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Aim. The study evaluated the efficacy of computer-aided cognitive 
training program on cognitive measures, behavioral and depressive 
symptoms in persons suffering from Major Vascular Neurocognitive 
Disorder (vNCD).
Methods. Retrospective study on a panel of 55 subjects with vNCD 
divided into a treatment group (n. 31) and a control group (n. 24) eval-
uated at baseline (T0) and at endpoint (T1) at 24 weeks. All subjects 
received the Mini Mental State Examination (MMSE), the Montgomery 
and Aasberg Depression Rating Scale (MADRS) and the Neuropsychi-
atric Inventory (NPI-P). The treatment group underwent a 24 weeks of 
computer-aided cognitive training.
Results. Significant better performances of the treatment group were 
recorded at T1on MMSE. A significant reduction of behavioral disorders 
was shown by the treatment group as compared to the control group. 
No effect was observed on depression.
Conclusions. Computer aided cognitive training showed positive ef-
fects on both behavioral and cognitive dimensions in persons suffering 
from vNCD.

Key words: nervous system, depression and dementia, behavioral and 
social sciences

INTRODUCTION

The growing size of elder population carries with an increased frequency of 
age-related disorders associated with cognitive impairment and dementia. 
Among these patients the larger part is given by subjects with Alzheimer’s 
disease (AD), followed by patients suffering from vascular forms of cognitive 
deterioration, currently labeled as Vascular Cognitive Impairment (VCI) 1 or, 
more recently, vascular neurocognitive disorder (vNCD) 2.Actually, there is 
a wide evidence of the effectiveness of non-pharmacological treatments in 
patients with dementia on cognitive 3, mood 4 and behavioral domains 5. 
Cognitive stimulation offers activities for people with dementia who provide 
benefits in cognition, self reported well being, quality of life, communi-
cation and social interaction 6. Effectiveness of cognitive rehabilitation in 
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post-stroke patients was clearly demonstrated in sev-
eral studies as well 7. On the other hand, there is a little 
evidence about the benefits of the cognitive stimulation 
in patients with vNCD.
In recent years some attention has been deserved in 
devising computer-aided programs to activate cognitive 
functioning in patient with Mild Cognitive Impairment 
(MCI) or dementia. 
A review and meta-analysis 8 report data of 12 comput-
er-based cognitive intervention studies in patients with 
dementia, showing intermediate results regarding cog-
nition and anxiety and small impacts concerning de-
pression. From the other hand, no effect was observed 
on functioning in daily activities. 
Similar intermediate results emerge from four RCTs 
on cognitive training 9, since half of the studies did not 
produce significant outcomes; only one study reported 
benefits on episodic memory and abstract reasoning, 
while the remaining study highlighted that comput-
er-based cognitive interventions can slow down cog-
nitive decline.
Finally, a recent systematic review  10 highlights that 
several factors may account for the discrepancies re-
ported across the studies carried on by computer-aid-
ed programs, i.e., the type and size of populations, the 
etiology of cognitive impairment etc. In particular, the 
Authors point to the different levels of cognitive impair-
ment, suggesting that different stages of the dementia 
pathway are associated with preferred stimulation ac-
tivities. People with mild or moderate dementia tend to 
prefer challenging tasks, such as the ones provided via 
videogames modality.
According to suggestions of the literature, aim of the 
present study was to evaluate the efficacy on cogni-
tive measures, behavioral and depressive symptoms 
in a group of patients suffering from mild to moderate 
vNCD by means of computer-aided cognitive training 
program. 

METHODS

Design anD subjects

The retrospective study included 55 patients with major 
vNCD according to DSM-5 criteria  2 divided into two 
distinct subgroups, namely, the treatment (TG) and 
control group (CG). The TG consisted of 20 men and 
11 women with a mean age of 73.3 (SD = 9.5) and a 
mean education (years of schooling) of 8.0 (SD = 3.2). 
The CG had a mean age of 72.2 (SD = 9.3) and a mean 
education of 8.3 (SD = 3.4). Both age and education 
did not significantly differed (Mann-Whitney U test) be-
tween TG and CG (Age: U = 342.0; p ns; Education: 
352.5; p ns). All subjects of the TG were outpatients 

