9.4 (6.1, 1–20) 5.9 (4.1, 0–19) 0.059 (t-test)
COWAT 41.4 (8.6, 23–59) 30.1 (9.8, 18–49) 36.5 (13.6, 6–63) 0.012 1 vs. 2 = 0.009∗∗

1 vs. 3 = 0.302n.s
2 vs. 3 = 0.233n.s

TMT B 82.3 (35.8, 40–159) 207.6 (93.1, 75–349) 150.3 (114.7, 60–531) 0.001 1 vs. 2 = 0.001∗∗

1 vs. 3 = 0.029∗

2 vs. 3 = 0.149n.s
Stroop Color-Word 57.2 (15.6, 19–94) 80.3 (17.9, 55–110) 94.8 (77.9, 53–400) 0.034 1 vs. 2 = 0.316n.s

1 vs. 3 = 0.029∗∗

2 vs. 3 = 0.667n.s
RCFT copy trial 27.1 (9.7, 3–35) 28.1 (7.2, 5–35) 0.740 (t-test)
Neuropsychological tests –

T scores (SD, range)
RAVLT learning trial 1–5 52.8 (11.8, 35–82) 42.5 (12.8, 17–62) 32.6 (9.8, 16–46) 0.001 1 vs. 2 = 0.029∗

1 vs. 3 = 0.001∗∗

2 vs. 3 = 0.055n.s
RAVLT delayed recall 51.6 (9.1, 37–75) 42.8 (8.3, 31–60) 30.7 (10.2, 21–51) 0.001 1 vs. 2 = 0.0.21∗

1 vs. 3 = 0.001∗∗

2 vs. 3 = 0.002∗∗

RCFT delayed recall 37.2 (14.7, 20–62) 28.3 (7.1, 20–42) 0.029∗ (t-test)
COWAT 50.7 (6.8, 37–64) 43.2 (8.2, 33–58) 48.6 (14.5, 21–79) 0.109 1 vs. 2 = 0.091n.s.

1 vs. 3 = 0.782n.s
2 vs. 3 = 0.315n.s

TMT B 52.1 (9.7, 35–68) 28.8 (16.2, 10–52) 40.4 (12.2, 10–57) 0.001 1 vs. 2 = 0.001∗∗

1 vs. 3 = 0.010∗∗

2 vs. 3 = 0.031∗

Stroop Color-Word 55.8 (9.2, 37–77) 44.5 (10.2, 27–57) 43.6 (13.6, 10–60) 0.001 1 vs. 2 = 0.011∗∗

1 vs. 3 = 0.002∗∗

2 vs. 3 = 0.972n.s
RCFT copy trial 44.1 (11.3, 23–63) 44.3 (9.8, 23–63) 0.950 (t-test)



418 E. Hessen et al. / Neuropsychological Profiles in Mild Cognitive Impairment

RAVLT
learning
trial 1-5

RAVLT
delayed

recall

RCFT
delayed

recall
COWAT TMT B Stroop CW RCFT copy

trial

MCI-PD 43 43 37 43 29 45 44
MCI-AD 33 31 28 49 40 44 44

20

25

30

35

40

45

50

55

T-
sc

or
es

Neuropsychological profiles: MCI-PD and MCI-AD

MCI-PD MCI-AD

Fig. 1. Neuropsychological profiles for MCI-PD and MCI-AD.

is known to be highly heterogeneous with some stud-
iesdemonstratinggreateramnesticdeficits, andothers
greater non-amnestic deficits [1, 3–5].

The finding that MCI-AD scored significantly
poorer on learning and memory tasks than MCI-
PD was as expected according to our hypothesis.
This finding was in accord with the other study by
Hildebrandt et al. that compared aMCI directly with
MCI-PD [28]. The results in the Hildebrandt et al.
study were almost inevitable as their comparison
group was preselected based on objective memory
impairment. To a certain degree, this kind of circu-
larity is also relevant for the present study. Although
we did not preselect the MCI-AD patients based on
memory impairment, it is well established that mem-
ory impairment is a key feature of MCI-AD [6] and
indeed, all the MCI-AD patients in our study did
report subjective memory symptoms.

