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We reviewed the impact of white matter lesions (WML) of cerebrovascular origin on cognitive impair-
ment in Parkinson's disease (PD) patients. A search of PUBMED and Googlescholar.com revealed eleven
studies that met the inclusion criteria: diagnosis based on the United Kingdom Brain Bank criteria (UK
BBC); cognitive assessment; WML assessed on magnetic resonance imaging (MRI) by semiquantitative
visual scales or automated method.

Eight studies described the negative impact of WML on cognition in PD. Patients with mild cognitive
impairment (MCI) and dementia had significantly more WML than the group without MCI and dementia.
There was significant relationship between increasing total WML volume and worse performance on
executive function, memory and language. Patients with vascular parkinsonism and dopaminergic
denervation had more severe frontal lobe dysfunctions than patients with PD. In contrast in three studies
there was no negative correlation between WML and cognition. Although the progression of neurode-
generative process in advanced stage of PD has been recognized as being mainly responsible for cognitive
impairment in PD, WML may also be a contributing factor. It is possible that by reducing the vascular risk
factors that cause WML cognitive impairment could be prevented or slowed down.

© 2015 Published by Elsevier Ltd.
1. Introduction

Whitematter lesions (WML) contribute to cognitive impairment
in the elderly, in Alzheimer's disease (AD) and in vascular dementia.
The objective of our review was to assess the impact of WML
resulting from cerebrovascular disease (CVD) on cognition in pa-
tients with PD. We performed a search in PUBMED and at
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Googlescholar.com using following key words: vascular pathology
and PD; WML and PD; CVD and PD; PD and cognition. The browser
identified 2422 articles which were reviewed by titles and by ab-
stracts. The criteria for inclusion in the review were: patients met
the UK BBC for PD; had undergone cognitive assessment; under-
went an MRI brain scan; WML were assessed by either a semi-
quantitative visual rating scale [1e3] or automated method [4]. We
excluded studies investigating the secondary parkinsonism,
Parkinson-plus syndromes and WML from other than a vascular
origin. Eleven studies met the inclusion criteria andwere reviewed:
three caseecontrol, eight cross-sectional fromwhich was one with
longitudinal extension. See Table 1 for demographical data and
WML assessment and Table 2 for cognitive assessment.
2. Evidence of negative influence of wml on cognitive status
of PD patients

Choi et al. reviewed and compared medical records and autopsy
findings of 51 patients with PD confirmed by histopathology [5].
The extent of WML of patients with dementia (PDD) was compared
with patients without dementia (PDND). The results adjusted for
n of white matter lesions (WML) to Parkinson's disease cognitive
sonism and Related Disorders (2015), http://dx.doi.org/10.1016/
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Table 1
Demographic data and WML assessment in reviewed studies.

Authors Design Patients Mean age MRI WML assessment

Choi et al., 2010 CS 26 PDD 74.4 X autopsy
25 PDND 82.7 X

Beyer et al., 2006 CC 16 PDD 73.9 1.5 T Scheltens scale
20 PDND 71.3
20 HC 73.6

Meyer et al., 2007 CS 52 PD 65.6 1.5 T automathed volumetric
30 N-MCI 77.2 assessment,
35 V-MCI 72.4 Wahlund scale
8 PLB-MCI 78.75
19 AD 78.74
17VD 77.47
5 PLBD 76.2

Slawek et al., 2008 CS 17 PD 64.47 1.5 T Wahlund scale
25 MCI 68.64
18 PDD 71.67

Dalaker et al., 2009 CC 155 PD 67.5 brain volume-SIENAX
101 HC 65.6

Santangelo et al., 2009 CS 12 not demented VP 72.2 1.5 T Scheltens scale
12 not demented with VP 71.2
and DD
12 PD 68.7

Lee et al., 2010 CS 35 PD 65.2 1.5 T Scheltens scale
36 PDD 67.2

Ng et al., 2010 CS 33 PD with low WML 63.58 3 T Fazekas's scale
33 PD with high WML 66.64

Gonzalez-Redondo et al., 2012 CS 39 PD 68 1.5 T Scheltens scale
LONG 46 PD with MCI 72

