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Background: There is a close interaction between cognitive
and functional performance in the normal brain. It increases
in cases of brain disease, where a worse initial cognitive
performance is associated with subsequent functional
decline.
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Objective: To describe the cognitive and functional
performance profile and their interaction in a population of
patients with Vascular Dementia (VD).
Methods: We studied 79 patients (Group 1, G1) with VD
and 80 healthy subjects without brain disease (Group 2,
G2). The following tests were administered to all the study
population: ADAS Cog., Trail Making Test (TMT), Mini
Mental State Examination (MMSE), Basic and instrumental
activities of daily living (ADL, IADL), Disability Assessment
for Dementia (DAD), and Gottfries-Brane-Steen Scale
(GBS). Scores were statistically evaluated usingthe
ANOVA Test, Spearman’s correlation matrix and Principal
Component Analysis (PCA).
Results: The average age of G1 was 72.6 + 7.1 and their
literacy level was 8.05 + 4.76 years. The cognitive profile
showed a significant global decline in the MMSE (19.9 +
3.77 points) and in the ADAS Cog (29.2 + 8.80 points).
In this group, the cognitive functions most compromised
were Memory, Orientation and Recognition and, to a lesser
degree, Attention, Language and Praxis. The functional
profile showed the greatest impairment in IADL. The PCA
showed a correlation of ADAS with TMT and Katz Index,
and of MMSE and DAD.
Conclusions: The results highlight the interaction between
complex functional performance and cognition, suggesting
an impact of cognitive impairments linked to executive
function on functional performance, of potential therapeutic
significance.

Introduction
Vascular Dementia (VD) is the most frequent type of
dementia after dementia of the Alzheimer’s type (DAT).
Its prevalence increases exponentially with age and its
risk doubles every 5.3 years. Nevertheless, up to 32% of
DAT cases have coexisting cerebrovascular lesions [1].
Cognitive deficits appear very early in patients with
cerebrovascular risk. In more than 1000 patients with
arterial hypertension recently studied in Argentina,
global cognitive impairment was 22.1%. Executive
function and semantic memory were the most affected
cognitive domains [2].
In VD, cognitive disturbances depend on the
brain areas involved [3]. In patients with stroke, the
functional impairment involving ADL is conditioned
by sensory and motor deficits. In contrast, in patients
with VD without stroke, the functional disorder is
more difficult to delineate. The functional-cognitive
interaction is increased either in DAT [4-6] or VD [7-9],
but in the latter, the cognitive decline progresses more
rapidly, possibly due to the predominance of functional
impairment [10-12].
In a comparative study of the cognitive and functional profiles of two lesion subtypes of cerebrovascular
disease (CVD), both subtypes showed cognitive disor-
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ders. In the cases showing brain infarcts with associated white matter damage, IADL were more seriously
impaired than in those with white matter damage and
no infarcts [13].
Consequently, it is important to establish the relation
between cognitive impairment and functional disorders
more accurately, and to try to identify the prevalent
cognitive deficits underlying a given functional disability.
The aim of this work is to describe the cognitive and
functional performance profile and their interaction in
a population of patients with VD without clinical stroke.

Subjects and Methods
We studied 159 subjects, 79 patients (48 men, 31
women) who met the NINDS-AIREN criteria [14] for
the diagnosis of VD (G1) and 80 subjects with neither
cognitive deficit, CVD, nor other neurological symptoms,
equivalent in age and literacy to G1, who consulted
other health services (G2).
We recruited participants at the following
institutions in the Buenos Aires area: Hospital Juan A.
Fernández, Hospital Italiano, Instituto de Investigaciones
Cardiológicas (ININCA), and Hospital Arturo Oñativia,
between June 2015 and October 2017.
All recruited participants gave their consent to take
part in the study.
G1 included patients with a clinical diagnosis of
possible or probable VD aged between 60 and 85 years,
who met the following criteria:
1. House holder care facility elderly residents not
requiring a caregiver.
2. Acceptable nutritional and general health status.
3. A 3 year literacy minimum.
The exclusión criteria were:
1. Disorders of consciousness.
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2. Systemic disorders or diseases causing dementia,
other than CVD.
3. Stroke in the previous 6 months.
4. Clinical focal deficit.
5. Concomitant psychiatric and/or neurological disease.
6. Chronic drug and/or alcohol intoxication in the last
5 years.
We obtained the medical, neurological and
psychiatric history of all the participants included in the
study. We established the presence of CVD by means
of Computed Tomography (CT) or Magnetic Resonance
Imaging (MRI) in 75 patients.