recruited by convenience as referred to the rehabilita-
tive ward of the “Villa delle Magnolie” Clinic in Castel-
morrone (Campania, Italy), whereas CG subjects were 
outpatients followed by the Memory Clinic of the CTO 
Hospital in Naples (Campania, Italy). All patients lived 
at home with their spouse and/or relatives. The CG 
subjects were matched with TG patients according to 
better concordance in terms of age, sex, education and 
grading of cognitive impairment. 
Inclusion criteria for both groups were, along with clin-
ical diagnosis of vNCD, an age from 55 to 85 years; at 
least five years of formal education. Exclusion criteria 
included previous history of Epilepsy, Parkinson’s dis-
ease, major psychiatric disorders, alcohol or substance 
abuse, drugs interfering with cognition, relevant medi-
cal conditions not controlled by treatment. 
All patients completed a clinical protocol including 
medical history, standard neurological examination, 
screening cognitive testing and blood chemistry. 
All but two subjects from both groups underwent at 
least one brain MRI without gadolinium. In all cases a 
Fazekas score equal to or greater than 2 was record-
ed. Two subjects underwent brain CT scan because of 
the presence of a hearth pace-maker, both showing 
the picture of a relevant leukoariosis. Most of patients 
suffered from cardiovascular (hypertension, chronic 
ischemic cardiopathy, etc.) or metabolic disease (i.e, 
diabetes), but a precise cumulative impact of the dis-
eases (i.e. CIRS) has not been calculated. 

ProceDures

Patients from both groups were evaluated at baseline 
(T0) and at endpoint at 24 weeks (T1) in order to asses: 
1) general cognition by means of the Mini Mental State 
Examination (MMSE)  11,12; 2) depressive symptoms by 
the Montgomery and Aasberg depression rating scale 13; 
3) neurobehavioral symptoms by means of the Neuro-
psychiatric Inventory for psychopathology (NPI-P)  14. 
All assessment tools were administered by certified 
Psychologists. Furthermore, care was given in selecting 
the examiner, since each evaluation was performed by 
a Psychologist different from that of the previous one. 
These investigators were blinded to the patient’s group. 
Patients belongings to the TG underwent a 24 weeks 
of computer-aided treatment by the Neurotablet®, three 
sessions per week of about 50-60 min duration. The 
Neurotablet® training encompasses a set of different 
exercises tapping the main cognitive domains, namely 
Attention, Memory, Language, Perception and Exec-
utive functions. The platform was chosen because of 
implemented on cheap and easy-to-use hardware and 
its possibility in customizing and tailoring the program.
Cognitive training was guided or supervised by special-
ly trained personnel (motor and speech therapists).
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statistics

Given the small sample and the non-continuous char-
acteristics of variables, only non-parametric tests have 
been applied. The difference between TG and CG 
groups at T0 and T1 has been checked by the Mann 
Whitney  U test. The within comparison between T0 
and T1 has been performed by means of the Wilcoxon 
signed rank test. Significance level has been set at p 
0.05 level, one-sided.

RESULTS

The sample size calculation at 95% confidence level 
(5% margin of error; p .05) gave a minimum sample 
size of 49 subjects.
Table 1 reports means, SD and comparison (Mann-Whit-
ney) of MMSE, MADRS and NPI-P of the two groups at 
T0 and T1. Non difference approached significance on 
each measure at T0. Conversely, a significant difference 
was observed at T1; TG’s MMSE scores increased of 
more than one point, whereas in CG a decrease of 
almost 2.5 points was observed. A difference on mea-
sures of behavioral disorders was also observed. No 
difference approached significance between groups on 
the MADRS scores. 
As regards within group analysis, TG showed significant 
increase of MMSE at pre-post comparison (Z = -4.457; 
p < 0.0001) and decrease of both MADRS (Z = -4.356; 

P < 0.0001) and NPI-P (Z = -4.121; p < 0.0001) scores. 
A reverse effect on MMSE scores was observed in CG 
patients, who showed a significant decrease of MMSE 
scores (Z  =  -4.107; p  <  0.0001), with no significant 
change on depression (MADRS) and behavioral disor-
ders (NPI-P) (See Figure 1).
No participants experienced hospital admissions over 
the observation period.

