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EFFICACY OF COMPUTER-ASSISTED COGNITIVE STIMULATION IN PSYCHIATRIC
DISORDERS: CORRELATIONS BETWEEN DIAGNOSIS, TREATMENT AND EVOLU-
TION OF COGNITIVE SCORES (Abstract): This study aims to investigate the effectiveness
of computer-assisted cognitive stimulation (CACS) in improving cognitive deficits associated
with psychiatric disorders. Materials and methods: The study evaluated the impact of the
CACS intervention on cognitive functions using standardized instruments such as the Mini-
Mental State Examination (MMSE) and the Montreal Cognitive Assessment (MoCA). In addi-
tion, the influence of diagnosis and demographic variables on the results obtained was ana-
lyzed, highlighting significant variations depending on the typology of the psychiatric disorder
treated. Results: The data indicate considerable improvements in the cognitive domain, with
differences between diagnostic groups highlighting the importance of a differentiated approach.
Conclusions: The results support the need for personalization of interventions and highlight
the relevance of assessing qualitative factors in the application of CACS, opening new research
directions for optimizing the treatment of psychiatric disorders through cognitive technology.
Keywords: COMPUTER-ASSISTED COGNITIVE STIMULATION (CACS), PSYCHIAT-
RIC DISORDERS, COGNITIVE ASSESSMENT, MMSE, MOCA.

INTRODUCTION

Psychiatric disorders, such as depression
and schizophrenia are often associated with
profound cognitive deficits, which signifi-
cantly impact the quality of life of patients.
These cognitive impairments not only occur

frequently but also vary depending on the
type of disorder, the patient’s age and the
severity of symptoms (1). In particular, the
importance of cognitive assessment has been
emphasized in the context of neurodegenera-
tive diseases, for example, (2) highlight the
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essential role of standardized instruments,
such as Mini-Mental State Examination
(MMSE) and Montreal Cognitive Assess-
ment (MoCA), in identifying cognitive defi-
cits which are sometimes not detectable by
conventional clinical assessments.

Non-pharmacological interventions,
such as computer assisted cognitive stimu-
lation (CACS) have shown considerable
potential in improving these deficits. Re-
cent studies suggest that the effects of
CACS may be influenced by factors such
as the specific diagnosis, age and intensity
of the intervention. (3) and (4) showed that
the response to CACS varies depending on
the clinical characteristics of the patients
and (5) reported moderate improvements in
cognitive function, although with notable
differences between different psychiatric
disorders (6).

These findings highlight the need for
personalized interventions, adapting them
to the particularities of each patient to max-
imize cognitive benefits.

Another aspect of interest is the impact
of age on the effectiveness of CACS (7)
found that age is not always a robust pre-
dictor of intervention outcomes, suggesting
that variables such as the number of ses-
sions and the severity of initial cognitive
deficits may play a more determining role.
In this regard, (8) demonstrated that an
increased number of CACS sessions is
associated with significant improvements
in MMSE and MoCA scores, highlighting a
positive relationship between the interven-
tion and cognitive performance.

Therefore, analyzing the efficacy of
CACS, assessed changes in MMSE and
MoCA scores, as well as investigating the
influence of diagnosis and other factors
(age, number of sessions) on cognitive out-
comes, are crucial for the development of
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personalized and evidence-based therapeutic
strategies in the treatment of cognitive defi-
cits associated with psychiatric disorders.

MATERIALS AND METHODS

This study included 92 patients with
psychiatric disorders. Inclusion criteria for
selecting patients with a confirmed diagno-
sis of psychiatric disorders who had partic-
ipated in a minimum of 10 sessions of
computerized cognitive stimulation. Exclu-
sion criteria included the presence of major
comorbidities that could influence the as-
sessment of cognitive function, the inabil-
ity to provide informed consent and the
existence of severe medical conditions
requiring urgent interventions. These pa-
tients completed at least 10 sessions of
CACS. Diagnoses were numerically coded
to facilitate statistical analysis (e.g., 1 -
emotionally unstable personality disorder,
2 - bipolar affective disorder - depressive
episode, 3 - severe depressive episode -
generalized anxiety disorder). In the first
table is presented the full list of psychiatric
conditions included in the study.

