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Abstract Although a large number of studies have examined

possible differences in cognitive performance between Alz-

heimer’s disease (AD) and vascular dementia (VaD), the data

in the literature are conflicting. The aims of this study were to

analyze the neuropsychological pattern of subjects affected by

degenerative dementia without evidence of small vessel

pathology (DD) and small vessel VaD subjects in the early

stages and to investigate differences in the progression of

cognitive impairment. Seventy-five patients with probable

VaD and 75 patients with probable DD were included. All the

subjects underwent a standard neuropsychological evaluation,

including the following test: Visual Search, Attentional

matrices, Story Recall, Raven’s Coloured Progressive

Matrices, Phonological and Semantic Verbal Fluency, Token,

and Copying Drawings. The severity of cognitive impairment

was stratified according to the MMSE score. Fifteen subjects

with probable DD and 10 subjects with probable VaD

underwent a 12-month cognitive re-evaluation. No significant

difference was found between DD and VaD subjects in any of

the neuropsychological tests except Story Recall in the mild

cognitive impairment (P\ 0.001). The re-test value was

significantly worse than the baseline value in the MMSE

(P = 0.037), Corsi (P = 0.041), Story Recall (P = 0.032),

Phonological Verbal Fluency (P = 0.02), and Copying

Drawings (P = 0.043) in DD patients and in the Visual

Search test (P = 0.036) in VaD subjects. These results sug-

gest that a neuropsychological evaluation might help to dif-

ferentiate degenerative dementia without evidence of small

vessel pathology from small vessel VaD in the early stages of

these diseases.

Keywords Cognitive Impairment � Alzheimer’s disease �
Vascular dementia � Neuropsychological � Evaluation

Introduction

Alzheimer’s disease (AD) and vascular dementia (VaD)

account for the majority of dementia cases among elderly

people [1]. Diagnosis of these disorders is essential to be

able to provide appropriate pharmacological treatment and

make a correct prognosis. Making a diagnosis is a multidi-

mensional process based on medical history, neuroimaging,

and behavioural observations, but it relies primarily on a

neuropsychological assessment. This is especially so in the

early stages of disease. Nevertheless, the differential diag-

nosis between the two pathologies is a highly challenging

task. Although AD and VaD have traditionally been con-

sidered to result from different etiologies, there is a growing

body of evidence suggesting that the two diseases share

common pathogenic mechanisms. For instance, epidemio-

logical data show that the canonical vascular risk factors are

associated with both VaD and AD [2]. Furthermore,
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neuropathological data reveal an overlap between cere-

brovascular disease and markers of AD in approximately

40 % of all post-mortem examinations [3, 4]. Finally, there

may be similarities in the clinical presentation, as both AD

and VaD unveil cognitive deterioration, functional impair-

ment, and behavioural symptoms [5].

Although a large number of studies have examined pos-

sible differences in cognitive performance between AD and

VaD, the data in the literature are conflicting. The most

consistent findings suggest that AD is characterised by a

greater impairment in episodic memory, whereas patients

with VaD display greater deficits in executive/attentional

abilities [6, 7]. Other studies have instead found marked

executive functioning and working memory impairments in

patients with mild-moderate AD and VaD, with no differ-

ences being observed between the two diseases [8, 9]. The

main reason for these discrepant results likely relies on

differences in study populations, arising from different

enrolment criteria, patients’ demographic characteristics and

severity of the illness. A further source of uncertainty relies

in the inherent variability associated with the definition of

VaD. VaD typically refers to cognitive and behavioural

disorders associated with different cerebrovascular diseases,

i.e., small vessel disease, multi-infarct disease, or strategic

vascular lesions. The last two pathologies express a variety

of cognitive dysfunctions, which depends on the site and

extent of the damage, whereas in small vessel VaD, the most

prominent type of cognitive impairment is a dysexecutive

syndrome [10]. However, the executive dysfunctions can

also be present in AD patients, under a variety of different

patterns, depending on their vascular involvement [11–13].

It is, therefore, an unsettled issue whether degenerative

dementia without evidence of small vessel pathology (DD)

and small vessel VaD present distinct clinical features.

The main aim of this study was to analyze the neu-

ropsychological pattern of DD and small vessel VaD sub-

jects in the early stages of disease by assessing two groups

of patients, whose demographic characteristics and disease

severity were matched. The secondary aim was to inves-

tigate differences in the progression of cognitive impair-

ment between the two diseases as well as to assess the role

of vascular risk factors. We hypothesized that in the early

phase of cognitive impairment, there are differences

between small vessel VaD and DD in both the neuropsy-

chological pattern and cognitive progression.

