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Abstract

Objectives: Bipolar disorder (BD) is a prevalent psychological disorder associated with depressive symptoms. Transcranial
direct current stimulation (tDCS) is a portable and non-invasive technique for brain stimulation. The present study was
conducted to determine the effectiveness of the combined treatment of tDCS and routine medication on the symptoms of
depression, anxiety, and anger in BD adolescents.

Methods: In this double-blind randomized clinical trial study, forty adolescents with BD referred to the outpatient clinic of
child and psychiatry of Golestan Ahvaz Teaching Hospital were included. Eligible patients aged 12 - 18 years were randomly
divided into 2 groups receiving routine medications plus active tDCS (intervention group) or routine medications plus sham
tDCS (control group). Transcranial direct current stimulation intervention with an intensity of 2 mA was applied to the
dorsolateral prefrontal cortex in two sessions for 20 minutes each day, for 5 consecutive days. Data were collected at baseline,
one week, and one month after the start of the intervention using the Hamilton Depression Rating Scale (HDRS-21), Hamilton
Anxiety Rating Scale (HDRS), and State-Trait Anger Expression Inventory.

Results: Based on our findings, age and gender were not considerably different between the two groups (P = 0.592, P = 0.,
respectively). In both groups, scores of depression (control: 12.25 + 3.97, intervention: 0.75 + 1.44, mean [SD]), anxiety (13.55 + 2.58,
25.0 + 0.55), and anger (52.65 + 8.27, 47.25 + 4.86) improved significantly one month after treatment (P < 0.0001). After one
month of treatment, the severity of bipolar symptoms in the intervention group (slightly: 10%, moderately: 50%, and markedly:
40%) improved significantly compared to the control group (slightly: 15%, moderately: 10%, and markedly: 0%) (P < 0.0001). The
improvement rate of HDRS in the intervention group was 81.29% and 95.24% at one week and one month after treatment, while
these values were 8.41% and 23.04% in the control group, respectively (P < 0.0001). All patients tolerated the treatment well
without serious side effects. There was no significant difference between the side effects observed in both groups (P = 0.185).
Conclusions: The combination of tDCS with routine medications can reduce depressive symptoms and improve bipolar
symptoms. Therefore, tDCS add-on could be an effective, safe, and tolerable intervention for bipolar depression.
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manic episodes, depression is much more common and
longer in BD patients (6).

1. Background

Bipolar disorder (BD) is one of the most severe
debilitating brain disorders that affects about 1% - 3% of
the world's population (1). Mood disorders and affective
disorders are prevalent signs of BD, which lead to
disturbances in mood stability and function (2, 3).
Bipolar disorder is characterized by chronic episodes of
mania or hypomania alternating with depression and is
often misdiagnosed at first (4, 5). In comparison to

Pharmacological treatments for BD episodes are
standard but have limitations, including insufficient
efficacy and common adverse events (AEs) (7).
Transcranial direct current stimulation (tDCS) is a safe
non-invasive brain stimulation method for the
modulation of cortical activity and excitability (8, 9).
Transcranial direct current stimulation delivers weak,
direct currents to the brain through electrodes placed
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on the scalp. Repetitive transcranial magnetic
stimulation and tDCS are typically applied to the
dorsolateral prefrontal cortex (DLPFC), a brain region
whose  metabolism increases after  successful
antidepressant treatment (10, 11). Antidepressant effects
of non-invasive brain stimulation may be due to
stimulation factors including modulation of DLPFC and
other brain structures involved in the pathophysiology
of depression through increasing synaptic plasticity
and metabolic activity as well as changes in excitability
(12,13).

In recent years, tDCS has shown effectiveness for the
treatment of BD in some studies, is relatively
inexpensive, and is assumed to be safe (8, 13, 14). This
method is a safe and painless way to modulate brain
activity that does not increase the risk of seizures and is
able to selectively stimulate or inhibit specific areas of
the brain (15).

2. Objectives

Considering the importance of finding new methods
to reduce the symptoms of depression in bipolar
patients, as well as the lack of sufficient studies on the
use of tDCS in bipolar patients, the present study was
conducted with the aim of investigating the effect of
tDCS on depression symptoms in adolescents with
bipolar disorder referred to the psychiatry department
of Golestan Hospital, Ahvaz.