DISCUSSION

The present study evaluated the efficacy of a 24 weeks 
computerized cognitive training on cognitive measures, 
behavioral and depressive symptoms in patients suf-
fering from vNCD by comparing a TG to a CG. While 
the effect of rehabilitation treatments is widely studied 
in patients suffering from AD 15, stroke 7 and traumatic 
brain injuries 16, only few studies have been focused on 
patients with vNCD. 
The treated vNCD group showed significant better cog-
nitive performances after the treatment, while the CG 
exhibited decreased scores at T1 after a similar period 
of observation. These results suggest that benefits of 
computerized cognitive training on natural cognitive 
deterioration process may be observed in patients suf-
fering from vNCD. The TG group showed as well a re-
duction of behavioral disturbances after the treatment. 
Multiple factors probably influenced the outcome. It is 

Table I. (A,B).
A. Number of participants, age, education and functional status (IADL, splitted by sex) of the two subgroups; B. Mean, median [Md], 
standard deviation (SD) and comparison between groups (BG) and within groups (WG) of patients with treated (TG) and untreated (CG) 
Vascular cognitive impairment on the MMSE, MADRS and NPI-P at baseline (T0) and at endpoint (T1).

A

TG (Mean, Md, SD) CG (Mean, Md, SD)
Participants 31 (M = 20; F = 11) 24 (M = 16; F = 8)
Age 73.3 [74.0] (9.5) 72.2 [74.0] (9.4)
Education 8.0 [8.0] (3.2) 8.3 [8.0] (3.3)
IADL M 3.1 [3.0] (1.1) 3.0 [3.0] (1.1)

F 4.6 [5.0] (1.6) 4.9 [5.0] (1.2)

B
    T0  T1

Tool Group Score
Mean, Md, SD

BG
Mann-Whitney

Score
Mean, Md, SD

BG
Mann-Whitney

WG
Mann-Whitney

MMSE TG 18.0 [18.0] (4.6) U = 347.0 (NS) 19.2 [19.0] (4.3) U = 238.5 (p 0.02) Z = -4.457 (p < 0.0001)
CG 18.5 [18.5] (4.7) 16.1 [16.5] (5.3) Z = -4.107 (p < 0.0001)

MADRS TG 13.1 [12.0] (4.2) U = 371.5 (NS) 11.0 [10.0] (3.1) U = 273.0 (NS) Z = -4.356 (p < 0.0001)
CG 13.2 [12.5] (4.4) 13.3 [13.0] (4.7) p NS

NPI-P TG 9.2 [9.0] (3.4) U = 346.0 (NS) 7.5 [7.0] (4.4) U = 252.0 (p < 0.05) Z = -4.121 (p < 0.0001)
CG 8.8 [8.5] (3.8) 9.3 [9.0] (3.4) p NS
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conceivable that the reduction of behavioral disorders 
improved the relationship with the caregivers, facilitated 
the taking of therapy for the vascular risk factors and 
reduced the intake of cognitively interfering drugs. This 
could result in better cognitive performances compared 
to those of the control group.
According to previous contributions on non-pharma-
cological treatments in patients suffering from AD, per-
sons with vNCD can benefit from cognitive intervention 
in both cognitive and behavioral domains. 
The present study is not free from several limitations, 
namely, the small size and type of the group under investi-
gation, along with the lacking of a more careful evaluation 

of the several conditions, other than neurological, poten-
tially influencing cognitive functioning. Beside this, we 
believe that another putative bias could be ascribed to 
the difficulty in carefully matching groups according to 
the site and extension of the vascular lesions. Further 
studies will better take into account these features. 

CONCLUSIONS

Since several contributions demonstrated the effec-
tiveness of non-pharmacological intervention in patient 
with dementia, stroke or traumatic brain injuries, a lack 
of evidence is currently available about the usefulness 
of cognitive training in people with vNCD. The present 
study showed the positive effects of a computerized 
cognitive training on persons suffering from chronic 
vNCD by comparing the cognitive, behavioral and 
mood domains of a “treatment group” with a “control 
group”. Positive effects were recorded on both cogni-
tion and behavior, but not on mood domain. As the ev-
idence of several contribution indicates the importance 
of cognitive simulation for dementia, the present study 
would underline the importance of providing non-phar-
macological intervention in vNCD as well.
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