Neuropsychological assessment
In order to evaluate cognitive, functional and
behavioral performance, we administered the following
neuropsychological scales to all the study population:
ADAS Cog [15,16], Mini-Mental State Examination
(MMSE) [17,18], Trail Making Test (TMT) [19,20],
Disability Assessment for Dementia (DAD) [21], Basic
and Instrumental Activities of Daily Living (ADL, IADL,
Katz Index) [22,23], and Gottfries-Bräne-Steen Scale
(GBS) [24]. Unlike the other scales, GBS is subdivided
into four subscales evaluating motor, intellectual and
emotional function as well as additional symptoms.
We created a data matrix with the scores obtained
from the cognitive and functional scales administered
to G1, and compared them to those obtained from
the scales administered to G2. We then obtained a
curve graph comparing the cognitive and functional
performance profiles (Graph 1).
In order to optimize data analysis, we grouped
the cognitive components of the tasks evaluated
in the different scales into the following domains:
executive function, language (semantic and discursive
components), visuospatial function and memory. We

Graph 1: Comparative profiles of G1 and G2 normalized using z-score.
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Graph 2: Correlation Variable Plot.
Table 1: Results of cognitive scales G1 and G2.
ADAS Cog.
Total
Word Recall
Orientation
Naming
Constructional Praxis
Following commands
Ideational Praxis
Word recognition
Remembering test instructions
Intelligibility
Loss of words
Comprehension
TMA
MMSE
Total
Orientation
Attention and Calculation
Recall
Language
Copying

M

DS

M

DS

Z

29.2
7.1
3.2
1.6
1.6
1.1
1.3
7.0
1.7
1.5
1.6
1.5
238.4

8.80
1.82
2.18
1.12
1.31
1.20
1.58
3.75
2.13
1.12
1.09
1.12
96.32

6.94
3.86
0.17
0.51
0.55
0.26
0.04
1.21
0.10
0.02
0.11
0.11
41.3

2.69
1.18
0.56
0.71
0.82
0.44
0.20
0.73
0.32
0.14
0.31
0.31
15

8.27
2.74
4.26
1.53
1.2
1.9
6.3
7.9
5
10
4.8
4.48
13.14

19.9
6.4
2.6
0.8
6.8
0.50

3.77
2.20
1.62
0.95
1.15
0.50

28.76
9.97
4.56
2.52
7.97
0.92

1.3
0.23
0.75
0.67
0.16
0.26

6.81
15.52
2.56
2.56
7.31
1.61

also grouped functional activities into ADL and IADL.
We

performed

a

correlation
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analysis

using

Spearman’s correlation matrix and Principal Component
Analysis (PCA) (Graph 2).
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Results
The average age of the patients in G1 was 72.6 + 7.1
years and the average number of years of literacy was
8.05 + 4.76. The mean time of progression to dementia
was more than one year in all cases.
We found cortical and/or sub cortical infarcts in 76
patients (96%). In addition, we observed other lesions
associated to dementia, particularly white matter
periventricular changes (leukoaraiosis) in 59 patients
(82%).
The cognitive profile showed significant global
impairment in the MMSE (19.9 + 3.77 points) and in the
Adas Cog (29.2 + 8.80 points). The TMT A was slowed,
with a performance time of 238.4 + 96.32 sec (Table 1).
The ADL and IADL tests revealed a performance deficit
with the following results: Katz Index 1.6 + 2.10 and
DAD 58.6 + 24.27 (Table 2).
The cognitive domains and systems most impaired
in G1 were: Executive function (orientation, attention
and calculation, and visual construction), memory
(immediate and recognition) and, to a lesser extent,
language (semantic component). ADL and IADL were
also compromised, the latter more severely.
The correlation study yielded the following results.
The analysis of the first component (higher variability
PCA) showed a strong correlation between general
cognitive performance (ADAS Cog total score), executive
functions (orientation, praxis, visual construction,
working memory), language (command comprehension,
spontaneous language, naming), memory (word
recognition), attention (TMA) and the Katz Index (0.99).
In addition, we observed a high correlation between
IADL and emotional GBS. No correlations with episodic
memory tasks were found.
The analysis of the second and third component
showed a positive correlation of executive function,
language, attention and memory with the basic and
instrumental DAD (Table 3).

