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Abstract

Background and Obijective: Insomnia is the most common sleep problem which is associated with cortical over-
excitation. Transcranial direct-current stimulation (tDCS) potentially modifies insomnia-related cortical state. There-
fore, we tested the hypothesis that insomnia severity can be modulated by tDCS.

Materials and Methods: The current study was conducted with a pretest-posttest design and a control group. A total of
32 women with insomnia were randomly categorized into an intervention group (active stimulation) and a control group
(sham stimulation). In the intervention group, tDCS was used with an intensity of 2mA for 20 to 30 minutes during

12 sessions (3 times a week). Anodal stimulation was performed on the left primary motor cortex (M1) and cathodal
stimulation was performed on the right dorsal lateral prefrontal cortex (DLPFC). The control group received sham stim-
ulation for 20 to 30 minutes during 12 sessions (3 times a week). All participants were evaluated before and after the
intervention using the Insomnia Severity Index (ISI) and Positive Affect and Negative Affect Schedule (PANAS).
Results: The results of univariate analysis of covariance (ANCOVA) and multivariate analysis of covariance
(MANCOVA) showed a significant difference between the tDCS group and the sham group in terms of reduction in the
severity of insomnia. We also observed that positive affect increased and negative affect decreased following insomnia
treatment (P < 0.005).

Conclusion: The results of our study indicated that performing our designed tDCS protocol for treating insomnia can be
effective in treating insomnia and improving positive and negative affect.
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has reported the pooled prevalence of insomnia in
the general population as 22.0% and showed a
significantly higher prevalence of insomnia
among women compared with men (4). A consid-
erable quantity of studies reported that women
complained more often of insomnia than men (5).

Introduction

Insomnia is defined as difficulty initiating or
maintaining sleep, or experiencing nonrestorative
sleep (NRS) concurrent with distress or impair-
ment in critical areas of everyday functioning,
such as increased daytime fatigue, negative mood,

and poor concentration (1). Insomnia is the most
prevalent sleep disturbance (2, 3). A review study
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Research results have shown that compared to
healthy people, patients with insomnia show in-
creased cortical excitability, decreased intracorti-
cal facilitation, and cortical hyperexcitability in
sleep and wakefulness states (6-10). Increased
activity in the prefrontal cortex of the brain during
sleep was seen in insomniac patients (11, 12). In
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addition, differences in the activity of alpha and
beta waves have been reported among people with
insomnia compared to the control group (13, 14).

Approximately 80-90% of patients with in-
somnia also have a concurrent medical or psycho-
logical diagnosis (15). Alvaro et al. explained that
there is a bidirectional relationship between in-
somnia and affective disorders and they suggested
that insomnia can predict the prevalence of anxie-
ty and depression and vice versa (16). It has also
been suggested that sleep quality can predict posi-
tive and negative affect, but not vice versa (17).
Additionally, it has been shown that poor sleep
guality can influence emotional reactivity to
everyday events in healthy individuals and those
with minor or major unipolar depression. The
recording of emotional reactivity to daily events
throughout participants’ daily lives showed that
sleep difficulties were associated with increased
negative affect to unpleasant events and decreased
response to neutral events. However, in individu-
als with unipolar depression, sleep difficulties
were associated with increased negative affect for
all everyday events (18). In general, the results of
studies indicate that insomnia is associated with
various psychiatric conditions like depression and
anxiety (19-21).

It seems that in all diseases, the association be-
tween sleep disturbances and neurological and
neuropsychiatric diseases is bidirectional and
worsening or improvement of one condition will
influence the other conditions (22-24). Increased
positive affect has been associated with improved
sleep quality, and increased negative affect has
been associated with reduced sleep quality (25).
The results of studies have shown that following
therapeutic interventions aimed at improving in-
somnia, symptoms, mood, and quality of life
(QOL) also improve (26). Therefore, it can be
argued that with the improvement of insomnia,
the accompanying condition also improves includ-
ing positive and negative affect.