Patients were selected according to the
inclusion and exclusion criteria established
in the study protocol.

Cognitive function was assessed using
the MMSE and MoCA, both before and
after CACS intervention. The number of
CACS sessions ranged from 3 to 233, de-
pending on the protocol individualized for
each patient.

The procedure included an initial as-
sessment of patients using MMSE and
MoCA, followed by CACS, with a fre-
quency of 1-2 sessions per week, each
session lasting 60 minutes.

After completing the CACS session, pa-
tients were re-assessed using the same
cognitive scales.
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TABLE I.
Psychiatric diagnoses included in the study and numerical coding
Numeric Diagnostic
code
1 Emotionally unstable personality disorder
2 Bipolar affective disorder - depressive episode
3 Severe depressive episode, Generalized anxiety disorder
4 Depressive episode with anxiety elements
5 Severe depressive episode
6 Organic mood disorder
7 Mixed dementia, Recurrent depressive disorder
8 Acute psychotic disorder with schizophrenia symptoms
9 Recurrent depressive disorder, severe current episode
10 Mixed dementia, Recurrent depressive disorder
1 Generalized anxiety disorder, Obsessive-compulsive disorder
12 Severe depressive episode with atypical features
13 Mild cognitive disorder
14 Atypical autism
15 Mixed dementia - mild form
16 Paranoid schizophrenia
17 Attention and activity disorder
18 Dependent personality disorder
19 Recurrent depressive disorder - severe current episode
20 Recurrent depressive disorder - current episode moderate
21 Dementia in early-onset Alzheimer’s disease
22 Emotionally unstable personality disorder, Mild depressive episode
23 Generalized anxiety disorder, Depressive episode with atypical features
24 Panic disorder, Mild depressive episode, Mixed dementia
25 Recurrent depressive disorder - current moderate episode with psych cognitive features
26 Severe depressive episode, generalized anxiety disorder, Sleep disorder
27 Recurrent depressive disorder - current moderate episode, Nonorganic insomnia
28 Mild depressive episode, Adjustment disorder
29 Mild cognitive disorder, Anxiety disorder
30 Recurrent depressive disorder
31 Emotionally unstable personality disorder
32 Adjustment disorder, Nonorganic insomnia
33 Mild cognitive disorder, Moderate depressive episode, Paroxysmal anxiety disorder
34 Posttraumatic stress disorder
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Numeric Diagnostic
code

35 Recurrent depressive disorder - mild current episode

36 Anxiety disorder, Recurrent depressive disorder - moderate depressive episode

37 Mixed anxiety and depressive disorder

38 Mixed dementia, Organic personality disorder, Severe depressive episode

39 Cognitive disorder, Recurrent depressive disorder, Generalized anxiety disorder

40 Recurrent depressive disorder - severe current episode without psychotic symptoms

41 Recurrent depressive disorder - severe current episode without psychotic symptoms,
Generalized anxiety disorder

42 Mild depressive episode, Panic disorder

43 Moderate depressive episode

44 Panic disorder

45 Cognitive disorder, Severe current depressive episode with psychotic symptoms

46 Cyclothymia

47 Bipolar affective disorder - depressive episode, Cognitive disorder

48 Anxiety disorder, Mild depressive episode

49 Sleep disorder

50 Schizophrenia

51 Emotionally unstable personality disorder, Anxiety disorder

52 Cognitive disorder, Chronic organic cerebral disorder

53 Moderated mixed dementia, Moderate depressive episode

54 Moderate depressive episode with anxious - interpretive elements

55 Moderated mixed dementia, Severe depressive episode

56 Late-onset alzheimer’s disease dementia

57 Sexual identity disorder, Disturbance of attention and activity

58 Mixed dementia, Recurrent depressive disorder - severe current episode

59 Cognitive disorder

60 Mixed dementia

Statistical analyses included the paired-
samples t-test used to compare MMSE and
MoCA scores before and after the interven-
tion, to determine whether there was a
significant improvement in cognitive func-
tion. One-way ANOVA was used to com-
pare differences between diagnostic groups
in terms of MMSE and MoCA scores.
Pearson correlations were calculated to
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assess the relationship between age, num-
ber of CACS sessions and differences in
cognitive scores (AMMSE and AMoCA).
All personal data of patients were stored
and processed in accordance with GDPR
regulations. Patients signed an informed
consent agreement regarding the processing
of personal data. The data were stored elec-
tronically in digital form using the Mi-
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crosoft Excel program, ensuring confiden-
tiality and security of the information.

