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Can Silent Ischemic Cerebral Lesions Affect Cognition of Parkinson’s 
Disease Dementia? 
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Background: Several studies have shown that the presence of cerebrovascular lesions may play an im-
portant role for determining the severity of the clinical symptoms of dementia. But no study to date has 
explored the clinical effect of cerebrovascular disease in Parkinson’s disease with dementia (PDD), al-
though cerebrovascular disease is common causes of dementia in elderly population. Therefore we con-
ducted this study to evaluate the relationship between silent cerebrovascular lesions and cognitive de-
cline in PDD. Methods: Only 27 patients with PDD were chosen; 17 patients had PDD with silent cerebral 
ischemic lesions (PDDI) and 10 patients had PDD without silent cerebral ischemic lesions (pure PDD). 
These subjects received the global cognitive function testing and were all evaluated with detailed neuro-
psychological tests including attention, memory, language, and also the visuospatial and frontal function. 
Results: There were no significant differences between pure PDD and PDDI group on general cognitive 
functions tests. Regard to mean time duration of suffering from Parkinson motor symptoms and motor 
function scale, pure PDD group showed more long duration than PDDI group but there was no significant 
difference between two groups. Furthermore, there were not any significant differences between the two 
groups on detailed neuropsychological tests. Conclusions: we concluded that silent cerebrovascular le-
sions do not contribute to neuropsychological severity of PDD, although vascular disease is a common 
cause of cognitive impairment in the elderly. Thus the results of the present study suggest that factors 
other than cerebrovascular disease contribute to severity of PDD.
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INTRODUCTION

Although most of patients with idiopathic Parkinson’s dis-
ease (PD) have circumscribed cognitive impairment, only a 
proportion of them develop dementia [1]. The etiology of de-
mentia in PD remains unknown yet. Cortical changes, in-
cluding concomitant Alzheimer disease (AD) pathology, 
Lewy bodies, and frontal atrophy, may be involved in PD with 
dementia (PDD) [2, 3]. Subcortical pathologies, which may 
contribute to dementia in PD, include atrophy of the cholin-
ergic nucleus basalis of Meynert, striatonigral degeneration, 
and involvement of the dopaminergic ventral tegmental area 
and other monoaminergic nuclei [3].

Cerebrovascular lesions are common in older persons and 
they are generally considered to be among the most common 
causes of dementia. Recently several studies have shown that 
the presence of cerebrovascular lesions may play an important 
role for determining the presence and severity of the clinical 
symptoms of AD, for lowering the threshold of the AD pa-
thology that’s required for the clinical expression of dementia 
[4, 5]. And cerebrovascular pathologies frequently coexist 
with AD and this combination may show synergistic effects 
on patients’ cognitive decline, yet the results of the epidemio-
logic and clinico-pathologic studies on the relation between 
cerebrovascular disease and AD have been controversial [6]. 
In regard to PDD, no study to date has explored the clinical 
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effect of cerebrovascular disease in patients with PDD, al-
though cerebrovascular disease is most common causes of 
dementia as well as common disease in elderly population. 
Therefore we conducted this study to evaluate the clinical re-
lationship between silent cerebral ischemic lesions and cogni-
tive decline in patient with PDD.

METHODS

Subjects 
The study was approved by the local ethics committee and 

each patient gave written informed consent for participation. 
We prospectively included all consecutive PD patients with 
complaints of memory disturbance, who presented to demen-
tia clinic and the movement disorder clinic of Catholic Medi-
cal Center between May, 2007 and June, 2008. All consecutive 
patients underwent the brain magnetic resonance imaging 
(MRI) to evaluate brain lesions. And experienced radiologist 
and neurologist, who blinded to the neuropsychological find-
ings and clinical features of all subjects, assessed all brain 
MRIs in consensus with regard to the presence of silent isch-
emic lesions. 

