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Aim: Today, Alzheimer’s disease is one of the most common diseases, especially in old age, and it is important to help recognize
and treat this disease. The purpose of this study was to compare the effectiveness of transcranial direct current stimulation (tDCS)
and short-term cognitive rehabilitation protocols on the improvement of depression and anxiety symptoms in patients with mild
Alzheimer’s disease.

Methods: The research method was an extended experiment with two experimental groups and one control group. The statistical
population included all patients over 65 years of age with mild Alzheimer’s who had been referred to a neurologist in 2020, and
among these people, 60 people were selected through available sampling and then randomly assigned to two experimental groups
and one control group. Then, the independent variables of the tDCS method for 10 sessions of 20 min once a week were applied to
an experimental group and a short-term cognitive rehabilitation program of 9 sessions (90 min each session) was applied once
aweek to the second experimental group, and no intervention was performed on the third group. After the end of the intervention,
the post-test was conducted with an interval of 1 week on the experimental and control groups. After 1 month, the studied groups
were followed up again. A neuropsychological questionnaire (NPI) was used to collect information.

Results: The results showed that both studied methods caused a significant reduction in depression in both the post-test and
follow-up periods, but only the tDCS method was able to maintain its reduction in the follow-up period. Also, both methods have
caused a significant improvement in the anxiety variable both during the post-test and during the follow-up period.
Conclusion: Therefore, it can be concluded that both methods can be used to improve the symptoms of depression and anxiety in
patients with mild Alzheimer’s disease.
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1. Introduction lifespan [2]. According to the World Health Organization

(WHO), individuals aged 60 years and older are considered

The significant increase in life expectancy over recent de-  elderly [3]. According to a United Nations report, life ex-

cades has led to rapid growth in the elderly population
worldwide [1]. Aging is an inevitable phenomenon that is
part of the natural transformations of life throughout the

pectancy at age 60 is expected to rise globally from 19.7 years
in the period 2045 to 2050. This report predicts that between
2045 and 2050, the population aged over 60 in less developed
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countries will grow at an annual rate of 5.3%, which is nine
times greater than the growth rate of the same population in
developed countries. Iran’s population has also experienced
significant changes in total fertility and mortality rates in
recent years, leading to a shift in the age structure from
youth to middle age. Continuing this trend will result in
a rapid aging of Iran’s population [4], posing significant
challenges for societies and healthcare systems [5]. As in-
dividuals age, they gradually lose some of their physiological,
cognitive, and social functions. Although this decline in
functional status may not necessarily lead to dependency, it
significantly affects the vulnerability of this demographic
group [6]. Cognitive impairments are among the common
issues of old age, affecting approximately 35% of the elderly,
with Alzheimer’s disease being considered the progressive
stage of this impairment [7]. Alzheimer’s disease is char-
acterized by progressive and degenerative brain damage that
severely impacts cognitive functions and brain processes,
occurring in the context of full consciousness and depending
on the type and severity of the underlying cause [8]. Alz-
heimer’s disease manifests as a collection of cognitive,
memory, language, psychological, and psychiatric distur-
bances, disrupting daily activities [9]. Although the pro-
gression of Alzheimer’s disease varies significantly from
patient to patient, there are similarities that allow for
classification into mild, moderate, and advanced stages [10].
Research shows that the greater the severity of Alzheimer’s
disease, the more pronounced the deficiencies in memory
and executive functions, which are considered indicators of
disease progression [11]. The clinical symptoms of mild
Alzheimer’s syndrome include noticeable recent memory
problems, deficits in at least one other cognitive domain, and
reduced independence in functioning. Impairment in
functioning can manifest in various forms, such as diffi-
culties in managing finances, spatial disorientation in fa-
miliar places, and inability to perform occupational or
household tasks. At this stage, patients often have less dif-
ficulty recalling past information [10]. Neuropsychiatric
symptoms are common among patients with dementia
(Alzheimer’s disease), with reports indicating a 95% prev-
alence rate in these patients [12, 13]. Increasing evidence
suggests that psychiatric symptoms in Alzheimer’s patients
are primarily reflective of pathological changes related to the
disease [14]. These symptoms, which are fundamental as-
pects of dementia, have significant clinical implications for
the quality of life of both patients and their caregivers [15].
Depression and anxiety are among the most common types
of these symptoms, imposing substantial challenges on
patients and their caregivers. One of the treatments that can
improve cognitive function and neuropsychiatric symptoms
is transcranial direct current stimulation (tDCS). The ad-
vantages of this treatment include its simplicity, lack of side
effects, short duration, low cost, and its nature as a non-
pharmacological intervention devoid of the side effects of
chemical medications [16]. tDCS is used to control the
excitability of neural cells by delivering a small current
through an electrode placed on the scalp.

Anodal stimulation increases cortical activity by
bringing the resting potential closer to the threshold
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potential, while cathodal stimulation inhibits excitability by
separating the resting potential from the threshold potential
[8]. This noninvasive brain stimulation method uses a weak
electrical current applied to the scalp to induce temporary
changes in the excitability of cortical areas [17]. Applying
tDCS to the left dorsolateral prefrontal cortex (DLPFC)
increases parasympathetic activity and decreases sympa-
thetic activity, leading to improved cognitive function [18].

