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Abstract
Objective

Bipolar disorder is one of the most destructive psychiatric disorders that leads to many psycho-social problems
in patients, besides, the presence of impulsivity doubles this dysfunction and imposes irreparable
consequences on the patient. So, in this study we aimed to comparison of pharmacotherapy and combined
pharmacotherapy with Transcranial Direct Current Stimuli action (tDCS) in reduction of impulsivity in patients
with bipolar disorder type I.

Method

The present study was a clinical trial with pre-test, post-test and a 3-month follow-up period. A sample of 30
patients with bipolar disorder type I was selected by purposive sampling and randomly assigned to two groups
(pharmacotherapy and combined pharmacotherapy with tDCS). The tDCS protocol was performed for 10
sessions of 20 minutes for the combined group [F3 F4]. Barret Impulsivity Scale (BIS) was presented in three
stages of pre-test, post-test and follow-up stages. Data were analyzed using SPSS 20 software. Analysis of
covariance tests were used to analyze the data.

Results

The results showed that the effect of the between-subject factor was signi�cant for the total score (partial 2 =
0.32, p<0.05) cognitive impulsivity (partial 2 = 0.31, p<0.05), motor impulsivity (partial 2 = 0.18, p<0.05),
nonplanning (partial 2 = 0.16, p<0.05), Also, the investigation of impulsivity components also shows that there
is a signi�cant difference between combined and pharmacotherapy groups.

Conclusion

Combined treatment proved to be more effective in the treatment of patients suffering from bipolar disorder
type I than separate medication. It can probably be used as a supplementary psychiatric medication, but this
improvement but this improvement is not synonymous with stopping the use of psychiatric drugs.

1. Introduction
Bipolar disorder type I with a prevalence between 2.8 to 6.5, is one of the most important psychiatric disorders
(1). In Iran, this disorder also has different clinical features with a prevalence of 9.11% to 2.30% (2). The
probability of suicide and death in these patients is high and about 15% (3). Also, the different consequences
of this disorder indicate the it’s mental burden imposed on the patient and caregivers (4).

Studies have showed that impulsivity plays a major role in mood disorders and is core feature of bipolar
disorder (5, 6) which is associated with problems in cognitive functions (7). Impulsivity is a multidimensional
concept de�ned by engaging in speedy behaviors and hasty response to stimuli and often leads to
uncompromising consequences (8). Impulsivity includes inhibition control and inhibition control is one of the
executive functions which is a set of superior organizing and integration abilities that are related to different
paths of neural interaction such as prefrontal cortex at the anatomical level. Besides, it related to some
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functions such as planning, selection. Moreover, from another view, selecting appropriate response among the
various responses includes due to changing circumstances is critical function. This function is disrupted in
patients with bipolar disorder type 1 completely (9).

Based on Barkleys’s inhibition model (10), it is assumed that the superior functioning of executive functions
depends on the perfect functioning of inhibition in the frontal and prefrontal lobes, and that response inhibition
has a neurological pattern; On the other hand, impulsivity, which is one of the main elements of bipolar disorder
and is prominent in all stages of the disease, is associated with response inhibition (11). Also, it seems
cognitive functions and response inhibition be associated with impulsivity (7). Impulsivity is of great
importance in clinical conditions because it is associated with underlying diseases, family, occupational and
social problems, accidents and violence (12). Therefore, increased impulsivity can predispose individuals to
develop or continuance behaviors related to more severe psychological conditions (13).