Short-term pharmacotherapy (e.g., benzodiaz-
epines, hypnotics, etc.) and cognitive behavioral
therapy (CBT-I) are the most common interven-
tions for the treatment of chronic insomnia and
improvement of sleep quality. Drug treatments
may be associated with numerous side effects,
including tolerance, dependence, and addiction.
Cognitive behavioral therapy may also be limited
by adherence issues and elevated costs (27, 28).
Therefore, the investigation of other treatment
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options that can alleviate symptoms or potentiate
other treatment modalities for the management of
sleep disturbances and improvement of sleep
quality is necessary (29).

Alterations of cortical excitability and activity
play an essential role in the initiation of sleep and
the transition between sleep stages through the
release of several neurotransmitters that regulate
the arousal system (30, 31). Therefore, it can be
assumed that an external modulation of cortical
activity might be suited to affect sleep-wake tran-
sition, and transition between sleep stages and
improves insomnia.

A non-invasive method of brain stimulation is
transcranial direct current stimulation (tDCS),
which has the potential to modulate the cortical
state associated with insomnia, due to its ability to
induce changes in sleep-wake electroencephalog-
raphy (EEG) parameters and its effects on cortical
activity and excitability (32). During tDCS, a con-
stant and weak current flows from one electrode
to another, and the excitability of the target corti-
cal area is shifted in a specific direction. In gen-
eral, anodal stimulation causes excitation in corti-
cal activity and cathodal stimulation causes inhi-
bition of cortical activity (33). Furthermore, the
effects of tDCS depend on the polarity, position,
and duration of the application (34).

However, most of the previous studies that
used noninvasive brain stimulation (NIBS) for
insomnia selected the frontal cortex as the target
area, especially the dorsolateral prefrontal cortex
(DLPFC) (35-39). Among other sleep disorders,
the pathophysiology of restless legs syndrome-
related difficulty in sleep onset and quality has led
researchers to stimulate the primary somatosenso-
ry cortex instead of motor areas, producing both
beneficial clinical outcomes and short-term neu-
roplasticity (40, 41).

A study demonstrated that repetitive bilateral
anodal tDCS to the prefrontal cortex before sleep
significantly increases cortical arousal during
wakefulness (high-frequency EEG power) and
decreases total sleep time (TST) compared to
cathodal and sham stimulation in healthy humans
(42). Moreover, the results of studies have
demonstrated that slow-oscillating tDCS over the
frontal cortex during slow-wave sleep (SWS)
increases SWS immediately after stimulation
(43, 44). Researchers found that anodal stimula-
tion over the primary motor cortex (M1) increased
sleep efficiency and decreased cortical excitation,
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while anodal stimulation of the DLPFC decreased
sleep efficiency and increased cortical excitation
(45). In addition, other researchers suggest that
anodal tDCS over the DLPFC increases activity in
the locus coeruleus (LC) region of the brain (46),
and that this region is the location of the primary
norepinephrine nucleus and it is believed to regu-
late attention, arousal, wakefulness, memory for-
mation, and memory retention (47).

Despite the treatments available for insomnia to
date, many people still suffer from insomnia. To
the best of our knowledge, the effects of tDCS on
treating chronic insomnia have not been tested yet.
Thus, we have tried to investigate whether insom-
nia could be treated using an assembled protocol of
excitatory and inhibitory stimulation of two differ-
ent cortical regions. We also investigated whether
the positive and negative affect of patients with
insomnia improve after the treatment of insomnia.

Materials and Methods

Study design and participants: The current
study was a randomized clinical trial (code:
IRCT20190620043954N2). The statistical popula-
tion included all women who were referred to the
sleep disorders clinic of Imam Khomeini Hospital
and the Occupational Sleep Disorders Research
Center of Baharloo Hospital of Tehran, Iran, in
2022. Participants were selected based on their
score on the Insomnia Severity Index. Then, all of
them were evaluated based on the DSM5 diagnos-
tic criteria by a clinical psychologist to complete
the diagnosis process.

A total of 32 women with chronic insomnia
were selected from the statistical population with
informed consent to participate in this research.
All participants were healthy in terms of visual,
auditory, and sensorimotor abilities, and had no
history of neurological disease or psychiatric dis-
orders and drug abuse. An equal number of partic-
ipants were assigned to the active and sham tDCS
groups. Sixteen participants received active tDCS
and the other 16 received a sham stimulation.
There were no considerable differences in terms
of age and duration of disease between groups.