RESULTS

The study aimed to evaluate the effects
of the CACS intervention on cognitive func-
tion, using two internationally recognized
instruments: MMSE and MoCA.. The results
indicate a clear improvement in cognitive
performance, illustrated both by the increase
in the mean scores and by the statistical
significance of the observed changes.

Specifically, the mean score on the
MMSE test improved from 25.17, recorded
before the intervention, to 26.33 after its
application. This increase is supported by a
t-statistic of -3.686 and a p-value of
0.000386, which means that the probability
that the observed difference is due to
chance is practically negligible. In addi-
tion, a correlation coefficient of 0.798 be-
tween the pre- and post-intervention scores
confirms the existence of a strong linear
relationship, indicating that the initial per-
formance is a good predictor of subsequent
cognitive improvement. Similarly, for the
MoCA test, there was an increase in mean
scores from 24.29 to 26.40. This difference
is marked by a t-statistic of -10.737 and
extremely small p-values (p one-tail =
3.72453x10"(-18) and p two-tail =
7.44906x107(-18)), which emphasizes that
the improvement is not attributable to
chance. A correlation coefficient of 0.909
between pre- and post-intervention meas-
urements highlights an almost perfect asso-
ciation, demonstrating the consistency and
robustness of the cognitive improvements.

Statistically, an exceedingly small p-
value indicates that the differences between
measurements are significant and unlikely
to arise from chance, which validates the

effectiveness of the CACS intervention.
Also, the remarkably high correlation coef-
ficients (0.798 for MMSE and 0.909 for
MoCA) reflect a close and predictive rela-
tionship between cognitive performance
before and after the intervention, thus con-
firming the positive impact of applied
method.

ANOVA analysis revealed that the spe-
cific diagnosis of the patients significantly
influences cognitive performance, with an F
of 142.86 (p ~ 1.12x107(-24)) for MMSE
scores and 133.58 (p =~ 1.59x107(-23)) for
MoCA scores. In addition, the correlation
analyses between age and score variations
(AMMSE and AMoCA) generated coeffi-
cients close to zero (approximately -0.00739
and -0.03891), indicating that age does not
play a determining role in the evolution of
cognitive performance post-intervention.
Similarly, the weak relationship between the
number of CACS sessions and changes in
scores (r = 0.01645 for AMMSE and r = -
0.03203 for AMoCA) suggests that the in-
tensity of the intervention, measured by the
number of sessions, is not a significant pre-
dictor of cognitive improvement.

For a visual understanding of the rela-
tionship between the studies variables, the
following graphs were developed.

This graph shows the distribution of
MMSE score variations according to age,
highlighting a very low correlation coeffi-
cient (r = -0.00739). Thus, it can be con-
cluded that the age factor does not have a
significant impact on cognitive improve-
ment, suggesting that the benefits of CACS
apply uniformly across the age range of
patients.

Similarly, this graph indicates a correla-
tion coefficient of approximately -0.03891,
confirming that age differences are not
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associated with significant variations in
MoCA scores. This finding supports the
idea that the intervention produces positive
results regardless of the age group.

Visual analysis of the data shows a
weak correlation (r = 0.01645) between the
number of sessions and MMSE score im-
provement. This observation suggests that
although the number of sessions varies
significantly between patients, the intensity
of the interventions is not a direct predictor
of cognitive improvement measured by

MMSE.

Similarly, the analysis of the relation-
ship between the number of sessions and
the variation of MoCA scores indicates a
non-significant correlation coefficient (r = -
0.03202). This confirms that intensity (in
terms of number of sessions) does not di-
rectly influence cognitive outcomes and
other variables, such as the specificity of
the diagnosis or individual characteristics
of the patients, may play a more determin-
ing role.