Dysfunction in performance resulting from the disease is evident during the phases of mania and depression
(14). Considering this issue that less than half of bipolar patients have a favorable long-term response to
treatment, and even if continued treatment, many patients do not achieve full recovery, and at the same time,
many patients have low acceptance for continuous pharmacotherapy (15). Despite the effectiveness of
pharmacotherapy, which is often given to patients in a controlled and accurate manner during hospitalization,
the onset of symptoms and recurrence of the disorder sends patients to the hospital and creates a new cycle of
the medication process (16). Although the most common treatment for these disorders is the use of
antipsychotic drugs, long-term use of these drugs has a number of side effects that cause cognitive
dysfunction and do not have a su�cient effect on the negative symptoms of the disease; Therefore, the
development of new treatment methods seems necessary (17). Now days, one of these new treatments that is
currently being considered by researchers in improving cognitive processes is the use of Transcranial Direct
Current Stimuli (tDCS), which is known as a non-invasive, inexpensive and painless non-pharmacological
treatment. In this method, by placing electrodes on the scalp, a continuous and direct electric current with very
low intensity (maximum 2 mA) enters the head and causes the membrane potential of cortical neurons to shift
in the direction of depolarization or hyperpolarization. This increase or decreases the �ring of neurons and, as a
result, modulates their activity (18). Studies have shown that tDCS has an effect on impulsivity in psychiatric
disorders (19, 20). Therefore, this type of treatment has had a positive effect on patients with psychiatric and
neurological disorders, which shows its effectiveness. Therefore, the aim of this study was to comparison of
Pharmacotherapy and combined pharmacotherapy with Transcranial Direct Current Stimuli action (tDCS) in
reduction of impulsivity in patients with bipolar disorder type I.

2. Methods
2.1. Procedure and study setting

The present study is a clinical trial with pre-post-test and follow -up stages. The statistical population included
all patients with bipolar I disorder in Zanjan. A sample of 30 patients with bipolar disorder was selected by
purposive sampling and randomly assigned in two groups. Random allocation was done by dividing the
participants into the desired groups according to the Random Number Generator.v1.3 program. The ethics
committee of the Zanjan University of Medical Sciences (ZUMS) approved the clinical trial of this study
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(Approval ID: IR.ZUMS.REC.1398.452). The trial was registered at the Iranian Registry of Clinical Trials
(registration No. RCTID: IRCT20191229045931N1). Samples were referred according to the inclusion criteria by
a psychiatrist and if they were not ful�ll the exclusion criteria, they were included in the groups. The samples
were outpatients of Suhrawardi Clinic of Shahid Beheshti Hospital in Zanjan. After obtaining informed consent
to participate in the study, the Bart impulsivity scale was presented. Present clinical trial was a randomized
WITH parallel-group study which conducted over a 5-week period in one of the psychiatric hospitals (Shahid
Beheshti Psychiatric Hospital a�liated with Zanjan University of Medical Sciences). All activities of this trial
from the beginning to the end have been approved by the ethics committee of the Zanjan University of Medical
Sciences (ZUMS) (Approval ID: IR.ZUMS.REC.1398.452) and its identi�cation code in Iranian Registry of
Clinical Trials is IRCT20191229045931N1. Also, its process was accordant with the Declaration of Helsinki and
its principles. Patients' symptoms were measured at the baseline time and weeks �fth and follow up (3 months
after completion of trial). To conduct the study ethically, all the steps and objectives were described to the
patients. Then, a written informed consent form was given to the patients. Moreover, all necessary explanation
concerning the right to withdraw the study for any reason was provided to the patients.

The tDCS protocol was performed for 10 sessions of 20 minutes (anode on F3 and cathode on F4) for the
experimental group. In the treatment of direct current cranial wall stimulation, two electrodes, one positive pole
and the other negative pole, are placed on the head through a sponge pad soaked in a conductive solution. The
electric current by these electrodes, after passing through different areas (scalp, skull, etc.), reaches the surface
of the cerebral cortex. The current that reaches this area charges the neurons with electricity and creates a
positive and negative pole, which leads to a change in the activity of that area. The pharmacotherapy group
also received psychiatric medication plus tDCS. It should be noted that the sample was not from the inpatient
department and went to the psychiatrist's o�ce on an outpatient basis. There was no way for groups to be as
homogeneous as possible. After the intervention, the Bart impulsivity Scale (BIS) was performed again and
also 3 months after the intervention in order to follow up the results.