In the present study, to reduce the bias or dis-
tortions related to the intervention and evaluation
of the results, a single-blind method was used. In
this way, none of the participants knew whether
they were assigned to the intervention or control
group, but the researcher and the evaluator were
aware of this. The participants declared their
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agreement with this type of blinding in the
consent form before the research. In both groups,
the same transcranial electrical stimulation device
was used for the same duration and number of
sessions. The present study proposal was
approved by the research ethics committee of the
School of Nursing and Midwifery and the
School of Rehabilitation of Tehran University of
Medical  Sciences, Iran,  (Ethics  code:
IR TUMS.FNM.REC.1400.165).

Inclusion and exclusion criteria: The inclu-
sion criteria for the research include: 1) being a
woman, 2) being between the ages of 18 and
55 years, 3) not having a history of neuropsychiat-
ric diseases (Alzheimer's, epilepsy, Parkinson's,
mental retardation, etc.) and brain damage, 4) not
having drug, alcohol, and caffeine abuse accord-
ing to the DSM5 diagnostic criteria, 5) having a
minimum education level of diploma, 6) not tak-
ing sleeping medicines or resistance to medical
treatment despite taking them, 7) not being preg-
nant, and 8) absence of bioelectrical devices
implanted in the body like a pacemaker. The ex-
clusion criteria were not completing the number
of treatment sessions and being infected with dis-
eases whose treatment interfered with the results
of our intervention.

Determination of the sample size: The statisti-
cal sample included 32 women with chronic in-
somnia, who were selected voluntarily from the
statistical population. The sample size was calcu-
lated using the sample size formula to compare the
averages of the two groups with equal variance.

(1+1/(P)(Zl—a/2+zl-6)2 Z3_a/2

Formulal: ny = v 2(1t)

Where n, is the sample size of the first group
and ¢ is the ratio of the sample size of the first
group to the second group, which we considered
as one. Thus, by inserting it in the above formula,
we will have:

Z(Z,_oc/2+z,_3)2 an-a/z
A2 4

In our study, o = 0.05, § = 0.2, and A (stand-
ardized effect size) was considered equal to one.
By placing the values of each index in the men-
tioned formula, the sample size in each group is
approximately 16 people. Finally, our total sample
size was calculated to be 32 people, who were
randomly assigned to the intervention and control
groups. Random blocks of 4 were used to random-

Formulal: ny =
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ly assign participants to groups and avoid wasting
time until the sample population was completed.
The four randomized complete blocks method was
performed to assign the subjects randomly to the
test and control groups and prevent the wasting of
time until the sample population is fully completed.

In the current study, tDCS was applied using a
brain stimulation device (SN: T-NS2-2020F131,
NeuroStim 2, Medina Teb Gostar Company,
Tehran, Iran). The tDCS was delivered through
two sponge electrodes (5 cm.5cm) humidified
with a saline solution. The anode electrode was
placed on the left M1 and the cathode electrode
was placed on the right dorsolateral prefrontal
cortex (rDLPFC). In the intervention group, tDCS
was used with an intensity of 2mA for 20 to
30 minutes during 12 sessions (3 times a week).
The control group received sham stimulation for
20 to 30 minutes during 12 sessions (3 times a
week) with electrodes placed on the same areas as
in the intervention group protocol. All participants
were evaluated before (pretest) and after (posttest)
the intervention using the Insomnia Severity
Index (ISI) and Positive Affect and Negative
Affect Schedule (PANAS).

In the present study, two different outcomes of
the intervention were defined and evaluated inde-
pendently. The primary outcome included the effects
of applying the tDCS treatment protocol on the se-
verity of insomnia and the secondary outcome was
the changes in the positive and negative affect of the
participants following insomnia treatment.