Relationship between change in MMSE
scores and age
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Fig. 1. Relationship between change in MMSE scores and age

Relationship between change in MoCA scores
and age
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Fig. 2. Relationship between change in MoCA scores and age
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Relationship between change in MMSE scores and
number of CACS sessions performed
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Fig. 3. Relationship between change in MMSE scores
and number of CACS sessions performed.

Relationship between change in MoCA scores
and number of CACS sessions performed
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Fig. 4. Relationship between change in MoCA scores
and number of CACS sessions performed.

Thus, the CACS intervention generated
significant increases in cognitive function,
and the statistical values obtained confirm
both the real significance of these changes
and the consistency of the improvements,
demonstrating the effectiveness of the
method within the study.

DISCUSSION

The study clearly highlights that CACS
intervention leads to significant improve-
ments in cognitive function, as reflected in

the notable increase in MMSE and MoCA
scores post-intervention. Paired-samples t-
tests showed a significant mean difference:
MMSE scores increased from 25.17 to
26.33 (t = -3.686; p = 0.000386; r = 0.798),
and MoCA scores improved from 24.29 to
26.40 (t = -10.737; p one-tail = 3.72x10718,
p two-tail = 7.45x10718; r = 0.909). ANO-
VA analysis also demonstrated that specific
diagnosis has a significant impact on cog-
nitive performance, with very high F-
values (F = 142.86 for MMSE and F =
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133.58 for MoCA, with p < 0.001 in both
cases). These findings are in line with the
literature, which supports that CACS can
bring relevant benefits, but the response to
treatment varies depending on the patient’s
diagnostic profile (3, 4).

The graphs completed the statistical
analysis and provided additional visual
interpretation. Figure 1 illustrates the rela-
tionship between age and AMMSE, and
Figure 2. shows the relationship between
age and AMoCA; both graphs highlight the
correlation coefficients close to 0 (r = -
0.00739 and r = -0.03891, respectively),
confirming that age is not a significant
predictor of improvement in cognitive
function. Similarly, Figure 3 and Figure 4
show the relationship between the number
of CACS sessions and the changes in
scores (AMMSE and AMoCA) and the
results show a very weak correlation (r =
0.01654 for AMMSE and r = -0.03203 for
AMoCA). These observations suggest that,
although it can be assumed that a higher
intensity of the intervention could lead to
superior outcomes, the number of sessions
per se is not a significant predictor of cog-
nitive improvements in this study.

Therefore, in the current context, the re-
sults demonstrate that the beneficial effects
of CACS are determined by the specificity
of the diagnosis rather than by demographic
factors or the intensity of intervention, thus
opening the way for future investigations to
explore other moderating factors, such as the
quality of the sessions or the initial stage of
cognitive deficits. These aspects, highlight-
ed both by statistical analysis and graphical
representations, will be subject to detailed
analysis in future discussions, thus provid-
ing a solid basis for optimizing non-
pharmacological interventions in the man-
agement of cognitive deficits in patients
with psychiatric disorders.
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Despite the encouraging findings related
to CACS, several limitations of the current
study must be acknowledged. First, the in-
herent heterogeneity of psychiatric disorders
and the variability in cognitive impairments
among patients complicate the evaluation of
CACS efficacy (9, 10. Many of the existing
studies have been conducted with relatively
small sample size and without rigorous con-
trol groups, which limits the generalizability
of their findings (11, 12. Additionally, the
reliance on self-reported measures of cogni-
tive functioning may introduce bias, as pa-
tients’ insight into their own cognitive defi-
cits can vary considerably (13).

Furthermore, the current literature often
does not adequately account for confound-
ing variables such as medication effects,
comorbid conditions and socio-
demographic factors, all of which can sig-
nificantly influence cognitive outcomes
(14, 15). Future studies should strive to
address these limitations by recruiting larg-
er, more diverse samples and incorporating
objective measures of cognitive functioning
alongside self-report instruments (16, 17).