26 PDD 74
Slawek et al., 2013 CC 135 PDND 63.7 1.5 T Wahlund,Scheltens

57 PDD 63.7
184 HC 65.35

Kandiah et al., 2013 CS 24 PD with MCI 68.99 3 T SPM
67 PD without MCI 63.34

AD- Alzheimer's disease, CC- case control, CS- cross sectional, DD-dopaminergic denervation, HC- healthy controls, LONG-longitudiinal, MCI-mild cognitive impairment, N-
MCI neurodegenerative mild cognitive impairment, PDND-non–demented patients, PD- Parkinson' disease, PDD-patients with dementia, PLB- MCI Parkinson-Lewy bodymild
cognitive impairment, PLBD- Parkinson-Lewy body dementia, SPM, statistical parametric maping, -MCI vascular mild cognitive impairment, VD e vascular dementia, VP-
vascular parkinsonism.
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age at onset of PD, age at death, and duration of PD, showed greater
WML burden in PDD. It was not clear whether other causes of de-
mentia were excluded and the duration of dementia was taken into
account. Beyer et al. compared patients with PDD, PDND and
healthy controls (HC), the PDD group had significantly more WML
in deep white matter and periventricular areas than the PDND
group. Deep WML was significantly associated with a lower mini
mental state examination (MMSE) score. On the other hand PDND
patients had significantly less WML than HC [6]. The cohort of
patients was small; the patients were assessed only by MMSE
instead of complex battery of neuropsychological tests. A merit of
this study was case control design and fact that the diagnosis of PD
was confirmed at autopsy in 22 patients. In Meyer et al.’s study MRI
assessment correlated with cognitive status in seven groups of
patients with: normal cognition, neurodegenerative MCI (N-MCI),
vascular MCI (V-MCI), Parkinson-Lewy Body MCI (PLB-MCI), AD,
vascular dementia (VD), Parkinson-Lewy body dementia (PLBD).
PLB-MCI and PLBD subjects displayed less severe white matter le-
sions compared to the V-MCI and VD groups. When divided into
two subgroups according to the presence or absence of vascular risk
factors, the results showed that PLB-MCI with vascular risk factors
displayed significantly more extensive subcortical WML and basal
ganglia lacunar infarcts and greater bilateral frontal horn enlarge-
ment than those without vascular risk factors [7]. A limitation was
the small number of patients in the PLB-MCI and dementia groups
and that patients did not undergo comprehensive neuropsycho-
logical testing (see in Table 2). Santangelo et al. studied patients
with parkinsonism without dementia who were divided into 3
groups; with pure vascular parkinsonism (VP), VP and
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dopaminergic denervation and PD. They tested executive functions
and memory. The results showed that patients with VP and VP plus
dopaminergic denervation had more severe frontal lobe dysfunc-
tion as assessed bymeans of verbal fluency tasks than patients with
PD. Impairment of frontal lobe functions including cognitive flexi-
bility, selective attention and logical abstract thinking was more
severe in patients with VP plus dopaminergic denervation than
with PD. The patients underwent comprehensive neuropsycho-
logical testing. The numbers of patients in each cohort were small
[8]. Lee et al. showed that patients with PDND had less extensive
WML in the supratentorial regions than patients with PDD. The
association between WML burden and cognitive impairment
remained significant even after correction for age and duration of
PD [9]. Ng et al. showed that PD patients with a higher burden of
WML had lower cognitive scores, particularly for executive func-
tions. Periventricular WML appeared adversely to influence
cognition in PD [10]. Slawek et al. explored the role of cortical,
subcortical and basal ganglia WML and hippocampal atrophy in
PDD, in relation to vascular risk factors and homocysteine blood
levels in particular. The WML and hippocampal atrophy were more
advanced in the PDD group than in the PDND group [11]. Kandiah
et al. compared early stage PD patients with MCI and patients with
PD without MCI with respect to total volume and distribution of
WML [12]. PD-MCI patients had significantly higher total WML
volume, periventricularWML and deep subcortical WML compared
to PD patients with no MCI. PD-MCI patients had significantly
greaterWML load in the frontal, parietal and occipital regions. Total
WML, periventricular WML and deep subcortical WML remained
significantly higher in the PD-MCI group after correction for age
n of white matter lesions (WML) to Parkinson's disease cognitive
sonism and Related Disorders (2015), http://dx.doi.org/10.1016/



Table 2
PD and cognitive assessment used in reviewed studies.