Additionally, the Hildebrandt et al. study [28]
found that only MCI-PD showed deficits in visuo-
construction. In the present study, no impairment in
visuospatial ability/visuoconstruction was evident in
any of the groups. Different findings may be related
to several factors. The two studies employed different
measures of visuoconstructive ability, and different
normative data. In this study we used the copy trial
of RCFT, while Hildebrandt et al. [28] employed
the Constructional praxis task from the CERAD bat-
tery [49]. Furthermore, the mean age of the MCI-PD
group in the Hildebrandt et al. study was higher than

in our study (71 years versus 67 years). Additionally,
the Hoehn and Yahr scale in the Hildebrandt et al.
study was 3.4 versus 1.7 in the present study, indicat-
ing more advanced PD in the Hildebrandt et al. study.
In both studies, patients with MCI-PD achieved poor
scores on measures of attention. Again, the employed
measures, normative data and age were different.
Hildebrandt et al. employed ZVT [50] (comparable
to Trail Making Test A) [32] and Digit Span For-
ward from the Wechlser Memory Scale-R [51], while
the present study employed Trail Making test B [32].
Digit Span Forward is considered to measure free-
dom of distractibility [52] and the trail making tests
involve complex visual scanning and has a motor
component that makes a strong contribution to suc-
cess [53]. While digit span may be a relatively pure
test of attention, the same cannot be said about the
trail making tasks, especially when employed in a PD
population. Motor problems in PD will indisputably
influence performance on these kinds of tasks. Thus,
based on the many skills necessary for success on
TMT B, there is reason to be cautious about attribut-
ing poor results on this task only to attention problems
in the present PD group. Nevertheless, the PD patients
in this study were in early stages with mild to moder-
ate motor symptoms, and it is difficult to say to what
extend this affected the results. The lack of non-motor
dependent attention measures may be considered a
limitation with the present study.

The literature suggests both differences and simi-
larities between MCI-AD and MCI-PD with regard
to neuropathology and neuropsychology. Largely, the
present data suggest significant differences between
the two conditions, in agreement with most findings
in the literature. A factor not considered is whether
the two clinical groups are assessed at correspond-
ing stages in their respective development or whether
one condition is in a more advanced stage than the
other, and that they eventually both will progress and
become more similar with regard to neuropsycho-
logical dysfunction. The study of Hildebrandt et al.
[28] shed some light on this as they also compared
neuropsychological function in AD dementia and
Parkinson dementia (PDD). In these more advanced

Table 2
Frequencies of MCI categories defined by neuropsychological test scores in the PD and MCI-AD groups

MCI categories MCI-PD MCI-AD P-value
N = 13 N = 19 (chi-square)

Amnestic single-domain (N, %) 4 (30.8) 11 (57.9) 0.25
Non-amnestic/Executive single-domain (N, %) 5 (38.5) 2 (10.5) 0.15
Multi-domain MCI (N, %) 4 (30.8) 6 (31.6) 1.0
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stages, both AD and PDD were similarly impaired
on tests for language, attention and visuoconstruc-
tion, but still only the AD patients showed a memory
impairment, similar to the aMCI patients. While neu-
ropsychology is not the correct tool to reveal specific
mechanisms of neuropathology, both the present data
and the findings of the Hildebrandt et al. study suggest
definite differences between the two conditions.

We have recently found associations between white
matter integrity in prefrontal areas and executive
and visuospatial ability [54], CSF A�42 and mem-
ory and response inhibition [25] as well as smaller
hippocampal subfields and poorer memory and visu-
ospatial function [55]. This suggests that although the
MCI-PD patients as a group are less impaired on neu-
ropsychological tests than MCI-AD, and have normal
CSF biomarker levels according to cutoffs, there are
already ongoing neuropathological processes, which
may lead to cognitive decline in the future. Longi-
tudinal data from this prospective study will clarify
the role of brain changes and progression of cognitive
decline.

In conclusion, by direct neuropsychological com-
parison the present study found that MCI-AD scored
significantly poorer on learning and memory tests
than MCI-PD, while MCI-PD were significantly
poorer on one of three measures of executive
function. In general, MCI-PD was less cogni-
tively impaired than MCI-AD. This is supported
by normal mean CSF values in the MCI-PD group
and abnormal mean CSF values in the MCI-AD
group.
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