Insomnia Severity Index: The ISI designed by
Morin in 1993 is a brief self-assessment tool that
measures the symptoms of insomnia along with
their negative effects on people's lives in the pre-
vious two weeks. This tool consists of 7 questions
that evaluate the severity of insomnia by measur-
ing items including sleep onset, staying asleep and
waking up early, satisfaction with sleep status,
interference of sleep problems with daily func-
tions, the significance of sleep problems for oth-
ers, and worrying about sleep problems. Each
question is scored on a 5-point Likert scale rang-
ing from 0 to 4, and the total score of the ques-
tionnaire, which is obtained from the sum of the
scores of the questions, ranges from 0 to 28. A
higher score in this questionnaire indicates a more
severe insomnia, and a score of 0-7 indicates no
insomnia, a score of 8-14 indicates insomnia be-
low the clinical threshold, a score of 15-21 indi-
cates moderate insomnia, and a score of 22-28
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indicates severe insomnia (48). In the present
study, the reliability rate of the ISI was 0.88.

Positive Affect and Negative Affect Schedule:
This scale was created in 1988 by Watson, Clark,
and Tellegen to measure two the dimensions of
negative affect and positive affect, and it has 20
items that are scored on a 5-point Likert scale rang-
ing from very low (score 1) to very high (score 5),
which is rated by the subject. The range of scores
for each subscale is 10-50 (49). In Iran, the inter-
nal validity and consistency (Cronbach's alpha
coefficient) of the positive affect scales have been
reported to range from 0.86 to 0.90, and the nega-
tive affect scales from 0.84 to 0.87 (50).

Statistical analysis: The data of this study
were summarized and analyzed in SPSS software
(Version 23; IBM Corp., Armonk, NY, USA).
Mean and standard deviation were used to de-
scribe the data, and univariate analysis of covari-
ance (ANCOVA) and multivariate analysis of co-
variance (MANCOVA) were used to analyze the
relationships between variables.

Results

In this research, the intervention and control
groups each had 16 participants, who had a mean
age of 445 + 11.63 and 42.69 + 10.76 years, re-
spectively. There was no significant difference be-
tween the two groups in terms of age (t = 0.43;
P = 0.67) and duration of the disorder (t = 1.32,
P = 0.19), that is, at the very beginning of the
study, the two groups were the same in terms of
age and duration of the disease, and these two vari-
ables were not considered as intervening variables.
The results of the chi-square test showed that there
was no statistically significant difference between
the two groups in terms of marital status (P = 0.41).

The distribution of the mean and standard de-
viation of positive and negative affect and insom-
nia severity in the intervention and control groups
in the pretest and posttest phases are presented in
table 1. As can be seen in table 1, the studied
groups did not differ significantly in terms of the
research variables in the pretest stage, but in the
posttest stage, the mean and standard deviation of
the groups changed.

MANCOVA was used to evaluate the effec-
tiveness of tDCS. The assumptions of MAN-
COVA were used. Levene's test, Shapiro-Wilk
test, homogeneity of the slope of the regression
line, and Box's M test were checked and these
tests confirmed that MANCOVA could be used.
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Table 1. The positive and negative affect and insomnia severity in the experi-

mental and sham groups

Dependent variables

tDCS group (n = 16)

Sham group (n = 16)

Pretest

Posttest

Pretest Posttest

Positive affect 29.56 £9.98
Negative affect 28.93+7.21
Insomnia severity 21.68 + 3.43

3531+7.88 26.43+787 26.25+8.02
19.87+£540 33.93+819 3256+9.54
10.50+3.75 22.37+3.07 21.12+4.88

tDCS: Transcranial direct current stimulation

Table 2 shows that after pretest control, there
is a significant difference between the interven-
tion and sham groups in the dependent variables
in the posttest (P < 0.001). There is a significant
difference in at least one of the dependent varia-
bles between the two groups in the posttest stage.
The effect size coefficient shows that 63% of the
difference in the two groups is related to the ex-
perimental intervention. To find the single-
variable differences, ANCOVA was performed,
the results of which are presented in table 3.