Since controlling brain activity impacts brain functions,
especially memory, planning, attention, and information
processing, researchers are examining the clinical use of the
DLPEC for central nervous system disorders and cognitive
improvement. Placing the anode on the left DLPFC and the
cathode on the right DLPFC is the most common protocol
for tDCS to enhance working memory, cognitive perfor-
mance, and mental state [17]. Studies have shown the
promising therapeutic role of noninvasive brain stimulation
in neuropsychiatric disorders, including depression and
anxiety. For example, Nasiri et al. [19]; Goerigk et al. [20];
and Herrera-Melendez et al. [21] demonstrated the efficacy
of this treatment in improving depressive and anxiety
symptoms in various patients. Another type of intervention
that has recently attracted the attention of many researchers
and therapists is cognitive intervention, known as cognitive
rehabilitation. Cognitive rehabilitation is a term used for the
treatment and rehabilitation of cognitive disorders, with the
primary goal of improving deficits and cognitive functions
such as memory, executive functions, social cognition, and
attention [22]. Cognitive rehabilitation is based on princi-
ples of neuroplasticity and includes targeted exercises to
improve various cognitive domains such as memory, at-
tention, language, and executive functions. It involves
training based on findings from cognitive sciences to en-
hance or restore cognitive functions (accuracy, attention,
visual-spatial perception, auditory discrimination, various
types of memory, especially working memory, and other
executive functions). This approach relies on the principle of
neuroplasticity and aims to restore lost cognitive capacities
through targeted exercises and stimuli, ultimately enhancing
individual performance in activities through improved
perception, attention, memory, problem-solving, alertness,
and conceptualization [23]. Studies such as those by Sayadi
et al. [24], Jafari and Bafandeh [25], and Olukolade and
Osinowo [26] have shown the effectiveness of these cognitive
programs and training in improving psychological symp-
toms like depression and anxiety. Considering that caring
for Alzheimer’s patients requires significant time and fi-
nancial resources, causing various problems for the patient
and their family, early diagnosis and treatment of this disease
can slow the progression, delay functional decline, reduce
treatment costs, and alleviate the burden on caregivers [27].
Additionally, there have been limited studies on the effec-
tiveness of tDCS on the prefrontal cortex in elderly Alz-
heimer’s patients in Iran, and most cognitive rehabilitation
protocols are long-term and require numerous sessions. This
study aims to address whether there is a significant differ-
ence between the effectiveness of cognitive rehabilitation
programs and tDCS on depressive and anxiety symptoms in
patients with mild Alzheimer’s disease.
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2. Materials and Methods

This research utilizes an expanded experimental method
with two experimental groups and one control group,
conducted using a pre-test and post-test approach. The
statistical population of this study includes all elderly in-
dividuals over the age of 65 with mild Alzheimer’s disease
who visited a neurologist in the year 2022. The randomi-
zation was carried out using a computer-based simple
randomization method via the software Randomizer.org.
After confirming eligibility based on the inclusion criteria,
60 qualified participants were randomly assigned equally (20
participants per group) using a table of random numbers,
ensuring a balanced distribution of baseline characteristics
such as age and severity of Alzheimer’s symptoms. Due to
the nature of the interventions, complete blinding of par-
ticipants and therapists was not feasible, as the differences
between the tDCS sessions, cognitive rehabilitation pro-
gram, and the absence of intervention in the control group
were evident. However, the outcome assessors, who ad-
ministered the Neuropsychiatric Inventory (NPI) during the
pre-test, post-test, and follow-up phases, were blinded to the
group allocation of participants (single-blind design) in
order to minimize assessment bias. The independent vari-
able, tDCS, was administered to one experimental group for
10 sessions of 20 min each, once a week. tDCS was delivered
using a two-channel NEUROSTIM 2 device (Medina Teb
Gostar, Iran), equipped with two independent power sources
to provide fully isolated anodal and cathodal stimulation.
The protocol involved anodal stimulation applied to the left
DLPFC (DLPEC, F3 position per the 10-20) and cathodal
stimulation to the right DLPFC (F4 position) to enhance
cortical excitability and modulate emotional processing.
Two conductive carbon electrodes (5x7cm), encased in
saline-soaked (0.9% NaCl) synthetic sponges, were used to
ensure optimal conductivity and minimize skin irritation. A
constant current of 2mA was delivered for 20 min per
session, with a 30s linear ramp-up phase at the start and
a 30s linear ramp-down phase at the end to enhance par-
ticipant comfort and safety. The device’s impedance control
feature maintained impedance below 10 kQ), preventing skin
irritation or burns. The intervention consisted of 10 weekly
sessions, each lasting approximately 25min (including
setup), administered by a trained clinician following stan-
dardized safety protocols. The second experimental group
received a short-term cognitive rehabilitation program
consisting of 9 sessions (each session lasting 90 min),
designed based on Luria’s approach to the substitution of
healthy functions [28], as outlined in Table 1. The content
validity of the program was confirmed by experts, and it was
administered once a week. No intervention was performed
on the control group. After the intervention, a post-test was
conducted on both experimental and control groups 1 week
later. Additionally, the groups were followed up 1 month
after the intervention. Inclusion criteria for the study were:
absence of heart disease, no wounds or scratches on the
head, informed consent to participate in the study, absence
of contagious diseases, absence of serious illnesses such as
cancer, and absence of epilepsy. Exclusion criteria included

the presence of personality disorders, a history of substance
abuse or dependency on drugs or alcohol, and receiving
psychological services from other centers during the study.
To control for potential confounding factors, participants’
medication profiles, including antidepressants, anxiolytics,
and Alzheimer’s-related medications (e.g., cholinesterase
inhibitors), were documented at baseline through caregiver
interviews and medical record reviews. Participants were
required to maintain stable medication regimens throughout
the study, and any medically necessary changes were
recorded and considered in the analysis. Cognitive reserve
was approximated using participants’ educational attain-
ment, a recognized proxy for cognitive reserve, collected via
structured interviews. Participants who initiated new psy-
chotropic medications or experienced significant dosage
changes during the study were excluded from the final
analysis to minimize medication-related confounding ef-
fects. It is worth noting that ethical considerations were
observed by explaining the purpose of the study and the
principle of confidentiality to the participants and obtaining
their informed consent before enrolling them in the study.
The following questionnaire was used to collect data.

