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Abstract
Background: Patients with Parkinson disease are at high risk of developing dementia. During the course of the disease, a
substantial number of patients will experience a cognitive decline, indicating the dynamics of the underlying neuropathology.
Magnetic resonance imaging (MRI) has become increasingly useful for identifying structural characteristics in radiological brain
anatomy existing prior to clinical symptoms. Whether these changes reflect pathology, whether they are aging related, or both
often remains unclear. We hypothesized that aging-associated brain structural changes would be more pronounced in the hip-
pocampal region among patients with Parkinson disease having mild cognitive deficits relative to cognitively unimpaired patients.
Methods: Using MRI, we investigated 30 cognitively healthy patients with Parkinson disease and 33 patients with nondemented
Parkinson disease having mild cognitive impairment. All participants underwent structural MRI scanning and extensive clinical and
neuropsychological assessments. Results: Irrespective of the study participants’ cognitive status, older age was associated with
reduced cortical thickness in various neocortical regions. Having mild cognitive impairment was not associated with an increased
rate of cortical thinning or volume loss in these regions, except in the hippocampus bilaterally. Conclusion: Patients with
Parkinson disease having mild cognitive impairment show an accelerated age-dependent hippocampal volume loss when compared
with cognitively healthy patients with Parkinson disease. This may indicate pathological processes in a key region for memory
functioning in patients with Parkinson disease at risk of developing dementia. Structural MRI of the hippocampal region could
potentially contribute to identifying patients who should receive early treatment aimed at delaying the clinical onset of dementia.
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Introduction

Parkinson disease (PD) is one of the most common neurodegen-

erative disorders, often primarily presenting with motor symp-

toms, such as bradykinesia, rigidity, and tremor, resulting from

the progressive loss of dopaminergic innervation of the stria-

tum.1 Nonmotor symptoms associated with PD are less well

recognized and they often remain untreated, although they fre-

quently accompany or precede motor symptoms.2 Although a

substantial number of patients with PD may even initially pres-

ent with depression or sleep disturbance, cognitive dysfunction

is largely perceived as a common symptom of late-stage disease.

About 80% of patients with advanced PD may develop demen-

tia.3 Parkinson disease dementia severely interferes with a

patient’s daily functioning abilities, reduces the quality of life

for both the patient and caregivers, and remains a challenge with

respect to treatment as well as the socioeconomic impact. In the

absence of potent treatment options, an important clinical goal is
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to detect mild cognitive symptoms earlier in the course of the

disease, as this may ideally allow clinicians to delay the onset of

dementia. There is an increasing evidence that mild cognitive

deficits may be present already in the initial PD stages.4 Exec-

utive functioning impairment has been reported consistently.5,6

Loss of cognitive flexibility, low selective attention, and reduced

inhibition performance5 may in part reflect a disruption in dopa-

minergic frontostriatal pathways.7 However, the complex PD

neuropathology involves changes in various neurotransmitter

systems, and a cholinergic deficit is also closely associated with

the cognitive impairment in PD.8,9 Pathological studies suggest

that nigrostriatal pathway dysfunction, Lewy body–type degen-

eration, and coincident Alzheimer-type pathology may contrib-

ute to the cognitive deterioration in patients with PD.10

Therefore, many studies investigating patients with PD having

cognitive impairment focus not only on executive functioning

abilities but also on other cognitive domains, such as memory.