Materials and methods

Subjects

We identified that, from a series of 278 consecutive out-

patients referred to the Neuropsychological Service of the

Dementia Center of Sant’Andrea Hospital (Rome, Italy),

83 patients with probable VaD (29.86 %) diagnosed

according to the NINDS-AIREN criteria [14]. The diag-

nostic procedures included a neurological and neuropsy-

chological evaluation, neuroimaging study (CT or MRI),

routine blood analysis, thyroid function, homocysteine,

vitamin B12, folate, and electroencephalogram. Single-

Photon-Emission-Computerized Tomography was per-

formed in some patients. The remaining 195 patients were

diagnosed with the following diseases: 131 patients with

probable DD (47.12 %), 27 with mixed dementia (9.71 %),

25 with probable FTD (8.99 %), and 12 with dementia and

extrapyramidal diseases (4.32 %) (Fig. 1).

Eight of the 83 patients with probable VaD displayed

strategic or multi-infarct lesions at the neuroimaging

evaluation and were thus excluded from the data analysis.

Seventy-five patients with probable VaD were conse-

quently included in the study, in which they were matched

for age and education level with 75 patients affected by

DD. If a VaD patient matched more than one DD patient,

the closest age was adopted as the decisive factor. DSM-IV

TR criteria were used for the clinical diagnosis of dementia

[15]. None of the subjects had other neurological or psy-

chiatric disorders, hearing or vision impairments, severe

metabolic disturbances, or a history of alcohol or drugs

abuse or of head injury.

Procedure

All the subjects underwent a standard neuropsychological

evaluation used as a screening tool in our center. Global

cognitive functioning was assessed using the Mini-Mental

State Examination (MMSE) [16], whereas other areas of

cognition were investigated by means of the following

tests: selective attention (Visual Search—Attentional

matrices) [17], episodic long-term memory (Story Recall

test) [18], non-verbal logical reasoning and problem-solv-

ing ability (Raven’s Coloured Progressive Matrices)

[19, 20], word generation by phonological and semantic

cues (Phonological and Semantic Verbal Fluency test)

[18, 21], auditory comprehension of complex sentences

(Token test) [17, 22], and spatial abilities and construc-

tional praxis (Copying Drawings) [17, 23]. The raw scores

of each test were adjusted for age and education according

to the distribution of Italian normative data.

The severity of cognitive impairment was stratified

according to the MMSE score as follows: subjects with an

MMSE score C21 were defined as mild, whereas subjects

with an MMSE score B20 were defined as moderate.

Fifteen subjects with DD and ten subjects with probable

VaD underwent a cognitive re-evaluation based on the

same neuropsychological battery after 1 year (Fig. 1). The

low number of re-tested subjects was due to many reasons,
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such as behavioural problems, appearance of new comor-

bidities, relatives/caregivers not available, and severity of

cognitive deficit. In re-test patients, the presence/absence

of six vascular risk factors and of an internal carotid

stenosis were evaluated as follows: (1) arterial hyperten-

sion: history of blood pressure values higher than

160/95 mmHg or antihypertensive medication intake; (2)

hypercholesterolaemia: serum cholesterol level over

220 mg/dl or statin intake; (3) hypertriglyceridaemia:

serum triglyceride level over 140 mg/dl; (4) diabetes

mellitus: plasma glucose level over 110 mg/dl or anti-di-

abetic drug intake; (5) heart disease: previous myocardial

infarction or electrocardiographic evidence of atrial fibril-

lation; (6) smoking: more than five cigarettes per day for at

least 5 years; non-smoking: less than five cigarettes per day

or stopped smoking at least 10 years before; and (7) in-

ternal carotid stenosis: stenosis exceeding 30 % of at least

one internal carotid on Doppler ultrasound examination.

Statistical analysis

All the analyses were performed using the Statistical

Package for the Social Sciences (SPSS, Version 13.0). Any

differences between DD and VaD patients in the demo-

graphic characteristics, MMSE score, and neuropsycho-

logical performance were analyzed using t test for

independent samples. Neuropsychological scores, exclud-

ing the MMSE score, were also treated as categorical

variables rather than continuous variables and dichot-

omized for each test between impaired performance and

278 subjects
male 57.9%

MMSE: 24.4 3.8
Age: 71.3 7.7

131 probable DD subjects
male 50.4%

MMSE 23.9 3.7
age 72.2 7.6 yrs

83 probable VaD subjects
male 57.8% 

MMSE: 24.2 4.7
Age: 71.5 7.8yrs

64 other dementia subjects
male  60.9% 

MMSE: 25,5 3,7
Age: 69,5 7,8 yrs

75 probable VaD subjects
male 65.3% 

MMSE: 24.3 4.9
Age: 71.6 7.2 yrs

15 probable DD subjects
male 60%

MMSE: 25.9 3.2
Age: 73.8 6.9 yrs

10 probable VaD subjects
male 90%

MMSE: 26.5 1.7
Age: 73.5 5 yrs

Patients retested (1 year follow-up) Patients retested (1 year follow-up)