The promising efficacy of computer-
assisted cognitive stimulation (CACS) in
psychiatric disorders opens several exciting
avenues for future research. As psychiatric
treatment continues to advance, integrating
CACS with conventional therapeutic mo-
dalities may further enhance cognitive
outcomes in patients with diverse psychiat-
ric conditions. Future investigations should
prioritize longitudinal studies that examine
the long-term effects of CACS on both
cognitive  functioning and psychiatric
Symptoms, especially in populations with
comorbid conditions (18, 19. In addition,
employing advanced neuroimaging tech-
niques to explore the neurobiological
mechanisms underlying CACS may shed
light on its influence on brain function and
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structure (20).

Moreover, the potential constructive in-
teraction of combining CACS with non-
invasive brain stimulation methods, such as
transcranial magnetic stimulation (TMS) or
deep brain stimulation (DBS), merits fur-
ther exploration. Early evidence suggests
that these combined approaches can ampli-
fy cognitive improvements and alleviate
psychiatric symptoms (21, 22, 23).

This study has some limitations that
need to be considered. First, the retrospec-
tive design may introduce biases related to
the selection and quality of the available
data. Second, the sample size and diversity
of the study population may limit the gen-
eralizability of the results. Also, the lack of
a control group reduces the ability to at-
tribute direct causality to the intervention.
In addition, variables such as treatment
adherence and socio-economic factors were
not controlled for, which could influence
the results obtained.

CONCLUSIONS

The present study provides compelling
evidence that CACS exerts a significant
positive impact on cognitive function
among patients with psychiatric disorders.
Our statistical analyses revealed that both

REFERENCES

MMSE and MoCA scores improved mark-
edly following the intervention, thereby
confirming the clinical efficacy of CACS.
Notably, the data indicates that the specific
psychiatric diagnosis plays a pivotal role in
determining cognitive outcomes, under-
scoring the importance of tailoring inter-
ventions to the individual’s clinical profile.
In contrast, neither age nor the number of
cognitive stimulation sessions exhibited a
significant correlation with the magnitude
of cognitive improvements, suggesting that
the therapeutic benefits of CACS remain
consistent across different demographic
groups and intervention intensities.

These findings advocate for the ad-
vancement of personalized CACS proto-
cols, wherein interventions are adapted to
the unique cognitive profile and diagnostic
characteristics of patients. Future research
should focus on refining these personalized
approaches, as well as on exploring addi-
tional factors that might modulate treat-
ment efficacy to ultimate optimize cogni-
tive outcomes in psychiatric populations.

CONFLICTS OF INTEREST

AND FUNDING

All the authors declare no funding re-
ceived and no conflict of interest.

Fisekovic S, Memic A, Pasalic A. Correlation between MoCA and MMSE for the assessment of cogni-
tion in schizophrenia. Acta Informatica Medica 2012; 20(3): 186-189.

Videnovic A, Bernard B, Jaglin J, Shannon KM. The Montreal cognitive assessment as a screening tool
for cognitive dysfunction in Huntington’s disease. Movement Disorders 2010; 25(3): 401-404.

Coyle H, Traynor V, Solowij N. Computerized and virtual reality cognitive training for individuals at
high risk of cognitive decline: Systematic review of the literature. American Journal of Geriatric Psy-
chiatry 2015; 23(4): 335-359.

Chou KL, Lenhart A, Koeppe RA, Bohnen NI. Abnormal MoCA and normal range MMSE scores in
Parkinson disease without dementia: Cognitive and neurochemical correlates. Parkinsonism Relat Dis-
ord 2014; 20(10): 1076-1080.

61



10.

11

12.

13.

14.
15
16.
17.

18.

10.

20.

21.
22.

23.

62

Andreea-Catilina Morosan et al.

Bowie CR, Bell MD, Fiszdon JM, et al. Cognitive remediation for schizophrenia: An expert working
group white paper on core techniques. Schizophrenia Research. 2020; 215: 49-53.

Chen L, Huang J, Wang S, et al. Effect of Carotid Artery Morphological Variations on Cognitive Func-
tion. Behavioral Neurology 2018; 2018.