3. Methods

3.1. Study Participants

Forty adolescents with BD referred to the outpatient
clinic of child and adolescent psychiatry of Golestan
Ahvaz Teaching Hospital in 2022 were enrolled in this
double-blind randomized clinical trial study. Inclusion
criteria were patients with bipolar disorder based on
DSM-5 diagnostic criteria, aged between 12 and 18 years,
and in the depression phase (presence of MDD
symptoms). The presence of other psychiatric disorders,
psychotic patients, a history of seizures except seizures
with fever, and patients requiring ECT were excluded
from the study. The diagnosis of BD was made based on
DSM-5 criteria, requiring the patient to meet the
diagnostic criteria for at least one episode of hypomania
(in bipolar type II) or a fully syndromic manic episode
(in bipolar type I) and a major depressive episode. All
patients received routine drug regimens (mood
stabilizers including lithium and sodium valproate,
antipsychotics such as quetiapine and risperidone at a
low dose based on the patient's needs) at least two

weeks before the start of the study, and drug doses
remained unchanged during the study. According to
Cochran's formula, the sample size of each group was 20
using Gpower software considering a=0.05and B =0.2.

3.2. Interventions and Measurement

The eligible subjects were allocated into two groups
of 20 patients each using a four-block randomization
method. The control group received placebo treatment,
and the intervention group received tDCS treatment.
The tDCS device was a two-channel device manufactured
by Mind Alive Inc. company from Canada. The tDCS
intervention, with an intensity of 2 mA, was applied to
the dorsolateral prefrontal cortex in two sessions per
day for 20 minutes each day, for 5 consecutive days. At
the beginning of the study, basic characteristics of the
patients, including demographic data, were collected.
The severity of bipolar disorder, depressive symptoms,
and mood changes were evaluated at the beginning of
the study (prior to the intervention), one week later, and
one month after the end of the treatment.

The severity of bipolar disorder was evaluated based
on clinical symptoms using the comprehensive clinical
impression form on a scale of 0 to 3 as follows: Score 0
for unchanged or at the same level as the basic level,
score 1 for slightly improved, score 2 for moderately
improved, and score 3 for markedly improved. The
Hamilton Depression Rating Scale (HDRS) was used to
examine the severity of depression symptoms. Hamilton
Depression Rating Scale questions are scored from 0 to 2
or 0 to 4, indicating various symptoms such as
depressed mood, guilt, suicidality, insomnia, anxiety,

primary insomnia, overnight insomnia, delayed
insomnia, work and interests, psychiatric anxiety,
retardation, restlessness,  psychiatric  anxiety,

gastrointestinal somatic signs, general somatic signs,
hypochondriasis, reproductive symptoms, weight loss,
and insight. A score between 0 and 7 is considered
normal, while a score of 20 or higher indicates severe
depression (16).

The Hamilton Anxiety Rating Scale was used to assess
the severity of anxiety on clinical scales. This
questionnaire comprises 14 statements, each scored on a
5-point scale ranging from 0 to 4 based on the severity
of symptoms. A score of zero indicates the absence of
the symptom, while 4 indicates its maximum intensity
in the patient. Additionally, to measure anger across
various dimensions, the State-Trait Anger Expression
Inventory-2 (STAXI-2) was employed. State-Trait Anger
Expression Inventory-2 consists of three parts and 57
questions, where participants rate the intensity of their
feelings on a four-point scale from 0 (never or not at all)
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to 4 (always or very much). The first, second, and third
parts respectively gauge the state of anger, the quality of
anger, and the ways of expressing and controlling anger
(17). Before the study commenced, one week and one
month after the intervention, patients completed all
questionnaires. The questionnaires were then re-
examined, scores were calculated, and the two groups
were compared. The study patients were followed up at
predetermined times by the same psychiatrists: Prior to
the start of the treatment, one week subsequently, and
one month after the start of the intervention. It is
noteworthy that the patients were unaware of the
process of allocating participants to the groups,
ensuring that both groups received their usual
treatment methods, and tDCS was applied to both
groups. The only difference was that in the control
group, the electric current was deactivated, simulating a
placebo effect. Furthermore, the statistical analyzer
remained unaware of the designed treatment groups.

3.3. Statistical Analysis

Statistical analysis was conducted using SPSS
software version 22 (IBM, Chicago, USA). The
Kolmogorov-Smirnov and Shapiro-Wilk tests were
employed to assess distribution. Differences were
compared using the ttest or Mann-Whitney U test, as
appropriate. The chi-square test was utilized to ascertain
correlations between qualitative variables. Additionally,
analysis of covariance (ANCOVA) with squared eta
partial was employed. A P-value less than 0.05 was
deemed statistically significant.

4. Results

4.1. Patients' Basic Characteristics

This study involved 40 adolescents aged 12 to 18 years
diagnosed with bipolar disorder. The cohort comprised
18 females (45%) and 22 males (55%). There were no
significant differences in age and gender between the
two groups (P > 0.05). The demographic characteristics
of the participants are outlined in Table 1.