2.1. NPI Questionnaire. The NPI questionnaire is used to
assess nonpsychological symptoms in dementia patients and
is also applicable to vascular dementia and other neurological
diseases in the elderly. The designers of this questionnaire
have added a caregiver distress scale to it in separate studies.
The NPI includes 12 subscales, with scores higher than 6
indicating the presence of the respective subscale in the
participant [29]. Compared to other tools for assessing
psychological symptoms, the NPI offers several useful fea-
tures, such as covering a broader range of psychopathological
symptoms, evaluating common behavioral changes associated
with dementia (including irritability, euphoria, and apathy, in
addition to other behavioral changes assessed by other tools),
and providing screening questions. Its depression and anxiety
subscales are particularly suited for this study, as they sen-
sitively capture symptom severity and frequency in Alz-
heimer’s disease, enabling precise evaluation of intervention-
related changes based on caregiver reports. One significant
advantage is that scoring the 12 NPI items is based on in-
formation obtained from caregivers, thus avoiding the issues
related to asking questions directly to the patient or relying on
observations of the patient’s behaviors over a short period.
The score for each disorder is obtained by multiplying the
frequency (rated 1-4) and severity (rated 1-3) scores of the
disorder in the patient. The total score for psychological
symptoms in a patient is determined by summing the scores
of the identified disorders. High scores indicate a high fre-
quency and severity of psychological symptoms in the patient
[30]. These tools have demonstrated excellent content and
construct validity alongside acceptable reliability. The test-
retest reliability correlations for symptom frequency and
severity were reported as 0.79 and 0.86, respectively [12].
Additionally, inter-rater reliability showed Pearson correla-
tion coefficients of 0.987 for aggression, 0.953 for depression,
0.975 for anxiety, 1.00 for apathy, 0.997 for disinhibition,
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TaBLE 2: Descriptive statistics of depression and anxiety variables by experimental group and time; (standard deviation) mean.
Mauchly’s test Equality of means test
Variable L. . Significance (effect size)
Significance Epsilon Test used . .
Time Group * time
Depression 0.001 0.640 Greenhouse—Geisser (0.805) 0.001 (0.740) 0.001
Anxiety 0.001 0.769 Huynh-Feldt (0.809) 0.001 (0.760) 0.001
TaBLE 3: Results of Mauchly’s test and test of equality of means.
Mauchly’s test Equality of means test
Variable L. . Significance (effect size)
Significance Epsilon Test used . .
Time Group * time
Depression 0.001 0.640 Greenhouse-Geisser (0.805) 0.001 (0.740) 0.001
Anxiety 0.001 0.769 Huynh-Feldt (0.809) 0.001 (0.760) 0.001
TaBLE 4: Bonferroni post-hoc tests between three times for each study group.
Bonferroni post hoc test results (pairwise comparison of means)
Variable Short-term
Control group cognitive rehabilitation TDCS
. Pre-test-post-test (p = 0.001) Pre-test-post-test (p = 0.001)
Depression — Pre-test-follow-up (p = 0.001) Pre-test-follow-up (p = 0.001)
Post-test-follow-up (p = 0.008) pip=0
Anxiety . Pre-test-post-test (p = 0.001) Pre-test-post-test (p = 0.001)

Pre-test-follow-up (p = 0.001)

Pre-test-follow-up (p = 0.001)

0.944 for irritability, 1.00 for appropriate motor behavior,
1.00 for sleep pattern changes, 0.991 for appetite and
eating pattern changes, and 0.968 for the overall ques-
tionnaire score (p<0.005). The internal consistency,
measured by Cronbach’s alpha, was 0.639 for all 12
subscales and the overall questionnaire score, and 0.601
for the first 10 subscales and the overall questionnaire
score. In test-retest reliability, Pearson correlation co-
efficients for various subscales were as follows: 1.00 for
delusions, 1.00 for hallucinations, 0.984 for aggression,
0.973 for depression, 0.939 for anxiety, 1.00 for euphoria,
0.915 for apathy, 1.00 for disinhibition, 0.950 for irrita-
bility, 1.00 for abnormal motor behavior, 0.936 for sleep,
1.00 for appetite, and 0.961 for the overall questionnaire
score (P for irritability was 0.131, and for other variables
less than 0.005) [29].

3. Findings

Descriptive information (mean and standard deviation)
related to the variables of depression and anxiety, catego-
rized by the control group, short-term cognitive re-
habilitation program group, and the tDCS group at three
different times (pre-test, post-test, and follow-up period), is
reported in Table 2.

To assess the effectiveness of the two studied methods in
improving depression and anxiety, a repeated measures
analysis of variance (ANOVA) was conducted with three
groups (control, short-term cognitive rehabilitation program,

and transcranial direct current stimulation (tDCS)) and three
different times (pre-test, post-test, and follow-up period). It
should be noted that all assumptions for this test were met,
and the normality of the residuals for all models was tested
using the Shapiro-Wilk test, which was not rejected at a 0.95
confidence level. In this analysis, Mauchly’s test of sphericity
was initially used to test the null hypothesis of sphericity. If the
significance of this test was greater than 0.05, the null hy-
pothesis of sphericity was accepted, and the ANOVA was
conducted assuming sphericity. Otherwise, if sphericity was
not assumed, depending on whether the epsilon value was
greater than 0.75 or not, the Huynh-Feldt correction or the
Greenhouse-Geisser correction was applied, respectively. The
results of the Mauchly’s test and the test of equality of means
for the variables of depression and anxiety are reported in
Table 3.

The results in Table 3 indicate that there is a significant
difference in the two variables, depression and anxiety,
across the three times (pre-test, post-test, and follow-up).
The effect sizes (eta-squared) for the variables of depression
and anxiety were 0.805 and 0.809, respectively. Additionally,
to compare the means between the three times and sepa-
rately for the three groups, the Bonferroni post hoc test was
used, and the results are reported in Table 4.