Hayashi H, Sone T, lokawa K, et al. Effects of computerized cognitive training on biomarker responses
in older adults with mild cognitive impairment: A scoping review. Vol. 7, Health Science Reports. John
Wiley and Sons Inc, 2024.

Desai R, Leung WG, Fearn C, John A, Stott J, Spector A. Effectiveness of Cognitive Stimulation Thera-
py (CST) for mild to moderate dementia: A systematic literature review and meta-analysis of random-
ized control trials using the original CST protocol. VVol. 97, Ageing Research Reviews. Elsevier Ireland
Ltd, 2024.

Rock PL, Roiser JP, Riedel WJ, Blackwell AD. Cognitive impairment in depression: A systematic re-
view and meta-analysis. Psychological Medicine 2014; 44: 2029-2040.

Shamsi S, Lau A, Lencz T, et al. Cognitive and symptomatic predictors of functional disability in schiz-
ophrenia. Schizophr Res 2011; 126(1-3): 257-264.

. Wood L, Williams C, Billings J, Johnson S. A systematic review and meta-analysis of cognitive behav-

ioral informed psychological interventions for psychiatric inpatients with psychosis. Schizophrenia Re-
search 2020; 222: 133-144.

Fett AKJ, Viechtbauer W, Dominguez M de G, Penn DL, van Os J, Krabbendam L. The relationship
between neurocognition and social cognition with functional outcomes in schizophrenia: A meta-
analysis. Neuroscience and Biobehavioral Reviews 2011; 35: 573-588.

Carvalho JCN, Donat JC, Brunnet AE, Silva TG, Silva GR, Kristensen CH. Cognitive, Neurobiological
and Psychopathological Alterations Associated with Child Maltreatment: A Review of Systematic Re-
views. Child Indicators Research 2016; 9: 389-406.

Schuwerk T, Langguth B, Sommer M. Modulating functional and dysfunctional mentalizing by tran-
scranial magnetic stimulation. Front Psychol 2014; 5: 1309 / doi: 10.3389/fpsyg.2014.01309.

. Agarwal S, Presciutti A, Verma J, et al. Women have worse cognitive, functional, and psychiatric out-

comes at hospital discharge after cardiac arrest. Resuscitation 2018; 125: 12-15.

Downar J, Blumberger DM, Daskalakis ZJ. The Neural Crossroads of Psychiatric lliness: An Emerging
Target for Brain Stimulation. Trends in Cognitive Sciences 2016; 20: 107-120.

Cimpianu CL, Strube W, Falkai P, Palm U, Hasan A. Vagus nerve stimulation in psychiatry: a systemat-
ic review of the available evidence. Journal of Neural Transmission 2017; 124: 145-158.

Warden D, Sanchez K, Greer T, et al. Demographic and clinical characteristics of current comorbid
psychiatric disorders in a randomized clinical trial for adults with stimulant use disorders. Psychiatry
Res. 2016; 246: 136-41.

Nieman DH, Chavez-Baldini U, Vulink NC, et al. Protocol across study: Longitudinal transdiagnostic
cognitive functioning, psychiatric symptoms, and biological parameters in patients with a psychiatric
disorder. BMC Psychiatry 2020; 20(1): 212 / doi: 10.1186/ s12888-020-02624-X.

Peters SK, Dunlop K, Downar J. Cortico-striatal-thalamic loop circuits of the salience network: A cen-
tral pathway in psychiatric disease and treatment. Vol. 10, Frontiers in Systems Neuroscience. Frontiers
Media S.A. 2016.

Demirtas-Tatlidede A, Vahabzadeh-Hagh AM, Pascual-Leone A. Can noninvasive brain stimulation
enhance cognition in neuropsychiatric disorders? Neuropharmacology 2013; 64: 566-578.

Sheth SA, Bijanki KR, Metzger B, et al. Deep Brain Stimulation for Depression Informed by Intracrani-
al Recordings. Biol Psychiatry 2022; 92(3): 246-251.

Matsuda Y, Yamazaki R, Shigeta M, Kito S. Transcranial magnetic stimulation modalities for psychiat-
ric disorders: Publication trends from 1985 to 2019. Neuro-psychopharmacol Rep 2021; 41(4): 538-543.