Table 3 shows the results of ANCOVA regard-
ing the significance of the difference between the
means of the variables of negative mood, positive
mood, and intensity of insomnia. According to the
results of table 3 and the F-value, there is a signif-
icant difference between the adjusted averages of
the scores of the research variables according to
the group membership in the posttest stage
(P < 0.001). Considering the averages presented in
table 1, it can be concluded that tDCS affected the
severity of insomnia, negative mood, and positive
mood. The amount of this effect in the intensity
variable of insomnia, negative mood, and positive
mood is 0.62, 0.42, and 0.41, respectively.

Discussion

The present study was carried out to investi-
gate the effects of tDCS on the treatment of in-
somnia and its effects on positive and negative
affect in women with chronic insomnia. Our re-
search has used, for the first time, anodal and ca-
thodal stimulation assembled in different cortical
areas for the treatment of chronic insomnia. Our
results showed a significant reduction in insomnia

severity in the active tDCS group compared to the
sham stimulation group. In addition, we observed
a significant increase in positive affect and
decrease in negative affect in these participants.

It seems that the therapeutic effects of tDCS
are multifactorial, and its underlying effects can-
not be attributed to a single simple mechanism.
Therefore, the reduction of insomnia severity in
response to tDCS treatment may have happened
for various reasons.

The first possible explanation of the results of
this research is related to the excitatory and in-
hibitory target areas of our protocol for insomnia.
Anodal stimulation is considered to promote de-
polarization of neuronal membranes (excitatory
stimulation), while cathodal stimulation inhibits
depolarization and induces hyperpolarization
(inhibitory stimulation) (51).

In addition, electrical current stimulation af-
fects several neurons and increases their mem-
brane potential for inducing depolarization. These
events have been proposed to explain the ability
of tDCS to improve brain function in the vicinity
of neural membranes (52).

As mentioned above, anodal stimulation of the
M1 increases sleep efficacy and reduces cortical
excitation, while anodal stimulation of the DLPFC
decreases sleep efficacy and increases cortical
excitation in patients with fibromyalgia (45).
The results of a study demonstrated that after the
sleep deprivation vigil (sleep-deprived partici-
pants), those receiving anodal stimulation over
the left DLPFC slept significantly less than the
M1 and sham groups in the nights following
sleep deprivation (47).

Table 2. Multivariate analysis of covariance of the positive and negative affect and in-
somnia in the experimental and control groups

Variable Test Value F df P-value FEta’ Observed power
Group Pillai's Trace 0.636 14.53 3 0.001 0.63 1
Wilks' Lambda 0.364 14.53 3 0.001 0.63 1
Hotelling's Trace  1.744 14.53 3 0.001 0.63 1
Roy's Largest Root  1.744 14.53 3 0.001 0.63 1

df: Degree of freedom
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Table 3. Analysis of covariance results of the comparison of the mean of insomnia, and negative and posi-

tive affect
Variable Subscale  Sum of squares Mean of squares F P-value Eta’ Observed power
Negative affect ~ Group 537.186 537.186 19558 0.001 0.42 0.989
Error 741.825 27.475
Positive affect Group 227.110 227.110 18.868 0.001 0.41 0.987
Error 324.992 12.037
Insomnia Group 630.350 630.350 44.790 0.001 0.62 1
Error 379.920 14.070

Moreover, the M1 stimulation group reported
significantly higher alertness ratings than the
DLPFC stimulation group in the days following
sleep deprivation, which probably indicates in-
creased alertness/arousal for the M1 group. In ad-
dition, it is possible that anodal stimulation of M1
promotes faster recovery from fatigue (47).

EEG studies have shown that the activity of
DLPFC is related to sleep performance (53). Neu-
roimaging studies have shown that patients with
insomnia have hyperarousal in the DLPFC com-
pared to good sleepers (54). The right DLPFC has
been identified as a potential target for NIBS
stimulation in the treatment of chronic insomnia.
The right DLPFC has a widespread positive corre-
lation with other cortical and subcortical regions
related to sleep in patients with chronic insomnia
(55). The prefrontal cortex is one of the cortical
areas whose modulation via tDCS might influence
the physiology and quality of sleep. Via modula-
tion of prefrontal cerebellar connectivity, com-
bined tDCS could also be a promising approach to
modulating the quality of sleep or improving
symptoms in some sleep disturbances, such as
insomnia (35). A repetitive anodal tDCS protocol
applied bilaterally to the frontal cortex before
sleep increased indices of arousal during wakeful-
ness (high-frequency resting-state EEG power)
and reduced the total sleep time in healthy hu-
mans (42) as well as in a patient with hyper-
somnia (56), but not in patients with insomnia
(57), which is indicative of the brain state-
dependent effects of the protocol.