The results reported in Table 4 indicate that both the
short-term cognitive rehabilitation method and the tDCS
method significantly reduced depression in both the post-
test and follow-up periods. The only difference between the
two methods regarding this variable is that, unlike the tDCS
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method, the short-term cognitive rehabilitation method did
not maintain its reduction effect in the follow-up period.
Furthermore, both methods significantly improved anxiety
in both the post-test and follow-up periods.

4, Discussion and Conclusion

This study aimed to compare the effectiveness of tDCS and
a short-term cognitive rehabilitation protocol on depression
and anxiety in patients with mild Alzheimer’s disease. The
first finding showed that both methods significantly reduced
depression in both the post-test and follow-up periods. In
simpler terms, both methods effectively reduced depression
in patients with Alzheimer’s disease. The only difference was
that the short-term cognitive rehabilitation method failed to
maintain its reduction effect in the follow-up period, unlike
the tDCS method. This finding aligns with the results of
studies by Nasiri et al. [19]; Goerigk et al. [20]; Herrera-
Melendez et al. [21]; Nozari et al. [31]; and Berryhill and
Martin [32].

Another finding showed that both the short-term cog-
nitive rehabilitation method and tDCS significantly improved
anxiety in both the post-test and follow-up periods. In simpler
terms, both methods equally reduced anxiety in patients with
mild Alzheimer’s disease, with no significant difference in
their effectiveness. This finding is consistent with the studies
by Bashi Abdolabadi et al. [33]; Sayadi et al. [24]; Jafari and
Bafandeh [25]; Olukolade and Osinowo [26]; Taherifard et al.
[34]; Arastoo et al. [35]; and Brunoni et al. [36].

To explain the effectiveness of tDCS in reducing de-
pression, it can be stated that recent neuroimaging and
electrophysiological studies provide direct evidence for the
mechanisms underlying the therapeutic effects of tDCS and
cognitive rehabilitation in mild Alzheimer’s disease. For
instance, anodal tDCS to the left DLPFC enhances cortical
excitability and functional connectivity in frontoparietal
networks, as evidenced by fMRI, which may improve
emotional regulation and reduce depressive symptoms.
Additionally, tDCS upregulates brain-derived neurotrophic
factor (BDNF), promoting synaptic plasticity and sup-
porting mood improvements in neurodegenerative condi-
tions [37]. Studies have also indicated that right frontal alpha
band asymmetry is inversely related to depression [38].
Regarding the effectiveness of tDCS in reducing anxiety, it
can be explained that tDCS, by affecting amygdala activity,
promotes positive emotional processing and emotional
control [39, 40]. The system works such that when the
stimulating electrode is placed on the left hemisphere and
the inhibitory electrode on the right hemisphere, it reduces
negative emotions. This method leads to changes in brain
function by altering neuronal excitability [41]. Although the
observed symptom improvements in patients may be at-
tributed to interventions such as tDCS, the multifactorial
etiology of cognitive decline in Alzheimer’s dis-
ease—including neurodegeneration, vascular alterations,
and psychological factors—suggests that attributing these
improvements solely to such interventions oversimplifies the
underlying mechanisms. It is more likely that these treat-
ments alleviate depression and anxiety symptoms by
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modulating neural networks, such as the DLPFC, rather than
by directly altering the core neuropathology of Alzheimer’s
disease (e.g., amyloid-beta or tau accumulation). Psycho-
logical factors, such as reduced stress and improved mood,
may also indirectly contribute to enhanced quality of life,
thereby influencing the outcomes observed. Future studies
should explore the interaction between these interventions
and biological markers (e.g., CSF amyloid-beta) to clarify
their impact on disease pathology [42]. Additionally, the
effectiveness of the short-term cognitive rehabilitation
method can be explained by its significant impact on im-
proving processing speed, cognitive flexibility, and memory.
This method notably enhances the activity of the prefrontal
cortex. It is a type of brain training that uses a specific and
specialized program aimed at increasing cognitive skills or
developing cognitive abilities through exercises that can lead
to significant changes in behavioral levels, attention,
memory, and other executive functions of the brain. Given
the close relationship between executive functions and
anxiety disorders, cognitive rehabilitation training can ef-
fectively improve anxiety symptoms and reduce anxiety [43].
Regarding the effectiveness of this method in reducing
depression, it can be stated that individuals with depression
often exhibit frontal lobe dysfunction, which is responsible
for the brain’s executive functions. It is not surprising that
these individuals experience reduced attention, concentra-
tion, working memory, and slower information processing,
leading to lower overall cognitive performance. Improving
these cognitive functions through cognitive rehabilitation
training, in addition to enhancing attention, concentration,
and information processing, also reduces depression [44],
hallucinations and delusions [45]. One of the limitations of
this study is the use of convenience sampling. Therefore, it is
recommended that future research employ random sam-
pling methods to increase accuracy. Additionally, it is
suggested that the effectiveness of a combined method of
tDCS and short-term cognitive rehabilitation be tested.
Another limitation was the partial control of confounders,
such as medication effects and cognitive reserve. Although
medication profiles were monitored, individual pharma-
cological variability may have influenced results. Similarly,
cognitive reserve, approximated by educational attainment,
may not fully capture this construct. Future studies should
use tools like the Cognitive Reserve Index questionnaire
(CRIq) and advanced statistical methods, such as analysis of
covariance, to better control these factors. Additionally, the
difference in session duration and number between tDCS (10
sessions, 20 min each) and cognitive rehabilitation (9 ses-
sions, 90 min each) may introduce a confounding variable,
potentially affecting the comparability of intervention ef-
fects. Future studies should standardize session duration.
Furthermore, this study lacked objective biomarkers, such as
amyloid-beta or tau levels, limiting insights into biological
mechanisms. Complete blinding was not feasible due to
intervention differences, and the 1-month follow-up may
not capture long-term effects. Future studies should in-
corporate biomarkers (e.g., CSF amyloid-beta, tau, or fMRI
connectivity), employ sham-controlled tDCS for robust
blinding, control confounders using advanced statistical
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methods, and extend follow-up periods (e.g., 6-12 months)
to assess the durability and mechanistic basis of therapeutic
effects.