As the cognitive deterioration progresses, severe memory dys-

function could mask the differences between the memory

impairment in PD and other neurodegenerative diseases, such

as Alzheimer’s disease (AD). Patients with PD may benefit more

than patients with AD from semantic cueing, which would imply

impairment in accessing rather than storing new informa-

tion.10,11 This could reflect a better hippocampus functioning

among patients with PD relative to patients with AD.11 Recent

metabolic imaging data indicate distinct neuronal network

changes underlying cognitive deterioration in PD dementia

when compared to AD.12 Patients with PD dementia show a

milder medial temporal lobe glucose hypometabolism than

patients with AD.13 Utilizing volumetric assessments of struc-

tural magnetic resonance imaging (MRI) data, Burton and col-

leagues found greater hippocampal atrophy in AD than in

patients with PD dementia.14 However, others show that an

AD-like pattern of brain atrophy (including hippocampal atro-

phy) predicts cognitive decline in PD.15 Hippocampal atrophy

can be detected during PD development, although the progres-

sion to PD dementia may not simply reflect further hippocampal

changes.16 From a neuropathological perspective, it seems inter-

esting that about 30% of patients with PD dementia show hall-

marks of AD—b-amyloid deposition and neurofibrillary

tangles—on autopsy.17

A recent study suggests that memory dysfunction in newly

diagnosed earlier stage patients with PD is mainly explained by

deficits in encoding new information,18 and there is evidence

that hippocampal atrophy correlates with impaired memory

performance.19,20 In light of the research results’ variability,

the question arises when and how pathological processes would

affect key brain regions of the neural networks underlying

memory in nondemented patients with PD.

Structural MRI may become an increasingly important tool in

PD diagnostic procedures. An example is visualizing the loss of

dopaminergic neurons in the substantia nigra pars compacta

using ultra-high-field MRI,21 but researchers will also be able

to more precisely investigate other brain regions that are

involved in the various motor and nonmotor symptoms of PD.

With respect to memory functioning, the medial temporal lobe

and specifically the hippocampus are of particular scientific

interest. Compared with the vast amount of structural MRI data

from patients with AD or its preclinical stages, the medial tem-

poral lobe region has been investigated less frequently among

patients with PD. Cognitively healthy patients with PD and

demented PD show hippocampal atrophy when compared with

healthy people.22-24 These authors and others did not find a clear

volumetric difference in the hippocampus between patients with

PD with or without dementia.14,24,25 Dalaker and colleagues26

revealed larger left inferior lateral ventricle and third ventricle

volumes in nondemented patients with mild cognitive impair-

ment relative to cognitively unimpaired patients with PD. Over-

all, there is an increasing evidence for changes in brain structure

associated with specific neuropsychological deficits in PD.27

The relationship of hippocampal volume loss and verbal mem-

ory deficits remains a consistent finding.27 However, the major-

ity of studies did not investigate patients with PDlongitudinally,

and the main focus was often to reveal differences in radiological

anatomy between a patient group (cognitively impaired or non-

impaired patients with PD) and healthy elderly people. Bouchard

and colleagues28 showed that the hippocampal volumes of older

but not younger patients with nondemented PD differed from the

hippocampus volumes of healthy control participants. This high-

lights the possible presence of additional aging-related hippo-

campal atrophy processes.29,30

In this study, we investigated middle-aged and elderly cog-

nitively unimpaired patients with PD (“PD” group) and patients

with nondemented PD having mild cognitive impairment (“PD-

MCI” group) using structural MRI. We hypothesized that age

and cognitive impairment would be associated with reduced

volume in brain regions most susceptible to the neuropatholo-

gical changes underlying mild cognitive impairment, specifi-

cally the hippocampus.

Participants and Methods

Participants

All study participants were consecutively recruited through the

Movement Disorder outpatient center at the University hospital’s

Department of Neurology. The University’s ethics committee

approved the study, and written informed consent was obtained.

Participants across all ages and disease severities meeting the

criteria for “idiopathic PD,” according to the UK PD Brain Bank

criteria,31 or the diagnosis “idiopathic PD with MCI” (PD-MCI),

according to the consensus guidelines developed by Litvan and

colleagues,32 were included in this study. The sample was part of

a larger ongoing study of natural progression of cognitive

impairment in PD (DEMPARK/LANDSCAPE [Parkinson’s

Disease and Dementia: A Longitudinal Study] study).33 Patients

were excluded if they had an identifiable cause of parkinsonism

or signs for atypical parkinsonian disorders, psychosis, met the

criteria for “idiopathic PD with dementia” according to Emre

and colleagues,34 conditions that prevented an MRI scan, or

other relevant conditions interfering with the study protocol. All

patients were assessed during best medical on state.
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In both groups, only patients without significant signs of

vascular brain disease were considered. The included patients

did not show white matter lesions in their structural brain MRI

scans, or they had focal white matter lesions only (Scale for

age-related white matter changes [ARWMC-scale] scale,35

score <2 points), and were free of focal lesions in gray matter.