Table 1. Demographic Characteristics of the Studied Patients in the Intervention and
Control Groups *

Variable Control Group (n=20) Intervention Group (n=20) P-Value
Age(y) 15.70 £1.26 15.90 £1.07 0.592
Sex
Female 9(45.0) 9(45.0) 1.000
Male 11(55.0) 11(55.0) 1.000
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2Values are expressed as No (%) or mean + SD.

Based on Table 2, one week and one month after the
treatment, a significant improvement in the depression
score was observed in the intervention group (P <
0.0001 at all times). In the control group, notable
improvements in depression symptoms were seen at the
end of one week and one month (P = 0.003, P < 0.0001,
respectively). The results of covariance analysis,
controlling for pre-test scores, showed a significant
difference between the depression scores after
treatment in the intervention and control groups (one
week later: effect size: 0.849; P > 0.0001, one month
later: effect size: 0.850; P < 0.0001). The improvement
rates of HDRS in the intervention group were 81.29% and
95.24% at one week and one month after treatment,
respectively, while these values were 8.41% and 23.04% in
the control group.

Table 2. Depression Scores Before and After Treatment in Two Groups *

Control

Time Group (n= Glntervention P-
20) roup (n=20) Value
Before the intervention 16.90 £5.70 17.40 £ 6.76 0.803
g:;ix:il:if;ﬂ the 15.15+4.90 310+236 0.0001
g:;i:::ttil;:ﬁ" the 1225+3.97 0.75+1.44 0.0<001
weekafter the intervention . 175051 430576 g goq,
monthafier the intervention 465158 16654635 . 000;
Recowenypercenageoneueek  gasase  mmins o<
month after the intervention ~ 2904£429 96242720 (5

2 Values are expressed as mean + SD.

According to Table 3, one week and one month after
the treatment, a remarkable improvement in the
anxiety score was observed in the intervention group (P
< 0.0001 at all times). In the control group, significant
improvements in anxiety symptoms were observed at
the end of one week and one month (P = 0.011 and P <
0.0001, respectively). A significant difference was
observed between the anxiety scores after treatment in
the intervention and control groups (one week later:
effect size: 0.871; P > 0.0001, one month later: effect size:
0.941; P < 0.0001).

After one week and one month of treatment, in the
intervention group, a significant improvement was
observed in the overall score of the anger questionnaire
and its three subscales, i.e., trait anger, state anger,
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Table 3. Anxiety Scores Before and After Treatment in Two Groups *

Time Control Group (n=20) Intervention Group (n=20) P-Value
Before the intervention 18.40 £ 4.81 17.75+5.69 0.699

One week after the intervention 16.80 +4.65 5.70 £3.11 <0.0001
One month after the intervention 13.55+2.58 0.25+0.55 <0.0001
The difference before and one week after the intervention 1.60+0.56 12.05£3.11 <0.0001
The difference before and one month after the intervention 4.74+1.22 17.50 £5.48 <0.0001
Recovery percentage one week after the intervention 8.27+3.11 69.73 1113 <0.0001
Recovery percentage one month after the intervention 16.46 +3.12 98.84+2.49 <0.0001

2 Values are expressed as mean + SD.

occurrence, and control of anger (P < 0.0001 at all
times). In the control group, at the end of one week and
one month, there was a significant difference in the
total score of the anger questionnaire (P = 0.002, P <
0.0001, respectively). Based on analysis, there is a
significant difference between the anger control scores
after treatment in the intervention and control groups
(P<o0.0001at all times) (Table 4).

Table 4. Changes in Anger Control Questionnaire Score Before and After Treatment
in Two Groups *

Control Intervention

o . P-
Variables and Time Group (n=  Group (n=
Value
20) 20)
State of anger
Before treatment 10.20+5.15 10.70 £5.67 0.722
<
+ +
1week after treatment 8.95+4.32 0.6+131 0.0001
<
1month after treatment 7.25+3.47 030%0.65 1001
Trait of anger
Before treatment 12.75+4.38 13.15+5.05 0.791
<
1week after treatment 11.40 +£3.57 2.25+238 0.0001
<
1month after treatment 9.70 £3.49 1.55+1.53 0.0001
Occurrence and control of anger
Before treatment 36.55+3.98 37.65t4.64  0.426
<
1week after treatment 36.05+4.11  4430+4.20 o oy
1 h afi 70+3. 45.40+4.14 <
month after treatment 35.70+3.96 5.40 0.0001
Total score
.50 £
Before treatment 5?1 5003 61.5+12.09 0.588
1week after treatment 569“;2 t 47.15+5.38 0.001
1month after treatment 52.65+£827 47.25+£4.86 0.016
. N <
Difference before and one week 3.10+1.87 1435+ 8.15 0.0001
Difference before and one month 6.85+1.45 14.25+£10.62 0.011

Values are expressed as mean + SD.