Data Availability Statement

The datasets generated and/or analyzed during the current
study are available from the corresponding author on rea-
sonable request.

Ethics Statement

The ethical principles of this study were approved by the
Ethics Committee of the University of Mohaghegh Ardabili
with the code IR.UMA.REC.1401.008.

Disclosure

This manuscript builds upon earlier work presented in the
following thesis: Arezoo Mojarrad, Esmaeil Sadri Damirchi,
Ali Sheykholeslami, Ali Rezaeisharif, and Vahid Abbasi
(2024). Comparison of the effectiveness of transcranial direct
current stimulation (tDCS) and short-term cognitive re-
habilitation protocols on the improvement of depression and
anxiety symptoms in patients with mild Alzheimer’s disease
(Doctoral dissertation). University of Mohaghegh Ardabili.
This research is derived from the first author’s doctoral
dissertation.

Conflicts of Interest

The authors declare no conflicts of interest.

Funding

No funding was received for this manuscript.

Acknowledgments

The authors wish to express their sincere gratitude to the
University of Mohaghegh Ardabili for its support. Special
thanks are extended to all the participants in this study for
their invaluable contributions.

References

[1] L. Ren, Y. Zheng, L. Wu, et al., “Investigation of the Preva-
lence of Cognitive Impairment and Its Risk Factors Within
the Elderly Population in Shanghai, China,” Scientific Reports
8, no. 1 (2018): 3575, https://doi.org/10.1038/541598-018-
21983-w.

[2] S. Chobe, M. Chobe, K. Metri, S. K. Patra, and R. Nagaratna,
“Impact of Yoga on Cognition and Mental Health Among
Elderly: A Systematic Review,” Complementary Therapies in
Medicine 52, no. 52 (2020): 102421, https://doi.org/10.1016/
j.ctim.2020.102421.

[3] P. R. Konda, P. K. Sharma, E. Ganguly, and A. R. Gandhi,
“Correlates of Geriatric Depression Among Urban South
Indian Elders,” Journal of the Neurological Sciences 405
(October 2019): 94, https://doi.org/10.1016/j.jns.2019.10.1741.

[4] World Health Organization, “10 Facts on Aging and the Life
Course”.

[5] E. Ntanasi, M. Yannakoulia, N. Mourtzi, et al., “Prevalence
and Risk Factors of Frailty in a Community-Dwelling Pop-
ulation: The HELIAD Study,” Journal of Aging and Health 32,
no. 1-2 (January 2020): 14-24, https://doi.org/10.1177/
0898264318801735.

[6] K. J. Chiang, H. Chu, H. J. Chang, et al., “The Effects of
Reminiscence Therapy on Psychological Well-Being, De-
pression, and Loneliness Among the Institutionalized Aged,”
International Journal of Geriatric Psychiatry 25, no. 4 (2010):
380-388, https://doi.org/10.1002/gps.2350.

[7] P.E. Cuevas, P. M. Davidson, J. L. Mejilla, and T. W. Rodney,
“Reminiscence Therapy for Older Adults With Alzheimer’s
disease: A Literature Review,” International Journal of Mental
Health Nursing 29, no. 3 (2020): 364-371, https://doi.org/
10.1111/inm.12692.

[8] M. Noroozi Homayoon, A. Nasiri, E. Sadri Damirchi, and
M. Narimani, “The Comparison of the Effectiveness of
Emotional Cognitive Regulation Training and Transcranial
Direct Current Stimulation on Resilience, Cognitive Flexi-
bility, and Rumination in Older Women With Major De-
pressive Disorder,” Aging Psychology 11, no. 1 (2025): 42-21,
https://jap.razi.ac.ir/article_3661_en.html?lang=fa.

[9] A. Ault and S. Brzuzy, “Removing Gender Identity Disorder
from The “Diagnostic and Statistical Manual of Mental
Disorders”: A Call for Action,” Social Work 54, no. 2 (2009):
187-189, https://doi.org/10.1093/sw/54.2.187.

[10] S. Samandari, Geriatric Psychiatry (Basic Principles of As-
sessment, Diagnosis and Management of Cognitive Disorders),
Ist ed. (Tehran: Arya Publishing House, 2014).

[11] A. M. Kirova, R. B. Bays, and S. Lagalwar, “Working Memory
and Executive Function Decline Across Normal Aging, Mild
Cognitive Impairment, and Alzheimer’s Disease,” BioMed
Research International 2015 (2015): 1-9, https://doi.org/
10.1155/2015/748212.

[12] R. F. Allegri, D. Sarasola, C. M. Serrano, et al., “Neuro-
psychiatric Symptoms as a Predictor of Caregiver Burden in
Alzheimer’s Disease,” Neuropsychiatric Disease and Treat-
ment 2, no. 1 (2006): 105-110, https://doi.org/10.2147/
ndt.s12160165.

[13] D. Aarsland, J. L. Cummings, and J. P. Larsen, “Neuropsy-
chiatric Differences Between Parkinson’s disease With De-
mentia and Alzheimer’s Disease,” International Journal of
Geriatric Psychiatry 16, no. 2 (2001): 184-191, https://doi.org/
10.1002/1099-1166(200102)16:2%3A184::aid-gps304%
3E3.0.co52-k.