Clinical Assessments and MRI Scanning

We assessed demographic and clinical data including disease

duration, modified Hoehn-Yahr score,36 and Unified PD Rating

Scale.37 In addition, all participants completed the extensive neu-

ropsychological test battery of the DEMPARK/LANDSCAPE

study protocol.33

We obtained T1-weighted brain images using a 1.5-T Siemens

Magnetom Sonata MRI (Siemens Medical Solutions, Erlangen,

Germany) with an 8-array head coil (MPRAGE, sagittal, time to

echo (TE): 3.9 millisecond, repetition time: 2180 millisecond,

field of view: 280 � 256 mm, phase-FOV: 91.6%, resulting in

0.7� 0.7 mm in-plane resolution and 1-mm slice thickness). The

MRI data were analyzed for group differences in cortical thick-

ness and volumes of subcortical structures using the FreeSurfer

software package38 (http://surfer.nmr.mgh.harvard.edu). We uti-

lized the recon-all program for skull stripping, Talairach transfor-

mation, segmentation of subcortical white matter and deep gray

matter volumetric structures,39 and delineation of white and gray

matter surfaces. Automatic cortical parcellation is based on the

Destrieux anatomical atlas.40 Subcortical and deep gray matter

volumetric segmentation is also an automated procedure, which

assigns a neuroanatomical label to each voxel in an MRI volume

based on a probabilistic atlas of the brain. With respect to accu-

racy, the technique is comparable to manual labeling

approaches.41 It is also robust to anatomical variability, including

ventricular enlargement typically associated with neurological

diseases and aging.41

Cortical thickness was measured as the distance between gray

and white matter boundaries at each point (vertex) across the

cortex. Using continuity and intensity information from the volu-

metric MRI data for segmentation and deformation procedures,

cortical thickness maps are generated based on spatial intensity

gradients. In order to align cortical folding patterns of multiple

patients for group analyses, the recon-all stream includes a non-

rigid spherical averaging method. The cortical thickness maps

were smoothed with a Gaussian kernel of 10 mm full width at

half-maximum. The procedures have been detailed elsewhere,41-

43 and the accuracy of the technique has been confirmed using

histological measures and manual approaches.44,45

Statistical Analyses

Demographic and neuropsychological data were analyzed

using independent samples t tests for continuous variables and

w2 tests for categorical measures. In the FreeSurfer analyses,

we used a generalized linear model (GLM) for the assessment

of aging effects on cortical thickness, applying a false discov-

ery rate correction (0.05) for multiple comparison correction.

For the calculation and visualization of group statistics on brain

morphometry data, we utilized the “Query, Design, Execute,

Contrast” program within the FreeSurfer tool kit. Hippocampal

volume differences were analyzed using SPSS statistical soft-

ware (version 18.0; SPSS Inc, Chicago, Illinois) and a GLM,

with hippocampal volume (left þ right) as the dependent vari-

able and group (PD-MCI, PD) as a fixed factor. We addition-

ally investigated the effects of age on hippocampal volume by

using age as a covariate and by determining Pearson correlation

coefficients between hippocampus volume and age.

Results

Study Cohort

A total of 31 cognitively healthy patients with PD (6 women, 25

men, mean [SD] age 65.7 [7.5] years) and 32 patients with PD-

MCI (8 women, 24 men, mean age 68.3 [6.8] years) were

enrolled. A total of 15 patients were screened and rejected,

because they did not meet inclusion criteria. Mini-Mental State

Examination and Parkinson Neuropsychometric Dementia

Assessment results were significantly worse for PD-MCI than for

patients with PD (P < .001). The PD-MCI also performed sig-

nificantly worse in all other neuropsychological tests except

for the Boston Naming Test and the constructional praxis

subtest of the Consortium to Establish a Registry for

Alzheimer’s Disease test battery. There were no significant

differences between groups concerning age, sex, disease

duration, and educational level. All patients were right-

handed. For extended clinical and neuropsychological data,

see Tables 1 and 2.

Magnetic Resonance Imaging Results

We showed that older age was associated with a thinner cortex

in various brain regions. The highest correlations between cor-

tical thickness and age were found in the frontal and temporal

cortex bilaterally (Figure 1). The factor “group” (PD, PD-MCI)

did not influence cortical thickness or the association between

cortical thickness and age at the predefined statistical threshold

in the whole-brain analysis.