According to Table 5, the results showed that after the
treatment, the severity of bipolar symptoms improved
significantly in the intervention group compared to the
control group (P <0.0001).

In the intervention group, one week after treatment,
moderate and mild improvement was observed in 65%
and 35% of patients, respectively. One month after the
treatment, 10%, 50%, and 40% of patients showed mild,
moderate, and marked improvement of bipolar
disorder symptoms, respectively. There was a significant
difference in the severity of bipolar symptoms one
month after treatment in the intervention and control
groups (P <0.0001).

Table 5. Comparison of the Severity of Bipolar Symptoms of Controls After
Treatment in Two Groups *

Time and Severity of Control Group Intervention Group P-
Bipolar Disorder (n=20) (n=20) Value
y <
1week after treatment 0.0001
0 (unchanged) 17(85) 0(0)
1(slight improvement) 2(10) 7(35)
2 (moderate
improvement) 1(5) BG)
y <
1month after treatment 0.0001
0 (unchanged) 15(75) 0(0)
1(slight improvement) 3(15) 2(10)
2 (moderate
improvement) 2(10) 10(50)
3 (high improvement) 0(0) 8(40)

Values are expressed as No (%) or mean +SD.

In our study, no serious and unbearable side effects
related to tDCS were observed. In the intervention
group, 2 cases of mild headache, 7 cases of itching and
tingling during work, and 2 cases of local skin redness
were reported. In the control group, 3 cases of itching
and tingling, 1 case of local redness, and 1 case of
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headache were reported. There was no significant
difference between the side effects observed in the two
groups (P=0.185).

5. Discussion

As a complex psychiatric disorder, bipolar disorder
requires long-term use of psychiatric drugs, and the use
of new treatments, including tDCS, can improve the
performance of BD patients (3, 18). The abnormality of
the prefrontal cortex in BD patients is approved by
postmortem studies and neuroimaging findings.
Interestingly, in these patients, the sub-genual portion
of the anterior cingulate cortex is smaller than in
healthy individuals, as well as their mitochondria
structure. Moreover, an abnormal pattern of clumping
and marginalization in the intracellular distribution of
mitochondria has been observed in BD patients (19, 20).
Based on previous studies, the prefrontal cortex plays a
vital role in many functions, including reward
evaluation, risky decision-making, and impulse control.
Transcranial direct current stimulation as a therapy
method could bring advantages and improvements in
the prefrontal cortex for BD patients (21, 22).

The current study aimed to evaluate the efficacy of
tDCS on depression in adolescents with BD. Our results
demonstrated the efficacy of left anodal/right cathodal
tDCS for 5 consecutive days, combined with common
medication, in decreasing depression in adolescents
with bipolar disorder compared to those who received
medication alone. Also, a notable improvement in the
severity of bipolar symptoms was observed in the
intervention group compared to the control group.
Based on our findings, at one week and one month after
the treatment, a remarkable improvement was observed
in the anxiety score and anger control in the tDCS group.
Based on our knowledge and research, this is the first
clinical trial study in Iran that evaluates the
effectiveness of tDCS on depression, anxiety, and the
severity of bipolar symptoms in adolescents with
bipolar disorder. The effect of tDCS on bipolar
depression in adults has been investigated in previous
studies. Mardani et al. reported in a clinical trial that the
combined intervention of tDCS with pharmacotherapy
(mood stabilizers including lithium, sodium valproate,
and carbamazepine) can reduce depressive symptoms
in bipolar patients in comparison to pharmacotherapy
alone and has a better effect than pharmacotherapy
alone. However, this effect was not sustained in the
three-month follow-up (22). The non-continuation of
effectiveness up to 3 months after treatment in the
study of men can be due to the small number of
sessions and duration (10 sessions for 20 minutes each

] Compr Ped. 2024;15(2): e142787.

session). Additionally, although the treatment duration
and protocol were different compared to our study, the
target patients were type 1 bipolar patients and the drug
treatment used was also different in the two studies.
Despite these differences, both studies showed the high
effectiveness of tDCS treatment along with standard
drug treatment in reducing the symptoms of BD, and in
the present study, this effectiveness lasted for a month.
Contrary to our findings, the results of Lee's study
showed that the active tDCS group did not show
symptomatic improvement superior to that of the sham
tDCS group (7). Previous studies reported that active
tDCS had better symptom improvement than sham
tDCS based on HDRS-17 scores (23, 24).