[14] D.I.Kaufer,J. L. Cummings, D. Christine, et al., “Assessing
the Impact of Neuropsychiatric Symptoms in Alzheimer’s
Disease: The Neuropsychiatric Inventory Caregiver Dis-
tress Scale,” Journal of the American Geriatrics Society 46,
no. 2 (1998): 210-215, https://doi.org/10.1111/j.1532-
5415.1998.tb02542.x.

[15] D. Aarsland, K. Bronnick, U. Ehrt, et al., “Neuropsychiatric
Symptoms in Patients With Parkinson’s Disease and De-
mentia: Frequency, Profile and Associated Caregiver Stress,”
Journal of Neurology, Neurosurgery ¢ Psychiatry 78, no. 1
(2007): 36-42, https://doi.org/10.1136/jnnp.2005.083113.

[16] M. Noroozi Homayoon, M. Almasi, E. Sadri Damirchi, and
M. Hatami Nejad, “Comparing the Effectiveness of Trans-
cranial Direct Current Stimulation and Repeated Transcranial
Magnetic Stimulation Treatment on Working Memory, Im-
pulsivity and Self-Harm Behaviors in People With Borderline
Personality,” Neuropsychology 8, no. 31 (2023): 1-19, Persian,
https://doi.org/10.30473/clpsy.2023.65222.1678.

- yoaIweq Lpes |Bews3 Aq 60S9T99/RRI/GSTT OT/10p/wod Ao 1M ARIq1eUUO//SANY W1} papeojumod ‘T ‘G202 ‘5206

a5UBD| SUOWILLOD BAIIRID a(qedt|dde ay Aq pausenob afe sapie YO ‘98N JO sanJ 10y AriqiT auliuO AS|IA UO (SUOIIPUOD-pUE-SWLLIB) WO A3 1M ARelg 1 pU L UO//SANY) SUORIPUOD pue SWid | Y} 39S *[G20z/L0/62] Lo ARlgiTauliuo AB|iM * (DUl eAnde ) agnopeay


http://doi.org/10.1038/s41598-018-21983-w
http://doi.org/10.1038/s41598-018-21983-w
http://doi.org/10.1016/j.ctim.2020.102421
http://doi.org/10.1016/j.ctim.2020.102421
http://doi.org/10.1016/j.jns.2019.10.1741
http://doi.org/10.1177/0898264318801735
http://doi.org/10.1177/0898264318801735
http://doi.org/10.1002/gps.2350
http://doi.org/10.1111/inm.12692
http://doi.org/10.1111/inm.12692
https://jap.razi.ac.ir/article_3661_en.html?lang=fa
http://doi.org/10.1093/sw/54.2.187
http://doi.org/10.1155/2015/748212
http://doi.org/10.1155/2015/748212
http://doi.org/10.2147/ndt.s12160165
http://doi.org/10.2147/ndt.s12160165
http://doi.org/10.1002/1099-1166(200102)16:2%3A184::aid-gps304%3E3.0.co;2-k
http://doi.org/10.1002/1099-1166(200102)16:2%3A184::aid-gps304%3E3.0.co;2-k
http://doi.org/10.1002/1099-1166(200102)16:2%3A184::aid-gps304%3E3.0.co;2-k
http://doi.org/10.1111/j.1532-5415.1998.tb02542.x
http://doi.org/10.1111/j.1532-5415.1998.tb02542.x
http://doi.org/10.1136/jnnp.2005.083113
http://doi.org/10.30473/clpsy.2023.65222.1678

(17]

(18]

(19]

[20

(21]

[22

[23

[24

[25

[26

(27]

(28]

(29]

M. Noroozi Homayoon, A. Nasiri, E. Sadri Damirchi,
M. Narimani, and M. Razmi, “Comparison of the Effective-
ness of Cognitive Emotion Regulation Training and Trans-
cranial Direct Current Stimulation on Executive Functions,
Perceived Burden, and Loneliness in Students with Major
Depression,” Clinical Psychology and Personality (2025):
Persian, https://doi.org/10.22070/cpap.2025.19843.1637.

M. Ahmadizadeh and M. Rezaei, “Effectiveness of Trans-
cranial Direct Current Stimulation (tDCS) on Depression,
Anxiety and Rumination of Patients With Post-Traumatic
Stress Disorder Symptoms (PTSD),” Journal of military
medicine 22, no. 3 (2020): 264-272.

A. Nasiri, M. Narimani, E. Sadri Damirchi, and
M. Noroozi Homayoon, “A Comparison of the Effectiveness
of Transcranial Direct Current Stimulation and Hypnother-
apy on Rumination, Self-Compassion, and Quality of Life in
Divorced Women,” Women’s Health Bulletin 12, no. 3 (2025):
https://doi.org/10.30476/whb.2025.105249.1333.

S. Goerigk, E. Cretaz, B. Sampaio-Junior, et al., “Effects of
tDCS on Neuroplasticity and Inflammatory Biomarkers in
Bipolar Depression: Results From a Sham-Controlled Study,”
Progress in Neuro-Psychopharmacology and Biological Psy-
chiatry 105 (2021): 110119, https://doi.org/10.1016/
j.pnpbp.2020.110119.

A. L. Herrera-Melendez, M. Bajbouj, and S. Aust, “Applica-
tion of Transcranial Direct Current Stimulation in Psychia-
try,” Neuropsychobiology 79, no. 6 (2020): 372-383, https://
doi.org/10.1159/000501227.

E. Bergo, G. Lombardi, A. Pambuku, et al., “Cognitive Re-
habilitation in Patients With Gliomas and Other Brain Tu-
mors: State of the Art,” BioMed Research International 2016
(2016): 1-11, https://doi.org/10.1155/2016/3041824.

F. Mattioli, C. Stampatori, C. Scarpazza, G. Parrinello, and
R. Capra, “Persistence of the Effects of Attention and Exec-
utive Functions Intensive Rehabilitation in Relapsing Re-
mitting Multiple Sclerosis,” Multiple sclerosis and related
disorders 1, no. 4 (2012): 168-173, https://doi.org/10.1016/
j.msard.2012.06.004.