8 VaD patients with strategic infarct

75 probable DD subjects
male 50.7% 

MMSE: 24.4 4.1
Age: 72.3 7.1 yrs

Fig. 1 Flowchart of subjects included in the study. Data are mean ± SD
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normal performance according to the cutoff for Italian

normative data; in this last case, the performance of DD

and VaD patients was compared using v2 test.

Neuropsychological test and re-test scores were com-

pared using the paired t test. Spearman’s non-parametric

rank correlation was used to assess any correlation between

the neuropsychological values in the re-test examination

and the presence/absence of vascular risk factors. Finally,

any differences in the presence/absence of vascular risk

factors in the two subject groups were evaluated by Chi-

square and Fischer’s exact tests. Statistical significance was

set at P\ 0.05.

Results

The demographic and neuropsychological characteristics of

the whole sample are summarized in Table 1. The mean

MMSE score was similar in the two groups (mean

value ± SD: 24.4 ± 4.1 in DD patients and 24.3 ± 4.9 in

VaD patients). Mild cognitive impairment (MMSE C 21)

was present in 62 subjects in each of the groups, whereas

the remaining 13 subjects in each group displayed a

moderate cognitive impairment (MMSE B 20).

No significant difference was found between DD and

VaD subjects in any of the neuropsychological tests except

Story Recall (mean value ± SD: 5.5 ± 3.9 vs 8.4 ± 5.1,

respectively; P = 0.0001) (Table 1). Furthermore, the

percentage of patients, whose performance was impaired in

the Story Recall test, was higher in DD subjects (65 %)

than in VaD subjects (28 %) (P = 0.001; Chi-square test).

In keeping with the severity of cognitive impairment,

DD subjects with mild cognitive impairment performed

worse in the Story Recall test than VaD subjects (mean

value ± SD: 6.08 ± 4.48 vs 9.08 ± 4.57; P\ 0.001); by

contrast, no differences emerged between DD and VaD

subjects with moderate cognitive impairment.

Table 2 shows the demographic characteristics and the

MMSE score at baseline of both the subjects who under-

went and of those who did not undergo the 12-month

neuropsychological re-evaluation. The only difference that

emerged was in the MMSE score, which was higher in

subjects who were re-evaluated in both the groups. In DD

patients, the mean re-test value was significantly worse

than the mean baseline value in the following tests: MMSE

(P = 0.037), Corsi (P = 0.041), Story Recall test

(P = 0.032), Phonological Verbal Fluency test (P = 0.02),

and Copying Drawings (P = 0.043); the only significant

worsening in the VaD subjects was instead detected in the

Visual Search test (P = 0.036) (Table 3).

The presence of vascular risk factors was higher in VaD

than in DD subjects, though the difference did not attain

statistical significance (Table 4). In DD subjects, the

number of vascular risk factors was correlated with the

drop in the MMSE score (r = 0.711, P = 0.003; Spear-

man’s correlation), though not with the drop in each neu-

ropsychological test at the 12-month follow-up. Finally, no

correlation was detected between the number of vascular

risk factors and either overall or specific cognitive decline

in VaD subjects.

Discussion

Our results show that in the early phase of cognitive

decline, Story Recall scores were significantly worse in

dementia patients without evidence of small vessel

pathology than in those with small vessel VaD. The Story

Table 1 Demographic characteristics and neuropsychological scores in DD and VaD subjects

DD patients (n = 75) mean ± SD VaD patients (n = 75) mean ± SD P value

Age (years) 72.3 ± 7.1 71.6 ± 7,2 0.550

Gender (M/F) 38/37 49/26 0.098

Education (years) 9.8 ± 4.8 9.2 ± 4.7 0.440

MMSE (score) 24.4 ± 4.1 24.3 ± 4.9 0.892

Raven 18.8 ± 6.8 18.1 ± 8.2 0.570

Visual Search 42.4 ± 10.9 39.4 ± 12 0.111

Digit Span 4.9 ± 1 4.6 ± 1.1 0.083

Corsi test 3.5 ± 0.9 3.2 ± 1 0.055

Story Recall 5.5 ± 3.9 8.4 ± 5.1 0.0001

Token test 29.1 ± 4 28 ± 5.2 0.149

Phonological Verbal Fluency 20 ± 10.2 18.9 ± 12.2 0.550

Semantic Verbal Fluency 9.3 ± 4.1 9.4 ± 5.1 0.895

Copying Drawings 11 ± 2.3 11 ± 2.2 1

Bold represents the significance of the results of the P value
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Recall test provides one of the most reliable neuropsy-

chological assessments for episodic long-term verbal

memory function and is widely used in clinical settings.