In a review study by Herrera-Melendez et al., it was
found that tDCS potentially improved depressive
symptoms in bipolar patients (25). Dondé et al. also
conducted a meta-analysis indicating that different
tDCS protocols and techniques can improve depressive
symptoms in bipolar patients, especially after one week
of treatment (26).

In another study by Brunoni et al., the effectiveness
of tDCS was investigated in two groups of patients with
bipolar depression or major depression. The results
showed that after the fifth session of tDCS, the
symptoms of depression were significantly reduced in
both study groups, and the beneficial effect continued
one week and one month after the treatment (27).
Therefore, tDCS has been a promising treatment for
reducing the symptoms of bipolar and unipolar
depression.

In a meta-analysis by Mutz et al., the effectiveness of
non-invasive tDCS therapy in the treatment of bipolar
and unipolar depression in adults was investigated. The
results of the review of ten clinical trials showed that
active tDCS is an effective treatment method compared
to the sham group for reducing the severity score of
disease symptoms, achieving more recovery, and
reducing the severity score of depression after
treatment (28).

However, in this meta-analysis, bipolar depression
included only 20% of the studied patients, and in only
one trial was tDCS added to standard drug therapy (and
most tDCS was performed as monotherapy). Also, the
range of tDCS sessions varied from 5 to 22 sessions
(average 10 sessions), and the treatment duration was 20
or 30 minutes. Other treatment protocol details were
not similar in different studies.

McClintock et al. showed that tDCS has positive
neurocognitive effects in unipolar and BD (29). The
DLPFC is related to depression due to increased right
DLPFC function and decreased left DLPF (30). The
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possibility of dysfunction with decreased regional blood
flow, impaired glucose metabolism in DLPFC, and right-
sided hyperactivity during depression has been
suggested (31). Therefore, right anodal/left cathodal
tDCS can aid in decreasing depressive signs (30).

Although mood stabilizers are FDA-approved for the
treatment of BD patients, they are not sufficient because
several patients show resistance to these drugs, and on
the other hand, high doses of these drugs cause
disturbances in the daily functioning of patients.
Applying the tDCS method facilitates the effects of drug
treatment. It modulates synaptic transmission by
regulating the dose of transmitters, including
serotonin. Hence, it has been recommended that the
combined treatment of tDCS with conventional therapy
can be a useful and effective method for the treatment
of depression in BD patients. Although promising
results of tDCS in the treatment of major depressive
disorder have been observed, few studies have been
conducted on the effectiveness of different tDCS
protocols in bipolar depression. Most of the previous
studies have been conducted with a small sample size,
with an open-label protocol, and with a mixed
population of unipolar and bipolar depression (23, 32).

In this study, no serious or intolerable side effects
related to tDCS leading to discontinuation of treatment
or emotional switch leading to treatment were
observed. Adverse effects observed included itching
during stimulation, tingling, localized redness of the
skin, and mild headache. Also, since the side effects were
mild, they had no effect on blinding.

In other studies, the complications were not serious
and existed for a short time (33-35). The reported side
effects of tDCS include headache, itching, tingling,
burning, and local redness at the site of stimulation,
which is due to skin irritation (36).

This investigation had several limitations. First, the
sample size of the study was small because patients
were selected from one psychiatry department of a
hospital and the number of BD patients who visited the
hospital was insufficient. The second limitation was the
small number of sessions and duration of tDCS
treatment and the short follow-up period. Third,
targeted sampling is another limitation because some
patients come from a long distance and they were
reluctant to cooperate. The strength of this study is that
it is the first clinical trial study in Iran that evaluates the
effectiveness of tDCS on depression, anxiety, and severity
of bipolar symptoms in BD adolescents.

5.1. Conclusions

The results of the present study showed that the
combination of tDCS and routine medications can
reduce the symptoms of depression, mood disorders
including anxiety and anger in adolescents with bipolar
disorder and also improve the severity of bipolar
symptoms. It is also well tolerated by patients and does
not cause serious side effects. Therefore, tDCS adjuvant
therapy can be an effective, safe, and tolerable non-
pharmacological intervention for patients with bipolar
disorder. It is recommended that more multicenter
studies with a higher sample size and objective tools
such as electroencephalography or functional magnetic
resonance imaging (fMRI) should be performed.
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