Fifty-six subjects participated in this study and were per-
formed general neuropsychological tests to exclude PD pa-
tients without dementia. Of 56 PD patients, 29 patients didn’t 
have any history or symptoms of memory impairment, any 
other cognitive dysfunctions assessed by a dementia screen-
ing questionnaire and general dementia scale. Therefore only 
27 PD patients with dementia features were chosen; 17 pa-
tients had PDD with silent cerebral ischemic lesions (PDDI) 
and 10 patients had PDD without silent cerebral ischemic le-
sions (pure PDD). And we evaluated motor function of each 
group by Hoehn and Yhar stage (H-Y stage). All of the sub-
jects were also assessed by experienced neurologists at the de-
mentia and memory clinic. The evaluation procedures other 
than brain MRI consisted of a detailed medical history, physi-
cal and neurological examinations, neuropsychological as-
sessments and laboratory tests. The history of medical and 
neurological problems was obtained from the patient and 
their family members or from their other caregivers. 

All the PD patients were diagnosed according to the Unit-

ed Kingdom Parkinson’s Disease Society Brain Bank Clinical 
Diagnosis Criteria for Parkinson’s Disease [7]. For all the 
PDD patients, the criteria for diagnosis of probable PDD by 
Emre et al. [8] were fulfilled and the onset of Parkinson dis-
ease preceded the development of dementia by at least 12 
months. The pure PDD patients never had focal neurological 
signs and symptoms of cerebral disease. We also excluded 
those patients who were displaying markedly fluctuating cog-
nition with pronounced variations in attention and alertness, 
and recurrent vivid hallucinations, those patients taking med-
ications (e.g. anticholinergic agents) that have been reported 
to influence cognition and memory, those patients who had 
any signs of atypical parkinsonism and those patients who 
fulfilled the DSM-IV criteria for delirium or amnesic disor-
ders and depressive disorders [9, 10]. Apart from the above 
mentioned exclusion criteria, we excluded patients with sec-
ondary causes of parkinsonism that would, in judgment of 
the investigators, interfere with the safe conduct of the study. 

We defined silent cerebral ischemic lesions as evidence on 
the brain MRI of one or more ischemic lesions, without a his-
tory of a stroke or transient ischemic attack and neurological 
symptoms. If a prior stroke or transient ischemic attack did 
correspond with a lesion, we excluded the patients with these 
lesions from this study. All of the PDDI had few small isch-
emic white matter lesions with the exception of the sites of 
strategic infarction dementia. The lesions included in this 
study were defined as the size of the deep white matter and 
periventricular white matter lesions (extending cap or irregu-
lar halo) that were less than 10 mm, and the lacunar lesions 
had less than 5 lesion sites, but we excluded lesions involving 
medial and lateral cholinergic pathway and diffusely conflu-
ent hyperintensities (> 25 mm, irregular shape) of white mat-
ter in this study [11-13]. These criteria were mainly based on 
brain imaging criteria for subcortical vascular dementia by 
Erkinjuntti et al. [11]

We also assessed stroke risk factors, such as hypertension, 
cigarette smoking, hypercholesterolemia, diabetes mellitus 
and heart diseases, by evaluating the patients’ medical histo-
ries and laboratory findings to examine association of these 
factors between PDD and PDDI group. 
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Neuropsychological testing 
The patients’ general cognitive state and their severity of 

dementia were evaluated by means of the MMSE, CDR and 
sum of the box of CDR (SOB) [14-16]. Several cognitive do-
mains were assessed by conducting a detailed neuropsycho-
logical battery of tests. This consisted of an attention test (for-
ward digit span, backward digit span and letter cancellation), 
a language and related function test (spontaneous speech, 
comprehension, repetition, Boston Naming test, readings, 
writing, calculation, finger naming, right-left orientation, 
body part identification and praxis), a visuospatial function 
test (drawing interlocking pentagon and Rey complex figure 
copy test), a verbal memory test (registration and recall of 
3-words, Seoul Verbal Learning Test (SVLT): immediate re-
call, delayed recall and recognition), and a frontal executive 
function test (contrasting program, go-no-go test, fist-edge-
palm, alternating hand movement, alternating square and 
triangle, Luria loop, the Controlled Oral Word Association 
test: animal, supermarket and letters, and Color Word Stroop 
Test: word reading and color reading) [16-18].