Discussion
The results obtained in the cognitive and functional
tests and scales administered to G1 showed more
divergence in executive functions in relation to the
Table 2: Results of functional scales. Group 1.
Katz Index
DAD total
DAD Instrumental
DADBasic
GBSTotal
GBS Motor
GBS Intellectual
GBSEmotional
GBS Other symptoms

M
1.9
58.6
43.5
77.6
35.9
6.3
17.5
4.8
7.3
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DS
2.10
24.27
29.55
23.02
20.86
6.15
9.72
3.80
5.43

expected mean (Graph 1). The components involved
were: working memory, attention, time-spatial
estimation and ideational praxis. Despite achieving
lower scores than expected, the semantic language
components involved in the naming and following
verbal command tasks did not show a significant
decrease. In spontaneous language, the intelligibility,
comprehension and word finding deficit items of the
ADAS Cog for G1 showed significant differences with
G2. These results were expected given the underlying
vascular structural damage.
The memory involvement was verified by failure
in learning the sub items of the word recall and
recognition tasks of the ADAS Cog, revealing breakdown
in the stimulus codification process and perceptual
representation, with impact on long-term memory
performance.
The results obtained suggest a significant impact of
the sub cortical component on the executive-dependent
cognitive processes.
The impairment of verbal episodic memory seems to
be the largest cortical substrate of cognitive disorders,
unlike language, which is less compromised.
On analyzing the results focusing on cognitivefunctional correlations, we observe that the first
component showed a strong correlation between
global cognitive performance, executive function,
memory and language and functional activities of
Table 3: Principal Component Analysis.
ADAS Total
ADAS Word Recall
ADAS Orientation
ADAS Naming
ADAS Constructional praxis
ADAS Following commands
ADAS Ideational praxis
ADAS Word recognition
ADAS Remembering test instructions
ADAS Intelligibility
ADAS Loss of words
ADAS Comprehension
MMSE Total
MMSE Orientation
MMSE Immediate Recall
MMSE Attention and Calculation
MMSE Recall
MMSE Language
Trail Making A
GBS Motor
GBS Intellectual
GBS Emotional
Katz Total
DAD Instrumental
DAD Basic
DAD Total

PC1
0.64
0.34
0.89
0.82
0.87
0.97
0.98
0.82
0.98
0.93
0.88
0.91
-0.10
0.37
-0.02
0.02
-0.57
0.48
0.66
-0.26
-0.59
-0.80
0.99
-0.24
0.02
-0.10

PC2
0.19
0.49
-0.14
-0.17
-0.26
-0.24
-0.17
0.06
-0.18
-0.11
-0.14
-0.16
0.91
0.57
0.78
0.12
0.77
0.32
0.23
0.96
0.80
0.25
-0.08
0.97
0.93
0.97

PC3
0.75
0.80
0.44
0.55
0.41
0.07
0.01
0.57
-0.02
0.36
0.44
0.38
0.39
0.74
0.63
0.99
-0.30
0.82
0.71
-0.01
0.12
0.54
0.07
0.01
0.36
0.21