M. Sayadi, Z. Eftekhar Saadi, and B. Makvandi, “Effect of
Cognitive Rehabilitation Training on Anxiety, Depression
and Emotion Regulation in Women With Postpartum De-
pression,” Iranian Journal of Rehabilitation Research 5, no. 2
(January 2019): 25-32, https://ijrn.ir/article-1-381-en.
htmlPersian.

R. Jafari and H. Bafandeh, “The Effectiveness of Cognitive
Rehabilitation on Anxiety Reduction and Brainwave Pattern
in Patients With Anxiety Disorder,” IJRN 7, no. 1 (2020):
66-74, https://doi.org/10.29252/ijrn.7.1.66.

O. Olukolade and H. O. Osinowo, “Efficacy of Cognitive
Rehabilitation Therapy on Poststroke Depression Among
Survivors of First Stroke Attack in Ibadan, Nigeria,” Behav-
ioural Neurology 2017 (2017): 1-7, https://doi.org/10.1155/
2017/4058124.

M. A. Lambert, H. Bickel, M. Prince, et al., “Estimating the
Burden of Early Onset Dementia; Systematic Review of
Disease Prevalence,” European Journal of Neurology 21, no. 4
(April 2014): 563-569, https://doi.org/10.1111/ene.12325.

A. R. Luria, Restoration of Function After Brain Injury
(Macmillan, 1963).

B. Farzinrad, K. Maghsoodi, and K. Malakooti, “Assessment
of Mental Disorders in Cerebral Stroke Patients Admitted at
Rasool Hospital,” JSSU 17, no. 2 (2009): 143-147, https://jssu.
ssu.ac.ir/article-1-1361-en.html.

(30]

(31]

(32

(33

(34

(35]

(36]

(37]

[38

(39]

(40]

(41]

(42]

(43]

Journal of Aging Research

S. H. Choi, D. L. Na, H. M. Kwon, S. J. Yoon, J. H. Jeong, and
C. K. Ha, “The Korean Version of the Neuropsychiatric In-
ventory: A Scoring Tool for Neuropsychiatric Disturbance in
Dementia Patients,” Journal of Korean Medical Science 15,
no. 6 (December 2000): 609-615, https://doi.org/10.3346/
jkms.2000.15.6.609.

M. Nozari, V. Nejati, and B. Mirzaian, “Effectiveness of
Transcranial Direct Current Stimulation on Executive
Functions and Amelioration of Symptoms of Individuals
With Major Depression Disorder,” Journal of Applied Psy-
chology 13, no. 4 (2020): 577-599, https://doi.org/10.29252/
apsy.13.4.577.

M. E. Berryhill and D. Martin, “Cognitive Effects of Transcranial
Direct Current Stimulation in Healthy and Clinical Populations:
An Overview,” The Journal of ECT 34, no. 3 (2018): e25-¢35,
https://doi.org/10.1097/yct.0000000000000534.

H. Bashi Abdolabadi, S. Pilevar, and A. A. Saram, “The Effect
of Cognitive Rehabilitation on Cognitive Function, Memory,
Depression, and Anxiety in Patients With Multiple Sclerosis,”
The Neuroscience Journal of Shefaye Khatam 4, no. 3 (2016):
28-40, https://doi.org/10.18869/acadpub.shefa.4.3.28.

M. Taherifard, M. Saeidmanesh, and M. Azizi, “The Effec-
tiveness of Transcranial Direct Current Stimulation on the
Anxiety and Severity of Stuttering in Adolescents Aged 15 to
18,” Journal of Research in Rehabilitation Sciences 16 (2020):
224-231, https://doi.org/10.22122/jrrs.v16i0.3605.

A. A. Arastoo, S. Zahednajad, S. Parsaei, and S. Alboghebish,
“The Effect of Transcranial Direct Current Stimulation on
Anxiety in Veteran and Disabled Athletes,” Medical Journal of
Mashhad University of Medical Sciences 63, no. 3 (2020):
2278-2286, Persian.

A. R. Brunoni, A. H. Moffa, F. Fregni, et al., “Transcranial
Direct Current Stimulation for Acute Major Depressive Ep-
isodes: Meta-Analysis of Individual Patient Data,” British
Journal of Psychiatry 208, no. 6 (2016): 522-531, https://
doi.org/10.1192/bjp.bp.115.164715.

A. H. Kemp, K. Griffiths, K. L. Felmingham, et al., “Disorder
Specificity Despite Comorbidity: Resting EEG Alpha Asym-
metry in Major Depressive Disorder and Post-Traumatic
Stress Disorder,” Biological Psychology 85, no. 2 (2010):
350-354, https://doi.org/10.1016/j.biopsycho.2010.08.001.

R. Ng, I. Fishman, and U. Bellugi, “Frontal Asymmetry Index
in Williams Syndrome: Evidence for Altered Emotional Brain
Circuitry?” Social Neuroscience 10, no. 4 (2015): 366-375,
https://doi.org/10.1080/17470919.2015.1005667.

J. D. Herrington, A. Mohanty, N. S. Koven, et al., “Emotion-
Modulated Performance and Activity in Left Dorsolateral
Prefrontal Cortex,” Emotion 5, no. 2 (2005): 200-207, https://
doi.org/10.1037/1528-3542.5.2.200.

P. J. Clarke, B. F. Sprlyan, C. R. Hirsch, F. Meeten, and
L. Notebaert, “tDCS Increases Anxiety Reactivity to In-
tentional Worry,” Journal of Psychiatric Research 120 (January
2020): 34-39, https://doi.org/10.1016/j.jpsychires.2019.10.013.
A. R. Brunoni, M. A. Nitsche, N. Bolognini, et al., “Clinical
Research With Transcranial Direct Current Stimulation
(tDCS): Challenges and Future Directions,” Brain Stimulation
5, no. 3 (2012): 175-195, https://doi.org/10.1016/
j.brs.2011.03.002.