Some studies have consistently shown that medial temporal

lobe and cortical-subcortical frontal structures interact in

the long-term memory [24, 25]. A storage (or retention)

failure is caused by damage to medial temporal structures,

whereas a retrieval failure is caused by a frontal-subcortical

dysfunction [26]. In processing the episodic long-term

memory, when storage is efficient, the inherent organiza-

tion of prose material can facilitate the encoding and

retrieval of the cognitive operation. By contrast, when

storage is impaired, performance in the Story recall test is

invariably compromised [27]. This is indeed what we

observed in our DD patients. This finding can be explained

by neuropathological changes that prevalently occur in

medial temporal regions in the early stages of AD. A

storage failure in episodic long-term memory in the early

AD is consequently not surprising [28, 29]. In our study, all

the subjects with VaD had small vessel cerebrovascular

disease, with changes in white matter being responsible for

the subcortical brain damage. Although this damage is as

severe as to cause a general cognitive impairment and to

yield a clinical diagnosis of dementia, it does not affect the

Table 2 Demographic characteristics and MMSE score at baseline in DD and VaD subjects with or without 12-month re-evaluation

DD patients (n = 75) mean ± SD VaD patients (n = 75) mean ± SD

no re-test (n = 60) re-test (n = 15) P value no re-test (n = 65) re-test (n = 10) P value

Age (years) 71.9 ± 7.1 73.8 ± 6.9 0.356 71.3 ± 7.5 73.5 ± 5 0.374

Gender (M/F) 29/31 9/6 0.565 40/25 9/1 0.150

Education (years) 9.6 ± 4.8 10.8 ± 4.9 0.396 9.3 ± 4.9 8.5 ± 3.2 0.620

MMSE score 24 ± 4.3 25.9 ± 3.2 0.058 24.1 ± 4.5 26.5 ± 1.7 0.004

Bold represents the significance of the results of the P value

Table 3 Comparison of test and re-test neuropsychological scores in DD and VaD subjects

DD patients (n = 15) mean ± SD VaD patients (n = 10) mean ± SD

test re-test P value test re-test P value

MMSE score 26.1 ± 2.8 23.5 ± 4 0.037 26.5 ± 1.7 25.8 ± 3.6 0.472

Raven 21.5 ± 8.5 18.7 ± 9.1 0.095 18.6 ± 5.7 16.7 ± 4.1 0.246

Visual Search 42 ± 9.1 45.2 ± 13 0.287 41.1 ± 9.1 34.5 ± 10.6 0.036

Digit Span 5.1 ± 1.1 4.7 ± 1 0.169 4.7 ± 0.9 4.9 ± 1.3 0.509

Corsi test 3.7 ± 1.5 2.9 ± 1.3 0.041 3.8 ± 0.8 3.2 ± 1 0.168

Story Recall 5.8 ± 2.9 3.9 ± 3.1 0.032 10.6 ± 6.4 10.8 ± 5.5 0.871

Token test 30.7 ± 3.2 28.3 ± 8.3 0.268 28.5 ± 2.3 27.8 ± 4.6 0.578

Phonological Verbal Fluency 26.3 ± 12.3 20.2 ± 11.3 0.02 15.9 ± 8.5 13.8 ± 8.5 0.213

Semantic Verbal Fluency 9.3 ± 4 8.1 ± 4.4 0.453 8.8 ± 3.3 7.4 ± 2 0.168

Copying Drawings 12.1 ± 1.6 11.1 ± 2.1 0.043 12.1 ± 1.5 11.7 ± 1.7 0.309

Bold represents the significance of the results of the P values

Table 4 Vascular risk factors in 15 DD subjects and 10 VaD subjects with 12-month neuropsychological follow-up