Data analysis
The statistical analysis was performed with the SPSS soft-

ware version 17.0 package and with using Mann-Whitney test 
for comparison of the variables’ mean between the PDD and 
PD groups. Analyses between pure PDD and PDDI were also 
used Mann-Whitney test. Fisher’s exact tests were used for 
comparison of the categorical variables between each group. 
And multiple linear regression analysis was performed to an-
alyze affection of factors except for ischemic cerebral lesion 
on cognitive decline. Values are expressed as means with SD. 
Statistical significance was assumed for p values < 0.05.

RESULT

The number of subjects, the mean age, length of education, 
disease duration, MMSE, CDR score associated with SOB 
score and H-Y stage for pure PDD and PDDI group are pre-
sented in Table 1. These findings showed that there were no 
significant differences between pure PDD and PDDI group 
on general cognitive functions tests (MMSE, CDR score as-

sociated with SOB). Regard to mean time duration of suffer-
ing from Parkinson motor symptoms, pure PDD group 
showed more long duration than PDDI group but there was 
no significant difference between two groups (43.1± 16.18 vs 
32.2± 17.78 months, respectively). Furthermore, each group 
was similar for their motor function scale assessed by H-Y 
stage (1.91± 0.87 in pure PDD vs 1.97± 1.09 in PDDI). The 
results of detailed neuropsychological tests for each group are 
summarized in Table 2 and Table 3. There were no significant 
differences between the pure PDD and PDDI groups for the 
most of cortical function domains, including language and 
related function tests, attention, apraxia test and memory 
function tests. Furthermore, there were not any significant 
differences between the two groups for all frontal executive 
function, which have frequently demonstrated impairment 
in patients with PDD. Even visuospatial function test, which 
is one domain out of cognitive domains that characterized in 
patients with PDD, also showed no significant differences be-
tween the two groups.

With regard to association of risk factors for ischemic le-
sions including hypertension, diabetes mellitus, cholesterol, 
cigarette smoking and heart disease, there was no significant 
association between pure PDD and PDDI (Table 4). 

Multiple linear regression analysis showed that MMSE and 
CDR scores, which indicate the severity of cognitive decline, 
were not associated with age (respectively, p value= 0.180 & 
0.305), education (p value= 0.708 & 0.673), duration of dis-

Table 1. Demographic data and general cognitive functions in pure PD 
and PDDI groups

Variables pure PDD PDDI p value

No. of subjects 10 17
No. of man 2 6 0.401
Mean Age (year) 71.00 (5.42) 72.00 (5.58) 0.496
Mean Education (year) 5.50 (1.78) 7.5 (4.84) 0.244
Mean disease duration (month) 43.10 (16.18) 32.23 (17.78) 0.081
Mean duration of dementia (month) 18.20 (14.55) 13.06 (11.72) 0.356
MMSE 19.00 (3.71) 19.53 (4.62) 0.761
CDR 1.20 (0.59) 1.00 (0.43) 0.319
SOB 5.60 (2.54) 5.00 (2.46) 0.551
H & Y stage 1.91 (0.87) 1.97 (1.09) 0.895
Values are mean (standard deviation)

MMSE, Minimental state examination; CDR, Clinical dementia scale; SOB, Sum of 
box of CDR; pure PDD, Parkinson’s disease dementia without silent cerebral isch-
emic lesions; PDDI, Parkinson’s disease with concomitant silent cerebral ischemic le-
sions; H & Y stage, Hoehn and Yhar stage.
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ease (p value= 0.589 & 0.938) and duration of dementia (p 
value= 0.699 & 0.592), significantly. 