M. W. Feltenstein and R. E. See, “The Neurocircuitry of
Addiction: An Overview,” British Journal of Pharmacology
154, no. 2 (2008): 261-274, https://doi.org/10.1038/
bjp.2008.51.

S. Rabipour and A. Raz, “Training the Brain: Fact and Fad in
Cognitive and Behavioral Remediation,” Brain and Cognition

- IyIIWeQ Hpes [Bews3 Ag 60S9T99/RRI/SSTT 0T/I0p/Wo0 A8 1M Akeiq1jeul|uo//sdny woly papeojumod ‘T ‘5202 ‘5206

a5UBD| SUOWILLOD BAIIRID a(qedt|dde ay Aq pausenob afe sapie YO ‘98N JO sanJ 10y AriqiT auliuO AS|IA UO (SUOIIPUOD-pUE-SWLLIB) WO A3 1M ARelg 1 pU L UO//SANY) SUORIPUOD pue SWid | Y} 39S *[G20z/L0/62] Lo ARlgiTauliuo AB|iM * (DUl eAnde ) agnopeay


http://doi.org/10.22070/cpap.2025.19843.1637
http://doi.org/10.30476/whb.2025.105249.1333
http://doi.org/10.1016/j.pnpbp.2020.110119
http://doi.org/10.1016/j.pnpbp.2020.110119
http://doi.org/10.1159/000501227
http://doi.org/10.1159/000501227
http://doi.org/10.1155/2016/3041824
http://doi.org/10.1016/j.msard.2012.06.004
http://doi.org/10.1016/j.msard.2012.06.004
https://ijrn.ir/article-1-381-en.html
https://ijrn.ir/article-1-381-en.html
http://doi.org/10.29252/ijrn.7.1.66
http://doi.org/10.1155/2017/4058124
http://doi.org/10.1155/2017/4058124
http://doi.org/10.1111/ene.12325
https://jssu.ssu.ac.ir/article-1-1361-en.html
https://jssu.ssu.ac.ir/article-1-1361-en.html
http://doi.org/10.3346/jkms.2000.15.6.609
http://doi.org/10.3346/jkms.2000.15.6.609
http://doi.org/10.29252/apsy.13.4.577
http://doi.org/10.29252/apsy.13.4.577
http://doi.org/10.1097/yct.0000000000000534
http://doi.org/10.18869/acadpub.shefa.4.3.28
http://doi.org/10.22122/jrrs.v16i0.3605
http://doi.org/10.1192/bjp.bp.115.164715
http://doi.org/10.1192/bjp.bp.115.164715
http://doi.org/10.1016/j.biopsycho.2010.08.001
http://doi.org/10.1080/17470919.2015.1005667
http://doi.org/10.1037/1528-3542.5.2.200
http://doi.org/10.1037/1528-3542.5.2.200
http://doi.org/10.1016/j.jpsychires.2019.10.013
http://doi.org/10.1016/j.brs.2011.03.002
http://doi.org/10.1016/j.brs.2011.03.002
http://doi.org/10.1038/bjp.2008.51
http://doi.org/10.1038/bjp.2008.51

Journal of Aging Research

(44

(45]

79, no. 2 (2012): 159-179, Persian, https://doi.org/10.1016/
j.bandc.2012.02.006.

E. Shevil and M. Finlayson, “Process Evaluation of a Self-
Management Cognitive Program for Persons With Multiple
Sclerosis,” Patient Education and Counseling 76, no. 1 (2009):
77-83, https://doi.org/10.1016/j.pec.2008.11.007.

A. Mojarrad, E. Sadri Damirchi, A. Sheykholeslami,
A. Rezaei sharif, and V. Abbasi, “Comparing the Effectiveness
of Transcranial Direct Current Stimulation (tDCS) and Short-
Term Cognitive Rehabilitation Protocol on Symptoms of
Hallucinations and Delusions in the Elderly With Mild
Alzheimer’s disease,” Counselling and Psychotherapy Journal
11, no. 4 (2024): 15-30, https://salmandj.uswr.ac.ir/article-1-
2631-en.htmlPersian.

- IyIIWeQ Hpes [Bews3 Ag 60S9T99/RRI/SSTT 0T/I0p/Wo0 A8 1M Akeiq1jeul|uo//sdny woly papeojumod ‘T ‘5202 ‘5206

a5UBD| SUOWILLOD BAIIRID a(qedt|dde ay Aq pausenob afe sapie YO ‘98N JO sanJ 10y AriqiT auliuO AS|IA UO (SUOIIPUOD-pUE-SWLLIB) WO A3 1M ARelg 1 pU L UO//SANY) SUORIPUOD pue SWid | Y} 39S *[G20z/L0/62] Lo ARlgiTauliuo AB|iM * (DUl eAnde ) agnopeay


http://doi.org/10.1016/j.bandc.2012.02.006
http://doi.org/10.1016/j.bandc.2012.02.006
http://doi.org/10.1016/j.pec.2008.11.007
https://salmandj.uswr.ac.ir/article-1-2631-en.html
https://salmandj.uswr.ac.ir/article-1-2631-en.html

	Comparison of the Effectiveness of Transcranial Direct Current Stimulation (tDCS) and Short-Term Cognitive Rehabilitation Protocols on the Improvement of Depression and Anxiety Symptoms in Patients With Mild Alzheimer’s Disease
	1. Introduction
	2. Materials and Methods
	2.1. NPI Questionnaire

	3. Findings
	4. Discussion and Conclusion
	Data Availability Statement
	Ethics Statement
	Disclosure
	Conflicts of Interest
	Funding
	Acknowledgments
	References