The analysis of hippocampal volume (leftþ right) revealed a

smaller hippocampal volume among patients with PD-MCI ver-

sus PD (F(1,61) ¼ 4.656, P ¼ .035). Investigating the left and

right hippocampus separately showed that the result was not

driven by 1 hemisphere (Table 3). Although our groups did not

differ in mean age, Pearson correlation analyses showed lower

hippocampal volumes with a more advanced age among patients

with PD-MCI (r ¼ �.459, P ¼ .007), whereas patients with PD

only showed a trend for this association (r ¼ �.306, P ¼ .1;

Figure 2). This effect was again not driven by 1 hemisphere.

Discussion

When considering all study participants irrespective of cogni-

tive status, a more advanced age was associated with decreased

cortical thickness, showing strongest associations in frontal and

Schneider et al 315

http://surfer.nmr.mgh.harvard.edu


Table 2. Neuropsychological Data of Patients With PD and PD-MCI at Baseline.

Cognitive Functions Tests Applied PD PD-MCI P Valuea

Memory CERAD (z scores)
Word list learning, mean (SD) 0.27 (0.91) �0.54 (1.17) .003
Word list recall, mean (SD) 0.16 (0.91) �0.50 (1.12) .015
Word list recognition, mean (SD) 0.25 (0.73) �0.49 (1.08) .002

Executive functions Modified card sorting test (t scores)
Categories, mean (SD) 46.06 (8.22) 32.68 (9.39) <.001
Nonperseverative errors, mean (SD) 45.03 (6.73) 36.58 (7.28) <.001
Perseverative errors, mean (SD) 47.71 (5.29) 41.52 (8.31) .001
Verbal fluency tests (z scores)
Animal, mean (SD) 0.23 (0.87) �0.37 (0.89) .009
Words with S, mean (SD) 0.79 (0.96) 0.47 (1.08) 2.25

Attention Trail Making Test (z scores), mean (SD) 0.19 (1.04) �0.37 (1.15) .059
Stroop test (t scores)
Words, mean (SD) 55.31 (6.22) 54.03 (7.35) .468
Colors, mean (SD) 55.55 (8.70) 52.85 (8.48) .223
Interference, mean (SD) 58.93 (6.31) 55.84 (7.56) .090

Visuospatial function LPS subtest 7 (t scores), mean (SD) 58.77 (9.64) 48.16 (11.81) <.001
LPS subtest 9 (t scores), mean (SD) 60.20 (5.68) 50.65 (8.57) <.001
CERAD constructional praxis (z scores), mean (SD) 0.05 (1.04) 0.15 (1.00) .207

Naming Boston Naming Test (z scores), mean (SD) 0.24 (0.78) �0.06 (0.90) .177

Abbreviations: CERAD, Consortium to Establish a Registry for Alzheimer’s Disease test battery; LPS, Leistungsprüfsystem, an intelligence test frequently used in
German-speaking countries; PD, Parkinson disease; PD-MCI, Parkinson disease with mild cognitive impairment; SD, standard deviation.
aUnpaired 2-sided t test.
Bold values indicate significant differences of group.

Table 1. Baseline Demographic and Clinical Data of Patients With PD and PD-MCI.

PD PD-MCI P Valuea

Number of patients, n 31 32
PD-MCI subtype classification, n (%)

Amnestic single domain 3 (9%)
Amnestic multiple domain 21 (66%)
Nonamnestic single domain 6 (19%)
Nonamnestic multiple domain 2 (6%)

Female/male, n (%) 6 (19%)/25 (81%) 8 (25%)/24 (75%) .597
Age, mean (SD), range, years 65.7 (7.5), 52-79 68.3 (6.8), 54-80 .371
Duration of PD (years), mean (SD; range) 7.3 (3.4), 2-14 8.8 (5.3), 2-24 .172
Laterality at disease onset (right/left), n (%) 17 (55%)/14 (45%) 21 (66%)/11 (34%) .390
Hoehn and Yahr stage, mean (SD) 2.2 (0.6) 2.5 (0.7) .075

I-I.5, n (%) 3 (10%) 2 (6%)
II-II.5, n (%) 18 (58%) 13 (41%)
III, n (%) 10 (32%) 15 (47%)
IV, n (%) 0 (0%) 2 (6%)

Treatment, n (%)
Levodopa 21 (68%) 25 (78%) .124
Dopamine agonists 26 (84%) 29 (91%) .293
Amantadine 13 (42%) 12 (36%) .299
Antidepressants 5 (16%) 9 (28%) .440
Neuroleptics 2 (6%) 1 (3%) .181