DD subjects (n = 15) VaD subjects (n = 10) P value Fischer’s test

Hypertension (yes/no) 6/9 8/2 0.099

Diabetes (yes/no) 2/13 2/8 1

Hypercholesterolaemia (yes/no) 6/9 7/3 0.226

Hypertriglyceridaemia (yes/no) 1/14 0/10 1

Heart disease (yes/no) 2/13 4/6 0.175

Smoking (yes/no) 0/15 3/7 0.052

Internal carotid stenosis (yes/no)a 1/13 5/5 0.05

a One subject did not undergo Doppler ultrasound examination

Neurol Sci (2017) 38:101–107 105

123



medial temporal lobe either so early or to such a selective

degree. This explains the preserved memory storage that

we observed in our VaD subjects. In keeping with the

findings of the previous studies, we may hypothesize that,

in the early stages of the disease, small vessel vascular

dementia subjects compensate for any failure in retrieval

when tested by means of the Story Recall test more

effectively than DD patients [30].

Another interesting observation emerges from the anal-

ysis of the 12-month neuropshycological follow-up. DD

subjects displayed a faster cognitive decline than VaD

subjects in most of the tasks, which suggests that all the

cognitive domains are rapidly involved. By contrast, VaD

subjects perform more stably when compared with their

baseline values in all the tests except Visual Search, which

consists of an attentive task that measures a person’s ability

to select a target within a visual scanning context. According

to the most recent neuropsychological theories, attention is a

complex system that presides over a number of distinct

neuronal circuits. Three largely disparate attentional control

systems have been identified: alerting, orienting, and exec-

utive control. Although these systems interact in many

practical contexts, they are to a certain degree functionally

and anatomically independent [31]. According to Posner’s

theory, Visual Search can be conceptualized as an orienting

task, and more specifically as the process of selecting

information from sensory input [32], which is activated by a

cortico-subcortical network involving the pulvinar, superior

colliculus, superior parietal lobe, and frontal eye fields [33].

These neural structures contribute to the representation of

spatial awareness as a component of the dorsal pathway that

connects visual cortex areas to the frontal lobe [34]. In our

VaD subjects, the rapid decline in the attention domain may

be explained by the involvement of cerebral white matter.

As all our VaD patients had small vessel disease associated

with marked subcortical ischemic vascular involvement of

cerebral white matter, we may hypothesize that the rapid

decline in attention was caused by the interruption in the

fronto-subcortical networks. This hypothesis is supported by

the recent MRI studies in which an association was found

between the impairment in the frontal-parietal-subcorti-

cal network and the decline in executive functions [35, 36].

In keeping with the findings of the previous studies, our

data suggest that vascular risk factors may exacerbate the

cognitive decline in subjects affected by dementia [37, 38].

We found a positive correlation between the number of

vascular risk factors and the reduced MMSE score in DD

subjects. Vascular risk factors, such as hypertension, dia-

betes, smoking, and hypercholesterolemia, are known to

target the neurovascular unit, upon which they exert a

deleterious effect. This effect causes neurovascular dys-

function and increases the brain’s susceptibility to injury

by altering the regulation of the cerebral blood supply, by

disrupting the blood brain barrier function, and by reducing

the trophic support and the potential repair of the injured

brain [39]. We cannot explain the lack of correlation

between the vascular risk factors and cognitive decline in

our VaD patients. One reason may be the small sample size

used in our study. However, Pavlovic et al. recently

reported, in keeping with the results of other studies, that

the cognitive decline in patients with small vessel disease is

related to the severity of white matter hyperintensity, and

not to vascular risk factors [40]. Therefore, in contrast to

AD, we cannot exclude that neurovascular function in

small vessel VaD is so highly damaged that vascular risk

factors do not exert any effect on cognitive decline.

Although our study has certain limitations, such as the

small sample size and the short follow-up, the results that

we obtained are supported by a comprehensive battery of

neuropsychological tests and by closely matched groups of

patients. These results suggest that a neuropsychological

evaluation helps to differentiate degenerative dementia

without evidence of small vessel pathology from small

vessel VaD in the early stages of these diseases when

cognitive impairments are not yet severe. In these stages,

episodic verbal memory function is impaired to a greater

extent in dementia patients without evidence of small

vessel pathology than in those with small vessel VaD.

Furthermore, our results suggest that cognitive decline

progresses at different speeds in these two diseases: pro-

gression is faster in DD than in small vessel VaD and is

only influenced by the presence of vascular risk factors in

DD. Further research on the comparative neuropsycho-

logical evaluation of dementia patients without evidence of

small vessel pathology and VaD patients affected by small

vessel diseases is required to shed more light on the neu-

ropsychological pattern in the early phases of these two

diseases. Future studies should be based on a large sample

size, careful characterization of patients, and MRI

evaluation.
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