The results of the studies reviewed in this sec-
tion indicate that inhibitory stimulation of the right
DLPFC would be an effective condition for treat-
ing chronic insomnia. Our study results show that
cathodal stimulation of the right DLPFC, most like-
ly reduces the severity of insomnia by reducing the
metabolism, cerebral blood flow, and cortical exci-
tation of this area. As a result, it has led to increas-
es in the duration and efficiency of sleep.

Other studies have demonstrated that anodal

J Sleep Sci, Vol. 7, No. 3-4, 2022

tDCS stimulation of the motor cortex can increase
excitatory post-synaptic potential (58). Further-
more, Merzagora et al. reported that increasing the
excitability of local neurons through anodal
stimulation leads to increased blood flow in the
surrounding area and subsequent metabolic
changes (59). It was demonstrated that stimulation
over the M1 for 15 days, significantly improved
subjective sleep quality and lessened fatigue
symptoms in patients with the post-polio syn-
drome (60). Generally, studies that have targeted
M1 alone or in combination with other brain re-
gions and used more than 10 sessions of tDCS
have reported improvements in sleep (61).

In our study, patients reported having more en-
ergy and less fatigue throughout the day for their
daily activities during treatment and even after
completing the treatment, and this change is likely
due to stimulation of the M1 region excitation and
increased alertness and excitation in the days after
the stimulation, leading to faster recovery from
fatigue following improved sleep.

The next explanation for our study results is
that they may most likely be related to the chang-
es in brain neurotransmitters followed by tDCS.
Anodal stimulation and cathodal stimulation of
the tDCS regulated the concentration and activity
of glutamate and gamma-aminobutyric acid
(GABA) (62). On the other hand, anodal tDCS
modulates the dopamine system, increases seroto-
nin transport, and suppresses acetylcholine trans-
portation (63). GABA is the neurotransmitter that
most widely promotes sleep, whereas norepineph-
rine and dopamine promote wakefulness; seroto-
nin is necessary for both optimal sleep and wake-
fulness (64, 65). On the other hand, the applica-
tion of anodal tDCS over M1 improves motor re-
sponse inhibition and might be a promising adju-
vant therapeutic intervention for the modulation
of motor response inhibition (66). Therefore, con-
sidering the effect of tDCS on neurotransmitter
damping and enhanced motor response inhibition,
it can be expected that an appropriate and compat-
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ible therapeutic protocol can reduce insomnia se-
verity. The results of our therapeutic protocol im-
plementation confirmed this expectation.

In addition, as discussed earlier, it has been
shown that anodal DLPFC stimulation causes in-
creased activity in the locus coeruleus (LC) region
(46), and the LC region is the primary norepineph-
rine nucleus and can regulate attention, arousal,
wakefulness, memory formation, and memory re-
tention (47). Therefore, it is also possible that the
cathodal DLPFC stimulation in our treatment pro-
tocol has led to a decrease in activity in the LC re-
gion, resulting in a reduction in norepinephrine and
a decrease in cortical alertness and excitation, fol-
lowed by facilitated drowsiness and sleep flow.

Another explanation for our data results may
be the changes in EEG following tDCS treatment.
There is evidence to demonstrate the opinion that
transcranial electrical stimulation (TES) can en-
hance sleep onset and/or the EEG oscillations of
transition to sleep in healthy people (67). Func-
tional magnetic resonance imaging (fMRI) and
EEG imaging studies have shown that SWS is
associated with central cortical activity located in
the right and left DLPFC (68). Slow oscillations
are crucial prerequisites for the reduction of exci-
tation and the beginning of sleep (69). The results
of some studies support the idea that tDCS can
potentially modulate aspects of arousal and sleep.
For instance, Marshall et al. performed tDCS in
the EEG 06 frequency range during SWS. The
results demonstrated that tDCS enhanced 6 wave
activity and improved sleep-related declarative
memory consolidation (70). Slow-wave activity
(SWA) in EEG (0.5-4.0 Hz) is considered to be a
marker of restorative function and related to bene-
ficial functions of sleep, such as learning, cogni-
tive performance enhancement, and mood stabili-
zation (71, 72). In addition, studies have demon-
strated that increased SWS during non-rapid eye
movement (NREM) sleep improves sleep quality
and memory (73).