UPDRS III, mean (SD; range) 20 (7), 9-37 22 (8), 7-39 .338
MMSE, mean (SD; range) 29 (1), 27-30 27 (2), 22-30 <.001
PANDA, mean (SD; range) 26 (4), 17-30 21 (4), 10-28 <.001
GDS, mean (SD; range) 3 (3), 0-13 3 (3), 0-11 1.000
AES, mean (SD; range) 12 (6), 0-24 14 (8), 1-30 .302

Abbrevaitions: AES, Apathy Evaluation Scale; GDS, Geriatric Depression Scale; MMSE, Mini-Mental State Examination; PANDA, Parkinson Neuropsychometric
Dementia Assessment; PD, Parkinson disease; PD-MCI, Parkinson disease with mild cognitive impairment, PD-MCI subtype classification according to the
consensus guidelines by Litvan and coworkers32; UPDRS, Unified Parkinson Disease Rating Scale; SD, standard deviation.
aUnpaired 2-sided t test.
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temporal brain regions. This is in line with other studies inves-

tigating aging effects on cortical thinning patterns in healthy

people46,47 and cognitively unimpaired patients with PD.48 The

existing imaging data on cortical atrophy in early PD remain

variable,14,23,49 and our study was not aimed at detecting such

possible changes associated with PD, since we did not investi-

gate a healthy control group.

We did not detect a group difference in cortical thickness

between our patients with PD and PD-MCI in a whole-brain

analysis. We also did not expect global thickness changes.

Beyer and colleagues50 showed reduced cortical gray matter

density in the left middle frontal gyrus, precentral gyrus, left

superior temporal lobe, and right inferior temporal lobe among

patients with PD-MCI when compared to patients with cogni-

tively unimpaired PD. Although differences in morphometric

brain analysis techniques could have contributed to the

contrasting finding, the authors note that their results did not

survive multiple comparison correction. Since we did not have

a hypothesis regarding brain structure changes in specific

neocortical regions other than the hippocampus, we did not

consider possible group differences in cortical thickness using

uncorrected data.

Figure 1. Aging-associated cortical thinning. Across all study participants, there are various brain regions (highlighted in blue) that showed a
thinner cortex with advanced age at the predefined statistical threshold (false discovery rate [FDR] 0.05 for multiple comparison correction).
The strongest associations can be detected in the frontal and temporal cortices (light blue) (see color version of this figure online).

Table 3. Hippocampal Volumes of the Cohort.a

PD PD-MCI P Value

Hippocampus, L 4153 (463) 3886 (528) .04
Hippocampus, R 4196 (492) 3915 (555) .04
Hippocampus, L þ R 8348 (926) 7802 (1069) .03

Abbreviations: L, left; R, right; PD, Parkinson disease; PD-MCI, Parkinson
disease with mild cognitive impairment.
aVolumes are expressed as mean (SD), mm3.

Figure 2. Hippocampal volume and age. In contrast to patients with
Parkinson disease (PD), patients with Parkinson disease having mild
cognitive impairment (PD-MCI) showed an accelerated volume loss
with an increasing age (Pearson correlation analysis).
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According to the nature of MCI as defined by current

criteria,51 memory impairment is the prominent neuropsycho-

logical feature. Patients with PD with MCI are not demented,

but they are at high risk of developing dementia.52 There is a

substantial amount of neuroimaging data53-55 on hippocampal

structure changes in patients with MCI without a movement

disorder who are at high risk of developing AD.56 We therefore

hypothesized that early structural brain changes associated

with memory impairment would be detectable specifically in

the hippocampal region among patients with PD-MCI. Further-

more, we demonstrated a remarkable effect of aging on brain

structure, suggesting accelerated aging-related decline in hip-

pocampal volume for patients with PD-MCI. This points to the

possible neuropathological changes in this region preceding PD

dementia. Whether these changes are similar to neuropatholo-

gical features seen in AD cannot be determined using structural

MRI. Recent positron emission tomography (PET) studies in

patients with PD suggest that amyloid pathology is associated

with cognitive decline. However, b-amyloid plaques as well as

Lewy-body pathology are not unique for a specific neurode-

generative disease.57,58 It also remains unclear how and under

which circumstances these diseases’ underlying cellular

changes may overlap or coexist.
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