Assessment/author Beyer
et al.,
2006

Meyer
et al.,
2007

Slawek
et al.,
2008

Dalaker
et al.,
2009

Santangelo
et al.,
2009

Lee
et al.,
2010

Ng
et al.,
2010

Gonzalez-Redondo
et al.,
2012

Slawek
et al.,
2013

Kandiah
et al.,
2013

Choi
et al.,
2010

PD assessment UK BBC
UPDRS total X X X X X X X
Hoehn- Yahr X X X X X X X
Schwab-England X X
UPDRS III X
Cognitive assessment DSM IV
MMSE X X X X X X X X X criteria for
10-point clock drawing test X X dementia
20 point naming test X
Activity of daily living
Auditory verbal learning test X
Benton Visual Retention X
BFCSR X
Blessed dementia scale X
Boston naming test X
Califormia verbal learning test X
Cognitive Capacity Screening

Examination
X

Colour trails 2 X
Digit span X X
Figure copy test
Frontal Assessment Battery X X X
Hamilton Depresion Rating Scale X X
Interview for Deterioration in

Daily Living in Dementia
X X

Maze test
MOCA X X
Montogomery-Asberg Scale X
Raven progresive matrices X X
Rey auditory 15-word learning

test
X

ReyeOsterrieth Complex Figure
Test

X X

Stroop test X X
Trail Making Test X
Visual Object and Space

Perception Batery
X

Wechsler-Bellevue scale X
Wisconsin Card Sorting Test X X X
Yesavage Geriatric Depresion

Scale
X

BFCSR- Buschke Free and Cued Selective Reminding Test-verbal episodic memory test, DSM-IV criteria for the diagnosis of dementia, MMSE-mini mental state examination,
MOCA- Montreal Cognitive Assessment, UPDRS- unified Parkinson's disease rating scale.
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and vascular risk factors (diabetes mellitus, arterial hypertension,
hyperlipedemia, smoking). There was a significant relationship
between an increase in WML volume and lower performance in
executive function, memory and language: This significance per-
sisted after correction for age, education and vascular risk factors. A
limitation of the study was that the majority of study patients were
in the early stages of PD. A strength was that the study used an
automated method to quantify the WML on a 3 T MRI machine that
is more accurate than semiquantitative visual scales; on the other
hand it is difficult to compare this study with those in which ex-
aminers used visual scales.

3. Evidence againts the negative influence of wml on
cognitive status of PD patients

Slawek et al assessed PD patients using comprehensive neuro-
psychological testing and according to the results they were
divided into 3 groups; normal cognitive status, MCI and with de-
mentia [13]. Some of the test results showed that there was no
significant difference between the three groups and the burden of
WML onWahlund scale [3]. Dalaker et al. assessedWML and global
brain atrophy and the relationship of cognitive status in patients
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with PD-MCI and PDD, compared to HC [14]. There were no sig-
nificant differences between PD and controls in whole brain atro-
phy, total WML volume, regional WML distribution, spatial
distribution of WML. None of the MRI variables was retained as a
significant predictor of global or specific cognitive domain func-
tions (attention-executive, memory, and visuospatial). The
strengths of this study were the large cohort of patients, case
control design and recruitment of newly diagnosed treatment naive
patients. In Gonz�alez-Redondo'et al. cross-sectional study with 111
patients and a longitudinal study with 36 patients from the same
cohort, patients were divided in groups as did Slaweks et al. [13].
Vascular risk factors were equally present in all groups. In the cross-
sectional arm there were no significant differences in Schelten's
score among the groups [2]. The relationship between the sub-
scores for the distinct lobar regions (frontal, temporal, and parieto-
occipital) and the neuropsychological test scores derived from
testing each cognitive domain was assessed by nonparametric
correlations. There was a negative correlation between semantic
fluency and frontal WML burden. In the longitudinal arm 36 pa-
tients were assessed from 12 to 48 months after the base-line
evaluation, there was no association between the progression of
WML on MRI and progression to a higher category of cognitive
n of white matter lesions (WML) to Parkinson's disease cognitive
sonism and Related Disorders (2015), http://dx.doi.org/10.1016/



B. Veselý, I. Rektor / Parkinsonism and Related Disorders xxx (2015) 1e54
impairment (from normal to MCI, and from MCI to dementia) [15].
However follow-up cohort was small so that these results should be
interpreted with caution.