At the end of the treatment sessions, the collected information was analyzed using multivariate methods and
SPSS 20 software (IBM Corporation, Armonk, NY). In data analysis, descriptive statistics were used to classify
and display the data. To test the hypotheses from covariance analysis tests (univariate and multivariate) and
to check the assumptions of the mentioned test, from Levin test (for homogeneity of variances), Kolmogorov
Smirnov (for data normality), for homogeneity of groups from independent t-test were used. Also, FOR testing
the research hypotheses, the analysis of variance test with repeated measures was used.

2.2. Determination of sample size

2.3. Participants

Recruitment process was performed from outpatient wards (including patients 18 to 50 years of age of both
sexes). All of the patients met the necessary criteria for bipolar disorder type I diagnosis according to DSM-5
(Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition). Before any intervention, the psychiatrist
diagnosed bipolar disorder type I based on the DSM-5 criteria for all participants and took a complete medical
history. Besides, Inclusion criteria included diagnosis of bipolar disorder type I, tendency to participate in
research, Age range minimum 18 and maximum 50 years old, Minimum high school education, No severe
psychiatric disorders such as psychotic disorders and cognitive disorder, Lack of history of seizures and history
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of head injury, Not consuming drugs and alcohol and not receiving psychological and technological treatments
at least one month before entering the research. Exclusion criteria included Absence for more than two
sessions, Suicidal ideation during intervention sessions, no need to take ECT during intervention sessions,
canceling continuation of intervention sessions, having a metal device or other electrical device in the head and
pregnancy. Finally, 30(15 patients for every groups) patients assigned in two groups pf pharmacotherapy and
combined pharmacotherapy with tDCS randomly.

2.4. Intervention

In order to random assignment, the sample were assigned into 2 parallel groups randomly. So, the �rst group
only took mood stabilizers including 300 mg lithium, 200 mg sodium valproate, and 200 mg carbamazepine,
two times per day. Moreover, for pharmacotherapy plus TDCS group, along the previous treatment, the TDCS (2
mA) was performed for 10 consecutive days, two sessions per day each for 20 minutes. To do so, two
electrodes (positive Anode and negative Cathode) covered by a sponge soaked in saline were positioned in the
subjects’ head over dorsolateral prefrontal cortex (DLPFC) with anode position over F3 and cathode over F4
according to the EEG 10–20 International System.

2.5. Instrument

Barratt Impulsivity Scale: Barratt Impulsivity Scale (BIS) has 31 questions that evaluate three factors including
cognitive impulsivity, motor impulsivity and nonplanning. The questions are formulated in four options and the
highest score that is obtained from the sum of three factors is equal to 120. Some authors have calculated the
validity and reliability of Persian versions of the Barratt scale in determining risky behaviors and impulsive (21).
Cronbach's alpha was calculated at 0.83. Also, the subscales showed a signi�cant correlation with each other
(R=0.4) (22).

TDCS: Transcranial Direct Current Stimuli (TDCS) device made in Canada that has FDA approval. The protocol
included stimulation over the DLPFC for 10 sessions of 20 minutes for the combined group (stimulation over
left Anode/ right Cathode) [F3, F4]. During TDCS, two electrodes, one positive pole and the other negative pole,
are placed on the head through a sponge pad soaked in a conductive solution. Electric current by these
electrodes after passing through different areas (scalp, skull, etc.), reaches the surface of the cerebral cortex.
The current that reaches this area charges the neurons with electricity and causes a positive and a negative
pole, which leads to a change in the activity of that area. Depending on the speci�c disorder, the following
should be considered: current intensity, duration and direction, location of pads, size of pads, and number of
sessions.

2.6. Safety

All participants were assured that they were free to withdraw from the trial. Also, su�cient information was
provided to inform the members of the research team in case of any unexpected side effects. Over the course
of 5 weeks, there was no dropout due to different side effects.