DISCUSSION

In the present pilot study, we investigated the characteris-
tics of the cognitive profiles of patients with pure PDD and 
PDDI. And we attempted to clarify the influence of silent ce-
rebral ischemic lesions on cognition on patients with PDD by 
using comprehensive neuropsychological tests. However, al-
though previous studies suggested significant association be-
tween AD and cerebrovascular lesions [4, 19], we cannot find 

out sharp neuropsychological differences between patients 
with pure PDD and PDDI. 

Generally, it is known that cerebrovascular disease is sec-
ond most common cause of dementia and it has also has 
been suggested that AD may be primarily a vascular disorder 
[20, 21]. Previous study also reported that AD with cerebro-
vascular disease showed more severe cognitive decline than 
AD without cerebrovascular disease, indicating cerebrovas-
cular disease contributes to the severity of cognitive decline 
[19]. Moreover, Ronchi et al. suggested that stroke is a strong 
risk factor for dementia and the hypothesis that a stroke event 

Table 2. Neuropsychological test results in the pure PDD and PDDI 
groups

Test pure PDD PDDI   p value

Attention
   Digit span (forward) 3.90 (0.88) 4.18 (1.29) 0.749

   Digit span (backward) 2.10 (1.29) 2.06 (1.34) 0.791

Languate and related function

   BNT 21.75 (15.37) 30.21 (19.24) 0.279

   Repetition 11.40 (5.21) 14.58 (9.35) 0.333

   Calculation 3.70 (1.82) 6.41 (3.55) 0.071

Visuospatial function

   Rey complex figure test copy 13.75 (7.21) 18.97 (10.36) 0.189

Memory function

   3 words registraiton 2.50 (0.85) 2.36 (0.81) 0.531

   3 words recall 1.10 (1.28) 1.12 (1.22) 0.957

   SVLT

      Free recall 11.00 (5.50) 12.00 (5.05) 0.939

      Delayed recall 1.20 (1.75) 2.47 (2.92) 0.225

      Recognition 17.90 (2.13) 18.47 (3.02) 0.819

Frontal Executive Function 

   COWAT (animal) 7.00 (3.16) 6.29 (2.97) 0.492

   COWAT (supermarket) 7.10 (3.76) 5.88 (4.47) 0.419

   COWAT (ㄱ, ㅅ, ㅇ) 0.80 (1.69) 2.47 (4.96) 0.557

   Contrast program 17.70 (3.86) 17.07 (5.82) 0.592

   Go-No-Go test 11.50 (5.64) 12.93 (5.35) 0.548

   Word stroop test 54.4 (15.90) 66.83 (33.20) 0.495

   Color stroop test 22.40 (13.96) 35.00 (26.23) 0.291

values are expressed as mean(standard deviation).
BNT, Korean-Boston Naming test; SVLT, Seoul Verbal Learning Test; COWAT, con-
trolled oral word association test; pure PDD, Parkinson’s disease dementia without 
silent cerebral ischemic lesions; PDDI, Parkinson’s disease with concomitant silent 
cerebral ischemic lesions.

Table 3. Neuropsychological test results in the pure PDD and PDDI 
groups

Test pure PDD PDDI p value

Attention
   Letter cancellation 0 3 0.274
Language and related functions
   Fluency (spontaneous speech) 1 3 1
   Contents (spontaneous speech) 1 1 1
   Comprehension 4 5 0.683
   Reading 1 6 0.204
   Writing 3 11 0.087
   Finger naming 2 1 0.535
   Right-Left disorientation 2 0 0.128
   Body part idendification 2 4 1
   Ideomotor praxis 1 2 1
   Buccofacial praxis 2 4 1
Visuospatial function
   Interlocking pentagon 5 12 0.415
Frontal executive finction
   Fist-edge-palm test 8 12 0.678
   Alternating hand movement 8 12 0.678
   Alternating square & triangle 6 13 0.415
   Luria loop 6 12 0.683
Neglect 2 3 1

All data were represented by the number of patients with abnormal score. 
P-values were calculated by Fisher’s Exact Test.
pure PDD, Parkinson’s disease dementia without silent cerebral ischemic lesions; 
PDDI, Parkinson’s disease with concomitant silent cerebral ischemic lesions.