4. Discussion

Eight studies supported the negative impact ofWML due to CVD
on cognitive symptoms in PD [5e12]; three studies did not [13e15].
WML has also been associated with postural impairment and gait
disorder (PIGD) in PD (nine studies were reviewed by Veselý et al.,
submitted). Kelly's cross-sectional study of 783 PD patients showed
that deficits in global cognition were associated with more severe
PIGD. Deficits in executive function were associated with impair-
ments of gait, freezing, and postural instability; visuospatial deficits
were associated with freezing, and poorer memory function was
associated with greater postural instability [16]. Cognitive decline
in PD is considered to be a continuous process driven by deposition
and accumulation of limbic and neocortical Lewy body pathology
[17], and possibly also neurofibrillary tangles and senile plaques
[18]. Loss of neurotransmitters, in particular dopamine and
acetylcholine [19], due to Lewyand Alzheimer type pathologies [17]
was described as possibly contributing to cognitive impairment. It
is not clear to what extent progression of PD pathology to cortical
regions according to Braak et al. [20] and to what extent AD pa-
thology contributes to cognitive decline [21]. WML due to CVD
might aggravate the already defective neuronal connectivity and
therefore increase cognitive dysfunction. WML in the deep white
matter of the frontal lobe may cause dysfunction of frontostriatal
circuits and contribute to executive dysfunction [22]. WML might
also affect connections important for attention and working
memory [23]. The exact mechanism by which vascular pathology
contributes to impairment in cognitive functions in PD is putative.
Two mechanisms are possible. There may be an additive effect of
two independent but convergent disease processes, neurodegen-
erative and vascular. This possibility cannot be excluded, but an
argument against is the absence of significant CVD in many PD
patients. The alternative and more probable mechanism is a syn-
ergic effect of both conditions, a deleterious effect of an otherwise
subclinical hypoperfusion on regions made vulnerable by the
degenerative process [24,25]. The impairment of brain vessels was
identified as a factor contributing to mortality in PD [25]. A relation
between impairment of brain vessels and cognitive impairment in
PD was demonstrated in one of our earlier studies [24]. Guan per-
formed a histopathological caseecontrol study of PD brain [26]. The
results showed vessel degeneration in multiple brain regions.
When compared to controls, the capillaries in PD were fewer in
number, shorter in length, larger in diameter with damaged
capillary networkwith less branching and lost capillary connection.
These data suggest that vessel degeneration in PD was primarily at
the level of capillaries, which may themselves be more vulnerable
to degeneration than the small arteries or veins. WML as a result of
repeated hypoxic and ischeamic episodes due to CVD may lead to
an inflammatory response which induces proteases and to the
generation of free radicals and consequent myelin breakdown [27].
On the other hand the relationship between cognitive functions in
PD andWML are complex, for example in the Scigliano's study with
no evidence of CVD contribution to PD related dementia [28]. It was
proposed that levodopa-derived dopamine modulates sympathetic
overactivity. This may lead to reduction of blood pressure and may
counter-balance the role of hyperhomocysteinaemia due to levo-
dopa therapy. The authors concluded that autonomic hyperactivity
may be involved in the pathogenesis of vascular disorders, and
levodopa therapy may be protective. Although the progression of
neurodegenerative process in advanced PD has been recognized as
primarily responsible for cognitive impairment in PD,WML may
Please cite this article in press as: B. Veselý, I. Rektor, The contributio
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also be a contributing factor. In a longitudinal study, WML was
demonstrated to be a factor determining the progression of
cognitive impairment in PD in addition to hippocampal volume
[29].

The contradictory results of reviewed studies might be due to
differences in the methods of assessing WML on MRI [1e4] as well
as using different MRI machines (1.5 T and 3 T magnet). It appears
that WML is not a unitary phenomenon. The pathological sub-
strates of WML, e.g. the lacunes and microbleeds, as well as the
spatial distribution of WML should be further investigated [30].
Difference in assessments of cogniton is another important factor.

It is probable that by reducing the vascular risk factors that
cause WML cognitive impairment could be prevented or slowed
down. The hypothesis of negative impact of WML on cognition was
confirmed in eight studies however further confirmation by lon-
gitudinal studies with sufficient number of patients, using high-
field MR and comprehensive battery of neuropsychological tests
is needed. The contribution of vascular risk factors to cognitive
impairment may be more important in the stage of MCI rather than
dementia. There is a need for clinicians to screen for and treat
vascular risk factors among their PD patients. As recommended by
Kandiah et al. [12], clinicians should perform cognitive screening
regularly for their PD patients with coexistingWML in order to
detect and intervene at the earliest phase of cognitive impairment.
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