2.7. Data analysis
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IBM SPSS Statistic (version 20) (IBM Corporation, Armonk, NY) was applied for analysis the data. Categorical
variables (number of patients and percentage) were considered and mean – SD were counted as continuous
variable (95%= CIs) was considered to report MD. For comparison of trend of change in Barratt Impulsivity
Scale (BIS) during 5 weeks of treatments General Linear Model (GLM) repeated measure was used by analyzer.
Between-subject factor and within-subject factor are counted for study groups and times of measurements,
respectively. Greenhouse– Geisser correction was performed for reporting of degrees of freedom (DF) if
Mauchly’s test of sphericity was signi�cant statistically. Moreover, for evaluating effectiveness of each
treatment in reducing symptoms, one-way analysis of variance was performed. T-test was also used to
compare of changing the status of scores from baseline in the �rst and second group. Two statistical methods
included Fisher’s exact and Chi-square for comparison categorical variables too. Also, in all stages of analysis
the data a p-value <0.05 was considered as level of signi�cance.

3. Results
Table 1. Demographic characteristics of participants in two study groups

Demographic factors Medication (n=15) Medication+ tDCS (n=15) P-value*

N % N %

Gender Male 10 66.7 3 20 0.01

Female 5 33.3 12 80

Marital status Married 7 46.7 8 53.3 0.71

Single 8 53.3 7 46.7

Educational level Lower than high school 2 13 2 13.3 0.90

High school diploma 9 60 10 66.7

Bachelor’s degree 4 26.7 3 20

  Mean SD Mean SD P-value**

Age 30.33 8.63 32.06 9.43 0.60

Table 2.  Mean scores of participants in Impulsivity (pretest, posttest, follow up)
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Variables Stage Groups

Pharmacotherapy,

Mean ±SD

Phamacotherapy+ tDCS,

Mean ±SD

Total Pretest 70.40±14.19 72.60±13.29

Posttest 74±13.49 66.73±14.45

Follow-up 70.73±15.63 65.86±12.52

Cognitive Impulsivity Pretest 21.26±6.18 19.26±4.21

Posttest 22.13±3.68 17.53±5.11

Follow-up 20.46±4.59 18.73±4.41

Motor Impulsivity Pretest 22.33±5.53 24.06±4.83

Posttest 22.60±5.75 22.33±5.19

Follow-up 23.26±6.52 21.0±4.95

nonplanning Pretest 27.26±5.48 29.53±6.39

Posttest 27.93±6.27 27.6±5.79

Follow-up 27.20±6.38 25.66±5.71

Table 3. The results of MANCOVA on Impulsivity
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Source Sum of Squares df Mean Square F Sig. Partial Eta squared

Total corrected model 3417.32 5 683.46 6.69 0.000 0.58

Cognitive impulsivity 332.71 5 6654 4.18 0.007 0.46

Motor impulsivity 520.74 5 104.14 7.52 0.000 0.61

Nonplanning 54162 5 108.32 5.25 0.002 0.52

Total Intercept 225.19 1 225.19 3.18 0.087 0.11

Cognitive impulsivity 49.91 1 49.91 3.14 0.089 0.11

Motor impulsivity 19.25 1 19.25 1.29 0.250 0.05

Nonplanning 60.98 1 60.98 3.01 0.095 0.11

Total pretest 618.86 1 618.86 6.21 0.02 0.20

Cognitive impulsivity 2.47 1 2.47 0.15 0.69 0.00

Motor impulsivity 41.58 1 41.58 2.80 0.10 0.10

Nonplanning 260.77 1 260.77 13.01 0.000 0.35

 Total Group 1134.78 1 1134.78 11.38 0.000 0.32

Cognitive impulsivity 172.41 1 173.41 10.91 0.000 0.31

Motor impulsivity 78.02 1 78.02 5.26 0.03 0.18

Nonplanning 95.18 1 95.18 4.75 0.03 0.16

Total Error 245.64 24 102.15      

Cognitive impulsivity 381.45 24 15.89      

Motor impulsivity 332.22 24 13.84      

Nonplanning 485.88 24 20.24      

Total 154413 30        

Cognitive impulsivity 12515 30        

Motor impulsivity 16677 30        

Nonplanning 23715 30        

Table 4. Test of repeated measure on impulsivity
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Source Sum of
Squares