Furthermore, Mariani et al. reported that there is
an inverse correlation between the quality of noc-
turnal sleep and EEG complexity (74). The study
results of Li et al. showed that daily tDCS reduces
EEG complexity significantly during REM sleep in
patients with depression. They used left DLPFC
anodal stimulation and right DLPFC cathodal
stimulation (75). The results of our study indicate
that employment of our treatment protocol has like-
ly increased SWS and decreased EEG complexity.
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Our second hypothesis was also confirmed
based on the improvement in the positive and nega-
tive affections of patients with insomnia after the
insomnia treatment using tDCS. Our study results
showed a significant increase in positive affect and
decrease in negative affect following the treatment.
It has been reported that glial cells, including astro-
cytes, are activated by tDCS (76). As these cells
regulate the chemical substances and neurotrans-
mitters concentration in the space between neurons,
the mechanisms by which tDCS improves psychi-
atric symptoms may include its indirect modulating
effects on neurons (77). Moreover, many studies
have demonstrated that the right DLPFC is more
active than the left prefrontal cortex in patients
with depression. Cerebral blood flow of the left
DLPFC is reduced in these individuals, and it has a
slower metabolism, while the right DLPFC has
increased blood flow and metabolism (78). Moreo-
ver, tDCS improves emotional processing in the
DLPFC of patients with major depressive disorders
(79). The results of a study demonstrated that tDCS
stimulation not only improved symptoms of de-
pression and anxiety, but also had a positive effect
on sleep quality in patients with major depression
(80). A review article examining the relevant
literature provides evidence that the right DLPFC
is associated with depression, anxiety, and fear
(81). In addition, the DLPFC plays an important
role in attention, active memory, and executive
brain functions, all of which have a key role in reg-
ulating emotions (82). As expected, based on the
studies mentioned in this section and the discussion
of the first hypothesis, particularly with the inhibi-
tory stimulation of the right DLPFC by tDCS,
tDCS not only improved insomnia, but also im-
proved positive and negative affect.

Limitations: Our study had several limitations.
The stimulation location is one of the most essen-
tial topics in the clinical application of transcrani-
al electrical stimulation, and the best way to de-
termine these areas is brain mapping. We used the
results of previous studies to determine target are-
as for insomnia treatment due to the impossibility
of using brain mapping techniques. Another limi-
tation of this study was the lack of long-term fol-
low-up due to the geographical dispersion of the
participants and their high numbers. Recalling all
participants several months after conducting the
study was not possible. Although follow-ups were
conducted over the phone at different intervals,
their statistical analysis was not included in the
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research results due to incomplete questionnaires.
Another limitation was the exclusion of men from
the study. We only included women since insom-
nia has a higher prevalence rate among them.

Therefore, it is recommended that tDCS be im-
plement specifically in areas that have been identi-
fied for each individual using brain mapping in fu-
ture studies. In addition, it is recommended that the
changes in neurotransmitter levels be examined and
EEG be used to investigate changes in the brain
waves of each individual for further analysis. Fur-
thermore, examining the effects of treatment during
follow-ups can also be effective in selecting this
type of treatment for insomnia. Including men in the
implementation of these treatment protocols can also
provide the possibility of comparing the therapeutic
effects of tDCS between women and men.

Conclusion

Overall, our therapeutic protocol had signifi-
cant effects on the reduction of the severity of in-
somnia and improvement of positive and negative
affect. Therefore, psychiatrists, psychologists, and
neurology and sleep medicine specialists can use
the results of this study to treat insomnia disorder
independently or in combination with drug thera-
py, psychotherapy, or other treatments.
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