PC: principal component.
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medium complexity (Katz). The second component
showed similar correlations with complex instrumental
activities.
These results seem to show that the executive system constitutes the most compromised axis in at least
two performance dimensions: first, in global cognitive
performance, since the tasks involved in executive control are the most disturbed in both general scales and,
second, in the performance of functional tasks of different complexity evaluated in the Katz and DAD scales.
Executive function is a high complexity cognitive
domain which comprises several functions required for
the efficient execution of a cognitive process, enabling
active retrieval of the information stored in long term
memory. Executive system indemnity is vital for optimal
everyday performance, which constitutes a “high level”
cognitive process.
The attention system is one of its main components,
particularly the so called Anterior Attention Network,
which regulates voluntary processing control in
situations requiring some kind of planning, strategy
development, conflict resolution, and stimulation/
inhibition response. A very close relation is believed
to exist between this network and conscious stimulus
detection as well as working memory processes [25].
Working memory, one of the impaired subsystems
in patients with VD, is another of the main components
of executive function, which enables adequate action
planning and choice of the best strategy to achieve a
certain goal. In addition, correct decision making, such
as appropriate time estimation, depends on the correct
functioning of the executive system. Structural lesions
of the nervous system disturb its performance, having
a great impact on everyday activities involving the
participation of these high level processes, for example
left prefrontal cortex lesions, manifested in clinical
practice as intentional control deficit.
Several reports suggest that the effects of a vascular
lesion on cognitive function are mediated by the
interactions in structural and functional connectivity,
and that cognitive functions would be the result of the
interaction between cortical and sub cortical regions
[26,27].
Kim, et al. [28] found a reduced efficiency of the
frontal network to influence the effects of small vessel
disease-related lesions on frontal gray matter loss as
well as on executive dysfunction.
The interrelation between cognition and functional
performance observed from the onset of psychomotor
development is well known. In childhood, cognitive
maturation results in the acquisition of capacities
for functional activities of daily living, while in old
age a reversed pattern of decline is observed [29,30].
Consequently, cognition and functional performance
Labos et al. Int J Neurol Neurother 2019, 6:079
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declines tend to associate or combine [31,32]. It has
even been observed that a functional impairment can
precede a cognitive disorder [33-35], both in old age
and in progressive decline. Also, a worse initial cognitive
disorder is associated with a rapid and subsequent
functional decline and vice versa [36]. It has been
shown that the direct measurement of IADL may detect
significant differences between patients with mild
cognitive impairment and normal subjects [37].
The cognitive impairment which eventually appears
in the first weeks following a stroke, evidenced by a
deficit in the codification phase of verbal stimuli and by
the disorder in figure copying in the visual and spatial
domain, has been described as an independent and
significant predictor of long-term functional capacity
[12].
In line with our findings, various reports show that
changes in ADL are strongly associated to memory
deficits, and those disturbing IADL have been linked to
a disorder of executive functions [38], regardless of the
sub cortical pathology observed [39].
Specifically, Jefferson, et al. highlight the impact
of executive processes on different ADL, such as using
means of transport or managing money [9]. Tasks such
as cooking, housekeeping and managing finances are
the most vulnerable to cognitive decline.
Disturbances in ADL may be considered unidimensional, but their clinical repercussion might vary
according to the hierarchy or importance of the function
affected [40]. These disturbances are associated to
social withdrawal in patients with vascular cognitive
impairment [41], as ADL disability is the main factor that
impacts on the quality of life of patients with cognitive
impairment.
In summary, certain specific cognitive functions seem
to underlie the various functionalities, whose deficit
results in disability, incapacity and social withdrawal.
CVD can be treated and prevented with specific
pharmacological treatment. For the cognitive impairment resulting from CVD, in contrast, only symptomatic
or nonspecific pharmacological treatments are available. However, since such impairment is a predictor
of functional disability, its early detection and tracking
may have a prevention value leading to rehabilitation
and sustainability strategies. Moreover, given the relation between both modalities, functional performance
and cognition, such strategies might contribute, in turn,
to improve the causal or associated cognitive deficit,
as there is evidence that this interaction occurs in both
senses. It should be noted that maintaining the functional capacity, mobility and skills of patients with CVD
will translate into a better quality of life, with a significant improvement in social and family life impacting on
the healthcare system [42].
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Among the strengths of this work, we can mention
the findings reinforcing the interaction between
cognition and functional performance, the possibility to
differentiate the underlying structural impairment from
the cognitive components involved, and the therapeutic
implications that may result.
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A limiting factor, not specifically analyzed in this
work, is that part of the functional alterations may
be attributed to an emotional factor, as it seems to
arise from the correlation described in the analysis of
the first component (Table 3). Some reports describe
progressive symptoms of depression in patients with
VD with possible effects on their everyday activities
[3]. A better control of the emotional variable will be
necessary in future studies, as well as a larger number
of patients, in order to confirm the results obtained.

14. Roman GC, Tatemichi TK, Erkinjuntti T, Cummings JL,
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