df Mean
Square

F Sig. Partial Eta
squared

Total score 318.28 2 159.14 2.71 0.07 0.08

Total score.group 336.15 2 168.07 2.87 0.06 0.09

Cognitive impulsivity 95.75 1.41 42.26 1.40 0.25 .04

Cognitive
impulsisity.group

92.06 1.41 65.12 2.16 0.14 0.07

Motor impulsivity 18.86 2 9.43 .6 0.35 0.35

Motor impulsivity.group 65.00 2 35.50 3.67 0.03 0.11

Nonplanning

 

58.15 2 29.7 3.12 0.05 0.100

Nonplanning

. Group

61.75 2 30.87 3.32 004 0.14

 

Examination of the results of repeated measurements shows that in this analysis only the interactive effect of
the group on the time levels of motor impulsivity variables (F = 3.12) and nonplanning (F = 3.67) are
signi�cant.

Table 5. Pairwise comparsion for the impulsivity variable 

Dependent
variable

groups   Mean Mean
differences

Std.
error

Sig.

Total score tDCS+pharmacotherapy pharmacotherapy 77.25 -13.78 4.08 0.00

  pharmacotherapy tDCS+pharmacotherapy 63.47 13.78 4.8 0.00

Cognitive
impulsivity

tDCS
+pharmacotherapy

pharmacotherapy 22.52 -5.38 1.63 0.00

  pharmacotherapy tDCS+pharmacotherapy 17.13 5.38 1.63 0.00

Motor
impulsivity

tDCS
+pharmacotherapy

pharmacotherapy 24.77 -3.61 1.57 0.03

  pharmacotherapy tDCS+pharmacotherapy 21.15 3.61 1.57 0.03

Nonplanning tDCS+pharmacotherapy pharmacotherapy 29.49 -3.99 1.83 0.03

  pharmacotherapy tDCS+pharmacotherapy 25.50 3.99 1.3 0.03

As can be seen in the table above, there is a signi�cant difference between the total score as well as all the
impulsivity subscales in the group. The investigating of the means of the two groups also shows that the
means of the combined group is lower than the pharmacotherapy group. That is, the mean impulsivity in
people in the combined group was signi�cantly reduced compared to the Pharmacotherapy group.
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4. Discussion
The aim of this study was to compare the effectiveness of pharmacotherapy and combined pharmacotherapy
with Transcranial Direct Current Stimuli action (tDCS) in reduction of impulsivity in patients with bipolar
disorder type I. Analysis of the �ndings indicates the effectiveness of combined pharmacotherapy and tDCS
with in reducing impulsivity is stable. Bipolar disorder is associated with high impulsivity and this leads to a
decline in social functions (23). Therefore, research has been done in line with the results of the present study.
Mayer et al., For example, concluded in a review study that TDCS can reduce impulsivity in a healthy general
population as well as in patients with psychiatric disorders, and is therefore consistent with our research
�ndings (20). Georgii also concluded that by stimulating the right DLPFC, impulsivity is reduced and purposeful
and planned behaviors increased in individuals (24). Besides, other research is in line with our research �ndings
(19, 25, 26).