Table 4. Comparison of stroke risk factors between pure PDD and PDDI

pure PDD (n = 10) PDDI (n = 17) p value

Hypertension 6 10 0.637
Diabetes mellitus 3   7 0.437
Hypercholesterolemia 7 11 0.561
Cigarette smoking 2   4 0.613
Heart disesae 3   6 0.561

Values were  number of patients with stroke risk factor.
pure PDD, Parkinson’s disease dementia without silent cerebral ischemic lesions; 
PDDI, Parkinson’s disease with concomitant silent cerebral ischemic lesions.
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may near the beginning of dementia by about 10 years, possi-
bly accelerating the progression from cognitive impairment/
no dementia to dementia [22]. The Framingham study also 
demonstrated that stroke increased the risk of dementia 2.6 
times in subjects aged up to 80 years, and 2.4 times in sub-
jects who had completed high school [23]. However, few 
studies have examined the role of cerebrovascular risk factors 
for dementia in PD. A study by Salganik I et al. [24] showed 
correlation between hypertension and dementia in a conve-
nience sample of PD patients. But the authors found out no 
definite correlation between cerebrovascular disease or car-
diovascular disease and dementia in these subjects [24]. Fur-
thermore, recent large cohort study by Haugarvoll et al. [25] 
concluded that cerebrovascular risk factors do not contribute 
to dementia in patients with PD. In recent clinicopathological 
study on 97 PD brain donors, Papapetropoulos et al. [26] also 
reported that there was no association between ischemic 
cerebrovascular disease and specific phenotypic characteris-
tics of PD including dementia. There are several potential 
factors contributed to PDD, such as advanced age, depres-
sion, presence of speech and axial involvement et al. [27] Al-
though the relative contribution of each of these factors is not 
known, previous several studies suggest that cortical Lewy 
bodies is the most important cause of PDD [25, 28, 29]. In 
accordance with above-mentioned several previous studies, 
we might also conclude that cerebral ischemic lesions do not 
contribute to neuropsychological severity of PDD in the cur-
rent study, although vascular disease is a common cause of 
cognitive impairment and dementia in the elderly [25]. Thus 
this finding could also suggest that factors other than cere-
brovascular disease contribute to severity of PDD. Further-
more this conclusion is consistent with the finding that cere-
brovascular disease is rare in patients with dementia with 
Lewy bodies [30].

This study had several limitations. First, this study was not 
large-scale longitudinal study and second, this study was the 
use of PDD diagnostic criteria that have not yet been validat-
ed. And differentiating between PDD and dementia with 
Lewy bodies on the basis of clinical criteria is difficult. Addi-
tionally, we cannot be certain about the accuracy of our clini-
cal diagnosis because of the lack of the neuropathologic con-
firmation, because the patients were still alive. The major 

strength of this study is that comprehensive neuropsychologi-
cal tests for dementia features and neurological examination 
for parkinsonian features were performed on all of the PDD 
patients by experts in each clinic. 

 In conclusion, the result of the present study suggested that 
silent cerebral ischemic lesions were not contributed to neu-
ropsychological severity of PDD, indicating that the PD-re-
lated degenerative brain changes are the main causes of de-
mentia in PD. We could also think that PDD is less influ-
enced by a reduction of the cognitive reserve induced by 
cerebrovascular lesions without cholinergic pathway involve-
ment than AD and vascular dementia. However, to clarify 
this assumption, clinicopathologic studies and studies using 
magnetic resonance imaging, involving large cohort of PD 
patients, are needed to further explore the relative contribu-
tion of vascular and neurodegnenrative factors on PDD.
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