In more detail explaining the �nding that TDCS can reduce impulsivity, it can be said that the frontal cortex
plays an important role in cognitive control (27), which determines the goals and how to achieve it, as well as
basic functions such as inhibitory control, attention, planning and risk-behaviors. ow activity of the prefrontal
cortex may lead to defects in these functions, leading to increased cognitive and motor impulsivity as well as
unplanned activities; Therefore, inhibition control prevents automatic responses and stops cognitive processes
or inappropriate actions that may interfere with the proper performance of the intended action. As a result,
inhibition control acts as a �lter and is associated with social adequacy and behavioral and emotional control,
and impaired inhibition control causes impulsivity (28).

From another perspective, high impulsivity seems to indicate an imbalance between reward-sensitive areas and
areas involved in cognitive control, so impulsive behavior may be due to incoherence between reward areas and
cognitive control (29). As a result, the use of tDCS in the frontal areas improves the reward path through direct
top-down processes and indirectly by improving cognitive processes such as impulsivity. Therefore, the use of
tDCS on DLPFC in patients with bipolar disorder can improve their cognitive function by reducing risk-taking
and impulsivity behavior.

Explaining the mechanism of action of this type of treatment, it can be said that the usual protocols for using
tDCS are through two electrodes attached to the skin, one as the anode and the other as the cathode. An
electric current of one to two milliamperes is applied for twenty minutes between these two electrodes, each of
which usually has a cross-sectional area of 35 square centimeters. The direction of current is from the anode to
the cathode and according to the direction and intensity of the current, the amount of excitability of the cerebral
cortex increases or decreases (30). tDCS Anode has a stimulating effect on neurons by depolarizing neurons,
while its cathodic type inhibits neuronal tissue by hyperpolarizing neurons (31). Overall, the use of tDCS
protocols has shown that this method has no signi�cant side effects and only causes mild headaches and
itching under the electrodes. According to the data, tDCS does not generate heat, does not cause neuronal
damage, cerebral edema and changes in the blood-brain barrier, and has no adverse effects during the
treatment of depressed patients (32).

Pharmacological studies have been instrumental in answering how tDCS works. For example, sodium and
calcium channel blockers can prevent the immediate and long-term effects of Anodic stimulation, and NMDA
glutamate blockers prevent the long-term effects of tDCS, regardless of stimulation (31). Cathode tDCS
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mediates long-term effects on spontaneous activity in peripheral and central nervous tissue by affecting mainly
the membrane potential of neurons rather than the strength and activity of synapses (33). These results mean
that tDCS has the ability to alter the excitability of excitatory neurons as well as interneurons. As a result, tDCS
appears to have a set of depolarizing, hyperpolarizing effects on axonal activity and also affects synaptic
function (33).

On the other hand, the dorsal-lateral frontal cortex because it plays an important role in cognitive functions,
especially in inhibitory concentration and control (30). Targeting this cortex of the brain seems to have a high
capacity to promote cognitive function and interfere with pathological behaviors (34). In general, TDCS can
regulate brain activity in a way that is directly related to function (35) and it has long-term effects that can be
used for patients who show side effects of drugs and are resistant to medical symptoms (36).

5. Conclusion
Bipolar disorder is a group of psychiatric disorders that, due to its strong biological nature, requires
complementary therapies and brain rehabilitation, and in most cases, the use of drugs alone cannot help
improve the cognitive, behavioral and social functions of these people. Therefore, conducting clinical trials and,
consequently, evaluating the effectiveness of biologic therapies can help improve the function of these
patients. In this study, the combination of TDCS and drug therapy, compared to drug therapy alone, could
signi�cantly improve impulsivity reduction and could possibly be used as a complementary therapy, in addition
to the use of psychiatric drugs.

Some limitations of the present study included: low sample size, lack of review of different tDCS protocols.
Another limitation is the low sample size, which reduces the generalizability of the �ndings. Therefore, it is
suggested that future research be used in larger sample sizes, using objective tools such as EEG, fMRI. It is also
suggested that the treatment based on transcranial stimulation of the brain be compared with other modern
therapies such as neurofeedback, rTMS or psychotherapy.
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